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IDENTITY 

Late in 1957, SGS was founded 
around a team of researchers who 
were already carrying out pioneer work 
in the field of semiconductors. From that 
small nucleus, the company has 
evolved into a Group of Companies, 
operating on a worldwide basis as a 
broad range semiconductor producer, 
with billings well over a quarter billion 
dollars and employing over 10000 
people. 

The SGS Group of Companies has 
now reached a total of 11 subsidiaries, 
located in Brazil, France, Germany, Italy, 
Malta, Malaysia, Singapore, Sweden, 
Switzerland, United Kingdom and the 
U S A . 

To go with its logo, the company 
takes the motto 'Technology and 
Service", underlining the accent given 
to the development of state-of-the-art 
technologies and the corporate 
commitment to offer customers the best 
quality and service in the industry. 
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THE NUMBER ONE SOURCE 
FOR POWER SUPPLY SEMICONDUCTORS 

Thanks to a long tradition of innovation in 
power IC and transistor technology, SGS 
offers the industry's most complete range of 
products for power supply applications. 

Highlights of this product range include 
unique technological leadership products 
such as the L296 High Power Switching 
Regulator family and the FASTSWITCH™ 
range of ultrafast high voltage transistors. 

S G S o f fe rs the i n d u s t r y ' s 
m o s t c o m p l e t e range o f 
s e m i c o n d u c t o r s f o r p o w e r 
s u p p l y a p p l i c a t i o n s . 



SGS also produces innovative voltage regu
lator ICs with features such as very low 
input/output drop, microprocessor reset 
functions and rugged protection circuitry 
for automotive applications. And the power 
transistor range of more than 1000 devices 
includes more than 300 POWER MOS types 
plus devices in a new isolated plastic package 
similar to the S0T-93/T0-218. In 1985 
SGS will also introduce a family of fast 
recovery epitaxial diodes covering 2A to 
40A and 50V. 

The same expertise in design and production 
is also applied to produce a wide range 
of standard devices in high volumes with 
excep tionally competitive quality and service. 
The formidable production resources of 
SGS bring not only high volume capability, 
but also the security of internal second 
sourcing, with four separate 5" wafer front 
ends for linear ICs and three separate dif-
fusione facilities, two of them 5", for 
power transistors. 

These world-beating wafer fabs are followed 
by modern assembly facilites using the 
highest level of automation available. 

SGS now applies its power semiconductor 
technology to produce a range of DC-DC 
converter modules, the GSR-400 family. 
Available with a wide range of input volt
ages, these compact modules include supply 
features such as microprocessor reset. 

crowbar protection, remote on/off control 
and current limiting. 

Backing up this impressive product range is 
a worldwide network of SGS sales offices 
and distrinutors. In addition, SGS' local 
design centers in the USA, England, France, 
West Germany, Italy and Singapore simplify 
the development of new products to satisfy 
the special needs of your applications. 

N e w d i f f u s i o n fac i l i t i es give S G S the advantage in 
S e r v i c e , Q u a l i t y a n d c o s t . S t a t e - o f - t h e - a r t 5 " 
wa fe r fabs are used f o r b o t h l inear ICs a n d p o w e r 
t rans is to rs . 
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T h e S G S range i nc ludes 
w o r l d - b e a t i n g p r o d u c t s l i ke 
the L 2 9 6 , a s w i t c h i n g re
g u l a t o r IC tha t de l ivers 
4 A at 5 V t o 4 0 V . 



POWER SUPPLY APPLICATIONS 
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50W OFF LINE SWITCHING POWER SUPPLY USING 
THE UC3840 

INTRODUCTION 
T h i s p o w e r supp l y has been des igned t o p r o 
v i d e an easy way t o ga in f a m i l i a r i t y w i t h t h e oper 
a t i n g charac te r i s t i cs o f t he U C 3 8 4 0 P W M C o n t r o l 
C i r c u i t in a p ra t i ca l o f f - l i n e p o w e r s u p p l y a p p l i 
c a t i o n . A s any s w i t c h i n g p o w e r s u p p l y represents 
a ser ies of c o m p r o m i s e s b e t w e e n s i z e , c o s t , e f f i 
c i e n c y , p e r f o r m a n c e , a n d m a n y o t h e r va r iab les ; 
n o c l a i m is made tha t t h i s s u p p l y o p t i m i z e s any 
p a r t i c u l a r cha rac te r i s t i cs ; o n l y tha t it p r o v i d e s an 
easy m e a n s to ga in an u n d e r s t a n d i n g w h i c h , 
h o p e f u l l y , the des igner c a n use t o e x t r a p o l a t e t o 
m a n y s p e c i f i c a p p l i c a t i o n s . 

T h i s p o w e r s u p p l y , s h o w n s c h e m a t i c a l l y in F i g . 4 

i m p l e m e n t s a 5 0 w a t t d i s c o n t i n u o u s m o d e 
f l y b a c k p o w e r s u p p l y w i t h m u l t i p l e o u t p u t s , 
a n d fea tu res p r i m a r y - s i d e c o n t r o l w i t h f u l l p r o 
t e c t i o n f r o m f a u l t c o n d i t i o n s . A d d i t i o n a l per
f o r m a n c e cha rac te r i s t i c s i n c l u d e s i m p l e o f f - l i n e 
s ta r t i ng , vo l tage f e e d - f o r w a r d f o r g o o d l ine regu
l a t i on ( w i t h o u t f e e d b a c k across the i so l a t i on 
b o u n d a r y ) , p u l s e - b y - p u l s e c u r r e n t l i m i t i n g , o v e r -
a n d u n d e r - v o l t a g e sens ing w i t h p r o t e c t i v e shu t 
d o w n a n d a u t o m a t i c restar t , and f r e e d o m f r o m 
the need f o r any c i r c u i t ad j us tmen ts . 

F o r a d d i t i o n a l i n f o r m a t i o n o n the o p e r a t i o n o f t he 
U C 3 8 4 0 , re fe rence s h o u l d be m a d e t o T N 168 
a n d d a t a sheet . 
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POWER SUPPLY SPECIFICATIONS 
I n p u t l i ne vo l tage : 

W i t h 1 1 0 V j u m p e r : 
W i t h j u m p e r 
r e m o v e d : 

I n p u t f r e q u e n c y : 
S w i t c h i n g f r e q u e n c y : 
O u t p u t p o w e r : 
O u t p u t vo l tages : 

O u t p u t cu r ren t : 

L i n e r e g u l a t i o n : 

L o a d r e g u l a t i o n : 

E f f i c i e n c y @ 5 0 w a t t s 
V i n = 9 0 V A C : 
V i n = 1 3 0 V A C : 

O u t p u t r i pp l e : 

9 0 V A C t o 1 3 0 V A C 

1 8 0 V A C to 2 6 0 V A C 
5 0 o r 6 0 H z 
4 0 K H z ± 1 0 % 
5 0 W m a x i m u m 
5 V ± 5 % 
1 2 V ± 5 % 
2 .5 t o 5 A ( 5 V ) 
1 t o 2 A ( 1 2 V ) 
5 V , 0 . 0 7 % / V 
1 2 V , 0 . 0 4 % / V 
5 V , 2 . 5 % / A 
1 2 V , 2 . 5 % / A 

7 0 % 
6 5 % 
5 V @ 5 A = 2 0 0 m V 
1 2 V @ 2 A = 3 0 0 m V 

OPERATING PRINCIPLES 
In an o f f - l i n e s w i t c h i n g p o w e r s u p p l y , t h e i n p u t 
vo l t age is i m m e d i a t e l y r e c t i f i e d a n d f i l t e r e d , a n d 
t h e resu l t i ng D C vo l t age is c h o p p e d at a h igh 
f r e q u e n c y . W h e r e 1 1 0 / 2 2 0 V A C o p e r a t i o n is 
r e q u i r e d , an i npu t vo l t age d o u b l e r c o n f i g u r a t i o n 
is used f o r 1 1 0 V A C i n p u t , resu l t i ng in a n o m i n a l 
D C i npu t vo l tage o f 3 1 0 V . T h e same n o m i n a l 
i n p u t vo l tage is o b t a i n e d w i t h f u l l w a v e rec t i f i ca 

t i o n o f a 2 2 0 V A C l i ne i n p u t . H i g h f r e q u e n c y 
s w i t c h i n g a l l o w s a ve r y s m a l l t r a n s f o r m e r t o be 
used t o e f f i c i e n t l y s tep d o w n t o l o w e r o u t p u t v o l 
tages. In t he c o n f i g u r a t i o n s h o w n in F i g u r e 1 an 
a d d i t i o n a l l o w - v o l t a g e w i n d i n g , N c , is used t o p r o 
v ide c o n t i n u o u s o p e r a t i n g p o w e r f o r t h e c o n t r o l 
a n d base d r i ve c i r c u i t s . H o w e v e r , in i t ia l energy t o 
s tar t t he s u p p l y is t a k e n f r o m the l i ne v i a R j n a n d 
C j n . A n a d d i t i o n a l f u n c t i o n o n N c is t o p r o v i d e a 
p r i m a r y - r e f e r e n c e d f e e d b a c k vo l tage tha t is p r o 
p o r t i o n a l t o t h e o u t p u t vo l t ages . T h i s f e e d b a c k 
vo l tage is sensed a n d regu la ted by t h e c o n t r o l 
c i r c u i t r y , t h e r e b y e l i m i n a t i n g t h e need f o r f e e d 
b a c k across the i so la ted b o u n d a r y . 

T h e p o l a r i t y o f t h e t r a n s f o r m e r w i n d i n g s i d e n t i 
f ies th i s c o n f i g u r a t i o n as a f l y b a c k s u p p l y . W h e n 
t rans i s to r Q s c o n d u c t s , a l l o u t p u t d i o d e s are 
reverse b iased a n d t h e energy is s t o red in t h e 
p r i m a r y i n d u c t a n c e . W h e n Q s t u rns o f f , t he v o l 
tage p o l a r i t y o f w i n d i n g N p reverses ( f l ies back) 
a n d the energy is de l i ve red t o t he o u t p u t c i r c u i t s . 
T h i s c i r c u i t ope ra tes in t he d i s c o n t i n u o u s m o d e 
in w h i c h a l l t h e energy s to red in t h e t r a s f o r m e r 
i n d u c t a n c e is c o m p l e t e l y t rans fe r red t o t h e l oad 
d u r i n g every c y c l e , i.e. t r a n s f o r m e r c u r r e n t goes 
t o z e r o be fo re t h e e n d o f each c y c l e . A l t h o u g h 
th i s a p p r o a c h y i e l d s h ighe r peak c u r r e n t c o m 
pa red t o o t h e r t o p o l o g i e s , it is usua l l y c h o s e n 
because o f its less s t r i ngen t r e q u i r e m e n t s o n t h e 
t r a n s f o r m e r , its fas te r t rans ien t response , and its 
easier s t a b i l i z a t i o n . T o insure d i s c o n t i n u o u s 
o p e r a t i o n a n d c o r e reset , t he v o l t - s e c o n d p r o 
d u c t across the t r a n s f o r m e r p r i m a r y d u r i n g reset 
mus t be a l l o w e d t o equa l o r e x c e e d t h e v o l t -
seconds a p p l i e d d u r i n g the o n - t i m e of Q s . 

Fig. i — Simplified block diagram of a flyback power supply with primary control 
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DESIGN CONSIDERATIONS 
T h e f o l l o w i n g d e s c r i p t i o n o f t h e des ign d e c i s i o n s 
m a d e f o r th is p o w e r s u p p l y w i l l be w i t h respect t o 
t h e c o m p l e t e s c h e m a t i c s h o w n in F i g . 4 . N o 
s i gn i f i can t t heo re t i ca l d i s c u s s i o n is o f f e r e d a n d 
o n l y n o m i n a l va lues are used in t h e ana lys i s , bu t 
h o p e f u l l y the e q u a t i o n s g iven c a n be used t o 
e i t he r ex t r apo la te t o o t h e r des ign p r o b l e m s o r t o 
o p t i m i z e the s u p p l y t o a pa r t i cu l a r cha rac te r i s t i c s . 

Input section 
I npu t b r idge D1 rec t i f ies t h e l i ne vo l tage w h i l e 
res is tors R 1 and R 2 are used t o l i m i t t h e p e a k 
cha rg i ng cu r ren t t o c a p a c i t o r s C1 and C 2 . T h e 
va lues f o r C1 and C 2 are u s u a l l y d e t e r m i n e d b y 
e i t he r t h e r ipp le vo l tage a l l o w a b l e f o r V D C o r t h e 
m i n i m u m h o l d - u p t i m e . 
R i p p l e c a l c u l a t i o n s are w o r s e - c a s e f o r t he 1 1 0 V 
vo l tage d o u b l e r c o n f i g u r a t i o n w h e r e : 

R M S l ine vo l tage = 9 0 t o 1 3 0 V A C 
peak n o - l o a d i n p u t = 2 5 3 t o 3 6 8 v o l t s . 

A t t he m i n i m u m l ine vo l t age , each c a p a c i t o r 
a l t e rna te l y charges t o a peak o f 1 2 6 vo l t s . A l l o w 
ing f o r a to ta l i npu t vo l tage sag at f u l l l oad o f 5 0 
v o l t s , t he m i n i m u m c a p a c i t o r vo l t age m u s t be 
h e l d t o 9 2 vo l t s . S i n c e each c a p a c i t o r m u s t p r o 
v i d e one -ha l f t he energy r e q u i r e m e n t s o f the p o w e r 
s u p p l y , t he requ i red energy f o r each l ine c y c l e is: 

P o w e r o u t 5 0 

E f f i c i e n c y x F r e q u e n c y 0 .7 x 6 0 
•= 1.2 J o u l e 

a n d t h e c a p a c i t o r va lue c a n be c a l c u l a t e d f r o m : 

y 2 w i n = y 2 c 1 < v p k

2 - v m i n

2 ) o r 

W i n 1.2 

1 2 6 2 - 9 2 2 
= 162juF 

n o r m a l l y r e q u i r e d b e t w e e n regu la t i on , leakage 
i n d u c t a n c e (and c o r r e s p o n d i n g t rans is to r s t ress) , 
i s o l a t i o n , s i ze , a n d cos t . In t h i s a p p l i c a t i o n , t he 
c o r e se lec ted is a F e r r o x - c u b e E C 3 5 - 3 C 8 w h i c h has 
t h e f o l l o w i n g cha rac te r i s t i c s : 

E f f e c t i v e c o r e area , A e = 0 .84 c m 2 

M a x f l u x d e n s i t y , = 2 8 0 0 gauss 
B o b b i n = 3 5 P C B I 

T h e des ign s tar ts w i t h a c a l c u l a t i o n o f m a x i m u m 
d u t y c y c l e w h i c h is d e f i n e d by the vo l tage c a p a 
b i l i t y o f t he p o w e r s w i t c h . T h i s vo l tage was a l l o 
ca ted as f o l l o w s : 

V D C m a x 

Rese t vo l t age 

Leakage i n d u c t a n c e s p i k e 

M a x t o ta l vo l tage 

= 3 7 0 V 

= 1 2 0 V 

= 1 0 0 V 

= 5 9 0 V 

W i t h a reset vo l t age of 1 2 0 V , at m i n i m u m 
vo l t age . 

i n p u t 

1 2 0 V 
= 3 7 . 5 % 

1 2 0 V + 2 0 0 V 

T h e p r i m a r y i n d u c t a n c e c a n t h e n be c a l c u l a t e d as : 

E f f i c i e n c y 2 _ 
L p 2 p f m m m u m a x ' _ 

= 0.7 ( 2 0 0 x 0 . 3 7 5 ) 2 

2 x 5 0 x 4 0 x 1 0 3 

L p =» 1 m h 

T h e peak c u r r e n t at f u l l l oad is: 

2 P n 

ef f ( V j n m j n x D m a X ) 

If, ins tead of r i pp le vo l t age , w e c h o o s e t h e i npu t 
c a p a c i t o r s to h o l d t h e i n p u t D C a b o v e 2 0 0 v o l t s 
f o r a least t w o c y c l e s of l ine d r o p - o u t , t h e n : 

C i = 
2 (Po /2 ) ( n o . o f c y c l e s d r o p - o u t ) 1/f 

E f f i c i e n c y ( V p k

2 

2 (25) (2) 1 /60 

V • 2 \ v m m ' 

0.7 ( 1 2 6 2 - 9 2 2 ) 
= 331 juF 

2 x 5 0 

0.7 x 2 0 0 x 0 . 3 7 5 
= 1 . 9 A 

T h e m a x i m u m energy storage r e q u i r e m e n t w i t h i n 
the p r i m a r y is c a l c u l a t e d o n the basis o f m a x i m u m 
c u r r e n t , in th i s case assumed to be shor t c i r c u i t 
c u r r e n t = 1 2 0 % x l p o r 2 . 3 A . 

W = % L U c

2 = % (1 x 1 0 " 3 ) ( 2 . 3 ) 2 = 2 . 6 5 m J o u l e 

In th is a p p l i c a t i o n , 4 7 0 M F was p i c k e d as a s t a n d 
a r d s ize w h i c h w o u l d a l l o w loose t o l e rances . 

Transformer 
A m a j o r task w i t h any f l y b a c k p o w e r s u p p l y is t he w = Yz 
des ign o f the t r a n s f o r m e r as m a n y t r adeo f f s are 

11 

T h e e q u a t i o n d e f i n i n g energy storage in an in
d u c t o r is: 

B A c H £ e x 1Q- 8 

0.4TT 
J o u l e s 



T h e r e f o r e , 

Hf ie = (0.4TT ) 
2 W x 1 0 8 

B A r 

0.4TT x 2 x 2 . 6 5 x 1 0 " 3 x 1 0 8 

2 8 2 G i l b e r t s 
2 8 0 0 x 0 . 8 4 

S i n c e Hfig = 0 .47rNI , o n the basis o f l s c = 2 . 3 A , 

P 0 . 4 7 T l t 

2 8 2 

0.4TT x 2 .3 
= 9 8 t u r n s 

T h e a i r gap f o r t he c o r e is d e t e r m i n e d b y k n o 
w i n g t h a t 

H = — = 2 8 0 0 Oers teads 

A n d assum ing tha t w i t h an air gap 

• e 5 8 'g - » t n e n 

N l _ 0 .4 TT (98) 2 .3 
l a = 0 .4 7T-

H 2 8 0 0 
= 0.1 c m 

Nc = 
_ N p ( V Q + r e c t i f i e r V f ) (1 - D m a x ) 

V in ( m m ) D m a x 

W i t h m i n o r a d j u s t m e n t s t o g ive a n in tegra l n u m b e r 
o f t u r n s , t h e f i n a l t r a n s f o r m e r w i n d i n g s p e c i f i 
c a t i o n s a re : 

F i r s t w i n d i n g — p r i m a r y — 9 7 t u r n s , A W G 2 4 
S e c o n d w i n d i n g — 5 v o l t — 4 t u r n s , 4 pa ra l l e l 

A W G 2 2 
T h i r d w i n d i n g — 12 vol t— 9 t u r n s , 2 pa ra l l e l 

A W G 2 2 
L a s t w i n d i n g — c o n t r o l — 9 t u r n s , A W G 2 4 e v e n l y 

spaced a l o n g the f u l l b o b b i n length 

Power switch and drivers 
In t h i s a p p l i c a t i o n , t h e p e a k s w i t c h c u r r e n t is 2 .3 
a m p s a n d t h e p e a k c o l l e c t o r vo l tage w i l l be a p 
p r o x i m a t e l y 5 9 0 v o l t s i n c l u d i n g the sp i ke caused 
b y leakage i n d u c t a n c e . T h e s w i t c h i n g t rans i s to r 
se lec ted is t h e M J E 1 3 0 0 5 w h i c h has the f o l l o w i n g 
cha rac te r i s t i c s re la t i ve t o t h i s a p p l i c a t i o n : 

B V c e o 

B V c e r 
l c (cont) 

n f e 
t S 

*r 
t f 

= 4 0 0 V 
= 7 0 0 V 
= 4 A 
= 8 - 4 0 @ 2 A 
= 1 .5MS 
= 0 . 2 8 M S 
= 0.25/us 

W i t h the p r i m a r y t u r n s d e f i n e d , each s e c o n d a r y 
c a n be c a l c u l a t e d f r o m : 

W h i l e o f f e r i n g i n e x p e n s i v e , h igh -vo l tage sw i t 
c h i n g , the M J E 1 3 0 0 5 needs s o m e s u p p o r t t o p r o 
v i d e a d e q u a t e base d r i v e a n d m i n i m i z e s torage 
t i m e . T h i s is r ead i l y a c c o m p l i s h e d w i t h the c i r 
c u i t r y s h o w n in F i g u r e 2 . P r i o r t o o b t a i n i n g a 

Fig. 2 — The high voltage power switch, Q3, and its driver interface circuitry 

CONTROL VOLTAGE V i n PRIMARY V r 
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s ta r t - up s igna l , the D r i v e B ias t rans is to r in t h e 
U C 3 8 4 0 is o f f i nsu r ing tha t the re is no q u i e s c e n t 
c u r r e n t be ing d r a w n b y any o f t h i s in te r face c i r 
c u i t r y . A t s t a r t - up , t h e D r i v e B ias s w i t c h t u r n s o n 
p r o v i d i n g a p u l l - u p f o r t h e U C 3 8 4 0 ' s P W M ou t 
p u t . T h e cu r ren t t h r o u g h R 1 6 is m u l t i p l i e d b y t h e 
ga in o f Q1 to p r o v i d e a f o r w a r d base d r i ve in 
excess o f 2 5 0 m A f o r t he p o w e r s w i t c h Q 3 . D i o d e s 
D 5 a n d D 6 f o r m a B a k e r c l a m p to keep Q 3 o u t o f 
h a r d sa tu ra t i on a n d i m p r o v e t u r n - o f f , espec ia l l y 
a I l o w e r c o l l e c t o r c u r r e n t s . 

T r a n s i s t o r Q 2 , d r i v e n o n b y the t u r n - o f f o f Q 1 , 
p r o v i d e s a l o w - i m p e d a n c e p a t h f o r reverse base 
c u r r e n t o f Q 3 , a n d toge the r w i t h the use o f t he 
B a k e r c l a m p , resu l ts in a s torage t i m e f o r Q 3 o f 
less t h a n 8 0 0 n s e c . 

C 1 1 = 
5 0 x 1 0 - 6 ( 2 . 3 ) 2 

( 1 2 0 + 1 0 0 ) 2 - 1 2 0 2 
= 0 . 0 0 7 8 « 1 0 n F 

R e s i s t o r R 2 6 is s e l e c t e d t o d i scharge C 1 1 d u r i n g 
t h e r e m a i n d e r o f t h e p e r i o d leav ing a res idua l 
vo l tage equa l t o t he reset vo l tage at the t i m e 
t u r n - o f f nex t o c c u r s . 

R 2 6 = 
( V r e s e t

 + A V p p ) 0 . 6 3 r 

2 2 0 

1 0 0 

A V p p C 1 1 

0 . 6 3 ( 2 5 x 1Q-* 

(0.01 x 1 0 - 6 ) 
= 3 . 5 K O 

Snubbing circuits 
T h e r e are t w o snubbe r c i r c u i t s i n c o r p o r a t e d 
i n t o t h i s s u p p l y . T h e n e t w o r k o f C 1 2 , D 7 , a n d 
R 2 7 is used fo r l oad l ine shap ing o f t rans i s to r 
Q 3 b y d e l a y i n g the vo l tage r ise at t h e c o l l e c t o r o f 
Q 3 w h i l e t h e c u r r e n t fa l l s at t u r n o f f . 

T h e va lues for t he c o m p o n e n t s in th i s n e t w o r k 
a re c a l c u l a t e d as f o l l o w s : 

In th i s a p p l i c a t i o n , R 2 6 w a s increased t o 4 . 7 k d u e 
t o s e c o n d o r d e r e f f e c t s s u c h as reverse r ecove ry o f 
D 2 w h i c h a ids in d i s c h a r g i n g C 1 1 . 

T h e p o w e r loss i n R 2 6 c o m e s f r o m t h e energy 
s t o r e d in t h e leakage i n d u c t a n c e w h i c h is 

P = 1 / 2 l _ e l s c

2 f = 1 / 2 5 0 x 10-« ( 2 . 3 ) 2 4 0 x 1 0 3 

P « 5 .3 w a t t s 

C 1 2 = 
"sc *f 

2 V j n ( m a x ) 

2.3 x 0 .25 x 1Q-* 

2 x 3 7 0 

b u t here a g a i n , s e c o n d o r d e r e f fec ts t e n d t o 
6 8 0 p F r e c ' u c e t n , s v a l u e t o less t h a n 3 w a t t s in th i s p o w e r 

s u p p l y . 

T h e res is to r R 2 7 is se lec ted t o d i scharge C 1 2 
w i t h a t i m e cons tan t o f o n e - h a l f t h e m i n i m u m o n 
t i m e , w h i c h — u n d e r shor t c i r c u i t c o n d i t i o n s — is 
a p p r o x i m a t e l y 2 . 5 M S . 

R 2 7 = t o n t ™ ' " ) = 
2 C 1 2 

2 .5 x 1 0 - 6 

2 x 6 8 0 x 10~ 
1 . 8 K f t 

T h e p o w e r d i ss ipa ted in th i s res is tor is 

P = % C 1 2 ( V i n m a x )

2 f = 1 / 2 ( 6 8 0 x 1 0 " 1 2 ) ( 3 7 0 ) 2 

4 0 x 1 0 3 

P « 2 w a t t s 

T h e s e c o n d n e t w o r k o f R 2 6 , C 1 1 , a n d D 2 l i m i t s 
t h e vo l tage sp ike at t u r n o f f caused b y t h e leak
age i n d u c t a n c e o f the p o w e r t r a n s f o r m e r . T h e 
ene rgy s to red in th is i n d u c t a n c e is t r ans fe r red 
i n t o C 1 1 v ia D 2 a f ter t he p o w e r s w i t c h t u r n s o f f 
a n d t h e vo l tage r ises above the s u p p l y p l us reset 
vo l t age . 

C 1 1 is d e f i n e d b y : 

C 1 1 = 
U Ic 

( V r e s e t + A V p p ) 2 - V r e s e t 

W h e r e L e = Leakage i n d u c t a n c e ( « 50juH) 
V r e s e t = Rese t vo l tage across t r a n s f o r m e r (120V) 
V p p = A l l o w a b l e leakage i n d u c t a n c e 

V o l t a g e s p i k e ( 1 0 0 V ) 

Operating frequency 
T h e f r e q u e n c y is set b y R 1 4 a n d C 4 as 

f = 
1 1 1 0 3 

R T C T R 1 4 C 4 1 2 x 0 . 0 0 2 2 
* 4 0 k H z 

Supply start-up 
T h e s u p p l y m u s t r e l i a b l y s tar t w i t h V D C m i n i m u m 
= 2 5 0 V . T h e v a l u e o f R 3 + R 4 is d e f i n e d b y t h e 
to ta l c u r r e n t r e q u i r e m e n t o f t h e c o n t r o l e l ec t r on i cs 
p r i o r t o star t . If a s tar t t h r e s h o l d o f 12 vo l t s is 
a s s u m e d , t o t a l c o n t r o l c u r r e n t is: 

U C 3 8 4 0 m a x 
R 7 + R 8 
R 1 0 + R 1 1 
C 4 cha rg i ng c u r r e n t 
R 1 7 + R 1 8 

T o t a l T u r n - O n C u r r e n t 

= 7 . 0 m A 
= 0 . 7 0 m A 
= 0 . 2 7 m A 
= 0 . 4 0 m A 
= 0 . 2 2 m A 

8 . 5 9 m A 

and R 3 + R 4 = 
2 5 0 - 12 

8 . 5 9 
2 7 K n 
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N o t e t ha t R 3 and R 4 a lso p r o v i d e a b leeder p a t h 
t o d i scharge C1 a n d C 2 . 

O n c e s ta r t -up is i n i t i a t e d , t he c o n t r o l c u r r e n t 
b e c o m e s : 

U C 3 8 4 0 m a x = 1 5 m A 
R 1 6 = 6 m A 
Q 3 lb (x 0 . 3 7 5 d u t y cyc le ) = 9 4 m A 

T o t a l r u n c u r r e n t = 1 1 5 m A 

T h i s c u r r e n t mus t c o m e f r o m C 3 u n t i l p o w e r is 
a v a i l a b l e f r o m c o n t r o l w i n d i n g , N 4 . T h i s , in c o n 
j u n c t i o n w i t h t h e s ta r t -up t i m e , de f i nes a m i n 
i m u m va lue f o r C 3 . 

A l t h o u g h a sma l l so f t - s ta r t c a p a c i t o r is i n c o r p o 
ra ted in th is s u p p l y , its t i m e c o n s t a n t is m u c h 
s h o r t e r t h a n the t i m e to charge t h e o u t p u t c a p a c 
i t o r s w i t h the d u t y c y c l e d e f i n e d by the r a m p 
w a v e f o r m and the p u l s e - b y - p u l s e c u r r e n t l i m i t . 
W i t h the s u p p l y f u l l y l o a d e d , star t u p t akes ap 
p r o x i m a t e l y 5 m s e c . D u r i n g t h i s t i m e , the v o l 
tage o n C 3 c a n n o t fa l l b e l o w t h e u n d e r - v o l t a g e 
t h r e s h o l d . 

In d e f i n i n g the star t a n d U V t h r e s h o l d s , o n e o t h e r 
c o n s i d e r a t i o n is t he state o f t he e r ro r a m p l i f i e r . A s 
d e f i n e d f u r t h e r b e l o w , t h e e r ro r a m p l i f i e r is go i ng 
t o f o r c e V c t o 12 vo l t s . If t he star t t h r e s h o l d is set 
a b o v e t h i s v a l u e , the start s igna l w i l l re lease the 
so f t - s ta r t c l a m p and a rm t h e d r i ve r b ias b u t n o 
P W M o u t p u t w i l l appear u n t i l V c d r o o p s b e l o w 12 
v o l t s a n d the o u t p u t o f t he e r ro r a m p l i f i e r goes 
h i g h T o insure so f t -s ta r t a c t i o n , t he star t th re 
s h o l d has been set at 11 v o l t s a n d t h e u n d e r -
v o l t a g e level is 8 v o l t s . 

N o w the va lue f o r C 3 c a n be d e t e r m i n e d f r o m : 

p q . . . - ' (s tar t ) * o n _ 
< ^ ( m m ) A V c 

= ( 1 1 5 x I P ' 3 ) (5 x I P ' 3 ) = 1 9 2 / i F 

(11 - 8 ) 

T h e star t a n d u n d e r - v o l t a g e t h r e s h o l d s are d e f i n e d 
b y R 7 a n d R 8 c o n j u n c t i o n w i t h the 3 v o l t t h r e s h o l d 
a n d the hys te res is c u r r e n t o f t h e c o m p a r a t o r o n 
p i n 2 o f t he U C 3 8 4 0 . A s the vo l t age r ises o n p i n 2 , 
t h a t p i n is s i n k i n g 200 juA o f c u r r e n t caus ing an 
a d d e d vo l tage d r o p across R 7 . W h e n p i n 2 reaches 
3 v o l t s , t u r n - o n is i n i t i a ted a n d — at the same t i m e 
t h e hys te res is c u r r e n t is r e m o v e d caus ing the v o l 
tage at p i n 2 t o j u m p a b o v e 3 vo l t s . 

N o w , as the p o w e r s u p p l y a t t e m p t s t o s tar t , t he 
vo l t age o n p i n 2 fa l l s a n d , if i t reaches 3 v o l t s 
f r o m th i s d i r e c t i o n , an u n d e r - v o l t a g e f au l t is sensed . 

T h e star t vo l tage at V c is d e f i n e d b y : 

V c ( s t a r t ) = 3 V ' R 7 + R 8 > + 0 . 2 m A ( R 7 ) = 1 1 V 
R 8 

w h i l e t he u n d e r - v o l t a g e t h r e s h o l d is: 

w 111\/ -P u\ 3 V ( R 7 + R 8 ) o v / V c ( U V fau l t ) = - - = 8 V 

T h i s s e c o n d e q u a t i o n m a y be sub t r ac t ed f r o m 
the f i rs t t o y e a l d R 7 = 15K£2 , w h i c h t hen de f i nes 
R 8 - 9 . 1 K n . 

A n over -vo l tage f a u l t in t e rms o f V Q C can be c a l 
c u l a t e d by e q u a t i o n : 

V D C ( O V fau l t ) = 3 V ( R 5 ^ R 6 > = 4 0 0 V , o r 
R 6 

R 5 = 1 3 2 R 6 

S m a l l c a p a c i t o r s (1 OnF) have been a d d e d to b o t h 
c o m p a r a t o r i n p u t s t o m i n i m i z e no ise sens i t i v i t y . 

Feed-forward 
T h i s f u n c t i o n p r o v i d e s a v a r i a b l e - s l o p e r a m p 
w a v e f o r m o n p i n 1 0 w h i c h is o n e o f the i npu t s t o 
t he P W M c o m p a r a t o r . T h i s s ignal is c o m p a r e d 
w i t h the o u t p u t f r o m the e r ro r a m p l i f i e r o n p i n 1, 
and the pu l se w i d t h is d e f i n e d b y the t i m e it t akes 
the r a m p t o rise t o t he level o f t he er ror a m p l i f i e r ' s 
o u t p u t . If t he r a m p s l ope is m a d e p r o p o r t i o n a l t o 
t he D C i n p u t v o l t a g e , a r is ing i n p u t vo l t age w i l l 
i m m e d i a t e l y inc rease t h e r a m p s l ope , a n d c o r 
r e s p o n d i n g l y r e d u c e t h e p u l s e w i d t h w i t h no change 
requ i red f r o m t h e e r ro r a m p l i f i e r ' s o u t p u t . T h e 
resul t w i l l be a c o n s t a n t v o l t - s e c o n d p r o d u c t 
de l i ve red t o the t r a n s f o r m e r p r i m a r y resu l t i ng in 
g o o d o p e n - l o o p l i ne r e g u l a t i o n . 

T h e des ign p r o c e d u r e used t o d e f i n e the r a m p 
cha rac te r i s t i cs is t o set t he r a m p s lope such tha t 
it reaches its p e a k v a l u e at a t i m e equa l t o t h e 
m a x i m u m pu l se w i d t h a l l o w e d by the t r a n s f o r m e r 
des ign . T h i s was set at 4 3 % w i t h m i n i m u m i npu t 
vo l tage and a p o t e n t i a l s h o r t e d o u t p u t . T h e t i m e 
f o r t he r a m p t o go f r o m its m i n i m u m to m a x i m u m 
va lue is t h e n : 

0 . 4 3 0 . 4 3 
t o n (max) = — ^ ^ p , = 1 0 . 7 5 M s e c 

and the s lope is: 

dv V„Lr - V v pk " v v a l l e y 
(min) =•— 

a t l o n (max) 

4 .2 - 0.5 
1 0 . 7 5 

= 0 . 3 4 4 V / j u s e c 

and s ince the s lope is d e t e r m i n e d b y : 

V D C dv 

~dt R 1 5 C 8 
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R 1 5 C 8 = 
2 0 0 V 

0 34V / jus 
581/usee 

W i t h the k n o w l e d g e tha t the r a m p genera to r has 
greatest l i near i t y w i t h c u r r e n t s in t he 1 0 0 M A t o 
3 0 0 M A range, we c a n p i c k 

R 1 5 = 1 5 M n and C 8 =s 3 9 0 p F 

Duty cycle clamp 
T h e a b o v e ana lys is has p r o v i d e d a m a x i m u m d u t y 
c y c l e of 4 3 % at m i n i m u m ope ra t i ng vo l tage W h e n 
t h e A C l ine vol tage is r e m o v e d , h o w e v e r , t h e i n p u t 
vo l tage w i l l fal l b e l o w 2 0 0 vo l t s w i t h the s u p p l y 
s t i l l r u n n i n g A s th i s vo l tage fa l l s , the ramp s lope 
w i l l r educe and at t he same t i m e the e r ro r a m p l i f i e r 
o u t p u t w i l l increase in an a t t e m p t t o m a i n t a i n 
r e g u l a t i o n T h i s c o u l d e x t e n d the pu l se w i d t h 
b e y o n d 4 3 % e x c e p t f o r t he a c t i o n of t he d u t y 
c y c l e c l a m p d iv ide r o f R 1 9 a n d R 2 0 w h i c h is set 
t o p r o v i d e 3 9 V at p i n 8 w i t h V D C = 2 0 0 V 
T h e r e f o r e , as V D C f a l l s , t he vo l tage o n p i n 8 w i l l 
a l so f a l l , t ak i ng c o m m a n d away f r o m t h e e r ro r 
a m p l i f i e r and m a i n t a i n i n g a c o n s t a n t p u l s e w i d t h 
u n t i l t he U n d e r - V o l t a g e sens ing c i r c u i t gives a 
s h u t d o w n c o m m a n d 

Voltage control 
In th i s p o w e r s u p p l y , o u t p u t vo l tage regu la t i on is 
c o n t r o l l e d f r o m the p r i m a r y s ide b y sens ing V c 

w i t h R 1 0 and R 1 1 and c l o s i n g a c o n t r o l l o o p 
w i t h the er ror a m p l i f i e r and 5 V re fe rence in t he 
U C 3 8 4 0 T h e o u t p u t vo l t age is t h e n 

V Q ( 5 V ) 
R 1 0 + R 1 1 

R 1 1 

w h e r e K is d e f i n e d b y t h e f e e d - f o r w a r d s lope as 

( M a x d u t y c y c l e ) ( V m m m ) o 4 3 x 2 0 0 
K = R a m p peak - R a m p va l l ey 4 2 - 0 5 

and the m i n i m u m l o a d res is tance re f l ec ted t o the 
p r i m a r y c o n t r o l s u p p l y is 

V 2 

' L m m 
P O m a x 

0 4 3 x 2 0 0 

4 2 0 5 

4 4 1 = 1 3 d b 

1 2 2 

5 0 
= 2 8 8 n 

v o 
V C 

2 5 x 10 6 x 2 8 8 
2 x 1 x 1 0 " 3 

Fig 3 — Power supply loop gam and phase 
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A l t h o u g h the U C 3 8 4 0 o p t i m i z e s th is a p p r o a c h 
b y the use of f e e d - f o r w a r d w h i c h p r o v i d e s f i r s t -
o r d e r a u t o m a t i c l ine r e g u l a t i o n , the re w i l l s t i l l be 
i n a c c u r a c i e s caused b y i nadequa te c o u p l i n g bee t -
w e e n the w i n d i n g s , IR d r o p s w i t h i n t h e w i n d 
ings , and unequa l losses in the rec t i f i e rs If greater 
vo l t age accu racy is r e q u i r e d , t he f e e d b a c k l o o p 
m u s t be c o n n e c t e d d i r e c t l y to o n e o f t he o u t p u t s 
w i t h e i ther on o p t i c a l c o u p l e r o r t h e U C 1 9 0 1 
Iso la ted F e e d b a c k G e n e r a t o r used t o m a i n t a i n 
i s o l a t i o n 

00 K 10K f(Hz) 

T h e ga in and phase p l o t s f o r th is s u p p l y are s h o w n 
in F i g u r e 3 Overa l l l o o p s tab i l i t y is a i d e d by the 
f a c t tha t a d i s c o n t i n o u s - m o d e f l y b a c k t o p o l o g y 
is i nhe ren t l y a s ingle p o l e sys tem d e f i n e d by the 
o u t p u t l oad Its t rans fe r f u n c t i o n , e x c l u d i n g the 
e r r o r a m p l i f i e r , is s h o w n b y the dashed c u r v e o f 
F i g u r e 3 T h e D C g a m f r o m the m o d u l a t o r i npu t 
v c , t o t he o u t p u t , v 0 , is 

T R . 

2 L c 

T h e e f fec t i ve o u t p u t c a p a c i t a n c e , a lso re f l ec ted 
to the c o n t r o l s u p p l y , is 

C 1 4 

4 7 0 0 

3 3 2 8 M F 

N 2 

N 4 
+ C 1 3 

+ 2 2 0 0 

N 3 

N 4 
+ C 3 

+ 2 0 0 
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T h e y i e l d s an o u t p u t p o l e at 

1 1 0 6 

f i = 2 T T R L C e 6 .28 (2 .88) 3 3 2 8 
= 1 6 . 6 H z 

T h e e r ro r a m p l i f i e r is set u p f o r an a d d e d D C ga in 
o f a p p r o x i m a t e l y 3 5 d b and a s e c o n d p o l e at 
8 k H z - a f r e q u e n c y w e l l a b o v e t h e overa l l u n i t y 
ga in p o i n t a n d y e t b e l o w the r o l l - o f f f r e q u e n c y o f 
t h e e r ro r a m p l i f i e r . 

Current limiting 
T h e U C 3 8 4 0 l i m i t s c u r r e n t t h r o u g h t h e p o w e r 
s w i t c h , Q 3 , b y sens ing the vo l tage across R 2 5 . 
P u l s e - b y - p u l s e c u r r e n t l i m i t i n g is d e f i n e d b y t h e 
d i v i d e r R 1 7 , R 1 8 , and the v a l u e o f R 2 5 as: 

V R E F R 1 8 

R 2 5 ( R 1 7 + R 1 8 ) 

5 . 0 (10k) 
i n ( 1 2 k + 10k ) 

= 2 .2 a m p s . 

If t h e r e q u i r e d pu l se w i d t h b e c o m e s t o o n a r r o w 
f o r t h e p u l s e - b y - p u l s e c i r c u i t r y t o r e s p o n d , t h e 
U C 3 8 4 0 c o n t a i n s a s e c o n d level o f p r o t e c t i o n b y 
i n i t i a t i ng a f a u l t s h u t - d o w n if t he vo l tage across 
R 2 5 rises t o 4 0 0 m V a b o v e t h e vo l tage es tab l i shed 
b y R 1 7 a n d R 1 8 o n p i n 6 . C a r e m u s t be t a k e n 
t h a t t h i s t h r e s h o l d is no t e x c e e d e d b y a l ead ing 
edge s p i k e w h i c h m i g h t be p resen t o n t h e c u r 
r en t w a v e f o r m . 

Fault protection 
T h e U C 3 8 4 0 de f i nes f o u r f u n c t i o n s as fau l t s . 

1. A n u n d e r - v o l t a g e s ignal o n p i n 2 (after a s tar t 
c o m m a n d ) 

2 . A n ove r - vo l t age s ignal o n p i n 3 
3 . A n e x t e r n a l s t op c o m m a n d o n p i n 4 
4 . A n over c u r r e n t s h u t - d o w n f r o m p i n 7 

A n y o f these f u n c t i o n s w i l l i n i t i a te a c o m p l e t e 
s h u t d o w n o f t h e c o n t r o l l e r w i t h restar t d e f i n e d b y 
t h e vo l t age o n the reset t e r m i n a l , p i n 5 . 

If p i n 5 is h igh o r o p e n , any f a u l t w i l l l a tch t h e 
s u p p l y o f f a n d it c a n o n l y be res tar ted b y r e d u c i n g 
t h e i npu t vo l tage t o z e r o o r b y m o m e n t a r i l y 
p u l l i n g p i n 5 l o w . A l t e r n a t i v e l y , g r o u n d i n g p i n 5 
w i l l cause an a u t o m a t i c restar t a f te r any f a u l t 
s h u t - d o w n . 

CONSTRUCTING THE KIT 
It is a s s u m e d tha t t h e user possesses reasonab le 
e l e c t r o n i c a s s e m b l y sk i l l s a n d t h e r e f o r e d e t a i l e d 

s t e p - b y - s t e p i n s t r u c t i o n s have no t been c o n s i 
de red necessary . R a t h e r , a genera l assemb l y p r o 
c e d u r e is o u t l i n e d b e l o w w h i c h , if f o l l o w e d c a r e 
f u l l y , s h o u l d o f f e r n o p r o b l e m s . A s s e m b l y s tar ts b y 
p r o p e r l y o r i e n t i n g t h e P C b o a r d w i t h the a s s e m b l y 
d r a w i n g s h o w n in F i g u r e 5 . T h i s d r a w i n g is o f t h e 
c o m p o n e n t s ide o f the b o a r d - e tch s ide d o w n -
w i t h t h e " W a r n i n g - H i g h V o l t a g e " labe l at t h e 
lower lef t h a n d edge . 

Test and tie points 
Pads have b e e n p r o v i d e d o n t h e P C b o a r d f o r i n p u t 
and o u t p u t c o n n e c t i o n s a n d f o r m a n y in te rna l tes t 
p o i n t s so t h a t c o m p l e t e o p e r a t i o n o f al l p o r t i o n s 
o f t h e c o n t r o l c i r c u i t r y c a n be eva lua ted . T h e s e 
p o i n t s are n o t e d i n F i g u r e 5 a n d are l i s ted b e l o w : 

A C i n p u t . . 
D C i n p u t 
+ 1 2 V o u t p u t 

+ 5 V o u t p u t 

H . V . S w i t c h i n g 
T r a n s i s t o r . . . 

(2 pads) 
(2 pads e a c h -
no te tha t t h e 
c o m m o n s m a y be 
separa ted f o r 
a l te rna te po la r i t i es ) 

(3 pads) 

N o t e : 6 0 0 V pu lses w i l l appea r at t he c o l l e c t o r . 

B E C A R E F U L O F T H I S T E S T P O I N T . 

C o n t r o l V o l t a g e V c IC P 
P r i m a r y C o m m o n I C p 
E / A C o m p e n s a t i o n I C p 
5 . 0 V R e f e r e n c e IC p 
E / A i n p u t I C p 
D r i v e B ias I C p 
P W M C o n t r o l I C p 
R a m p W a v e f o r m I C p 
S / S D u t y C y c l e L i m i t I C p 
O s c i l l a t o r F r e q u e n c y I C p 
C / L L i m i t Sense I C p 
C / L T h r e s h o l d I C p 
Rese t i n p u t IC p 
E x t . S t o p I npu t IC p 
O V P Sense I npu t I C p 
U V / S t a r t I npu t IC p 

n 15 
n 13 (2 pads) 
n 1 
n 16 
n 17 
n 1 4 
n 12 
n 1 0 
n 8 
n 9 
n 7 
n 6 
n 5 
n 4 
n 3 
n 2 

N o c o n n e c t i o n s t o these p o i n t s have been i n 
c l u d e d in th i s k i t . It is suggested tha t t he user 
e i ther s u p p l y t e r m i n a l s o r so lde r in sma l l s tubs o r 
l oops o f bus w i r e so tha t c o n n e c t i o n s t o these test 
p o i n t s c a n easi ly be m a d e o n the c o m p o n e n t s ide 
o f t he P C b o a r d w i t h s c o p e p robes o r o t h e r test 
i n s t r u m e n t a t i o n leads. 

Jumpers 
T h e r e are f o u r j u m p e r s r equ i r ed w h i c h are a lso no t 
i n c l u d e d in th is k i t . Use so l i d bus w i r e o r a s e c t i o n 
c l i p p e d f r o m the ends o f t he sma l l res is tors . T h e s e 
j u m p e r s are: 

A C i n p u t j u m p e r f o r 1 1 0 V o p e r a t i o n 
(leave o u t if 2 2 0 V A C is to be used) 

P W M j u m p e r t o p i n 12 
U V / s t a r t j u m p e r t o p i n 2 
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R e s e t j u m p e r o n p i n 5 
( leave o u t if i t is des i red t o la tch the s u p p l y o f f 
a f t e r a n y faul t ) 

N o t e tha t there is n o t h i n g c o n n e c t e d t o p i n 4 . A 
l o w s igna l here w i l l shu t d o w n the s u p p l y . 

Small signal diodes 
T h e seven smal l ax ia l lead d i o d e s , D 2 t h r o u g h 
D 8 s h o u l d next be ins ta l led i nsu r ing c o r r e c t p o l a 
r i t y as s h o w n in F i g u r e 5 . 

Passive devices 
Ins ta l l t h e l o w - p o w e r res is tors a n d sma l l c a p a c i t o r s 
f i r s t . F o l l o w w i t h the f o u r h i g h - p o w e r res is to rs , 
R 3 , R 4 , R 2 6 a n d R 2 7 . W h e n inser t ing R 2 6 , keep 
t h e b o d y o f t he res is to r « % inch a b o v e t h e P C 
b o a r d . T h i s res is tor w i l l get h o t a n d it is best t o 
have it above , ra ther t h a n nex t t o C 1 1 . A t t h i s 
t i m e , t he input d i o d e b r i dge , D 1 , a n d t h e IC s o c k e t 
c a n be inser ted. N o t e tha t p i n 1 o f t h e U C 3 8 4 0 is 
t o t h e f r o n t of t h e P C b o a r d . 

Large components 
A s s e m b l y can be c o m p l e t e d b y ins ta l l i ng t h e 
r e m a i n i n g c o m p o n e n t s as f o l l o w s : 

a. T w o smal l s ignal t rans is to rs , Q 1 and Q 2 
b. T r a n s f o r m e r 

c. E l e c t r o l y t i c c a p a c i t o r s : C 1 , C 2 , C 3 , C 1 3 a n d 
C 1 4 . C h e c k p o l a r i t y against s igns o f f o i l s ide 
o f P C b o a r d . 

d . P o w e r t rans is to r Q 3 inser ts w i t h its f r o n t t o t h e 
le f t , o r i npu t , ins ide o f t he P C b o a r d . Inser
t i o n is easier if t he heat s ink is c l i p p e d o n f i r s t . 

N O T E : T H I S H E A T S I N K IS A T T H E S A M E 
P O T E N T I A L A S T H E C O L L E C T O R A N D W I L L 
H A V E U P T O 6 0 0 V O L T S P R E S E N T : K E E P IT 
C L E A R O F O T H E R C O M P O N E N T S , T E S T 
L E A D S , A N D Y O U R F I N G E R S . 

e. Insta l l t h e 5 v o l t o u t p u t r ec t i f i e r , D 9 w i t h its 
f r o n t fac ing t h e r igh t , o r o u t p u t s ide o f the 
b o a r d . It a lso gets a c l i p - o n heat s ink . 

C h e c k t o see that a l l c o m p o n e n t s are ins ta l led a n d 
m a t c h the d r a w i n g o f F i g . 5 . Insert t he U C 3 8 4 0 
i n t o the socke t . 

CHECKOUT PROCEDURES 
W i t h the p o w e r s u p p l y f u l l y a s s e m b l e d , t he f o l 
l o w i n g c h e c k o u t p r o c e d u r e is r e c o m m e n d e d 
b e f o r e a n y input vo l tage is a p p l i e d . T h i s p r o c e 
d u r e is a lso use fu l f o r t r o u b l e - s h o o t i n g a u n i t 
w h i c h is n o t ope ra t i ng p r o p e r l y . C h e c k o u t w i l l be 
a i d e d if t he user has ins ta l led test p o i n t s at a l l i n 
d i c a t e d p o s i t i o n s in t he P C b o a r d . R e f e r e n c e 
s h o u l d be m a d e t o F i g u r e 5 f o r test p o i n t l o c a t i o n s . 

1. Insure t ha t t h e r e is no A C i n p u t vo l tage a p p l i e d 

2. D o u b l e c h e c k a l l c o n n e c t i o n s i n c l u d i n g d i o d e 
a n d c a p a c i t o r p o l a r i t i e s . Insure tha t t h e U C 3 8 4 0 
is c o r r e c t l y i nse r ted i n t o t h e s o c k e t . 

3 . C o n n e c t a m i n i m u m l o a d o n o n e o r b o t h o u t 
p u t s e q u i v a l e n t t o 2 5 w a t t s t o t a l , i.e., 2 f i o n 
the 5 V o u t p u t a n d 12£2 o n the 1 2 V o u t p u t . B e 
ca re fu l o f t h e hea t f r o m these loads . 

4 . Instal l a t e m p o r a r y j u m p e r sho r t i ng t h e base 
a n d e m i t t e r o f Q 3 toge the r . Use test p o i n t s 
p r o v i d e d o n P C b o a r d . 

5 . C o n n e c t a 0 t o 3 0 v o l t , 5 0 0 m A lab s u p p l y t o 
s i m u l a t e t h e c o n t r o l vo l t age , V ^ . C o n n e c t t h e 
p o s i t i v e lead t o I C - 1 5 a n d g r o u n d t o I C - 1 3 . 
N o t e t ha t I C - 1 3 w i l l be t h e g r o u n d re fe rence 
p o i n t f o r a l l p r i m a r y s ide m e a s u r e m e n t s . S e t 
V c = Z e r o v o l t s a n d a d d a 1k£2, Vi W res is to r 
in s h u n t across the p o w e r s u p p l y t e r m i n a l s . 

6.1 ncrease V c t o 1 0 v o l t s a n d c h e c k the f o l l o w i n g : 

a . I C - 1 6 : s h o u l d have 5 V if the re fe rence is 
w o r k i n g . 

b. I C - 2 : S h o u l d be 2 . 3 V if hys te res is c u r 
rent is o n . 

c. I C - 1 4 : S h o u l d be < 0 . 1 V as D r i v e r B i a s 
is o f f . 

7. Increase V c to 14 vo l t s a n d c k e c k the f o l l o w i n g : 
a . I C - 2 : S h o u l d be 4 .7 vo l t s if hys te res i s 

c u r r e n t is o f f . 
b. I C - 1 4 : S h o u l d be 12 vo l t s w i t h D r i v e r 

B ias o n . 
c . I C - 9 : O s c i l l a t o r s h o u l d s h o w 4 0 k H z e x 

p o n e n t i a l w a v e f o r m . 
d . R e t u r n V c t o Z e r o v o l t s bu t leave c o n 

n e c t e d . 

8. A p p l y t h e h igh vo l t age , V D C . T h i s c a n be d o n e 
e i ther w i t h a D C lab s u p p l y w i t h 3 0 0 V c a p a 
b i l i t y o r t h e i n p u t A C l ine vo l t age . 

A fuse ra ted at no m o r e t h a n t w o a m p s s h o u l d 
be in ser ies w i t h the i n p u t l ine t o p r e v e n t 
excess ive d a m a g e in the even t o f a f a i l u re . 

N O T E : B E S U R E T O U S E A N I S O L A T I O N 
T R A N S F O R M E R W H E N L I N E P O W E R IS 
U S E D A S P R I M A R Y G R O U N D IS O N E S I D E 
O F T H E L I N E . 

A n A C var iac w i l l a lso be h e l p f u l in v a r y i n g t h e 
i n p u t vo l tage. 

If a D C p o w e r s u p p l y is u s e d , c o n n e c t the p o 
s i t ive l i ne t o t h e V D c test p o i n t at t h e t o p o f 
the b o a r d . T h e negat ive l ine w i l l c o n n e c t t o 
g r o u n d o n I C - 1 3 . Insure tha t the b a s e - e m i t t e r 
shor t is s t i l l c o n n e c t e d t o Q 3 . 

9 . W i t h V D C = 2 0 0 v o l t s , set V c = 1 0 vo l t s a n d 
c h e c k the f o l l o w i n g : 

a. I C - 1 4 : S h o u l d be < 0 . 1 V if D r i v e r B ias 
is o f f 

b. I C - 8 : S h o u l d be < 0 . 1 V o f S l o w S ta r t 
c l a m p is o n . 

c . I C - 6 : S h o u l d be 2 . 3 V t o es tab l ish c u r r e n t 
l i m i t t h r e s h o l d . 
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1 0 . W i t h V D C = 2 0 0 v o l t s , increase V C t o 1 4 vo l t s 
a n d c h e c k the f o l l o w i n g : 

a. I C - 1 4 : S h o u l d be 1 2 V w i t h D r i v e r B ias o n . 

b. I C - 8 : S h o u l d be > 3 . 9 V w i t h S o f t - S t a r t 
c l a m p o f f . 

c. I C - 1 0 : R a m p w a v e f o r m w i t h l inear r is ing 
s lope e x t e n d i n g f o r a p p r o x i m a t e l y 14 the 
t o ta l d u t y c y c l e . N o t e : scope p r o b e i npu t 
c a p a c i t a n c e c a n a f fec t th i s m e a s u r e m e n t . 

d . I C - 1 : S h o u l d be < 0 . 5 V a t o u t p u t o f e r ro r 
a m p l i f i e r . 

e. I C - 1 2 : S h o u l d be s t i l l c l a m p e d to < 1 . 0 V 
w i t h no o u t p u t pu lses . 

1 1 . R e d u c e V C t o 1 0 vo l t s and c h e c k the f o l 
l o w i n g : 

a. I C - 1 : E r r o r a m p o u t p u t s h o u l d n o w m e a 
sure «= 4 . 1 V 

b. I C - 1 2 : P W M o u t p u t s h o u l d have pu lses o f 
a p p r o x i m a t e l y 2 V a m p l i t u d e w i t h a d u t y 
c y c l e o f « 4 0 % 

1 2 . R e d u c e V C t o 7 vo l t s a n d c h e c k the f o l l o w i n g : 

a . I C - 1 4 : D r i v e r B ias s h o u l d be o f f . 

b. I C - 8 : T h e so f t -s ta r t c l a m p s h o u l d be o n . 

1 3 . C h e c k the f au l t p r o t e c t i v e measures by f o l 
l o w i n g the sequence b e l o w : 

a. S ta r t t he s u p p l y by ra is ing V Q above 1 4 
vo l t s and t h e n re tu rn ing it t o 1 0 vo l t s . Se t 
h igh vo l tage t o 2 0 0 vo l t s . M o n i t o r I C - 1 2 . 

b. S i m u l a t e a f au l t b y p e r f o r m i n g each o f 
t h e f o l l o w i n g , in s e q u e n c e : 

( D W i t h an a d d i t i o n a l lab s u p p l y m o m e n 
ta r i l y a p p l y 3 . 5 V t o t h e O V P o n I C - 3 , o r 

( 2 ) A g a i n u s i n g an e x t e r n a l s u p p l y , m o m e n 
ta r i l y a p p l y 3 . 0 V t o t he cu r ren t sense 
p o i n t , I C - 7 , o r 

( 3 ) M o m e n t a r i l y sho r t t h e s top t e r m i n a l , 
I C - 4 , t o g r o u n d . 

c. In each case , t he s ignal o n I C - 1 2 s h o u l d 
case a n d I C - 8 s h o u l d c l a m p low . 

d . T o restar t t h e s u p p l y a f te r a f a u l t , V C m u s t 
go b e l o w 8 vo l t s t o reset the e r ro r l a t c h ; 
a b o v e 1 1 v o l t s t o restar t ; and t h e n s l igh t l y 
b e l o w 1 2 v o l t s t o o b t a i n a P W M o u t p u t . 

1 4 . R e m o v e a l l e x t e r n a l supp l i es and remove the 
b a s e - e m i t t e r s h o r t i n g j u m p e r o n Q 3 . R e c o n n e c t 
the h igh vo l t age s o u r c e a n d raise the vo l tage t o 
o b t a i n V D C = 2 5 0 vo l t s . T h e s u p p l y s h o u l d be 
r u n n i n g . Q 3 c o l l e c t o r vo l t age c a n be m o n i t o r e d 
w i t h t h e use o f a h i gh -vo l t age scope p r o b e . 

W A R N I N G : P U L S E S U P T O 6 0 0 V A R E O N Q 3 ' S 
C O L L E C T O R 

N o r m a l p o w e r s u p p l y e v a l u a t i o n tests o f l ine and 
l o a d r e g u l a t i o n , e t c . , m a y n o w be c o n d u c e d . 

N O T E : In e x p e r i m e n t i n g w i t h th is s u p p l y , t he 
m o s t p r o b a b l e m o d e o f f a i l u re is the sho r t i ng o f 
t h e h igh -vo l t age t r ans i s t o r , Q 3 . S h o u l d th i s o c c u r , 
t rans i s to r Q 2 w i l l a lso go . A t w o a m p inpu t fuse 
w i l l n o r m a l l y p r o t e c t the i npu t d i o d e s , R 1 , R 2 a n d 
the c u r r e n t sense res is tor , R 2 5 , a l t h o u g h these 
s h o u l d be c h e c k e d b e f o r e r eapp l y i ng p o w e r . 
D i o d e s D 5 a n d D 6 a r e n o r m a l l y adequa te to p r o t e c t 
Q1 and the IC . 

P A R T S L I S T 

ICs Resistors Miscellaneous 
U1 UC3840N R 1 , R2 m , v2\n HS1, HS2,Heat Sink Thermalloy 6043 

R3 15k, 2W T l Transformer 
Transistors R4 12k, 2W Coilcraft, E - 4140 - B 

Q 1 , Q2 2N2222 R5 750k 
Q3 MJE 13005 R6 5 6k 

R7 15k 
Diodes R8 9 1k 

D1 VM68 Bridge R9 unused 
D2 , D6, D7 1N3614 R10 26.7k, 1% 
D3, D4 1N3612 R11 17 8k, 1% 
D5 1N4946 R12 1 5M 
D8 UES1103 R13 , R14 12k 
D9 USD735 R15 1 5IV1 

R16 1 5k 
Capacitors R17 12k 

C1 , C2 4 7 0 M F ,250V R18 10k 
C 3 200/uF, 25V R19 750k 
C4 2200pF,10% R20 15k 
C 5 , C6 1 0 n F , 5 0 V R21 33 f i , 1/ 2W 
C7 22pF R22 15k 
C8 390pF ,10% R23 4 7k 
C9 , C10 10nF ,50V R24 2 0k 
C11 10nF ,400V R25 1 o n , i w 
C12 680pF, 800V R26 4 7k, 4W 
C13 2200/uF, 16V R27 1 8k ,2W 
C14 4 7 0 0 M F , 10V 
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Fig. 4 - UC3840 PWM control circuit 
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APPLYING THE UC1840 
TO PROVIDE T O T A L CONTROL FOR 
LOW-COST, P R I M A R Y - R E F E R E N C E D 

SWITCHING POWER SYSTEMS 

INTRODUCTION 
T h e r e are m a n y p o t e n t i a l app roaches t o be c o n 
s ide red in sw i t ch m o d e p o w e r s u p p l y d e s i g n ; 
h o w e v e r , the c o n t r a d i c t o r y r e q u i r e m e n t s o f m i n i 
m u m cos t and c o m p a t i b i l i t y w i t h ever m o r e de
m a n d i n g l ine i so la t ion spec i f i ca t i ons m a k e p r i m a r y 
c o n t r o l ve ry a t t rac t i ve . A p p l i c a t i o n o f the U C 1 8 4 0 
as a p r i m a r y - s i d e , o f f - l i n e c o n t r o l l e r p resents an 

e x t r e m e l y c o s t - e f f e c t i v e a p p r o a c h t o s u p p l y i n g 
iso la ted p o w e r f r o m a w i d e l y v a r y i n g i npu t l ine 
w h i l e m a i n t a i n i n g a h igh degree of e f f i c i e n c y . 

P r i m a r y c o n t r o l means re fe renc ing al l o f the c o n 
t ro l e l e c t r o n i c s a l o n g w i t h the p o w e r s w i t c h i n g 
dev ice o n the i n p u t l ine s ide o f an i so la t i on t rans
f o r m e r . A n o b v i o u s advantage t o th is a p p r o a c h is 
the s i m p l i f i e d i n te r face b e t w e e n the c o n t r o l and 

Fig. 1 - The overall block diagram of the UC1840, an integrated circuit optimized for primary-side con
trol of off-line switching power supplies. 
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p o w e r s w i t c h . T h i s e l im ina tes m a n y o f t he t r ans i 
t i o n s across the i so l a t i on b o u n d a r y w h i c h s ign i f i 
c a n t l y increase the cos t o f the magne t i cs p o r t i o n o f 
t h e p o w e r s u p p l y ' s b u d g e t . 

T h e r e are t w o d isadvantages t o p r i m a r y c o n t r o l : 
(1) o p e r a t i n g o r at least s t a r t i ng , the c o n t r o l e lec 
t r o n i c s f r o m the l ine vo l tage ( t y p i c a l l y 3 0 0 V D C ) , 
a n d (2) p r o v i d i n g adequa te regu la t i on ( w h i c h re
q u i r e s f e e d b a c k f r o m the s e c o n d a r y across the iso
l a t i o n b o u n d a r y ) . T h e c a p a b i l i t y of the U C 1 8 4 0 
C o n t r o l IC t o so lve these p r o b l e m s w h i l e p r o v i d i n g 
a l l o f the regu la t i ng , s e q u e n c i n g , m o n i t o r i n g , and 
p r o t e c t i o n f u n c t i o n s re fe renced t o t he p r i m a r y 
s i d e , m a k e s th i s dev i ce very a t t rac t i ve . 

(5) C o m p l e t e u n d e r - v o l t a g e , o v e r - v o l t a g e , a n d 
o v e r - c u r r e n t p r o t e c t i o n i n c l u d i n g p r o g r a m 
m a b l e s h u t d o w n and restar t . 

(6) A h i g h - c u r r e n t , s i n g l e - e n d e d P W M o u t p u t 
o p t i m i z e d f o r fast t u r n - o f f o f an e x t e r n a l 
p o w e r s w i t c h . 

(7) L o g i c c o n t r o l f o r p u l s e - c o m m a n d a b l e o r D C 
p o w e r s e q u e n c i n g . 

F o r an u n d e r s t a n d i n g o f h o w these i n d i v i d u a l 
b l o c k s w o r k t oge the r in a t y p i c a l , m e d i u m - p o w e r 
f l y b a c k p o w e r s u p p l y , re fe rence s h o u l d be m a d e 
t o F igu re 2 a n d t h e f u n c t i o n a l d e s c r i p t i o n w h i c h 
f o l l o w s . 

THE UC1840 CONTROLLER 
T h e overa l l b l o c k d i ag ram of the U C 1 8 4 0 , s h o w n 
in F i g u r e 1, i n c l udes the f o l l o w i n g fea tu res : 

(1) F i x e d - f r e q u e n c y o p e r a t i o n set by user-
se lec ted c o m p o n e n t s . 

(2) A v a r i a b l e - s l o p e r a m p genera to r f o r c o n s t a n t 
v o l t - s e c o n d o p e r a t i o n p r o v i d i n g o p e n - l o o p 
l ine regu la t ion a n d m i n i m i z i n g , o r in s o m e 
cases even e l i m i n a t i n g , the need f o r f e e d b a c k 
c o n t r o l . 

(3) A d r i ve s w i t c h f o r l o w c u r r e n t s t a r t - u p o f f 
the h i g h - v o l t a g e l i ne . 

(4) A p r e c i s i o n re fe rence genera to r w i t h in te rna l 
o v e r - v o l t a g e p r o t e c t i o n . 

UC1840 FUNCTIONAL DESCRIPTION 

Power sequencing 
A s i m p l i f i e d s c h e m a t i c o f the U C 1 8 4 0 ' s i n te rna l 
p o w e r t u r n - o n c i r c u i t r y is s h o w n in F i g u r e 3 . T h e 
key e lemen ts of t h i s f u n c t i o n are : (1) t he D r i v e r 
B ias S w i t c h , Q 3 , w h i c h keeps the l o a d i n g o n the 
c o n t r o l vo l tage l i n e , V c , t o a m i n i m u m d u r i n g star t 
u p ; (2) t he U n d e r - v o l t a g e C o m p a r a t o r w h i c h a lso 
f u n c t i o n s as a S ta r t T h r e s h o l d D e t e c t o r w i t h p r o 
g r a m m a b l e hys te res i s ; a n d (3 )an a u x i l i a r y , p r i m a r y -
r e f e r e n c e d , l o w - v o l t a g e w i n d i n g o n the m a i n 
p o w e r t r a n s f o r m e r w h i c h p rov i des n o r m a l c o n t r o l 
p o w e r a f te r t u r n - o n . T h e sequence o f events is as 
f o l l o w s : 



Fig. 3 - The UC1840's start circuitry requires low starting current from the DC input line with normal 
operating current supplied from a low-voltage feedback winding on the power transformer. 

\ D C INPUT L I N E 

(1) W h i l e the c o n t r o l vo l t age , V c , is l o w enough 
so tha t the vo l tage o n p i n 2 is less t han 3 V , 
the S t a r t / U V C o m p a r a t o r does the f o l l o w i n g : 

(a) A 200juA hys te res is cu r ren t is f l o w i n g 
i n t o p in 2 t h r o u g h Q1 caus ing an a d d e d 
d r o p across R 2 . 

(b) T h e dr ive s w i t c h is h o l d i n g the D r i ve r Bias 
t rans is to r , Q 3 , O F F . T h i s insures tha t the 
o n l y cu r ren t r equ i r ed t h r o u g h R 1 is the 
s ta r t -up cu r ren t o f the U C 1 8 4 0 , p lus ex 
te rna l d iv iders ( R 2 , R 3 , R s , e t c . ) . 

(c) T h e S l o w T u r n - o n t rans i s to r , Q 2 , is O N , 
h o l d i n g p i n 8 a n d C g l o w . 

(d) T h e Start L a t c h keeps the u n d e r - v o l t a g e 
signal f r o m be ing d e f i n e d as a fau l t . 

(2) T h e start level is d e f i n e d b y : 

V c ( s t a r t ) = 3 ( R 2 + R 3 ) + 0 .2 R 2 . 
R 3 

W h e n V c rises t o th i s l eve l , the S t a r t / U V . 
C o m p a r a t o r then does the f o l l o w i n g : 
(a) T u r n s o f f Q 1 , e l i m i n a t i n g the 200 juA 

hysteres is c u r r e n t . T h i s a l l o w s the vo l tage 
o n V c t o d r o p be fo re reach ing the u n d e r -
vo l tage fau l t level d e f i n e d b y : 

V c ( U . V . f a u l t ) = 3 ( R 2 + R 3 ) 
R 3 

(b) Sets the S ta r t L a t c h to m o n i t o r f o r an 
unde r - vo l t age f a u l t . 

(c) A c t i v a t e s Q 3 p r o v i d i n g D r i ve r B ias t o the 
p o w e r s w i t c h , p u l l i n g the a d d e d c u r r e n t 
o u t of C | N . 

(d) T u r n s of f Q 2 a l l o w i n g f o r p r o g r a m m e d 
s l o w t u r n - o n d e f i n e d by R $ a n d C g . 

(3) A n o r m a l s t a r t - u p o c c u r s w i t h the c o n t r o l 
vo l t age , V c , f o l l o w i n g the pa th s h o w n in 
F i g u r e 4 . If t he p o w e r s u p p l y does no t s tar t , 
V c w i l l fa l l t o an u n d e r - v o l t a g e f au l t w h i c h 
w i l l t hen e i t he r in i t i a te a restart a t t e m p t o r 
h o l d the p o w e r s w i t c h o f f , d e p e n d i n g u p o n 
the status o f the Rese t t e rm ina l as d e f i n e d 
u n d e r F a u l t S e q u e n c i n g . If s ta r t -up does 
no t o c c u r because o f s o m e fau l t in the D r i v e r 
B ias l ine , V ^ w i l l c o n t i n u e t o rise un t i l 
the 4 0 V zene r across t h e re fe rence c i r c u i t 
c o n d u c t s . T h i s w i l l t h e n c l a m p V ^ t o tha t 
l eve l , p r o t e c t i n g the c o n t r o l c h i p . 

A f t e r s t a r t - u p o c c u r s , c u r r e n t w i l l c o n t i n u e t o f l o w 
in R1 p r o v i d i n g a p o w e r loss o f : 

p d _ ( V . i n e - V c > 2 

R 1 

Fig. 4 - Under a normal turn-on, the supply voltage 
to the UCI840, Vc, would rise lightly 
loaded to the start level, fall under the 
turn-on load, and then regulate at some 
intermediate level. 

23 



If th is loss is o b j e c t i o n a b l e , it can be r e d u c e d m o r e 
t h a n an o r d e r o f m a g n i t u d e b y the a d d i t i o n o f a 
t w o - t r a n s i s t o r s w i t c h s h o w n in F i g u r e 5. In th is 
c i r c u i t , Q1 is i n i t i a l l y d r i v e n o n by c u r r e n t t h r o u g h 
R2. W h e n the f e e d b a c k w i n d i n g star ts t o c o n d u c t 
t h r o u g h D1, h o w e v e r , Q2 t u rns o n leav ing o n l y R2 
c o n d u c t i n g f r o m the i n p u t l i ne . 

Fig. 5 - The addition of Q1 and Q2 can eliminate 
the steady-state current through R1 after 
turn-on. Q2 is selected to pass all control 
current through its base-emitter junction. 

D C INPUT LINE 

P O W E R T R A N S F O R M E R 

Slow turn-on circuit 
T h e P W M c o m p a r a t o r i npu t c o n n e c t e d t o p i n 8 
a c c o m m o d a t e s several p r o g r a m m i n g f u n c t i o n s , 
s h o w n in F igu re 6. S i n c e th is c o m p a r a t o r w i l l o n l y 
f o l l o w the l owes t pos i t i ve i n p u t , h o l d i n g p i n 8 l o w 
w i l l e f f ec t i ve l y e l i m i n a t e a P W M s igna l , regardless 
o f the s ta tus o f the E r r o r A m p l i f i e r o u t p u t . P r i o r 
t o t u r n - o n , a n d at al l t i m e s w h e n a f au l t has been 
s e n s e d , Q1 is O N , h o l d i n g p i n 8 l o w . 

Fig. 6 - Pin 8 on the UC1840 can be used for both 
slow turn-on and duty-cycle limiting as 
well as a PWM shutdown port. 

U C 1 8 4 0 5 V r e f O R 

D C INPUT L I N E 

F A U L T 
S H U T D O W N 

W h e n Q1 t u rns o f f , a l l o w i n g p i n 8 t o rise w i t h a 
c o n t r o l l e d rate w i l l cause the o u t p u t pu lses t o i n 
crease f r o m z e r o t o n o m i n a l w i d t h s at t he same 
rate. T h i s is a c c o m p l i s h e d b y the a d d i t i o n o f C s 

a n d a charg ing s o u r c e , such as R5, t o t he 5V 
re fe rence . 

N o t e t ha t w h e r e s ta r t ing energy is s to red in an 
i n p u t c a p a c i t o r , t h e t i m e f o r P W M t u r n - o n m u s t be 
less t h a n the t i m e requ i r ed f o r the a d d e d D r i v e r 
B ias l o a d c u r r e n t t o d ischarge the i n p u t c a p a c i t o r 
t o the u n d e r - v o l t a g e f au l t l eve l . In o t h e r w o r d s , 
re fe r r ing b a c k t o F i g u r e 4 , the s l o w t u r n - o n m u s t 
be fas ter t h a n the t i m e requ i red fo r V c t o fa l l f r o m 
level B t o level E . 

A n o t h e r f u n c t i o n o f p i n 8 is t o es tab l ish a m a x i 
m u m d u t y c y c l e l i m i t . T h i s is ach ieved by c l a m p i n g 
the vo l tage o n p i n 8 w i t h a d i v ide r f o r m e d by 
a d d i n g R o c t o g r o u n d . If Rg is t aken t o t he 5V ref
e r e n c e , t he c l a m p vo l tage w i l l be f i x e d , w h i c h is 
des i rab le if t he r a m p s lope is a lso f i x e d . If t he r a m p 
s lope is va r ied w i t h the i n p u t l ine — f o r c o n s t a n t 
v o l t - s e c o n d o p e r a t i o n — t h e n the c l a m p vo l tage O n 
p i n 8 m u s t a lso v a r y . T h i s is read i l y a c c o m p l i s h e d 

Fig. 7- The pulse-width modulator within the UC1840 separates the ramp function from the fixed-
frequency oscillator. 

DC INPUT LINE 
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b y c o n n e c t i n g R s t o t he D C i n p u t l i n e . T h e d i v i d e r 
v o l t a g e : 

R D C 
' P i n 8 V r 

R c + R 
-} V D C i n p u t 

D C 

s h o u l d be equal t o t he r a m p vo l tage level tha t 
y i e l d s the desi red m a x i m u m d u t y c y c l e , at the 
s a m e D C inpu t leve l . 

Ramp generator 
T h e r a m p gene ra to r f u n c t i o n o f t he U C 1 8 4 0 is 
s h o w n in s i m p l i f i e d f o r m in F i g u r e 9 . 

Fig. 9 - Current mirrors Q1-Q4 are used to make 
the ramp charging current i2, linearly 
proportional to the DC input line. 

PWM control 
P u l s e - W i d t h M o d u l a t i o n w i t h i n the U C 1 8 4 0 c o n 
sists o f the b l o c k s s h o w n in F i g u r e 7. T h i s a r ch i t ec 
t u r e , w i t h the poss ib le e x c e p t i o n o f t he sepa ra t i on 
b e t w e e n the t i m e - b a s e and r a m p f u n c t i o n s , is 
f a i r l y c o n v e n t i o n a l . It is d e s c r i b e d in greater de ta i l 
in t h e paragraphs w h i c h f o l l o w . 

Oscillator 
A c o n s t a n t c l o c k f r e q u e n c y is es tab l i shed b y c o n 
n e c t i n g R y f r o m p i n 9 t o the 5 V re fe rence a n d C-y-
f r o m p i n 9 to g r o u n d . T h e f r e q u e n c y is a p p r o x i 
m a t e d b y : 

f 1 

R T C T 

w h e r e the value o f R-j- c a n range f r o m 1 kn t o 
1 0 0 K J 2 a n d C T f r o m 3 0 0 p F t o 0.1 M F . T h e best 
t e m p e r a t u r e c o e f f i c i e n t s o c c u r w i t h C-p in the 
range o f 1 0 0 0 to 3 0 0 0 p F . A l t h o u g h the c l o c k o u t 
p u t pu lse is not ava i lab le ex te rna l t o t he U C 1 8 4 0 , 
s y n c h r o n i z a t i o n t o an ex te rna l c l o c k c a n st i l l be 
a c c o m p l i s h e d w i t h the c i r c u i t o f F i g u r e 8 , w h e r e 
R 1 a n d e l are se lec ted to p r o v i d e a 0 . 5 V , 2 0 0 ns 
p u l s e across the 51S2 res is tor , a n d R- j- a n d C-j-
d e f i n e a f r e q u e n c y s l i gh t l y l o w e r t h a n the s y n c h 
r o n i z i n g sou rce . 

Fig. 8 - Synchronization to an external time base 
can be accomplished by adding a 5ID, 
resistor in series with Cj. 

T o ach ieve m i n i m u m s t a r t - u p c u r r e n t , the o s c i l l a 
t o r is n o t ac t i va ted un t i l the i npu t vo l tage is h igh 
e n o u g h t o give a star t c o m m a n d t o the d r i ve 
s w i t c h . 

T h e N P N and P N P c u r r e n t m i r r o r s p r o v i d e a c h a r g 
ing c u r r e n t t o C R o f : 

. _ . _ V l i n e - 0 . 7 V ^ V l i n e 

i 2 - i i -
Ri R . 

T h e cu r ren t m i r r o r s are use fu l over a c u r r e n t range 
o f 1juA t o 1 m A , bu t o p t i m u m t r a c k i n g o c c u r s 
b e t w e e n 30 juA a n d 3 0 0 j u A . S i n c e the vo l t age 
across Q1 is very s m a l l , \2 a c c u r a t e l y represents the 
i npu t l ine vo l t age . T h e r a m p s l o p e , t h e r e f o r e , is : 

dv V l ine 

d t R R C R 

T h e peak vo l tage ac ross C R is c l a m p e d t o a p p r o x i 
m a t e l y 4 . 2 V w h i l e the v a l l e y , o r l o w vo l t age , is 
d e t e r m i n e d by the o n - v o l t a g e o f the d ischarge net
w o r k , D1 and Q 5 . T h i s is t y p i c a l l y 0 . 7 V . 

If l ine sensing is n o t r e q u i r e d , R R s h o u l d be c o n 
nec ted to the 5 V re fe rence f o r c o n s t a n t r a m p s lope . 

Error amplifier 
T h i s is a v o l t a g e - m o d e o p e r a t i o n a l a m p l i f i e r w i t h 
an u n c o m m i t t e d N P N d i f f e ren t i a l i npu t stage a n d 
an o u t p u t c o n f i g u r a t i o n as s h o w n in F i g u r e 10 . 

T h e 1 Kn o u t p u t res is tor , R Q , is used b o t h f o r 
shor t c i r c u i t p r o t e c t i o n a n d to l i m i t the peak o u t 
p u t vo l tage t o less t han 4 . 0 V so it c a n n o t rise 
above the c l a m p e d r a m p w a v e f o r m . A t s ink c u r 
rents less t han 3 0 0 nA, the l o w o u t p u t level w i l l be 
w i t h i n 2 0 0 m V o f g r o u n d b u t it rises t o 1 V at 
h igher cu r ren t levels . 

T h e i npu t c o m m o n m o d e range is f r o m 1 V to 
w i t h i n 2 V o f the i n p u t s u p p l y vo l tage . V i n , and 
thus e i the r i n p u t c a n be c o n n e c t e d d i r e c t l y to the 
5 V re fe rence . 
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10- The output of the error amplifier oper- T h e sma l l s igna l , o p e n - l o o p ga in charac te r i s t i cs are 
ates class A to 300\xA, but can source 
and sink more than 1 mA for fast 
response. 

s h o w n in F igu re 1 1 . T h e a m p l i f i e r is u n i t y - g a i n 
s tab le and has a m a x i m u m s lew rate of just unde r 
1 V / j U S . 

PWM comparator and latch 
T h i s c o m p a r a t o r (see F i g u r e 7) generates the ou t 
p u t pu lse w h i c h star ts at the t e r m i n a t i o n of the 

TO PWM COMP^ c | o c | < p U | S e a n d ends w h e n the ramp w a v e f o r m 
crosses the l owes t o f the three pos i t i ve i npu ts . T h e 
c l o c k f o r m s a b l a n k i n g pu lse w h i c h keeps , the 
m a x i m u m d u t y c y c l e less t h a n 1 0 0 % .The P W M la tch 
insures the re w i l l be o n l y one pu lse per p e r i o d and 
e l im ina tes o s c i l l a t i o n at c o m p a r a t o r c ross -ove r , 

COMPENSATION 

11 - The UC1840 error amplifier has a DC 
gain of 67 dB, a 2 MHz bandwidth, and 
phase margin of approximately 45°. 

PWM output stage 
In a d d i t i o n t o t h e P W M o u t p u t signal o n p i n 1 2 , 
the U C 1 8 4 0 a l so i nc l udes an o u t p u t ga t ing , or 
a r m i n g f u n c t i o n as D r i v e r B ias o n p in 14 . B o t h 
f u n c t i o n s s h o u l d be c o n s i d e r e d toge ther in in ter 
f a c i n g t o the e x t e r n a l h i gh - vo l t age p o w e r s w i t c h . 
These are i l l us t ra ted in s i m p l i f i e d f o r m in F igu re 
1 2 . 

A t very l o w i n p u t vo l tages ( V ) N < 3 V ) , b o t h Q 2 
and Q 4 are O F F . T h i s m a y necessi tate the use o f 
R 2 , b u t its va lue can be h igh s ince it does no t have 
t o t u r n the o u t p u t s w i t c h o f f . It mere l y ho lds it in 
the o f f state d u r i n g the ear ly p o r t i o n o f s t a r t - u p . 

B e t w e e n V ) N = 3 V a n d the star t t h r e s h o l d (pin 2 = 
3 V w i t h hys te res is o n ) , Q 2 is O F F and Q 4 is O N , 
c l a m p i n g the p o w e r sw i t ch o f f w i t h a l o w impe 
d a n c e . A star t c o m m a n d ( U V high) t u rns o n Q 2 , 
a p p l y i n g ( V | N - 2 V ) t o R 1 . T h i s p rov ides a sou rce 
fo r p o w e r s w i t c h a c t i v a t i o n ; h o w e v e r , s ince Q 4 is 
st i l l c o n d u c t i n g , the c u r r e n t t h r o u g h R1 is shun ted 
t o g r o u n d and t h e p o w e r s w i t c h remains he ld o f f . 

12 - Interfacing the UC1840 PWM output stage to either Bipolar or Power MOS switches. 
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A t the same t ime Q 2 tu rns o n , t h e c l a m p i n g t ransis
t o r at the s l o w - s t a r t t e r m i n a l , p i n 8 , t u rns o f f 
a l l o w i n g the vol tage o n p i n 8 t o rise a c c o r d i n g t o 
the ex te rna l s l o w - s t a r t t i m e c o n s t a n t d e s c r i b e d 
ea r l i e r . T h i s a l l ows P W M pu lses t o beg in t o ac t i va te 
Q 4 — n a r r o w at f i r s t a n d w i d e n i n g t o the p o i n t 
w h e r e the e r ro r a m p l i f i e r takes c o m m a n d . 

T h e i n te r face b e t w e e n the U C 1 8 4 0 a n d the p r i 
m a r y p o w e r sw i t ch m a y be i m p l e m e n t e d in several 
d i f f e r e n t ways t o mee t v a r y i n g sys tem requ i re 
m e n t s . O n e o b v i o u s a p p l i c a t i o n is w h e n t h e use o f a 
b i p o l a r t rans is to r s w i t c h requ i res m o r e d r i ve cu r 
rent t h a n the D r i v e r B ias o u t p u t c a n p r o v i d e . 
F i g u r e 13 shows a m o r e t y p i c a l b i p o l a r d r i ve 
s c h e m e whe re Q 5 has been a d d e d t o b o o s t the 
t u r n - o n cu r ren t w i t h the U C 1 8 4 0 st i l l p r o v i d i n g 
the h igh speed t u rn -o f f . T h e c i r c u i t n o w serves as a 
m o r e e f f i c i en t " t o t e m - p o l e " d r i ve r s ince Q 5 tu rns 
o f f w h e n Q 4 c o n d u c t s . It a lso i l lus t ra tes the use o f 
a B a k e r C l a m p to m i n i m i z e storage t i m e in Q 6 and 
the c a p a c i t o r s fo r rap id t u r n - o n and h i g h - c u r r e n t 
pu l se t u r n - o f f . 

Fig. 13 - Adding Q5 as a switched, drive-boost 
transistor provides added base drive for 
Q6 while reducing the steady-state cur
rent through both Q2 and Q4. 

|Q 6 

S - 6 S 6 8 

A n o t h e r a p p l i c a t i o n is the t w o - t r a n s i s t o r , o f f - l i n e , 
f o r w a r d conver te r t o p o l o g y s h o w n in F i g u r e 14 . 
T h i s c i r c u i t uses p r o p o r t i o n a l base d r i ve w h e r e the 
U C 1 8 4 0 need o n l y s u p p l y a sho r t , t u r n - o f f c u r r e n t 
p u l s e w i t h t r ans fo rmer regenera t ion t h r o u g h T1 
p r o v i d i n g the s teady -s ta te d r i ve . T h e m a g n e t i z i n g 
c u r r e n t is c o n t r o l l e d b y R 1 , w i t h Q 5 a d d e d t o 
r a p i d l y recharge C1 f r o m w h i c h the t u r n - o f f cu r 
ren t is s u p p l i e d . 

Fault protection 
A s i g n i f i c a n t bene f i t i n us ing the U C 1 8 4 0 is the 
m u l t i - f a c e t e d f au l t - sens ing and p r o g r a m m i n g c a p a 
b i l i t y b u i l t in to t h e d e v i c e . W i t h the in ten t t o p r o 
v i d e c o m p l e t e c o n t r o l t o the p o w e r sys tem unde r 
al l t y p e s o f po ten t i a l m a l f u n c t i o n s , f a u l t - s e n s i n g 

c i r c u i t r y has been i n c l u d e d t o sense o v e r - v o l t a g e , 
u n d e r - v o l t a g e , o r o v e r - c u r r e n t c o n d i t i o n s . A d d i 
t i o n a l l y , h i g h - s p e e d , p u l s e - b y - p u l s e d ig i ta l c u r r e n t 
l i m i t i n g is i n c l u d e d as a separate f u n c t i o n . T h e 
o p e r a t i o n o f these c i r c u i t s is d e s c r i b e d b e l o w . 

Fig. 14 - Interfacing the UC1840 single PWM out
put to a two-transistor off-line forward 
converter which uses proportional base 
drive. 

Current limiting 
T h e c u r r e n t l i m i t c o m p a r a t o r s have d i f f e ren t i a l 
i npu t s f o r no ise r e j e c t i o n bu t are i n tended to be 
used w i t h g r o u n d - r e f e r e n c e d cu r ren t sens ing as in 
F i g u r e 1 5 . C o m p a r a t o r A 1 is de lega ted t o p u l s e -
b y - p u l s e c u r r e n t l i m i t i n g . T h e o u t p u t o f th i s c o m 
pa ra to r d r ives the P W M c o m p a r a t o r , whe re it a c t i 
vates the P W M l a t c h , t e r m i n a t i n g each pu lse w h e n 
the cu r ren t sensed by R s c reaches a t h r e s h o l d 
d e f i n e d by d i v i d e r R 1 , R 2 , and the 5 V re fe rence . 

Fig. 15 - Current limiting and overcurrent shut
down are implemented with comparators 
of different thresholds and a single cur
rent sense resistor. 

SVref 
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S i n c e Vc is i n t e n d e d t o t r a c k the s u p p l y ' s o u t p u t 
v o l t a g e , t he a d d i t i o n o f a res is tor f r o m p i n 6 t o V c 

w i l l p r o v i d e s o m e f o l d b a c k t o the c u r r e n t l i m i t 
c h a r a c t e r i s t i c . S i n c e c o m p a r a t o r A 1 has z e r o o f fse t 
v o l t a g e , it is ac t i va ted w h e n the vo l tage across R$c 
equa l s t ha t across R 2 . C o m p a r a t o r A 2 , w i t h an 
o f f se t vo l tage o f 4 0 0 m V , w i l l ac t i va te f o r ove r -
c u r r e n t s h u t d o w n w h e n the vo l tage across Rsc 
r ises t o 4 0 0 m V h igher t h a n the vo l tage across R 2 . 
S i n c e the i npu t b ias t o b o t h c o m p a r a t o r s is less 
t h a n 5 fiA, a l o w - p a s s f i l t e r f o r no ise re jec t i on m a y 
be inser ted b e t w e e n Rsc a r , d t n e sense i npu ts . 
A c t i v a t i o n o f c o m p a r a t o r A 2 is d e f i n e d as an over -
c u r r e n t f a u l t a n d it t r iggers the E r r o r L a t c h . Its 
o p e r a t i o n f o l l o w s . 

Fault sequencing 
T h e fau l t s e q u e n c i n g log ic o f the U C 1 8 4 0 is s h o w n 
in F i g u r e 1 6 . S i n c e a fau l t is d e f i n e d b y th is dev ice 
as an a c t i v a t i o n o f t he E r r o r L a t c h , it m a k e s sense 
t o start here in an a t t e m p t t o u n d e r s t a n d th is po r 

t i o n o f t he c i r c u i t r y . S e t t i n g the E r r o r L a t c h i m m e 
d i a t e l y t u rns o n Q 1 a n d Q 2 , d i s cha rg i ng the s l o w -
start c a p a c i t o r a n d t e r m i n a t i n g the P W M o u t p u t . 
N o t e tha t there is an a d d i t i o n a l pa th f r o m the i n 
ve r ted o u t p u t o f t he S t a r t / U V c o m p a r a t o r t h r o u g h 
O R 2 w h i c h k e e p s p i n 8 l o w . T h i s is t o keep the 
s l o w - s t a r t l o w d u r i n g in i t i a l t u r n - o n w h i c h is no t 
i n t e n d e d t o be c l ass i f i ed as a f a u l t . 

T h e i npu t t o t he E r r o r L a t c h is f r o m O R 1 w h i c h 
tr iggers o n s ignals resu l t i ng f r o m f o u r poss ib le 
even ts : 

(1) A vo l tage less t h a n 3 V (af ter p r i o r t u r n - o n ) at 
the S t a r t / U V sense t e r m i n a l , p i n 2 . 

(2) A vo l tage grea ter t h a n 3 V at the O v e r - V o l t a g e 
Sense t e r m i n a l , p i n 3 . 

(3) A vo l tage o f less t h a n 3 V o n the E x t . S t o p 
t e r m i n a l , p i n 4 . 

(4) A n o v e r - c u r r e n t s ignal resu l t ing in a d i f f e r 
en t ia l vo l t age b e t w e e n p i ns 7 and 6 o f greater 
t han 4 0 0 m V . 

Fig. 16 Fault sequence logic is designed to insure a complete shutdown and fully controlled restart 
upon any of four possible fault conditions. 

A n y o f these i npu t s need o n l y be m o m e n t a r y to 
set the E r r o r L a t c h . T r a n s i e n t p r o t e c t i o n m a y be 
necessary t o e l i m i n a t e fa lse t r i gge r ing , bu t it can be 
read i l y a c c o m p l i s h e d as al l the c o m p a r a t o r i npu t s 
are h igh i m p e d a n c e s requ i r i ng less t han 2 juA o f 
i n p u t c u r r e n t , a n d the 3 . 0 V re fe rence y i e l ds a h igh 
no i se i m m u n i t y . 

T h e Star t L a t c h can be u n d e r s t o o d b y r e c o g n i z i n g 
t h a t at in i t ia l t u r n - o n it is reset w i t h a l o w o u t p u t . 
T h i s p revents A N D 2 f r o m t r a n s m i t t i n g a U V fau l t 
s ignal f r o m the S t a r t / U V n o n - i n v e r t i n g o u t p u t t o 
t h e E r r o r L a t c h . A t the star t vo l tage leve l , d e f i n e d 
b y a h igh level o n the S t a r t / U V n o n - i n v e r t i n g ou t 
p u t , the S ta r t L a t c h sets b u t A N D 2 st i l l p rov ides 
n o o u t p u t . O n l y w h e n the S t a r t / U V i n p u t goes l o w 
a g a i n , w i t h the S ta r t L a t c h o u t p u t he ld h i g h , w i l l 
A N D 2 y i e l d an o u t p u t i n t o the E r r o r L a t c h . 

T h e status o f the R e s e t t e r m i n a l , p i n 5 , d e t e r m i n e s 

w h a t happens a f te r t he E r r o r L a t c h is set. T h e 
cho i ces are: 

(1) L a t c h o f f a n d requ i re a recyc le o f i npu t vo l t 
age t o restar t . 

(2) C o n t i n u o u s l y a t t e m p t t o restar t . 

(3) A t t e m p t s o m e n u m b e r o f restarts and then 
la tch o f f . 

(4) L a t c h o f f a n d awa i t a m o m e n t a r y reset pu lse 
t o restart . 

T o e x a m i n e the o p e r a t i o n o f the Rese t L a t c h , no te 
tha t p r i o r t o se t t ing the E r r o r L a t c h , its l o w o u t p u t 
is inver ted t o h o l d the reset i npu t to the Rese t 
L a t c h h i g h . T h i s fo rces the Rese t L a t c h ' s o u t p u t 
l o w , regardless o f the vo l tage o n p i n 5 , a n d , t h u s , 
insures no s ignal ou t of A N D 1 . W i t h the set t ing of 
the E r r o r L a t c h , the Rese t L a t c h is f ree t o take the 
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state c o m m a n d e d b y p i n 5 : h igh if p i n 5 is l o w and 
v i c e - v e r s a . T h e la tch a l l o w s m e r e l y a pu lse to set 
t he R e s e t L a t c h ; the vo l t age o n p i n 5 need no t be 
s teady s ta te . 

W i t h a h igh Reset L a t c h o u t p u t , the E r r o r L a t c h 
st i l l does no t reset u n t i l a l o w signal is sensed o n 
the S t a r t / U V sense t e r m i n a l . A t tha t p o i n t , A N D 1 
t h e n resets bo th the E r r o r L a t c h a n d the S ta r t 
L a t c h re -es tab l i sh ing t h e in i t i a l c o n d i t i o n s f o r a 

n o r m a l star t a f te r f u l l y cha rg i ng the i npu t c a p a c i 
t o r . O f c o u r s e , if t h e f a u l t is s t i l l p resen t , w h e n the 
S t a r t / U V i n p u t reaches the star t level t e r m i n a t i n g 
the E r r o r L a t c h reset s i g n a l , th is la tch w i l l i m m e 
d i a t e l y set aga in . 

T o a id in the u n d e r s t a n d i n g o f th i s l og i c , F i g u r e 17 
gives a p i c t o r i a l r e p r e s e n t a t i o n o f its o p e r a t i o n 
w i t h b o t h s t e a d y - s t a t e a n d m o m e n t a r y s ignals o n 
b o t h the E x t . S t o p a n d R e s e t t e r m i n a l s . 

Fig. 17 - The interrelationship between the functions controlled by the fault sequence logic is illustrated 
with both static and pulse commands on the ext. stop and reset terminals. 
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N o t e 1 : V c represents an ana log o f t he s u p p l y o u t p u t vo l tage genera ted b y a p r i m a r y - re fe renced 
seconda ry w i n d i n g o n the p o w e r t r a s f o r m e r . It is t he vo l tage m o n i t o r e d by the s t a r t / U V c o m 
para to r a n d in mos t cases is t he s u p p l y vo l tage V | N f o r t he U C 1 8 4 0 . 

T I M E E V E N T 

A I N I T I A L T U R N - O N V c R I S E S W I T H L I G H T L O A D . 
B S T A R T T H R E S H O L D D R I V E R B I A S L O A D S V c . 
C O P E R A T I N G P W M R E G U L A T E S V c . 
D S T O P I N P U T S E T S . E R R O R L A T C H T U R N I N G O F F P W M . 
E U V L O W T H R E S H O L D . E R R O R L A T C H R E M A I N S S E T . 
F S T A R T T U R N S O N D R I V E R B I A S B U T E R R O R L A T C H S T I L L S E T . 
G V c A N D D R I V E R B I A S C O N T I N U E T O C Y C L E . 
H 
I S T O P C O M M A N D R E M O V E D . 
J E R R O R L A T C H R E S E T A T U V L O W T H R E S H O L D . 
K S T A R T T H R E S H O L D N O W R E M O V E S S L O W - S T A R T C L A M P . 
L R E T U R N T O N O R M A L R U N S T A T E . 
M R E S E T L A T C H S E T S I G N A L R E M O V E D . 
N E R R O R L A T C H S E T W I T H M O M E N T A R Y F A U L T . 
O E R R O R L A T C H D O E S N O T R E S E T A S R E S E T L A T C H IS R E S E T . 
P V c A N D D R I V E R B I A S R E C Y C L E W I T H N O T U R N - O N . 
Q 
R R E S E T L A T C H IS S E T W I T H M O M E N T A R Y R E S E T S I G N A L . 
S V c M U S T C O M P L E T E C Y C L E T O T U R N O N . 
T S T A R T A N D E R R O R L A T C H E S R E S E T . 
U N O R M A L S T A R T I N I T I A T E D . 
V R E T U R N T O N O R M A L R U N S T A T E . 
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If D r i v e r B ias t u r n - o n is used t o p u m p an inc re 
m e n t o f charge i n t o an in tegra t ing c a p a c i t o r , a n d 
tha t c a p a c i t o r vo l tage is a p p l i e d t o the Rese t 
T e r m i n a l , some n u m b e r o f re t rys c o u l d be p r o 
g r a m m e d to t ake p lace be fo re the Rese t vo l tage 
rises t o 3 V , w h i c h w o u l d then l o c k the o u t p u t 
O F F . S i n c e D r i ve r B ias c o n t i n u e s t o c y c l e in the 
l a t c h e d - o f f s ta te , the Rese t t e r m i n a l w i l l r e m a i n 
h igh un t i l it is e i the r r e m o t e l y p u l l e d l o w or the 
i n p u t vo l tage to the c o n t r o l l e r is i n t e r r u p t e d . 

N o t e tha t an i m p o r t a n t e l emen t in any restart a f te r 
a s h u t d o w n is the l o w e r i n g o f the vo l tage at the 
S t a r t / U V t e r m i n a l b e l o w its U V t h r e s h o l d . W h i l e 
th is w i l l o c c u r n o r m a l l y in b o o t s t r a p - d r i v e n a p p l i 
c a t i o n s , th is dev i ce can a lso be used w i t h a c o n 
s tant d r i v i ng vo l tage by ex te rna l l y a p p l y i n g a 
m o m e n t a r y p u l l - d o w n signal to the S t a r t / U V i n p u t 
a f te r a fau l t s h u t d o w n . 

CONCLUSION 
W i t h the U C 1 8 4 0 , p o w e r s u p p l y des igners n o w 
have a dev ice s p e c i f i c a l l y d e v e l o p e d f o r o f f - l i n e , 
p r i m a r y c o n t r o l and one w h i c h has addressed the 
p r o b l e m s o f o p e r a t i o n u n d e r less t h a n " i d e a l " o r 
n o r m a l c o n d i t i o n s . N o t o n l y does th is dev i ce m a k e 
it easier t o c o m p l y w i t h s t r ingent i so l a t i on requ i re 
m e n t s by r e q u i r i n g a m i n i m u m of c o m m u n i c a t i o n 
b e t w e e n p r i m a r y and s e c o n d a r y , b u t it is a lso 
idea l l y su i ted f o r p o w e r i n g sys tems in r e m o t e l o c a 
t i ons w h e r e o n l y a s i m p l e t r a n s m i t t e d pu lse is 
ava i lab le f o r p o w e r s e q u e n c i n g . 

© 1983 by Unitrode Corporation. All rights re
served, This bulletin, or any part or parts thereof, 
must not be reproduced in any form without per
mission of the copyright owner. 
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250W OFF-LINE FORWARD CONVERTER 
DESIGN REVIEW 

T h i s pape r gives a p r a c t i c a l e x a m p l e o f t he des ign 
o f an o f f - l i n e s w i t c h i n g p o w e r s u p p l y w i t h f o r w a r d 
c o n v e r t e r t o p o l o g y . T o p i c s i n c l u d e t r a n s f o r m e r 
a n d f i l t e r i n d u c t o r d e s i g n , p r o p o r t i o n a l base d r i v e , 
c o m p o n e n t s e l e c t i o n , o u t p u t f i l t e r des ign a n d 
c l o s i n g the c o n t r o l l o o p us ing the n e w U C 1 5 2 4 A 
c o n t r o l c i r c u i t . 

POWER SUPPLY SPECIFICATIONS: 

Other 
Features: 

C u r r e n t L i m i t : 6 0 A S h o r t C i r c u i t 
R i p p l e V o l t a g e : 1 0 0 m V P - P M a x . 
L i n e R e g u l a t i o n : ± 1% 
L o a d R e g u l a t i o n : ± 1 % 

E f f i c i e n c y : 
L i n e I s o l a t i o n : 
S w i t c h i n g 
F r e q u e n c y : 

7 5 % 
3 7 5 0 V 

4 0 k H z 

Topology: 

Line input: 

Output: 

F o r w a r d C o n v e r t e r w i t h P r o p o r t i o n a l 
Base d r i ve 

1 T 7 V ± 1 5 % 
2 3 0 V ± 1 5 % 

V o l t a g e : 
C u r r e n t : 

( 9 9 - 1 3 5 V ) , 6 0 H z 
( 1 9 5 - 2 6 5 V ) , 5 0 H z 

5 V 
5 t o 5 0 A 

THE COMPLETE POWER SUPPLY 
CIRCUIT 
T h e c o m p l e t e 2 5 0 W s w i t c h i n g p o w e r s u p p l y 
s c h e m a t i c is g iven in F i g u r e 2 . T h i s s u p p l y mee ts 
a l l o f t he s p e c i f i c a t i o n r e q u i r e m e n t s d e f i n e d o n 
th is page. 

Fig. 1 - Block diagram of the switching power supply 
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Fig. 2- Complete 250W switching power supply 



LINE INPUT AC TO DC CONVERSION SWITCHING CIRCUIT TOPOLOGY 
T h e i npu t rec t i f i e r / f i l t e r s e c t i o n conve r t s the A C 
l i ne vo l tage into a c r u d e l y f i l t e red a n d un regu la ted 
D C vo l t age , V j n , w h i c h p o w e r s the d o w n s t r e a m 
s w i t c h i n g regu la tor . T h e i npu t s e c t i o n is c o n 
f i g u r e d as a f u l l -wave br idge w h e n o p e r a t i n g f r o m 
t h e 2 3 0 V l ine, and as a vo l tage d o u b l e r w h e n 
o p e r a t e d f r o m 1 1 7 V . T h i s p r o v i d e s a p p r o x i m a t e l y 
t h e same V j n range ( 2 0 0 - 3 8 0 V ) fo r the s w i t c h i n g 
regu la to r w i t h e i ther l ine vo l tage . M i n i m u m i npu t 
v o l t a g e , V m i n , is 2 0 0 V at l o w l ine . 

T h e des ign of the i npu t s e c t i o n is c o v e r e d ex ten 
s ive ly in A p p e n d i x B . T h e p o w e r i npu t r equ i r ed in 
t h i s a p p l i c a t i o n equa ls p o w e r o u t p u t ( 250W) 
d i v i d e d b y e f f i c i ency ( 7 5 % ) , o r 3 3 3 W . C i r c u i t 
va lues fo r th is a p p l i c a t i o n can be o b t a i n e d b y 
m u l t i p l y i n g the 1 0 0 W i n p u t va lues g iven in T a b l e 1 
o f A p p e n d i x B b y P j n / 1 0 0 = 3 . 3 3 , us ing the w o r s t 
case vo l tage d o u b l e c o n f i g u r a t i o n : 

C i = C 2 = 3 .33 (160 ) = 5 3 3 M F (use 6 0 0 M F ) (1) 

l c h g = 3 . 3 3 ( 1 . 1 2 6 ) = 3 . 7 5 A R M S A C (2) 

T h e s w i t c h i n g regu la to r d r a w s 4 0 k H z rec tangu la r 
c u r r e n t pu lses w h i c h d ischarge the i n p u t c a p a c i t o r s . 
P e a k d ischarge c u r r e n t , i d j S , o c c u r s at V m j n w h e n 
t h e d u t y c y c l e , D , is m a x i m u m (50%) : 

i d i s = P i n / ( V m i n D ) = 3 3 3 / ( 2 0 0 • 0.5) = 3 . 3 3 A peak (3) 

T h e R M S A C c o m p o n e n t o f t he d i scharge c u r r e n t , 
Id is , w h i c h f l o w s t h r o u g h the i n p u t c a p a c i t o r s at 
w o r s t case 5 0 % d u t y c y c l e is: 

Idis = ( idis)/2 = 3 .33/2 = 1 .67A R M S A C (4) 

T h e to ta l R M S A C c u r r e n t ra t ing requ i red f o r the 
i n p u t capac i to rs is c a l c u l a t e d f r o m E q u a t i o n 6 of 
A p p e n d i x B . 

I C A P = V ' c h g 2 + I d i s 2 = V 3 . 7 5 2 + 1 . 6 7 2 (5) 

T h e t w o t rans i s to r f o r w a r d c o n v e r t e r c o n f i g u r a t i o n 
s h o w n in F i g u r e 3 was used in th i s 2 5 0 W s w i t c h i n g 
p o w e r s u p p l y fo r t h e f o l l o w i n g reasons: 

1. T r a n s i s t o r vo l t age rat ings are ha l f t h e vo l tage 
requ i red in a c o m p a r a b l e s ingle t rans is to r c i r 
c u i t ( 4 0 0 V vs. 8 0 0 V ) . O n l y 1/4 the s i l i c o n c h i p 
area is r e q u i r e d f o r the same c u r r e n t ra t i ng , 
a n d the s w i t c h i n g speeds w i l l be t w i c e as fas t . 

2 . T h e s n u b b e r n e t w o r k s are f o r l oad l ine shap ing 
o n l y and are n o t r e q u i r e d to a b s o r b al l t he 
energy s to red in the t r a n s f o r m e r leakage 
reac tance . Ins tead , c l a m p d i o d e s D5 a n d D6 
conse rve m o s t o f th i s energy b y r e t u rn i ng it t o 
t he i n p u t , i m p r o v i n g the e f f i c i e n c y . 

3 . C l o s e d - l o o p s t a b i l i t y is easier to ach ieve t h a n 
w i t h a f l y b a c k conve r t e r because there is no 
r ight ha l f p l a n e z e r o . 

4 . F i l t e r c a p a c i t o r r e q u i r e m e n t s are m u c h less 
severe t h a n in b o o s t o r f l y b a c k c o n v e r t e r s 
because o f the o u t p u t f i l t e r i n d u c t o r . 

5 . T r a n s f o r m e r c o n s t r u c t i o n is s i m p l i f i e d because 
there is no need f o r a c l a m p w i n d i n g ( N a is 
used f o r t he a u x i l i a r y s u p p l y ) . 

6 . R e l i a b i l i t y is i m p r o v e d because faster t rans is
tors d iss ipates o n l y one hal f of these r e d u c e d 
losses. 

D isadvan tages of t h i s t o p o l o g y are : 

1. T w o t rans is to rs are requ i red ins tead o f o n e 
(but cos t m a y be less). 

2 . R e s t r i c t e d t o less t h a n 5 0 % d u t y c y c l e t o 
p e r m i t c o r e reset. T h i s resu l ts in p o o r e r t rans
f o r m e r u t i l i z a t i o n . 

3 . A d d e d cos t o f f i l t e r i n d u c t o r , w h i c h is no t 
r equ i red f o r t h e f l y b a c k conve r t e r . 

Fig. 3 - Two transistor forward converter 
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SPECIFYING THE SWITCHING 
TRANSISTORS 

Fig. 4- Effected of snubber network on turn-off 
characteristics 

M a x i m u m peak p r i m a r y c u r r e n t f l o w i n g t h r o u g h 
t h e t rans i s to rs , I C M , is t he same as iciis f r o m 
E q u a t i o n 3 o r 3 . 3 3 A . 

T h e t rans is to rs s h o u l d have g o o d V c E ( s a t ) a n d 
s w i t c h i n g speeds at a c o l l e c t o r c u r r e n t o f at least 
4 . 0 A , w h i c h i nc ludes an a l l o w a n c e f o r unusua l 
c o n d i t i o n s such as sho r t c i r c u i t c u r r e n t . (D is regard 
spec sheet " m a x i m u m c u r r e n t r a t i n g s " w h i c h are 
i n f l a t e d f o r c o m p e t i t i v e m a r k e t i n g reasons , a n d 
f o c u s o n the spec i f i ed test c o n d i t i o n s ) . 

T h e c o l l e c t o r vo l tage ra t ing m u s t be greater t han 
m a x i m u m V j n , o r 3 8 0 V in th is a p p l i c a t i o n . C o n 
s e r v a t i v e l y , th is s h o u l d be the B V C E O ra t ing , b u t 
w i t h c a r e f u l l oad l ine shap ing t o m a k e ce r ta i n the 
t r ans i s to r is c o m p l e t e l y o f f b e f o r e vo l tage is ap
p l i e d , a less conse rva t i ve des igner m i g h t spec i f y 
B V C E X greater t h a n V i n ( m a X ) . 

T h e M J E 1 3 0 0 7 sat is f ies the above r e q u i r e m e n t s , 
w i t h B V C E O ° f 4 0 0 V , V C E ( s a t ) less t h a n 2 . 0 V 
at 5 A , a n d w o r s t case fa l l t i m e o f 4 0 0 n s u n d e r t he 
p r o p o r t i o n a l base d r i ve c o n d i t i o n s p r o v i d e d . 

S - 6756 

POWER TRANSFORMER DESIGN 
T h e des ign o f t h e 4 0 k H z inver te r t r a n s f o r m e r is 
d e t a i l e d in A p p e n d i x A . A p r i m a r y t o s e c o n d a r y 
t u rns ra t io o f 1 4 8 / 9 , o r 1 5 . 3 3 , ensures t ha t 5 V 
o u t p u t is p r o v i d e d w i t h m i n i m u m V j n o f 2 0 0 V a t 
5 0 % d u t y c y c l e , i n c l u d i n g vo l tage d r o p s in rec
t i f i e r s , t rans is to rs a n d w i n d i n g s . 

T r a n s f o r m e r w i n d i n g N a is used to p r o v i d e an 
a u x i l i a r y s u p p l y t o p o w e r the c o n t r o l a n d base 
d r i ve c i r c u i t s . T h i s m a k e s g o o d use o f the energy 
s t o r e d in t h e t r a n s f o r m e r p r i m a r y i n d u c t a n c e . 

SNUBBER NETWORK DESIGN 
OUTPUT FILTER DESIGN 

T h e t u r n - o f f snubbe r n e t w o r k s s h o w n across each 
t r ans i s to r in F i g u r e 3 p r o v i d e shap ing o f t he l oad T h e o u t p u t f i l t e r a n d i ts assoc ia ted w a v e f o r m s are 
l i ne t o ensure tha t it r e m a i n s b e l o w the reverse s h o w n in F i g u r e 5 . T h e f i l t e r i n d u c t o r c a l c u l a t i o n 
b ias safe o p e r a t i n g area ( R B S O A ) o f t he t rans is to rs , is based o n t h e m a x i m u m " o f f " t i m e : 
C a p a c i t o r s C3 a n d C4 a c c o m p l i s h t h i s b y h o l d i n g V j n / m , n \ 2 0 0 
t h e vo l tage ac ross each t rans is to r l o w d u r i n g cu r - D ( m j n ) = D ( m a x ) = 0 .5 = . 2 6 3 (9) 
r e n t t u r n - o f f . T h e s n u b b e r c a p a c i t o r s t h u s a b s o r b V j n ( m a x ) 3 8 0 
t h e t u r n - o f f t r ans i s t i on energy tha t o t h e r w i s e 
w o u l d have been d i ss ipa ted in t he t rans is to rs (see t . _ 1 - D ( m i n ) _ 1 - . 2 6 3 _ 1 Q - / i n \ 
F i g u r e d . to f f ( m a x ) - — } - 18 .4 M s (10) 

(6) 

C 3 - C 4 - ' C M t f - 3 - 3 3 x - 4 x 1 0 " 6 - . o o i 7 5 M F ( u s e . o o i 5 j i F ) T n e i n d u c t a n c e r e q u i r e d t o p reven t d i s c o n t i n u o u s 
2 v in(max) 2x 380 m o d e o p e r a t i o n d e p e n d s u p o n the m i n i m u m l o a d 

c u r r e n t : 

R e s i s t o r s R2 a n d R3 are des igned t o d ischarge the »• _ „ . _ „ c _ i n A M 1 > 
s n u b b e r c a p a c i t o r s w i t h a d i scharge t i m e c o n s t a n t A I L ( m a x ) - 2 l 0 ( m i n ) - 2 x 5 - 1 0 A U 1 ) 
o f o n e - h a l f t he m i n i m u m o n t i m e , t 0 n ( m i n ) . 

(7) (12) 
D, w n * ?nn • _ ( V o + V F ) tpf f ( m a x ) , (5 + 0.6) 18.35 _ 

f Vjn (max) 40.000 380 A I L ( m a x ) 

R2 - R 3 - t o " < m i n > = , 6 - ? g

X 1°1 - 2 . 2 K H 
^ 3 ^ x l . b x i u T h e c a p a c i t a n c e requ i red t o ach ieve the o u t p u t 

r i p p l e s p e c i f i c a t i o n o f 0 . 1 V is: 
(13) 

M a x i m u m p o w e r d i s s i p a t i o n i n each res is tor : \ A l | _ (max ) 1 1 10 
C ° = 2 2 27"̂ " = 8 x 4 0 . 0 0 0 x 0 . 1 = 3 1 2 m F 

1 

P R 2 = P R 3 = — — C2 V j n ( m a X ) 2 f (8) 

1 , 5 x 1 0 9 x 3 8 0 2 x 4 0 . 0 0 0 = 4 . 3 W 

T h e m a x i m u m E S R of t he c a p a c i t o r is: 

E S R = V o / A I L ( m a x ) = 0 . 1 / 1 0 = .01 f l (14) 
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Fig. 5- Output power filter design 
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Fig. 6 - Control to output transfer function LC 
filter and modulator 
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T o o b t a i n the necessary E S R requ i res a c a p a c i t o r 
m u c h larger than the 3 1 2 M F c a l c u l a t e d . T h i s des ign 
w i l l use th ree 2 2 0 / z F s o l i d t a n t a l u m c a p a c i t o r s , 
M a l l o r y T H F 2 2 7 M O 1 0 P 1 G , in p a r a l l e l . A s ing le 
1 4 . 0 0 0 / i F a l u m i n i u m e l e c t r o l y t i c c a p a c i t o r , M a l l o r y 
C G 0 1 4 3 J y i 1 0 R 2 C 3 P L c o u l d a lso be u s e d . 

W i t h t he t a n t a l u m c a p a c i t o r , t h e resonan t f re
q u e n c y o f the f i l t e r is 2 k H z . W i t h the a l u m i n u m 
e l e c t r o l y t i c , the resonan t f r e q u e n c y is r e d u c e d t o 
4 2 5 H z , c h a n g i n g the c l o s e d - l o o p des ign . 

CLOSING THE CONTROL LOOP 
T h e U G 1 5 2 4 A is used f o r the c o n t r o l c i r c u i t . It 
has a d d i t i o n a l fea tu res such as p u l s e b y pu l se cu r 
r en t l i m i t i n g and h igh c u r r e n t a n d vo l tage o u t p u t 
c a p a b i l i t y ( 2 0 0 m A , 6 0 V ) c o m p a r e d w i t h the 
S G 1 5 2 4 V T h e U C 1 5 2 4 A re fe rence is t r i m m e d to 
± 1% w h i c h m a k e s it poss i b l e t o a v o i d us ing a 
vo l t age -se t t i ng p o t e n t i o m e t e r in m a n y ins tances . 

T h e c o n t r o l to i n p u t t rans fe r f u n c t i o n , d V Q / d V c , 
s h o w n in F igu re 6 , i n c u d e s the cascaded ga in o f t he 
s a w t o o t h m o d u l a t o r w i t h i n the U C 1 5 2 4 A c o n t r o l 
I C , t h e p o w e r s w i t c h i n g c i r c u i t , a n d the o u t p u t 
f i l t e r cha rac te r i s t i cs , H e ( s ) . 

In t h e c o n t r o l I C , a c o n t r o l vo l tage V Q is c o m p a r e d 
w i t h s a w t o o t h r a m p vo l tage V s ( 2 . 5 V ) t o es tab l i sh 
t h e d r i ve pulse w i d t h t o the p o w e r sw i t ches . F o r 
t h e f o r w a r d c o n v e r t e r , o n l y o n e o f the t w o a l ter 
n a t i n g o u t p u t s o f t he U C 1 5 2 4 A is used so as t o 
l i m i t t he d u t y c y c l e t o 5 0 % m a x i m u m and a l l o w 
f o r t r ans fo rmer c o r e reset: 

D = 0 . 5 V C / V S = 0 . 5 V c / 2 . 5 = V c / 5 (15) 

T h e f o r w a r d conve r te r is a m e m b e r of the b u c k 
regu la to r f a m i l y . T r a n s f o r m e r t u rns ra t io n = 1 6 . 4 4 : 

V i n ^ V i n V c V 0 = (16) 
n n 2 V S 

T h e Iqw f r e q u e n c y c o n t r o l to o u t p u t t rans fer 

cha rac te r i s t i c is o b t a i n e d b y d i f f e r e n t i a t i n g w i t h 
respect t o V c : 

d V p _ V i n 

d V c n 2 V S 

3 8 0 
<4.95 = 13 .2db (17) 

1 5 . 3 3 x 5 

N o t e tha t ga in is greatest at m a x i m u m V i n . T h e 
overa l l c o n t r o l t o o u t p u t t rans fe r cha rac te r i s t i cs 
i n c l u d i n g the f i l t e r is: 

d V 0 _ V i n 

d V , n 2 V S 

= H e ( s ) (18) 

T h e f i l t e r i n t r o d u c e s a t w o - p o l e cha rac te r i s t i c at 
its resonan t f r e q u e n c y ( 2 k H z ) . A b o v e r e s o n a n c e , 
the ga in d r o p s 4 0 d b per d e c a d e , a n d the phase 
sh i f t b e c o m e s - 1 8 0 degrees. C o m b i n e d w i t h the 
- 1 8 0 degees phase sh i f t o f the f e e d b a c k n e t w o r k , 
th is w i l l cause i n s t a b i l i t y a n d osc i l l a t i ons un less 
c o m p e n s a t e d . 

C l o s i n g the l o o p invo lves f e e d i n g back the e r ro r 
vo l tage f r o m the o u t p u t t e r m i n a l o f the s u p p l y 
( v 0 ) t o the IC c o n t r o l vo l tage p o r t ( v c ) t h r o u g h 
the U C 1 5 2 4 A e r r o r a m p l i f i e r . T h e a p p r o a c h t a k e n 
is t o m a k e the ga in o f t he f e e d b a c k n e t w o r k such 
tha t t h e overa l l l o o p gain c rosses ze ro d b (w i t h 
adequa te phase marg in ) at o n e hal f the s w i t c h i n g 
f r e q u e n c y . 

A s s h o w n in F i g u r e 6 , c o n t r o l t o o u t p u t ga in is 
1 3 . 2 d b at l o w f r e q u e n c i e s , r o l l i ng o f f above 2 k H z 
at - 4 0 d b per d e c a d e , so tha t at 2 0 k H z the c o n t r o l 
to o u t p u t gain is 1 3 . 2 - 4 0 , o r 2 6 . 8 d b . F o r overa l l 
l o o p ga in o f z e r o , the f e e d b a c k n e t w o r k ga in m u s t 
be m a d e + 2 6 . 8 d b at 2 0 k H z . 

F r o m 2 0 k H z d o w n to 2 k H z , there is a net s ing le 
z e r o in t he f e e d b a c k n e t w o r k w h i c h cance ls one o f 
the t w o f i l te r po les a n d reduces the phase sh i f t in 
th is reg ion t o - 2 7 0 degrees. 

B e l o w the f i l t e r r esonan t f r e q u e n c y the t w o f i l te r 
po les are gone . H o w e v e r , the resonant f r e q u e n c y 
m a y be less t h a n 2 k H z because o f p lus to le rances 
o n the f i l te r c a p a c i t o r . T h e f e e d b a c k n e t w o r k is 
t he re fo re des igned t o t r a n s i t i o n f r o m a net s ingle 
z e r o t o a s ingle p o l e at 1 k H z , hal f the resonant 
f r e q u e n c y . 
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Fig. 7 - Open loop gain and phase plot 
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equa l t o : 

f l 
1 1 

= 1 k H z (22) 
2rr R j . C i 2TT R3 C2 

C x = 5 . 3 n F , C 2 = 4 . 8 n F 

C i a n d R i in pa ra l l e l w i t h R2 resul t in an ad 
d i t i o n a l p o l e at 2 0 k H z . T h i s f la t tens the er ro r 
a m p l i f i e r ga in a b o v e 2 0 k H z . T h e overa l l phase sh i f t 
w i l l g radua l l y increase t o w a r d 3 6 0 degrees, b u t it 
d o e s n ' t ma t t e r because the overa l l gain is less t h a n 
o n e . 

A n a d d i t i o n a l p o l e o c c u r s b e l o w 1 0 H z . T h i s is the 
inhe ren t s i n g l e - p o l e c h a r a c t e r i s t i c o f the er ro r 
a m p l i f i e r ' s 5 M f i o u t p u t i m p e d a n c e l oaded by 
f e e d b a c k c a p a c i t o r C 2 . 

Fig. 8 - Error amplifier with compensation 

O v c 

Z E R O S : R i C i - 1 k H z 
R3C2 - 1 k H z 

P O L E S : R 2 C i - 2 0 k H z 
E R R O R : A M P L - 1 0 H z 

F i g u r e 7 s h o w s t he ga in and phase p l o t o f the e r ro r 
a m p l i f i e r and the overa l l f e e d b a c k l o o p . F i g u r e 8 
s h o w s the spec i f i c f e e d b a c k n e t w o r k used to 
a c h i e v e th is resu l t . 

T h e h igh f r e q u e n c y e r ro r a m p l i f i e r ga in is set b y 
R2 a n d R3. A n R3 va lue o f 3 3 k is c h o s e n to 
m i n i m i z e a m p l i f i e r l o a d i n g : 

A v i = R3/R2 = 2 6 . 8 d b = 2 1 . 9 (19) 

R 2 = R3/AV1 = 3 3 0 0 0 / 2 1 . 9 = 1 5 0 0 n 

T h e requ i red e r ro r a m p l i f i e r ga in at 1 k H z is: 

A v 2 = A v ! x 1 kHz/20kHz=21.9x1 /20=1.095 (0.8dB) (20) 

T h e ga in at 1 k H z is d e t e r m i n e d b y R]_, R 2 and R3: 

A v 2 = R 3 / ( R i + R2) = 3 3 K / ( R 1 + 1500) = 1.095 (21) 

R l = 2 8 . 6 K S 7 (use 3 0 K O ) 

T h e t w o ze ros at 1 k H z w h i c h changes the f e e d b a c k 
n e t w o r k f r o m a net s ingle ze ro to s ingle p o l e are 

PROPORTIONAL BASE DRIVE 
In F i g u r e 2 , t rans i s to rs Q 2 a n d Q3 and base d r i ve 
t r a n s f o r m e r T i p r o v i d e p r o p o r t i o n a l d r i ve to the 
bases o f p o w e r s w i t c h i n g t rans is to rs Q4 a n d Q5. 
T h e p r o p o r t i o n a l base d r i ve t e c h n i q u e p r o v i d e s 
e x c e l l e n t p e r f o r m a n c e f r o m h igh vo l tage b i p o l a r 
t rans is to rs . It p r o v i d e s large base cu r ren t pu lses f o r 
fast t u r n - o n and t u r n - o f f , b u t w i t h m o d e s t d r i ve 
p o w e r r e q u i r e m e n t s . S u s t a i n i n g base d r i ve is p r o 
v i d e d regenera t i ve ly f r o m a c o l l e c t o r c u r r e n t 
w i n d i n g o n the d r i v e t r a n s f o r m e r . T h e t rans is to rs 
are never o v e r d r i v e n , even u n d e r l ight l oad c o n 
d i t i o n s , s ince t h e sus ta in ing base d r i ve is p ro 
p o r t i o n a l to the c o l l e c t o r c u r r e n t . Des ign c o n 
s ide ra t i ons f o r t h e p r o p o r t i o n a l base d r i ve t ech 
n ique are g iven in A p p e n d i x C . 

R e f e r r i n g to the c i r c u i t o f F i g u r e 2 , w h e n Q3 is 
o n , R4 es tab l ishes 7 5 m A m a g n e t i z i n g cu r ren t in 
d r i ve w i n d i n g N d o f T i . W h e n Q3 tu rns o f f , the 
energy s to red in T i d r ives 1 5 0 m A in to the base 
of each t rans i s to r . C o l l e c t o r cu r ren t s tar t ing to 
f l o w in N c p r o v i d e s sus ta in ing base d r i ve . W i t h l c 
of 3 . 3 3 A u n d e r f u l l l oad c o n d i t i o n s , an a d d i t i o n a l 
6 6 7 m A o f d r i ve is p r o v i d e d t o each base. 

W h i l e Q3 is o f f , c a p a c i t o r C5 charges t h r o u g h Q 2 

in less t han 1jus. T h e n , w h e n Q3 tu rns back o n , 
C5 p r o v i d e s a negat ive base d r i ve pu lse of - 1 . 5 A 
to each t rans i s to r , ach iev i ng t u r n - o f f in less t han 
1MS. 

Dr i ve t r a n s f o r m e r Tj_ has a dr i ve w i n d i n g induc 
tance of 0 . 7 m H a n d is des igned to saturate at 
7 5 m A . H i g h vo l tage i nsu la t i on is no t requ i red 
because a l l w i n d i n g s are o n the l ine s ide of the 
s u p p l y . 

C o r e : F e r r o x c u b e 1 1 0 7 P - L 0 0 - 3 B 7 P o t C o r e 
N d : 2 0 tu rns A W G 3 4 ( 0 . 1 6 m m . ) 
Nfc,: 5 tu rns A W G 2 8 x 2 (2 w i res , one f o r each 

base) 
N c : 2 tu rns 5 x A W G 2 8 (5 w i res pa ra l l e l ed , 

A W G 2 8 = 0 . 3 2 m m . ) 
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AUXILIARY POWER SUPPLY 
A 1 5 V aux i l i a r y s u p p l y p o w e r s the c o n t r o l and 
d r i ve r c i r cu i t s , o b t a i n i n g its energy f r o m c a p a c i t o r 
C3. F l y b a c k energy is n o r m a l l y p r o v i d e d by J2 
t h r o u g h w i n d i n g N a and D 6 to m a i n t a i n the 
cha rge o n C3 every s w i t c h i n g c y c l e . H o w e v e r , at 
i n i t i a l p o w e r - u p it is necessary t o p r o v i d e separate 
m e a n s to ac t iva te the V d d s u p p l y . O t h e r w i s e , the 
c o n t r o l a n d dr iver c i r c u i t s c o u l d not b e c o m e f u n c 
t i o n a l and the s u p p l y c o u l d no t start to s w i t c h . 

T h e u n i q u e unde r - vo l t age l o c k o u t fea tu re of the 
U C 1 5 2 4 A fac i l i ta tes th is t e c h n i q u e . A l l o f its in 
t e rna l c i r cu i t s are d i sab led (excep t t he re ference) 
u n t i l the V d d vo l t age reaches 8 V . T h i s ho lds the 
s t a n d b y cu r ren t t o less t han 4 m A un t i l the 8 V 
t h r e s h o l d is r e a c h e d , and p e r m i t s C3 to be i n i t i a l l y 
c h a r g e d t h r o u g h R i f r o m the un regu la ted i npu t . 
E n o u g h energy is s to red in C3 to ope ra te the 
c o n t r o l / d r i v e c i r c u i t s f o r several s w i t c h i n g c y c l e s , 
u n t i l f l y b a c k energy f r o m w i n d i n g N a can t ake 
ove r a n d ma in ta i n the vo l tage o n C3, 

It is a lso necessary to e l i m i n a t e base d r i ve to Q3 
d u r i n g in i t ia l p o w e r - u p , o t h e r w i s e Q3 w i l l d r a w 
c u r r e n t t h rough R4 w h i c h w i l l p reven t C3 f r o m 
i n i t i a l l y charg ing . T h i s is a c c o m p l i s h e d by t ran 
s is to r Q i w h i c h d i s c o n n e c t s base d r i ve sou rce 
c a p a c i t o r C4. W h e n the U C 1 5 2 4 A b e c o m e s ac t i ve , 
its s e c o n d o u t p u t tu rns Q i o n p e r i o d i c a l l y to 
cha rge C4. 

T h e a m o u n t of energy s to red in the p o w e r t rans
f o r m e r is tw ice the d r i v e / c o n t r o l c i r c u i t requ i re 
m e n t s . E x c e s s energy is d u m p e d i n t o 1 5 V zener 
d i o d e D7 w h i c h es tab l ishes the V d d s u p p l y vo l tage 
at t h a t leve l . T h i s a lso p rov i des a c o n s t a n t c l a m p 
vo l t age across the s w i t c h i n g t rans i s to rs , regardless 
of l ine vo l tage. W i t h g o o d c o u p l i n g b e t w e e n N a 

a n d p r i m a r y w i n d i n g N p , it m a y be poss ib le to 
e l i m i n a t e c l a m p d i o d e s D12 and Dj .3 , 

OUTPUT VOLTAGE SENSE AND OVER-
CURRENT SENSE 
A s m a l l , i nexpens ive t r a n s f o r m e r , T3, c o u p l e s the 
o u t p u t vo l tage t o the l ine s ide c o n t r o l c i r c u i t w i t h 
h igh vo l tage i s o l a t i o n . T h e t r a n s f o r m e r is w o u n d o n 
a F e r r o x c u b e 2 0 4 - T 2 5 0 - 3 E 2 A fe r r i te t o r o i d a l 
c o r e . P r i m a r y a n d s e c o n d a r y w i n d i n g s are b o t h 
14 t u rns 0 , 2 m m . 

D u r i n g the t ime the p o w e r s w i t c h i n g t rans is to rs are 
o n , Q e is o n , a p p l y i n g V 0 to the p r i m a r y o f T3. 
T h r o u g h D2, th i s p r o v i d e s a r ea l - t ime f e e d b a c k 
vo l t age t o the c o n t r o l c i r c u i t ac ross C 6 . W h e n Q 6 
is o f f , D5 c l a m p s the f l y b a c k vo l tage to 1 5 V . C o r e 
reset is a c c o m p l i s h e d we l l be fo re the e n d of the 
" o f f " t i m e , since the " o f f " t i m e o f t he f o r w a r d 
c o n v e r t e r is a l w a y s m o r e t han 5 0 % . A l l t r a n s f o r m e r 
w i n d i n g s t hen go t o O V , es tab l i sh ing a D C c o u p l i n g 
l eve l . D i in series w i t h the g r o u n d re tu rn c o m 
pensa tes f o r the f o r w a r d vo l tage d r o p a n d t e m p e r a 
t u r e c o e f f i c i e n t o f D2. 

P u l s e by pulse cu r ren t l i m i t i n g is set b y sense 

resistor R i o . P r i m a r y c u r r e n t is l i m i t e d to 4 A , co r 
r espond ing to 6 2 A l oad c u r r e n t . 

T r a n s i e n t response of t he s w i t c h i n g s u p p l y is 
s h o w n in F i g u r e 9 w i t h changes in load f r o m 2 0 A 
to 6 0 A and b a c k to 2 0 A . T h i s behav io r is a large 
signal p h e n o m e n o n . It d o e s n ' t ma t te r h o w fast 
the c o n t r o l l o o p is , it is t e m p o r a r i l y d r i ven in to the 
b o u n d s because the load change is m u c h larger 
t han the o u t p u t f i l t e r i n d u c t o r c u r r e n t c a n ac
c o m o d a t e in o n e c y c l e . Neve r the less , r ecove ry is 
s m o o t h a n d t he re is no ev idence of r ing ing or 
o s c i l l a t i o n s , d e m o n s t r a t i n g the s tab i l i t y o f the 
c o n t r o l l o o p . S t e p changes in load cu r ren t tha t are 
sma l l e n o u g h fo r t h e c o n t r o l l o o p to r e m a i n f u n c 
t i ona l are bare ly n o t i c a b l e at the o u t p u t . 

T r a n s i e n t response can be i m p r o v e d by r e d u c i n g 
the f i l t e r i n d u c t o r a n d inc reas ing the f i l te r c a p a c i t o r 
s i ze , b u t th is w i l l increase the m i n i m u m load cur 
rent requ i red to keep the i n d u c t o r c u r r e n t f r o m 
b e c o m i n g d i s c o n t i n u o u s . 

Fig. 9 - Step change in output load 
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APPENDIX A 
DESIGN OF THE POWER 

TRANSFORMER AND FILTER 
INDUCTOR 

Flux Density Excursion 
In th i s f o r w a r d c o n v e r t e r a p p l i c a t i o n , the f l u x 
e x c u r s i o n is en t i r e l y w i t h i n t he f i rs t q u a d r a n t o f 
t h e B - H c h a r a c t e r i s t i c , f r o m z e r o f l u x d e n s i t y 
t o w a r d s a t u r a t i o n . W i t h s i m p l e d u t y c y c l e c o n t r o l , 
us i ng the U C 1 5 2 4 A c o n t r o l IC, it is poss ib l e t o have 
nea r l y t w i c e the n o r m a l V o l t - s e c o n d s , V j n ( m a X ) 
t o n ( m a x ) , d u r i n g s ta r t up o r a f te r a large step in
c rease in l oad c u r r e n t . T h i s means tha t the f l u x 
d e n s i t y c a n n o t be p e r m i t t e d t o go m o r e t h a n hal f 
w a y t o w a r d sa tu ra t i on u n d e r n o r m a l c o n d i t i o n s 
o r t h e c o r e w i l l sa tura te u n d e r t rans ien t c o n d i t i o n s . 

S a t u r a t i o n f l u x d e n s i t y f o r 3 C 8 p o w e r fe r r i t e 
m a t e r i a l is greater t h a n 0 .3 T e s l a ( 3 0 0 0 G a u s s ) , 
a l l o w i n g a A B o f 0 . 1 5 T (0 to 0 . 1 5 T ) in th i s a p p l i 
c a t i o n . (Wi th V o l t - s e c o n d c o n t r o l , ava i lab le in t he 
U C 1 8 4 0 c o n t r o l I C , a A B o f 0 . 3 T w o u l d be per 
m i s s i b l e , s i g n i f i c a n t l y r e d u c i n g the t r a n s f o r m e r 
s i ze ) . 

Core Selection 

T h e c o r e area p r o d u c t , A P , r e q u i r e m e n t s in th is 
a p p l i c a t i o n s are c a l c u l a t e d f o r p o w e r i n p u t o f 3 3 3 
w a t t s a n d f r e q u e n c y o f 4 0 k H z . 

,0.141 0.15 40.000 

^1.143 
5.4 cm 4 

T h i s e q u a t i o n is based o n the a s s u m p t i o n s tha t 
t h e w i n d i n g s o c c u p y 4 0 % of the w i n d o w a rea , the 
p r i m a r y a n d s e c o n d a r y w i n d i n g s are o f equa l a rea , 
a n d the w i n d i n g s are o p e r a t e d at a c u r r e n t d e n s i t y 
t h a t w i l l resu l t in a t e m p e r a t u r e r ise o f 3 0 ° C w i t h 
na tu ra l c o n v e c t i o n c o o l i n g . 

T h e E C 5 2 c o r e w i t h an A P o f 5.71 c m * is the 
o b v i o u s c h o i c e . 

Designing the windings 
T h e m i n i m u m n u m b e r o f p r i m a r y t u rns r equ i r ed to 
s u p p o r t the v o l t - s e c o n d s r equ i r ed f o r n o r m a l o p e 
r a t i o n is c a l c u l a t e d f r o m e q u a t i o n : 

N P(min) 
5000 Vm(min) 5000 200 
AB Ae f 0.15 1.83 40.000 

R e c a l c u l a t e t he p r i m a t y t u r n s : 

N p = 6 x 1 5 . 3 6 = 9 2 t u rns 

R M S p r i m a r y c u r r e n t f r o m : 

lp = l i n (max) /K t = P ' " ( ™ a * ) = ^ = 2 . 3 4 A 
V I N ( M I N ) K T 2 0 0 0 . 7 1 

T h e m a x i m u m c u r r e n t d e n s i t y f o r th is s ize c o r e is: 

J m a x = 4 5 0 A P " = 4 5 0 ( 5 . 7 1 ) ' = 3 6 2 f l / c m 2 

> 91 turns 

T h e m i n i m u m p r i m a r y w i r e a rea , A x p . is: 

A X p = l p ( m a x ) / J m a x = 2 . 3 4 / 3 6 2 = . 0 0 6 5 c m 2 

0 , 9 m m is a p p r o p r i a t e . 

T h e m a x i m u m R M S s e c o n d a r y c u r r e n t , l s , o c c u r s 
at 5 0 % d u t y c y c l e : 

I s (max) = l o ( m a x ) / 1 . 4 1 4 = 5 0 / 1 . 4 1 4 = 3 5 . 3 A 

M i n i m u m s e c o n d a r y w i r e a rea , A X s , is: 

A x s = l S ( m a x ) / J m a x = 3 5 . 3 / 3 6 2 = 0 . 0 9 7 5 c m 2 

T h i s ca l l s f o r 3 , 6 m m t o 3 , 2 5 m m . T e n 1 m m wi res in 
pa ra l l e l w i l l c a r r y t he r equ i r ed s e c o n d a r y c u r r e n t 
a n d p r o v i d e a s m o o t h w i n d i n g w i t h less leakage 
i n d u c t a n c e a n d a c c e p t a b l e e d d y c u r r e n t losses. 
C o p p e r s t r ip 2 .5 x 0 .4 c m c o u l d a lso be u s e d . 

T h e n u m b e r of t u rns requ i red f o r the a u x i l i a r y 
w i n d i n g is: 

Vdd N p _ is 92 
N a = 

v i n ( m i n ) 2 0 0 
= 7 tu rns 

T h i s w i l l p r o v i d e e n o u g h v o l t - s e c o n d s d u r i n g f l y 
b a c k t o reset t he c o r e (back t o ze ro f l u x d e n s i t y ) 
at 5 0 % m a x i m u m d u t y c y c l e . 0 , 2 m m w i r e is 
a d e q u a t e t o c a r r y t he V d d s u p p l y c u r r e n t . T h i s 
w i n d i n g s h o u l d b e t i gh t l y c o u p l e d to t he p r i m a r y . 

D o u b l e - c h e c k the w i r e f i t in the w i n d o w (neglect 
N a ) . T h e to ta l c o p p e r area o f a l l w i n d i n g s s h o u l d 
be less t h a n 4 0 % of the to ta l w i n d o w area o f the 
c o r e (0 .4 x 3 . 1 2 = 1.25 c m 2 m a x ) . 

A w ' > N p A X p + N s A x s = 92I .0065) + 6 x 10(.00823) = 1.09 c m 2 

T h e p r i m a r y t o s e c o n d a r y tu rns ra t io is: 

n = J ^ = Q.9D (v i n ( m i ni-VcE ,sanL0-45(2oo-2>_ 1 5 3 6 Calculate Losses and Temperature Rise 
N s V 0 + V F 5 + 0.8 T h e m e a n length per turn, fit, f ° r the E C 5 2 core is 

7.3 c m , a n d 0.9mm wire is .000353Wcm at 
S e c o n d a r y t u r n s : 1 0 0 ° C . 

N s = Integer ( N p / n ) = Integer (91 /15 .36) = 6 t u rns P W = 2 V N P j t in /cm) = 2<2.34) 2 x 9 2 x 7.3 x .000353 = 2.59W 
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T h e f l u x dens i t y assumes the t r a n s f o r m e r is o p 
e ra t ing w i t h a s y m m e t r i c a l f l u x s w i n g a b o u t t he 
o r i g i n . T h e f o r w a r d c o n v e r t e r opera tes a s y m m e t r i 
c a l l y w i t h A B / 2 , or . 0 7 5 T . T h e resu l t i ng 0 . 1 W / c m 2 

m u s t be m u l t i p l i e d by the c o r e v o l u m e t o o b t a i n 
the to ta l c o r e loss, P c . 

P c = .01 x 1 8 . 7 = . 1 8 7 W 

T o t a l t r a n s f o r m e r losses are: 

Pt = P w + P c = 2 . 5 9 + . 1 8 7 = 2 . 7 8 W 

T h e t empera tu re rise o f t he c o r e f o r na tu ra l c o n 
v e n t i o n c o o l i n g is c a l c u l a t e d f r o m : 

A e - 8 - ° ° * - 8 5 0 ( 2 - 7 8 > = 2 5 . 9 ° C 
A s 91 

S u m m a r i z i n g the t r a n s f o r m e r d e s i g n : 

C o r e : F e r r o x c u b e E C 5 2 , 3 C 8 F e r r i t e E - E c o r e 
N p : 9 2 t u rns 0 , 9 m m 
N a : 7 t u rns 0 , 2 m m 
N s : 6 tu rns 1 0 x 1 m m (10 w i res pa ra l l e led ) 

T h e p r i m a r y a n d a u x i l i a r y w i n d i n g s are t i gh t l y 
c o u p l e d . T h e s e c o n d a r y is i nsu la ted w i t h 2 m i l m y l a r 
tape t o p r o v i d e 3 7 5 0 V l i ne i s o l a t i o n c a p a b i l i t y . 

Filter Inductor Design 
T h e i n d u c t o r des ign is s u m m a r i z e d as f o l l o w s : 

C o r e : F e r r o x c u b e 4 2 2 9 - 3 C 8 F e r r i t e P o t C o r e 
W i n d i n g : 7 tu rns 1 0 x 1 . 1 5 m m (10 w i res pa ra l l e led ) 
Losses : 2 . 2 W 
T e m p . 
R i s e : 35 ° C 

APPENDIX B 
LINE INPUT AC TO DC CONVERSION 

AND INPUT FILTER 
CAPACITOR SELECTION 

T h e i n p u t rec t i f i e r / f i l t e r sec t i on o f an o f f - l i n e 
p o w e r s u p p l y conver ts the 5 0 - 6 0 H z A C l ine v o l t 
age to a D C vo l tage , V j n , w h i c h p o w e r s t he d o w n 
s t r e a m h igh f r e q u e n c y s w i t c h i n g s e c t i o n . A c i r c u i t 

d iag ram t y p i c a l o f a dua l range i npu t r ec t i f i e r / f i l t e r 
sec t i on is s h o w n in F i g u r e 1 B . F o r 2 3 0 V l ine o p e 
r a t i o n , t he i n p u t rec t i f i e rs are c o n f i g u r e d as a f u l l -
wave b r i d g e . F o r 1 1 7 V o p e r a t i o n , the i n p u t c i r c u i t 
is r e c o n f i g u r e d as a vo l tage d o u b l e r , so tha t V j n 

w i l l be a p p r o x i m a t e l y the same as u n d e r 2 3 0 V 
o p e r a t i o n . W h i l e it is t e c h n i c a l l y poss ib le t o o p e 
rate t he i n p u t s e c t i o n as a b r idge at b o t h 2 3 0 V 
a n d 1 1 7 V , t he s w i t c h i n g regu la to r w o u l d have t o 
be des igned t o o p e r a t e over a m u c h larger V j n 

range w h i c h w o u l d s i g n i f i c a n t l y increase its c o s t . 

Table 1 - 100W Input Rectifier/Filter Section 

117V 117V 230V 
Parameters B R I D G E D O U B L E R B R I D G E Unit 

(60Hz) (60Hz) (50Hz) 

R M S L i n e V o l t a g e V a c 
9 9 - 1 3 5 9 9 - 1 3 5 1 9 5 - 2 6 5 V 

Peak L i n e V o l t a g e V p k 
1 4 0 - 1 9 1 2 8 0 - 3 8 2 2 7 6 - 3 7 5 V 

M a x R i p p l e V o l t a g e V r 4 0 8 0 7 6 V 
D C Input V o l t a g e Vm 1 0 0 - 1 9 1 2 0 0 - 3 8 2 2 0 0 - 3 7 5 V 
Inpu t C a p a c i t a n c e * C j n 2 0 3 8 0 61 M F 
D o u b l e r C a p a c i t a n c e * C i , C 2 — 1 6 0 (122) M F 
C h a r g i n g T i m e 

* t c 
1.954 2 . 2 7 5 2 . 3 4 5 ms 

P e a k Charge C u r r e n t * ' chg 3 . 6 4 3 . 2 8 1.82 A 
R M S A C Charge C u r r e n t * ' c h g 1.54 1 .126 .771 A 

* F o r p o w e r levels o t h e r t h a n 1 0 0 W , m u l t i p l y c a p a c i t a n c e a n d c u r r e n t va lues by P j n / 1 0 0 (Pin = Po / r j ) . 



Fig. IB - Circuit diagram 

INPUT 
230V AC,50Hz 
1 17VAC,60Hz 

S - 6761 

I npu t f i l te r c a p a c i t a n c e C j n de te rm ines V r , the 
1007120Hz peak to peak r i p p l e vo l tage c o m p o n e n t 
of V j n (see F i g u r e 2 B ) . A t l o w l ine vo l t age , V r 

d e t e r m i n e s the m i n i m u m i n p u t vo l t age , V m j n , 
w h i c h is an i m p o r t a n t c o n s i d e r a t i o n in the des ign 
of the s w i t c h i n g s u p p l y . V m j n de f ines the t rans
f o r m e r tu rns ra t io r equ i r ed t o ach ieve the s p e c i f i e d 
o u t p u t vo l tage at m a x i m u m d u t y c y c l e . 

If the i npu t f i l te r c a p a c i t a n c e is t o o s m a l l , the 
resu l t i ng large r i pp le vo l tage w i l l requ i re inc reased 
d u t y c y c l e range and c o n t r o l l o o p ga in t o m a i n t a i n 
the spec i f i ed o u t p u t vo l tage . V m | n w i l l be less, 
resu l t i ng in p o o r t r a n s f o r m e r u t i l i z a t i o n , h igher 
peak c u r r e n t t h r o u g h the s w i t c h i n g t rans i s to rs , 
a n d higher peak inverse vo l tage across the o u t p u t 
rec t i f i e rs . 

Input f i l te r c a p a c i t a n c e larger t han necessary w i l l 
not o n l y cos t m o r e , the recharg ing c u r r e n t pulses 
d r a w n f r o m the l ine w i l l be na r rowe r a n d larger 
in a m p l i t u d e (F igure 2 B ) . T h i s hur ts t he l ine 
p o w e r f ac to r and increases E M I . T h e h igher R M S 
i npu t cu r ren t causes inc reased losses in t he l i ne , 
i npu t rec t i f ie rs and f i l te r c a p a c i t o r s , a n d can impa i r 
r e l i a b i l i t y . 

A reasonab le ru le of t h u m b , is to c o m p r o m i s e o n a 
r i pp le vo l tage 2 5 - 3 0 % of the m i n i m u m peak l ine 
v o l t a g e , resu l t i ng in a c c e p t a b l e c a p a c i t o r s i z e , 
we igh t a n d c o s t . T a b l e 1 shows the resu l t i ng 
values for 1 1 7 V br idge o p e r a t i o n w i t h V m i n of 
1 0 0 V , and 1 1 7 V d o u b l e r and 2 3 0 V br idge o p e r a 
t i o n w i t h V m i n of 2 0 0 V , fo r a s w i t c h i n g s u p p l y 
w i t h 1 0 0 W p o w e r i n p u t . T h e i npu t f i l te r c a p a c i t o r s 
are des igned to s u p p l y the fu l l l oad energy of the 
s u p p l y and h o l d V m above the des i red V m i n 
b e t w e e n A C l ine peaks . W i t h the s w i t c h e d dua l 
range i npu t s e c t i o n (11 7 V d o u b l e r of 2 3 0 V br idge) 
f i l t e r c a p a c i t o r r e q u i r e m e n t s are d e t e r m i n e d by the 
vo l tage d o u b l e r c o n f i g u r a t i o n . 

D e s i g n E q u a t i o n s a n d C a l c u l a t i o n s : 

T h e f o l l o w i n g e x a m p l e s are g iven for f u l l - w a v e 
br idge o p e r a t i o n f r o m the 2 3 0 V l ine ( 1 9 5 - 2 6 5 V ) , 
a n d f u l l - w a v e br idge and vo l tage d o u b l e r o p e r a t i o n 
f r o m the 1 1 7 V l ine ( 9 9 - 1 3 5 V ) . 

S i n c e v i r t ua l l y al l the losses in the s w i t c h i n g p o w e r 
s u p p l y are d o w n s t r e a m of the i npu t r ec t i f i e r / f i l t e r , 
the inpu t sec t i on must hand le the en t i re p o w e r 
i n p u t , P jn (equal to fu l l l oad p o w e r o u t p u t d i v i d e d 
by e f f i c i e n c y ) . P o w e r i npu t in these e x a m p l e s is 

a s s u m e d t o be 1 0 0 W at f u l l l o a d . T h e resu l t i ng 
c a p a c i t a n c e a n d c u r r e n t va lues can be ad jus ted fo r 
any o t h e r p o w e r i n p u t b y m u l t i p l y i n g by the 
ac tua l P i n / 1 0 0 . 

B e t w e e n l ine p e a k s , t he i npu t f i l t e r c a p a c i t o r m u s t 
suppJy the e n t i r e fu l l l oad energy r e q u i r e m e n t of 
the s u p p l y . R i p p l e vo l tage V r mus t be sma l l e n o u g h 
t o m a i n t a i n V j n greater t han the des i red V m i n 

under w o r s t case c o n d i t i o n s o f l o w l ine f r e q u e n c y , 
l o w l ine vo l tage and f u l l l o a d . Ene rgy r equ i r ed at 
1 0 0 W fo r o n e en t i r e l ine c y c l e at 5 0 H z (wors t case 
used w i t h 2 3 0 V l i n e ) : 

D. I Q Q 
V i n = — = — — — = 2 .0 J o u l e s (W-sec.) (1) 

f 5 0 

A t 6 0 H z , the ene rgy r e q u i r e d fo r one l ine c y c l e at 
1 0 0 W is r e d u c e d t o 1 .667 J o u l e s . 

Full Wave Bridge Operation 
R e f e r r i n g t o F igu res 1 B a n d 2 B , i npu t f i l te r c a p a c i 
to r C j n ( C i in ser ies w i t h C 2 ) charges to peak l ine 
vo l tage each ha l f c y c l e . C j n t hen d i scharges , p r o 
v i d i ng al l the energy requ i red by the s w i t c h i n g 
s u p p l y un t i l it is recharged at the nex t hal f c y c l e . 
Ene rgy f r o m C j n each half l ine c y c l e is : 

W i n / 2 = y C i n ( V p k

2 - V m m 2 ) ( 2 ) 

C- V i n 
v p k - v m i n 

Fig. 2B - Bridge waveforms 

Vpk 

CAPACITOR n I c h a r 9 e n 
CURRENT | 

A s s h o w in F i g u r e 2 B , t he recharg ing t i m e , t c , is 
es tab l i shed b y t h e i n t e r cep t o f the c a p a c i t o r vo l t 
age w a v e f o r m w i t h the r e c t i f i e d A C l i ne : 

v m i n = V P k cos (2rrf t c ) ( 3 )  

_ c o s - i ( V m i n / V p k ) 

A s s u m i n g a rec tangu la r cha rg ing cu r ren t pu lse of 
peak a m p l i t u d e ichg (cons tan t cu r ren t d u r i n g the 
cha rg ing i n te rva l ) : 

LQ = ichg / i t = C A V (4) 

i chg = C ( V p k - V m i n ) / t c 

4 0 



T h e R M S A C c o m p o n e n t of the cha rg ing c u r r e n t , 
I chg , is c o n d u c t e d t h r o u g h the f i l t e r capac i t o r s 
a n d c o n t r i b u t e s to c a p a c i t o r hea t ing d u e to the i r 
e q u i v a l e n t series res is tance ( E S R ) . T h e D C c o m 
p o n e n t of the tota l R M S cha rg ing c u r r e n t does not 
pass t h r o u g h the c a p a c i t o r a n d does not c o n t r i b u t e 
t o c a p a c i t o r heat ing , 

(5) 

'chg I C H G 2 - I D C 2 = v i c h g 2 t c 211 - i C hg 2 (t c 2 / T i 2 

Ichg = ichg \ A C 2f - ( t c 2 f ) 2 

t c = 
c o s " 1 ( 1 0 0 / 1 3 5 ) 

2rr 6 0 

ichg = 2 0 3 ( 1 3 5 - 1 0 0 ) / 1 . 9 5 x 10 

t c 2f = 1.954 x 1 0 ~ 3 x 2 x 6 0 = . 2 3 4 5 

= 1 ,954ms 

3 = 3 . 6 4 A 

Ichg = 3 .64 N ' . 2 3 4 5 - , 2 3 4 5 2 = 1 . 5 4 A 

T h e s w i t c h i n g s u p p l y d ischarges the inpu t capa 
c i t o r s by d r a w i n g high f r e q u e n c y pulses of cu r ren t . 
T h e A C c o m p o n e n t of the R M S d ischarge c u r r e n t , 
Id is , a lso causes f i l te r c a p a c i t o r hea t ing . T h e f i l te r 
c a p a c i t o r s must be se lec ted t o have R M S cu r ren t 
ra t ings greater than the to ta l R M S A C cu r ren t c o m 
p o n e n t s . Th i s is an i m p o r t a n t c o n s i d e r a t i o n fo r 
c a p a c i t o r re l i ab i l i t y . 

T o t a l I C A P = V l c h g 2 + Id is 2 (6) 

T h e D C c o m p o n e n t of the high f r e q u e n c y d ischarge 
c u r r e n t pulses equals the D C c o m p o n e n t of the 
c h a r g i n g cur rent f r o m the l i ne . Because the f o r m 
f a c t o r of the high f r e q u e n c y d ischarge cu r ren t at 
l o w l ine is m u c h bet ter (c loser t o 1.0) t han the 
c h a r g i n g cur ren t w a v e f o r m , the R M S A C d ischarge 
c u r r e n t , Idis, is m u c h less than l C h g , d e p e n d i n g 
s o m e w h a t on the s w i t c h i n g c i r cu i t t o p o l o g y . 

Voltage Doubler Operation, 117V (60Hz) 
Line: 
R e f e r r i n g to F i g u r e 1 B a n d 3 B at m i n i m u m l ine 
vo l tage ( 9 9 V ) , t he peak vo l tage is 1 4 0 V . C o n 
servat ive ly assume 1 3 5 V p e a k , a l l o w i n g fo r d rops 
in rec t i f ie rs a n d l i n e . 

Fig. 3B - Voltage doubler waveforms 

F o r 2 3 0 V (50Hz) b r idge o p e r a t i o n : A t 1 9 5 V 
m i n i m u m l ine vo l tage, the m i n i m u m peak vo l tage , 
V p k , is 2 7 6 V . Conse rva t i ve l y assume 2 7 0 V p e a k , 
a l l o w i n g for d rops in rec t i f ie rs and l ine . F r o m 
E q u a t i o n (2) : 

6 1 u F 
2 7 0 2 - 2 0 0 ' 

C h a r g i n g pulse w i d t h f r o m E q u a t i o n (3): 

c o s - 1 ( 200 /270 ) 
tc = 2 . 3 4 5 m s 

2TT 50 

Peak cha rg ing cu r ren t f r o m E q u a t i o n (4): 

i chg = 61 ( 2 7 0 - 2 0 0 I / 2 . 3 4 5 x 1 0 ' 3 = 1 . 8 2 A 

R M S charg ing cu r ren t f r o m E q u a t i o n (5): 

t c 2 f = 2 . 3 4 5 x 1 0 " 3 2 5 0 = . 2 3 4 5 

Ichg = 1.82 x / . 2 3 4 5 - , 2 3 4 5 2 = .771 A 

F o r 1 1 7 V (60Hz) b r idge o p e r a t i o n ( no rma l l y used 
o n l y f o r s ingle range 1 1 7 V i n p u t ) : A t 9 9 V m i n i m u m 
V p k is 1 4 0 V , Conse rva t i ve l y assume 1 3 5 V peak , 
a l l o w i n g fo r d rops in rec t i f ie rs and l i ne : 

C i n 
1.667 

1 3 5 2 - 1 0 0 2 

2 0 3 / j F 

Ci a n d C2 a l t e rna te l y charge t o peak l ine vo l tage . 
N o t e that w h e n e v e r the i npu t vo l tage, V j n , is at 
i ns tan taneous m i n i m u m , one capac i t o r is at its 
m i n i m u m , bu t t he o the r c a p a c i t o r is half w a y 
be tween peak and m i n i m u m vo l tage. T h e m i n i m u m 
vo l tage o n each c a p a c i t o r c o r r e s p o n d i n g to an 
overa l l V m j n of 2 0 0 V can be a p p r o x i m a t e d as 
f o l l o w s : 

V - w J _ W \ / V c m i n + V c p k v m i n - V c i m i n + Vc2avg= V c m i n + — 

V c m i n = 2 ^ - V ^ , 2(200) - 135 _ 

(7) 

C j and C 2 each d i scharge fo r a c o m p l e t e c y c l e . 
E a c h c a p a c i t o r m u s t s u p p l y half the energy requ i red 
by the s w i t c h i n g regu la to r f o r an ent i re l ine c y c l e : 

W / 2 = - y C i ( V C p k 2 - V c m i n 2 ) 

W 1.667 
c l = C 2 = T Y-r- 2 = . 2 = 160^F 

v C p k - V c m i n 1 3 5 - 8 8 . 3 3 

C jn the series c o m b i n a t i o n of C i and C2, equals 
8 0 M F 

4 1 



Fig. 4B - Voltage doubler charging current 
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N o t e tha t the vo l tage d o u b l e r o p e r a t e d f r o m the 
1 1 7 V l ine requ i res larger C j n t han the 2 3 0 V b r idge 
i n p u t , so tha t f o r supp l i es w i t h d u a l range 1 1 7 / 
2 3 0 V i n p u t , the 1 1 7 V d o u b l e r o p e r a t i o n d i c ta tes 
the f i l t e r c a p a c i t o r r e q u i r e m e n t s . 

F i g u r e 4 B s h o w s t h e w a v e f o r m s assoc ia ted w i t h 
c h a r g i n g each o f the i n p u t c a p a c i t o r s in t he vo l tage 
d o u b l e r c o n f i g u r a t i o n at fu l l l oad a n d m i n i m u m 
l i ne vo l tage . R e c h a r g e t i m e , t c , is es tab l i shed b y 
t h e i n te rcep t o f the c a p a c i t o r vo l tage w a v e f o r m 
w i t h the rec t i f i ed A C l i ne : 

V c i m i n = V c i p k c o s (27rf t c ) 

_ c o s " 1 ( V c i m i n / V c i p k ) 

2rrf 

c o s " 1 ( 8 8 . 3 / 1 3 5 ) 

2rr 6 0 

(9) 

2 . 2 7 5 ms 

A s s u m i n g a rec tangu la r cha rg ing c u r r e n t pu lse o f 
peak a m p l i t u d e i C n g (cons tan t cu r ren t d u r i n g t h e 
c h a r g i n g i n t e r v a l ) : 

A Q = i chg A t = C A V 

ichg = C ( V p k - V m i n ) / t c (10) 

ichg = 1 6 0 ( 1 3 5 - 8 8 . 3 ) / 2 . 2 7 5 x 1 0 " 3 = 3 . 2 8 A 

T h e R M S c u r r e n t in each c a p a c i t o r is : 

Ichg = i chg \ f t c f - t c f 2 (11) 

t c f = 2 . 2 7 5 x 1 0 " 3 x 6 0 = . 1 3 6 5 

Ichg = 3 . 2 8 V . 1 3 6 5 - . 1 3 6 5 2 = 1 . 1 2 6 A 

APPENDIX C 
PROPORTIONAL BASE DRIVE 

P r o p o r t i o n a l base d r i ve is a s i m p l e a n d e f fec t i ve 
m e t h o d o f a c h i e v i n g i m p r o v e d p e r f o r m a n c e w i t h 
h igh vo l tage b i p o l a r p o w e r s w i t c h i n g t rans is to rs in 
o f f - l i n e a p p l i c a t i o n s . A s s h o w n in F i g u r e 1 C , a cu r 
ren t t r a n s f o r m e r p rov ides regenera t ive base d r i ve 
c u r r e n t w h o s e a m p l i t u d e is p r o p o r t i o n a l t o t he c o l 
l e c t o r c u r r e n t be ing s w i t c h e d . T h e d r i ve c u r r e n t 
r a t i o is es tab l i shed b y the tu rns ra t i o o f t he c o l 
l e c t o r a n d base w i n d i n g s . 

T h e p r o p o r t i o n a l d r i ve m e t h o d m a y be e m p l o y e d 
w i t h a n y p o w e r s w i t c h i n g c i r c u i t t o p o l o g y . A d v a n 
tages over c o n v e n t i o n a l f i x e d base cu r ren t d r i ve 
m e t h o d s i n c l u d e : 

1 . F i x e d base d r i ve c u r r e n t m u s t be large e n o u g h 
t o h a n d l e the f u l l l oad (or s h o r t - c i r c u i t l oad) 
c o l l e c t o r c u r r e n t . U n d e r l i gh t l y l o a d e d c o n 
d i t i o n s , the s w i t c h i n g t rans is to rs are severe ly 
o v e r d r i v e n , resu l t i ng in l ong s torage a n d fa l l 
t imes a n d m o r e d i f f i c u l t t u r n - o f f . P r o p o r t i o n a l 
d r i ve p r o v i d e s o p t i m a l p e r f o r m a n c e u n d e r 
va ry i ng l o a d c u r r e n t c o n d i t i o n s . 

2 . P r o p o r t i o n a l base d r i ve requ i res less d r i ve p o w e r 
f r o m the c o n t r o l c i r c u i t . D u r i n g the " o n " t i m e 
o f the s w i t c h i n g t r ans i s t o r , base d r i ve is p r o 

v i d e d regenera t i ve ly f r o m the c o l l e c t o r c i r c u i t 
t h r o u g h the c u r r e n t t r a n s f o r m e r . T h e c o n t r o l 
d r i ve c i r c u i t is no t r equ i r ed to p r o v i d e sus ta in 
ing base d r i v e c u r r e n t . It mus t o n l y p r o v i d e 
shor t pu lses o f d r i ve c u r r e n t to i n i t i a te t u r n - o n 
a n d t u r n - o f f . T h e a m p l i t u d e of these d r i ve c u r 
rent pulses c a n eas i ly be m a d e large e n o u g h t o 
o b t a i n g o o d s w i t c h i n g p e r f o r m a n c e f r o m h igh 
vo l tage b i p o l a r dev ices in o f f - l i n e a p p l i c a t i o n s . 

R e f e r r i n g to F i g u r e 1 C a n d 2 C , w h e n d r i ve r t rans is to r 
Q l is o n , p o w e r s w i t c h Q 2 is o f f . M a g n e t i z i n g c u r 
rent I d i in the c o n t r o l d r i ve w i n d i n g N d a p p r o a c h e s 
a s teady -s ta te va lue equa l t o the d r i ve c i r c u i t s u p 
p l y vo l tage V d d d i v i d e d b y R i . C a p a c i t o r C i is 
d i scha rged a n d there is z e r o vo l tage across a l l 
w i n d i n g s o f T i . 

Fig. 1C - Proportional base drive circuit 
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Figure 2C - Waveforms 
It is q u i t e feas ib le t o ope ra te h igh vo l tage b i p o l a r 
t rans is to rs at f r e q u e n c i e s a b o v e 5 0 k H z w i t h reason
ab le e f f i c i e n c y because o f the large a m p l i t u d e base 
d r i ve pu lses o b t a i n a b l e w i t h th is m e t h o d . H o w e v e r , 
the c i r c u i t o f F i g u r e 1 C , as jus t d e s c r i b e d , is n o t 
c a p a b l e o f o p e r a t i o n at f r e q u e n c i e s a b o v e a f e w 
k H z . T h i s is because c a p a c i t o r C m u s t cha rge t o 
V d d d u r i n g the " o n " p e r i o d o f Q2, a n d the R i C i 
cha rg ing t i m e c o n s t a n t is far t o o l ong f o r th is t o 
be a c c o m p l i s h e d at 5 0 k H z . 

T h i s p r o b l e m is s o l v e d b y the a d d i t i o n o f a r ap i d 
recharge c i r c u i t as s h o w n in F i g u r e 3 C . D u r i n g the 
t i m e tha t Q2 is o n a n d Q i is o f f , c u r r e n t t h r o u g h 
R l is m u l t i p l i e d b y the c u r r e n t ga in o f Q3, w h i c h 
s i g n i f i c a n t l y r educes the cha rg i ng t i m e o f C i . 
W h e n Q i t u rns o n , C i d ischarges t h r o u g h D2. T h e 
base -em i t t e r o f Q3 is reverse b i a s e d , h o l d i n g it 
o f f d u r i n g the en t i r e Q2 " o f f " t i m e . 

Fig. 3C - Improved proportional base drive circuit 

W h e n the o u t p u t o f the c o n t r o l c i r c u i t tu rns o n , 
d r i v e r Q i tu rns o f f a n d p r i m a r y c u r r e n t I d i m u s t 
c e a s e . E n e r g y s to red in T i causes the vo l tage at t he 
d o t t e d ends of al l w i n d i n g s t o f l y b a c k in t he 
p o s i t i v e d i r e c t i o n . I d i m u l t i p l i e d b y t u rns ra t io 
N d / N b becomes I b l , the t u r n - o n base d r i ve c u r 
ren t pu l se to Q.2-

C o l l e c t o r cu r ren t l c s ta r t ing t o f l o w in w i n d i n g N c 

causes a regenerat ive increase in base d r i ve to Q2 
u n t i l it is s w i t c h e d f u l l y o n . T h e f i na l va lue o f l c 

i n d u c e s a p r o p o r t i o n a l base d r i ve c u r r e n t , l b , ac 
c o r d i n g t o t he turns ra t io N b / N c . 

D u r i n g the t ime tha t Q2 in o n a n d Q i is o f f , c a 
p a c i t o r C i charges t h r o u g h R i t o s u p p l y vo l tage 
V d d . A t t he end o f th is " o n " p e r i o d , d r i ve r t r an 
s i s to r Q i is t u rned o n a g a i n , a p p l y i n g the vo l tage 
o n c a p a c i t o r C i t o the d r i ve t r a n s f o r m e r p r i m a r y . 
T h i s d r ives the vo l tage o n the base o f Q2 sha rp l y 
nega t i ve . T h e t u rn -o f f base c u r r e n t p u l s e , Ib2, 
c a n be m a d e larger t han Q2 c o l l e c t o r c u r r e n t , 
r e s u l t i n g in very r ap i d t u r n - o f f o f Q2. 

A f t e r Q 2 is o f f and Ib2 ceases, a n y r e m a i n i n g vo l t 
age o n C i across the d r i ve t r a n s f o r m e r p r i m a r y 
he l ps t o r ebu i l d the m a g n e t i z i n g c u r r e n t . D i o d e D j 
p reven ts the p o s s i b i l i t y o f a n y u n d e r d a m p e d 
r i ng i ng f r o m d r i v ing the u p p e r end o f N d negat ive . 
A t t h e e n d o f the " o f f " p e r i o d , m a g n e t i z i n g c u r 
ren t I d i has been re -es tab l i shed a n d the c y c l e 
r epea ts . 

Design Procedure: 

A p p l i c a t i o n p a r a m e t e r va lues m u s t be d e f i n e d , 
i n c l u d i n g d r i ve r e q u i r e m e n t s f o r the p o w e r s w i t c h 
ing t rans is to rs . 

I c M a x i m u m c o l l e c t o r c u r r e n t 
I b l In i t ia l t u r n - o n base d r i ve c u r r e n t 
Ic/lfc> S u s t a i n i n g p r o p o r t i o n a l base d r i ve ra t i o 
Ib2 T u r n - o f f base d r i ve c u r r e n t at m a x . I c 

V b b 2 T u r n - o f f base d r i ve sou rce vo l tage at m a x l c 

t2 M a x i m u m t rans i s to r t u r n - o f f t i m e 
V d d Dr i ve c i r c u i t s u p p l y vo l tage 
f O p e r a t i n g f r e q u e n c y 

D r i ve t r a n s f o r m e r b a s e / c o l l e c t o r tu rns ra t io is 
equa l t o the des i red p r o p o r t i o n a l base d r i ve r a t i o : 

N b / N c = l c / l b (1) 

D r i ve t r a n s f o r m e r d r i v e r / b a s e tu rns ra t io is es tab
l i shed b y the des i red t u r n - o f f base sou rce vo l tage 
a n d d r i ve c i r c u i t s u p p l y v o l t a g e , m i n u s 1 V d i o d e 
d r o p : 

N d / N b = ( V d d - D / V b b 2 (2) 

W h e n Q i tu rns o f f , p r i m a r y m a g n e t i z i n g c u r r e n t , 
I d i , t r ans fe r red t o t he base w i n d i n g mus t p r o v i d e 
the r equ i r ed t u r n - o n base d r i v e , I b i . 

I d i = l b l / ( N d / N b ) (3) 
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T h e R i va lue r equ i r ed to o b t a i n th is m a g n e t i z i n g 
c u r r e n t is : 

R l = V d d / l d l (4) 

D u r i n g in i t ia l t u r n - o f f , d r i ve r p r i m a r y c u r r e n t Id2 
m u s t a b s o r b the p r o p o r t i o n a l base d r i ve c u r r e n t 
a n d t r a n s f o r m e r m a g n e t i z i n g c u r r e n t I d i in a d 
d i t i o n t o t he t u r n - o f f base d r i ve c u r r e n t : 

>d2 
Ib2 + < c / ( N b / N c ) 

( N d / N b ) 
+ I d l (5) 

C a p a c i t o r C]_ is des igned t o s u p p l y the wo rs t - case 
energy requ i red t o t u r n o f f Q 2 : 

2 . U n d e r l ight l oad c o n d i t i o n s , re la t i ve ly l i t t le 
charge is r e q u i r e d t o t u r n - o f f Q 2 . C i w i l l t hen 
have subs tan t i a l vo l tage r e m a i n i n g w h i c h w i l l 
be a p p l i e d t o t he d r i ve w i n d i n g d u r i n g the 
r e m a i n d e r o f the " o f f " p e r i o d . T h i s w i l l cause 
the m a g n e t i z i n g c u r r e n t (and its assoc ia ted 
energy s torage) t o b e c o m e m u c h larger t h a n 
d e s i r e d . T h e p r o b l e m is so l ved by des ign ing the 
d r i ve w i n d i n g t o satura te at a c u r r e n t level 
s l i gh t l y greater t h a n the des i red va lue o f mag 
n e t i z i n g c u r r e n t , i d l . T h i s w i l l resul t in d u m p i n g 
a n y excess ene rgy r e m a i n i n g in C i a n d es tab
l i sh ing a c o n s i s t e n t s ta r t ing p o i n t o n the B - H 
c h a r a c t e r i s t i c at the beg inn ing of each " o n " 
p e r i o d . 

W = ~ C x ( V d d - D 2 = ( V d d - D Id2t 2 

C l = 2 l d 2 t 2 (6) 
V d d - 1 

W h e n Q 2 is o p e r a t e d at ve ry l o w d u t y c y c l e (such 
as i m m e d i a t e l y a f te r a s u d d e n decrease in l oad cu r 
r e n t ) , C i m a y no t have t i m e t o f u l l y charge t o V d d 
d u r i n g the va ry sho r t " o n " t i m e , in sp i te o f the as
s is tance p r o v i d e d by Q3. T h i s w i l l p r o b a b l y no t be 
a p r o b l e m , because Q 2 w i l l a lso no t have t i m e t o 
s to re m u c h charge a n d w i l l be m u c h easier t o t u r n -
o f f . T h e t i m e requ i r ed f o r Q 2 to reach e q u i l i b r i u m 
charge storages is c o m p a r a b l e to t he t i m e requ i red 
t o r emove th is charge d u r i n g t u r n - o f f . T h e C i 
c h a r g i n g t i m e c o n s t a n t ( reduced a c c o r d i n g to 
t h e ga in , H f e o f Q3) w i l l genera l l y be a d e q u a t e if it 
is less t han 112 t h e Q 2 t u r n - o f f t i m e , t 2 . 

T c i = R l C i / H f e (7) 

Drive Transformer Design: 
T u r n s ra t ios f o r the d r i ve t r a n s f o r m e r we re estab
l i shed in e q u a t i o n s (1) a n d (2). O n l y ce r ta in in tegra l 
n u m b e r of tu rns are pe rm iss ib l e f o r each w i n d i n g . 
F o r e x a m p l e , if N d / N c is 2 5 , the pe rm iss ib l e 
n u m b e r of d r i ve w i n d i n g tu rns are 2 5 , 5 0 , 7 5 , e tc . , 
c o r r e n s p o n d i n g t o 1, 2 a n d 3 c o l l e c t o r t u rns . 

W i n d i n g l 2 R losses are usua l l y neg l ig ib le . T h e d r i ve 
t r a n s f o r m e r des ign in based o n the f o l l o w i n g t w o 
c o n s i d e r a t i o n s : 

1. M a g n e t i z i n g cu r ren t l D l is r equ i red f o r in i t i a l 
t u r n - o n o f the p o w e r s w i t c h i n g t rans i s to r . 
D u r i n g the t i m e Q 2 is o n , the m a g n e t i z i n g cu r 
rent w i l l decrease d u e t o vo l tage V b e across the 
base w i n d i n g . T h e m a g n e t i z i n g cu r ren t m u s t 
no t be a l l o w e d t o decrease to less t han z e r o , o r 
it w i l l cause p r e m a t u r e t u r n - o f f u n d e r l ight 
l oad c o n d i t i o n s b y o v e r c o m i n g the smal l p r o 
p o r t i o n a l d r i ve cu r ren t l b . R e f e r r e d t o the p r i 
m a r y , the d r i ve w i n d i n g i n d u c t a n c e m u s t be 
large e n o u g h t o p reven t l d i ( E q u a t i o n 3) f r o m 
reach ing z e r o w i t h vo l tage V b e ( N d / N b ) d u r i n g 
the longest poss ib le " o n " t i m e (usual ly hal f the 
s w i t c h i n g p e r i o d , 1 /2 f ) : 

F i g u r e 4 C s h o w s the B - H cha rac te r i s t i c o f t he c o r e 
as seen f r o m t h e d r i ve w i n d i n g . F o r t he ver t i ca l 
a x i s , B t imes c o r e area A e a n d N d equals / V d d t 
( F a r a d a y ' s L a w ) . F o r the h o r i z o n t a l a x i s , H t imes 
e f fec t i ve c o r e l e n g t h , £, a n d d i v i d e d b y N d equa ls 
the m a g n e t i z i n g c u r r e n t Id , ( A m p e r e ' s L a w ) . T h e 
cha rac te r i s t i c s l o p e equa ls t he d r i ve w i n d i n g in 
d u c t a n c e , L d , a n d the area t o the lef t equa ls the 
energy s t o r e d . 

Fig. 4C G - 5 7 8 6 
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T h e o p e r a t i n g p o i n t s h o w n w i l l sa t is fy the t w o re
q u i r e m e n t s a b o v e if it exceeds I d i o n the h o r i 
z o n t a l ax is a n d if it exceeds V b e ( N d / N b ) / 2 f o n 
the ver t i ca l a x i s u n d e r w o r s t case c o n d i t i o n s at 
h igh t e m p e r a t u r e . P r o c e d u a l l y , use F a r a d a y ' s L a w 
w i t h B c l ose t o sa tu ra t i on at h igh t e m p e r a t u r e a n d 
w i t h the a rea , A e , of the co re se lec ted . S o l v e 
fo r N d : 

V b e ( N d / N b ) = B A e N d (8) 

Use the saml les t pe rm iss ib l e N d equa l t o or greater 
than the va lue c a l c u l a t e d a b o v e . A n N d va lue 
larger t han the c a l c u l a t e d a m o u n t s i m p l y means 
tha t the change in f l u x d e n s i t y w i l l be less t han 
the m a x i m u m p e r m i t t e d . 

N e x t , use A m p e r e ' s L a w w i t h a va lue f o r H co r 
r e s p o n d i n g to the B va lue chosen b e f o r e , the 
smal les t p e r m i s s i b l e N d f r o m a b o v e , and I equa l to 
I d i . So l ve fo r t h e magne t i c pa th lenght , £ . 

N d I d l = H f i (9) 
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C o m p a r e the ac tua l £ e va lue f o r t he c o r e se lec ted 
w i t h the va lue c a l c u l a t e d a b o v e . If the ac tua l £ e o f 
the c o r e , is s i gn i f i can t l y larger t h a n the c a l c u l a t e d 
£ , i t w i l l be necessary t o use e i ther a sma l l e r c o r e , 
o r use a larger pe rm iss ib l e n u m b e r of t u r n s , N d . 
O t h e r w i s e , the o p e r a t i n g p o i n t w i l l no t be c lose 
e n o u g h t o s a t u r a t i o n , a n d the B a n d H levels w i l l 
b o t h be t o o l o w to p reven t the m a g n e t i z i n g cu r 
ren t f r o m b e c o m i n g negat ive at the end o f the 
" o f f " p e r i o d . 

If t h e a c t u a l core £ e is sma l le r t h a n the c a l c u l a t e d £, 
t he c o r e w i l l be t o o heav i l y s a t u r a t e d , a n d w i l l no t 
s to re e n o u g h energy t o p r o v i d e the des i red I b l -
E i t h e r go t o a larger c o r e , o r i n t r o d u c e a sma l l gap , 
£ g , a c c o r d i n g to t he r e l a t i o n s h i p : 

£ = ( £ e + Ma 2 g ) , w h e r e Ma = B / H (10) 

Driving Two Transistors. T w o p o w e r s w i t c h i n g 
t rans i s to rs are o f ten used in series in o rde r to ha lve 
t h e i r h igh vol tage V C e ra t ing r e q u i r e m e n t s . It is 
u s u a l l y des i rab le to d r i ve these t w o t rans is to rs 
f r o m a s ing le dr ive c i r c u i t . T h i s can be a c c o m p l i s h e d 
b y means of t w o iden t i ca l base w i n d i n g s in the 
t r a n s f o r m e r . N b / N c mus t be ha lved a n d N d / N b 
d o u b l e d f r o m the va lues c a l c u l a t e d in E q . (1) a n d 
(2) because the to ta l base c u r r e n t is t w i c e as m u c h 
as w i t h a s ingle t rans is to r . 

A s s h o w n in F igu re 5 C it is a lso necessary t o a d d a 
s m a l l a m o u n t of res is tance in series w i t h each base 
in o r d e r t o ensure c u r r e n t sha r ing . A res is tor w h i c h 
d r o p s 0 . 5 V at m a x i m u m sus ta in ing base d r i v e , 
l b , s h o u l d be adequa te . T h e a d d e d res is tance does 
no t a f f e c t the c a l c u l a t i o n of N d in E q u a t i o n (8) 
b e c a u s e its vol tage d r o p is neg l ig ib le c o m p a r e d to 
V b e u n d e r l ight l oad c o n d i t i o n s , w h e n the sus
t a i n i n g base dr ive is s m a l l . H o w e v e r , d u r i n g t u r n -
o f f , each series base res is tor mus t be s h u n t e d b y a 
s m a l l d i o d e . O t h e r w i s e , a very large V b b 2 va lue 
w o u l d be requ i red in o rde r to p u l l the des i red Ib2 

ou t o f each base. T h e f o r w a r d d r o p o n th i s d i o d e 
m u s t be a d d e d to t h e V b b 2 r e q u i r e m e n t in E q . (2) . 

Fig. 5C - Two-transistor driver 
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Line-side vs. Output-side Control Circuit T h e base 
and c o l l e c t o r w i n d i n g s o f t he d r i ve t r a n s f o r m e r are 
n o r m a l l y o n the i n p u t , o r l ine s ide , o f t he p o w e r 
s u p p l y . W h e n the c o n t r o l / d r i v e r c i r cu i t s are l o c a t e d 
o n the o u t p u t s ide o f the s u p p l y , h igh vo l tage i n 
s u l a t i o n is r e q u i r e d b e t w e e n the d r i ve w i n d i n g a n d 
the base a n d c o l l e c t o r w i n d i n g s . T h i s h igh vo l tage 
i n s u l a t i o n , usua l l y greater t h a n 3 0 0 0 V , w i l l i m p a i r 
the c o u p l i n g b e t w e e n l ine -s ide a n d o u t p u t - s i d e 
w i n d i n g s . T h i s resu l ts in h igh leakage i n d u c t a n c e , 
caus ing vo l tage sp i kes d u r i n g t u r n - o n a n d t u r n - o f f 
w h i c h m a y necess i ta te a d d i t i o n a l s n u b b i n g o r 
c l a m p i n g the d r i ve t rans is to r c o l l e c t o r a n d the 
p o w e r s w i t c h i n g t rans i s to r base. 

W h e n the c o n t r o l a n d d r i ve r c i r cu i t s are l o c a t e d o n 
the l ine s i de , the d r i v e t r a n s f o r m e r does n o t requ i re 
h igh vo l tage i n s u l a t i o n . Leakage reac tance c a n be 
m a d e a l m o s t neg l i g i b l e , espec ia l l y if m u l t i f i l a r 
w i n d i n g s are e m p l o y e d . 
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THE UC1524A INTEGRATED 
PWM CONTROL CIRCUIT PROVIDES 

NEW PERFORMANCE L E V E L S 
FOR AN OLD STANDARD 

INTRODUCTION 

T h e a p p l i c a t i o n o f IC t e c h n o l o g y t o the s w i t c h i n g 
p o w e r s u p p l y real ly began w i t h the i n t r o d u c t i o n o f 
the S G 1 5 2 4 in 1 9 7 6 . T h i s dev ice was the f i rs t IC t o 
i m p l e m e n t al l the c o n t r o l b l o c k s necessary f o r a 
w i d e range o f P W M p o w e r sys tems. Its s t ra igh t - fo r 
w a r d a p p r o a c h t o the c lass ic P W M a rch i t ec tu re 
gave it w i d e accep tance , and it has b e c o m e the 
m o s t c o m m o n l y used IC c o n t r o l l e r t o d a y . 

E v e n t h o u g h the 1 5 2 4 has ga ined great accep tance 
a n d eng ineers have p ra ised its versat i le and easy t o 
u n d e r s t a n d a r ch i t ec tu re , t hey have m a n y t imes 

cu rsed the s i m p l i s t i c , o r i dea l i s t i c , ways its i n d i 
v idua l b l o c k s were i m p l e m e n t e d . W h i l e one w o u l d 
assume, at f i rs t g l a n c e , t ha t a l l c o n t r o l f u n c t i o n s 
necessary f o r m o s t p o w e r s u p p l y a p p l i c a t i o n s are 
c o n t a i n e d w i t h i n t h e 1 5 2 4 , in t he real w o r d o f 
p rac t i ca l p o w e r s y s t e m s , a d d i t i o n a l c i r c u i t r y is 
requ i red t o i n te r f ace w i t h the rest of the s y s t e m , 
t o p r o t e c t against d i f f e r e n t t ypes of fau l t c o n 
d i t i o n s , t o ad jus t f o r i naccu rac ies , or to i m p r o v e 
c o n t r o l d u r i n g p o w e r s e q u e n c i n g . 

A l t h o u g h in the i n t e r ven ing years , m a n y new IC 
c o n t r o l c h i p s have been i n t r o d u c e d w h i c h o f f e r 
ce r ta in spec ia l i zed advan tages , it was f o u n d tha t 
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des ign engineers s t i l l p re fe r red the 1 5 2 4 fo r its 
w i d e ve rsa t i l y a n d gene ra l i zed a r ch i t ec tu re . F r o m 
th is u n d e r s t a n d i n g , it b e c a m e appa ren t tha t a new 
d e s i g n , w h i c h w o u l d i m p r o v e m a n y of the 1 5 2 4 ' s 
i n d i v i d u a l f u n c t i o n s by m a k i n g t h e m m o r e p re 
d i c t a b l e and easier t o a p p l y , w h i l e re ta in ing the 
same a r c h i t e c t u r e , c o u l d be a w i n n e r . T h e resul t is 
t h e U C 1 5 2 4 A . 

THE UC1524A PWM CONTROLLER 
A des ign goal set f o r the U C 1 5 2 4 A was tha t it no t 
o n l y re ta in the same a r ch i t ec tu re bu t keep the same 
p i n c o n f i g u r a t i o n as the 1 5 2 4 and f u n c t i o n equa l 
t o o r bet ter t h a n the 1 5 2 4 in m o s t ex i s t i ng ap
p l i c a t i o n s . In th is w a y , engineers w h o we re f a m i l i a r 
w i t h the 1 5 2 4 c o u l d easi ly u n d e r s t a n d a n d eva luate 
t h e U C 1 5 2 4 A . P e r f o r m a n c e i m p r o v e m e n t s had t o 
be s i gn i f i can t , p a r t i c u l a r l y in r e d u c i n g the need f o r 
d isc re te s u p p o r t c i r c u i t r y , so there w o u l d be cos t 
advantage in us ing the U C 1 5 2 4 A i n new des ign . T h e 
b l o c k d iag ram of t he U C 1 5 2 4 A is s h o w n in F igu re 
1 w h i c h , by in ten t , appears very s im i l a r t o t ha t 
o f the o l de r 1 5 2 4 . 

T h e l ist o f the i m p r o v e m e n t s , h o w e v e r , is cons ide r 
ab le and inc ludes the f o l l o w i n g : 

1. T h e 5 V re fe rence is n o w i n te rna l l y t r i m m e d t o 
± 1% a c c u r a c y , e l i m i n a t i n g the need f o r p o t e n 
t i o m e t e r ad jus tmen ts . 

2. T h e e r ro r a m p l i f i e r ' s i npu t range n o w e x t e n d s 
b e y o n d 5 V , e l i m i n a t i n g the need fo r a pa i r of 
d iv iders and the i r a t t endan t t o le rances . 

3 . A h i g h - g a i n , w i d e - b a n d , c u r r e n t sense a m p l i f i e r 
has been i n c l u d e d w h i c h is usefu l f o r e i the r 
l inear o r p u l s e - b y - p u l s e cu r ren t l i m i t i n g in the 
g r o u n d or p o w e r s u p p l y o u t p u t l ines. 

4 . A n unde r - vo l t age l o c k o u t c i r c u i t has been 
a d d e d w h i c h d isab les a l l the in te rna l c i r c u i t r y 
e x c e p t the re ference un t i l the i n p u t vo l tage has 
r isen to 8 V . T h i s h o l d s s t a n d b y cu r ren t l o w un t i l 
t u r n - o n , great ly s i m p l i f y n g the design o f 
l o w - p o w e r , o f f - l i n e conver te rs . T h e r e is ap
p r o x i m a t e l y 6 0 0 m V of hysteres is i n c l u d e d f o r 
j i t te r - f ree a c t i v a t i o n . 

5 . A P W M la tch has been a d d e d insu r ing f r e e d o m 
f r o m m u l t i p l e pu l s i ng w i t h i n a p e r i o d , even in 
no i sy e n v i r o n m e n t s . In a d d i t i o n , the s h u t d o w n 
c i r cu i t feeds d i r e c l t y t o th is la tch w h i c h w i l l 
d isab le the o u t p u t s w i t h i n 2 0 0 n s o f a c t i v a t i o n . 

6 . T h e osc i l l a t o r c i r c u i t is usab le t o f r equenc ies 
b e y o n d 5 0 0 K H z and is easier to s y n c h r o n i z e 
w i t h an e x t e r n a ! c l o c k pu l se . 

7 . T h e p o w e r c a p a b i l i t y o f the o u t p u t sw i t ches 
has been b o o s t e d by d o u b l i n g the c u r r e n t capa 
b i l i t y to 2 0 0 m A a n d inc reas ing the vo l tage rat ing 
t o 6 0 V . 

A n unde rs tand ing of s o m e o f these i m p r o v e m e n t s 
is necessary f o r ease in a p p l i c a t i o n a n d w i l l n o w be 
d i scussed in greater d e t a i l . 

INTERNAL POWER TURN-ON CIRCUIT 
T h e unde r - vo l t age l o c k o u t a n d t u r n - o n hysteres is 

c i r cu i t is s h o w n in F i g u r e 2 . T h i s c i r c u i t requ i res 
a p p r o x i m a t e l y 2 V f o r a c t i v a t i o n ; b u t , s i nce n o t h i n g 
else w i l l t u r n o n w i t h o u t at least 3 V of s u p p l y 
vo l tage , l o c k o u t is assu red . W h e n V j rises above 
2 V , R 2 begins t o c o n d u c t sa tu ra t ing Q3 and 
h o l d i n g the base o f Q5 t o o l o w t o a l l o w any o f t h e 
cu r ren t sources t o c o n d u c t . T h e cu r ren t t h r o u g h 
R4 f l o w s t h r o u g h Q3 and R3, d e v e l o p i n g a 6 0 0 m V 
d r o p across R3 w h e n V R E F reaches 5 V . A t th is 
level , the o n l y c u r r e n t f l o w i n g is that used by the 
re ference regu la to r a n d R 2 and R4, a to ta l of ap 
p r o x i m a t e l y 2 . 5 m A at t u r n - o n t h r e s h o l d . 

W h e n the i npu t vo l t age reaches a p p r o x i m a t e l y 8 V , 
d i o d e Z begins t o c o n d u c t t u r n i n g o n Q 2 w h i c h 
tu rns o f f O-3 a n d a l l o w s the cu r ren t sources t o 
ac t iva te . S i n c e t h e cu r ren t t h r o u g h Q 2 is m u c h less 
than t h r o u g h Q3, the vo l tage across R3 d r o p s , 
p r o v i d i n g pos i t i ve f e e d b a c k . T h i s gives a b o u t 
6 0 0 m V o f hys te res is . T h i s c i r c u i t , of c o u r s e , w o r k s 
in reverse at t u r n o f f , i nsu r ing t ha t the o u t p u t s can 
o n l y opera te w h e n t h e s u p p l y is adequa te f o r f u l l y 
p red i c tab le o p e r a t i o n . F i g u r e 3 shows the re la t i on 
sh ip b e t w e e n q u i e s c e n t cu r ren t and i npu t vo l tage . 
Des igners s h o u l d f i n d th is l o w cu r ren t s ta r t -up 
cha rac te r i s t i c q u i t e advan tageous f o r o f f - l i n e , 
p r i m a r y - s i d e c o n t r o l w i t h b o o t - s t r a p p e d o p e r a t i o n 
af ter t u r n o n . 

Fig. 2 — The under-voltage lockout and power 
turn-on circuitry within the UC1524A 

Fig. 3 - Supply current for the UC1524A vs. 
input voltage 
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Fig. 4- Voltage and current sensing amplifiers have a common output at the input to the PWM 
comparator. 
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A NEW CURRENT LIMIT AMPLIFIER 
S i n c e the ou tpu ts o f t h e c u r r e n t l i m i t a m p l i f i e r a n d 
t h e vo l tage-sens ing e r ro r a m p l i f i e r are s u m m e d at 
t h e P W M c o m p a r a t o r i n p u t , t h e y s h o u l d be e x a m 
i n e d toge ther as s h o w n in F i g u r e 4 . 

S i n c e the error a m p l i f i e r , cons i s t i ng o f t rans is tors 
Q-l t h r o u g h Q 5 m u s t have the l owes t p r i o r i t y in 
c o n t r o l l i n g the P W M , its o u t p u t mus t be eas i ly over
r u l e d by cur ren t fau l t s o r o t h e r p r o g r a m m i n g f u n c 
t i o n s , such as so f t - s ta r t , w h i c h w o u l d h o l d p i n 9 
l o w . T h e r e f o r e , a t r a n s c o n d u c t a n c e a m p l i f i e r s i m i l a r 
t o t ha t used in the ear l ie r 1 5 2 4 was again a p p l i e d 
t o t he 1 5 2 4 w i t h one e x c e p t i o n : it is n o w p o w e r e d 
by V | ins tead o f V R E F , so tha t t h e i n p u t c o m 
m o n - m o d e range e x t e n d s t o w i t h i n 2 V o f e i the r 
ra i l . Z e n e r d i o d e , Z 1 ( is used o n the o u t p u t t o 
keep the inpu t level t o the P W M c o m p a r a t o r 
b e l o w 6 vo l ts . 

T h e e r ro r amp l i f i e r ' s o u t p u t can be c o n s i d e r e d a 
1 0 0 J U A cur rent sou rce o r s i nk (0 - 200 juA sou rce 
w i t h 100 /uA cons tan t s i n k ) . W h e n the c u r r e n t l im i t 
c i r c u i t ac t iva tes , Q g tu rns o n and c a n eas i ly p u l l 
d o w n p i n 9 even t h o u g h the e r ro r a m p l i f i e r w o u l d 
n o m i n a l l y be ca l l i ng f o r a h igh o u t p u t at th is p o i n t . 

T h e c u r r e n t l im i t c i r c u i t cons is ts o f t h r o u g h 
0-12- Its d i f fe ren t ia l P N P i n p u t stage gives it a 
c o m m o n m o d e range e x t e n d i n g f r o m 3 0 0 m V b e l o w 
g r o u n d t o w i t h i n - 2 V o f V j . Its t h r e s h o l d o r 
o f f se t , o f 2 0 0 m V is es tab l i shed b y the 100 /nA c u r 
ren t sou rce th rough R 1 ( w i t h R 2 a d d e d t o nu l l 
o u t t he e f fec t o f a n y base c u r r e n t f r o m 0-8-

T h i s c u r r e n t sensing b l o c k w i t h i n the U C 1 5 2 4 A c a n 
a c t u a l l y be used e i t he r as a l inear a m p l i f i e r o r as a 
c o m p a r a t o r . The o p e n l o o p sma l l - s i gna l gain is 
a p p r o x i m a t e l y 8 0 d B w h i l e its t r a n s i t i o n de lay w i t h 
1 0 % overd r i ve is 6 0 0 n s . T h i s c a n be decreased 
s u b s t a n t i a l l y w i t h a d d i t i o n a l o v e r d r i v e . Use of t he 
c u r r e n t sensing b l o c k as a c o m p a r a t o r is usua l l y 

p re fe r red f r o m a s y s t e m s s t a n d p o i n t , s ince it does 
no t have t o be c o m p e n s a t e d and p i n 9 can be 
d e d i c a t e d so le l y t o e r ro r a m p l i f i e r c o m p e n s a t i o n . 
•Under th i s c o n d i t i o n , a c u r r e n t s ignal ove r the 
t h r e s h o l d level w i l l p u l l p i n 9 l o w , t e r m i n a t i n g the 
o u t p u t s igna l . R e c o v e r y is d e t e r m i n e d b y the 
100juA p u l l - u p c u r r e n t f r o m the e r ro r a m p l i f i e r in 
c o n j u n c t i o n w i t h any c a p a c i t a n c e w h i c h m a y be 
present o n p i n 9 . 

W h e n the c u r r e n t l im i t c i r c u i t is used as a l inear 
a m p l i f i e r , s t a b i l i z a t i o n is p e r f o r m e d by f e e d b a c k t o 
the inve r t i ng i n p u t (p in 4) o r by capac i t ance f r o m 
p i n 9 t o g r o u n d as s h o w n in F i g u r e 5. 

Fig. 5 - Various compensation options which are 
possible when both amplifiers are 
operated in the linear mode. 

A n a d d i t i o n a l f ea tu re o f th is c i r c u i t is its c a p a b i l i t y 
t o p e r f o r m as a d u t y - c y c l e l i m i t i n g c i r c u i t in the 
c o n f i g u r a t i o n s h o w n in F i g u r e 6 . If R j is made 
1 0 0 K i i , there w i l l be m i n i m a l e f fec t u p o n the er ror 
a m p l i f i e r ga in . 

In c u r r e n t l i m i t i n g , t o ach ieve the fastest respond ing 
p u l s e - b y - p u l s e c o n t r o l , c o n s i d e r a t i o n s h o u l d be 
g iven t o t he use o f t he s h u t d o w n t e rm ina l o n p i n 
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1 0 . W h i l e t he i n p u t t h r e s h o l d o f th is c i r c u i t is no t 
as a c c u r a t e l y c o n t r o l l e d as the c u r r e n t l i m i t a m p l i 
f i e r a n d has a negat ive t e m p e r a t u r e c o e f f i c i e n t o f 
- 2 m V / ° C a n d is i n te rna l l y g r o u n d r e f e r e n c e d ; it 
d o e s feed d i r e c t l y i n to t he P W M la t ch w i t h o n l y 
2 0 0 n s d e l a y f r o m a c t i v a t i o n o f p i n 1 0 t o s h u t d o w n 
o f t h e o u t p u t s . 

Fig. 6- The fixed 200mV threshold of the cur
rent limit amplifier can be multiplied 
to form a duty-cycle clamp or dead-band 
control. R I 

I LZD 1 

S.652S 

M a x i m u m d u t y c y c l e (%) 4 0 [ 0 .2 ( — + 1) -1 ] 

no ise o r r ing ing o n the o u t p u t o f t he e r ro r a m p l i f i e r 
caus ing m u l t i p l e c r o s s i n g o f t he r a m p s igna l . S e c o n d , 
cu r ren t l i m i t i n g c a n n o w be p e r f o r m e d m u c h m o r e 
r a p i d l y w i t h o u t i n s t a b i l i t y . W i t h o u t a l a t c h , s i gn i f i 
can t i n teg ra t i on is n e e d e d t o m a i n t a i n a t u r n - o f f 
s ignal a f te r the o u t p u t s have t u r n e d o f f . F i n a l l y , 
any ins tab i l i t i es w h i c h m i g h t p o t e n t i a l l y be p resen t 
in t he vo l tage or c u r r e n t l o o p s , o r the s h u t d o w n 
signal f r o m p i n 1 0 , w i l l cause m u c h less stress o n 
the o u t p u t stages, s i nce o n l y t w o t r ans i t i ons t h r o u g h 
the h i g h - d i s s i p a t i o n ac t i ve reg ion can be m a d e 
d u r i n g each p e r i o d . 

T h e p e r f o r m a n c e o r t h i s p o r t i o n o f t he U C 1 5 2 4 A 
c a n be eva lua ted u s i n g a t r iggerab le pu l se genera to r 
w i t h a va r iab le d e l a y , set u p as s h o w n in F i g u r e 7 . 
R y a n d C-j- are se lec ted f o r t he des i red o p e r a t i n g 
f r e q u e n c y . T h e c l o c k t r iggers the pu lse gene ra to r , 
and the de lay is a d j u s t e d so the genera to r o u t p u t 
o c c u r s d u r i n g t h e P W M p e r i o d . T h e o u t p u t p u l s e 
w i d t h m u s t be at least 2 0 0 n s a n d t h e a m p l i t u d e 
h igher t h a n the t h r e s h o l d o f t he U C 1 5 2 4 A i n p u t 
be ing eva lua ted . T y p i c a l w a v e f o r m p h o t o g r a p h s 
are s h o w n in F i g u r e 8. 

PWM COMPARATOR AND LATCH 
T h e P W M la tch insures o n l y a s ing le pu l se is a l l o w e d 
t o reach the a p p r o p r i a t e o u t p u t stage w i t h i n each 
p e r i o d . T h e la tch is reset w i t h t h e o s c i l l a t o r c l o c k 
p u l s e w h i c h a lso serves t o b l a c k the o u t p u t s . T h u s , 
a l t h o u g h the la tch is reset at the s tar t o f t he o s c i l 
l a t o r c l o c k pu l se , it is the t e r m i n a t i o n o f the c l o c k 
p u l s e w h i c h in i t ia tes o u t p u t c o n d u c t i o n . T h e 
o u t p u t t h e n stays o n u n t i l the la tch is set , e i the r by 
a s igna l f r o m the P W M c o m p a r a t o r o r f r o m a 
s h u t d o w n c o m m a n d f r o m p i n 10 . O n c e the la tch 
is set, i t w i l l h o l d the o u t p u t o f f f o r the d u r a t i o n 
o f t h e p e r i o d . 

T h e s e are several s i gn i f i can t advantages t o th is 
c i r c u i t . F i r s t , the la tch c o m p l e t e l y e l im i ta tes m u l 
t i p l e o u t p u t s o f t h e P W M c o m p a r a t o r because o f 

HIGHER POWER OUTPUT SWITCHES 
W i t h the h ighe r c u r r e n t a n d vo l tage ra t ing o f the 
U C 1 5 2 4 A ' s o u t p u t s w i t c h e s , s i gn i f i can t e c o n o m i e s 
can n o w be a c h i e v e d in i n te r f ac ing w i t h h igher 
p o w e r dev ices . F o r l o w p o w e r r e q u i r e m e n t s , a 
b roade r range o f a p p l i c a t i o n s m a y n o w be served 
by the 1 5 2 4 A i tse l f w i t h o u t a d d i t i o n a l d i sc re te 
o u t p u t dev ices . Rega rd less o f the p o w e r s u p p l y 
r e q u i r e m e n t , m o r e cu r ren t a n d vo l tage f r o m the 
U C 1 5 2 4 A w i l l ease t h e des ign t r adeo f f s . E v e n w i t h 
h igher cu r ren t a n d v o l t a g e , t he U C 1 5 2 4 A o f f e r s 
fast response t i m e . E a c h o u t p u t stage c o n t a i n s an 
a n t i - s a t u r a t i o n n e t w o r k t o keep the o u t p u t t r a n 
s is tors o u t o f h a r d s a t u r a t i o n . A l t h o u g h th i s adds 
s o m e w h a t t o t h e s a t u r a t i o n v o l t a g e , it is m o r e t h a n 
o f fse t b y the bene f i t s in r e d u c i n g t u r n - o f f d e l a y . 

Fig. 7 - Evaluating the turn-off delays of the UC1524A with the aid of a triggerable pulse generator 
with variable delay. 
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S a t u r a t i o n vo l tage as a f u n c t i o n of c u r r e n t is s h o w n Fig. 9 -
in F i g u r e 9 . 

Output saturation characteristics for 
each of the UC1524A's outputs. 

S i n c e b o t h co l l ec to r s a n d em i t t e rs are ava i l ab le o n 
t h e U C 1 5 2 4 A ' s o u t p u t t rans is to rs , m a n y d i f f e r e n t 
c o u p l i n g poss ib i l i t i es are o f f e r e d . One use fu l c o n f i g 
u r a t i o n f o r enhanced t u r n - o f f is s h o w n in F i g u r e 
1 0 . T h e fas t - r i s ing s ignal appea r i ng at t he c o l l e c t o r 
o f t he o u t p u t t rans is to r , Q j , is c a p a c i t i v e l y c o u p l e d 
t o sa tu ra te an ex te rna l t rans is to r , Q2, g reat ly r educ 
ing t h e t u r n - o f f de lay o f Q3 and a l l o w i n g a m u c h 
larger v a l u e t o be se lec ted f o r R 3 . M a n y va r i a t i ons 
o f th i s c i r c u i t are poss ib le d e p e n d i n g u p o n the 
p o w e r dev i ces to be d r i ven a n d the vo l t age levels 
r e q u i r e d . 

Fig. 8 - Typical turn-off response from both the 
current sense "and shutdown inputs. 

0 50 100 150 200 l 0 ( m A ) 

j o p _ O u t p u t , 1 0 V / d i v 
M i d d l e — C o m p o u t p u t , 5 V / d i v 
L o w e r — C u r r e n t sense i n p u t , 2 0 0 m V / d i v 
T i m e — 1jus/div 

Fig. 10 - The addition of Cj and Q2 uses the col
lector signal of the UC1524A to genera
te an enhanced turn-off command for Q3 

0 
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U p p e r - O u t p u t , 1 0 V / d i v 
L o w e r — S h u t d o w n i n p u t , 1 V / d i v 
T i m e — 1jus/div 

FREQUENCY SYNCHRONIZATION 
T h e o s c i l l a t o r c i r c u i t w i t h i n the U C 1 5 2 4 A , s h o w n 
in F i g u r e 1 1 , has been i m p r o v e d over t ha t o f t he 
1 5 2 4 w i t h the a d d i t i o n o f C 2 . W i t h o u t th is c o m 
p o n e n t a s y n c h r o n i z i n g pu lse e x t e r n a l l y a p p l i e d t o 
p i n 3 h a d t o d o a l l t he w o r k o f d i scha rg ing the 
t i m i n g c a p a c i t o r t h r o u g h Q 4 a n d Q 5 . T h e s i m p l e 
a d d i t i o n o f C 2 c o u p l e s a pos i t i ve pu lse f r o m p i n 3 
t o t he base o f Q io< m o m e n t a r i l y r educ ing the 
t h r e s h o l d o f c o m p a r a t o r Q g - Q g and regenera t ive ly 
t r igger ing t h e o s c i l l a t o r i n t o its d ischarge state. T h e 
c i r c u i t is n o w lead ing-edge t r iggered and n a r r o w 
pu lses c a n be u s e d . T h i s is a c o n s i d e r a t i o n w h e n 
m i n i m u m dead t i m e is r e q u i r e d , s ince the o u t p u t s 
are b l a n k e d o f f as l ong as p i n 3 is he ld h i g h . 

A s w i t h the 1 5 2 4 , s y n c h r o n i z a t i o n t o an ex te rna l 
c l o c k s h o u l d be d o n e w i t h the R-j- C y t i m e c o n s t a n t 
set a p p r o x i m a t e l y 1 0 to 2 0 % greater t h a n tha t 
d e t e r m i n e d f o r the r e q u i r e d c l o c k f r e q u e n c y , t a k i n g 
i n to c o n s i d e r a t i o n t h e e x p e c t e d to le rances of the 
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c o m p o n e n t s . F o r s y n c h r o n i z i n g m u l t i p l e U C 1 5 2 4 A 
dev i ces , al l R T , C T , a n d O S C o u t p u t t e rm ina l s 
s h o u l d be i n d i v i d u a l l y c o n n e c t e d toge the r a n d a 
s ing le R j and C-p used . 

W h e n c o n s i d e r i n g b l a n k i n g , t he pu l se o n p i n 3 m a y 
be e x t e n d e d s o m e w h a t by the a d d i t i o n o f a c a p a c i 
t o r o f up t o 1 0 O p F f r o m p i n 3 t o g r o u n d . If n a r r o w e r 
b l a n k i n g pu lses are r e q u i r e d , a d d i n g a res ist ive l o a d 

f r o m p i n 3 t o g r o u n d o f 1 K f i m i n i m u m w i l l r e d u c e 
the p u l s e w i d t h . 

T h e best w a y t o guaran tee a large dead t i m e is s t i l l 
t o use a d i o d e t o c l a m p the p e a k o u t p u t f r o m t h e 
e r ro r a m p l i f i e r t o a d i v i d e r f r o m V R ^ P . T h i s 
t e c h n i q u e is q u i t e a c c u r a t e d u e t o the a c c u r a c y o f 
V R E P a n d t h e 100 juA f i x e d cu r ren t ava i lab le 
f r o m the a m p l i f i e r . 

Fig. 11 The oscillator circuit of the UC1524A allows both high frequency operation and ease of 
external synchronization. 

V R E F O -
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A COMPLETE DC-DC CONVERTER WITH 
THE UC1524A 

A n i m p o r t a n t a t t r i b u t e o f the n e w U C 1 5 2 4 A f a m i l y 
is t he h ighe r vo l tage ra t ing o n the o u t p u t t r an 
s is to rs . T h i s n o w m a k e s it poss ib le to i m p l e m e n t 
a p r a c t i c a l 4 W D C - D C c o n v e r t e r ope ra t i ng f r o m a 
c o m m o n 2 8 V bus w i t h no a d d i t i o n a l o u t p u t 
t rans is to rs . T h e s c h e m a t i c of F i g u r e 12 uses a 

Fig. 12-

p u s h - p u l l c o n f i g u r a t i o n w h i c h imposes a vo l tage 
o f t w i c e the s u p p l y across the " O F F " t rans is to r . 
T h i s is n o w w i t h i n the ra t ing o f the U C 1 5 2 4 A a n d , 
t h u s , w i t h a 2 8 : 7 t u rns ra t io in the t r a n s f o r m e r , a 
5 V , % A o u t p u t is a c h i e v e d w i t h 7 8 % e f f i c i e n c y at 
a s i g n i f i c a n t m i n i m u m par ts c o u n t . 

T h e fast response o f t he cu r ren t l i m i t a m p l i f i e r 
w i t h i n t h e U C 1 5 2 4 A again keeps the dev i ce w e l l 
p r o t e c t e d as s h o w n in t he w a v e f o r m s o f F igu re 1 3 . 

With higher output voltage capability, the UC1524A can implement a complete 4W DC to DC 
converter with no additional switching transistors. 

^ 500 u F 
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„ < 
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Fig. 13 - Operating waveforms for the PWM DC-DC converter (Fig. 12) 
Upper trace = Primary current at 0.1A /division 
Middle trace = Pin 9 voltage at 5V/division 
Lower trace = Load current at 0.SA/division 
Time base = 5(is/division 

Circuit under normaPload Circuit at threshold of current limiting 

Circuit under full current limit Circuit under short circuit conditions 

AN OFF-LINE FORWARD CONVERTER 
For low to medium power application single-ended 
f lyback or forward converter with all the control 
on the primary side of the isolation step-down 
transformer is usually the most economical solution. 
However there are two complications with this ap
proach. The first is that although the control 
circuitry can easily be driven from a low-voltage 
winding on the power transformer, starting energy 
must be taken from the high-voltage rectified line 
where, at 170VDC, every 10mA represents a 1.7W 
loss. The second complication is in obtaining 
adequate regulation of the output while still meet
ing isolation requirements from output back 
to the line. 

The 50W forward converter of Figure 14 offers 
innovative solutions to both these problems. In 
this circuit, the U C 1 5 2 4 A provides all the control 
with its operating drive power coming from winding 
N 2 . The low-current start-up characteristics of the 
UC1524A allow starting energy to be developed 
in C 2 with only approximately 8 m A required 
through R j . 

The problem of isolated feedback control is solved 
in this application by sampling the 5V output 
level at the switching frequency be means of the 
2N2222 transistors and transformer T 2 . With every 
switching cycle, the output voltage is transferred 
from N j to N 2 where it is peak detected to gener
ate a primary-referenced signal to drive the PWM 
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14 This SOW off-line forward converter features both high efficiency and good regulation while 
maintaining input-output isolation. 
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Fig. 15 - Base current (upper trace) and collector 
current for the MJE13005 of fig. 14. 
The time base is 5ns per division 

at Full Load (50W) 

e r r o r amp l i f i e r . D i o d e D 2 is used t o t e m p e r a t u r e 
c o m p e n s a t e fo r t he loss in t he rec t i f i e r , D j a n d the 
net resu l t is bet ter t h a n 1% regu la t i on w i t h the m a i n 
a d d e d cos t that o f a ve r y i nexpens i ve s ignal t rans
f o r m e r . 

S o m e o f the o t h e r fea tu res o f th is a p p l i c a t i o n i n 
c l u d e a d u t y - c y c l e c l a m p o n the P W M f o r m e d b y 
d i ode D 3 and the 1 0 K - 1 .5K d i v i d e r f r o m V R E F . 
T h i s m e t h o d o f c l a m p i n g is m o r e e f fec t i ve w i t h the 
U C 1 5 2 4 A s ince t h e U V l o c k o u t keeps the o u t p u t s 
o f f u n t i l t h e r e f e r e n c e , e r ro r a m p l i f i e r , and o s c i l 
la tor are al l o p e r a t i n g w i t h i n s p e c i f i c a t i o n . 

D r i ve f o r the M J E 1 3 0 0 5 h igh -vo l t age s w i t c h is ac 
c o m p l i s h e d by us ing the em i t t e r s o f the U C 1 5 2 4 A ' s 
o u t p u t t rans is to rs f o r t u r n - o n a n d the 2 N 2 2 2 2 in 
c o n j u n c t i o n w i t h t h e 1jufd base c a p a c i t o r t o p r o 
v ide a negat ive base vo l tage f o r rap id t u r n - o f f as 
d e s c r i b e d in F i g u r e 1 0 . 

T h e resu l tan t d r i v e s ignal is s h o w n in F i g u r e 1 5 . 
O p e r a t i n g at 4 0 K H z , th is regu la to r p rov ides an 
i so la ted 5 0 W o f p o w e r w i t h an e f f i c i e n c y o f 8 3 % , 
a h igh degree o f r e g u l a t i o n , and fast o v e r l o a d 
p r o t e c t i o n . 

CONCLUSION 
A l t h o u g h there are n o w m a n y new in tegra ted 
c i r c u i t s f r o m w h i c h t o c h o o s e in a t t e m p t i n g t o b u i l d 
m o r e c o s t - e f f e c t i v e p o w e r supp l i es , it a lways helps 
t o rev iew w e l l es tab l i shed ideas. In the case o f the 
U C 1 5 2 4 A , u p d a t i n g a n d i m p r o v i n g an ear l ier 
p r o d u c t has resu l t ed in a s ign i f i can t a d v a n c e m e n t 
p r o v i d i n g greater p e r f o r m a n c e and ve rsa t i l i t y w h i l e 
r e d u c i n g sys tem cos ts . 

© 1984 by Unitrode Corporation. All rights reserved. This bulletin, or any part or parts thereof, must 
not be reproduced in any from without permission of the copyright owner. 
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A SECOND-GENERATION IC SWITCH MODE 
CONTROLLER OPTIMIZED FOR 

HIGH FREQUENCY POWER MOS DRIVE 

INTRODUCTION 

S i n c e t h e i n t r o d u c t i o n of t he S G 1 5 2 4 in 1 9 7 6 , 
in tegra ted c i r cu i t c o n t r o l l e r s have p l a y e d an i m 
p o r t a n t ro le in t h e rap id d e v e l o p m e n t a n d e x p l o i t a 
t i o n o f h i g h - e f f i c i e n c y s w i t c h i n g p o w e r s u p p l y 
t e c h n o l o g y . T h e 1 5 2 4 s o o n b e c a m e an i ndus t r y 
s t anda rd and was w i d e l y s e c o n d - s o u r c e d . 
A l t h o u g h th is dev ice c o n t a i n e d a l l the bas ic c o n t r o l 
e l e m e n t s requ i red f o r s w i t c h i n g regu la to r d e s i g n , 
p r a c t i c a l p o w e r supp l i es st i l l requ i red o t h e r f u n c 
t i o n s w h i c h had t o be i m p l e m e n t e d w i t h a d d i t i o n a l 
e x t e r n a l d iscre te c i r c u i t r y . 

A n a d d i t i o n a l d e v e l o p m e n t w i t h i n the s e m i c o n d u c 
t o r i ndus t r y was the i n t r o d u c t i o n o f p rac t i ca l 

P o w e r M o s w h i c h o f f e r e d the po ten t i a l o f h igher 
e f f i c i enc ies at h ighe r speeds w i t h resu l tan t l o w e r 
overa l l sys tem c o s t s . 
In o r d e r t o be ab le t o t a k e f u l l advantage of the 
speed c a p a b i l i t i e s of p o w e r M O S , it was necessary 
to p r o v i d e h igh p e a k c u r r e n t s to the gate d u r i n g 
t u r n - o n a n d t u r n - o f f t o q u i c k l y charge and d is
charge the gate c a p a c i t a n c e s o f 8 0 0 to 2 0 0 0 p F 
present in h igher c u r r e n t un i t s . 

T h e d e v e l o p m e n t o f a s e c o n d - g e n e r a t i o n regu la t ing 
P W M IC , the S G 1 5 2 5 A , and its c o m p l i m e n t a r y 
o u t p u t v e r s i o n , t h e S G 1 5 2 7 A , was a d i rec t resul t 
o f t h e des i re t o a d d m o r e p o w e r supp l y e lemen ts 
to the c o n t r o l I C , as w e l l as to o p t i m i z e the in 
t e r fac ing o f h igh c u r r e n t p o w e r dev ices . 

Fig. 1 - The SG1524 regulating PWM block diagram. 
This design was the first complete I.C. control chip for switch mode power supplies. 
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INTEGRATING MORE POWER SUPPLY 
FUNCTIONS 
H a v i n g a c h i e v e d the greatest level of a c c e p t a n c e 
a m o n g users o f f i rs t gene ra t i on c o n t r o l c h i p s , t he 
1 5 2 4 b e c a m e the s tar t ing p o i n t f o r e x p a n d i n g IC 
c o n t r o l l e r capab i l i t i es . T h i s ear ly d e v i c e , s h o w n in 
F i g u r e 1, c o n t a i n s a f i x e d - v o l t a g e re fe rence s o u r c e , 
an o s c i l l a t o r w h i c h generates b o t h a c l o c k s ignal 
a n d a l inear r a m p w a v e f o r m , a P W M c o m p a r a t o r , 
a n d a togg le f l i p - f l o p w i t h o u t p u t ga t ing t o s w i t c h 
the P W M signal a l te rna te l y b e t w e e n the t w o 
o u t p u t s . 

W i t h th is c i r c u i t r y a l ready d e f i n e d , a t w o p r o n g e d 
d e v e l o p m e n t e f f o r t was i n i t i a t e d : 1) t o a d d a d d i 
t i o n a l fea tu res requ i red b y m o s t p o w e r s u p p l y 
des igns a n d 2) t o i m p r o v e the u t i l i t y o f fea tu res 
a l r eady i n c l u d e d w i t h i n the 1 5 2 4 . T h e resu l tan t 
b l o c k d iag ram f o r the S G 1 5 2 5 A is s h o w n in 
F i g u r e 2 . T w o genera l c o m m e n t s s h o u l d be m a d e 
re la t i ve t o the overa l l b l o c k d i a g r a m . F i r s t , in o p t i 
m i z i n g the o u t p u t stage f o r b i - d i r e c t i o n a l , l o w i m 

p e d a n c e s w i t c h i n g , c o m m i t m e n t s had t o be m a d e 
as t o w h e t h e r t he o u t p u t s h o u l d be h igh o r l o w 
d u r i n g the ac t i ve , o r O N s ta te . S i n c e th i s is a p p l i c a 
t i o n d e f i n e d there are needs f o r b o t h o u t p u t s ta tes, 
so b o t h w e r e d e v e l o p e d w i t h the S G 1 5 2 5 A dev i ce 
d e f i n e d b y an o u t p u t c o n f i g u r a t i o n w h i c h is h igh 
d u r i n g the O N p u l s e , and the S G 1 5 2 7 A c o n f i g u r e d 
to r e m a i n h igh d u r i n g the O F F state. T h i s d i f 
f e rence is i m p l e m e n t e d b y a mask o p t i o n w h i c h 
e l im ina tes inver ter Q4 (see F i g u r e 3) f o r the 
S G 1 5 2 7 A . In al l o t h e r respec ts , the 1 5 2 5 A a n d 
1 5 2 7 A are i den t i ca l a n d any d e s c r i p t i o n o f the 
1 5 2 5 A cha rac te r i s t i c s a p p l y e q u a l l y to t he 1 5 2 7 A . 
S e c o n d , a ma jo r d i f f e r e n c e b e t w e e n th is n e w c o n 
t ro l l e r and t h e ear l ie r 1 5 2 4 is t he d e l e t i o n o f the 
c u r r e n t l i m i t a m p l i f i e r . T h e r e are so m a n y sys tem 
c o n s i d e r a t i o n s in p r o v i d i n g c u r r e n t c o n t r o l t ha t it 
is p re fe rab le t o leave t h i s as a u s e r - d e f i n e d e x t e r n a l 
o p t i o n and a l l o c a t e the package p i ns t o o t h e r , 
m o r e un ive rsa l l y reques ted f u n c t i o n s . C u r r e n t 
l i m i t i n g poss ib i l i t i es are d iscussed f u r t h e r u n d e r 
s h u t d o w n o p t i o n s . 



"TOTEM-POLE" OUTPUT STAGE 
O n e o f t h e mos t s ign i f i can t bene f i t s in us ing the 
S G 1 5 2 5 A is its o u t p u t c o n f i g u r a t i o n . F o r the f i rs t 
t i m e it has been recogn i zed in an IC c o n t r o l l e r tha t 
it is m o r e d i f f i c u l t t o t u r n a p o w e r s w i t c h o f f t h a n 
t u r n it o n . W i t h the S G 1 5 2 5 A , a h i g h - c u r r e n t , fast 
t r a n s i t i o n , l o w i m p e d a n c e d r i ve is p r o v i d e d f o r 
b o t h t u r n - o n and t u r n - o f f o f an ex te rna l p o w e r 
t r ans i s to r o r P o w e r M O S . T h e c i r c u i t s c h e m a t i c of 
o n e o f the t w o o u t p u t stages c o n t a i n e d w i t h i n the 
d e v i c e is s h o w n in F i g u r e 3 . T h i s is a t w o - s t a t e o u t 
p u t , e i ther Qg is o n , f o r m i n g a l o w sa tu ra t i on 
vo l t age p u l l - d o w n , o r Q7 is o n , p u l l i n g the o u t p u t 
u p t o V c - N o t e t ha t V c is a separa te t e r m i n a l f r o m 
t h e V j s u p p l y to the rest o f t h e d e v i c e . 
T h i s o f fe rs the bene f i t s o f p o t e n t i a l l y o p e r a t i n g the 
o u t p u t d r i v e f r o m a l o w e r s u p p l y t h a n the rest o f 
t h e c i r c u i t f o r p o w e r e f f i c i e n c i e s , d e c o u p l i n g o f 
d r i v e t rans ien ts f r o m m o r e sens i t ive c i r c u i t s , a n d a 
t h i r d t e rm ina l f o r e x t r a c t i n g a d r i ve s igna l . N o t e 
t h a t even t hough V c c a n be set e i ther h igher or 
l o w e r t h a n V j . t h e o u t p u t c a n n o t r ise h ighe r t h a n 
a p p r o x i m a t e l y 1V2 vo l t s b e l o w V j . 

Fig. 3 One of two power output stages contained 
within the SG1525A which conduct alter
nately due to the internal flip-flop. 

1 1 1 1 

(1J 5 0 0 JUA 

t 1 • 
P W M O S C FIf 

D u r i n g the t rans i t i on b e t w e e n states, the re is a 
s l igh t c o n d u c t i o n ove r lap b e t w e e n sou rce a n d s ink 
w h i c h resu l ts in a pu l se o f c u r r e n t f l o w i n g f r o m V C 

t o g r o u n d . H o w e v e r , d u e t o t he h i g h - s p e e d des ign 
c o n f i g u r a t i o n of th i s stage, t h i s c u r r e n t sp i ke lasts 
f o r o n l y a b o u t 1 0 0 ns. A t y p i c a l c u r r e n t w a v e f o r m 
at V C is s h o w n in F i g u r e 4 . T h i s t rans ien t w i l l 
n o r m a l l y be d e c o u p l e d f r o m the rest o f the c o n t r o l 
p o w e r by a 0.1 M F c a p a c i t o r f r o m V C t o g r o u n d 
b u t it shou ld n o t , o t h e r w i s e , cause a p r o b l e m 
un less very high f r e q u e n c y o p e r a t i o n is c o n t e m 
p l a t e d whe re it w i l l c o n t r i b u t e t o overa l l dev i ce 
p o w e r d i s s i p a t i o n , b y b e c o m i n g a s ign i f i can t p o r 
t i o n of the tota l d u t y c y c l e . 

T h e o u t p u t sa tu ra t ion cha rac te r i s t i c s o f th is stage 
are s h o w n in F igu re 5 . T h e sou rce t rans i s to r , Q 7 is 

a s t ra ight f o r w a r d D a r l i n g t o n a n d its sa tu ra t i on 
vo l tage rema ins b e t w e e n 1 and 2 V o u t t o 4 0 0 m A 
u n d e r t he a s s u m p t i o n t h a t V j > V c c . T h e s ink 
t rans i s to r , Q g , h o w e v e r , has a n o n - u n i f o r m c h a r a c 
te r is t i c w h i c h n e e d s e x p l a n a t i o n . A t l o w s ink 
c u r r e n t s , the 1 m A c u r r e n t sou rce t h r o u g h Q 5 

insures a very l o w s a t u r a t i o n vo l tage at t he o u t p u t . 
A s load cu r ren t inc reases past 5 0 m A , Q g beg ins to 
c o m e ou t of s a t u r a t i o n f o r lack o f base d r i ve bu t 
o n l y up t o a b o u t 2 V . H e r e d i o d e D2 b e c o m e s 
f o r w a r d b iased s h u n t i n g a p o r t i o n of t he l oad 
cu r ren t t h r o u g h Q5 t o b o o s t t h e base cu r ren t i n to 
Q8. W i t h th is c i r c u i t , t h e s ink t rans is to r c a n b o t h 
s u p p o r t h igh p e a k d i scha rge c u r r e n t s f r o m a c a p a -
c i t i ve l o a d , as w e l l as insure the l o w stat ic h o l d - o f f 
vo l tage requ i red f o r b i p o l a r t rans is to rs . 

Fig. 4 — Current "spiking" on the Vq terminal 
caused by conduction overlap between 
source and sink is minimized by high-speed 
design techniques. 

HORIZONTAL = 500ns/DIV 

Fig. 5 — The output saturation characteristics of 
the SG1525A provide both high drive cur
rent and low hold-off voltage. 

A t y p i c a l o u t p u t c o n f i g u r a t i o n f o r a p u s h - p u l l b i 
p o l a r t rans is to r p o w e r stage is s h o w n in F i g . 6 . W i t h 
a s teady state base d r i ve c u r r e n t f r o m the S G 1 5 2 5 A 
o f 1 0 0 m A , th is stage s h o u l d be ab le t o s w i t c h 1 t o 
5 A o f t r a n s f o r m e r p r i m a r y c u r r e n t , d e p e n d i n g 
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POWER SUPPLY SHUTDOWN 
A n i m p o r t a n t par t o f any P W M c o n t r o l l e r is the 
a b i l i t y t o shu t it d o w n at any t i m e f o r a va r ie ty o f 
reasons , i n c l u d i n g s y s t e m sequenc ing r e q u i r e m e n t s 
o r f au l t p r o t e c t i o n . Severa l o p t i o n s are ava i lab le t o 
t h e user o f the S G 1 5 2 5 A , w h i c h requ i re an u n d e r 
s t a n d i n g o f the c a p a b i l i t y o f the s h u t d o w n t e r m i 
n a l , p i n 10 . R e f e r r i n g t o F i g u r e 1 1 , t he base o f Q5 
is t u r n e d o n b y a s ignal w h i c h is c l a m p e d t o ap 
p r o x i m a t e l y 1 . 4 V b y the a c t i o n o f a n d the 
V B E ° f gates Q-3 a n d Q4. T h i s h o l d s the o u t p u t s 
o f f and keeps C s s d i scha rged b y Q5 w h i c h , w i t h 
R 9 , b e c o m e s a IOOJLIA net c u r r e n t s i n k . 

If, d u r i n g n o r m a l o p e r a t i o n , p i n 1 0 is p u l l e d h i g h , 
t h ree th ings h a p p e n . F i r s t , the o u t p u t s are t u r n e d 
o f f w i t h i n 2 0 0 n s t h r o u g h D1. S e c o n d , the P W M 
la t ch is set b y 0-6 so tha t even if t he s ignal at p i n 
1 0 w e r e t o d i s a p p e a r , t he o u t p u t s w o u l d s tay o f f 
f o r the d u r a t i o n o f tha t p e r i o d , be ing reset b y the 
n e x t c l o c k pu l se . T h i r d , Q5 is ac t i va ted c o m m e n c 
ing a 100 juA d ischarge o f C s s - H o w e v e r , if t he 
a c t i v a t i o n pu lse o n p i n 10 has a d u r a t i o n shor te r 
t h a n y 3 o f t he c l o c k p e r i o d , the vo l tage o n C s s 
w i l l r ema in h igh a n d so f t - s ta r t w i l l no t be reac t i 
v a t e d . N a t u r a l l y , a f i x e d signal o n p i n 10 w i l l 
e v e n t u a l l y d i scharge C s s . r e c y c l i n g so f t - s ta r t . 

T h u s , the s h u t d o w n p i n p rov i des b o t h s e q u e n c i n g 
c a p a b i l i t y as w e l l as a c o n v e n i e n t p o r t f o r p r o t e c 
t i ve f u n c t i o n s , i n c l u d i n g p u l s e - b y - p u l s e c u r r e n t 
l i m i t i n g . 

REGULATING PWM PERFORMANCE 
IMPROVEMENTS 
T h e S G 1 5 2 5 A a lso o f fe rs s ign i f i can t p e r f o r m a n c e 
a n d a p p l i c a t i o n i m p r o v e m e n t s in a l m o s t al l o f the 
a d d i t i o n a l bas ic f u n c t i o n s of a P W M over those 
o b t a i n a b l e w i t h ear l ie r dev ices . A genera l d e s c r i p 
t i o n o f these fea tu res is o u t l i n e d b e l o w : 

Reference Regulator: T h e o u t p u t vo l tage o f th i s 
regu la to r is i n te rna l l y t r i m m e d to 5 . 1 V ± 1% 
d u r i n g m a n u f a c t u r e , e l i m i n a t i n g the need f o r a d 
j us t i ng p o t e n t i o m e t e r s in m o s t a p p l i c a t i o n s . 

Error Amplif ier: S G 1 5 2 5 A uses the same bas ic 
t r a n s c o n d u c t a n c e a m p l i f i e r as t h e S G 1 5 2 4 w i t h an 
i m p o r t a n t d i f f e r e n c e : it is p o w e r e d b y V j ra ther 
t h a n V R E p . N o w the i npu t c o m m o n - m o d e range 
i n c l u d e s V R E P e l i m i n a t i n g the need f o r a vo l tage 
d i v i d e r w i t h i ts a t t endan t t o le rances . A n a d d i t i o n a l 
f ea tu re re la t ive to the e r ro r a m p l i f i e r is tha t the 
s h u t d o w n c i r c u i t r y feeds i n to a separate i n p u t t o 
the P W M c o m p a r a t o r a l l o w i n g pu lse t e r m i n a t i o n 
w i t h o u t a f f ec t i ng the o u t p u t o f the e r ro r a m p l i f i e r 
w h i c h m igh t have a s l o w r e c o v e r y , d e p e n d i n g u p o n 
the ex te rna l c o m p e n s a t i o n n e t w o r k se lec ted . A n 
i m p o r t a n t bene f i t o f a t r a n s c o n d u c t a n c e a m p l i f i e r 
is t he ease w i t h w h i c h its cu r ren t m o d e o u t p u t c a n 
be o v e r - r i d d e n by o t h e r ex te rna l c o n t r o l l i n g 
s igna ls . 

PWM Comparator: T h e s ign i f i can t bene f i t o f the 
S G 1 5 2 5 A ' s P W M c o m p a r a t o r is in its f o l l o w i n g 
l a t c h . A c o m m o n p r o b l e m w i t h ear l ier dev ices was 
t ha t a n y no ise or r i ng ing o n the o u t p u t o f t he e r ro r 
a m p l i f i e r w o u l d a f f ec t m u l t i p l e crossings o f t he 
o s c i l l a t o r r a m p s igna l resu l t ing in m u l t i p l e p u l s i n g 
at t he c o m p a r a t o r ' s o u t p u t . T h e S G 1 5 2 5 A ' s l a t ch 
t e r m i n a t e s the o u t p u t pu lse w i t h the f i rs t s ignal 
f r o m the c o m p a r a t o r , i nsu r ing tha t there c a n be 
o n l y a s ing le p u l s e per p e r i o d , remov ing a l l j i t te r o r 
t h r e s h o l d o s c i l l a t i o n f r o m the sys tem. A n o t h e r 
i m p o r t a n t advan tage o f th is la tch is the a b i l i t y t o 
eas i l y i m p l e m e n t d ig i ta l o r p u l s e - b y - p u l s e c u r r e n t 
l i m i t i n g b y m e r e l y m o m e n t a r i l y ac t i va t ing the 
s h u t d o w n c i r c u i t r y w i t h i n the S G 1 5 2 5 A . T h i s 
c o u l d be as s i m p l e as c o n n e c t i n g p in 10 t o a 
g r o u n d - r e f e r e n c e d c u r r e n t sensing res is tor . F o r 
greater a c c u r a c y , s o m e a d d e d gain may be a d v a n t a 
geous . O n c e a c u r r e n t s ignal causes s h u t d o w n , t he 
o u t p u t w i l l r e m a i n t e r m i n a t e d f o r the d u r a t i o n o f 
t he p e r i o d , even t h o u g h the cu r ren t signal is n o w 
g o n e . A n o s c i l l a t o r c l o c k signal resets the la tch t o 
star t each p e r i o d a n e w . 

Oscillator: T h e f u n c t i o n s o f the osc i l l a to r w i t h i n 
the S G 1 5 2 5 A have been b r o a d e n e d in t w o i m p o r t 
ant aspec ts . O n e is the a d d i t i o n o f a s y n c h r o n i z a 
t i o n t e r m i n a l , p i n 3 , a l l o w i n g m u c h easier in ter 
f a c i n g t o an e x t e r n a l c l o c k signal o r to s y n c h r o n i z e 
m u l t i p l e S G 1 5 2 5 A ' s toge the r . T h e o the r is the 
separa t i on o f t he osc i l l a t o r ' s d ischarge n e t w o r k 
f r o m its c h a r g i n g cu r ren t source fo r d e a d t i m e 
c o n t r o l . R e f e r e n c e s h o u l d be made to the s c h e m a t i c 
o f F i g u r e 12 fo r an unde rs tand ing of the o p e r a t i o n 
o f th is c i r c u i t . T h e hear t o f th is osc i l l a t o r is a 
d o u b l e - t h r e s h o l d c o m p a r a t o r , Q7 and Q g , w h i c h 
a l l o w s the t i m i n g c a p a c i t o r to charge t o an u p p e r 
t h r e s h o l d by m e a n s o f the cu r ren t source d e f i n e d 
by R y and m i r r o r e d by Q% and Q2. T h e c o m p a r a 
to r t hen s w i t c h e s to a l o w e r t h resho ld b y t u r n i n g 
o n Q j o a n d d ischarges Cy t h rough Q3 and Q4 w i t h 
a rate d e f i n e d by R Q . A S l ong as C j is d i s c h a r g i n g , 
t he c l o c k o u t p u t is h i g h , b l a n k i n g the o u t p u t s . 

S i n c e the overa l l o s c i l l a t o r f r e q u e n c y is d e f i n e d by 
the s u m o f t he cha rge and d ischarge t imes , there 
are th ree e l e m e n t s n o w in the f r e q u e n c y e q u a t i o n 
w h i c h is a p p r o x i m a t e l y : 

f 
1 

C T (.07 R T + 3 R D ) 

E x t e r n a l s y n c h r o n i z a t i o n can easi ly be a c c o m 
p l i s h e d w i t h a 2 . 8 V pos i t i ve pu lse at p i n 3 . T h i s 
w i l l t u r n o n Q9, l o w e r i n g the c o m p a r a t o r t h r e s h o l d 
b e l o w whereve r t h e vo l tage o n C j m a y h a p p e n to 
be . T w o fac to rs s h o u l d be c o n s i d e r e d : F i r s t , the 
vo l tage o n C T d e t e r m i n e s the a m p l i t u d e o f the 
P W M r a m p , and if the sync occu rs t o o ea r l y , the 
l o o p gain w i l l be h igher and the reso lu t i on m a y be 
w o r s e . S e c o n d , the sync c i r c u i t is regenerat ive 
w i t h i n 2 0 0 n s ; a n d , w h i l e a w i d e r pu lse c a n be 
u s e d , C-p w i l l no t begin t o recharge as l ong as the 
s y n c p i n is h i g h . F o r s y n c h r o n i z i n g m u l t i p l e 
S G 1 5 2 5 A dev i ces toge the r , one need o n l y to 
d e f i n e a mas te r w i t h the c o r r e c t R f C y t i m e c o n s " 
t an t , c o n n e c t its o u t p u t p i n t o the slave s y n c p i n s , 
and set each slave R y C - p f o r a t i m e c o n s t a n t 1 0 -
2 0 % longer t han the mas te r . 
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Fig. 12- A simplified schematic of the SG1525A's oscillator circuitry. 
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Fig. 13 - 200W, Off-Line Forward Converter. 

1 2 0 V A C 

o 

6 0 0 A J F 

m 2 5 0 V 

3,uF 750pF 
I 200V 1HV 

USD545 / W v * - , 
J - L 

7,uH 

'. USD545 

Yi UE51306 

2oon 
- C Z D -

2-2 i l 

63 

OPTO 
COUPLER 

4 0 A 

- o 



A 200 WATT, OFF-LINE, FORWARD 
CONVERTER 
T h e ease o f i n te r f ac ing the S G 1 5 2 5 A i n to a p rac 
t i ca l p o w e r s u p p l y s y s t e m can be i l l us t ra ted b y the 
o f f - l i n e , p o w e r c o n v e r t e r s h o w n in F igu re 1 3 . T h i s 
2 0 0 W s u p p l y p laces the c o n t r o l c i r c u i t r y o n the 
p r i m a r y s ide o f the p o w e r t r a n s f o r m e r w h e r e d i r ec t 
c o u p l i n g can be used t o d r i ve the p o w e r s w i t c h . 
W h i l e s i m p l i f y i n g the d r i ve e l e c t r o n i c s , th i s c o n 
f i g u r a t i o n usua l l y requ i res an i so la ted vo l tage f eed 
b a c k s ignal w h i c h is m o s t eas i ly a c c o m p l i s h e d b y 
an o p t o c o u p l e r d r i v e n b y s o m e t y p e o f vo l tage re
g u l a t o r IC such as a L 1 2 3 or L M 7 2 3 . O n e o t h e r 
u n d e f i n e d b l o c k in F i g u r e 1 3 is t he a u x i l i a r y p o w e r 
s u p p l y w h i c h supp l i es the l o w vo l tage , l o w c u r r e n t 
b ias s u p p l y f o r t he S G 1 5 2 5 A a n d the d r i ve f o r Q j . 
t h e p o w e r s w i t c h . T h e c h o i c e o f t he S G S P 4 7 9 
p o w e r M O S f o r th is s w i t c h keeps the to ta l p o w e r 
r e q u i r e m e n t s f r o m the a u x i l i a r y s u p p l y at less t h a n 
1 W ; read i l y i m p l e m e n t e d w i t h a s m a l l , l i n e - d r i v e n 
t r a n s f o r m e r . 

T h i s conve r t e r is des igned t o opera te at 1 5 0 k H z 
w h i c h is a c c o m p l i s h e d b y r u n n i n g the S G 1 5 2 5 A at 
3 0 0 k H z a n d us ing o n l y o n e o f the o u t p u t s . T h i s 
a lso a u t o m a t i c a l l y insures tha t the d u t y c y c l e can 
never be greater t h a n 5 0 % , a r e q u i r e m e n t o f the 
p o w e r t r a n s f o r m e r in th is c o n f i g u r a t i o n . T h e h igh 
o p e r a t i n g f r e q u e n c y a l l o w s the o u t p u t f i l t e r ' s 
r o l l - o f f t o be set at 1 2 k H z , great ly s i m p l i f y i n g the 
ove ra l l l o o p s tab i l i t y c o n s i d e r a t i o n s as adequa te 
response c a n be a c h i e v e d w i t h o n l y the s i n g l e - p o l e 
c o m p e n s a t i o n o f the e r ro r a m p l i f i e r p r o v i d e d by 
t h e 0.05juF c a p a c i t o r o n p i n 9 . 

T h e t o t e m - p o l e o u t p u t o f the S G 1 5 2 5 A is used t o 
advan tage t o d r i ve Q i b y p r o v i d i n g a 4 0 0 m A peak 
c u r r e n t t o charge a n d d ischarge the p o w e r M O S 
gate c a p a c i t a n c e w h i l e keep ing overa l l p o w e r d iss i 
p a t i o n l o w . W a v e f o r m p h o t o g r a p h s o f th is o p e r a 
t i o n are s h o w n in F igu re 14 . 

Fig. 14 — Current and voltage waveforms for the 
200W off-line forward converter with a 
SG1525A direct driven power MOS 
switch (operating frequency is 150kHz 
with output current equal to 40A). 

Vs/div 
a) Waveforms of i0, iG, V G 

W h e n ope ra t i ng at f u l l l o a d , the e f f i c i ency o f th i s 
conve r t e r is 7 3 % w i t h by far the greatest p o w e r 
losses o c c u r r i n g in t he o u t p u t rec t i f i e rs -even 
t h o u g h S c h o t t k y dev ices have been se lec ted . 

S w i t c h i n g losses have been m i n i m i z e d b y the fast 
c u r r e n t t r a n s i t i o n s , p r i m a r i l y d e f i n e d b y the 
leakage i n d u c t a n c e o f the t rans fo rmer . A l t h o u g h 
th is s w i t c h i n g t i m e c o u l d p r o b a b l y be even f u r t h e r 
r e d u c e d , there c o u l d be p r o b l e m s w i t h c u r r e n t 
sp ikes d u r i n g r ise t i m e due t o S c h o t t k y rec t i f i e r 
c a p a c i t a n c e . 

C u r r e n t l i m i t i n g fo r th i s conve r te r is p r o v i d e d by 
measu r i ng the c u r r e n t in S G S P 4 7 9 w i t h the 0.1 n 
res is tor in ser ies w i t h the source and us ing th i s 
vo l tage to ac t i va te the s h u t d o w n c i r c u i t r y w i t h i n 
the S G 1 5 2 5 A . W h i l e th i s w i l l p rov ide a f a s t - a c t i n g 
shor t c i r c u i t p r o t e c t i o n o n a p u l s e - b y - p u l s e bas is , 
a c o m p a r a t o r m a y need t o be added f o r a m o r e 
accu ra te c u r r e n t l i m i t t h r e s h o l d . 
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Fig. 15 - 500W, 100 kHz Half-Bridge Schematic. 
3.90 20nl 

Transformer Winding Data 
5 0 0 W , 1 0 0 k H z , O f f - L i n e , H a l f - B r i d g e C o n v e r t e r : 

T 1 C o r e : F e r r o x 4 8 6 T 2 5 0 - 3 C 8 
P r i : 1 4 T # 2 2 A W G 
Sec (2) : 7 T # 2 2 A W G 

T 2 C o r e : F e r r o x E C 5 2 - 3 C 8 ( E E ) 
P r i : 1 4 T , 2 layers , 2 # 1 6 A W G in para l le l 
Sec (2) : each 2 T , C.T. , c o p p e r s t rap 0 . 0 1 " x 0 . 8 " 

T 3 C o r e : F e r r o x 4 8 6 T 2 5 0 - 3 C 8 
P r i : 1 T 
S e c : 2 0 T , C T . # 2 2 A W G 

T 4 1 1 7 V / 2 2 0 V , 2 5 V , 0 . 1 5 A , 5 0 - 6 0 H z 

L1 C o r e : F e r r o x I F 3 0 - 3 C 8 
4 t u rns , 5 # 1 2 A W G in para l le l 

500 WATT, OFF-LINE, HALF-BFtlDGE 
CONVERTER 

T h e c i r c u i t s h o w n in F igu re 15 uses a pa i r o f 
S G S P 4 7 9 p o w e r M O S in a ha l f - b r i dge c o n f i g u r a 
t i o n w i t h the S G 1 5 2 5 A c h i p re fe renced t o t he 
s e c o n d a r y side o f the p o w e r t r a n s f o r m e r . 
T h e p o w e r M O S gates are d r i ven d i r e c t l y f r o m the 
c o n t r o l c h i p o u t p u t t h r o u g h step d o w n a n d iso
l a t i o n t rans fo rmer T 1 . T h e S G 1 5 2 5 A o u t p u t 
t e r m i n a l s (pins 11 a n d 14) p r o v i d e ac t i ve p u l l - u p 
a n d p u l l - d o w n (dual s o u r c e / s i n k ) f o r t he p r i m a r y 
o f T 1 . T h i s p rov ides the fas t , h igh c u r r e n t t u r n - o n 
a n d t u r n - o f f pu lses needed f o r the p o w e r M O S 
gates . In a d d i t i o n , the t w o ends o f t he p r i m a r y 
w i n d i n g s are sho r ted t o g r o u n d d u r i n g d e a d t i m e , 

w h i c h p reven ts a c c i d e n t a l t u r n - o n by t rans ien ts . 
N o t e tha t the c u r r e n t s u p p l i e d by the S G 1 5 2 5 A 
o u t p u t s d r o p s to a sma l l va lue w h e n the gate c a p a 
c i t ance has been charged o r d i scharged t o t he 
des i red gate v o l t a g e . D a m p i n g resistors w i t h ser ies 
b l o c k i n g c a p a c i t o r s across the t w o secondar ies o f 
T 1 m i n i m i z e r ing ing d u e t o the p o w e r M O S gate 
capac i t ance a n d t h e i n d u c t a n c e o f T1 a n d lead i n 
d u c t a n c e , p a r t i c u l a r l y d u r i n g d e a d t i m e . 

D e a d t i m e f o r the S G 1 5 2 5 A is set very s i m p l y b y a 
s ingle res is tor b e t w e e n p i ns 5 and 7. O n l y a s m a l l 
a m o u n t o f d e a d t i m e is needed s ince the p o w e r 
M O S have n o s torage t i m e a n d a very sho r t d e l a y 
t i m e . 
S l o w t u r n - o n is a c c o m p l i s h e d by a single c a p a c i t o r 
at p i n 8 . 
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C u r r e n t l i m i t i n g is p r o v i d e d by cu r ren t t r a n s f o r m e r 
T 3 in series w i t h the p r i m a r y of the p o w e r t rans
f o r m e r T 2 . T h e signal is r e c t i f i e d , t h r e s h o l d a d 
jus ted and sent t o t he s h u t d o w n t e r m i n a l , p i n 1 0 , 
o f t h e S G 1 5 2 5 A . 

W a v e f o r m s o f the conve r t e r are s h o w n in the scope 
p h o t o s o f F igu re 16 . C u r r e n t rise a n d fa l l t imes are 
2 0 n s a n d 10ns . 

Fig. 16 — Performance waveforms for the half-
bridge, 500W, 100kHz converter with 
output current of 80A. 
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a) Waveforms of iD, iG, V G 

IMPROVED PERFORMANCE; 
LESS COMPLEXITY 
A l t h o u g h p o w e r s u p p l y des igners f o r some t ime 
n o w have had a n ever w i d e n i n g i n v e n t o r y o f IC 
c o m p o n e n t s ava i lab le t o ease the i r des ign tasks , the 
f i na l measure of i m p r o v e m e n t has to be in te rms of 
sys tem p e r f o r m a n c e versus cos t . W i t h fewer i n 
te r face c o m p o n e n t s t o the p o w e r stages, f r e e d o m 
f r o m p o t e n t i o m e t e r ad j us tmen ts , p r o t e c t e d s ta r t -up 
and s h u t - d o w n , a b u i l t in so f t - s ta r t n e t w o r k and 
several a d d i t i o n a l s y s t e m - l e v e l fea tu res , the 
S G 1 5 2 5 A p rov i des a s ign i f i can t c o n t r i b u t i o n t o 
b o t h p e r f o r m a n c e a n d cos ts w h i l e s i m u l t a n e o u s l y 
m a k i n g the des igner ' s task easier . W i t h these ac
c o m p l i s h m e n t s , i t is c lear tha t th is dev i ce t ru l y 
does represent a s t e p - f u n c t i o n i m p r o v e m e n t , i n 
t r o d u c i n g a s e c o n d - g e n e r a t i o n o f p o w e r c o n t r o l 
c o m p o n e n t s . 

© 1984 byUnitrode Corporation. All rights reserved. 
This bulletin, or any part or parts thereof, must 
not be reproduced in any form without permission 
of the copyright owner. 
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A 25 WATT OFF-LINE 
FLYBACK SWITCHING REGULATOR 

INTRODUCTION 
T h i s no te descr ibes a l o w c o s t s w i t c h i n g p o w e r 
s u p p l y f o r a p p l i c a t i o n s requ i r i ng m u l t i p l e o u t p u t 
vo l t ages , e.g. pe rsona l c o m p u t e r s , i n s t r u m e n t s , 
e t c . . . T h e d i s c o n t i n u o u s m o d e f l y b a c k regu la to r 
used in th is a p p l i c a t i o n p r o v i d e s g o o d vo l tage 
t r a c k i n g be tween o u t p u t s , w h i c h a l l o w s the use o f 
p r i m a r y s ide vo l tage sens ing . T h i s sensing t ech 
n i q u e reduces costs by e l i m i n a t i n g the need f o r an 
i so la ted seconda ry f e e d b a c k l o o p . 

T h e l o w c o s t , (8 p in ) U C 1 8 4 2 c u r r e n t m o d e c o n t r o l 
c h i p e m p l o y e d in th i s p o w e r s u p p l y p rov i des per 
f o r m a n c e advantages such as: 

1) Fas t t rans ien t response 
2) Pu l se b y pulse cu r ren t l i m i t i n g 
3) S t a b l e o p e r a t i o n 

T o s i m p l i f y d r ive c i r c u i t r e q u i r e m e n t s , a T O - 2 2 0 
p o w e r M O S S G S P 3 6 9 is u t i l i z e d f o r the p o w e r 
s w i t c h . T h i s sw i t ch is d r i ven d i r e c t l y f r o m the 
o u t p u t of the c o n t r o l c h i p . 

Power Supply Specifications 
1. I npu t vo l tage : 9 5 V A C t o 1 3 0 V A C ( 5 0 H z / 

6 0 H z ) 

2 . O u t p u t vo l tage : 

A . + 5 V , ± 5 % : 1 A t o 4 A l o a d 
R i p p l e vo l tage : 5 0 m V P - P M a x 

B . + 1 2 V , + 3 % : 0.1 A to 0 . 3 A l oad 
R i p p l e vo l tage : 1 0 0 m V P - P M a x 

C . - 1 2 V , + 3 % : 0 . 1 A to 0 . 3 A load 
R i p p l e vo l tage : 1 0 0 m V P - P M a x . 

3 . L i n e I so la t i on : 3 7 5 0 V 

4 . S w i t c h i n g F r e q u e n c y : 4 0 K H z 

5 . E f f i c i e n c y @ F u l l L o a d : 7 0 % 

Basic Circuit Operation 
T h e 1 1 7 V A C i npu t l ine vo l tage is rec t i f i ed and 

s m o o t h e d t o p r o v i d e D C ope ra t i ng vo l tage f o r the 
c i r c u i t . W h e n p o w e r is i n i t i a l l y a p p l i e d t o the c i r 
c u i t , c a p a c i t o r C 2 charges t h r o u g h R 2 . W h e n the 
vo l tage across C 2 reaches a level of 1 6 V the o u t p u t 
o f IC1 is e n a b l e d , t u r n i n g o n p o w e r M O S Q 1 . 

D u r i n g the o n t i m e o f Q 1 , energy is s to red in the 
a i r gap of t r a n s f o r m e r ( i nduc to r ) T 1 . A t th is t i m e 
the p o l a r i t y o f t h e o u t p u t w i n d i n g s is such tha t al l 
o u t p u t rec t i f ie rs are reverse b iased and no energy is 
t r ans fe r red . P r i m a r y c u r r e n t is sensed by a res is to r , 
R 1 0 , a n d c o m p a r e d to a f i x e d 1 V re ference ins ide 
I C 1 . W h e n th is level is r e a c h e d , Q1 is t u rned o f f 
and the p o l a r i t y of a l l t r ans fo rmer w i n d i n g s re
verses, f o r w a r d b ias ing the o u t p u t rec t i f ie rs . A l l 
the energy s to red is n o w t rans fe r red to the o u t p u t 
c a p a c i t o r s . M a n y c y c l e s o f th is s tore / re lease a c t i o n 
are needed t o cha rge the o u t p u t s to the i r respect ive 
vo l tages . N o t e t h a t C 2 m u s t have enough energy 
s to red i n i t i a l l y t o keep the c o n t r o l c i r c u i t r y o p e 
ra t ing u n t i l C 4 is cha rged to a level of a p p r o x i m a t e l y 
1 3 V . T h e vo l tage across C 4 is f ed t h r o u g h a vo l tage 
d i v i de r to the e r ro r a m p l i f i e r (pin 2) and c o m p a r e d 
to an in te rna l 2 . 5 V re fe rence . 

E n e r g y s to red i n the leakage i n d u c t a n c e of T 1 
causes a vo l tage sp i ke w h i c h w i l l be added to the 
n o r m a l reset vo l tage across T 1 w h e n Q1 tu rns o f f . 
T h e c l a m p c o n s i s t i n g of D 4 , C 9 and R 1 2 l im i t s 
th is vo l tage e x c u r s i o n f r o m e x c e e d i n g the B V D S S 
ra t ing o f Q 1 . In a d d i t i o n , a t u r n - o f f snubber m a d e 
up of D 5 , C 8 a n d R 1 1 keeps p o w e r d i ss i pa t i on in 
Q1 l o w b y d e l a y i n g the vo l tage rise un t i l d ra i n cu r 
rent has dec reased f r o m its peak va lue . T h i s s n u b b e r 
a lso d a m p s ou t a n y r ing ing w h i c h m a y o c c u r d u e 
to pa ras i t i cs . 

Less t h a n 3 . 5 % l ine and load regu la t ion is ach ieved 
by l oad ing the o u t p u t o f the c o n t r o l w i n d i n g N c , 
w i t h R 9 . T h i s res is tor d iss ipates the leakage energy 
assoc ia ted w i t h th is w i n d i n g . N o t e that R 9 mus t 
be i so la ted f r o m R 2 w i t h d i o d e D 2 , o the rw ise C 2 
c o u l d no t charge to the 1 6 V necessary f o r in i t ia l 
s t a r t - u p . 

A sma l l f i l t e r i n d u c t o r in the 5 V seconda ry is a d d e d 
t o r e d u c e o u t p u t r i pp le vo l tage to less than 5 0 m V . 
T h i s i n d u c t o r a lso a t tenua tes any high f r e q u e n c y 
no ise . 
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Fig. 1 - 25W off-line flyback regulator 

- O 6 V / 4 A 

0-12v/tt3A 

N o t e s 1 - A l l res istors are 1 /4W un less n o t e d 
2 - See a p p e n d i x f o r c o n s t r u c t i o n de ta i l s 
3 - L1 = F e r r o x c u b e 2 0 4 T 5 0 - 3 C 8 ( T o r o i d ) , N° t u r n s : 4 , W i re G a u g e : 1 m m . ( 1 8 A W G ) 

Fig. 2 - Block diagram: UC1842 current mode controller 
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TYPICAL SWITCHING WAVEFORMS 

T o n - D r i ve w a v e f o r m s T o f f - D r i ve w a v e f o r m s 

U p p e r t r ace : Q i - G a t e t o sou rce vo l tage 
L o w e r t r ace : Q i - G a t e c u r r e n t 

lt!~T~-—r 

U p p e r t race : Q i - D r a i n t o sou rce vo l tage 
L o w e r t race : P r i m a r y c u r r e n t - ID 

U p p e r t race : + 5 V cha rg ing cu r ren t 
L o w e r t race : + 5 V o u t p u t r i pp le vo l tage 
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PERFORMANCE D A T A 

C O N D I T I O N S 5 V o u t 1 2 V o u t - 1 2 V o u t 

L o w L i n e ( 9 5 V A C ) 

± 12 @ 1 0 0 m A + 5 V @ 1 .OA 
4 . 0 A 

5 .211 
4 . 8 5 4 

1 2 . 0 5 
1 2 . 1 9 

-12 .01 
- 1 2 . 1 4 

+ 12 @ 3 0 0 m A + 5 V @ 1 .0A 
4 . 0 A 

5 . 1 9 9 
4 . 9 5 0 

1 1 . 7 3 
1 1 . 6 8 

- 1 1 . 6 9 
- 1 1 . 6 3 

N o m i n a l L i n e ( 1 2 0 V A C ) 

+ 12 @ 1 0 0 m A + 5 V @ 1 .0A 
4 . 0 A 

5 . 2 2 0 
4 . 8 7 5 

1 2 . 0 7 
1 2 . 2 3 

- 1 2 . 0 3 
- 1 2 . 1 8 

± 12 @ 3 0 0 m A + 5 V @ 1 .0A 
4 . 0 A 

5 . 2 0 8 
4 . 9 0 6 

1 1 . 7 3 
1 1 . 6 7 

- 1 1 . 6 8 
- 1 1 . 6 2 

H i g h L i n e ( 1 3 0 V A C ) 

± 12 @ 1 0 0 m A + 5 V @ 1 .0A 
4 . O A 

5 . 2 0 7 
4 . 8 5 5 

1 2 . 0 6 
12.21 

- 1 2 . 0 2 
- 1 2 . 1 5 

± 1 2 V @ 3 0 0 m A + 5 V @ 1 .OA 
4 . O A 

5 . 2 0 0 
4 . 9 0 2 

11.71 
1 1 . 6 6 

- 1 1 . 6 7 
11.61 

O v e r a l l L i n e and L o a d R e g u l a t i o n ± 3 . 5 % ± 2 . 3 % ± 2 . 4 % 

APPENDIX POWER TRANSFORMER -T1 

C o r e : F e r r o x c u b e E C - 3 5 / 3 C 8 
G a p : 0 . 2 5 m m . in each o u t e r leg 

N O T E : F o r r e d u c e d E M I p u t gap in cen te r leg o n l y . 
Use 0 . 5 m m . 

o-

N p=45 i 

] 
O 5 

"5= 

—o 

i — ° 

^ O 

TRANSFORMER CONSTRUCTION 

CONTROL WINDING 
Nr10,AWG30(0.25mm) 
2 IN PARALLEL 

+5V OUT, N = 4. AWG 26,(0.4mm) 
6 IN PARALLEL 

2 L A Y E R S 3M MYLAR T A P E 

C X ~ X " X ~ X ~ X 

i f f 
B O B B I N - 3 5 P C B 1 

2 LAYERS, 3M MYLAR TAPE 

+12V WINDINGS N = 9, AWG30(0.25mm) 
2 WIRES IN PARALLEL, 
BIFILAR WOUND 

PRIMARY N = A5, AWG 26(0.4mm) 
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UC3842 PROVIDES LOW-COST 
CURRENT-MODE CONTROL 

T h e f u n d a m e n t a l cha l lenge of p o w e r s u p p l y des ign 
is t o s i m u l t a n e o u s l y rea l ize t w o c o n f l i c t i n g ob jec 
t i ves : g o o d e lec t r i ca l p e r f o r m a n c e a n d l o w cos t . 
T h e U C 3 8 4 2 is an in tegra ted pu lse w i d t h m o d u 
l a t o r ( P W M ) des igned w i t h b o t h ' t h e s e ob jec t i ves 
in m i n d . T h i s IC p rov ides des igners an i nexpens i ve 
c o n t r o l l e r w i t h w h i c h t h e y can o b t a i n al l the per
f o r m a n c e advantages o f c u r r e n t - m o d e o p e r a t i o n . 
In a d d i t i o n , the U C 3 8 4 2 is o p t i m i z e d f o r e f f i c i en t 
p o w e r sequenc ing o f o f f - l i n e conve r te r s a n d f o r 
d r i v i n g increas ing ly p o p u l a r P O W E R M O S . 

T h i s a p p l i c a t i o n no te gives a f u n c t i o n a l d e s c r i p t i o n 
o f t h e U C 3 8 4 2 and suggests h o w t o i n c o r p o r a t e 
the IC i n t o p rac t i ca l p o w e r s u p p l i e s . A rev iew of 
c u r r e n t - m o d e c o n t r o l and its bene f i t s is i n c l u d e d 
a n d m e t h o d s of a v o i d i n g c o m m o n p i t f a l l s d is

cussed . T h e f i na l s e c t i o n p resen ts des igns o f t w o 
p o w e r supp l i es u t i l i z i n g U C 3 8 4 2 c o n t r o l . 

C U R R E N T - M O D E CONTROL 
F igu re 1 s h o w s the t w o - l o o p c u r r e n t - m o d e c o n t r o l 
s ys tem in a t y p i c a l b u c k regu la to r a p p l i c a t i o n . A 
c l o c k s ignal in i t ia tes p o w e r pu lses at a f i x e d f re
q u e n c y . T h e t e r m i n a t i o n o f each pu lse o c c u r s 
w h e n an ana log o f t he i n d u c t o r c u r r e n t reaches a 
t h r e s h o l d es tab l i shed b y the e r ro r s igna l . In th i s 
w a y the e r ro r s igna l a c t u a l l y c o n t r o l s peak i n d u c 
to r c u r r e n t . T h i s con t ras t s w i t h c o n v e n t i o n a l 
schemes in w h i c h t h e e r ro r s ignal d i r e c t l y c o n t r o l s 
pu lse w i d t h w i t h o u t regard t o i n d u c t o r c u r r e n t . 

Fig. 1- Two-loop current-mode control system 

O 0 

LATCH j ~ L _ n _ n _ 
OUTPUT 
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Severa l p e r f o r m a n c e advantages resul t f r o m the 
use o f c u r r e n t - m o d e c o n t r o l . F i r s t , an i n p u t vo l t 
age f e e d - f o r w a r d cha rac te r i s t i c is a c h i e v e d ; i.e., 
t h e c o n t r o l c i r c u i t i ns tan taneous l y co r rec t s f o r 
i n p u t vo l tage va r i a t i ons w i t h o u t us ing u p any o f 
t h e e r ro r a m p l i f i e r ' s d y n a m i c range. T h e r e f o r e , 
l i ne regu la t i on is e x c e l l e n t and the e r ro r a m p l i f i e r 
c a n be d e d i c a t e d t o c o r r e c t i n g f o r l oad va r i a t i ons 
e x c l u s i v e l y . 

F o r conve r te rs in w h i c h i n d u c t o r c u r r e n t is c o n 
t i n u o u s , c o n t r o l l i n g peak cu r ren t is near ly equ iv 
a len t t o c o n t r o l l i n g average cu r ren t . T h e r e f o r e , 
w h e n such conve r te r s e m p l o y c u r r e n t - m o d e c o n 
t r o l , the i n d u c t o r can be t rea ted as an e r ro r - vo l t -
a g e - c o n t r o l l e d - c u r r e n t - s o u r c e f o r the pu rposes o f 
sma l l - s i gna l ana lys i s . T h i s is i l l us t ra ted by F i g u r e 
2 . T h e t w o - p o l e c o n t r o l - t o - o u t p u t f r e q u e n c y re
sponse o f these conve r te r s is r e d u c e d t o a s ingle 
p o l e ( f i l ter c a p a c i t o r in para l le l w i t h load) response . 

Fig. 2 - Inductor looks like a current source to 
small signals 

V R E F O VOLTAGE 
CONTROLLED 
CURRENT 
SOURCE 

- O v o 

O n e resul t is t ha t t he e r ro r a m p l i f i e r c o m p e n s a t i o n 
c a n be des igned t o y i e l d a s tab le c l o s e d - l o o p c o n 
ve r te r response w i t h greater g a i n - b a n d w i d t h t h a n 
w o u l d be poss ib le w i t h p u l s e - w i d t h c o n t r o l , g iv ing 
t h e s u p p l y i m p r o v e d sma l l - s igna l d y n a m i c response 
t o c h a n g i n g l oads . A s e c o n d resul t is tha t t he e r ro r 

a m p l i f i e r c o m p e n s a t i o n c i r c u i t b e c o m e s s imp le r 
and be t te r b e h a v e d , as i l l us t ra ted in F i g u r e 3 . C a 
p a c i t o r C j and res is to r R j Z in F igu re 3a a d d a l o w 
f r e q u e n c y ze ro w h i c h cance ls one of the t w o c o n 
t r o l - t o - o u t p u t p o l e s o f n o n - c u r r e n t - m o d e c o n 
ver ters . F o r la rge-s igna l l oad changes , in w h i c h 
c o n v e r t e r response is l i m i t e d by i n d u c t o r s lew 
ra te , t h e e r ro r a m p l i f i e r w i l l saturate w h i l e the i n 
d u c t o r is c a t c h i n g up w i t h the l o a d . D u r i n g th i s 
t i m e , C j w i l l charge t o an a b n o r m a l leve l . W h e n the 
i n d u c t o r cu r ren t reaches its requ i red leve l , t he vo l t 
age o n C j causes a c o r r e s p o n d i n g e r ro r in s u p p l y 
o u t p u t vo l t age . T h e recove ry t i m e is R j Z C j , w h i c h 
m a y be m i l l e s e c o n d s . H o w e v e r , the c o m p e n s a t i o n 
n e t w o r k o f F i g u r e 3 b can be used w h e r e c u r r e n t -
m o d e c o n t r o l has e l i m i n a t e d the i n d u c t o r p o l e . 
La rge-s igna l d y n a m i c response is t hen grea t ly i m 
p r o v e d d u e t o t he absence o f C j . 

Fig. 3 - Required error amplifier compensation for 
continuos inductor current designs using 
(a) Dyty-cycle control and (b) Current-
mode control. 

Cf 
(a) 

Fig. 4 - UC3842 block diagram 
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C u r r e n t l im i t i ng is s i m p l i f i e d w i t h c u r r e n t - m o d e 
c o n t r o l . P u l s e - b y - p u l s e l i m i t i n g is, o f c o u r s e , 
i nhe ren t in the c o n t r o l s c h e m e . F u r t h e r m o r e , an 
u p p e r l im i t on the peak cu r ren t can be es tab l i shed 
b y s i m p l y c l a m p i n g the e r ro r vo l t age . A c c u r a t e 
c u r r e n t l im i t i ng a l l o w s o p t i m i z a t i o n o f m a g n e t i c 
a n d p o w e r s e m i c o n d u c t o r e l emen ts w h i l e ensur ing 
re l i ab le supp l y o p e r a t i o n . 

F i n a l l y , c u r r e n t - m o d e c o n t r o l l e d p o w e r stages can 
be o p e r a t e d in para l le l w i t h equa l c u r r e n t sha r ing . 
T h i s o p e n s the p o s s i b i l i t y o f a m o d u l a r a p p r o a c h 
t o p o w e r s u p p l y des ign . 

FUNCTIONAL DESCRIPTION 
A b l o c k d iagram o f the U C 3 8 4 2 appears in F i g 
u re 4 . T h i s IC w i l l opera te f r o m a l o w i m p e d a n c e 
D C sou rce of 1 0 V t o 3 0 V . O p e r a t i o n b e t w e e n 1 0 V 
a n d 1 6 V requires a s ta r t -up b o o t s t r a p t o a vo l tage 
greater t h a n 1 6 V in o rde r t o o v e r c o m e the u n d e r -
vo l t age l o c k o u t . V c c is i n te rna l l y c l a m p e d t o 3 4 V 
f o r o p e r a t i o n f r o m h igher vo l tage c u r r e n t - l i m i t e d 
sou rces ( l C c < 3 0 m A ) . 

Under-Voltage Lockout (UVLO) 
T h i s c i r c u i t insures tha t V c c j s adequa te to m a k e 
the U C 3 8 4 2 f u l l y o p e r a t i o n a l be fo re enab l i ng the 
o u t p u t stage. F i g u r e 5a shows tha t the U V L O t u r n -
o n and t u r n - o f f t h resho lds are f i x e d i n t e rna l l y at 
1 6 V a n d 1 0 V respec t i ve l y . T h e 6 V hys teres is 
p reven ts V C c o s c i l l a t i o n s d u r i n g p o w e r s e q u e n c i n g . 
F igu re 5 b s h o w s s u p p l y cu r ren t r e q u i r e m e n t s . 
S t a r t - u p c u r r e n t is less t h a n 1 m A f o r e f f i c i en t 
b o o t s t r a p p i n g f r o m the rec t i f i ed i npu t of an o f f 
l ine c o n v e r t e r , as i l l us t ra ted b y F i g u r e 6 . D u r i n g 
n o r m a l c i r c u i t o p e r a t i o n , V c c is d e v e l o p e d f r o m 
a u x i l i a r y w i n d i n g W A U X w i t h D i a n d C I N . A t 
s t a r t - u p , h o w e v e r , C I N m u s t be cha rged t o 1 6 V 
t h r o u g h R| | \ j - W i t h a s ta r t -up c u r r e n t o f 1 m A , R||sj 
can be as large as 1 0 0 k f 2 a n d st i l l charge C I N w h e n 
V A C = 9 0 V R M S ( l ow l ine) . P o w e r d i s s i p a t i o n in 
R | N w o u l d t h e n be less t h a n 3 5 0 m W even u n d e r 
h igh l ine ( V A c = 1 3 0 V R M S ) c o n d i t i o n s . 

D u r i n g U V L O , t h e U C 3 8 4 2 o u t p u t d r i ve r is b iased 
t o a h igh i m p e d a n c e state. H o w e v e r , leakage cur 
rents (up to 10 juA) , if no t s h u n t e d t o g r o u n d , c o u l d 
p u l l h igh t h e g a t e o f a P O W E R M O S . A 1 0 0 k O s h u n t , 
as s h o w i n g in F i g u r e 6 , w i l l h o l d the gate vo l tage 
b e l o w 1 V . 

Fig. 5 (a) - Under-voltage lockout and (b) supply current requirements. 

ON/OFF COMMAND 
TO REST OF IC 

V 0 N = 16V 

V O F = 10V 

(a) 

10 V 16V 

(b) 
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Oscillator 
T h e U C 3 8 4 2 o s c i l l a t o r is p r o g r a m m e d as s h o w n in 
F i g u r e 7 a . O s c i l l a t o r t i m i n g c a p a c i t o r C y is charged 
f r o m V R E F ( 5 V ) t h r o u g h R j , and d i scha rged by 
an in te rna l c u r r e n t sou rce . C h a r g e and d ischarge 
t i m e s are g iven b y : 

t c « 0 . 5 5 R j C T 

o n 0 / 0 . 0 0 6 3 R - r - 2 .7 
t d * R T C T ! 

\ 0 . 0 0 6 3 R T - 4 . 0 

f r e q u e n c y , t h e n , is : f = 
1 

t c + t d 

F o r R y > 5 k S l , t d is smal l c o m p a r e d t o t c , a n d : 

1 1.8 

0 . 5 5 R T C T R T C T 

D u r i n g the d i scha rge t i m e , the in te rna l c l o c k signal 
b l a n k s the o u t p u t t o t h e l o w state. T h e r e f o r e , td 
l im i t s m a x i m u m d u t y c y c l e ( D M A X ) t o : 

' M A X 
t C + t d 

1 
td 

w h e r e : r = 1/f = s w i t c h i n g p e r i o d . 

T h e t i m i n g c a p a c i t o r d i scharge cu r ren t is no t 
t i gh t l y c o n t r o l l e d , so t d m a y va ry s o m e w h a t over 
t e m p e r a t u r e a n d f r o m un i t t o un i t . T h e r e f o r e , 
w h e n ve ry p rec ise d u t y c y c l e l i m i t i n g is r e q u i r e d , 
t he c i r c u i t o f F i g u r e 7 b is r e c o m m e n d e d . 

O n e o r m o r e U C 3 8 4 2 osc i l l a t o r s can be s y n c h r o n 
ized t o an e x t e r n a l c l o c k as s h o w n in F i g u r e 8. 
N o i s e i m m u n i t y is e n h a n c e d if the f r e e - r u n n i n g 
o s c i l l a t o r f r e q u e n c y (f = 1 / ( t c + td)) i s p r o g r a m m e d 
t o be ~ 2 0 % less t h a n t h e c l o c k f r e q u e n c y . 

Fig. 7 (a) - Oscillator timing connections and (b) circuit for limiting duty cycle. 

(a) 

D M A X = 
( t H + t L ) 

t H = 0 . 6 9 3 ( R A + R B ) C 
t L = 0 . 6 9 3 R B C 

Fig. 8 - Synchronization to an external clock 
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Error Amplifier 
T h e e r ro r a m p l i f i e r ( E / A ) c o n f i g u r a t i o n is s h o w n in 
F i g u r e 9 . T h e n o n - i n v e r t i n g i n p u t is no t b r o u g h t 
o u t t o a p i n , b u t is i n t e rna l l y b iased t o 2 . 5 V ± 2%. 
T h e E / A o u t p u t is ava i l ab le at p i n 1 f o r ex te rna l 
c o m p e n s a t i o n , a l l o w i n g the user t o c o n t r o l the 
c o n v e r t e r ' s c l o s e d - l o o p f r e q u e n c y response. 

F i g u r e 10a s h o w s an E / A c o m p e n s a t i o n c i r c u i t 
su i t ab le f o r s t a b i l i z i n g a n y c u r r e n t - m o d e c o n 
t r o l l e d t o p o l o g y e x c e p t f o r f l y b a c k a n d b o o s t 
conve r te rs o p e r a t i n g w i t h c o n t i n u o u s i n d u c t o r 
c u r r e n t . T h e f e e d b a c k c o m p o n e n t s a d d a p o l e t o 
t he l o o p t rans fe r f u n c t i o n at f p = 1/2TT R f C f . R f 
a n d C f are c h o s e n so t ha t th is po l e cance ls t he ze ro 
o f the o u t p u t f i l t e r c a p a c i t o r E S R in the p o w e r 
c i r c u i t . R j a n d R f f i x t h e l o w - f r e q u e n c y ga in . T h e y 
are c h o s e n t o p r o v i d e as m u c h ga in as poss ib le 
w h i l e s t i l l a l l o w i n g the p o l e f o r m e d b y the o u t p u t 
f i l t e r c a p a c i t o r a n d l o a d t o ro l l o f f the l o o p ga in t o 
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u n i t y (OdB) at f « f s w i t c h i n g / 4 . T h i s t e c h n i q u e 
insures conve r t e r s tab i l i t y w h i l e p r o v i d i n g g o o d 
d y n a m i c response. 

C o n t i n u o u s - i n d u c t o r - c u r r e n t b o o s t and f l y b a c k 
c o n v e r t e r s each have a r i g h t - h a l f - p l a n e ze ro in the i r 
t r ans fe r f u n c t i o n . A n a d d i t i o n a l c o m p e n s a t i o n po le 
is n e e d e d t o rol l o f f l o o p gain at a f r e q u e n c y less 
t h a n tha t o f the R H P z e r o . R p a n d C p in the c i r 
c u i t o f F i g u r e 10b p r o v i d e th is p o l e . 

T h e E / A o u t p u t w i l l sou rce 0 . 5 m A a n d s ink 2 m A . 
A l o w e r l i m i t for R f is g iven b y : 

n V E / A O U T (MAX) - 2.5V 6V - 2.5V 
H f (MIN) » — 0.5mA 0.5mA 7kfi 

E / A i n p u t b ias c u r r e n t (2j i iA m a x ) f l o w s t h r o u g h 
R j ( resu l t i ng in a D C e r ro r in o u t p u t vo l tage ( V 0 ) 
g iven b y : 

A V o ( M A X ) = (2MA) R j 

It is t he re fo re des i r ab le t o keep the va lue o f R j as 
l o w as poss ib le . 

F igu re 11 s h o w s t h e o p e n - l o o p f r e q u e n c y response 
o f the U C 3 8 4 2 E / A . T h e ga in represent an u p p e r 
l im i t o n the ga in o f t he c o m p e n s a t e d E / A . Phase 
lag increases r a p i d l y as f r e q u e n c y exceeds 1 M H z 
due t o s e c o n d - o r d e r po les at ~ 1 0 M H z a n d a b o v e . 

Fig. 10- (a) Error amplifier compensation addi
tion pole and (b) needed for continuous 
inductor-current boost ad flyback. 

Fig. 11 - Error amplifier open-loop frequency 
response 

G 57 88 

10 100 IK 10K 100K 1M f(Hz) 

Current Sensing and Limiting 
T h e U C 3 8 4 2 c u r r e n t sense i npu t is c o n f i g u r e d as 
s h o w n in F igu re 1 2 . C u r r e n t - t o - v o l t a g e c o n v e r s i o n 
is d o n e e x t e r n a l l y w i t h g r o u n d - r e f e r e n c e d res is tor 
R s . U n d e r n o r m a l o p e r a t i o n the peak vo l tage 
across R s is c o n t r o l l e d b y the E / A a c c o r d i n g to 
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the f o l l o w i n g r e l a t i o n : t o - s e n s e d - c u r r e n t gain is: 

V R c - ( P k ) V C - 1 .4V ' ( p k ) N 

w h e r e : Vc = c o n t r o l vo l tage = E / A o u t p u t vo l t age . 

Rs can be c o n n e c t e d t o the p o w e r c i r c u i t d i r e c t l y 
o r t h r o u g h a c u r r e n t t r a n s f o r m e r , as F i g u r e 13 i l 
lus t ra tes . W h i l e a d i r ec t c o n n e c t i o n is s i m p l e r , a 
t r a n s f o r m e r can reduce p o w e r d i s s i p a t i o n in Rs, 
r educe er rors caused by the base c u r r e n t , and p ro 
v i d e level sh i f t i ng to e l i m i n a t e the rest ra in t o f 
g r o u n d - r e f e r e n c e d sens ing . T h e re la t i on b e t w e e n 
Vc and peak c u r r e n t in the p o w e r stage is g iven b y : 

' (Pk ) = N 
V R s ( P k ) \ 

R s ~ / 
N 

3 R < 
1.4V 

w h e r e : N = c u r r e n t sense t r a n s f o r m e r tu rns ra t i o . 
= 1 w h e n t r a n s f o r m e r no t used . 

F o r pu rposes o f sma l l - s igna l ana lys i s , the c o n t r o l -

V c 3 R S 

W h e n sensing c u r r e n t in series w i t h the p o w e r 
t r ans i s to r , as s h o w n in F i g u r e 1 3 , cu r ren t wave
f o r m w i l l o f t en have a large sp i ke at its lead ing 
edge. T h i s is d u e t o rec t i f i e r recove ry a n d / o r i n te r -
w i n d i n g c a p a c i t a n c e in the p o w e r t r a n s f o r m e r . If 
u n a t t e n u a t e d , t h i s t r ans ien t can p r e m a t u r e l y 
t e r m i n a t e the o u t p u t pu lse . A s s h o w n , a s i m p l e 
R C f i l t e r is u s u a l l y a d e q u a t e to suppress th is s p i k e . 
T h e R C t i m e c o n s t a n t s h o u l d be a p p r o x i m a t e l y 
equa l t o the c u r r e n t s p i k e d u r a t i o n (usua l ly a f e w 
h u n d r e d n a n o s e c o n d s ) . 

T h e inver t ing i n p u t t o the U C 3 8 4 2 cu r ren t - sense 
c o m p a r a t o r is i n t e r n a l l y c l a m p e d to 1 V (F igu re 
12 ) . C u r r e n t l i m i t i n g o c c u r s if the vo l tage at p i n 3 
reaches th is t h r e s h o l d v a l u e , i.e. the c u r r e n t l i m i t 
is d e f i n e d b y : 

N • 1 V 
I M A X = 

Fig. 12 - Current sensing 
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Fig. 13- Transformer-coupled current sensing 
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Totem-Pole Output 
T h e U C 3 8 4 2 has a s ing le t o t e m - p o l e o u t p u t . T h e 
o u t p u t t rans is to rs c a n be o p e r a t e d t o ± 1 A peak 
c u r r e n t a n d ± 2 0 0 m A average c u r r e n t . T h e peak 
c u r r e n t is s e l f - l i m i t i n g , so no series c u r r e n t - l i m i t i n g 
res is tor is needed w h e n d r i v i ng a p o w e r M O S gate. 

C r o s s - c o n d u c t i o n b e t w e e n the o u t p u t t rans is to rs 
is m i n i m a l , as F i g u r e 14 s h o w s . T h e average a d d e d 
p o w e r d u e to c r o s s - c o n d u c t i o n w i t h V j = 3 0 V is 
o n l y 8 0 m W at 2 0 0 k H z . 

Fig. 14 - Output cross-conduction 

200ns/div. 
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F i g u r e s 1 5 - 1 7 s h o w suggested c i r cu i t s f o r d r i v i n g 
P O W E R M O S a n d b i p o l a r t rans is to rs w i t h t he 
U C 3 8 4 2 o u t p u t . T h e s i m p l e c u r c u i t o f F i g u r e 15 
c a n be used w h e n the c o n t r o l IC is no t e l ec t r i ca l l y 
i so la ted f r o m t h e p o w e r M O S . Ser ies res is tor R i 
p r o v i d e s d a m p i n g f o r a paras i t i c t ank c i r c u i t f o r 
m e d b y t h e p o w e r M O S i n p u t c a p a c i t a n c e a n d a n y 
ser ies w i r i n g i n d u c t a n c e . R e s i s t o r R 2 shun ts o u t p u t 
leakage cu r ren ts (10juA m a x i m u m ) t o g r o u n d w h e n 
t h e unde r - vo l t age l o c k o u t is ac t i ve . F i g u r e 16 
s h o w s an iso lated p o w e r M O S d r i ve c i r c u i t w h i c h is 
a p p r o p r i a t e w h e n the dr i ve s ignal m u s t be l e v e l -
s h i f t e d o r t r ansm i t t ed across an i so la t i on b o u n d a r y . 
B i p o l a r t rans is tors can be d r i ven e f f ec t i ve l y w i t h 
the c i r c u i t of F i g u r e 1 7 . Res is to rs R i a n d R 2 f i x 
t h e o n - s t a t e base c u r r e n t . C a p a c i t o r C i p rov i des a 
negat i ve base cu r ren t pu lse t o remove s to red charge 
at t u r n - o f f . 

Fig. 15- Direct POWERMOS drive 
12 to 20V 
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Fig. 16- Isolated POWERMOS drive 
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Fig. 17- Bipolar drive with negative turn-off bias 

121030V 

PWM Latch 
T h i s f l i p - f l o p , s h o w n in F i g u r e 4 , ensures tha t o n l y 
a s ing le pu l se appea rs at t h e U C 3 8 4 2 o u t p u t in any 
one o s c i l l a t o r p e r i o d . E x c e s s i v e p o w e r t rans is to r 
d i s s i p a t i o n a n d p o t e n t i a l sa tu ra t i on o f m a g n e t i c 
e l emen ts are t h e r e b y a v e r t e d . 

Shutdown Techniques 
S h u t d o w n of t h e U C 3 8 4 2 can be a c c o m p l i s h e d by 
t w o m e t h o d s ; e i t he r raise p i n 3 above 1 V or p u l l 
p i n 1 b e l o w 1 V . E i t h e r m e t h o d causes t he o u t p u t 
o f t he P W M c o m p a r a t o r t o be h igh (refer t o b l o c k 
d i a g r a m . F i g u r e 4 ) . T h e P W M la tch is reset d o m i 
nan t so tha t t he o u t p u t w i l l r ema in l o w un t i l t he 
f i rs t c l o c k p u l s e f o l l o w i n g remova l o f the shut 
d o w n s ignai at p i n 1 o r p i n 3 . A s s h o w n in F i g u r e 
1 8 , an e x t e r n a l l y l a t ched s h u t d o w n c a n be ac
c o m p l i s h e d b y a d d i n g an S C R w h i c h w i l l be reset 
b y c y c l i n g Vcc b e l o w the l o w e r u n d e r - v o l t a g e 
l o c k o u t t h r e s h o l d ( 1 0 V ) . A t th is p o i n t a l l i n te rna l 
b ias is r e m o v e d , a l l o w i n g t he S C R t o reset. 

Fig. 18- Shutdown achieved by 
a) Pulling pin 3 high 
b) Pulling pin 1 Low 
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AVOIDING COMMON PITFALLS 
C u r r e n t - m o d e c o n t r o l l e d conve r te rs c a n e x h i b i t 
p e r f o r m a n c e p e c u l i a r i t i e s u n d e r ce r ta in ope ra t i ng 
c o n d i t i o n s . T h i s s e c t i o n e x p l a i n s these s i t ua t i ons 
and h o w t o c o r r e c t t h e m w h e n us ing t he U C 3 8 4 2 . 

Slope Compensation Prevents 
Instabilities 
It is w e l l d o c u m e n t e d tha t c u r r e n t - m o d e c o n t r o l l e d 
conve r te r s c a n e x h i b i t s u b h a r m o n i c o s c i l l a t i o n s 
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w h e n o p e r a t e d at d u t y c y c l e s greater t h a n 5 0 % . 

F o r t u n a t e l y , a s i m p l e t e c h n i q u e (usua l l y r equ i r i ng 
o n l y a s ing le res is tor t o i m p l e m e n t ) ex is ts w h i c h 
c o r r e c t s th is p r o b l e m a n d at the same t i m e i m 
p roves c o n v e r t e r p e r f o r m a n c e in o the r respects . 
T h i s " s l o p e c o m p e n s a t i o n " t e c h n i q u e is d e s c r i b e d 
i n de ta i l in R e f e r e n c e 6 . It s h o u l d be n o t e d tha t 
" d u t y c y c l e " here refers t o o u t p u t pu lse w i d t h 
d i v i d e d b y o s c i l l a t o r p e r i o d , even in p u s h - p u l l 
des igns w h e r e the t r a n s f o r m e r p e r i o d is t w i c e tha t 
o f the o s c i l l a t o r . T h e r e f o r e , p u s h - p u l l c i r c u i t s w i l l 
a l m o s t a l w a y s requ i re s lope c o m p e n s a t i o n t o 
p reven t s u b h a r m o n i c o s c i l l a t i o n . 

F i g u r e 19 i l lus t ra tes the s lope c o m p e n s a t i o n 
t e c h n i q u e . In F i g u r e 19a t h e u n c o m p e n s a t e d c o n 
t r o l vo l t age a n d c u r r e n t sense w a v e f o r m s are s h o w n 
as a re fe rence . C u r r e n t is o f t e n sensed in series w i t h 
t h e s w i t c h i n g t rans i s to r f o r b u c k - d e r i v e d t o p 
o l og ies . In th is case , the c u r r e n t sense s ignal does 
n o t t r ack the d e c a y i n g i n d u c t o r c u r r e n t w h e n the 
t rans i s to r is o f f , so d a s h e d l ines i nd i ca te th is in
d u c t o r c u r r e n t . T h e negat ive i n d u c t o r c u r r e n t 
s l o p e is f i x e d by the va lues o f o u t p u t vo l tage ( V 0 ) 
a n d i n d u c t a n c e ( L ) : 

d i L 

dt 
V L _ - V F - V C 

- ( V F + V 0 ) 

w h e r e : V p = f o r w a r d vo l tage d r o p across the f ree
w h e e l i n g d i o d e . T h e ac tua l s l ope ( m 2 ) o f the 
d a s h e d l ines in F i g u r e 19a is g iven b y : 

Rs d i |_ 

dt 

• R S ( V F + VQ) 

N L 

w h e r e : R s and N are d e f i n e d as the " C u r r e n t 
S e n s i n g " s e c t i o n o f th is pape r . 

In F i g u r e 1 9 b , a s a w t o o t h vo l tage w i t h s l ope m has 
b e e n a d d e d t o t he c o n t r o l s igna l . T h e s a w t o o t h is 
s y n c h r o n i z e d w i t h the P W M c l o c k , a n d p r a c t i c e is 
m o s t eas i ly de r i ved f r o m the c o n t r o l c h i p osc i l l a t o r 
as s h o w n in F i g u r e 2 0 a . T h e s a w t o o t h s lope in F i 
gu re 1 9 b is m = m 2 / 2 T h i s p a r t i c u l a r s lope va lue is 
s i g n i f i c a n t in tha t it y i e l d s " p e r f e c t " c u r r e n t - m o d e 
c o n t r o l ; i.e. w i t h m2/2 t he average i n d u c t o r cu r 
ren t f o l l o w s the c o n t r o l s ignal so t ha t , in t he s m a l l -
s igna l a n a l y s i s , t he i n d u c t o r ac ts as a c o n t r o l l e d cu r 
r en t s o u r c e . A l l c u r r e n t - m o d e c o n t r o l l e d conve r t e r s 
hav ing c o n t i n u o u s i n d u c t o r c u r r e n t t he re fo re 
b e n e f i t f r o m th is a m o u n t o f s l ope c o m p e n s a t i o n , 
w h e t h e r o r no t t h e y o p e r a t e a b o v e 5 0 % d u t y . 

M o r e s lope is needed t o p reven t s u b h a r m o n i c 
o s c i l l a t i o n s at h igh d u t y c y c l e s . W i t h s lope m = m 2 , 
s u c h o s c i l l a t i o n s w i l l no t o c c u r if t he e r ro r a m p l i 
f i e r ga in ( A v ( E / A ) ) at ha l f t he s w i t c h i n g f re
q u e n c y ( fs/2) is kep t b e l o w a t h r e s h o l d va lue 
( R e f e r e n c e 6 ) : 

A V ( E / A ) 
m = m 2 

f - f s / 2 
4 r 

w h e r e : C o = s u m of f i l t e r a n d l oad c a p a c i t a n c e 
r = 1/f s 

Fig. 19 - Slope compensation waveforms: 
a) No Comp. 
b) Comp. added to control voltage 
c) Comp. added to current sense 

INDUCTOR 
CURRENT 
CURRENT SENSE 
(TRANSISTOR CURRENT) 

CURRENT SENSE 
(TRNSISTOR CURRENT) 

S l o p e c o m p e n s a t i o n c a n a lso i m p r o v e the no ise 
i m m u n i t y of a c u r r e n t - m o d e c o n t r o l l e d s u p p l y . 
W h e n the i n d u c t o r r i p p l e c u r r e n t is sma l l c o m 
pa red t o the average c u r r e n t (as in F i g u r e 1 9 a ) , 
a sma l l a m o u n t o f no i se o n the c u r r e n t sense or 
c o n t r o l s ignals c a n cause a large p u l s e - w i d t h j i t te r . 
T h e m a g n i t u d e o f th i s j i t te r var ies inverse ly w i t h 
the d i f f e r e n c e in s lope o f t h e t w o s ignals . B y a d d i n g 
s lope as in F i g u r e 1 9 b , t h e j i t te r is r e d u c e d . In 
no i sy e n v i r o n m e n t s it is s o m e t i m e s necessary to 
a d d s lope m > m2 in o r d e r t o c o r r e c t th i s p r o b l e m . 
H o w e v e r , as m increases b e y o n d m = m2/2, 
the c i r c u i t b e c o m e s less p e r f e c t l y c u r r e n t c o n 
t r o l l e d . A c o m p l e x t r a d e - o f f is t h e n r e q u i r e d ; f o r 
very n o i s y c i r c u i t s t h e o p t i m u m a m o u n t o f s l ope 
c o m p e n s a t i o n is best f o u n d e m p i r i c a l l y . 
O n c e the r e q u i r e d s l ope is d e t e r m i n e d , t he va lue 
of R S L O P E in F i g u r e 2 0 a c a n be c a l c u l a t e d : 

A V R A M P 
A t R A M P 

0 - 7 V / R S L O P E \ 

R S L O P E 
3 m T 

1.4 ( Z F | f s ) = 2.1 

1.4 / R S L O P E \ 

r \ Z F | f s / 

Z F | f s 

w h e r e : Z p | fs is t h e E / A f e e d b a c k i m p e d a n c e at 
the s w i t c h i n g f r e q u e n c y . 

F o r m = m L : A T R A M P 

R , - 7 / R s ( V F + V n ) \ R S L O P E - 1.7T ( - 5 y Z F l f s 
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N o t e tha t in o rder f o r t he e r ro r a m p l i f i e r t o ac
c u r a t e l y rep l i ca te t he r a m p , Z p m u s t be c o n s t a n t 
o v e r t h e f r e q u e n c y range f s t o at least 3 f s . 

In o r d e r t o e l im ina te t h i s last c o n s t r a i n t , an a l t e rna 
t i ve m e t h o d of s lope c o m p e n s a t i o n is s h o w n in 
F i g u r e s 19c and 2 0 b . H e r e t h e a r t i f i c i a l s l ope is 
a d d e d t o t he c u r r e n t sense w a v e f o r m ra ther t h a n 
s u b t r a c t e d f r o m the c o n t r o l s igna l . T h e m a g n i t u d e 
o f t h e a d d e d s lope s t i l l re lates t o t he d o w n s l o p e o f 
i n d u c t o r cu r ren t as d e s c r i b e d above . T h e requ i re 
m e n t f o r FtsLOPE is n o w : 

Rf A V R A M P I 

A t R A M P \ Rf + R S L O P E 

1 . 4 R f 
* S L O P E = mr 

Rf 

Rf + R S L O P E / 

4 

F o r m = r t i2 ; 

R S L O P E = R f ! 
1 . 4 N L 

Rs(V F + Vo i r 

R S L O P E l oads t h e U C 3 8 4 2 R T / C T t e r m i n a l so as 
t o cause a dec rease in o s c i l l a t o r f r e q u e n c y . If 
R S L O P E » R T t h e n the f r e q u e n c y c a n be c o r 
rec ted b y dec reas ing R T s l i g h t l y . H o w e v e r , w i t h 
R S L O P E <> 5 R j t h e l i nea r i t y o f t he r a m p degrades 
n o t i c e a b l y , c a u s i n g o v e r - c o m p e n s a t i o n o f t he 
s u p p l y at l o w d u t y c y c l e s . T h i s c a n be a v o i d e d b y 
d r i v i n g R S L O P E w i t h a n e m i t t e r - f o l l o w e r as s h o w n 
in F i g u r e 2 1 . 

Fig. 20 - Slope compensation added (a) to control signal or (b) to current sense waveform 

(b) 
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Fig. 21 - Emitter-follower minimizes load at 
RT/CT terminal. 
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Noise 
A s m e n t i o n e d ear l i e r , no ise o n the c u r r e n t sense o r 
c o n t r o l s ignals c a n cause s ign i f i can t p u l s e - w i d t h 
j i t ter, p a r t i c u l a r l y w i t h c o n t i n u o u s - i n d u c t o r - c u r r e n t 
des igns . W h i l e s lope c o m p e n s a t i o n he lps a l lev ia te 
t h i s p r o b l e m , a be t te r s o l u t i o n is to m i n i m i z e the 
a m o u n t o f no i se . In gene ra l , no ise i m m u n i t y i m 
p roves as i m p e d a n c e decrease at c r i t i ca l p o i n t s in 
a c i r c u i t . 

O n e such p o i n t f o r a s w i t c h i n g s u p p l y is the 
g r o u n d l i ne . S m a l l w i r i n g i n d u c t a n c e s b e t w e e n 
v a r i o u s g r o u n d p o i n t s o n a P C b o a r d c a n s u p p o r t 
c o m m o n - m o d e no ise w i t h s u f f i c i e n t a m p l i t u d e t o 
i n te r fe re w i t h c o r r e c t o p e r a t i o n o f t he m o d u l a t i n g 
I C . A c o p p e r g r o u n d p lane and separa te re tu rn 
l ines f o r h igh -cu r ren t pa ths grea t ly r educe c o m m o n -
m o d e no ise . N o t e tha t t he U C 3 8 4 2 has a s ingle 

g r o u n d p i n . H i g h s i nk c u r r e n t s in t he o u t p u t 
t h e r e f o r e c a n n o t be r e tu rned separa te l y . 

C e r a m i c bypass c a p a c i t o r s (0 .1MF) f r o m V j and 
V R E F to g r o u n d w i l l p r o v i d e l o w - i m p e d a n c e pa ths 
f o r h igh f r e q u e n c y t rans ien ts at t hose p o i n t s . T h e 
i n p u t t o t he e r ro r a m p l i f i e r , h o w e v e r , is a h i g h -
i m p e d a n c e p o i n t w h i c h c a n n o t be bypassed w i t h o u t 
a f f e c t i n g the d y n a m i c response o f t h e p o w e r 
s u p p l y . T h e r e f o r e , ca re s h o u l d be t a k e n t o lay o u t 
the b o a r d in such a w a y tha t t he f e e d b a c k p a t h is 
far r e m o v e d f r o m no ise genera t ing c o m p o n e n t s 
such as the p o w e r t rans is to r (s ) . 

F i g u r e 2 2 a i l l us t ra tes a n o t h e r c o m m o n n o i s e - i n 
d u c e d p r o b l e m . W h e n the p o w e r t rans is to r t u r n s 
o f f , a no ise s p i k e is c o u p l e d t o the o s c i l l a t o r R-j7 
C T t e r m i n a l . A t h igh d u t y c y c l e s the vo l t age at 
R T / C T is a p p r o a c h i n g its t h r e s h o l d level ( ~ 2 . 7 V , 
es tab l i shed b y t h e in te rna l o s c i l l a t o r c i r cu i t ) w h e n 
th i s s p i k e o c c u r s . A s p i k e o f su f f i c i en t a m p l i t u d e 
w i l l p r e m a t u r e l y t r ip t he o s c i l l a t o r as s h o w n b y 
the dashed l ines . In o r d e r t o m i n i m i z e the no ise 
s p i k e , c h o o s e C T as large as p o s s i b l e , r e m e m b e r i n g 
t ha t d e a d t i m e increases w i t h C T . It is r e c o m m e n d e d 
tha t C j never b e less t h a n ~ 1 0 0 0 p F . O f t e n the 
no ise w h i c h causes th i s p r o b l e m is caused b y the 
o u t p u t (p in 6) be ing p u l l e d b e l o w g r o u n d at t u r n -
o f f b y ex te rna l pa ras i t i c s . T h i s is p a r t i c u l a r l y t r ue 
w h e n d r i v i ng P O W E R M O S . A d i o d e c l a m p f r o m 
g r o u n d to p i n 6 w i l l p reven t such o u t p u t no i se 
f r o m feed ing to the o s c i l l a t o r . If these measures 
fa i l t o c o r r e c t t he p r o b l e m , the o s c i l l a t o r f re
q u e n c y c a n a l w a y s be s t a b i l i z e d w i t h an ex te rna l 
c l o c k . U s i n g the c i r c u i t o f F i g u r e 8 resu l ts in an 
R T / C T w a v e f o r m l i ke t ha t o f F i g u r e 2 2 b . H e r e 
the osc i l l a t o r is m u c h m o r e i m m u n e t o no ise 
because t h e r a m p vo l tage never c l o s e l y a p p r o a c h e s 
the in te rna l t h r e s h o l d . 

Fig. 22 • a) Noise on pin 4 can cause oscillator to pre-trigger 
b) With external sync, noise does not approach threshold level 

INTERNAL 
THRESHOLD 

(a) (b) 

Maximum Operating Frequency 
S i n c e o u t p u t d e a d t i m e var ies d i r e c t l y w i t h C T , t he 
res t ra in t o n m i n i m u m C T ( 1 0 0 0 p F ) m e n t i o n e d 
a b o v e resul ts in a m i n i m u m d e a d t i m e c a p a b i l i t y f o r 
t h e U C 3 8 4 2 . T h i s m i n i m u m d e a d t i m e var ies w i t h 
R T a n d t h e r e f o r e w i t h f r e q u e n c y , as s h o w n in F i 
gu re 2 3 . A b o v e 1 0 0 k H z , t he d e a d t i m e s i g n i f i c a n t l y 

reduces the m a x i m u m d u t y c y c l e o b t a i n a b l e at t he 
U C 3 8 4 2 o u t p u t (also s h o w in F i g u r e 2 3 ) . C i r c u i t s 
no t r equ i r i ng large d u t y c y c l e s , such as the f o r w a r d 
conve r t e r a n d f l y b a c k t o p o l o g i e s , c o u l d ope ra te 
as h igh as 5 0 0 k H z . O p e r a t i o n at h igher f r e q u e n c i e s 
is no t r e c o m m e n d e d because the d e a d t i m e be
c o m e less p r e d i c t a b l e . 

8 0 



T h e speed of t h e U C 3 8 4 2 c u r r e n t sense s e c t i o n 
p o s e s an a d d i t i o n a l c o n s t r a i n t o n m a x i m u m o p e 
r a t i n g f r e q u e n c y . A m a x i m u m c u r r e n t sense de lay 
o f 4 0 0 n s represents 1 0 % o f t he s w i t c h i n g p e r i o d at 
2 5 0 k H z a n d 2 0 % at 5 0 0 k H z . M a g n e t i c c o m p o n e n t s 
m u s t n o t saturate as the c u r r e n t c o n t i n u e s t o r ise 
d u r i n g th i s de lay p e r i o d , a n d p o w e r s e m i c o n d u c 
t o r s m u s t be c h o s e n t o hand le the resu l t i ng peak 
c u r r e n t s . In shor t , a b o v e ~ 2 5 0 k H z , m a y o f the 
advan tages of h i g h e r f r e q u e n c y o p e r a t i o n are los t . 

CIRCUIT EXAMPLES 
1. Off-Line Flyback 
F i g u r e 2 4 shows a 2 5 W m u l t i p l e - o u t p u t o f f - l i n e 
f l y b a c k regu la to r c o n t r o l l e d w i t h the U C 3 8 4 2 . 
T h i s regu la to r is l o w in c o s t because it uses o n l y 
t w o m a g n e t i c e l e m e n t s , a p r i m a r y - s i d e vo l tage 
sens ing t e c h n i q u e , a n d an i nexpens i ve c o n t r o l 
c i r c u i t . S p e c i f i c a t i o n s are l i s ted b e l o w . 

S P E C I F I C A T I O N S : 
Fig. 23 - Deadtime and maximum obtainable 

duty-cycle vs. frequency with minimum I npu t V o l t a g e 
recommended Cj. 

9 5 V A C to 1 3 0 V A C 
( 5 0 H z / 6 0 H z > 

O u t p u t V o l t a g e : 

L i n e I s o l a t i o n : 

S w i t c h i n g F r e q u e n c y : 

E f f i c i e n c y @ f u l l l o a d : 

A . + 5 V , 5 % : 1 A t o 4 A l oad 
R i p p l e vo l t age : 5 0 m V 
P - P M a x . 

B . + 1 2 V , 3 % : 0.1 A t o 
0 . 3 A l oad 
R i p p l e vo l t age : 1 0 0 m V 
P - P M a x 

C . - 1 2 V , 3 % 0.1 A t o 0 . 3 A 
l oad 
R i p p l e vo l t age : 1 0 0 m V 
P - P M a x 

3 7 5 0 V 

4 0 k H z 

7 0 % 

Fig. 24 - 25I/V off-line flyback regulator 
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A NEW INTEGRATED CIRCUIT FOR 
CURRENT-MODE CONTROL 

Reprinted from the Proceedings of 
March 22-24, 1983 « San Diego, California 

Copyright Power Concepts, Inc. 1983 

The inherent advantages of current-mode control over conventional PWM approaches to switching power 
converters read like a wish list from a frustrated power supply design engineer. Features such as auto
matic feed forward, automatic symmetry correction, inherent current limiting, simple loop compensation, 
enhanced load response, and the capability for parallel operation all are characteristics of current-mode 
conversion. This paper introduces the first control integrated circuit specifically designed for this tipology, 
defines its operation and describes practical examples illustrating its use and benefits. 

INTRODUCTION 
Over the past several years an increased interest 
in c u r r e n t - m o d e c o n t r o l o f s w i t c h i n g inver ters has 
su r f aced in the l i te ra tu re . O r i g i n a l l y i nve r ted in the 
late 1 9 6 0 s , this s c h e m e was not p u b l i c l y r e p o r t e d 
un t i l 1 9 7 7 ( ') and has seen rap id d e v e l o p m e n t b y 
m a n y a u t h o r s to da te (2 -6 ) . In sho r t , c u r r e n t - m o d e 

c o n t r o l uses an i nne r o r s e c o n d a r y l o o p t o d i r e c t l y 
c o n t r o l peak i n d u c t o r cu r ren t w i t h the e r ro r s ignal 
rather t han c o n t r o l l i n g d u t y ra t io of the pu lse w i d t h 
m o d u l a t o r as in c o n v e n t i o n a l conve r te rs . P r a c t i 
c a l l y , th is means tha t ins tead o f c o m p a r i n g the e r ro r 
vo l tage to a vo l tage r a m p , it is c o m p a r e d to an 
ana logue of the i n d u c t o r cu r ren t f o r c i ng the peak 
cu r ren t to f o l l o w t h e e r ro r vo l tage . 

Fig. 1 - A fixed frequency current-mode controlled regulator. 
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F i g u r e 1 i l lus t ra tes a s i m p l i f i e d b l o c k d i a g r a m of a 
f i x e d f r e q u e n c y b u c k regu la to r e m p l o y i n g cu r ren t -
m o d e c o n t r o l . A s s h o w n , the e r ro r s i gna l , V 0 , is 
c o n t r o l l i n g p e a k s w i t c h cu r ren t w h i c h , to a g o o d 
a p p r o x i m a t i o n , is p r o p o r t i o n a l t o average i n d u c t o r 
c u r r e n t . S i n c e the average i n d u c t o r cu r ren t can 
change o n l y if t he e r ro r s ignal changes , the i n d u c t o r 
m a y be rep laced b y a cu r ren t sou rce , a n d the o r d e r 
o f the s y s t e m r e d u c e d b y one . T h i s resul ts in a 
n u m b e r o f p e r f o r m a n c e advantages i n c l u d i n g 
i m p r o v e d t rans ien t response , a s i m p l e r , m o r e eas i ly 
des igned c o n t r o l l o o p , and l ine regu la t i on c o m p a r a 
b le t o c o n v e n t i o n a l f e e d - f o r w a r d schemes . Peak 
c u r r e n t sensing w i l l a u t o m a t i c a l l y p r o v i d e f l u x 
b a l a n c i n g t h e r e b y e l i m i n a t i n g the need f o r c o m p l e x 
ba lance schemes in p u s h - p u l l s ys tems . A d d i t i o n 

a l l y , b y s i m p l y l i m i t i n g t h e peak sw ing o f the e r ro r 
vo l tage V 0 , i n s t a n t a n e o u s peak cu r ren t l i m i t i n g is 
a c c o m p l i s h e d . L a s t l y , b y feed ing i den t i ca l p o w e r 
stages w i t h a c o m m o n e r r o r s igna l , o u t p u t s m a y be 
pa ra l l e led w h i l e m a i n t a i n i n g equa l cu r ren t shar ing , 

A l t h o u g h the advan tages o f c u r r e n t - m o d e c o n t r o l 
are a b u n d a n t , w i d e a c c e p t a n c e o f th is t e c h n i q u e 
has been h a m p e r e d b y a lack of su i tab le in tegra ted 
c i r cu i t s t o p e r f o r m the assoc ia ted c o n t r o l f u n c t i o n s . 
T h i s paper i n t r o d u c e s a n e w in tegra ted c i r c u i t 
des igned s p e c i f i c a l l y f o r c o n t r o l o f c u r r e n t - m o d e 
c o n v e r t e r s . C i r c u i t f u n c t i o n a n d fea tures are des
c r i b e d in d e t a i l , and a c o m p a r a t i v e des ign e x a m p l e 
is used to i l l us t ra te the n u m e r o u s advantages o f 
th is a p p r o a c h . 

UC1846 CHIP ARCHITECTURE 

In a d d i t i o n t o a l l t he f u n c t i o n s r equ i r ed o f c o n v e n 
t i o n a l P W M c o n t r o l l e r s , a c u r r e n t - m o d e c o n t r o l l e r 
mus t be ab le t o sense s w i t c h o r i n d u c t o r cu r ren t 
a n d c o m p a r e it o n a p u l s e - b y - p u l s e bas i c w i t h the 
o u t p u t of t he e r r o r a m p l i f i e r . A s m a y be seen in 
t h e b l o c k d i a g r a m o f F i g u r e 2 , th is is a c c o m p l i s h e d 
in the U C 1 8 4 6 b y us ing a d i f f e r e n t i a l c u r r e n t sense 
a m p l i f i e r w i t h a f i x e d gain o f 3 . T h e a m p l i f i e r a l l o w s 
sens ing o f l o w level vo l tages w h i l e m a i n t a i n i n g h igh 
no ise i m m u n i t y . A l ist o f o t h e r f ea tu res , w h i l e no t 
u n i q u e t o c u r r e n t - m o d e c o n v e r s i o n s , d e m o n s t r a t e s 

the a d v a n c e d , s t a t e - o f - t h e - a r t a r ch i t ec tu re o f t he 
U C 1 8 4 6 : 

• A ± 1% , 5.1 V t r i m m e d b a n d g a p re ference used 
b o t h as an e x t e r n a l vo l tage re ference and inter
nal regu la ted p o w e r source to d r i ve l o w level 
c i r c u i t r y . 

• A f i x e d f r e q u e n c y s a w t o o t h o s c i l l a t o r w i t h var ia 
b le d e a d t i m e c o n t r o l and ex te rna l s y n c h r o n i z a 
t i o n c a p a b i l i t y . C i r c u i t r y features an all N P N 
des ign c a p a b l e o f p r o d u c i n g l o w d i s t o r t i o n 
w a v e f o r m s w e l l in excess o f 1 M H z . 

• A n e r ro r a m p l i f i e r w i t h c o m m o n m o d e range 
f r o m g r o u n d to V C c ~ 2 V . 



• C u r r e n t l im i t i ng t h r o u g h c l a m p i n g o f the e r ro r 
s ignal at a u s e r - p r o g r a m m e d leve l . 

• A s h u t d o w n f u n c t i o n w i t h bu i l t in 3 5 0 m V 
t h r e s h o l d . M a y be used in e i ther a l a t c h i n g , o r 
n o n - l a t c h i n g m o d e . A l s o capab le o f i n i t i a t i ng a 
" h i c c u p " m o d e of o p e r a t i o n . 

• U n d e r - v o l t a g e l o c k o u t w i t h hys teres is to gua
rantee ou tpu ts w i l l s tay " o f f " un t i l re fe rence 
is in regu la t i on . 

• D o u b l e pulse supp ress ion log ic t o e l i m i n a t e the 
p o s s i b i l i t y of c o n s e c u t i v e l y pu l s ing e i ther 
o u t p u t . 

• T o t e m po le o u t p u t stages capab le o f s i nk i ng o r 
s o u r c i n g 1 0 0 m A c o n t i n u o u s . 4 0 0 m A peak 
c u r r e n t s . 

T h e s e va r i ous features , a long w i t h the i r in te r re la 
t i o n s h i p s and app l i ca t i ons to s w i t c h e d - m o d e regu
la to rs , w i l l be fu r the r d iscussed in t he f o l l o w i n g 
s e c t i o n s . 

UC1846 FUNCTIONAL DESCRIP
TION 
Current Sense Amplifier 
T h e c u r r e n t sense a m p l i f i e r m a y be used in a var
i e t y o f w a y s to sense peak s w i t c h cu r ren t f o r c o m 
p a r i s o n w i t h an e r ro r vo l tage . R e f e r r i n g t o F i g u r e 2 , 
m a x i m u m sw ing on the inve r t i ng i npu t of the P W M 
c o m p a r a t o r is l im i ted to a p p r o x i m a t e l y 3 . 5 V b y the 
i n t e r n a l regulated s u p p l y . A c c o r d i n g l y , f o r a f i x e d 
ga in o f 3 , m a x i m u m d i f f e ren t i a l vo l tages mus t be 
k e p t b e l o w 1.2V at the cu r ren t sense i npu ts . F igu re 3 

Fig. 3 - Various current sense schemes. 

A ) Res is t i ve sensing w i t h g r o u n d re fe rence . 

B) Res i s t i ve sensing above g r o u n d . 

C U R R E N T 

C) Iso la ted cu r ren t sens ing . 

dep i c t s several m e t h o d s o f c o n f i g u r i n g sense 
schemes . D i r e c t res is t ive sens ing is s imp les t , h o w 
ever, a l o w e r peak vo l t age m a y be requ i red to m i n 
im i ze p o w e r loss i n t h e sense res is tor . T r a n s f o r m e r 
c o u p l i n g can p r o v i d e i so l a t i on and increase e f f i 
c i e n c y at the cost o f a d d e d c o m p l e x i t y . Regard less 
of s c h e m e , the largest sense vo l tage cons i s ten t 
w i t h l o w p o w e r losses s h o u l d be c h o s e n f o r no ise 
i m m u n i t y . T i p i c a l l y , th is w i l l range f r o m several 
h u n d r e d m i l l i vo l t s in s o m e resist ive sense c i r cu i t s t o 
the m a x i m u m of 1 .2V in t r a n s f o r m e r c o u p l e d 
c i r cu i t s . 
In a d d i t i o n , c a u t i o n s h o u l d be exe rc i sed w h e n us ing 
a c o n f i g u r a t i o n t h a t senses s w i t c h cu r ren t ( F i g u r e 
3 A ) ins tead o f i n d u c t o r c u r r e n t (F i gu re 3 B ) . A s the 
s w i t c h is t u r n e d o n , a large i ns tan taneous c u r r e n t 
sp ike can be gene ra ted in t he sense res is tor as the 
c o l l e c t o r c a p a c i t a n c e o f the s w i t c h is d i s c h a r g e d . 
T h i s sp ike w i l l o f t e n be o f su f f i c i en t m a g n i t u d e 
and d u r a t i o n to t r i p the cu r ren t sense la tch a n d 
result in e r ra t i c o p e r a t i o n of the P W M c i r c u i t , 
p a r t i c u l a r l y at l o w e r d u t y c y c l e s . A sma l l R C f i l t e r 
(F igu re 4) in ser ies w i t h the i npu t is genera l l y a l l 
tha t is r equ i red to reduce the sp ike to an accep t 
able l eve l . 

Fig. 4 - RC filter for reducing switch transients. 

Oscillator 
A l t h o u g h m a n y d a t a sheets t o u t 3 0 0 to 5 0 0 K H z 
o p e r a t i o n , v i r t u a l l y al l P W M c o n t r o l ch ips su f fe r 
f r o m b o t h p o o r t e m p e r a t u r e charac te r i s t i cs a n d 
w a v e f o r m s d i s t o r t i o n s a l l these f r equenc ies . P rac t 
ical usage is gene ra l l y l i m i t e d to the 1 0 0 to 2 0 0 K H z 
range. T h i s is a d i r e c t c o n s e q u e n c e o f hav ing s l o w 
(ft = 2 M H z ) P N P t rans i s to rs in the o s c i l l a t o r s ignal 
p a t h . B y i m p l e m e n t i n g the o s c i l l a t o r us ing al l N P N 
t rans is to rs , the U C 1 8 4 6 ach ieves e x c e l l e n t t e m p e r 
ature s t a b i l i t y and w a v e f o r m c l a r i t y at f r equenc ies 
in excess o f 1 M H z . 

R e f e r r i n g t o F i g u r e 5 , an ex te rna l res is tor R y is used 
t o generate a c o n s t a n t c u r r e n t i n t o a c a p a c i t o r C T t o 
p r o d u c e a l inear s a w t o o t h w a v e f o r m . O s c i l l a t o r f re 
q u e n c y m a y be a p p r o x i m a t e d b y se lec t ing R j a n d 
C T such tha t 

2 .2 
f o s c = — — ( D 

R j C T 

W h e r e R T c a n range f r o m 1 K£2 to 5 0 0 K n and C T is 
a b o v e 1 0 0 p F . F o r q u i c k re fe rence a p l o t o f f re 
q u e n c y versus R T a n d C T is g iven in F i g u r e 6 . 



Fig. 5 - Oscillator circuit 

Fig. 8 - Synchronizing the 1846 to an external time base. 
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A g a i n re fer r ing to F i g u r e 5 , the o s c i l l a t o r generates 
an i n te rna l c l o c k pu lse u s e d , a m o n g o t h e r t h i ngs , t o 
b l a n k b o t h ou tpu t s and p reven t s i m u l t a n e o u s cross 
c o n d u c t i o n du r i ng s w i t c h i n g t r a n s i t i o n s . T h i s o u t p u t 
" d e a d t i m e " is c o n t r o l l e d b y the o s c i l l a t o r fa l l t i m e . 
F a l l t i m e , in t u r n , is c o n t r o l l e d b y C T a c c o r d i n g t o 
t he f o r m u l a : 

T d = 145 C T 

F o r large values of R T 

12 

12 - 3 . 6 / R T ( k ! T J ) 

f d = 1 4 5 C T 

(2) 

(3) 

A p l o t o f o u t p u t d e a d t i m e versus C T f o r t w o va
lues o f R T is given in F i g u r e 7 . 

A l t h o u g h t i m i n g c a p a c i t o r s as sma l l as 1 0 0 p F can 
be used success fu l l y in l o w no ise e n v i r o n m e n t s , it is 
g e n e r a l l y r e c o m m e n d e d tha t C T be k e p t a b o v e 
1 0 0 0 p F t o m i n i m i z e no ise e f fec ts o n the o s c i l l a t o r 
f r e q u e n c y . 

S y n c h r o n i z a t i o n o f o n e o r m o r e dev ices to e i t h e r a n 
ex te rna l t i m e base o r a n o t h e r U C 1 8 4 6 is a c c o m p -
p l i shed v ia the b i - d i r e c t i o n a l S Y N C p i n . T o s y n c h r o n 
ize dev i ces , f i r s t , C T m u s t be g r o u n d e d t o d i sab le 
the in te rna l o s c i l l a t o r o n a l l s laved dev ices . S e c o n d , 
an ex te rna l s y n c h r o n i z a t i o n pu lse mus t be a p p l i e d 
t o t he S Y N C t e r m i n a l . T h i s pu l se can c o m e d i r e c t l y 
f r o m the S Y N C t e r m i n a l o f a mas te r U C 1 8 4 6 o r , 
a l t e rna t i ve l y , f r o m an e x t e r n a l t i m e base as s h o w n 
in F igu re 8 . 

Current Limit 
O n e of the m o s t a t t r a c t i v e fea tures o f a c u r r e n t -
m o d e conve r t e r is its a b i l i t y t o l im i t peak s w i t c h 
cu r ren ts o n a p u l s e - b y - p u l s e basis b y s i m p l y l im i t 
ing the e r ro r vo l tage t o a m a x i m u m va lue . R e f e r r i n g 
to F igu re 9 , peak c u r r e n t l i m i t i n g in t he U C 1 8 4 6 is 
a c c o m p l i s h e d us ing a d i v i d e r n e t w o r k , R i a n d R2, 
to set a p r e - d e t e r m i n e d vo l tage at p in 1. 

Fig. 9 - Peak current limit set up. 

7 S - 7 7 3 1 / 1 

o 

T h i s v o l t a g e , in c o n j u c t i o n w i t h Q i , acts t o c l a m p 
the o u t p u t of the e r ro r a m p l i f i e r at a m a x i m u m 
va lue . S i n c e the base e m i t t e r d r o p o f Q i , a n d t h e 
f o r w a r d d r o p of d i o d e D i ve r y near l y c a n c e l , t he 
negat ive i n p u t of the c o m p a r a t o r w i l l be c l a m p e d 
at t h e va lue V P I N 1 - 0 . 5 V . F o l l o w i n g th is t h r o u g h 
t o the i npu t o f the cu r ren t sense a m p l i f i e r y i e l d s . 

Vcs - V P I N

3

1 ~°- 5 (4) 

W h e r e Vcs is the d i f f e r e n t i a l i npu t vo l tage o f t he 
c u r r e n t sense a m p l i f i e r . U s i n g this r e l a t i o n s h i p , a 
va lue fo r m a x i m u m s w i t c h cu r ren t in t e rms o f 
e x t e r n a l p r o g r a m m i n g resistors can be d e r i v e d , 
resu l t i ng i n : 

ICL 

R 2 VREF 
Rl + R2 

- 0 . 5 

3 R s 
(5) 

W h i l e s t i l l o n the sub jec t o f res is tor s e l e c t i o n , it 
s h o u l d be p o i n t e d o u t t ha t R i a lso supp l ies h o l d i n g 
cu r ren t f o r the s h u t d o w n c i r c u i t , and t h e r e f o r e 
s h o u l d be se lec ted p r i o r t o se lec t ing R2 as o u t l i n e d 
in the n e x t s e c t i o n . 

O n e last w o r d o n t h e c u r r e n t l im i t c i r c u i t . A s m a y 
be seen f r o m e q u a t i o n 5 , a n y s ignal less t h a n 0 . 5 V 
at the cu r ren t l i m i t i n p u t w i l l guaran tee b o t h 
o u t p u t s t o be o f f , m a k i n g p i n 1 a c o n v e n i e n t p o i n t 
f o r b o t h s h u t t i n g d o w n a n d s l o w s ta r t ing the P W M 
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c i r c u i t . F o r e x a m p l e , b o t h the u n d e r - v o l t a g e l o c k 
o u t and s h u t d o w n f u n c t i o n s are c o n n e c t e d i n te rn 
a l l y t o th is p o i n t . If a c a p a c i t o r is used to h o l d p i n 
1 l o w (F igu re 10) t h e n as the i npu t vo l tage increases 
above the u n d e r - v o l t a g e l o c k o u t leve l , the c a p a c i t o r 
w i l l charge and g r a d u a l l y increase the P W M d u t y 
c y c l e t o its ope ra t i ng p o i n t . In a s i m i l a r m a n n e r if 
t he s h u t d o w n a m p l i f i e r is p u l s e d , t h e s h u t d o w n 
S C R w i l l be f i red and the c a p a c i t o r d i s c h a r g e d , 
gua ran tee ing a s h u t d o w n and sof t restart c y c l e 
i n d e p e n d e n t of i npu t pu lse w i d t h . 

Fig. 10 - Using under-voltage lockout and shut
down to initiate a slow start. 

R l and R 2 (see e q u a t i o n 5 ) . S o m e t i m e s ca l l ed a 
" h i c c u p m o d e " , th is o v e r c u r r e n t f u n c t i o n w i l l 
l im i t b o t h p o w e r and peak c u r r e n t in the o u t p u t 
stages un t i l the f a u l t is r e m o v e d . 

Fig. 11- Shutdown circuitry. 

TO 

Shutdown 
T h e s h u t d o w n c i r c u i t , s h o w n in F i g u r e 1 1 , was 
des igned to p rov i de a fast ac t i ng general p u r p o s e 
s h u t d o w n po r t f o r use in i m p l e m e n t i n g b o t h 
p r o t e c t i o n c i r c u i t r y and r e m o t e s h u t d o w n f u n c t 
i o n s . T h e c i r c u i t m a y be d i v i d e d i n to an i npu t 
s e c t i o n cons i s t i ng of a c o m p a r a t o r w i t h a 3 5 0 m V 
t e m p e r a t u r e c o m p e n s a t e d o f f se t , a n d an o u t p u t 
s e c t i o n cons i s t i ng o f a th ree t rans is to r l a t c h . S h u t 
d o w n is a c c o m p l i s h e d by a p p l y i n g a signal greater 
t h a n 3 5 0 m V t o p i n 1 6 , caus ing the o u t p u t la tch to 
f i r e , and se t t ing the P W M la tch to p r o v i d e an i m 
m e d i a t e s ignal to the o u t p u t s . A t th is p o i n t , several 
t h ings can h a p p e n . Q i requ i res a m i n i m u m h o l d i n g 
c u r r e n t , I H , of a p p r o x i m a t e l y 1 . 5 m A to rema in in 
t h e l a t ched s ta te . T h e r e f o r e , if R i is c h o s e n greater 
t h a n 5 k ^ , Q i w i l l d i scharge any c a p a c i t a n c e , C s , 
o n p i n 1 to g r o u n d and c o m m u t a t e the o u t p u t 
l a t c h , a l l o w i n g Cs to recharge . If R i is c h o s e n less 
t h a n 2 . 5 k l 2 . Q i w i l l d i scharge Cs and rema in in the 
l a t c h e d state un t i l p o w e r is e x t e r n a l l y c y c l e d o f f . 
In e i ther case, Cs is r equ i r ed o n l y if a so f t - s ta r t o r 
so f t - r es ta r t f u n c t i o n is d e s i r e d . 

F o r e x a m p l e , the s h u t d o w n c i r c u i t of F i gu re 1 2 , 
o p e r a t i n g in a n o n l a t c h e d m o d e , w i l l p r o t e c t the 
s u p p l y f r o m o v e r c u r r e n t f au l t c o n d i t i o n s . M a n y 
t i m e s , if the o u t p u t o f a s u p p l y is s h o r t e d , c i r c u l a t i n g 
c u r r e n t s in the o u t p u t i n d u c t o r w i l l b u i l d to danger
o u s leve ls . P u l s e - b y - p u l s e cu r ren t l i m i t i n g w i t h its 
i nhe ren t t i m e d e l a y , w i l l in general no t be ab le t o 
l i m i t these cu r ren ts to accep tab le leve ls . F i gu re 12 
de ta i l s a c i r c u i t w h i c h w i l l p rov i de s h u t d o w n and 
so f t - r es ta r t if the o v e r c u r r e n t t h r e s h o l d set by R 3 
a n d R 4 is e x c e e d e d . T h i s level s h o u l d be greater 
t h a n the peak c u r r e n t l i m i t va lue d e t e r m i n e d b y 

Fig. 12 - Over current sensing with the shutdown 
circuit produces a shutdown - soft restart 
cycle to protect output drivers. 

NOISE IMMUNITY 
A s in al l P W M c i r c u i t s , s o m e s imp le p r e c a u t i o n s 
s h o u l d be obse rved to p reven t s w i t c h i n g no ise f r o m 
p r e m a t u r e l y t r igger ing the osc i l l a t o r as it a p p r o a c h e s 
its u p p e r t h r e s h o l d . T h i s is m o s t ev iden t w h e n 
large capac i t i ve l oads — such as the gate of P O W E R 
M O S — are d i r e c t l y d r i v e n f r o m o u t p u t s A and B. 
A s the d u t y c y c l e a p p r o a c h e s 1 0 0 % , the c u r r e n t 
s p i k e assoc ia ted w i t h th is o u t p u t c a p a c i t a n c e can 
cause the osc i l l a t o r t o p r e m a t u r e l y t r igger w i t h a 
resu l t i ng sh i f t u p w a r d in f r e q u e n c y . B y separa t ing 
h igh c u r r e n t g r o u n d pa ths f r o m l o w level ana log 
g r o u n d s , us ing C y values greater t han 1 0 0 0 p F 
g r o u n d e d d i r e c t l y t o p in 1 2 , and d e c o u p l i n g b o t h 
V j a n d V R E F w i t h g o o d q u a l i t y bypass c a p a 
c i t o r s , no ise p r o b l e m s can be a v o i d e d . 
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COMPARATIVE DESIGN EXAMPLE 
T o m o r e v i v i d l y i l lus t ra te the advantages of c u r r e n t -
m o d e c o n t r o l , a re la t i ve ly s i m p l e p u s h - p u l l f o r w a r d 
c o n v e r t e r was des igned us ing t w o in te rchangeab le 
c o n t r o l sec t i ons , as s h o w n in F igu re 1 3 . T h e c o n t r o l 
m o d u l e s cons is t o f (a) a U C 1 8 4 6 c u r r e n t - m o d e 
c o n t r o l l e r w i t h assoc ia ted c i r c u i t r y , and (b) a c o n 
v e n t i o n a l S G 1 5 2 5 A P W M c o n t r o l l e r w i t h its s u p p o r t 
c i r c u i t r y . L o o p c o m p e n s a t i o n of the S G 1 5 2 5 A was 
i m p l e m e n t e d by p l a c i n g a z e r o in the f e e d b a c k l o o p 
t o cance l one of the po les in the o u t p u t s tage, 
resu l t i ng in a un i t y ga in b a n d w i d t h o f a p p r o x i m a t e l y 

3 K H z — a c o m m o n l y used t e c h n i q u e . C o m p e n s a t 
ing the c u r r e n t - m o d e c o n v e r t e r requ i res s o m e w h a t 
o f a d i f f e r e n t a p p r o a c h . S i n c e the o u t p u t stage c o n 
ta ins o n l y a single p o l e , in t h e o r y c l os ing the l o o p 
w i l l p r o d u c e a s tab le sys tem w i t h no a d d i t i o n a l 
c o m p e n s a t i o n . In p r a c t i c e , h o w e v e r , it has been 
s h o w n tha t s u b h a r m o n i c o s c i l l a t i o n w i l l resul t f r o m 
excess ga in at half the s w i t c h i n g f r e q u e n c y ( 5 ) . 

T h e r e f o r e , a p o l e - z e r o c o m b i n a t i o n has been 
p laced in the f e e d b a c k l o o p to reduce h igh f re
q u e n c y gain and a l l o w the o u t p u t c a p a c i t o r ( l ow 
E S R ) t o ro l l o f f l o o p ga in to O d B at 3 K H z . 

Fig. 13 - Push-pull forward converter with (A) current-mode control and (B) voltage mode control. 
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W h i l e no t d e m o n s t r a t e d in F i g u r e 1 3 , f i x e d f re 
q u e n c y c u r r e n t - m o d e conve r te rs are k n o w n to be 
uns tab le above 5 0 % d u t y c y c l e w i t h o u t s o m e f o r m 
o f s lope c o m p e n s a t i o n (4 -6 ) . B y in jec t ing a sma l l 
c u r r e n t f r o m the s a w t o o t h osc i l l a t o r i n to the 
pos i t i ve t e rm ina l o f the c u r r e n t sense a m p l i f i e r , 
s l ope c o m p e n s a t i o n is a c c o m p l i s h e d , a n d the c o n 
ver te r can be ope ra ted in excess of 5 0 % d u t y c y c l e . 

A n a l t e rna te , b u t just as e f f e c t i v e , s c h e m e w o u l d 
be t o in jec t the s ignal i n t o the negat ive t e rm ina l 
o f the e r ro r a m p l i f i e r . 

A s m a y be seen , a s im i l a r par ts c o u n t f o r b o t h 
supp l i es was e n c o u n t e r e d . T o p o l o g i c a l l y , us ing the 
S G 1 5 2 5 A s h u t d o w n t e rm ina l p r o v i d e d o n l y a c r u d e 
c u r r e n t l im i t in c o n t r a s t t o the U C 1 8 4 6 . F u r t h e r 
m o r e , in te rna l d o u b l e pu lse supp ress i on c i r c u i t r y o f 
t he U C 1 8 4 6 gave an a d d e d level of p r o t e c t i o n 
aga ins t co re sa tu ra t i on — i m p o r t a n t if y o u r regu la
t o r is p r o n e t o s u b h a r m o n i c o s c i l l a t i o n s . S i n c e b o t h 
regu la to rs were o v e r - d e s i g n e d t o w i t h s t a n d a sho r t 
c i r c u i t o n the o u t p u t w i t h resu l tan t h igh peak cu r 
r en t s , t he s h u t d o w n - r e s t a r t m o d e of the U C 1 8 4 6 
w a s no t u s e d . 

It s h o u l d be p o i n t e d o u t at th is t i m e tha t one o f the 
m a i n fea tures o f a c u r r e n t - m o d e conve r t e r o f th is 
t y p e is its ab i l i t y t o be pa ra l l e led w i t h s im i l a r u n i t s . 

B y d i s a b l i n g the o s c i l l a t o r and e r ro r amp l i f i e r s ( C j 
g r o u n d e d , + E / A t o V R E F , - E / A g r o u n d e d ) of one 
or m o r e slave m o d u l e s , a n d c o n n e c t i n g S Y N C a n d 
C O M P p ins o f the slave(s) r espec t i ve l y , the o u t p u t s 
m a y be c o n n e c t e d toge the r t o p r o v i d e a m o d u l a r 
a p p r o a c h to p o w e r s u p p l y d e s i g n . 

S t a r t i n g w i t h F i g u r e 1 4 , a c o m p a r i s o n of l ine a n d 
l oad s tep responses is m a d e b e t w e e n the t w o c o n 
ver te rs . A s a resu l t of t he f e e d - f o r w a r d e f fec t of the 
c u r r e n t - m o d e c o n v e r t e r , response to a step i n p u t 
change s h o w s m o r e t h a n an o r d e r o f m a g n i t u d e 
i m p r o v e m e n t ( F i g u r e 14a) w h e n c o m p a r e d to the 
c o n v e n t i o n a l c o n v e r t e r ( F i g u r e 1 4 b ) . A l t h o u g h n o t 
as p r o n o u n c e d , response to a step load change 
leaves the U C 1 8 4 6 c o n v e r t e r (F igu re 15) w i t h a 
c lear advantage in o u t p u t response — 4 0 m V as 
c o m p a r e d to 7 0 m V f o r the S G 1 5 2 5 A . 

V i r t u a l l y al l c o n v e n t i o n a l p u s h - p u l l conver te rs are 
p r o n e to f l u x i m b a l a n c e caused by m i s m a t c h e d 
storage d e l a y s , e t c . , in t he o u t p u t stage. F igu re 16 
shows b o t h conve r t e r s ope ra t i ng w i t h the same 
p o w e r s tage. N o e f f o r t was made to m a t c h o u t p u t 
dev i ces . A s m a y be seen , there is l i t t le n o t i c e a b l e 
d i f f e rence b e t w e e n s w i t c h cu r ren ts of the U C 1 8 4 6 . 
H o w e v e r , the S G 1 5 2 5 A — w i t h ident ica l o u t p u t 
t rans is to rs — s h o w s phase B d r i v i ng the co re c lose 
t o sa tu ra t i on w i t h 5 0 % m o r e cu r ren t than phase A . 
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Fig. 16 - Switch currents showing flux imbalance in (A) UC1846 and (Bj SG 1525A converters. 

= 5 ( J S / D I V 

I S W I T C H k> 

C U R R E N T S 

(0.2A 'DIV1 

CONCLUSION 
R a r e l y d o new des ign t echn iques evo lve that can 
p r o m i s e as much as c u r r e n t - m o d e c o n t r o l f o r the 
p o w e r supp l y eng ineer . We have s h o w n th is to be a 
s i m p l e t echn ique eas i ly e x t e n d e d f r o m present 
c o n v e r t e r t opo log ies , that w i l l increase d y n a m i c 
p e r f o r m a n c e and p r o v i d e a h igher degree of re l ia

b i l i t y w h i l e p e r m i t t i n g new app roaches to m o d u l a r 
des ign . U n t i l r e c e n t l y , c u r r e n t - m o d e conve r te rs 
c o u l d no t c o m p e t e w i t h the e c o n o m i c s of c o n v e n 
t i ona l conve r te r s des igned w i t h I.C. c o n t r o l l e r s . 
N o w , w i t h the U C 1 8 4 6 des igned spec i f i ca l l y f o r 
th is task , c u r r e n t - m o d e c o n t r o l can p rov i de al l o f 
the above p e r f o r m a n c e advantages on a cost c o m 
pe t i t i ve basis . 

REFERENCES 
(1) A . W e i n b u r g , D . O ' S u l l i v a n , " L C 3 . A p p l i c a t i o n 

t o Vo l tage R e g u l a t i o n " , P r o c . t h i r d E S T E C 
Spacec ra f t P o w e r C o n d i t i o n i n g S e m i n a r ( E S A 
P u b l i c a t i o n S P 1 2 6 ) , 1 9 7 7 , p p . 1 6 5 - 1 7 4 . 

(2) A . C a p e l , G . T e r r a n t e , D . O ' S u l l i v a n , A . W e i n 
be rg , " A p p l i c a t i o n of the In jected C u r r e n t 
M o d e l fo r the D y n a m i c A n a l y s i s of S w i t c h i n g 
Regu la to rs w i t h N e w C o n c e p t o f L C 3 M o d u 
la tor ( L i m i t C y c l e C o n d u c t a n c e C o n t r o l l e r ) " , 
P E S C '78 R e c o r d ( I E E E P u b l i c a t i o n 
7 8 C H 1 3 3 7 - 5 A E S ) , p p . 3 0 0 - 3 0 6 . 

(3) C e c i l W. D e i s c h , " S i m p l e S w i t c h i n g C o n t r o l 
M e t h o d Changes P o w e r C o n v e r t e r i n to a 
C u r r e n t S o u r c e " , I E E E P o w e r E l e c t r o n i c s 
Spec ia l i s ts C o n f e r e n c e , 1 9 7 8 R e c o r d ( I E E E 
P u b l i c a t i o n 7 7 C H 1 2 1 3 - 8 A E S ) , p p . 3 0 0 - 3 0 6 . 

(4) S h i - P i n g H s u , A . B r o w n , L . R e n s i n k , R. M i d -
d l e b r o o k , " M o d e l l i n g and A n a l y s i s o f S w i t c h 

ing D C - t o - D C C o n v e r t e r s in C o n s t a n t - F r e 
q u e n c y C u r r e n t - P r o g r a m m e d M o d e " , P E S C 
' 7 9 R e c o r d ( I E E E P u b l i c a t i o n 7 9 C H 1 4 6 1 - 3 
A E S ) , p p . 2 8 4 - 3 0 1 . 

(5) R. R e d l , I. N o v a k , " I ns tab i l i t i es in C u r r e n t -
M o d e C o n t r o l l e d S w i t c h i n g V o l t a g e R e g u l a 
t o r s " , P E S C '81 R e c o r d ( I E E E P u b l i c a t i o n 
8 1 C H 1 6 5 2 - 7 A E S ) , p p . 1 7 - 2 8 . 

(6) B. A n d e r s o n , C . B o e t t c h e r , B. H a m i l t o n , D . 
R e t o t a r , R. S c h r o e d e r , " A n a l y s i s of the S t a t i c 
C h a r a c t e r i s t i c s and D y n a m i c R e s p o n s e o f 
P u s h - P u l l S w i t c h i n g C o n v e r t e r s O p e r a t i n g in 
the C u r r e n t P r o g r a m m e d M o d e " , P E S C '81 
R e c o r d ( I E E E P u b l i c a t i o n 8 1 C H 1 6 5 2 - 7 A E S ) , 
p p . 2 9 - 3 8 . 

(7) W . B u r n s , A . O h r i , " I m p r o v i n g O f f - L i n e C o n 
ver ter P e r f o r m a n c e w i t h C u r r e n t - M o d e C o n 
t r o l " , P o w e r c o n 10 P r o c e e d i n g s , Paper B - 2 , 
1 9 8 3 . 

N O T E - Paper w r i t t e n by B . H O L L A N D , U N I T R O D E C o . 

91 



DESIGNING WITH THE L296 
MONOLITHIC POWER 

SWITCHING REGULATOR 
by G. Gattavari 

A cost-effective replacement for costly hybrids, the SGS L296 Power Switching Regulator 
delivers 4A at an output voltage of 5.1V to 40V and includes many popular supply features. 
This comprehensive application guide explains how the device operates and how it is used. 
Typical application circuits are also presented. 
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T h e S G S L 2 9 6 is the f i r s t m o n o l i t h i c s w i t c h i n g re
g u l a t o r in p las t ic package w h i c h i nc l udes the p o w e r 
s e c t i o n . M o r e o v e r , the c i r c u i t i n c l udes all the f u n c 
t i o n s w h i c h make i t spec ia l l y s u i t e d f o r m i c r o p r o 
c e s s o r s u p p l y . 

B e f o r e the i n t r o d u c t i o n o f L 2 9 6 , w h i c h rea l izes 
the s tep d o w n c o n f i g u r a t i o n , th is f u n c t i o n was i m 
p l e m e n t e d w i t h d i sc re te p o w e r c o m p o n e n t s d r i ven 
by i n teg ra ted P W M regu la to r c i r c u i t s (g iv ing a m a x 
i m u m o u t p u t c u r r e n t o f 3 0 0 t o 4 0 0 m A ) o r w i t h 
h y b r i d c i r cu i t s . B o t h o f these s o l u t i o n s are c h a r a c 
t e r i z e d by a l o w e f f i c i e n c y o f the p o w e r t rans is to r . 
F o r th is reason i t is genera l ly necessary to opera te 
at f r equenc ies in the 2 0 k H z to 4 0 k H z range. O f 
t he t w o a l ternat ives d isc re te s o l u t i o n s are usua l l y 
less expens i ve because they d o n o t i n c l u d e as m a n y 
f u n c t i o n s as the L 2 9 6 . 

W i t h the n e w L 2 9 6 regu la to r the d r i v i n g p r o b l e m 
o f the p o w e r c o n t r o l stage has been e l i m i n a t e d . B e 
s ides a h igher overa l l e f f i c i e n c y , i t is t he re fo re a lso 
p o s s i b l e to operate d i r e c t l y at f r e q u e n c i e s as h igh 
as 1 0 0 k H z . A t 2 0 0 k H z the dev ice s t i l l opera tes ( fur
t h e r r e d u c i n g the c o s t o f the L a n d C ex te rna l c o m 
p o n e n t s ) w h e n a r e d u c t i o n o f a f e w p e r c e n t in e f f i 
c i e n c y is accep tab le . 

T h e dev ice del ivers a m a x i m u m c u r r e n t o f 4 A t o 
t h e l o a d , at an o u t p u t vo l tage ad jus tab le f r o m 5.1 
t o 4 0 V ; t he m a x i m u m o p e r a t i n g i n p u t vo l tage is 
4 6 V . T h e high vo l tage a n d the h igh c u r r e n t c a p a 
b i l i t i es o f the dev ice are a resu l t o f the spec ia l t e c h 
n o l o g y used and the spec ia l care t a k e n in des ign ing 
the p o w e r t rans is tor . Essent ia l r equ i r emen ts f o r a 
g o o d p o w e r t rans is tor are h igh gain a n d h igh cu r 
r e n t leve ls , l o w sa tu ra t i on vo l tage a n d g o o d s e c o n d 
b r e a k d o w n robustness . T o ach ieve h igh gain at h igh 
c u r r e n t levels, t he p o w e r t rans i s to r has t o be des i 
g n e d t o m a x i m i z e the em i t t e r ' s p e r i m e t e r / a r e a ra t i o . 

In the L 2 9 6 p o w e r t r ans i s to r , rea l i zed w i t h a h igh 
vo l tage ( 5 0 V ) p r o c e s s , c u r r e n t dens i t ies in the m a 
gn i t ude o r d e r o f 1 0 m A / M i l 2 are a c h i e v e d . 

In its m o s t c o m p l e t e c o n f i g u r a t i o n , in w h i c h al l the 
ava i lab le f u n c t i o n s are be ing u s e d , a s i g n i f i c a n t re
d u c t i o n o f the e x t e r n a l c o m p o n e n t c o u n t is ach iev 
e d c o m p a r e d w i t h d i sc re te c o m p o n e n t s o l u t i o n . 

T h e L 2 9 6 is m o u n t e d in a M U L T I W A T T ® p las t i c 
package w i t h 1 5 p i n s , m i n i m i z i n g the cos t per w a t t 
a n d a l l o w i n g a l o w the rma l res is tance o f 3 ° C / W be
t w e e n j u n c t i o n a n d package a n d o f 3 5 ° C / W b e t w e e n 
j u n c t i o n a n d a m b i e n t . T h i s t h e r m a l res is tance ( in
c l u d i n g the c o n t a c t res is tance) is c o m p a r a b l e to 
tha t o f the m o r e c o s t l y me ta l T O - 3 packages . 

THE STEP-DOWN CONFIGURATION 
F i g . 1 shows the s i m p l i f i e d b l o c k d iag ram o f the 
c i r c u i t r ea l i z i ng t h e s t e p - d o w n c o n f i g u r a t i o n . T h i s 
c i r c u i t opera tes as f o l l o w s : Q1 acts as a s w i t c h at 
the f r e q u e n c y f a n d the O N a n d O F F t imes are su i t 
a b l y c o n t r o l l e d b y the pu lse w i d t h m o d u l a t o r c i r 
c u i t . W h e n Q1 is s a t u r a t e d , energy is abso rbed f r o m 
the i n p u t w h i c h is t rans fe r red to the o u t p u t t h r o u g h 
L. T h e e m i t t e r vo l tage o f Q 1 , V ^ , is V i - V s a t w h e n 
Q is O N a n d - V F (w i th V F the f o r w a r d vo l tage 
across the D d i o d e as i n d i c a t e d ) w h e n Q1 is O F F . 
D u r i n g th is s e c o n d phase the c u r r e n t c i r cu la tes 
again t h r o u g h L a n d D . C o n s e q u e n t l y a rec tangu la r -
shaped vo l tage appears o n the e m i t t e r o f Q1 a n d 
th is is then f i l t e r e d by the L - C - D n e t w o r k a n d c o n 
ve r ted i n t o a c o n t i n u o u s m e a n va lue across the 
c a p a c i t o r C and t h e r e f o r e across the l o a d . T h e cu r 
ren t t h r o u g h L cons is t s o f a c o n t i n u o u s c o m p o n e n t , 
l l _ o A D r and a t r i angu la r - shaped c o m p o n e n t super 
i m p o s e d on i t , A l [_ , due t o the vo l tage across L. 

Fig. 1 — The basic step-down switching regulator configuration. 
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Fig. 2 — Principal circuit waveforms of the fig. 1 circuit. 
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F i g . 2 s h o w s the b e h a v i o u r o f the m o s t s i g n i f i c a n t 
w a v e f o r m s , in d i f f e r e n t p o i n t s o f t he c i r c u i t , w h i c h 
h e l p to u n d e r s t a n d bet te r the o p e r a t i o n o f the 
p o w e r s e c t i o n o f the s w i t c h i n g regu la to r . F o r the 
sake o f s i m p l i c i t y , the series res is tance o f t he c o i l 
has been neg lec ted . F i g . 2a s h o w s the b e h a v i o u r o f 
t he e m i t t e r vo l tage (wh i ch is p r a c t i c a l l y t he vo l tage 
across the rec i r cu la t i on d i o d e ) , w h e r e the p o w e r 
s a t u r a t i o n and the f o r w a r d V F d r o p across the 
d i o d e era taken i n t o a c c o u n t . 

T h e O N a n d O F F t imes are es tab l i shed by the f o l 
l o w i n g e x p r e s s i o n : 

T O N 
V o = ( V j - V s a t ) — 

" O N + ' O F F 
F i g . 2 b s h o w s the cu r ren t across the s w i t c h i n g t r an 
s i s to r . T h e cu r ren t shape is t r a p e z o i d a l a n d the 
o p e r a t i o n is in c o n t i n u o u s m o d e . A t th is s tage, t he 
p h e n o m e n a due t o t he c a t c h d i o d e , t h a t w e c o n s i d e r 
as d y n a m i c a l l y i d e a l , are neg lec ted . F i g . 2c s h o w s 
the c u r r e n t c i r c u l a t i n g in the r e c i r c u l a t i o n d i o d e . 
T h e s u m o f the cu r ren ts c i r c u l a t i n g in the p o w e r 
a n d in the d iode is the c u r r e n t c i r c u l a t i n g i n t he 
c o i l as s h o w n in f i g . 2e . In b a l a n c e d c o n d i t i o n s the 
A I L ! " c u r r e n t increase o c c u r i n g d u r i n g T O N has t o 
be equa l t o t h e A l | _ decrease o c c u r r i n g d u r i n g T Q F F -
T h e mean va lue o f i|_ c o r r e s p o n d s t o t he charge 
c u r r e n t . 

T h e c u r r e n t r ipp le is g iven by the f o l l o w i n g f o r m u l a : 

A I L ! " = A i L = T Q N = 

v 0 + v F 
T Q F F 

It is a g o o d rule t o respect to IOMIN L./2 r e l a t i o n 
s h i p , t h a t imp l ies g o o d o p e r a t i o n in c o n t i n u o u s 
m o d e . W h e n this is n o t d o n e , the regu la to r s tar ts 
o p e r a t i n g in d i s c o n t i n u o u s m o d e . T h i s o p e r a t i o n is 
s t i l l safe b u t va r ia t ions o f the s w i t c h i n g f r e q u e n c y 
m a y o c c u r and the o u t p u t regu la t i on decreases . 

F i g . 2 d shows the b e h a v i o u r o f the vo l tage across 
c o i l L. In ba lanced c o n d i t i o n s , the m e a n va lue o f 
t he vo l tage across the c o i l is z e r o . F i g . 2f s h o w s the 
c u r r e n t f l o w i n g t h rough the c a p a c i t o r , w h i c h is the 
d i f f e r e n c e be tween l|_ a n d I L O A D . 

In b a l a n c e d c o n d i t i o n s , the m e a n c u r r e n t is equa l 
t o z e r o , a n d Ale = Al[_. T h e c u r r e n t IQ t h r o u g h the 
c a p a c i t o r gives rise to the vo l tage r i p p l e . 
T h i s r i pp le cons is ts o f t w o c o m p o n e n t s : a c a p a c i t i v e 
c o m p o n e n t , A V c , and a resist ive c o m p o n e n t , A V E S R » 
d u e t o the E S R e q u i v a l e n t series res is tance o f the 
c a p a c i t o r . F i g . 2g s h o w s the capac i t i ve c o m p o n e n t 
AVc o f the vo l tage r i p p l e , w h i c h is the in tegra l o f a 
t r i angu la r - shaped c u r r e n t as a f u n c t i o n o f t i m e . 
M o r e o v e r , i t s h o u l d be obse rved tha t VQ (t) is in 
q u a d r a t u r e w i t h ic(t) a n d the re fo re w i t h the vo l tage 
V E S R - T h e q u a n t i t y o f charge A Q + s u p p l i e d t o the 
c a p a c i t o r is given by the area e n c l o s e d by the A B C 
t r i ang le in f i g . 2 f : 

A Q . - L . J 1 
2 2 

Ai, 

w h i c h t he re fo re g ives : 

Q A | L A v c = — =—-
u C 8 f c 

F i g . 2h s h o w s the vo l tage r i pp le VESR due t o the 
resist ive c o m p o n e n t o f the c a p a c i t o r . T h i s c o m 
p o n e n t is VESR M = >C M * E S R - F ' 9 - 2 i s h o w s 
the overa l l r i pp le V 0 , w h i c h is the s u m o f the t w o 
p rev ious c o m p o n e n t s . A s the f r e q u e n c y increases 
( > 2 0 k H z ) , w h i c h is r e q u i r e d t o reduce b o t h the 
c o s t a n d the sizes o f L and C , the V E S R c o m p o n e n t 
b e c o m e s d o m i n a n t . O f t e n it is necessary t o use 
c a p a c i t o r s w i t h g rea ter c a p a c i t a n c e (or m o r e c a p a 
c i t o r s c o n n e c t e d in para l le l to l im i t t h e j v a l u e o f 
E S R w i t h i n the r e q u i r e d leve l . 

W e w i l l n o w e x a m i n e the s t e p d o w n c o n f i g u r a t i o n 
in m o r e d e t a i l , r e fe r r i ng t o f i g . 1 and t a k i n g the be
h a v i o u r s h o w n in f i g . 2 i n t o a c c o u n t . 

S ta r t i ng f r o m the in i t i a l c o n d i t i o n s , where Q = O N , 
v q = V Q a n d i|_ = \Q = 0 , us ing K i r c k o f f s e c o n d 
p r i n c i p l e w e m a y w r i t e the f o l l o w i n g e x p r e s s i o n : 

Vj = v L + v c ( V s a t is neg lec ted against V j ) . 

d i L , d i L 

— + v c = L - + V V ; = L 1) 
d t d t 

w h i c h g ives: 

( V . - V , 
3 'L 

d t 

T h e c u r r e n t t h r o u g h the i n d u c t a n c e is g iven b y : 

i ( V i - V o > * li - • 1 

(2) 

(3) 

W h e n V j , V Q , a n d L are c o n s t a n t , l[_ var ies l i nea r l y 
w i t h t. T h e r e f o r e , i t f o l l o w s tha t : 

Ai , + = (Vj - v 0) T Q N (4) 

W h e n Q is O F F the c u r r e n t t h rough the co i l has 
reached its m a x i m u m v a l u e , l p e a k a n c l because i t 
c a n n o t vary i n s t a n t a n e o u s l y , t he vo l tage across the 
co i l is i nve r t ed a n d the d i o d e D b e c o m e s f o r w a r d 
b iased t o a l l o w the r e c i r c u l a t i o n o f the c u r r e n t 
t h r o u g h the l o a d . 

W h e n Q sw i t ches O F F , the f o l l o w i n g s i t u a t i o n is 
p resen t : 

v C <t) = V Q , i L (t) = i D (t) = l p e a k 

A n d the e q u a t i o n assoc ia ted t o the f o l l o w i n g l o o p 
m a y be w r i t t e n : 

V F + L 
d t 

v c = 0 (5) 
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w h e r e : 

v c = V 

d i k = _ (v F + v j / L 
d t 

p o w e r a b s o r b e d by the s y s t e m . Pj is g iven by P Q , 
p lus al l the o t h e r sys tem losses. T h e exp ress ion of 
the e f f i c i e n c y b e c o m e s the re fo re the f o l l o w i n g : 

(6) T? = 
Pn + Po + P „ + P, + Pr 

(12) 
P s w 

It f o l l o w s the re fo re tha t : 

V F + V D 

' L (t) (7) 

T h e negat ive sign m a y be in terpre. tated w i t h the 
f a c t tha t the c u r r e n t is n o w dec reas ing . A s s u m i n g 
t h a t V p m a y be neg lec ted aga ins t V D , d u r i n g the 
O F F t i m e the f o l l o w i n g b e h a v i o u r o c c u r s : 

'L = 

t h e r e f o r e : 

A l L - = ^ T O F F 

L 

B u t , because 

AlL+ = M L " 

( V J - v 0) T O N 

if f o l l o w s tha t 

v o TOFF 

w h i c h a l l ows us t o ca l cu la te V n : 

1 ON 
T O N + T O F F 

1 ON 

(8) 

(9) 

DC LOSSES 
P s a t : sa tu ra t i on losses of the p o w e r t rans is to r Q . 

These losses increase as V ; decreases. 

^sat ~~ V s a t * 'o 
' O N 

V S a t lo v 
(13) 

T O N V Q 

w h e r e —j- = -y— and V s a t is the p o w e r 

t rans i s to r sa tu ra t i on at c u r r e n t l G . 

P Q : losses due t o the r e c i r c u l a t i o n d i o d e . These 
losses increase as V j inc reases , as in th is case 
the O N t i m e of the d i o d e is greater . 

p D = V p I o Y L 1 ^ = V f l 0 ( 1 - ^ ) (14) 
v i Vj 

w h e r e V p is the f o r w a r d vo l tage o f the rec i r 
c u l a t i o n d i o d e at c u r r e n t l Q . 

P [_ : losses due t o the series res is tance R s o f the 
co i l 

R Q I, S 'o (15) 

(10) P q : losses due t o the s tand -by cu r ren t and t o the 
p o w e r d r i v i n g c u r r e n t : 

w h e r e T is the s w i t c h i n g p e r i o d . 

E x p r e s s i o n (10) l i nks the o u t p u t vo l tage V Q to the 
i n p u t vo l tage Vj and to the d u t y c y c l e . The re l a t i on 
s h i p be tween the cu r ren ts is the f o l l o w i n g : 

'DC '°DC 
T O N 

EFFICIENCY 
T h e sys tem e f f i c i e n c y is exp ressed by the f o l l o w i n g 
f o r m u l a : 

r ^ l f L J O O 
P: 

w h e r e P o = V , (wi th l D = I|_OAD) 

Pn = V ; ! • , „ + V i I q - 1 3q 

w h e r e be ing : 

T O N V o 
T V , 

Pq = Vj l ' 3 q 

i 1 3 q ' O N 

it f o l l o w s t h a t : 

+ V „ I" 3 q in w h i c h : 

' *3q = ' 3 q at 0 % d u t y c y c l e 

' " 3 q = l 3 q ( i o o % d . c . ) ~ <3q (0%d.c . ) 

SWITCHING LOSSES 
p s w : s w i t c h i n g losses o f the p o w e r t rans is to r : 

tr + t f 

(16) 

Psw = v i ! o 2 T 

is the o u t p u t p o w e r to the l o a d and Pj is the i n p u t T h e s w i t c h i n g losses o f the r ec i r cu l a t i on d i o d e are 
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neg lec ted (wh ich are a n y w a y neg l ig ib le ) as i t is as
s u m e d tha t d iode is used w i t h recove ry t i m e m u c h 
s m a l l e r t han the r ise t i m e o f t he p o w e r t rans i s to r . 

W e c a n neglect losses in the c o i l (it is assumed tha t 
A l | _ is very smal l c o m p a r e d t o l 0 ) a n d in t he ou t 
p u t c a p a c i t o r , w h i c h is assumed to s h o w a l o w E S R . 

F r o m the b e h a v i o u r s h o w n in f i g . 2 i t m a y be c a l 
c u l a t e d t ha t the c h a r g e c u r r e n t o f the o u t p u t c a 
p a c i t o r , w i t h i n a p e r i o d , is Ai|_/4, w h i c h is s u p p l i e d 
f o r a t i m e T / 2 . It f o l l o w s the re fo re tha t : 

A i L T Ah T Ai, 
4 C 2 8 C 8 f C 

(19) 

Calculation of the inductance value, L 
C a l c u l a t i n g T Q N a n d T Q F F t h r o u g h (4) and (9) 
respec t i ve l y it f o l l o w s tha t : 

O N = 
A I L « L 

V ; - V n 

T O F F -
A 11_ • L 

a n d AlL+ = Al|T = A l L , 

B u t because : 

T O N + T Q F F = T 

i t f o l l o w s tha t : 

A l L - L A l L - L = t 

V i - v 0

 + v 0 

C a l c u l a t i n g L, the p rev ious re la t i on b e c o m e s : 

<V i - Vo> V 0 T ( 1 8 ) 
L = 

V i Ai|_ 

F i x i n g the cu r ren t r i p p l e in the co i l r e q u i r e d by the 
des ign ( for ins tance 3 0 % o f l D ) , a n d i n t r o d u c i n g the 
f r e q u e n c y instead o f the p e r i o d , i t f o l l o w s tha t : 

L = ^ V ' ~ V Q ) V Q w h e r e L is in H e n r y a n d f in H z 
V , . 0 . 3 - l o - f 

b u t , r e m e m b e r i n g e x p r e s s i o n (4) : 

AiL+ = (Vj Vo) T ON 
a n d T Q N = = I ° _ T 

Vj 

t he re fo re e q u a t i o n (19) b e c o m e s : 

_ IV, - V . ) V o 

C 8 V j f 2 L C 

F i n a l l y , c a l c u l a t i n g C i t f o l l o w s tha t : 

<Vj ~ V Q ) V O 

8 V : Av~ f 2 L 
(20) 

w h e r e : s i n H e n r y s 
s i n Fa rads 
s i n H z 

F i n a l l y , the f o l l o w i n g e x p r e s s i o n s h o u l d be t r ue : 

_ A v C m a x 
E S R r All 

(21) 

It m a y h a p p e n t h a t t o sat is fy re la t ion (21) a c a 
pac i t ance va lue m u c h greater t han the va lue c a l c u 
la ted t h r o u g h (20) m u s t be u s e d . 

Calculation of the output capacitor C 
F r o m the o u t p u t n o d e in f i g . 3 i t m a y be seen t h a t 
the c u r r e n t th rough the o u t p u t c a p a c i t o r is given b y : 

i c (t) = i L (t) - l D 

Fig. 3 — Equivalent circuit showing recirculation 
when Qi is turned off. 

S - 6 7 7 7 

TRANSIENT RESPONSE 
S u d d e n va r i a t i ons of t he l o a d c u r r e n t give rise t o 
overvo l tages a n d undervo l tages o n the o u t p u t v o l 
tage. S ince i c = C ( d v c / d t ) (22 ) , where d v c = AVQ, 
the i ns tan taneous va r i a t i on o f the load c u r r e n t A l 0 

is s u p p l i e d d u r i n g the t rans ien t by the o u t p u t c a 
p a c i t o r . D u r i n g t h e t rans ien t , a lso cu r ren t t h r o u g h 
the c o i l t ends t o c h a n g e its va lue . 
M o r e o v e r , the f o l l o w i n g is t rue : 

v, = L (23) whe re d i L 

d t 
= Al r 

= V , 

= V r 

V r f o r a l o a d increase 

f o r a l oad decrease 

C a l c u l a t i n g d t f r o m (22) and (23) and e q u a l i z i n g , i t 
f o l l o w s tha t : 

di|_ 
= C 

d v n 
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C a l c u l a t i n g d v c a n d e q u a l i z i n g i t t o Av Q , i t f o l l o w s Power supply 
t ha t : 

Av o = 

AV„ = 

L A L 

C ( V J - V Q ) 

LAU 2 

(24) f o r + A I 

(25) f o r - A l 0 

F r o m these t w o exp ress ions the d e p e n d e n c e o f over
s h o o t s and u n d e r s h o o t s o n the L a n d C values m a y 
be o b s e r v e d . T o m i n i m i z e Av D i t is the re fo re neces
sary to reduce the i n d u c t a n c e va lue L a n d to i n 
crease the c a p a c i t a n c e va lue C . S h o u l d o t h e r a u x i l i 
a ry f u n c t i o n s be r e q u i r e d in the c i r c u i t l i ke reset o r 
c r o w b a r p r o t e c t i o n s a n d very va r iab le loads m a y be 
p resen t , it is w o r t h w h i l e to take spec ia l care f o r m i 
n i m i z i n g these o v e r s h o o t s , w h i c h c o u l d cause 
s p u r i o u s o p e r a t i o n o f the c r o w b a r , a n d the under 
s h o o t , w h i c h c o u l d t r igger the reset f u n c t i o n . 

DEVICE DESCRIPTION 
F i g . 4 shows the package in w h i c h the dev ice is 
m o u n t e d a n d the p in f u n c t i o n ass ignments . 
T h e in te rna l s t r uc tu re o f the dev ice is s h o w n in 
f i g . 5 . Each b l o c k w i l l n o w be e x a m i n e d . 

T h e dev ice is p r o v i d e d w i t h an in terna l s t a b i l i z e d 
p o w e r s u p p l y t h a t , bes ides s u p p l y i n g the re ference 
vo l tage o f 5 . 1 V f o r the w h o l e s y s t e m , a lso s u p p l i e d 
th,e in te rna l a n a l o g b l o c k s . 
Spec ia l features o f the vo l tage re ference are its ac 
c u r a c y , t e m p e r a t u r e s t a b i l i t y a n d h igh l ine re jec t i on . 
T h r o u g h z e n e r - z a p t r i m m i n g , the vo l tage is w i t h i n 
± 2 % l i m i t s . 

Fig. 4 — Pin assignments of the L296. 

CROWBAR DRIVE 
RESET OUTPUT 
R E S E T DELAY 
R E S E T INPUT 
OSCILLATOR 
F E E D B A C K INPUT 
FREQUENCY COMPENSATION 
GROUND 
SYNC. INPUT 
INHIBIT INPUT 
S O F T - S T A R T 
CURRENT LIMIT 
SUPPLY VOLTAGE 
OUTPUT 
CROWBAR INPUT 

Tab connected to pin 8 

Fig. 5 - Block diagram of the L296. In addition to the basic regulation loop the device includes functions 
such as reset, crowbar and current limiting. 

INHIBIT 
INPUT 
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OSCILLATOR 
T h e osc i l l a to r b l o c k generates the s a w - t o o t h wave
f o r m tha t sets the s w i t c h i n g f r e q u e n c y o f the 
s y s t e m . Th i s s igna l , c o m p a r e d w i t h the o u t p u t 
vo l tage o f the e r ro r a m p l i f i e r , generates the P W M 
signal t o be sent to the p o w e r o u t p u t stage. T h e 
s a w - t o o t h , whose a m p l i t u d e is be tween 1 .2V a n d 
3 . 2 V , is generated by charg ing rap id l y the C o s c 

c a p a c i t o r w h i c h t hen d ischarges across the R o s c 

res is tance. As s h o w n in f ig . 6 , the osc i l l a t o r is rea
l i z e d by a c o m p a r a t o r (w i th g r o u n d e d c o m p a t i b l e 
i n p u t ) w i t h hysteresis w h o s e th resho lds are 1 .2V 
a n d 3 . 2 V respec t i ve ly . T h e C o s c c a p a c i t o r and the 
R o s e resistance are c o n n e c t e d t o the n o n - i n v e r t i n g 
i n p u t o f the c o m p a r a t o r w h i c h set the osc i l l a t i ng 
f r e q u e n c y is f i x e d . W h e n the vo l tage o n p i n 11 is 
less than 3 . 2 V , the s w i t c h S-j is c l o s e d a n d the cu r 
ren t genera tor charges the C o s c c a p a c i t o r r a p i d l y ; 
in th i s phase S 2 is a lso c l o s e d . A s s o o n as 3 . 2 V is 
r e a c h e d the c o m p a r a t o r o u t p u t d r ives S 2 o p e n 
( there fo re open ing S-), t o o ) ; the inve r t i ng i n p u t 
vo l t age is reduced to a b o u t 1 .2V a n d the c a p a c i t o r 
s tar ts t o d ischarge i tsel f across the R o s c res is tor 
(the l b i a s e f fec t is neg lec ted ) . W h e n the vo l tage 
reaches 1 .2V , S2 a n d S i c lose again a n d a n e w c y c l e 
s tar ts . T h e generated w a v e f o r m is s h o w n in f i g . 7. 

T o ach ieve a g o o d a c c u r a c y o f the s w i t c h i n g f re
q u e n c y i t is essent ial t o have a cha rg i ng t ime o f the 
c a p a c i t o r w h i c h is m u c h sma l l e r t han the d i scha rg 
i ng t i m e . In this w a y , the o s c i l l a t i o n f r e q u e n c y 
o n l y depends o n the ex te rna l c o m p o n e n t s C o s c 

a n d R 0 s c - Fo r th is reason the c a p a c i t o r charg ing 
c u r r e n t (when S-| is O N ) is t y p i c a l l y a r o u n d 1 0 m A . 
F o r e x a m p l e , w i t h a 2 .2 n F c a p a c i t o r t o s w i t c h 
f r o m 1 .2V to 3 . 2 V a b o u t 4 0 0 ns is r e q u i r e d , w h i c h 
is neg l ig ib le c o m p a r e d t o the 10 jus p e r i o d tha t o c 
cu rs w h e n the o p e r a t i o n is p e r f o r m e d at 1 0 0 k H z . 
T h e d iagrams s h o w n in f i g . 8 a l l o w the c a l c u l a t i o n 
o f the R 0 s c va lue ( R i in f ig . 8) w i t h C o s c as a par 
a m e t e r (C3 in f ig . 8 ) w h e n the o s c i l l a t i o n f r e q u e n c y 
r e q u i r e d f o r o p e r a t i o n has been p rev i ous l y f i x e d . 

Fig. 6 — Internal schematic of the oscillator 

Fig. 7a — Oscillator waveform at pin 11 with 
f = 100 KHz ( R o s c = 4.3 K&, C o s c = 2.2 nF) 

• • • • • • • I 

t : 5/us/div 

Fig. 7b — Oscillator waveform at pin 11 with 
f = 50 KHz (Rosc = 9.1 KSl, C o s c = 2.2 nF) 

i l l l m 
H H f i S H I B — n s a m 

Fig. 8-

t : 5/us/div 

Nomogram for the choice of oscillator 
components. 

SnF 

F i g . 8 shows t w o suggested values f o r the C o s c 

c a p a c i t a n c e . Excess i ve l y l o w capac i tance va lue m a y 
give rise t o an i n a c c u r a c y o f the u p p e r t h r e s h o l d 
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d u e t o t he s w i t c h i n g de lays o f t he c o m p a r a t o r . T h i s 
i n a c c u r a c y in caused by an excess i ve l y sho r t rise 
t i m e o f the vo l tage . A c a p a c i t a n c e va lue t o o h igh 
gives rise t o a charg ing t i m e w h i c h is t o o long c o m 
p a r e d t o the d i scharg ing t i m e . A n a d d i t i o n a l inac
c u r a c y cause w o u l d be t he re fo re p resen t f o r the 
s w i t c h i n g f r e q u e n c y , n o w due to spread of the 
cha rge c u r r e n t . 

T h e o s c i l l a t i o n f r e q u e n c y is g iven by the f o l l o w i n g 
f o r m u l a : 

w = R

 1

 c < 2 6> 
R L O S C ^ O S C 

PWM (see fig. 9) 
T h e P W M signal is genera ted on the c o m p a r a t o r 
o u t p u t ; the t r i angu la r -shaped w a v e f o r m a n d the 
c o n t i n u o u s s ignal c o m i n g f r o m the o u t p u t o f t he 
t r a n s c o n d u c t a n c e e r ro r a m p l i f i e r are sent t o its 
i n p u t s . T h e P W M signal is then t rans fe r red t o the 
d r i v i n g stage o f the o u t p u t p o w e r t rans i s to r . 

SOFT START (see fig. 9) 
S o f t s ta r t is an essent ia l f u n c t i o n f o r c o r r e c t star t 
u p , to p reven t stresses and poss ib le b r e a k d o w n 
f r o m o c c u r r i n g in the p o w e r t rans is to r a n d to o b 
ta in a m o n o t o n i c a l l y i nc reas ing o u t p u t vo l t age . 
In p a r t i c u l a r , the L 2 9 6 , as it does n o t have any d u t y 
c y c l e l i m i t a t i o n and due t o the t y p e o f c u r r e n t l i m i -
t a t i o n does n o t a l l o w the o u t p u t to be f o r c e d to a 

s teady state w i t h o u t the a id o f the so f t -s ta r t f a c i l i t y . 
So f t -s ta r t ope ra tes a t the s ta r t -up o f the s y s t e m , 
af ter the i n h i b i t has been a c t i v a t e d , a f ter an in ter 
v e n t i o n o f the c u r r e n t l i m i t a t i o n and a f ter the in ter 
v e n t i o n o f the t h e r m a l p r o t e c t i o n . 

T h e so f t -s ta r t f u n c t i o n is rea l i zed t h rough a c a p a c i 
t o r c o n n e c t e d to p i n 5 w h i c h is cha rged at c o n s t a n t 
c u r r e n t ( = 100 j l lA) u p to a va lue o f a b o u t V R E F -
D u r i n g the c h a r g i n g t i m e , t h r o u g h P N P t rans is to r 
0 . 5 8 , the vo l tage o n p i n 9 is f o r c e d to increase w i t h 
the same r i s ing speed as o n p i n 5 . S ta r t i ng f r o m the 
d ischarged c a p a c i t o r c o n d i t i o n (p in 5 vo l tage = O V ) 
the p o w e r t rans i s to r is in the O F F c o n d i t i o n , as the 
vo l tage o n p i n 9 is sma l l e r than the m i n i m u m level 
o f the r a m p v o l t a g e . A s the c a p a c i t o r is c h a r g e d , 
the P W M signal begins to be genera ted as s o o n as 
the e r ro r a m p l i f i e r o u t p u t vo l tage crosses the r a m p ; 
the p o w e r stage s tar ts to s w i t c h w i t h s tead i l y i n 
c reas ing d u t y c y c l e . T h i s b e h a v i o u r is s h o w n in 
f i g . 1 0 . A s s o o n as the s teady c o n d i t i o n is reached 
the d u t y c y c l e sets i tsel f to the r igh t va lue due to 
the e f f e c t o f the f e e d b a c k n e t w o r k w h i l e the sof t -
s tar t c a p a c i t o r c o m p l e t e s its cha rg ing to a va lue very 
c lose to V R £ p . 

T h e sof t -s tar t e f f e c t is d e t e r m i n e d , apar t f r o m the 
s w i t c h - o n t i m e , w h e n the c u r r e n t l i m i t a t i o n oper 
ates, due to e i t he r an o v e r l o a d o r a sho r t c i r c u i t , to 
keep the m e a n va lue o f the c u r r e n t a b s o r b e d by the 
p o w e r s u p p l y l o w . 
M o r e o v e r f r o m f i g . 11 it m a y be obse rved tha t 
s ince the vo l tage o n p i n 9 can decrease u n d e r the 
m i n i m u m r a m p level a n d increase over the m a x i 
m u m level n o l i m i t a t i o n s have been p r o v i d e d o n 
the d u t y c y c l e , w h i c h t he re fo re m a y vary be tween 
0 and 1 0 0 % . 

Fig. 9 — Partial internal schematic showing PWM and soft start blocks. 
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Fig. 10 — Soft start waveforms. When power is applied, or after an inhibit, the L296's output current 
rises slowly under control of the soft start circuit. 

CALCULATING THE DUTY CYCLE AND 
SOFT-START TIME 
A s s u m e , f o r s i m p l i c i t y , t ha t the r i s ing edge o f the 
r a m p is i ns tan taneous ; V r is the o u t p u t vo l tage of 
the e r r o r a m p l i f i e r a n d V c the r a m p vo l tage (see 
f i g . 11 ) . The P W M c o m p a r a t o r b l o c k sw i t ches 
w h e n V r = V c ; t he re fo re : 

V r = V c = E e R O S c C o s c 

C o n s e q u e n t l y : 

E 
t ~ R o s c QDSC , N — 

T h e t ime o b t a i n e d f r o m th is exp ress ion is the T Q F F 
t ime o f the p o w e r t rans is to r . T h e d u t y c y c l e d is 
given b y : 

T O N T — R o s c Cose l n 

d = = 1 1 - = 

In E - V o 
" 1 ~ " V r " V j 

C o n s e q u e n t l y , s ta r t i ng w i t h the c a p a c i t o r d i scharg 
e d , the o u t p u t o f the regu la to r w i l l be at the n o m 
inal level w h e n the vo l tage at the t e rm ina l o f the 
c a p a c i t o r (wh ich is cha rged by a c o n s t a n t cu r ren t ) 
has reached V r — 0 . 5 V . 
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start-up 
C « ( V R - 0 . 5 V ) 

'5so 

w h e r e C s s is the so f t -s ta r t c a p a c i t o r a n d l 5 S O is the 
c h a r g i n g c u r r e n t . 

C o n s i d e r i n g as the sof t -s tar t t ime the t i m e requ i red 
f o r t h e so f t - s ta r t c a p a c i t o r t o charge f r o m ( 1 . 2 V -
0 . 5 V ) t o V R - 0 . 5 V , g ives: 

tss 
C s s ( V r - 1 .2 ) 

s u b s t i t u t i n g V r f r o m ( 2 7 ) g ives: 

V R = E e 

( 2 8 ) 

th ree dev ices s h o w n in the f i gu re . It is a n y w a y d i f 
f i c u l t to es tab l i sh an e x a c t m a x i m u m n u m b e r o f 
dev i ces , as it d e p e n d s o n d i f f e r e n t c o n d i t i o n s . 

T h e f i rs t c o n s i d e r a t i o n c o n c e r n s the a c c u r a c y w h i c h 
m u s t be ach ieved a n d m a i n t a i n e d o n the o s c i l l a t i o n 
f r e q u e n c y . S ince the bias c u r r e n t o n p in 7 is an ou t 
p u t c u r r e n t , the s u m o f al l the bias cu r ren ts m u s t 
be m u c h sma l l e r than the c a p a c i t o r d ischarge cu r 
ren t in c lose p r o x i m i t y t o the l o w e r d ischarge thre
s h o l d . T h e r e f o r e , assum ing C o s c = 2 . 2 n F a n d 
R o s c = 4 . 3 it f o l l o w s tha t : 

1 . 2 V 
= 2 8 0 M A 

4 . 3 K « 

A s s u m i n g tha t a 1 0 % v a r i a t i o n m a y be a c c e p t e d , 
i t f o l l o w s t he re fo re tha t the n u m b e r o f s y n c h r o n -
i zab le dev ices is g iven b y : 

s u b s t i t u t i n g i n t o ( 2 8 ) g ives: 

V 

tss -
Css 

( E e 1 .2) 

SYNCHRONIZATION 
T h e s y n c h r o n i z a t i o n f u n c t i o n is ava i lab le o n p in 7 , 
th is f u n c t i o n a l l o w s the dev ice t o be s w i t c h e d at an 
e x t e r n a l l y genera ted f r e q u e n c y ( leav ing p in 11 
o p e n ) , o r t o m u t u a l l y s y n c h r o n i z e several dev i ces , 
u s i n g one of t h e m as mas te r and the o the rs as 
s lave ( F i g . 1 2 ) . 

T h i s al lows several dev ices to be o p e r a t e d at the same 
f r e q u e n c y , a v o i d i n g undes i rab le i n t e r m o d u l a t i o n 
p h e n o m e n a . T h e n u m b e r of m u t u a l l y s y n c h r o n -
i zab le dev ices is o b v i o u s l y m u c h greater than the 

N = 
2 8 M A 

'bias max 

T h i s means tha t if the overa l l l D i a s ' s t o ° n ' 9 n i t 
m a y m o d i f y the d i scha rg i ng t i m e o f the c a p a c i t o r . 

T h e s e c o n d c o n s i d e r a t i o n c o n c e r n s the l a y o u t 
des ign . 
In the presence o f a great n u m b e r o f dev ices to be 
s y n c h r o n i z e d , the lengh t o f the paths m a y b e c o m e 
s i g n i f i c a n t and t h e r e f o r e the d i s t r i b u t e d i n d u c t a n c e 
i n t r o d u c e d a l o n g the pa ths m a y begin to m o d i f y 
the t r iangu la r s h a p e d w a v e f o r m , p a r t i c u l a r l y the 
r is ing edge w h i c h is very s teep . Th i s e f f ec t w o u l d af
f ec t the dev ices tha t are p h y s i c a l l y l o c a t e d m o r e 
d i s t an t f r o m the mas te r d e v i c e . 

T h e a m p l i t u d e o f the saw- too th to be e x t e r n a l l y 
c o n n e c t e d m u s t be w i t h i n 0 . 5 V and 3 . 5 V , va lues 
a lso rep resen t ing the m a x i m u m s w i n g of the e r ro r 
a m p l i f i e r o u t p u t . 

Fig. 12 — In multiple supplies several L296's can be synchronized as shown here. 
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CURRENT LIMITATION 
T h e c u r r e n t l i m i t a t i o n f u n c t i o n has been rea l i zed 
in a ra the r innovat ive w a y to a v o i d o v e r l o a d c o n 
d i t i o n d u r i n g the sho r t c i r c u i t o p e r a t i o n . In f a c t , 
w h i l e f o r all the o t h e r dev ices a c o n s t a n t c u r r e n t 
l i m i t a t i o n is i m p l e m e n t e d by ac t i ng o n the d u t y 
c y c l e ( there fore , in s h o r t c i r c u i t c o n d i t i o n s an 
o u t p u t c u r r e n t is equa l to the m a x i m u m l i m i t a t i o n 
c u r r e n t ) , the new c o n t r o l a p p r o a c h a l l ows o p e r a t i o n 
in s h o r t c i r cu i t c o n d i t i o n s w i t h a m e a n c u r r e n t 
m u c h sma l l e r than the a l l o w e d 4 A va l ue . O p e r a t i o n 
o f t h e c u r r e n t l im i te r w i l l n o w be d e s c r i b e d . 
R e f e r t o the b lock d i a g r a m , f i g . 1 3 . 

T h e c u r r e n t w h i c h is de l i ve red f r o m the o u t p u t 
t r a n s i s t o r t o the l oad f l o w s t h r o u g h the c u r r e n t sens
i n g res is to r RQ. W h e n the vo l tage d r o p o n R s is 
e q u a l to the o f fset vo l tage o f the c u r r e n t c o m p a r a 
t o r , t he c o m p a r a t o r generates a set pu lse f o r the 
f l i p - f l o p , w i t h a de lay o f a b o u t 1 JUsec. T h e p u r p o s e 
o f th i s de lay is to a v o i d t r igger ing of the p r o t e c t i o n 
c i r c u i t o n the cu r ren t peak tha t o c c u r s d u n n g the 
r e c i r c u l a t i o n phase. T h e r e f o r e , the o u t p u t Q goes 

l o w and the p o w e r stage is i m m e d i a t e l y s w i t c h e d 
o f f , w h i l e the o u t p u t Q goes h igh a n d acts d i r e c t l y 
o n the sof t -s tar t c a p a c i t o r d i s c h a r g i n g the so f t -s ta r t 
c a p a c i t o r at a c o s t a n t c u r r e n t ( abou t 5 0 /JLA). 
W h e n the vo l tage o n p i n 5 reaches 0 . 4 V the c o m 
pa ra to r t r iggers, s u p p l y i n g a reset pu lse t o the f l i p -
f l o p ; f r o m n o w o n , the p o w e r stage is enab le a n d 
the sof t -s tar t phase starts aga in . W h e n the l i m i t a t i o n 
cause , e i the r o v e r l o a d or s h o r t c i r c u i t , is st i l l p resen t 
the c y c l e repeats a g a i n . T h e w a v e f o r m o f the ou t 
p u t c u r r e n t o n p i n 2 is s h o w n in f i g . 14 . 

F r o m f i g . 14 i t m a y be o b s e r v e d h o w th is c u r r e n t 
l i m i t a t i o n t e c h n i q u e a l l ows the s h o r t c i r c u i t oper 
a t i o n w i t h a ve ry l o w o u t p u t c u r r e n t va lue . 

It is poss ib le t o r e d u c e the m a x i m u m c u r r e n t va lue 
by ac t i ng o n p in 4 . O n th is p i n a vo l tage o f a b o u t 
3 . 3 V is p resen t ; b y c o n n e c t i n g a res is tance a c o n 
s tant c u r r e n t , g iven by 3 . 3 / R , is sent t o g r o u n d . 
T h i s c u r r e n t reduces the o f f se t vo l tage o f the cu r 
ren t c o m p a r a t o r , t h e r e f o r e a n t i c i p a t i n g its t r igger ing 
th r e s h o l d . 
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Fig. 14a — Current limiter waveforms. 

C U R R E N T 
LIMITER 
TRIGGERS 

A V E R A G E 
S H O R T CIRCUIT 
C U R R E N T .fiflilPJPJli rt n H Hr 

Fig. 14b — Load current in short circuit condit
ions (V/ = 40v, L = 300 i*H, f = 100 KHz) 

t : 5 m s / d i v 

Fig. 14c — Current at pin 2 when the output is 
short circuited. 

_j£_i ± M 

mmmmmm^Wt 

t : 5 m s / d i v 

RESET 
T h e reset f u n c t i o n is o f great i m p o r t a n c e w h e n the 
dev i ce is used to s u p p l y m i c r o p r o c e s s o r s , log ic de 
v i c e s , and so o n . T h i s f u n c t i o n d i f f e ren t ia tes the 
S G S L 2 9 6 dev ice f r o m all p rev ious dev ices . T h e 
b l o c k d i a g r a m o f the f u n c t i o n is s h o w n in f i g . 1 5 . 
A reset s ignal is genera ted w h e n the o u t p u t vo l tage 

is w i t h i n the l i m i t s r equ i r ed t o s u p p l y the m i c r o 
p rocesso r c o r r e c t l y . 

T h e reset f u n c t i o n is rea l i zed th rough the use o f 3 
p i ns : the reset i n p u t p in 1 2 , the reset de lay p i n 13 
and the reset o u t p u t p in 14 . W h e n the vo l tage o n 
p in 12 is s m a l l e r than 5 V the c o m p a r a t o r o u t p u t is 
h igh a n d the reset c a p a c i t o r is n o t cha rged because 
the t rans i s to r Q is sa tu red a n d the vo l tage o n p i n 
14 is at l o w l e v e l , s ince Q 2 is sa tu ra ted , t o o . W h e n 
the vo l tage o n p i n 12 goes above 5 V , the t rans is to r 
Q sw i t ches O F F a n d the c a p a c i t o r can s tar t to 
charge t h rough a c u r r e n t genera to r o f a b o u t 100JUA. 
W h e n the vo l tage on p in 13 goes above 4 . 5 V the 
o u t p u t o f the re l a ted c o m p a r a t o r sw i t ches l o w a n d 
the p in 14 goes h i g h . A s the o u t p u t cons is ts o f an 
open c o l l e c t o r t rans is to r , a pu l l - up ex te rna l resist
ance is r e q u i r e d . In c o n t r a s t , w h e n the reset i n p u t 
vo l tage goes b e l o w 5 V , less a hysteres is vo l tage o f 
a b o u t 1 0 0 m V , the c o m p a r a t o r tr iggers again a n d 
i ns tan taneous l y sets the vo l tage o n p in 14 l o w , 
the re fo re f o r c i n g to sa tu ra t i on the Q1 t rans i s to r , 
t ha t starts the rap id d ischarge o f the c a p a c i t o r . 
O b v i o u s l y , the reset de lay is again present w h e n 
the vo l tage on p in 13 is a l l o w e d to go unde r 4 . 5 V . 

T o ach ieve s w i t c h i n g ope ra t i ons w i t h o u t unce r 
ta in t ies the t w o c o m p a r a t o r s have been p r o v i d e d 
w i t h an hys teres is o f a b o u t 1 0 0 m V . In every ope r 
a t i ng c o n d i t i o n the reset s w i t c h i n g is gua ran teed 
w i t h a m i n i m u m reset i n p u t o f 4 . 7 5 V , the va lue 
requ i red f o r c o r r e c t o p e r a t i o n o f the m i c r o p r o c e s 
sor even in the presence o f the m i n i m u m V R E P 
va lue . 

N o r m a l l y p in 1 2 is used c o n n e c t e d to p in 10 . W h e n 
it is c o n n e c t e d t o the o u t p u t , the f u n c t i o n m a y be 
m o r e p r o p e r l y ca l l ed " r e s e t " ; o n the o the r h a n d , 
w h e n i t is c o n n e c t e d t h rough resist ive d i v i d e r , to 
the i n p u t vo l t age , the f u n c t i o n is ca l l ed " p o w e r 
f a i l " . F i g . 16 and f i g . 17 s h o w the t w o poss ib le 
usages. 

T h e " p o w e r - f a i l " f u n c t i o n is used to p r e d i c t , w i t h 
a g iven a d v a n c e , the d r o p o f the regu la to r o u t p u t 
vo l t age , due to ma in fa i l u res , w h i c h is e n o u g h to 
save the d a t a be ing p rocessed in to p r o t e c t e d m e m 
o ry areas. F i g . 18 summar i ses the reset f u n c t i o n 
o p e r a t i o n . 
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Fig. 15 — Partial schematic showing reset circuit. 
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Fig. 16 - For power - on reset the reset block is Fig. 17 - To obtain a power fail signal, the reset connected as shown here. block is connected like this. 
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Fig. 18 — Waveform of the reset circuit 
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CROWBAR 
T h i s p r o t e c t i o n f u n c t i o n is r ea l i zed by a c o m p l e t e l y 
i n d e p e n d e n t b l o c k , us ing p i n 1 as i n p u t a n d p i n 1 5 
as o u t p u t . It is used to p reven t dangerous ove rvo l t -
ages f r o m o c c u r r i n g w h e n the o u t p u t exceeds 2 0 % of 
ra ted va lue . P in 15 is ab le t o o u t p u t a 1 0 0 m A cu r 
ren t t o be sent t o the gate o f a S C R w h i c h , t r ig 
ge r ing , sho r t c i r cu i t s e i the r o u t p u t o r the i n p u t . 
W h e n c o n n e c t e d t o the i n p u t , as the S C R is t r ig 
gered a fuse in series c o n n e c t e d t o p o w e r s u p p l y 
is b l o w n a n d t o b r i ng the s y s t e m b a c k t o o p e r a t i o n 
m a n u a l i n t e r v e n t i o n is r e q u e s t e d . F igs . 1 9 , 2 0 a n d 

21 s h o w the d i f f e r e n t c o n f i g u r a t i o n s . 

W h e n the vo l tage o n p i n 1 exceeds by a b o u t 2 0 % 
the V R E F va lue t h e o u t p u t stage is a c t i v a t e d , w h i c h 
sends a c u r r e n t t o t he S C R gate , a f te r a de lay o f 
a b o u t 5 / i s e c t o m a k e the s y s t e m insens i t ive t o l o w -
d u r a t i o n s p i k e s . W h e n a c t i v a t e d , the o u t p u t stage 
de l ivers a b o u t 1 0 0 m A ; w h e n no t ac t i va ted , i t d ra ins 
a b o u t 5 m A a n d s h o w s a l o w i m p e d a n c e to the S C R 
gate t o a v o i d u n c o r r e c t t r igger ing due to r a n d o m 
no ise . If the c r o w b a r f u n c t i o n is n o t used c o n n e c t 
p i n 1 t o g r o u n d . 

Fig. 19 — Connection of crowbar circuit at output for 5.1V output applications. 

Fig. 20 — Connection of crowbar circuit at output for output voltages above 5.1V. 

Fig. 21 — Connection of crowbar circuit to protect input. When triggered, the SCR blows the fuse. 

F U S E 

Vi O— | (Q>- X 3 L 2 9 6 

15 1 

~ INPUT 
CROWBAR 

INHIBIT 
T h e i n h i b i t i n p u t (pin 6) is T T L c o m p a t i b l e a n d is 
ac t i va ted w h e n the vo l tage exceeds 2 V a n d d e a c t i 
v a t e d w h e n the vo l tage goes u n d e r 0 . 8 V . A s m a y 
be seen in the b l o c k d i a g r a m , the i n h i b i t ac ts o n 
the p o w e r t rans is to r , i n s t a n t a n e o u s l y s w i t c h i n g i t 
o f f a n d a lso acts o n the so f t -s ta r t , d i s cha rg i ng its 
c a p a c i t o r . W h e n the f u n c t i o n is u n u s e d , p i n 6 m u s t 
be g r o u n d e d . 

THERMAL PROTECTION 
T h e t h e r m a l p r o t e c t i o n f u n c t i o n operates w h e n the 
j u n c t i o n t e m p e r a t u r e reaches 1 5 0 ° C ; i t acts d i r ec t l y 
o n the p o w e r s tage, i m m e d i a t e l y s w i t c h i n g i t o f f , 
a n d o n the so f t -s ta r t c a p a c i t o r , d i scha rg ing i t . The 
t h e r m a l p r o t e c t i o n is p r o v i d e d w i t h hys teres is a n d , 
t h e r e f o r e , a f te r an i n t e r v e n t i o n has o c c u r r e d , i t is 
necessary t o w a i t f o r the j u n c t i o n t empera tu re to 
decrease o f a b o u t 3 0 ° C b e l o w the i n t e r ven t i on 
t h r e s h o l d . 
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APPLICATIONS 
T h o u g h the L 2 9 6 is des igned f o r s t e p - d o w n regu
l a t o r c o n f i g u r a t i o n s i t m a y be used in a va r ie ty o f 
o t h e r a p p l i c a t i o n s . We w i l l n o w e x a m i n e these pos 
s ib i l i t i es a n d s h o w h o w the capab i l i t i e s o f the dev ice 
m a y be e x t e n d e d . 

In f i g . 2 2 the c o m p l e t e t y p i c a l a p p l i c a t i o n is s h o w n , 
w h e r e al l t he f u n c t i o n s ava i lab le o n the dev ice are 
b e i n g u s e d . Th is c i r c u i t de l ivers t o the l o a d a m a x i 
m u m c u r r e n t o f 4 A and a vo l tage w h i c h is es tab
l i shed by the vol tage d i v i de r c o n s t i t u t e d b y R7 a n d 
R3 res is tances. T h e f o l l o w i n g tab le is h e l p f u l f o r a 
q u i c k c a l c u l a t i o n o f s o m e s t a n d a r d o u t p u t vo l tages : 

R e s i s t o r va lue f o r 
s t a n d a r d o u t p u t vo l tages 

V o R 8 
R 7 

1 2 V 
1 5 V 
1 8 V 
2 4 V 

4 . 7 kfl 
4 . 7 k£2 
4 . 7 k£2 
4 . 7 k£2 

6.2 k£l 
9.1 k£2 
12 k£2 
18 k£l 

T o o b t a i n V P = V R P P the p i n 10 is d i rec t l y c o n 
nec ted t o the o u t p u t , t he re fo re e l im ina t i ng b o t h 
R7 a n d R g - T h e s w i t c h i n g f r e q u e n c y is 1 0 0 k H z . 

Fig. 22 — Schematic, PCB layout and suggested component values for the evaluation circuit used to 
characterize the L296. This is a typical stepdown application which exercises all the device's 
functions. R E S E T 
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Fig. 23 — Oscilloscope photographs showing main 
waveforms of the figure 22 circuit. 

t : 2 jus/div 

T h e o s c i l l o s c o p e p h o t o g r a p h s o f the m a i n wave
f o r m s are s h o w n in f i g . 2 3 . T h e o u t p u t vo l tage r ip 
p le A V Q d e p e n d s o n the c u r r e n t r ipp le in the c o i l 
a n d o n the p e r f o r m a n c e of the o u t p u t c a p a c i t o r at 
t he s w i t c h i n g f r e q u e n c y ( 1 0 0 k H z ) . A c a p a c i t o r 
su i tab le f o r th is k i n d o f a p p l i c a t i o n mus t have a 
l o w E S R and be ab le t o accep t a h igh c u r r e n t r i pp le , 
at t h e w o r k i n g f r e q u e n c y . F o r th is a p p l i c a t i o n t h e 
R o e d e r s t e i n E K R series c a p a c i t o r s have been selec
t e d , des igned f o r h igh f r e q u e n c y a p p l i c a t i o n s 
( > 2 0 0 k H z ) a n d m a n u f a c t u r e d t o s h o w l o w E S R 
va lue and t o accep t h igh c u r r e n t r i pp les . T o m i n i 
m i z e the e f fec ts o f E S R , t w o 1 0 0 J U F / 4 0 V c a p a c i 
to rs have been c o n n e c t e d in p a r a l l e l . T h e b e h a v i o u r 
o f the i m p e d a n c e as a f u n c t i o n of f r e q u e n c y is 
s h o w n in f i g . 2 4 . 

A l s o the se lec t i on o f the c a t c h d i o d e requ i res 
spec ia l care . T h e best c h o i c e is a S c h o t t k y d i o d e 
w h i c h m i n i m i z e s the losses because of its s m a l 
ler f o r w a r d vo l tage d r o p a n d greater s w i t c h i n g f re
q u e n c y rate. A poss ib le l i m i t a t i o n c o m e s f r o m 
the b a c k w a r d vo l t age , tha t genera l l y reaches 4 0 V 
m a x . 
W h e n the fu l l i n p u t vo l tage range o f the dev ice is 
r e q u i r e d in th is a p p l i c a t i o n i t is poss ib le to use 
s u p e r fast d i o d e s w i t h 3 5 t o 5 0 ns ra ted recove ry 
t i m e , where no m o r e p r o b l e m s on the b a c k w a r d 
vo l tage o c c u r (on the o t h e r h a n d , they s h o w a 
greater f o r w a r d vo l t age ) . T h e use o f s l o w e r d i o d e s , 

w i t h t r r = 1 0 0 ns o r m o r e is n o t r e c o m m e n d e d ; 
T h e p h o t o g r a p h s in f i g . 2 5 s h o w the e f fec ts o n the 
p o w e r c u r r e n t a n d o n the vo l tage o n p i n 2 , d u e to 
the d i odes s h o w i n g d i f f e r e n t speeds . D i o d e s s h o w i n g 
tr r greater than 3 5 - 5 0 ns w i l l r educe the overa l l ef
f i c i e n c y o f the s y s t e m , i nc reas ing the p o w e r d is 
s i pa ted by the d e v i c e . 

T h e t h i r d c o m p o n e n t r e q u i r i n g care is the i n d u c t o r . 
F i g . 2 2 a shows the pa r t n u m b e r s of s o m e t ypes used 
f o r t es t i ng . Bes ides h a v i n g the r equ i r ed i n d u c t a n c e 
va lue , the co i l has t o s h o w a ve ry h igh sa tu ra t i on 
cu r ren t . 
T h e r e f o r e , a c o r r e c t d i m e n s i o n i n g requ i res a sa tu 
ra t i on c u r r e n t a b o v e the m a x i m u m va lue o f l2i_< 
the c u r r e n t l i m i t t h r e s h o l d . 

T o ach ieve high s a t u r a t i o n w i t h fe r r i te co res an air 
gap be tween the t w o c o r e ha lves m u s t be p r o v i d e d ; 
the a i r gap causes a leakage f l u x w h i c h is rad ia ted in 
the s u r r o u n d i n g space . T o be t te r l im i t th is p h e n o 
m e n o n " p o t c o r e s " m a y be u s e d , w h o s e g e o m e t r y 
is such to be t te r l im i t t he f l u x rad ia ted to the ou t 
s ide . 
U s i n g t o r o i d a l c o r e s , f o r i ns tance o f M a g n e t i c 
5 8 9 3 0 - A 2 m o l y - p e r m a l l o y k i n d , bo th the requ i re 
men ts o f h igh s a t u r a t i o n a n d l o w leakage f l u x are 
sa t i s f i ed . T h e s a t u r a t i o n is so f te r t ha t the sa tu ra t i on 
s h o w n by the f e r r i t e ma te r i a l s . T h e a i r gap is n o t 
c o n c e n t r a t e d in one a rea , b u t is f i n e l y d i s t r i b u t e d 
a long the w h o l e c o r e ; th is gives the l o w leakage 
f l u x va lue . 

Care fu l se lec t i on o f the ex te rna l c o m p o n e n t s there
fo re a l l ows the r e a l i z a t i o n o f a p o w e r s u p p l y s y s t e m 
whose benef i t s are s i g n i f i c a n t w h e n c o m p a r e d t o a 
sys tem w i t h the same p e r f o r m a n c e b u t rea l i zed w i t h 
the l inear t e c h n i q u e . 

Fig. 24 — Typical impedance/frequency curves for 
EKR capacitors. 
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Fig. 25 — Oscilloscope photographs showing the w i l l be a least 5 V a t 4 A . The m i n i m u m i n p u t vo l t -
waveforms obtained with diodes having age is given b y : 
different trr values. 

t : 2jus/div 

SWITCHING vs LINEAR 
S w i t c h i n g regulators are m o r e e f f i c i en t than l inear 
t y p e s so the t rans fo rmer and hea ts ink can be sma l 
ler a n c cheaper . B u i h o w m u c h can y o u ga in ? 

W e can est imate the savings by c o m p a r i n g equ iv 
a len t l inear and s w i t c h i n g regu la to rs . F o r e x a m p l e , 
s u p p o s e tha t we w a n t a 4 A / 5 V s u p p l y . 

Linear 
' "o r a g o o d l inear renu la to r the m i n i m u m d r o p c . 1 i 

^ i i ^ S S S ^ l S i 

= V Q H V d r o p + — V r ; 
r i pp le 

l Q t-| 4 x 8 x 1 0 

10 x 10 ' 
= 3 . 2 V 

/ 

(a g o o d a p p r o x i m a t i o n is 8 ms for t-i at ma ins f re
q u e n c y of 5 0 H z . i nd 1 0 . 0 0 0 ;uF f o r " C , t h e f i l te r ca
p a c i t o r a f te r the b r i dge ) . T h e r e f o r e Vj m i n 1 0 . 6 V . 
S ince o p e r a t i o n m u s t be guaran teed even w h e n the 
ma ins vo l tage fal ls 20°o , the n o m i n a l vo l tage o n 
l o a d at the t e r m i n a l s o f the regu la to i mus t be : 

V i m i n 

0 .8 

10 .6 

a s - ' 
1 3 . 2 5 V 

To a l l o w even a sma l l marg in wo have to c h o o s e : 

T h e p o w e r tha t the series e l e m e n t mus t d iss ipate is 
t he re fo re : 

V 0 ) l Q = 3 6 W 

and a hea ts ink w i l l be necessary w i t h a therma l 
res is tance o f : 

« t h heats . = 0 .8 ° C / W 

and the t r a n s f o r m e r mus t s u p p l y a p o w e r o f : 

Pdiss = 1 4 x 4 = 5 6 W 

It m u s t t he re fo re be d i m e n s i o n e d l o r : 

P D = = 6 2 V A 
0.9 

Switching (L296) 
A s s u m i n g the same n o m i n a l vo l tage ( 1 4 V ) , the L 2 9 6 
da ta sheet ind ica tes tha t the p o w e r d iss ipa ted in this 
case is o n l y 7W. A n d this p o w e r is d iss ipa ted in t w o 
e l e m e n t s ; the L 2 9 6 i tsel f and the rec i r cu la t i on d iode . 

It f o l l o w s tha t the x rasn fo rmer m u s t be rough ly 
3 0 V A s isd the h a a t s i n k the rma l resistance a b o u t 

m 



L inea r S w i t c h i n g | 

T r a n s f o r m e r 6 2 V A 3 0 V A 
HeaTsi nk 0.8 C W 11 °C /W J 

T h i s c o m p a r i s o n shows that the L 2 9 6 s w i t c h i n g 
regu la to r a l l ows a sav ing o f r ough l y 5 0 % o n the 
cos t of the t r a n s f o r m e r and an impress ive 8 0 - 9 0 " • 
o n the cos t of the hea ts ink . C o n s i d e r i n g also 
the e x t r a f u n c t i o n s in tegra ted by the L 2 9 6 the 
to ta l cos t of ac t ive and passive c o m p o n e n t s is 
r o u g h l y the same f o r bo th t ypes . 

F i n a l l y , i t is i m p o r t a n t t o no te tha t a l o w e r p o w e r 
d i s s i p a t i o n means t h a i the a m b i e n t t empe ra tu re in 
the regu la to r enc losu re can be l o w e r - pa r t i cu l a r l y 
w h e n the c i r c u i t is e n c l o s e d in a b o x - w i t h al l the 

advantages c o o l e r o p e r a t i o n b r ings . 

If f o r s o m e reason it is necessary to use h igher sup
p ly vo i tages the s w i t c h i n g t e c h n i q u e , and hence t i ie 
L 2 9 6 , becomes evon m o r e advan tageous . 

LOW COST APPLICATION AND 
PREREGULATOR 
F i g . 26 shows the l o w c o s t a p p l i c a t i o n o f a 4 A and 
V D = 5.1 V p o w e r s u p p l y . A m i n i m u m a m o u n t of 
essent ia l ex te rna l c o m p o n e n t s is r e q u i r e d , w h i c h 
are necessary f o r c o r r e c t o p e r a t i o n . It is i m p o s s i b l e 
to save o the r c o m p o n e n t s , spec ia l l y the so f t -s ta r t 
c a p a c i t o r . W i t h o u t so f t -s ta r t , the sys tem c a n n o t 
reach the s teady state and there is also a ser ious r isk 
of d a m a g i n g the d e v i c e . 

Fig. 26 A minimal component count 5.1V/4A supply. 

Q+10V to*46V 
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L296 

300/uH 

5=2 220 

T h i s a p p l i c a t i o n is ve ry we l l s u i t e d n o t o n l y as a 
l o w - c o s t p o w e r s u p p l y , b u t a lso as p re - regu la to r f o r 
pos t - regu la to rs d i s t r i b u t e d in d i f f e r e n t c i r c u i t p o i n t s , 
o r even o n d i f f e ren t boards ( F i g . 2 7 ) . T h e pos t - regu
la to rs m a y be se lec ted a m o n g the l o w - d r o p t y p e s , 
l i ke L 4 8 0 5 a n d L 3 8 7 f o r e x a m p l e , s t i l l o b t a i n i n g 
a h igh e f f i c i e n c y , c o m b i n e d w i t h an e x c e l l e n t regu
l a t i o n . T h e use o f L 3 8 7 dev ice a l l ows us to use also 
the reset f u n c t i o n , usefu l to p o w e r a m i c r o p o c e s s o r . 

POWER SUPPLY COMPLETE WITH 
TRANSFORMER 
F i g . 2 8 shows a p o w e r s u p p l y c o m p l e t e o f t rans
f o r m e r , br idge and f i l t e r , w i t h regu la t i on o n the 
o u t p u t vo l tage f r o m 5 . 1 V to 1 5 V . 

A s a l r eady s ta ted a b o v e , the o u t p u t c a p a c i t o r s have 
to s h o w s o m e spec ia le fea tu res , l i ke l o w E S R and 
h igh c u r r e n t r i p p l e , to o b t a i n l o w vo l tage r ipp le 

, 2.2/uF 

va lues a n d h igh r e l i a b i l i t y . T h e i n p u t f i l t e r c a p a c i 
tors m u s t n o t be neg lec ted because t h e y have to 
s h o w e x c e l l e n t f ea tu res , t o o , hav ing t o s u p p l y a 
p u l s e d c u r r e n t , r equ i r ed by the dev i ce at the 
s w i t c h i n g f r e q u e n c y . T h e c u r r e n t r i pp le is ra ther 
h i g h , greater t han the l o a d c u r r e n t . F o r th is app l i 
c a t i o n , t w o para l le l c o n n e c t e d 3 3 0 0 / I F / 5 0 V E Y F 
( R O E ) capac i t o r s have been u s e d . 

POWER SUPPLY WITH MAINS 
SWITCHING PREREGULATOR 
W h e n it is des i rab le t o e l i m i n a t e t he 5 0 / 6 0 H z 
t r a n s f o r m e r — in p o r t a b l e o r v o l u m e - l i m i t e d e q u i p 
m e n t — a ma ins p r e r e g u l a t o r can be a d d e d t o reduce 
the i n p u t vo l tage t o a level accep tab le f o r the L 2 9 6 . 
In th is case the p re - regu la to r c i r c u i t is c o n n e c t e d to 
the p r i m a r y o f the t r a n s f o r m e r w h i c h n o w opera tes 
at the s w i t c h i n g f r e q u e n c y a n d is t he re fo re sma l le r 
and l ighter . 
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U s i n g a U C 3 8 4 0 w h i c h i nc l udes the f e e d - f o r w a r d 
f u n c t i o n i t is poss ib le t o c o m p e n s a t e ma ins va r i a t i on 
w i t h i n w i d e l im i t s . T h e s e c o n d a r y vo l tage is there
f o re o n l y a f fec ted by l o a d va r i a t i ons . U s i n g one or 
m o r e L 2 9 6 s as pos t regu la to r s , f e e d b a c k t o the p r i 

m a r y is n o longer necessa ry , reduces the c o m 
p l e x i t y a n d c o s t o f the t r a n s f o r m e r w h i c h needs 
o n l y a s ing le s e c o n d a r y w i n d i n g . 
F i g . 2 8 A s h o w s a m u l t i - o u t p u t s u p p l y w i t h a m a i n s 
p re regu la to r . 

Fig. 27 — The L296 may also be used as a preregulator in distributed supply systems. 

1-2 andC2 are necessary to reduce the switching frequency spikes. 

Fig. 28 — A typical variable supply showing the mains transformer. 

* B Y W 8 0 o r M B R 1 0 4 5 

V D = 5.1 to 15V 
l Q = 4A max. (min. load current = 100 mA) 
ripple < 20 mV 
load regulation (1A to 4A) = 10 mV ( V 0 = 5.1V) 
line regulation (220V ± 15% and to l 0 = 3A) = 15 mV ( V D = 5.1V) 
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Fig. 28A — A multiple output supply using a switching preregulator rather than a mains transformer. 

—o 

POWER SUPPLY WITH 0 - 30V ADJUST
A B L E V O L T A G E 
W h e n o u t p u t vo l tages l o w e r than 5 V are r e q u i r e d , 
t he c i r c u i t s h o w n in f i g . 2 9 m a y be u s e d . 

C a l i b r a t i o n is p e r f o r m e d b y g r o u n d i n g the P1 s l i 
d e r . A c t i n g o n P 2 , t h e c u r r e n t w h i c h f l o w s t h r o u g h 
t h e 10 k£2 res is tor is f i x e d at a p p r o x i m a t e l y 2 . 5 m A 
t o o b t a i n an o u t p u t vo l tage o f 3 0 V . T h e e q u i v a l e n t 
c i r c u i t is s h o w n in f i g . 3 0 . 

ing t h r o u g h the d i v i d e r m a y be v a r i e d . T h e n e w 
equ i va l en t c i r c u i t is s h o w n in f i g . 3 1 . 

R e d u c i n g the c u r r e n t f l o w i n g , a lso the vo l tage d r o p 
across the 1 0 k f 2 res is tance is r e d u c e d , t oge the r 
w i t h V Q . W h e n t h e c u r r e n t reaches z e r o , it f o l l o w s 
tha t V Q = V R E F . W h e n the vo l tage o n the s l ide r 
o f P1 exceeds V R E F , t he c u r r e n t s tar t t o f l o w in 
o p p o s i t e d i r e c t i o n a n d V Q begins t o decrease b e l o w 
5 V . 

A c t i n g n o w o n the s l ide r o f P 1 , the c u r r e n t f l o w - W h e n \ 1 x 1 0 K f t = V R E F it f o l l o w s tha t V D = 0 . 

Fig. 29 — Variable 0-30 V supply illustrating how output voltages below 5.1V are obtained. 
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Fig. 30 — When setting up the figure 29 circuit the 
slider of PI is grounded, giving the 
equivalent circuit shown here, and P2 
adjusted to give an output voltage of 
30 V. 

f O v o 

Fig. 31 — Partial schematic showing output voltage 
adjustment of figure 29. 

DUAL OUTPUT REGULATOR 
T h e a p p l i c a t i o n s h o w n in f i g . 3 2 is spec ia l l y in te r 
es t ing because i t p r o v i d e s t w o o u t p u t vo l tages . T h e 
f i r s t v o l t a g e , the m a i n o n e , is d i r e c t l y c o n t r o l l e d 
by the f e e d b a c k c i r c u i t . T h e s e c o n d vo l tage is o b 
t a i n e d t h r o u g h an a u x i l i a r y w i n d i n g . 

It o f t en h a p p e n s , w h e n m i c r o p r o c e s s o r s , l og i c d e 
v ices e t c . , have t o be p o w e r s u p p l i e d , t h a t a m a i n 
5 V o u t p u t a n d a n a u x i l i a r y + 1 2 V o r — 1 2 V ou t 
p u t are r e q u i r e d , the la t ter w i t h l o w e r c u r r e n t re
q u i r e m e n t s ( 1 0 0 -r 2 0 0 m A ) a n d a s t a b i l i z a t i o n 
level n o t excess i ve l y h i g h . A s the a u x i l i a r y p o w e r 
s u p p l y is o b t a i n e d t h r o u g h a c o m p l e t e l y sepa ra ted 
w i n d i n g , i t is poss ib l e to o b t a i n e i t he r a pos i t i ve o r 
negat ive vo l tage ( c o m p a r e d t o the m a i n vo l tage o r 
a lso a c o m p l e t e l y i so la ted vo l t age . W i t h V j va r i ab le 
b e t w e e n 2 0 V a n d 4 0 V , V Q = 5 . 1 V a n d l Q = 2 . 5 A , 
t h e a u x i l i a r y - 1 2 V / 0 . 2 A v o l t a g e is w i t h i n a ± 2 % t o l -
e rance . 

Fig. 32 — Dual output regulator showing how an additional winding can be added to the inductor to gene
rate a secondary output. 
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PERSONAL COMPUTER POWER SUPPLY 
U s i n g t w o m u t u a l l y s y n c h r o n i z e d dev ices i t is pos 
s ib le to o b t a i n a f o u r o u t p u t p o w e r s u p p l y su i t ab le 
f o r p o w e r a m i c r o p r o c e s s o r s y s t e m . 

V 0 1 = 5 . 1 V / 4 A 
V 0 2 = 1 2 V / 2 . 5 A (up to 4 A ) 
V 0 3 = - 5 V / 0 . 2 A 
V 0 4 = - 1 2 V / 0 . 2 A 

T h e s c h e m a t i c d i ag ram is s h o w n in f i g . 3 3 . T h e 5 V 
o u t p u t is a lso p r o v i d e d w i t h the reset f u n c t i o n , t ha t 
is ava i lab le a lso f o r the 1 2 V o u t p u t . 

T h e f e e d b a c k is d i r ec t , n o o t h e r ex te rna l c o m 
p o n e n t is used a n d no c a l i b r a t i o n is t he re fo re requ i r 
e d . A n o u t p u t is o b t a i n e d w i t h the a c c u r a c y o f 
the re ference vo l tage ( ± 2%) . F o r the 1 2 V o u t p u t , 
by us ing a resist ive d i v i d e r w i t h 1% res is tance an 
o u t p u t is o b t a i n e d w h o s e spread is w i t h i n ± 4 % . 
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T h e t w o dev ices are m u t u a l l y s y n c h r o n i z e d n o t to 
give rise t o i n t e r m o d u l a t i o n w h i c h c o u l d generate 
u n p l e a s a n t no ise a n d , at the same t i m e , a f u r t he r 
c o m p o n e n t sav ing is a c h i e v e d . 

T h e c r o w b a r f u n c t i o n is i m p l e m e n t e d o n bo th 5 V 
a n d 1 2 V o u t p u t s , us ing a s ingle S C R c o n n e c t e d to 
the i n p u t . The la t te r , by d i scha rg ing to g r o u n d the 
e l e c t r o l y t i c f i l t e r c a p a c i t o r s , b l ows the fuse c o n 
n e c t e d in ser ies w i t h the dev ices p o w e r s u p p l y . In 
th is w a y , s h o u l d a f a u l t y be p resen t o n e i the r o f 
the m a i n o u t p u t s , the s u p p l y is s w i t c h e d o f f f o r 
w h o l e s y s t e m . 

T o i n h i b i t bo th the dev ices w i t h a single i n p u t sig
n a l , i t is poss ib le t o c o n n e c t the t w o i n h i b i t inputs 
(p in 6) t oge the r ; the 5K£2 resistance is used when 
the i n h i b i t i n p u t is le f t o p e n . If th is i n p u t is no t 
used it m u s t be g r o u n d e d . 

A s m a y be n o t e d in the d i a g r a m , to o b t a i n the t w o 
a u x i l i a r y vo l tages is very s i m p l e and cos t -e f fec t i ve . 

It is suggested tha t the d i odes are fast t ypes ( t r r< 
5 0 nsec ) ; s h o u l d s l ower d i o d e s be requ i red some 
m o r e tu rns have t o be a d d e d t o the a u x i l i a r y w i n 
d i n g . 
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BATTERY CHARGER 

W h e n the device has to be used as c u r r e n t genera to r 
it is necessary to a v o i d the in te rna l cu r ren t i im i t e r 
is o p e r a t e d F i g . 3 4 shows t he c i r c u i t rea l i z ing c o n 
s tant cu r ren t l i m i t a t i o n . In th is w a y it is poss ib le 
to o b t a i n a 6 V , 1 2 V and 2 4 V ba t te ry charger . F o r 
each o f these vo i tages a m a x . c u r r e n t o f 4 A is ava i l 

ab le , w h i c h is large e n o u g h f o r bat ter ies up t o 4 0 -
4 5 A h ( for 1 2 V t y p e ) . W i t h re ference to the e lec t r i c 
d i ag ram t h r o u g h the 2 K J 2 p o t e n t i o m e t e r the m a x 
o u t p u t c u r r e n t is set , w h i l e t h r o u g h the R ^ — R2 
o u t p u t d i v i d e r t h e vo l tage is set . ( R j m a y be re
p l a c e d b y e i the r a p o t e n t i o m e t e r o r a 3 p o s i t i o n 
s w i t c h , t o d i r e c t l y o b t a i n the th ree 6 V , 1 2 V and 
2 4 V vo l tages ) . 

Fig. 34 — Battery charger circuit illustrating how the device is used to regulate the output current. 
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HIGHER INPUT VOLTAGE 

S i n c e a m a x i m u m i n p u t vo l tage o f 4 6 V (opera t ing 
va lue ) m a y be app l i ed t o the dev ice the d iag ram 
s h o w n in f ig . 3 5 m a y be used w h e n i t is necessary 
to e x c e e d this l i m i t . 

T h i s s y s t e m is p a r t i c u l a r l y use fu l w h e n o p e r a t i n g at 
l o w o u t p u t vo l tages . In this case a mean c u r r e n t 
IJPC w h i c h has a l o w va lue w h e n c o m p a r e d t o l Q is 
o b t a i n e d . In fac t , s ince V Q = V j (TQN/T) a n d 
V o 'o = Vj IJDC (assuming the dev ice has an ideal 
e f f i c i e n c y ) , i t f o l l o w s tha t IJDC = 'o ( t O N / T ) . 
A s s u m i n g to be: 

v o = 5 V l 0 = 4 A and V 3 ~ 3 7 V , 

i t f o l l o w s tha t : 

T O N / T = V Q / V j = — = 0 . 1 3 5 

l i D C = 4 x 0 . 1 3 5 = 0 . 5 4 A . 

W i t h i n p u t vo l tage 5 0 V a n d l Q = 4 A , the ex te rna l 
t rans i s to r d iss ipa tes a b o u t 7 W . High g o o d e f f i c i e n c y 
is s t i l l a c h i e v e d , a r o u n d 7 4 % ; in the real case , c o n 
s ide r i ng a lso the dev i ce losses, an a f f i c i ency a r o u n d 
6 2 % i s a c h i e v e d . 

D u r i n g o u t p u t s h o r t c i r c u i t s the ex te rna l t rans is to r 
is n o t o v e r l o a d e d because in th is c o n d i t i o n IJDC 
reduces t o va lues l o w e r than 1 0 0 m A . it is n o t pos 
s ib le t o real ize th is a p p l i c a t i o n w i t h series pos t -
regu la to r because the e f f i c i e n c y w o u l d be u n a c -
c e p t a b l y l o w . 

Fig. 35 — The maximum input voltage can be raised above 46V by adding a transistor as shown here. 

V; =+44 to 60V 
o-
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MOTOR CONTROL 
T h e L 2 9 6 is a lso su i tab le f o r use in m o t o r c o n t r o l s 
a p p l i c a t i o n s . F i g . 3 6 s h o w s h o w to use the dev i ce 
t o d r i ve a m o t o r w i t h a m a x i m u m p o w e r of a b o u t 
1 0 0 W a n d p r o v i d e d w i t h a t a c h o m e t e r genera to r 
f o r a g o o d speed c o n t r o l . 

HIGHER CURRENT REGULATORS 
It is poss ib le t o increase the o u t p u t c u r r e n t t o the 
l o a d above 4 A t h r o u g h the use o f an ex te rna l p o w e r 
t rans i s to r . F i g . 3 7 s h o w s a su i t ab le c i r c u i t . T h e f re 
q u e n c y is a r o u n d 4 0 k H z t o p r e v e n t the dev ice f r o m 
l o o s i n g excess ive p o w e r due t o s w i t c h i n g o n the 
e x t e r n a l p o w e r . 

T h e c i r cu i t s s h o w n in f i g . 3 8 a n d f i g . 3 9 s h o w h o w 
c u r r e n t l i m i t a t i o n m a y be r e a l i z e d in t w o d i f f e r e n t 
w a y s : t h rough a sens ing res is to r c o n n e c t e d in series 
w i t h the c o l l e c t o r o f the e x t e r n a l p o w e r t rans i s to r 
o r t h r o u g h a c u r r e n t t r a n s f o r m e r . 

In the f i r s t case , t he sens ing res is to r is a l o w va lue 
res is tor ab le t o w i t h s t a n d the m a x i m u m l o a d cu r 
rent r e q u i r e d . T h e VQE ° * t n e p o w e r t rans i s to r is 
h igher t han its V c E s a t ' w h e n the res is tor is C o n n e c 
ted in ser ies t o t h e c o l l e c t o r V C E is r e d u c e d ; conse 
q u e n t l y s ince the overa l l d i s s i pa ted p o w e r is c o n s 
t an t , t he p o w e r d i s s i p a t e d b y the sens ing res is tor is 
s u b t r a c t e d f r o m t h a t d i ss i pa ted b y the p o w e r t r a n 
s is to r . T h e va lues i n d i c a t e d in f igs . 3 8 a n d 3 9 rea l i 
ze ad jus tab le c u r r e n t l i m i t a t i o n f o r l o a d cu r ren ts 
a r o u n d 1 0 A . 

Fig. 36 — With a tacho dynamo supplying feedback the L296 can be used as a motor speed controller. 
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Fig. 37 — The output current may be increased by adding a power transistor as shown in this circuit 
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Fig. 38 — This circuit shows how current limiting for the external transistor is obtained with a sensing 
resistor. 

Fig. 39 — A small transformer is used in this example for current limiting. 

Vi 

* T 1 =MAGNETICS TOROID 
TYPE 55121 - A 2 

STEP-UP CONVERTER 
W i t h the L 2 9 6 i t is a lso easy t o rea l ize a s tep -up 
c o n v e r t e r , b y us ing a M O S p o w e r t rans i s to r . F i g . 4 0 
s h o w s the e lec t r ic d i ag ram of the s tep -up c o n v e r t e r . 
T h e f r e q u e n c y is 1 0 0 k H z , o p e r a t i o n is in d i s c o n 
t i n u o u s m o d e and the dev ice in te rna l c u r r e n t l i m -
i te r is u s e d . The re fo re n o o t h e r ex te rna l p r o t e c t i o n 
is r e q u i r e d . 

T h e i n p u t vo l tage c o u l d be a 1 2 V ca r b a t t e r y , f r o m 
w h i c h an o u t p u t vo l tage of 3 5 V m a y be o b t a i n e d . 
L o w e r o u t p u t vo l tage va lues m a y be o b t a i n e d b y 
r e d u c i n g the value o f R7. 

DESCRIPTION OF OPERATION 
F i g . 41 shows the d i a g r a m o f the c i r c u i t rea l i z ing 
the s tep-up c o n f i g u r a t i o n . 

W h e n the t rans i s to r Q 1 is O N , the i n d u c t a n c e L 
charges i tse l f w i t h a c u r r e n t g iven b y : 

V i t 

T h e peak c u r r e n t in t he co i l is: 

I - V i T 'peak - 7- T Q N 

1 1 9 



Fig. 40 — A step-up converter using a power MOS transistor. 

Fig. 41 — Basic schematic for step-up configurat
ions. 

S-6779 

In th is c o n f i g u r a t i o n , u n l i k e the s t e p - d o w n c o n 
f i g u r a t i o n , the p e a k c u r r e n t is n o t s t r i c t l y re la ted 
t o the l o a d cu r ren t . T h e energy s to red in the c o i l is 
success ive ly d i scha rged across the l o a d w h e n the 
t rans i s to r sw i t ches O F F . T o ca l cu la te the l Q l o a d 
c u r r e n t , the f o l l o w i n g p r o c e d u r e m a y be u s e d : 

— L lpeak = v o 'o T 

2 

I =

 L 'peak =

 V i 2 T O N 2 

° 2 V 0 T 2 L V o T 

F o r a greater o u t p u t p o w e r to be ava i l ab le , the 
i n te rna l l i m i t a t i o n m u s t be rep laced by an ex te rna l 
c i r c u i t t o p r o t e c t the ex te rna l p o w e r dev ices and to 
l i m i t the c u r r e n t p e a k to a c o n v e n i e n t va l ue . A dua l 
c o m p a r a t o r ( L M 3 9 3 ) w i t h hys teres is is used to 
a v o i d unce r ta in t i es w h e n the c u r r e n t l i m i t a t i o n 
ope ra tes . T h e e lec t r i c d i ag ram is s h o w n in f i g . 4 2 . 

LAYOUT CONSIDERATIONS 
B o t h f o r l inear a n d s w i t c h i n g p o w e r supp l i es w h e n 
the c u r r e n t e x c e e d s 1 A a ca re fu l l a y o u t b e c o m e s 
i m p o r t a n t to ach ieve a g o o d regu la t i on . T h e p r o b 
lem b e c o m e s m o r e e v i d e n t w h e n des ign ing s w i t c h 
ing regu la tors i n w h i c h pu l sed cur ren ts are over i m 
p o s e d on dc c u r r e n t s . In d r a w i n g the l a y o u t , there
f o r e , spec ia l care has t o be t aken to separate g r o u n d 
pa ths f o r s ignal cu r ren t s a n d g r o u n d pa ths f o r l oad 
c u r r e n t s , w h i c h genera l l y s h o w a m u c h h ighe r va lue . 

W h e n o p e r a t i n g at h igh f requenc ies the pa th length 
b e c o m e s e x t r e m e l y i m p o r t a n t . T h e pa ths i n t r o d u c e 
d i s t r i b u t e d i n d u c t a n c e s , p r o d u c i n g r ing ing p h e n o m 
e n a a n d rad ia t i ng no ise i n to the s u r r o u n d i n g space . 

T h e r e c i r c u l a t i o n d i o d e m u s t be c o n n e c t e d c lose to 
p i n 2 , to avo id g i v ing rise t o dangerous e x t r a nega
t ive vo l tages , d u e to the d i s t r i b u t e d i n d u c t a n c e . 

F i g . 4 3 and f i g . 4 4 respec t i ve ly s h o w the e lec t r i c 
d i ag ram a n d the assoc ia ted l a y o u t w h i c h has been 
rea l i zed t ak ing these p r o b l e m s i n t o a c c o u n t . G r e a t e r 
care m u s t be t a k e n t o f o l l o w these ru les w h e n t w o 
or m o r e m u t u a l l y s y n c h r o n i z e d dev ices are u s e d . 
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Fig. 43 — Typical application circuit showing how the signal and power grounds are connected. 
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Suggested inductor (L1) 

Core Type No 
Turns 

Wire 
Gauge 

Air 
Gap 

Magnetics 58930-A2MPP 43 1.0 mm. — 
Thomson GUP 20x16x7 65 0.8 mm. 1 mm. 
Siemens EC 35/17/10 
(B6633&-G0500-X127) 40 2 x 0.8 mm. -

V O G T 250 juH Toroidal coil, part number 5730501800 

Resistor values for 
standard output voltages 

Vo R8 R7 

12V 4.7 k n 6.2 kn 
15V 4.7 k n 9.1 k n 
18V 4.7 kn 12 kn 
2 4 V 4.7 kn 18 k n 

Fig. 44 — A suitable PCB layout for the figure 43 circuit realized in accordance with the suggestions in 
the text (1 : 1 scale). 
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HEATSINK DIMENSIONING 
T h e h e a t s i n k d iss ipates the hea t p r o d u c e d by the 
d e v i c e t o p revent the in te rna l t e m p e r a t u r e f r o m 
r e a c h i n g values w h i c h c o u l d be dangerous f o r dev ice 
o p e r a t i o n a n d re l i ab i l i t y . 

In tegra ted c i rcu i ts in p las t i c package m u s t never 
e x c e e d 1 5 0 °C even in the w o r s t c o n d i t i o n s . T h i s 
l i m i t has been set because the e n c a p s u l a t i n g resin 
has p r o b l e m s of v i t r i f i c a t i o n i f s u b j e c t e d t o t e m p e r a 
tu res o f m o r e than 1 5 0 °C f o r l o n g pe r i ods o r o f 
m o r e t h a n 1 7 0 ° C f o r sho r t p e r i o d s . In a n y case the 
t e m p e r a t u r e accelerates the ageing p rocess a n d 
t h e r e f o r e in f luences the d e v i c e l i f e ; an increase o f 
1 0 ° C c a n halve the dev i ce l i fe . A w e l l des igned 
h e a t s i n k shou ld keep the j u n c t i o n t e m p e r a t u r e 
b e t w e e n 9 0 ° C and 1 1 0 ° C . F i g . 4 5 s h o w s the s t ruc
t u re o f a p o w e r d e v i c e . A s d e m o n s t r a t e d in t h e r m o 
d y n a m i c s , a the rma l c i r c u i t can be c o n s i d e r e d t o be 
an e l ec t r i ca l c i r cu i t w h e r e R x , R2 represent the 
t h e r m a l resistance o f the e lemen ts (expressed in 
° C / W ) (see f ig . 4 6 ) . 

Fig. 45 

PLASTIC PACKAGE 

n"""1 —T—I r—tot—I h—f 1 
1 C3 ]VCT C4 f 
I 1| i I 1| 1 _ 

DIE D IE A T T A C H T A B H E A T S I N K 

C 1 , C 2 are the the rma l capac i t ance (expressed in 
°C /W) 

I is the d iss ipa ted p o w e r 
V is the tempera tu re d i f f e rence w i t h respec t 

t o the reference (g round) 

T h i s c i r c u i t can be s i m p l i f i e d as s h o w n in f i g . 4 7 , 
w h e r e : 

C c is the thermal c a p a c i t a n c e o f the die p lus 
t h a t o f the tab . 
is the the rma l capac i t ance o f the hea t s i nk 
is the j u n c t i o n case t h e r m a l res is tance 
is the hea ts ink the rma l res is tance 

C h  

R j c 
R h 

Fig. 47 

•J™ Ri,- Ru 

B u t s ince the a i m o f th is s e c t i o n is n o t t ha t o f s t u d -
ing the t rans is to rs , t he c i r c u i t can be f u r t h e r r e d u 
c e d as s h o w n in f i gu re 4 8 . 

Fig. 48 

If w e n o w c o n s i d e r the g r o u n d p o t e n t i a l as a m b i e n t 
t e m p e r a t u r e , we have : 

Ti = T a + ( R j c + R n ) P d a) J 

R - T J R H  

Rjc P d 

Pd 

- T a + R n Pd 

b) 

0 

T h e r m a l c o n t a c t res is tance depends on va r i ous f a c 
tors such as the m o u n t i n g , c o n t a c t area a n d p l a n -
a r i t y o f the h e a t s i n k . W i t h n o mate r ia l b e t w e e n the 
dev ice a n d h e a t s i n k the t h e r m a l res is tance is a r o u n d 
0 . 5 ° C / W ; w i t h s i l i c o n e grease rough l y 0 .3 ° C / W 
a n d w i t h s i l i c o n e grease p lus a m i c a i nsu la to r a b o u t 
0.4 ° C / W . See f ig . 4 9 . In a p p l i c a t i o n whe re o n e e x 
te rna l t rans i s to r is used t oge the r , the d i ss ipa ted 
p o w e r m u s t be c a l c u l a t e d f o r each c o m p o n e n t . T h e 
va r i ous j u n c t i o n t e m p e r a t u r e s can be c a l c u l a t e d b y 
so lv ing the c i r c u i t s h o w n in f i g . 5 0 . T h i s app l i es if 
t he d i ss ipa t i ng e l e m e n t s are fa i r l y c lose w i t h 
respect t o the d i s s i p a t o r d i m e n s i o n s , o the rw ise the 
d i ss ipa to r c a n no l onge r be c o n s i d e r e d as a c o n c e n 
t ra ted c o n s t a n t a n d the c a l c u l a t i o n b e c o m e s 
d i f f i c u l t . T h i s c o n c e p t is be t te r e x p l a i n e d b y 
the graph in f i g . 51 w h i c h s h o w s the case (and the re 
f o re j u n c t i o n ) t e m p e r a t u r e v a r i a t i o n as a f u n c t i o n 
o f the d i s tance b e t w e e n t w o d i ss ipa t i ng e l e m e n t s 
w i t h the same t y p e of hea t s i nk a n d the same d is 
s ipa ted p o w e r . T h e g raph in f i g . 51 refers t o t he 
spec i f i c case o f t w o e lemen ts d i ss ipa t ing the same 
p o w e r , f i x e d o n a rec tangu la r a l u m i n i u m p la te w i t h 
a ra t i o o f 3 b e t w e e n the t w o s i d e s . T h e t e m p e r a t u r e 
j u m p w i l l d e p e n d o n the to ta l d i ss ipa ted p o w e r a n d 
o n the dev ices g e o m e t r i c a l p o s i t i o n s . W e w a n t t o 
s h o w tha t there ex i s t s an o p t i m a l p o s i t i o n b e t w e e n 
the t w o dev i ces : 

d = s ide o f the p la te 

Fig. 49 
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Fig. 50 F i g . 5 2 s h o w s the t r e n d o f the t empe ra tu re as a 
f u n c t i o n of t h e d i s tance be tween t w o d i ss ipa t i ng 
e lemen ts w h o s e d i s s i p a t e d p o w e r is f a i r l y d i f f e r e n t 
( rat io 1 t o 4 ) . T h i s graph m a y be usefu l in a p p l i 
c a t i o n w i t h t w o L 2 9 6 s y n c h r o n i z e d . 

124 



APPENDIX A: 
CALCULATING SYSTEM STABILITY 

T h i s s e c t i o n is i n t e n d e d to he lp the des igner in the 
c a l c u l a t i o n o f the s tab i l i t y o f the w h o l e s y s t e m . 

F i g u r e A 1 shows the en t i re c o n t r o l s y s t e m of the 
s w i t c h i n g regu la tor . 

T h e p r o b l e m w h i c h arises i m m e d i a t e l y is the t rans
fe r f u n c t i o n of the PWIVl b l o c k a n d o u t p u t s tage, 
w h i c h is non - l i nea r . If th is f u n c t i o n can be c o n 
s i d e r e d l i nea r the ana lys is is great ly s i m p l i f i e d . 

S i n c e the c i r c u i t opera tes at a c o n s t a n t f r e q u e n c y 
a n d the in terna l log ic is fa i r l y fas t , the e r r o r i n t r o 
d u c e d by assuming tha t th is f u n c t i o n is l i near is 
m i n i m i z e d . Fac to rs w h i c h c o u l d c o n t r i b u t e to the 
n o n - l i n e a r i t y are an excess ive de lay in the o u t p u t 
p o w e r t rans is to r , r i ng ing a n d paras i t i c o s c i l l a t i o n s 

genera ted in the p o w e r stage and n o n - l i n e a r i t y in 
t r o d u c e d by m a g n e t i c par t . 

In the case o f the L 2 9 6 , in w h i c h the p o w e r t ransis
t o r is i n te rna l a n d d r i v e n by w e l l - c o n t r o l l e d a n d ef
f i c i e n t l o g i c , the c o n t r i b u t i o n t o non - l i nea r i t y is 
f u r t h e r r e d u c e d . 

F o r the a s s u m p t i o n o f l i nea r i t y to be va l i d the cu t 
o f f f r e q u e n c y o f t h e L C f i l t e r m u s t be m u c h l o w e r 
than the s w i t c h i n g f r e q u e n c y . In fac t , s w i t c h i n g 
o p e r a t i o n i n t r o d u c e s s ingu la r i t i es (poles) at r o u g h l y 
ha l f the s w i t c h i n g f r e q u e n c y . C o n s e q u e n t l y , as l o n g 
as the L C f i l t e r is s t i l l d o m i n a n t , its cu t - o f f f re 
q u e n c y m u s t be a t least an o r d e r o f m a g n i t u d e 
l o w e r than the s w i t c h i n g f r e q u e n c y . T h i s c o n d i t i o n 
is n o t , h o w e v e r , d i f f i c u l t t o respect . T h e cha rac 
ter is t ics o f L C f i l t e r a f f ec t the o u t p u t vo l tage w a 
v e f o r m s ; is genera l l y m u c h less t han an o rde r o f 
m a g n i t u d e b e l o w t h e s w i t c h i n g f r e q u e n c y . 

Fig. A1 — The control loop of the switching regulator. 

GAIN OF THE PWM BLOCK AND OUT
PUT STAGE 
T h e e q u a t i o n w h i c h l i nks V Q to Vj is : 

T O N V n = V , 
T 

A v a r i a t i o n A T Q N i n t n e c o n d u c t i o n t ime o f the 
s w i t c h i n g t rans is tor causes a c o r r e s p o n d i n g va r ia 
t i o n in the o u t p u t vo l t age , A V Q , g i v i n g : 

Av r 

AT, ON T 

Ind i ca t i ng w i t h V r the o u t p u t vo l tage of the e r ro r 
a m p l i f i e r , and w i t h V c t the a m p l i t u d e of the r a m p 
(the d i f f e rence be tween the m a x i m u m a n d m i n i 
m u m va lues ) , T Q N ' s z e r o w h e n V r is at the m i n i 
m u m va lue and equal to T w h e n V r is at a m a x i 
m u m . C o n s e q u e n t l y : 

A T , ON 

Av r 
V r 

T h e gain is given by : 

A v 0 _ VJ 

Av r v c t 

S ince V c t is abso lu te l y c o n s t a n t the ga in of the 
P W M b l o c k is d i r ec t l y p r o p o r t i o n a l t o the s u p p l y 
vo l tage V j . 

ERROR AMPLIFIER 
T h e e r ro r a m p l i f i e r is a t r a n s c o n d u c t a n c e a m p l i f i e r 
(it t r ans fo rms a vo l t age v a r i a t i o n a t the i n p u t i n t o 
a c u r r e n t v a r i a t i o n at the o u t p u t ) . It is used in o p e n 
l o o p c o n f i g u r a t i o n ins ide the m a i n c o n t r o l l o o p 
and its gain a n d f r e q u e n c y response are d e t e r m i n e d 
by a c o m p e n s a t i o n n e t w o r k c o n n e c t e d be tween its 
o u t p u t and g r o u n d . 

Fig. A2 — Open loop frequency and phase response 
of error amplifier. 
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In the a p p l i c a t i o n a series R C n e t w o r k is r e c o m m e n d 
e d w h i c h gives h igh sys tem gain a t l o w f r e q u e n c y — 
t o ensure g o o d p r e c i s i o n a n d m a i n s r i pp le re jec t i on 
a n d a l o w e r gain at h igh f r equenc ies t o ensure s tab
i l i t y o f the s y s t e m . F igu re A 2 s h o w s the gain a n d 
phase curves o f the u n c o m p e n s a t e d e r ro r a m p l i f i e r . 

T h e a m p l i f i e r has one po le at a b o u t 7 k H z and a 
phase sh i f t w h i c h reaches a b o u t — 90° at f r e q u e n 
c ies a r o u n d 1 M H z . 

T h e i n t r o d u c t i o n o f a series n e t w o r k RQ CQ be
t w e e n the o u t p u t a n d g r o u n d m o d i f i e s the c i r c u i t 
as s h o w n in f igure A 3 . 

F i g u r e A 4 s h o w s the gain a n d phase cu rves o f the 
c o m p e n s a t e d e r r o r a m p l i f i e r . 

Fig. A3 Compensation 
amplifier. 

network of the error 

T h e D C gain m u s t be c o n s i d e r e d equa l t o 

A 0 = 9m R o 

P W M b l o c k and o u t p u t s tage: 

• P W M 
V e t 

L C F I L T E R : 

3 L C = 
1 + s C • E S R 

s 2 L C + s C E S R + 1 

where E S R is t he e q u i v a l e n t ser ies res is tance o f the 
o u t p u t c a p a c i t o r w h i c h i n t r o d u c e s a z e r o at h igh 
f r equenc ies , i nd i spensab le f o r sys tem s t a b i l i t y . S u c h 
a f i l t e r i n t r o d u c e s t w o po les at the angu la r f re
q u e n c y . 

1 
O J 0 = , 

R e f e r t o the l i t e ra tu re f o r a m o r e d e t a i l e d ana 
lys is . 

F e e d b a c k : cons i s t s o f the b l o c k labe l led a 

a = 1 w h e n V Q = V R E F ( a n d t h e r e f o r e V Q = 5 .1V) 

and 
R 2 

S-6858 
R., + R ; 

w h e n V Q > V R r £ p 

Fig. A4 — Bode plot showing gain and phase of 
compensated error amplifier. 

G v 

(dB) 
— h — 

UNCOMPENSATED 
COMPENSATED 

180 w 

2TTR 0 C C 2TTR C C C 2TTR 0 C 0 2TTR C C 0 

CALCULATING THE STABILITY 
F o r the s tab i l i t y c a l c u l a t i o n re fer t o t he b l o c k d i a 
g ram s h o w n in f igure A 5 . 

T h e t rans fe r f u n c t i o n s o f the v a r i o u s b l o c k s are re
w r i t t e n as f o l l o w s . 

T h e s i m p l i f i e d t rans fe r f u n c t i o n o f the c o m p e n s a t e d 
e r r o r a m p l i f i e r is : 

1 + s R c C c , _ 1 
G E A = 9m z c = 9m = <9m 

s C r 
2 5 0 0 

Fig. A5 — Block diagram used in stability calculat
ion 

Vet 

T o ana lyse the s t a b i l i t y we w i l l use a B o d e d i a g r a m . 
T h e va lues of L a n d C necessary to o b t a i n the re
q u i r e d regu la to r o u t p u t p e r f o r m a n c e , o n c e the f re
q u e n c y is f i x e d , are c a l c u l a t e d w i t h the f o l l o w i n g 
f o r m u l a e : 

= ( V i - - V o > V o 
Vj f A i L 

= < V i - V o > V o 
8 L f 2 A V Q 

Since th is f i l t e r i n t r o d u c e s t w o po les at the angu la r 
f r e q u e n c y 

1 

V L C 

we p lace the z e r o o f the R c Q . n e t w o r k in the same 
p l a c e : 

1 
O J Z = 

R f C P 
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T a k i n g i n t o a c c o u n t a lso the gain o f the P W M b l o c k , 
the B o d e p l o t of f igure A 6 is o b t a i n e d . 

T h e s l ope where the cu rve crosses the ax is at 0 d B 
is a b o u t 4 0 d B / d e c a d e the re fo re the c i r c u i t is u n 
s t a b l e . 

T a k i n g i n to a c c o u n t n o w the z e r o i n t r o d u c e d by the 
e q u i v a l e n t series resistance ( E S R ) o f the o u t p u t ca 
p a c i t o r , we have fu r the r c o n d i t i o n f o r d i m e n s i o n i n g 
the R c C c n e t w o r k . K n o w i n g the E S R (wh ich is 
s u p p l i e d b y the m a n u f a c t u r e r f o r t he q u a l i t y c o m 
p o n e n t s ) we can d e t e r m i n e the va lue o f R c s o tha t 
the ax is is c rossed at O d B w i t h a s ingle s l o p e . T h e 
z e r o i n t r o d u c e d by the E S R is at the angu la r fre 
q u e n c y : 

" z E S R = T $ k c -

T h e overa l l Bode d i a g r a m m is the re fo re as s h o w n 
in f i gu re A 7 . 

Fig. A6 — Bode plot of system taking filter and 
compensation network into account. 

DC GAIN AND LINE REGULATION 
I nd i ca t i ng the o p e n - l o o p gain o f the e r ro r a m p l i f i e r 
w i t h A D , the overa l l o p e n - l o o p gain of the sys tem is: 

A t = A 0 ~ 
v c t + R-

W h e n V Q = V R E P , the gain b e c o m e s : 

A t = A , 

C o n s i d e r i n g the b l o c k d i ag ram o f f igure A 8 a n d 
c a l c u l a t i n g the o u t p u t v a r i a t i o n Av o caused by a 
v a r i a t i o n of V j , f r o m the l i te ra tu re w e o b t a i n : 

A V ; 

Av 0 

A 0 V J 

R-i + R • 

T h i s espress ion is of genera l v a l i d i t y . In o u r case 
the percentage v a r i a t i o n o f the re ference m u s t be 
a d d e d by v e c t o r a d d i t i o n . 

Fig. A8 Block diagram 
regulation. 

for calculation of line 

REF 
Vi 

A o 

R2 
R1+R2 

Fig. A7 — Bode plot of complete system taking 
into consideration the equivalent series 
resistance of the output capacitor. 

dB 4 

APPENDIX B: 
REDUCING INTERFERENCE 
T h e m a i n d i sadvan tage o f the s w i t c h i n g t e c h n i q u e 
is the genera t i on o f i n te r fe rence w h i c h can reach 
levels w h i c h cause m a l f u n c t i o n s a n d in ter fe re w i t h 
o t h e r e q u i p m e n t . 

F o r each a p p l i c a t i o n i t is the re fo re necessary to 
s t u d y s p e c i f i c m e a n s t o reduce th is i n te r fe rence 
w i t h i n the l im i t s a l l o w e d by the a p p r o p r i a t e s tan 
da rds . 

A m o n g the m a i n sources o f no ise are the paras i t i c 
i n d u c t a n c e s a n d c a p a c i t a n c e s w i t h i n the s y s t e m 
w h i c h are cha rged a n d d i scha rged fas t l y . Paras i t i c 
capac i t ances o r i g i n a t e m a i n l y be tween the dev ice 
case a n d the h e a t s i n k , the w i n d i n g s o f the i n d u c t o r 
and the c o n n e c t i o n w i res . Paras i t i c i nduc tances are 
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genera l l y f o u n d d i s t r i b u t e d a l o n g the s t r ips of the 
p r i n t e d c i r c u i t b o a r d . 

F a s t s w i t c h i n g o f the p o w e r t rans is tors tends to 
cause r i ng ing a n d osc i l l a t i ons as a resu l t o f the 
paras i t i c e l emen ts . T h e use of a d i o d e w i t h a fas t 
reverse recovery t ime (trr) c o n t r i b u t e s to a re
d u c t i o n in the no ise f l o w i n g by the cu r ren t peak 
genera ted w h e n the d i o d e is reverse b iased . 

R a d i a t e d in te r fe rence is usua l l y r e d u c e d by enc los 
i n g the regu la to r in a meta l b o x . 

T o reduce c o n d u c t e d e l e c t r o m a g n e t i c i n te r fe rence 
(or r a d i o f r e q u e n c y in te r fe rences — R F I ) t o the 
leve ls p e r m i t t e d a su i t ab l y d i m e n s i o n e d f i l te r is a d 
d e d o n the s u p p l y l i ne . T h e best m e t h o d , gene ra l l y , 
t o reduce c o n d u c t e d no ise is to f i l te r each o u t p u t 
t e rm ina l of the regu la to r . T h e use o f a f i x e d s w i t c h 
ing f r e q u e n c y a l l ows the use of a f i l t e r w i t h a re la
t i ve l y n a r r o w b a n d w i d t h . F o r o f f - l i ne s w i t c h i n g re
gu la to rs th is f i l t e r is usua l l y c o s t l y and b u l k y . In 
c o n t r a s t , if the dev ice is s u p p l i e d f r o m a 5 0 / 6 0 H z 
t r a n s f o r m e r the R F I f i l te r p r o b l e m is great ly re
d u c e d . 

Tes ts have been ca r r i ed o u t at the labora to r ies of 
R o e d e r s t e i n t o d e t e r m i n e the d i m e n s i o n s o f a ma ins 
s u p p l y f i l te r w h i c h sat is f ies the V D E 0 8 7 1 / 6 . 7 8 , 
c lass B s t a n d a r d . T h e measu remen ts (see f igs. B1 
a n d B2 ) refer t o the a p p l i c a t i o n w i t h the L 2 9 6 sup 
p l i e d w i t h a f i l t e red s e c o n d a r y vo l tage of a b o u t 3 0 V , 
w i t h V Q = 5 . 1 V a n d l Q - 4 A . T h e s w i t c h i n g f re
q u e n c y is 1 0 0 k H z . 

F i g u r e B1 s h o w s the resul ts o b t a i n e d by i n t r o d u c 
ing o n the t r a n s f o r m e r p r i m a r y a 0.01 M F / 2 5 0 V ~ 
c lass X c a p a c i t o r ( type E R O F1 7 7 2 - 3 1 0 - 2 0 3 0 ) . T o 
r e d u c e in te r fe rence f u r t h e r b e l o w the l i m i t set by 
the s tandards an a d d i t i o n a l i n d u c t i v e f i l t e r m u s t be 
a d d e d o n the p r i m a r y o f the t r ans fo rmer . 

F i g u r e B 2 s h o w s the curves o b t a i n e d by i n t r o d u c i n g 
th is i n d u c t i v e f i l t e r ( type E R O F 1 7 5 3 - 2 1 0 - 1 2 4 ) . 

M e a s u r e m e n t s have also been p e r f o r m e d b e y o n d 
3 0 M H z ; the m a x i m u m va lue measu red is st i l l we l l 
b e l o w the I i m i t c u r v e . 

Fig. B1 — EMI measurements with a capacitor con
nected across the primary transformer 
with screen grounded (A) and floating (B) 
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D E S I G N I N G M U L T I P L E - O U T P U T 
POWER SUPPLIES WITH THE L296 AND L4960 

Multiple output supplies can be realized simply and economically using the SGS L296 and L4960 high 
power switching regulators. This note describes several practical circuits of this type. 

M o s t of the s w i t c h i n g regu la tors p r o d u c e d t o d a y 
have m u l t i p l e o u t p u t s . T h e o u t p u t vo l tages m o s t 
f r e q u e n t l y used - at least f o r p o w e r s u p t o 5 0 W -
are + 5 V - 5 V , + 1 2 V a n d - 1 2 V . In these supp l i es the 
5 V o u t p u t is n o r m a l l y the o u t p u t w h i c h de l i ve rs 
t h e h ighest cu r ren t a n d requ i res the h ighest p re 
c i s i o n . F o r the o the r vo l tages - p a r t i c u l a r l y t he 
negat ive ou tpu t s - less p r e c i s i o n (+5% ± 7 % ) is 
u s u a l l y su f f i c i en t . O f t e n , h o w e v e r , f o r h igh c u r r e n t 
1 2 V o u t p u t s be t te r s t a b i l i z a t i o n a n d greater 
p r e c i s i o n ( t yp i ca l l y +4% - t he o u t p u t t o l e r a n c e o f 
an L 7 8 0 0 series l inear regu la to r ) are r e q u i r e d . 

M u l t i p l e o u t p u t supp l ies w h i c h sat is fy these re
q u i r e m e n t s can be rea l i zed us ing the S G S L 2 9 6 a n d 
L 4 9 6 0 h igh p o w e r s w i t c h i n g regu la to r ICs, Severa l 
p r a c t i c a l supp l y designs are d e s c r i b e d b e l o w to 
i l l us t ra te h o w these c o m p o n e n t s are used t o b u i l d 
c o m p a c t a n d i nexpens i ve m u l t i - o u t p u t supp l i es . 

DUAL OUTPUT 15W SUPPLY 

V o l = 5 V / 3 A , V 0 2 = 1 2 V / 1 5 0 m A 
A s ing le L 2 9 6 is used in th is a p p l i c a t i o n to p r o d u c e 
t w o o u t p u t s . T h e a p p l i c a t i o n c i r c u i t . F i g u r e 1, i l 
lust rates h o w the s e c o n d o u t p u t ( 1 2 V ) is o b t a i n e d 
by a d d i n g a s e c o n d w i n d i n g to the o u t p u t in
d u c t o r . E n e r g y is t r ans fe r red to the s e c o n d a r y 
d u r i n g the r e c i r c u l a t i o n p e r i o d w h e n the in te rna l 
p o w e r dev i ce o f t h e L 2 9 6 is O F F . 
S i n c e t h e 1 2 V o u t p u t is no t separa ted f r o m the 5 V 
o u t p u t f ewer t u rns are necessary fo r t he s e c o n d 
w i n d i n g , t h e r e f o r e less c o p p e r is needed a n d l o a d 
regu la t i on is i m p r o v e d . 

In a p p l i c a t i o n s o f th is t y p e it is a g o o d ru le t o 
ensure tha t t h e p o w e r d r a i n o n the a u x i l i a r y ou t 
pu t is no m o r e t h a n 2 0 - 2 5 % of t he p o w e r d e l i v e r e d 
by the m a i n o u t p u t . 
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Fig. 7 - Dual output DC-DC converter (5V/3A, 12V/150mA) 

20V to 40 V Q 

T r a n s f o r m e r : magne t i cs 5 8 9 3 0 , N1 = 3 0 t u r n s , N 2 = 4 0 tu rns 

T a b l e 1 s h o w s the p e r f o r m a n c e o b t a i n e d w i t h th is dua l o u t p u t s u p p l y . T h i s c i r c u i t opera tes at a s w i t c h 
ing f r e q u e n c y o f 5 0 K H z . 

T A B L E 1 

P a r a m e t e r V o l V 0 2 U n i t 

O u t p u t vo l tage 
l o l = 3 A 

V j = 3 0 V 
l o 2 = 1 5 0 m A 5 . 1 2 0 1 2 . 0 8 9 [ V ] 

O u t p u t r i p p l e 7 0 4 0 [ m V ] 

L i n e regu la t i on 
l o l = 3 A 

2 0 V < V j < 4 0 V 
l o 2 = 1 5 0 m A 15 3 0 [ m V ] 

L i n e regu la t i on 
l o l = 7 0 0 m A 

2 0 V < V j < 4 0 V 
l o 2 = 1 0 0 m A 15 10 [ m V ] 

L o a d regu la t i on 
l o l = 7 0 0 m A - » 3 A 

V j = 3 0 V 
l o 2 = 1 5 0 m A 10 1 3 0 [ m V ] 

L o a d regu la t i on 
l o l = 7 0 0 m A 

V j = 3 0 V 
l o 2 = 1 0 0 - > 1 5 0 m A 0 4 0 [ m V ] 

L o a d regu la t i on 
l o l = 3 A 

V j = 3 0 V 
l o 2 = 1 0 0 - ^ 1 5 0 m A 0 4 0 [ m V ] 

E f f i c i e n c y 
V j = 3 0 V 
V o l = 5 . 1 2 0 V l o l = 3 A 
V o 2 = 1 2 . 0 8 9 V l o 2 = 1 5 0 m A 

7 5 % 

DUAL OUTPUT 7.5W SUPPLY 

V o l = 5 V / 1 . 5 A , V 0 2 = 1 2 V / 1 0 0 m A 

T h e same t e c h n i q u e - a d d i n g a s e c o n d a r y w i n d i n g -
c a n a lso be used t o p r o d u c e an e c o n o m i c a l a n d 

s i m p l e d u a l o u t p u t s u p p l y w i t h the L 4 9 6 0 , a 
dev ice c o n t a i n i n g the same c o n t r o l l o o p b l o c k s 
as the L 2 9 6 a n d a 2 A o u t p u t stage. (F ig . 2). T h o u g h 
th is c i r c u i t cos ts ve ry l i t t le t he p e r f o r m a n c e 
o b t a i n e d (see T a b l e 2) is m o r e t han sa t i s f ac to r y . 
T h e s w i t c h i n g f r e q u e n c y is 5 0 k H z . 
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Fig. 2- Dual output DC-DC converter (5V/1.5A, 12V/100mA) 

1000 AiF 

M 5 V t o 3 5 V O T 4]l50v 

IK1 8YV 28-50 +12 V 

— N f — O 
N 2 6 K R ^ -

+ 5V 
- O 

T r a n s f o r m e r : magne t i cs 5 8 2 0 6 , N1 = 3 0 t u r n s , N 2 = 4 0 tu rns 

T A B L E 2 

P a r a m e t e r V o l Vo2 U n i t 

O u t p u t vo l tage 
l o l = 1 . 5 A 

V j = 2 5 V 
lo2 = 1 0 0 m A 5 . 0 5 0 1 2 . 0 1 0 [ V ] 

O u t p u t r ipp le 5 0 3 0 [ m V ] 

L i n e regu la t ion 
l o l = 1 . 5 A 

1 5 V < V j < 3 5 V 
lo2 = 1 0 0 m A 7 7 5 [ m V ] 

L i n e regu la t i on 
l o l = 5 0 0 m A 

1 5 V < V j < 3 5 V 
lo2 = 5 0 m A 7 6 0 [ m V ] 

L o a d regu la t i on 
l o l = 0 . 5 A - > 1 . 5 A 

V j = 2 5 V 
lo2 = 1 0 0 m A 3 1 0 0 [ m V ] 

L o a d regu la t ion 
l o l = 5 0 0 m A 

V j = 2 5 V 
lo2 = 5 0 m A -> 1 0 0 m A 0 5 5 [ m V ] 

L o a d regu la t ion 
l o l = 1 . 5 A 

V j = 2 5 V 
lo2 = 5 0 m A - » 1 0 0 m A 0 5 0 [ m V ] 

E f f i c i e n c y 
V j = 2 5 V 
101 = 1 . 5 A 
102 = 1 0 0 m A 

7 8 % 

TRIPLE OUTPUT 15W SUPPLY 

V o l = 5 V / 3 A , V o 2 = 1 2 V / 1 0 0 m A , V o 3 = - 1 2 V / 1 0 0 m A 

F i g u r e 3 shows h o w t o o b t a i n t w o a u x i l i a r y ou t 
p u t s (± 1 2 V ) w h i c h are i so la ted f r o m the 5 V 
o u t p u t . F o r th is o u t p u t p o w e r range an L 2 9 6 is 

u s e d . 

T o ensure g o o d t r a c k i n g o f the 1 2 V a n d - 1 2 V 
o u t p u t s t he s e c o n d a r y o u t p u t s in th is a p p l i c a t i o n 
s h o u l d be b i f i l a r w o u n d . 

T h i s c i r c u i t ope ra tes at 5 0 K H z a n d gives the per
f o r m a n c e i n d i c a t e d in T a b l e 3 . 
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Fig. 3 - Triple output DC-DC converter (5V/3A, 12V"/100mA, -12V/100mA) 

20V to 40V O 

BYV28-50 
03 

» •( • 0+12v 

± * K Z ^ 1 H D 2 i 0-12v 
0 5 . 1 V 

T A B L E 3 

Parameter V o l V 0 2 V 0 3 Unit 

O u t p u t V o l t a g e V j = 3 0 V 
l o l = 3 A lo2 = l o 3 = 1 0 0 m A 5 . 0 5 7 1 2 . 3 0 0 - 1 2 . 3 0 0 [ V ] 

O u t p u t r i pp le 8 0 3 0 3 0 [ m V ] 

L i n e regu la t i on 2 0 < V j < 4 0 V 
l o l = 7 0 0 m A l 0 2 = l o 3 = 1 0 0 m A 15 6 0 6 0 [ m V ] 

L i n e regu la t i on 2 0 < V j < 4 0 V 
l o l = 3 A lo2 = lo3 = 1 0 0 m A 18 1 0 0 1 0 0 [ m V ] 

L o a d regu la t i on V j = 3 0 V 
l o l = 0 . 7 - > 3 A lo2 = lo3 = 1 0 0 m A 4 1 5 0 1 5 0 [ m V ] 

L o a d regu la t i on Y ' ~ 3 0 Y ^ 
L , = O A 'o2 = 1 0 0 m A 

0 1 lo3 = 5 0 -> 1 0 0 m A 0 1 2 5 5 2 [ m V ] 

L o a d regu la t i on V j = 3 0 V 
101 = 3 A lo3 = 1 0 0 m A 
102 = 5 0 - * 1 0 0 m A 0 5 0 1 2 0 [ m V ] 

E f f i c i e n c y 76 % 

TRIPLE OUTPUT 7 5W SUPPLY F o r l o w e r o u t p u t p o w e r s , t he L 2 9 6 in t h e p rev ious 
a p p l i c a t i o n m a y b e r e p l a c e d b y an L 4 9 6 0 as s h o w n 
in F i g u r e 4 . T h e p e r f o r m a n c e o f th is c i r c u i t is 

v o l = 5 V / 1 . 5 A , V 0 2 = 1 2 V / 5 0 m A , V 0 3 = - 1 2 / 5 0 m A i n d i c a t e d in T a b l e 4 . 
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Fig. 4 - Triple output DC-DC converter (5V/1.5A, 12V/50mA, - 12V750mA) 

1000 JUF 

+ 15V to 3 5 V O f— 

BYV 28-50 
02 

—•(—* 0+12V 

- — + - g - 3 H 1 Q-1 

E K R 

T < — • 0-12V 
6 Y V 2 8 - 5 0 0 + 5 V 

T A B L E 4 

P a r a m e t e r V o l V 0 2 V o 3 U n i t 

O u t p u t V o l t a g e V i = 2 5 V 
f o l = 1 . 5 A l O 2 = l o 3 = 5 0 m A 5 . 0 4 0 1 2 . 0 2 0 - 1 2 . 0 2 0 [ V ] 

O u t p u t r ipp le 6 0 3 0 3 0 [ m V ] 

L i n e regu la t ion 1 5 < V j < 3 5 V 
l o l = 5 0 0 m A l O 2 = l o 3 = 5 0 m A 5 8 0 8 0 [ m V ] 

L i n e regu la t ion 1 5 < V j < 3 5 V 
l o l = 1 . 5 A l 0 2 = l o 3 = 5 0 m A 4 6 0 6 0 [ m V ] 

L o a d regu la t ion V j = 2 5 V 
l o l = 0 .5 -> 1 .5A l O 2 = l o 3 = 5 0 m A 5 1 2 0 1 2 0 [ m V ] 

L o a d regu la t ion V j = 2 5 V 
l o = 1 . 5 A l O 2 = 5 0 m A 
l o 3 = 2 0 ^ 5 0 m A 0 15 5 0 [ m V ] 

L o a d regu la t ion V j = 2 5 V 
1 0 1 = 1 . 5 A l o 3 = 1 0 0 m A 
1 0 2 - 2 0 -> 5 0 m A 0 5 0 15 [ m V ] 

E f f i c i e n c y 7 0 % 

THE L296 AND L4960 HIGH POWER 
SWITCHING REGULATORS 

T h e S G S L 2 9 6 is a m o n o l i t h i c s t e p d o w n s w i t c h i n g 
regu la to r assemb led in the 1 5 - p i n M u l t i w a t t 
p a c k a g e . O p e r a t i n g w i t h s u p p l y i n p u t vo l tages u p 
t o 4 6 V it p rov ides a regu la ted 4 A o u t p u t va r iab le 
f r o m 5 . 1 V t o 4 0 V . 

I n t e rna l l y t he dev i ce is e q u i p p e d w i t h c u r r e n t 
l i m i t e r , so f t start a n d reset (or p o w e r fa i l ) f u n c 
t i o n s , m a k t n g it p a r t i c u l a r l y su i t ab l e f o r s u p p l y i n g 
m i c r o p r o c e s s o r s a n d l o g i c . 

T h e p r e c i s i o n o f t h e L 2 9 6 ' s in te rna l re fe rence 
( ± 2 % ) e l i m i n a t e s t h e n e e d f o r ex te rna l d i v i de rs o r 
t r i n n i n g t o o b t a i n a 5 V o u t p u t . 

T h e s y n c h r o n i z a t i o n p i n a l l o w s s y n c h r o n o u s o p e 
r a t i o n o f several dev i ces a t t h e same f r e q u e n c y t o 
a v o i d genera t ing u n d e s i r a b l e beat f r e q u e n c i e s . 

T h e L 4 9 6 0 is a s i m i l a r dev i ce assemb led in t he 
7 - l e a d H e p t a w a t t p a c k a g e . L i k e the L 2 9 6 it has 
a m a x i m u m i n p u t vo l tage o f 4 6 V a n d it p r o v i d e s a 
regu la ted o u t p u t vo l t age va r iab le f r o m 5 V t o 4 0 V 
w i t h a m a x i m u m load c u r r e n t o f 2 . 5 A . C u r r e n t 
l i m i t i n g , so f t s ta r t a n d t h e r m a l p r o t e c t i o n f u n c 
t i ons are i n c l u d e d . 
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T h e the rma l p r o t e c t i o n c i r c u i t in b o t h the L 2 9 6 
a n d L 4 9 6 0 has a hys teres is of 3 0 ' C t o a l l o w so f t 
res tar t ing af ter a fau l t c o n d i t i o n . 

THE STEP DOWN CONFIGURATION 
F i g u r e 5 s h o w s the bas ic s t r uc tu re o f a s tep d o w n 
s w i t c h i n g regu la to r . T h e t rans is tor Q is used as a 
s w i t c h and the O N a n d O F F t imes are d e t e r m i n e d 
b y the c o n t r o l c i r c u i t . 

W h e n Q is sa tu ra ted c u r r e n t f l o w s f r o m the s u p p l y , 
V i , to the l oad t h r o u g h the i n d u c t o r L . Neg lec t i ng 
the sa tu ra t i on vo l tage of Q , V e -= V i . 

W h e n Q is O F F , cu r ren t c o n t i n u e s to H o w in the 
i n d u c t o r L , in the same d i r e c t i o n , f o r c i n g the d i o d e 
i n t o c o n d u c t i o n i m m e d i a t e l y the re fo re V e is nega
t i ve . In these c o n d i t i o n s the load cu r ren t f l o w s 
t h r o u g h L and D . 

T h e average va lue of the cu r ren t in the i n d u c t o r is 
equa l to the l oad cu r ren t . In the i n d u c t o r a t r i angu
lar c u r r e n t r i p p l e equa l to A I | _ is a d d e d to this 
average cu r ren t . 

D u r i n g the t i m e w h e n Q is O N th is r i pp le is : 

a n d w h e n Q is o f f i t i s : 
V „ . T O F F 

E q u a t i n g these e x p r e s s i o n a n d assuming that the 
t rans is to r and d i o d e are ideal we o b t a i n : 

T h e abso lu te average cu r ren t in the s y p p l y is i he re -

In 1 

ioc 
O N 

T 

O n c e the w o r k i n g f r e q u e n c y and des i red r i pp le 
cu r ren t have been f i x e d the va lue of the i n d u c t o ; 
L is g iven by : 

and the va lue of the c a p a c i t o r C requ i red to g ive 
the des i red o u t p u t vo l tage r i pp le ( £ V ) is : 

L f s i f . 

T h i s c a p a c i t o r m u s t have a m a x i m u m E S R g iven 

1 M A X 

A n d , f i n a l l y , the m i n i m u m load cu r ren t , I O M I N . 
musL be : 

A I L (V j - V o ) V o 
I O M I N =• = 

2 2 V j f L 

V „ = V : • 
O N 

T 

T O N is the c o n d u c t i o n t ime 
of the t rans is to r 

T is the osc i l l a t o r p e r i o d 

Fig. 5- Basic STEP-DOWN configuration 
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30W DC-DC CONVERTER 

D e s i g n i n g power supp l i es in the 3 0 - 4 0 W range is 
b e c o m i n g inc reas ing ly d i f f i c u l t because it is here 
t h a t t he re is the greatest need t o m a i n t a i n per 
f o r m a n c e levels a n d reduce cos t s . T h e a p p l i c a t i o n 
p r o p o s e d here is ve ry c o m p e t i t i v e because it 
e x p l o i t s new ICs t o reduce s i z e , n u m b e r o f c o m 
p o n e n t s a n d assemb l y c o s t s . 

T h i s s o l u t i o n , the D C - D C c o n v e r t e r , c o m p a r e s very 
f a v o u r a b l e w i t h o f f - l i n e s w i t c h i n g supp l i es in te rms 

o f c o s t . D C - D C c o n v e r t e r s c a n , in f ac t , be rea l i zed 
even b y des igners w i t h l i t t l e e x p e r i e n c e a n d a l l o w s 
the c o n v e n i e n c e o f w o r k i n g w i t h l o w vo l tages . 
O f f - l i n e s w i t c h i n g supp l i es are o n l y p re fe rab le 
w h e n t h e w e i g h t a n d s ize o f t h e ma ins t r a n s f o r m e r 
in a D C - D C c o n v e r t e r w o u l d be excess ive . 

In th is c i r c u i t , f i g u r e 6 t w o dev ices are u s e d , an 
L 2 9 6 a n d an L 4 9 6 0 . T h e L 2 9 6 is u s e d , t o s u p p l y a 
5 V o u t p u t w i t h a c u r r e n t o f 3 A and the a u x i l i a r y 
- 5 V / 1 0 0 m A o u t p u t a n d the L 4 9 6 0 is used t o p r o 
v ide t h e 1 2 V / 1 . 5 A o u t p u t a n d t h e a u x i l i a r y - 1 2 V / 
1 0 0 m A o u t p u t . 

Fig. 6- Multiou tputD C-D C converter with L296andL4960(5V/3A, 12V/1.5A, - 12V/100mA, -5V/100mA) 

20 V S=Vj<40V 
O 
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T a b l e 5 s h o w s the p e r f o r m a n c e o b t a i n e d w i t h th is p o w e r s u p p l y . 

T A B L E 5 

P a r a m e t e r V o l V o 2 V o 3 V 0 4 U n i t 

O u t p u t V o l t a g e 
101 = 3 A 
102 = 1 0 0 m A 

V i = 3 0 V 
103 = 1 -5A 
104 = 1 0 0 m A 5 . 0 8 0 - 5 0 1 0 1 1 . 9 6 1 2 . 0 0 [ V ] 

O u t p u t r i pp le 5 0 3 0 5 0 4 0 [ m V ] 

L i n e regu la t i on 
l o l = 1 A 
l o 3 = 0 . 5 A 

2 0 < V i < 4 0 V 
l o 2 = 1 0 0 m A 
l o 4 = 1 0 0 m A 13 15 10 2 0 [ m V ] 

L o a d regu la t i on 
l o l = 1 A to 3 A 

V j = 3 0 V 
l o 2 = 1 0 0 m A 8 9 0 [ m V ] 

l o 3 = 0 .5 to 1 . 5 A l o 4 = 1 0 0 m A 3 8 0 [ m V ] 

L o a d regu la t i on 
l o l = 3 A 

V i = 3 0 V 
l o 2 = 5 0 -> 1 0 0 m A 0 1 0 0 [ m V ] 

l o 3 = 1 .5A l o 4 = 5 0 -> 1 0 0 m A 0 1 0 0 [ m V ] 

L o a d regu la t i on 
l o l = 1 A 

V j = 3 0 V 
l o 2 = 5 0 - * 1 0 0 m A 0 3 5 [ m V ] 

l o 3 = 0 . 5 A l o4= 5 0 H> 1 0 0 m A 0 9 0 [ m V ] 

L i n e regu la t i on 
l o l = 3 A 

2 0 < V j < 4 0 V 
l o 2 = 1 0 0 m A 15 4 5 [ m V ] 

l o 3 = 1 . 5 A l o 4 = 1 0 0 m A 15 4 0 [ m V ] 

T h i s a p p l i c a t i o n i l l us t ra tes h o w t w o dev ices m a y If a p o w e r fa i l f u n c t i o n is requ i red in p lace o f 
be s y n c h r o n i z e d . N o t e a l so tha t the reset c i r c u i t is t he reset f u n c t i o n the F i g u r e 6 c i r c u i t s h o u l d be 
u s e d in th is case to m o n i t o r the o u t p u t vo l tage m o d i f i e d as s h o w n in F i g u r e 8 . 
(see f i gu re 7 ) . 

Fig. 7 - Reset output waveforms 
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Fig. 8 

R E S E T 
V c O U T 

CALCULATING THE POWER FAIL TIME 

T h e ' p o w e r fa i l t i m e ' is d e f i n e d as the t i m e f r o m 
w h e n t h e p o w e r fa i l o u t p u t (p in 14) goes l o w t o 

t h e t i m e w h e n t h e i n p u t vo l t age fa l ls t o t h e m i n i 
m u m level r e q u i r e d t o m a i n t a i n t h e regu la ted 
o u t p u t (see F i g u r e 9 ) . F r o m th i s d e f i n i t i o n w e c a n 
eva lua te the ene rgy b a l a n c e . 

Fig. 9 

PF WAVE FORM 
(PIN 14) 

T h e energy w h i c h the f i l te r c a p a c i t o r C supp l i es 
t o t he ope ra t i ng dev i ce w h i l e it d ischarges is : 

E = 1 / 2 C ( V i 2 - V 2

2 ) ( D 

T h e l o a d dra ins a p o w e r o f P o = V o l o . T a k i n g i n t o 
c o n s i d e r a t i o n the average e f f i c i e n c y r\ (der ived 
w i t h the input b e t w e e n V i a n d V 2 ) , the p o w e r t o 
be s u p p l i e d at t h e i n p u t o f the dev ice is: 

P02 = (2) 
n 

E q u a t i n g the exp ress i ons (1) a n d (2) g ives: 

1 / 2 C ( V i 2 - V 2

2 ) = — • t P F 

w h e r e V j js t he i n p u t vo l tage at w h i c h the vo l tage 
o n p i n 12 reaches 5V ( th rough the d i v ide r R1 /R2 ) ; 
V2 is t he m a x i m u m i n p u t vo l tage b e l o w w h i c h 
the dev i ce no longer regulates. 

R e a r r a n g i n g th is e x p r e s s i o n to o b t a i n C : 

C = 2 p o * P F 

rj ( V i 2 - V 2

2 ) 
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E X A M P L E - S u p p o s e tha t V 0 = 5 V , i 0 = 3 A , 
T P f = 1 0 m s and V , = 3 5 V . F i x i n g V i = 2 5 V a n d 
V 2 = 1 0 V w e o b t a i n : 

2 P p t P F 

n ( V i 2 - V 2

2 

2 x 15 x 10 • I P " 3 

0 . 7 5 ( 2 5 2 - 1 0 2 ) 
7 6 0 M F 

We the re fo re c h o o s e a c a p a c i t o r o f 1000 juF . 

CROWBAR 

T h e L 2 9 6 inc ludes an in te rna l c r o w b a r f u n c t i o n ; 
t he o n l y ex te rna l c o m p o n e n t needed is an S C R . 
T h e i n t e r v e n t i o n t h r e s h o l d of th is b l o c k is f i x e d 
i n t e r n a l l y at ± 2 0 % o f the n o m i n a l va lue o f the 
i n te rna l re fe rence . 

In t he F i g u r e 6 c i r c u i t the S C R is t r iggered by an 
ove rvo l t age o n the 5 V o u t p u t (usua l l y the m o s t 
i m p o r t a n t o u t p u t t o m o n i t o r ) a n d s h o r t c i r c u i t s 
t o g r o u n d the 5 V o u t p u t a n d , t h r o u g h the d i o d e 
w h i c h c o n n e c t s the t w o o u t p u t s , the 1 2 V o u t p u t . 

S i n c e the in te rna l c u r r e n t l i m i t e r in the dev i ce is 
d e s i g n e d t o f u n c t i o n as s h o w n in F i g u r e 10 ( that 
is , w i t h pu l sed o u t p u t cu r ren t ) t h e S C R tu rns 
o f f in the gap b e t w e e n pu lses a n d is re -ac t i va ted 
ga in if, w h e n the dev i ce restar ts s o f t l y , the f au l t 
c o n d i t i o n has no t been e l i m i n a t e d . B u t if the fau l t 
n o longer ex is ts the S C R rema ins O F F a n d the. 
o u t p u t vo l tage re tu rns t o t he n o r m a l va lue . 

If t h e des igner pre fers t he s u p p l y t o r e m a i n of f 
a f t e r t he S C R has been ac t i va ted the c i r c u i t can be 
m o d i f i e d as s h o w n in F i g u r e 1 1 . In th is m o d i f i c a 
t i o n , w h e n the S C R is t r iggered a very h igh c u r r e n t 
f l o w s in t he f use , b l o w i n g i t . 

S i n c e the f i l te r c a p a c i t o r can have a high va lue 
a n d be cha rged t o h igh vo l tages the c h o i c e o f S C R 
is i m p o r t a n t . T h e t y p e used in th is c i r c u i t - t h e 
T Y P 5 1 2 - is a p las t i c p a c k a g e d S C R ab le to h a n d l e 
1 2 A r m s a n d 3 0 0 A f o r 10ms. T h e m a x i m u m f o r w a r d 
a n d reverse vo l tages are a b o u t 5 0 V . 

If t h e c r o w b a r c i r c u i t is n o t used it is adv i sab le t o 
c o n n e c t p i n 1 t o g r o u n d or p i n 1 0 . 

Figs 10- Load current in short circuit conditions 
(Vi = 40V, L = 300ixH, f = WOKHz) 
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Current at pin 2 when the output is short circuited. 
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POWER SUPPLY DESIGN BASICS 

Aimed at system designers whose interest focusses on other fields, this note reviews the basic power 
supply design knowhow assumed in the rest of the book. 

In m a i n s - s u p p l i e d e l e c t r o n i c sys tems the A C 
i n p u t vo l tage mus t be c o n v e r t e d i n t o a D C vo l tage 
w i t h t he r ight va lue a n d degree of s t a b i l i z a t i o n . 

F i gu res 1 and 2 s h o w the s imp les t rec t i f i e r c i r c u i t s . 
In these basic c o n f i g u r a t i o n s t h e peak vo l tage 
across the load is equa l t o t he peak va lue of the A C 
vo l tage supp l i ed by the t r a n s f o r m e r ' s s e c o n d a r y 
w i n d i n g . F o r m o s t a p p l i c a t i o n s the o u t p u t r i pp le 
p r o d u c e d by these c i r c u i t s is t o o h i g h . H o w e v e r , 
f o r s o m e a p p l i c a t i o n s - d r i v i n g sma l l m o t o r s o r 
l a m p s , f o r e x a m p l e - t h e y are s a t i s f a c t o r y . 

If a f i l te r c a p a c i t o r is a d d e d a f te r t he rec t i f i e r 
d i o d e s the o u t p u t vo l tage w a v e f o r m is i m p r o v e d 
c o n s i d e r a b l y . F igu res 3 a n d 4 s h o w t w o c lass ic 
c i r c u i t s c o m m o n l y used t o o b t a i n c o n t i n u o u s 
vo l tages s tar t ing f r o m an a l t e rna t i ng vo l tage . T h e 
F i g u r e 3 c i r cu i t uses a c e n t e r - t a p p e d t r a n s f o r m e r 
w i t h t w o rec t i f ie r d i o d e s w h i l e t h e F i g u r e 4 c i r c u i t 
uses a s i m p l e t r a n s f o r m e r a n d f o u r rec t i f i e r d i o d e s . 

Fig. 2- Full wave rectifier wich uses a center-
tapped transformer 

m i 
r 

VM 

L2 

Fig. 3 - Full wave rectified output from the trans
former/rectifier combination is filtered 
byC1 

Fig. 1 - Basic half wave rectifier circuit Fig. 4 - This circuit performs identically to that 
shown in Fig. 3 

S-7643 
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F i g u r e 5 s h o w s t h e c o n t i n u o u s vo l tage cu rve 
o b t a i n e d b y a d d i n g a f i l te r c a p a c i t o r t o t he F i g u r e 
1 c i r c u i t . T h e s e c t i o n b-c is a s t ra ight l i ne . D u r i n g 
t h i s t i m e it is t he f i l t e r c a p a c i t o r t ha t supp l i es 
t h e l o a d c u r r e n t . T h e s lope o f th is l i ne increases 
as t he c u r r e n t inc reases , b r i ng i ng p o i n t c l o w e r . 
C o n s e q u e n t l y t h e d i o d e c o n d u c t i o n t i m e (c-d) 
inc reases , i nc reas ing r i p p l e . W i t h z e r o load cu r 
ren t t he D C o u t p u t vo l tage is equa l t o the peak 
v a l u e o f t he r e c t i f i e d A C vo l tage . 

Fig. 5- Output waveforms from the half-wave 
rectifier filter 

(V) 

Fig. 8- DC to peak ratio for half wave rectifiers 
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V A C d 

A - A - A % 

F i g u r e 6 s h o w s h o w t o o b t a i n pos i t i ve a n d negat ive 
o u t p u t s re fe r red t o a c o m m o n g r o u n d . U s e f u l 
des ign da ta f o r th is c i r c u i t is g iven in F igures 7 , 
8 a n d 9 . In p a r t i c u l a r , the curves s h o w n in F i g u r e 
7 a re h e l p f u l in d e t e r m i n i n g t h e vo l tage r i pp le 
f o r a g iven l o a d c u r r e n t a n d f i l t e r c a p a c i t o r va lue . 
T h e va lue o f t he vo l tage r i pp le o b t a i n e d is d i r e c t l y 
p r o p o r t i o n a l t o t he l oad c u r r e n t a n d inverse ly 
p r o p o r t i o n a l t o t he f i l t e r c a p a c i t o r va lue . 

Fig. 6 - Full-wave split supply rectifier 
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Fig. 7- Ripple voltage vs. filter capacitor value 
(full-wave rectifier) 

(Vpp) 

5 OQju T / 

- 2000juF 

/ SOOO^uF 

*f , = 120Hz 
JLL WAVE 
ECTIF1ER - R 

, = 120Hz 
JLL WAVE 
ECTIF1ER 

10 

<o C R i 

100 10O0 

Note : C *farads,Ri.=ohm« 

Fig. 9- DC to peak ratio for full-wave rectifiers 
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T h e p e r f o r m a n c e o f a s u p p l y c o m m o n l y used in 
c o n s u m e r a p p l i c a t i o n s - in a u d i o a m p l i f i e r s , f o r 
e x a m p l e - is d e s c r i b e d in F i g u r e 10 a n d T a b l e 1. 

Fig. 10- DC characteristics of a 50VA non-
regulated supply . . „ „ . 
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Table 1 

M a i n s 
(220V) 

S e c o n d a r y 
vo l tage 

D C o u t p u t vo l t age ( V o ) 
M a i n s 

(220V) 
S e c o n d a r y 

vo l tage 
«o = 0 l o = 0 . 1 A lo = 1 A 

+ 2 0 % 28 .8 V 4 3 . 2 V 4 2 V 3 7 . 5 V 
+ 1 5 % 27 .6 V 4 1 . 4 V 4 0 . 3 V 3 5 . 8 V 
+ 1 0 % 26 .4 V 3 9 . 6 V 3 8 . 5 V 3 4 . 2 V 

— 2 4 V 3 6 . 2 V 3 5 V 3 1 V 
- 1 0 % 2 1 . 6 V 3 2 . 4 V 3 1 . 5 V 2 7 . 8 V 
- 1 5 % 20 .4 V 3 0 . 6 V 2 9 . 8 V 2 6 V 
- 2 0 % 1 9 . 2 V 2 8 . 8 V 2 8 V 2 4 . 3 V 

W h e n a l o w r ipp le vo l tage is r e q u i r e d an L C f i l t e r 
n e t w o r k m a y be u s e d . T h e e f fec t o n t h e o u t p u t 
vo l t age o f th is a d d i t i o n is s h o w n in F i g u r e 1 1 . 
A s F i g u r e 11 s h o w s , t he res idua l r i p p l e c a n be 
r e d u c e d b y 4 0 d B . B u t o f t e n t h e i n d u c t o r is c o s t l y 
a n d b u l k y . 

O f t e n the degree o f s t a b i l i t y p r o v i d e d b y the 
c i r c u i t s desc r ibed a b o v e is i n s u f f i c i e n t a n d a 
s t a b i l i z e r c i r cu i t is n e e d e d . F i g u r e 12 s h o w s the 
s i m p l e s t s o l u t i o n a n d is sa t i s f ac to r y f o r loads o f 
u p t o a b o u t 5 0 m A . T h i s c i r c u i t is o f t e n used as a 
re fe rence vol tage t o a p p l y t o t h e base o f a t r an 
s i s to r o f t o the i n p u t o f an o p a m p t o o b t a i n h igher 
o u t p u t cu r ren t . 

T h e s imp les t e x a m p l e o f a series regu la to r is s h o w n 
in F i g u r e 1 3 . In th is c i r c u i t t he t rans i s to r is c o n 
n e c t e d as a vo l tage f o l l o w e r a n d the o u t p u t vo l tage 
is a b o u t 6 0 0 - 7 0 0 m V l o w e r t h a n t h e zene r vo l tage . 
T h e res is tor R m u s t be d i m e n s i o n e d so t ha t the 
z e n e r is c o r r e c t l y b iased a n d tha t s u f f i c i e n t base 
c u r r e n t is supp l i ed t o t he base o f Q 1 . 

F o r h igh load cu r ren ts t h e base c u r r e n t o f Q1 is 
n o longer neg l ig ib le . T o a v o i d t ha t t h e c u r r e n t in 
t h e zene r d rops t o t h e p o i n t w h e r e e f f ec t i ve regu
l a t i o n is no t poss ib le a d a r l i n g t o n m a y be used in 
p l a c e o f t he t rans is to r . 

W h e n be t te r p e r f o r m a n c e is r e q u i r e d the o p a m p 
c i r c u i t s h o w n in F i g u r e 1 4 is r e c o m m e n d e d . In 
t h i s c i r c u i t the o u t p u t vo l tage is equa l t o the 
re fe rence vo l tage a p p l i e d t o t he i n p u t o f t he o p 
a m p . W i t h a su i tab le o u t p u t b u f f e r h igher cu r ren ts 
c a n be o b t a i n e d . 

Fig. 11 - Ripple reduction produced by a single 
section inductance-capacitance filter 

G-5762 
(dB) I M i l l 

S. f =60 Hz 

f = 120Hz 

300 1000 
L(H) - C ( ^ F ) 

Fig. 12- Basic zener regulator curcuit. 
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Fig. 13 The series pass zener-based regulator 
circuit can supply load currents up to 
about 100mA 
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Fig. 14 - The Op-Amp-based regulator can supply 100mA with excellent regulation 
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T h e o u t p u t vo l tage o f t he F i g u r e 14 c i r c u i t can be 
va r i ed by a d d i n g a va r iab le d i v i de r in para l le l w i t h 
t he zener d i o d e a n d w i t h its w i p e r c o n n e c t e d t o 
t h e o p a m p ' s i n p u t . 

T h e des ign of s t a b i l i z e d s u p p l i u s has been s i m p l i f i e d 
d r a m a t i c a l l y b y the i n t r o d u c t i o n o f vo l tage regu

la tor ICs such as the L 7 8 x x a n d L 7 9 x x - t h r e e -
t e r m i n a l series regu la to rs w h i c h p r o v i d e a very 
s tab le o u t p u t a n d i n c l u d e c u r r e n t l im i t e r a n d 
t h e r m a l p r o t e c t i o n f u n c t i o n s . F igu res 1 6 , 17 a n d 
18 s h o w h o w these c i r c u i t s are u s e d . R e f e r t o t he 
da tasheets f o r m o r e i n f o r m a t i o n . 

Fig. 15- Zener regulator circuit modified for low-noise output 

Fig. 17- A three terminal 1A negative voltage regulator 
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Fig. 16 - A three terminal 1A positive regulator circuit is very simple and performs very well. 

Fig. 18- Complete ± 12V- 1A split supply regulator circuit 



SUPPLY DESIGN FOR CMOS SRAMs 
AND SHADOW-TYPE NVRAMs 

The L4901 and L4902 dual 5V regulators and the TL7700 supply controller simplify the design of systems 
using battery backup and non-volatile RAM. This note illustrates several typical application configurations. 

T h e c o n v e n i e n c e o f p reserv ing da ta w h e n e q u i p 
m e n t is t u r n e d o f f - d e l i b e r a t e l y o r a c c i d e n t a l l y -
has p r o m p t e d m a y s y s t e m des igners t o a d o p t 
l o w - p o w e r C M O S s ta t i c R A M s w i t h ba t t e r y b a c k u p 
o r s h a d o w - t y p e n o n - v o l a t i v e R A M s . In tegrated 
c i r c u i t s such as t h e T L 0 7 7 p o w e r s u p p l y c o n t r o l l e r 
a n d the L 4 9 0 1 / L 4 9 0 2 dua l vo l tage regu la tors 
s i m p l i f y t h e use o f these m e m o r i e s a n d ensure 
d e p e n d a b l e o p e r a t i o n . 

LOW POWER CMOS RAMs 
C M O S s ta t i c R A M s w i t h a s t a n d b y o r l o w - p o w e r 
o p e r a t i n g m o d e requ i re a b a c k u p ba t te ry de l i ve r i ng 

1MA a t 2 - 3 V t o m a i n t a i n m e m o r y c o n t e n t s in t h e 
s t a b d b y s ta te . L i t h i u m ce l l s a re genera l l y used as 
the b a c k u p s u p p l y bu t s i nce these cel is have a h igh 
in te rna l res is tance it is adv i sab le t o d i sab le t h e 
R A M be fo re se lec t i ng s t a n d b y m o d e . O t h e r w i s e 
the d r a i n o n the b a t t e r y w i l l cause the vo l tage t o 
fa l l so l o w tha t m e m o r y c o n t e n t s are c o r r u p t e d . 
A n o t h e r des ign r u l e t o r e m e m b e r is tha t t he i npu t s 
o f C M O S dev ices s h o u l d never go m o r e t h a n 0 . 6 V 
a b o v e the s u p p l y vo l tage o r t h e y c o u l d l a t ch u p . 

These c o n d i t i o n s c a n be sa t i s f ied b y us ing a T L 7 7 0 5 
s u p p l y c o n t r o l l e r w i t h a c o n v e n t i o n a l 5 V s u p p l y , 
as s h o w n in f i gu re 1 . In th i s c i r c u i t the T L 7 7 0 5 ' s 
R E S E T o u t p u t ensures t ha t t he C M O S R A M is 
no t enab led w h e n the m a i n 5 V s u p p l y is f a l l i n g . 

Fig. 1 - A TL7705 power supply controller can be used to ensure thata CMOS RAM isn't enabled when 
the 5V supply is removed 

1 4 3 



A n o t h e r s o l u t i o n is t o use an L 4 9 0 1 or L 4 9 0 2 
d u a l 5 V vo l tage regu la to r IC. These dev ices p r o v i d e 
a reset o u t p u t a n d t w o regu la ted vo l tage o u t p u t s . 
T h e f i rs t ( V 1 ) de l i ve rs up to 3 0 0 m A a n d fea tures 
a l o w leakage at the o u t p u t w h e n the i n p u t is no t 
p o w e r e d (less t h a n 2 juA) ; th is o u t p u t t y p i c a l l y sup 
p l ies s t a n d b y c i r c u i t s . T h e s e c o n d o u t p u t ( V 2 ) 
de l i ve rs u p t o 4 0 0 m A a n d n o r m a l l y p o w e r s o t h e r 
5 V c i r c u i t s w h i c h are p o w e r e d d o w n in the s t a n d b y 
s ta te . V 1 is a l w a y s h igher t han V 2 . 

T h e d i f f e r e n c e b e t w e e n the t w o dev ices is tha t the 
L 4 9 0 1 (F ig . 4) has separate i npu ts f o r the V1 a n d V 2 
regu la to rs w h i l e the L 4 9 0 1 has a c o m m o n i n p u t 
a n d a d i sab le i n p u t w h i c h deac t i va tes the V 2 o u t p u t . 

A s s h o w n in f i g u r e 2 , t he L 4 9 0 1 m a y be used w i t h 
the V 1 o u t p u t s u p p l y i n g C M O S ba t te ry b a c k u p 
R A M a n d the V 2 o u t p u t s u p p l y i n g a m i c r o 
p rocesso r a n d o t h e r 5 V c h i p s . In th is case the 
L 4 9 0 1 ' s R E S E T o u t p u t is used b o t h t o reset the 
Z 8 0 a n d , t h r o u g h the M 7 4 H C 1 3 8 address d e c o d e r , 
t o ensure tha t t h e R A M s are d i sab led w h e n the 
m a i n s u p p l y is r e m o v e d . N o t e tha t the M 7 4 H C 1 3 8 
is s u p p l i e d f r o m the b a c k u p ba t t e r y . Dev i ces o f 
th is h igh speed C M O S f a m i l y a c c e p t a s u p p l y vo l t 
age f r o m 2 t o 6 V a n d in s ta t i c o p e r a t i o n d r a w less 
t han 4juA c u r r e n t . T h e y are a lso very fast ( t p p = 
17/its @ 5 V ) , idea l f o r th is k i n d o f m e m o r y . 

Fig. 2- The dual output L4901 regulator is connected in this example with the V1 output supplying 
standby RAMs and the V2 output supplying a Z80 system. When Vj is removed the L4901's 
RESET output forces the RAMs into the standby state through the MC74HC138, which is 
also supplied from the backup battery 

Fig. 3- An alternative approach is to use OR gates to force the RAM's into standby mode. The L4902 
used in this example has a disable input to switch the V2 output 

C M O S R A M S 
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A n a l te rna t i ve , s h o w n in f igure 3 , is to use O R 
gates t o d isab le the R A M s w h e n the s u p p l y is 
r e m o v e d . Th i s c i r c u i t a lso i l lus t ra tes h o w the d is
ab les i n p u t of the L 4 9 0 2 tu rns o f f t he V 2 o u t p u t . 
T h i s d i sab le i npu t m a y be d r i ven b y an o p e n - c o l 
l ec to r gate in a p p l i c a t i o n s w h e r e a s t a n d b y or 
s l e e p - m o d e C M O S m i c r o c o m p u t e r t u rns o f f its 
a n c i l l a r y c i r cu i t s in t h e s t a n d b y state. 

Fig. 4- Block diagram of the L4901 dual 5V 
regulator 

SHADOW-TYPE NV RAMs 
In n o n - v o l a t i v e r e a d / w r i t e m e m o r i e s l i ke the 
X I C O R X 2 2 0 1 , w h e r e a fast vo la t i ve R A M is 
b a c k e d - u p b y a s l o w E P R O M , it is i m p o r t a n t t o 
ensure tha t the b a c k u p c o m m a n d is genera ted 
w h e n the s u p p l y is r e m o v e d . 

A s s h o w n in f i gu re 5 , th is f u n c t i o n c a n be per 
f o r m e d b y the R E S E T o u t p u t o f an L 4 9 0 1 d u a l 
regu la to r . A c a p a c i t o r o n the V 1 i npu t ensures 
t ha t t he X 2 2 0 1 is p o w e r e d d u r i n g the t rans fe r 
o p e r a t i o n . 

W h e n the i n p u t vo l tage is r e m o v e d or goes b e l o w 
6 . 3 V , the L 4 9 0 1 ' s reset o u t p u t , c o n n e c t e d t o t he 
8 0 8 5 ' s T R A P i n p u t , fo rces the e x e c u t i o n o f a 
serv ice r o u t i n e w h i c h saves the state o f t he m a 
c h i n e in t he R A M t h e n issues a b a c k u p c o m m a n d . 
T h e V 2 o u t p u t d r o p s i m m e d i a t e l y w h i l e t he 
6 8 0 J U F c a p a c i t o r o n the V 1 i n p u t p rov ides e n o u g h 
energy to keep t h e X 2 2 0 1 r u n n i n g f o r the 1 0 m s 
needed to c o m p l e t e the b a c k u p t rans fer . T h e l o w 
c o n s u m p t i o n of t h e V 1 regu la to r a l l o w s the use 
o f a re la t i ve ly s m a l l c a p a c i t o r f o r th is f u n c t i o n . 

Fig. 5 - The L4901 is also useful for supplying shadow-type NVRAMs. In this circuit the RESET signal 
initiates a backup transfer. The 680y.F capacitor on the V1 input provides enough energy to 
complete the transfer. 
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LOW DROP VOLTAGE REGULATORS 
F O R A U T O M O T I V E E L E C T R O N I C S 

Linear voltage regulators with an input-output voltage drop of less than 2V are used to ensure con
tinuity of the stabilized output in applications where a battery supply is used. This note describes the 
characteristics and operation of these devices. 

L o w d r o p l inear vo l tage regu la to rs are l o w vo l tage 
(5 t o 1 2 V ) regulators w h i c h are ab le t o p r o v i d e ef
f ec t i ve s tab i l i za t i on o f t he o u t p u t vo l tage even 
w h e n the d i f f e rence b e t w e e n i n p u t vo l tage and 
o u t p u t vo l tage is less t han 2 V . 

T h i s s i t ua t i on c a n ar ise a c c i d e n t a l l y f o r a b r ie f 
p e r i o d w h e n the m a i n s u p p l y s o u r c e is o v e r l o a d e d . 
It m a y a lso result f r o m a de l i be ra te des ign d e c i s i o n 
a i m e d at reduc ing the p o w e r d i ss ipa ted in t he sup 
p l y - f o r e x a m p l e , w h e n the dev i ce is used as a 
p o s t regu la tor in po r t ab l e i n s t r u m e n t s . 

L o w d r o p regulators are used w i d e l y in a u t o m o t i v e 
a p p l i c a t i o n s , a f i e l d w h e r e in tegra ted c i r c u i t s have 
t o be pa r t i cu l a r l y rugged. F o r th is reason m o s t 
l o w d r o p dev ices i n c l u d e p r o t e c t i o n f u n c t i o n s no t 
f o u n d in s tandard regu la to rs . B e f o r e d e s c r i b i n g the 
S G S f a m i l y of l o w d r o p regu la tors w e w i l l t he re fo re 
beg in w i t h a br ie f d e s c r i p t i o n o f t he a u t o m o t i v e 
e lec t r i ca l e n v i r o n m e n t . 

regu la to r w i t h o u t d a m a g e over an a m b i e n t t e m 
pera tu re range ve ry c l ose t o m i l i t a r y s tandards 
( -40 t o + 1 2 5 ° C f o r u n d e r h o o d dev ices ; - 4 0 t o 
+ 8 5 ° C f o r o the r dev i ces ) . M o r e o v e r , an o u t p u t 
vo l tage p r e c i s i o n o f ± 4 % to ± 2 % is r equ i r ed over 
t h e w h o l e t e m p e r a t u r e range a n d in al l c o n d i t i o n s 
of i n p u t vo l tage a n d l o a d c u r r e n t . 

BATTERY V O L T A G E DROP 

D u r i n g m o t o r s ta r t i ng the ba t te ry is o v e r l o a d e d 
by a peak c u r r e n t o f u p t o 1 0 0 A d r a w n b y the 
star ter m o t o r . In th is c o n d i t i o n , w h i c h pers is ts 
f o r 2 0 - 3 0 m s , the b a t t e r y vo l tage d r o p s t o a b o u t 
6 V in very c o l d w e a t h e r (F igu re 1 ) . 

Fig. 1 - Cold starting supply voltage drop 

AUTOMOTIVE ENVIRONMENT 

In a d d i t i o n to the ba t te ry vo l tage d r o p d u r i n g 
s t a r t i n g , t h e a u t o m o t i v e f i e l d presents a n u m b e r o f 
o t h e r ser ious p r o b l e m s c o n c e r n i n g the regu la to r 
i n p u t vo l tage : pos i t i ve a n d negat ive h igh e n e r g y / 
h igh vo l tage t rans ients ( load d u m p a n d f i e l d 
d e c a y ) , pos i t i ve e negat ive l o w e n e r g y / v e r y - h i g h -
vo l tage sp ikes ( sw i t ch i ng s p i k e s ) , ba t te ry reversal 
a n d ba t t e r y vol tage d o u b l i n g . 

A l l of these hazards mus t be w i t h s t o o d b y the 
MOTOR RUNNING 

S-8060 
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U s i n g s t anda rd regu la to rs w i t h a d r o p o u t o f 1 .7V 
t o 2 . 1 V the m i n i m u m 4 . 7 5 V s u p p l y necessary f o r 
essent ia l f u n c t i o n s such as i g n i t i o n , i n j ec t i on a n d 
e l e c t r o n i c eng ine c o n t r o l c a n n o t be gua ran teed . 
A n o t h e r u n f o r t u n a t e c o n s e q u e n c e is the loss o f 
R A M m e m o r y c o n t e n t s in car rad ios a n d t r i p 
c o m p u t e r s . 

A vo l tage regu la to r w i t h a vo l tage d r o p o f less t h a n 
1 . 2 V is t he re fo re necessary . 

BATTERY VOLTAGE DOUBLING 
T o a id c o l d w e a t h e r s ta r t ing w i t h a pa r t i a l l y f la t 
b a t t e r y , s o m e t i m e s t w o bat te r ies are used in ser ies, 
d o u b l i n g the vo l t age . R e g u l a t o r s mus t t he re fo re 
w i t h s t a n d i n p u t vo l tages o f 2 4 - 2 6 V w i t h o u t 
d i s t u r b i n g o p e r a t i o n . 

BATTERY REVERSAL 

V o l t a g e regu la to rs m u s t be p r o t e c t e d i n t e r n a l l y 
aga ins t negat ive i npu t vo l tages t o guard against 
a c c i d e n t a l ba t t e r y reversa l . 

LOAD DUMP TRANSIENTS 

L o a d d u m p t rans ien ts are h igh vo l t age , h igh energy 
p o s i t i v e t rans ien ts . 

T h e response t i m e o f the o u t p u t vo l tage o f an 
a l t e r n a t o r t o l oad va r i a t i ons is very l ong because o f 
t h e l ong t i m e c o n s t a n t o f the e x c i t a t i o n w i n d i n g 
a n d m e c h a n i c a l i ne r t i a . 

W h e n the l oad is r e d u c e d i n s t a n t a n e o u s l y (by 
t u r n i n g o f f l i gh ts , c o o l i n g fans a n d so on ) t he ou t 
p u t vo l tage o f t he a l t e rna to r tends t o present a 
p o s i t i v e p e a k , t he a m p l i t u d e o f w h i c h d e p e n d s o n 
the speed of r o t a t i o n and the e x c i t a t i o n c u r r e n t . 

D u r i n g n o r m a l o p e r a t i o n th is does no t cause 
p r o b l e m s because o f t he h igh c a p a c i t y o f t he bat 
t e r y w h i c h , c o n n e c t e d in para l le l w i t h t he a l t e rna to r 
o u t p u t , is ab le to a b s o r b t he t rans ien t energy 
w i t h o u t a s i gn i f i can t increase in vo l tage . 

H o w e v e r , m o t o r m a n u f a c t u r e s i m p o s e the s t anda rd 
t h a t e l e c t r o n i c dev ices m u s t be p r o t e c t e d aga ins t 
l o a d d u m p t rans ien ts because it is poss ib le f o r t he 
c o n n e c t i o n b e t w e e n ba t t e r y a n d a l t e rna to r t o 
b r e a k . 

T h e w o r s t case vo l tage p e a k o c c u r s w h e n t h e bat 
t e r y - a l t e r n a t o r cab le is d i s c o n n e c t e d w i t h t he ba t 
t e r y d i scha rged a n d the m o t o r r u n n i n g at its fastest 
r o t a t i o n s p e e d . In th is case , t he l oad va r i a t i on is at 
a m a x i m u m a n d the vo l tage peak reaches a va lue 
c o m p a r a b l e w i t h t he n o - l o a d o u t p u t o f t he a l te r 
n a t o r r u n n i n g at m a x i m u m speed w i t h t he m a x i m u m 
e x c i t a t i o n c u r r e n t . 

F i g u r e 2 s h o w s a t y p i c a l l oad d u m p w a v e f o r m . 

M o t o r m a n u f a c t u r e r s requ i re tha t vo l tage regu la to rs 
are ab le t o p r o t e c t themse lves a n d the l o a d aga ins t 
p e a k vo l tages o f 6 0 - 1 0 0 V w i t h an equ i va len t 

series res is tance o f 0.1 t o 1 f2 , d e p e n d i n g o n the 
t y p e o f a l t e r n a t o r a n d e x t e r n a l p r o t e c t i o n dev i ce 
u s e d . 

Fig. 2 - Load dump transient 

,V U =60V to 100V 

RISE TIME : 

FIELD DECAY TRANSIENTS 

F i e l d d e c a y t rans ien ts are h igh e n e r g y , h igh vo l tage 
negat ive t r ans ien t s . 

If the i ng i t i on s w i t c h is t u r n e d o f f w h i l e c u r r e n t is 
f l o w i n g in i n d u c t i v e loads (e lect r ic m o t o r s , a l ter 
na to r f i e l d c o i l a n d so on ) a negat ive vo l tage 
t rans ien t appears o n the s u p p l y ra i l . T h e peak va lue 
in m o d u l o o f th is t r ans ien t is o f the same o r d e r o f 
m a g n i t u d e as a l o a d d u m p t rans ien t . In th is case , 
t o o , t he regu la to r m u s t p r o t e c t i tself a n d the l o a d . 

SWITCHING SPIKES 

W i n d s c r e e n w i p e r m o t o r s , l a m p f lashers a n d 
ign i t i on sparks behave as h igh f r e q u e n c y no ise 
genera tors w i t h an e q u i v a l e n t series res is tance o f 
5 0 to 500S7. T h e energy assoc ia ted w i t h these 
t rans ien ts is m u c h l o w e r t han load d u m p o r f i e l d 
d e c a y t rans ien ts b u t t he negat ive and pos i t i ve 
peaks can reach 2 0 0 V . F i g u r e 3 shows the vo l tage 
w a v e f o r m w h i c h the regu la tors mus t w i t h s t a n d . 

Fig. 3 - Switching spikes 

100^15 

100^15 

10ms PAUSE 90 ms 

T 

PAUSE 90 ms 

REGULATOR DESIGN 

DROPOUT 

T h e d r o p o u t vo l tage o f a l inear vo l tage regu la to r 
can be d e f i n e d f o r a g iven o u t p u t c u r r e n t , l 0 , as 
the m i n i m u m d i f f e r e n c e b e t w e e n i npu t a n d o u t p u t 
vo l tage b e l o w w h i c h t h e o u t p u t vo l tage is 1 0 0 m V 
lower t h a n the vo l t age measu red at l Q w i t h the 
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n o m i n a l i npu t vo l t age . T h e c u r r e n t l 0 m u s t be 
s p e c i f i e d s ince t h e d r o p o u t vo l tage increases as 
t h e l oad cu r ren t increases. 

T o o b t a i n a d r o p o u t vo l tage o f 0 . 0 5 t o 1 V w i t h an 
o u t p u t cu r ren t o f 10 t o 5 0 0 m A , the regu la to r t y p e s 
L 3 8 7 , L 4 8 7 , L 4 7 X X , L 4 8 X X , L 4 9 2 0 , L 4 9 2 1 , 
L M 2 9 3 0 A and L M 2 9 3 1 A are c o n f i g u r e d w i t h a P N P 
ser ies-pass t rans is tor as s h o w n in f i gu re 4 . T h e P N P 
t r ans i s t o r is c o n n e c t e d in t he c o m m o n e m i t t e r c o n 
f i g u r a t i o n and can t he re fo re ope ra te in s a t u r a t i o n , 
y i e l d i n g the low d r o p o u t vo l tage d e s i r e d . 

F o r h igher d r o p o u t va lues an N P N ser ies-pass 
e l e m e n t in em i t te r f o l l o w e r c o n f i g u r a t i o n m a y be 
u s e d . T h i s a p p r o a c h , s h o w n in F i g u r e 5 , is used 
in t h e L 2 6 0 0 series regu la tors w h i c h have a m a x i 
m u m d r o p o u t vo l tage o f 1 . 9 V at 5 0 0 m A . 

Fig. 4- PNP series pass transistor in common 
emitter configuration for very low drop 
out voltage regulators 

IN 

o-
OUT 

-o 

CONTROL 
CIRCUIT Q 

Fig. 5 - NPN series pass transistor in emitter 
follower configuration 
IN OUT 

O , f V , f O 

0 

l oad a n d , p a r t i c u l a r l y in s a t u r a t i o n , d e p e n d s 
heav i l y o n the l o a d c u r r e n t . 

N o r m a l l y lateral P N P t rans i s to rs are c h o s e n f o r ICs 
because t h e y c a n w i t h s t a n d h igh pos i t i ve a n d 
negat ive ove rvo l t ages . W h e n negat ive overvo l tages 
at the i npu t d o n o t o c c u r , o r are e l i m i n a t e d b y 
ex te rna l p r o t e c t i o n d e v i c e s , ve r t i ca l P N P t rans is to rs 
can be used in p l a c e o f la tera l t y p e s . 

S i n c e ver t i ca l P N P t rans is to rs have h igher ga in the 
cu r ren t c o n s u m e d in t h e regu la to r is s i g n i f i c a n t l y 
r e d u c e d . V e r t i c a l P N P t rans is to rs w i l l be used in 
f u tu re des igns. 

VOLTAGE REFERENCE 

T h e w i d e o p e r a t i n g range o f i n p u t vo l tage (6 t o 
2 6 V ) a n d a m b i e n t t e m p e r a t u r e (-40 t o 1 2 5 ° C ) 
over w h i c h h igh o u t p u t vo l tage p r e c i s i o n is r equ i red 
means tha t a w e l l s t a b i l i z e d vo l tage re fe rence m u s t 
be u s e d . 

A l l S G S l o w d r o p regu la to rs use bandgap t y p e 
vo l tage re fe rences (see F i g u r e 6 ) . In th is s t r uc tu re 
the t w o t rans is to rs Q2 a n d Q i have an e m i t t e r area 
ra t io o f 10 a n d c a r r y equa l c o l l e c t o r cu r ren t s 
i m p o s e d b y the c u r r e n t m i r r o r Q3, Q4, Q5. In 
these c o n d i t i o n s the b a s e - e m i t t e r vo l tages o f Q i 
and Q.2 d i f f e r (at 2 5 ° C ) b y : 

K T . A ( Q 2 ) 

w h e r e 

= 6 0 m V 

A ( O - i ) 

= 10 (emi t te r area rat io) 

V B E = 1n 
q 

A ( Q 2 ) 
A ( O - i ) 

— = 2 6 m V 
q 

K = B o l t z m a n n ' s c o n s t a n t 
T = T e m p e r a t u r e in K e l v i n 
q = C h a r g e o n a n e l e c t r o n 

Fig. 6 - Bandgap voltage reference circuit in SGS 
low drop voltage regulators 

CURRENT CONSUMPTION/QUIESCENT 
CURRENT 

T h e c i r c u i t c o n f i g u r a t i o n s s h o w n in F i gu res 4 a n d 
5 behave d i f f e ren t l y as fa r as c o n c e r n s t h e c u r r e n t 
c o n s u m e d by the dev i ce b u t no t d e l i v e r e d t o t he 
l o a d . In t he case o f f igu re 5 , th is c u r r e n t is t ha t 
necessary fo r t h e f u n c t i o n i n g o f t h e a u x i l i a r y 
c i r c u i t r y o f the regu la to r (vol tage re fe rence , o p 
a m p a n d so o n ) . T h e base c u r r e n t o f t he o u t p u t 
t r ans i s to r f l o w s i n t o the l o a d . 

In t h e F i g u r e 4 c i r c u i t , in c o n t r a s t , t h e base c u r r e n t 
o f t h e o u t p u t t rans is to r does n o t f l o w t h r o u g h the S - 8 0 6 5 



T h e re j ec t i on o f V r e f t o va r ia t i ons in t he s u p p l y 
vo l tage is i m p r o v e d b y s u p p l y i n g the re fe rence 
c i r c u i t f r o m a s t a b i l i z e d vo l t age . T h i s is a c h i e v e d 
in t h e L 2 6 X X , L 4 8 X X , L 4 9 2 0 , L 4 9 2 1 , L M 2 9 3 0 A 
a n d L M 2 9 3 1 A regu la tors b y means o f a p re regu -
l a to r . In t he L 4 8 7 , a n a l y s i n g the F i g u r e 6 c i r c u i t 
g ives: 

V r e f = V B E ( Q l ) + 2 A V B E (0 .2 , Q l ) 

T o m a i n t a i n V r e f c o n s t a n t as t e m p e r a t u r e var ies it 

is necessary t ha t ^ ^ r e f = 0 w h i c h imp l i es c h o o s i n g 

R 2 
so t h a t 

R 1 

w h e r e T ( 2 5 c 

d V B E ( Q l ) 

d T 

2 R 2 

R 1 

= 2 9 8 K 

6 0 

T ( 2 5 ° 

d V B E ( Q l ) . 

d T 

= negat ive t e m p e r a t u r e c o e f f i c i e n t o f 
d T 

t h e base -em i t t e r vo l tage . 

In L 3 8 7 a n d L 4 7 X X regu la to rs , in c o n t r a s t , t h e sup 
p l y t o t h e b a n d g a p is s w i t c h e d f r o m the the i n p u t 
t o t h e o u t p u t as s o o n as the n o m i n a l o u t p u t vo l t 
age is r eached (F igures 7 , 8 , 9 ) . T h e v a r i a t i o n in 
o u t p u t vo l tage w i t h t e m p e r a t u r e is s h o w n in 
F i g u r e 1 0 . 

Fig. 7- Block diagram of SGS L2600 series 
regulators 

OUT 

o — • 1 vr/ . -^ — t — o 

PREREGULATOR 

R E F E R E N C E 

Fig. 8 • Block diagram of L387 L487 and L4700 
series regulators 

Fig. 9 • 

IN 

o — 

Block diagram of LM2930A, LM2931A, 
and L4800 series regulators 

POWER 
STAGE 

OUT 
- O 

PREREGULATOR 
REFERENCE 

AND 
ERROR 

AMPLIFIER 

Fig. 10- Output voltage vs. temperature 

(V) 
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P R O T E C T I O N A G A I N S T HIGH E N E R G Y 
T R A N S I E N T S 

T o p r o t e c t t h e L M 2 9 3 0 A , L M 2 9 3 1 A , L 4 9 2 0 , 
L 4 9 2 1 a n d L 4 8 X X regu la tors against h i g h - v o l t a g e , 
h igh -ene rgy p o s i t i v e t rans ien ts the bas ic c i r c u i t 
s h o w n in F igu re 11 is u s e d . T h e zeners in th is 
c i r c u i t l im i t the s u p p l y vo l tage t o the m a x i m u m 
o p e r a t i n g va lue a n d t u r n o f f the o u t p u t stage. 
T h e o u t p u t t rans is to r c a n thus w i t h s t a n d vo l tages 
u p t o the B V c E S b r e a k d o w n vo l tage . 

In the o t h e r regu la to rs ( L 4 8 7 , L 3 8 7 , L 4 7 X X a n d 
L 2 6 X X ) the s u p p l y t o the in te rna l c i r c u i t s is a lso 
t u r n e d o f f . 

T h e speed o f i n t e r v e n t i o n o f these p r o t e c t i o n 
schemes is fast e n o u g h to ensure that the regu la to r 
can w i t h s t a n d h igh energy t rans ients w i t h a r is ing 
s lope of 10V/ jus w i t h o u t p r o b l e m s , i n t e r r u p t i n g 
n o r m a l o p e r a t i o n o n l y m o m e n t a r i l y . 

P r o t e c t i o n against negat ive t rans ients is p r o v i d e d 
by the h igh series i m p e d a n c e of the poss ib le cu r 
rent pa ths and the reverse B V B E O b r e a k d o w n vo l t 
age of the lateral P N P t rans is to rs ( B V C B O ) -

T h e b r e a k d o w n vo l tages B V c E S a n d B V c B O d e p e n d 
o n the t e c h n o l o g y t he re fo re the t rans ien t c a p a b i l i t y 
is ± 6 0 V , ± 8 0 V or ± 1 0 0 V fo r the var ious t y p e s . 

1 5 0 



Fig. 11 - Overvoltage protection circuit 
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PROTECTION AGAINST LOW ENERGY 
OVERVOLTAGES 

A s s h o w n in F igure 3 , t he l o w energy overvo l tages 
w h i c h the devices m u s t resist have very br ie f r ise 
t i m e a n d can e x c e e d t h e b r e a k d o w n vo l tages . 
T h e p r o t e c t i o n schemes d e s c r i b e d a b o v e are 
t h e r e f o r e i nsu f f i c i en t . H o w e v e r , s i nce t h e energy 
a s s o c i a t e d w i t h these t rans ien ts is very l o w , t he 
regu la to rs c a n w i t h s t a n d t h e m w i t h o u t p r o b l e m s . 
Neve r t he less it is adv isab le t o p lace a c a p a c i t o r o f 
a r o u n d 1 0 0 n F at t he i npu t . 

A l l o f t he S G S l o w d r o p regu la to rs e x c e p t the 
L 2 6 X X t y p e s need a c o m p e n s a t i o n c a p a c i t o r at 
t h e o u t p u t . Th i s c a p a c i t o r a lso p rov i des ex t ra 
f i l t e r i n g f o r low energy t rans ien ts because it has 
a l o w i m p e d a n c e at h igh f r e q u e n c i e s . 

Fig. 12- Thermal protection circuit 

THERMAL PROTECTION 

W h e n the j u n c t i o n t e m p e r a t u r e exceeds the safe 
m a x i m u m f o r the dev i ce a t h e r m a l p r o t e c t i o n 
c i r c u i t (F igu re 12) ho lds the o u t p u t t rans is to r o f f 
u n t i l t h e o v e r t e m p e r a t u r e c o n d i t i o n has passed . 
In t h e F i g u r e 12 c i r c u i t t h e res is tors R 1 , R 2 a n d 
R 3 are c a l c u l a t e d so t ha t t h e base vo l tage o f Q i 
is 6 0 0 m V , thus p r e v e n t i n g the c o n d u c t i o n o f Q i 
a n d Q-2. 

A s the j u n c t i o n t e m p e r a t u r e increases the m i n i m u m 
V B E f o r c o n d u c t i o n o f the t w o t rans is to rs fa l l 
u n t i l , at a b o u t 1 5 ° C , 2 V B E = 6 0 0 m V , the t w o 
t rans is tors c o n d u c t a n d Q2 tu rns o f f t he o u t p u t 
t rans is to r d r i ve r . 

CURRENT PROTECTION 

In t he L 4 8 7 , L 3 8 7 a n d L 2 6 X X regu la to rs the ou t 
p u t c u r r e n t is l i m i t e d t o its m a x i m u m va lue in the 
event o f a sho r t c i r c u i t . A spec ia l c i r c u i t ac ts o n 
the base of the o u t p u t t r ans i s to r , p r e v e n t i n g the 
o u t p u t cu r ren t f r o m e x c e e d i n g the l im i t set f o r t he 
d u r a t i o n o f the o v e r l o a d . 

In the L 4 9 2 0 , L 4 9 2 1 , L M 2 9 3 0 A , L M 2 9 3 1 A a n d 
L 4 8 X X regula tors a f o l d b a c k c i r c u i t (F igu re 13) is 
used to l im i t the p o w e r d i ss ipa ted in b o t h the 
dev ices a n d the l o a d in sho r t c i r c u i t c o n d i t i o n s . 
T h e c u r r e n t is l i m i t e d t o a l o w va lue ( l S c ) o f a b o u t 
2 0 0 m A as s o o n as i t e xceeds t h e m a x i m u m va lue . 
T h e o u t p u t vo l tage in th i s c o n d i t i o n reaches a 
va lue c o r r e s p o n d i n g t o t he c u r r e n t l S c f l o w i n g 
t h r o u g h the l o a d . 

W h e n the o v e r l o a d c o n d i t i o n is r e m o v e d the 
o u t p u t vo l tage o n l y re tu rns t o t he n o m i n a l 
l oad va lue if the n e w s ta t i c l oad l ine does no t 
in te rsec t the negat ive s l ope reg ion o f t he c u r v e in 
F i g u r e 1 3 . If it d o e s , t h e n e w o p e r a t i n g p o i n t w i l l 
be at t he i n t e r s e c t i o n . 

It is i m p o r t a n t t o no te t ha t w h e n p o w e r is a p 
p l i e d , if t he l oad l i ne in tersec ts t he cu r ve in t he 
negat ive s lope r e g i o n , the regu la to r w i l l o p e r a t e 
w i t h a l o w e r - t h a n - n o m i n a l vo l tage . T h i s c a n 
happen w i t h a pass ive l oad greater t h a n t h e n o r m a l 
l oad (even if it is less t h a n the m a x i m u m l o a d I M ) 
o r w i t h ac t i ve loads such as a c u r r e n t s i nke r w h i c h 
d r a w m o r e t han Isc even at l o w vo l tages (F igu re 13 , 
cu rve 3 ) . 

Fig. 13 - 1) Acceptable load line for Turn-on 
2) Unacceptable load line for Turn-on 

200 400 600 800 Urn A) 
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EXTERNAL COMPENSATION SPECIAL FUNCTIONS 

S i n c e t he p u r p o s e o f a vo l tage regu la to r is t o s u p 
p l y a f i x e d o u t p u t vo l tage in sp i te o f s u p p l y a n d 
l o a d va r i a t i ons , t he o p e n l o o p ga in o f the regu la to r 
m u s t be very h igh at l o w f r equenc ies . T h i s m a y 
cause i ns tab i l i t y as a resul t of the va r ious po les 
p resen t in t he l o o p . T o a v o i d th is i ns tab i l i t y 
d o m i n a n t p o l e c o m p e n s a t i o n is used to reduce 
phase sh i f ts d u e t o o the r po les at t he u n i t y gain 
f r e q u e n c y . T h e l o w e r t he f r e q u e n c y o f these o t h e r 
p o l e s , t he greater m u s t be t h e c a p a c i t o r used t o 
c rea te t he d o m i n a n t po l e f o r t he same D C ga in . 

W h e r e t he o u t p u t t r ans i s to r is a lateral P N P t y p e 
t h e r e is a p o l e in t h e regu la t i on l o o p at a f r e q u e n c y 
t o o l o w t o be c o m p e n s a t e d b y a c a p a c i t o r w h i c h 
c a n be i n teg ra ted . F o r t he L 4 8 7 , L 4 7 X X , L 4 8 X X , 
L 3 8 7 , L M 2 9 3 0 A a n d L M 2 9 3 1 A ex te rna l c o m p e n 
s a t i o n is t h e r e f o r e necessary so a very h igh va lue 
c a p a c i t o r m u s t be c o n n e c t e d f r o m the o u t p u t t o 
g r o u n d . 

T h e parass i t i c e q u i v a l e n t series res is tance o f t he 
c a p a c i t o r used adds a z e r o t o t he regu la t i on l o o p . 
T h i s z e r o m a y c o m p r o m i s e the s tab i l i t y o f the 
s y s t e m s ince its e f fec t tends to cance l t he e f fec t 
o f the p o l e a d d e d . In S G S regu la tors th is E S R 
m u s t be less t h a n 3SI a n d the m i n i m u m c a p a c i t o r 
va lue is 4 7 M F . ( 1 0 0 M F f o r L 4 8 0 0 ser ies) . 

In t h e L 2 6 0 0 , w h i c h uses an N P N p o w e r t r ans i s to r , 
t h e s t a b i l i z a t i o n c a p a c i t o r is sma l l e n o u g h t o be 
in teg ra ted so no o u t p u t c a p a c i t o r is n e e d e d . I n d e e d , 
if an o u t p u t c a p a c i t o r is used it m a y cause o s c i l 
l a t i o n unless it is greater t han 1 0 0 M F , in w h i c h 
case it w o u l d i tsel f be the d o m i n a n t p o l e . If an 
e l e c t r o l y t i c c a p a c i t o r o f m o r e t h a n 1 0 0 M F is u s e d , 
a s m a l l c a p a c i t o r m u s t no t be a d d e d in para l le l o r 
w i t h t he E S R o f t he e l e c t r o l y t i c it w o u l d f r o m 
a n o t h e r p o l e , w o r s e n i n g the s tab i l i t y o f t he s y s t e m . 

TURN-ON WITH CAPACITIVE LOADS 

A l oad w h i c h presents a s ign i f i can t c a p a c i t y 
b e t w e e n the o u t p u t a n d g r o u n d ( i n c l u d i n g the 
e x t e r n a l c o m p e n s a t i o n c a p a c i t o r ) w i l l be seen b y 
t h e regu la tor as a shor t c i r c u i t w h e n p o w e r is 
a p p l i e d . T h e regu la to r t he re fo re de l i vers t he 
s h o r t c i r c u i t c u r r e n t un t i l the l oad c a p a c i t o r has 
b e e n charged t o t he n o m i n a l va lue . 

T h i s f a c t o r is e x t r e m e l y i m p o r t a n t f o r t he d i m e n 
s i o n i n g o f t h e p o w e r sou rce . E v e n a very sma l l 
D C l oad c a n in such cases behave l i ke a m a x i m u m 
l o a d a n d the p o w e r d r a i n e d f r o m the s u p p l y is t he 
s u m o f t he s h o r t c i r c u i t c u r r e n t de l i ve red t o the 
l o a d a n d the m a x i m u m cu r ren t c o n s u m e d in the 
regu la to r . 

M o r e o v e r , as e x p l a i n e d a b o v e , in regu la to rs w i t h 
f o l d b a c k p r o t e c t i o n t he s ta t ic l o a d l ine mus t no t 
c ross the negat ive s l ope reg ion o f F i g u r e 13 o r the 
o u t p u t vo l tage w i l l no t reach the n o m i n a l va lue 
w h e n p o w e r is a p p l i e d . 

1 

RESET 

T h e L 3 8 7 a n d L 4 8 7 i n c l u d e a p o w e r o n / o f f reset 
f u n c t i o n w h i c h i n h i b i t s t he o p e r a t i o n o f c i r c u i t s 
s u p p l i e d b y the regu la to r w h e n the o u t p u t vo l tage 
is t o o l o w ( 4 . 7 5 V ) t o guaran tee c o r r e c t o p e r a t i o n 
o f log ic ( F i g u r e 1 4 ) . T o a v o i d m a l f u n c t i o n s a 
d e l a y is a lso i n t r o d u c e d so t h a t the enab le s igna l is 
o n l y issued s o m e t i m e a f te r t h e safe o u t p u t vo l t 
age has been r e a c h e d . 

Fig. 14 - Reset timing waveforms 

T h e reset c i r c u i t r y ( F i g u r e 15) cons is ts o f : 

— a c o m p a r a t o r c o n n e c t e d b e t w e e n the vo l tage 
re fe rence a n d a t ap o f the o u t p u t d i v i d e r , 
the vo l tage o f w h i c h is h igher t han t he feed 
b a c k vo l t age ; 

— an S C R to m e m o r i z e a n y br ie f g l i t ches in t he 
o u t p u t vo l tage tha t c a n cause s o m e t r o u b l e 
w i t h the log ic 

— a de lay c i r c u i t w i t h an ex te rna l c a p a c i t o r 
cha rged b y an in te rna l c u r r e n t sou rce 

T h i s f u n c t i o n has been in tegra ted in to the vo l t 
age regu la to r t o e x p l o i t the basic advan tage o f 
t a k i n g i n f o r m a t i o n at the s o u r c e . T h e use of 
d o u b l e c a l i b r a t i o n s c a n thus be a v o i d e d . 

F o r t he c o r r e c t o p e r a t i o n o f the reset f u n c t i o n , 
t w o bas ic re la t i ons m u s t be sat is f ied in a l l cases 

V r e s m a x < V o u t m i n 

V r e s m i n > 4 . 7 5 V 

(1) 

(2) 

w h e r e V r e s m a x / V r e s m i n are m a x i m u m / m i n i m u m 
va lue f o r the reset s ignal go ing h i g h - l o w . 

(1) means tha t t he R E S E T s ignal mus t be h igh 
w h e n the dev i ce is regu la t ing 

( 2 ) means tha t t he R E S E T s ignal mus t be l o w 
w h e n the o u t p u t vo l tage goes u n d e r 9 5 % of 
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t h e nomina t ( 5 V ) . E x p r e s s i o n s (1) a n d (2) c a n 
b e rewr i t t en as : 

( V f e s m a x - V r e s m i n ) + ( V n o m - V o u t m l n ) < (3) 

< V n o m - 4 . 7 5 V 

T h i s m e a n s tha t the s u m o f a l l t he e r ro rs in t h e 
w o r s t case must be less t h a n 5 % ( 2 5 0 m V ) . 

— a b s o l u t e spread o f t h e re fe rence 

— e r r o r d u e to the l o a d regu la t i on ( 1 % m a x ) 

— e r r o r d u e to t h e o f f se t o f t h e reset c o m p a r a t o r 
a n d e r ro r a m p l i f i e r (0 .5%) 

— er ro rs due to t he o u t p u t d i v i d e r (0 .5%) 

— hys teres is of t h e c o m p a r a t o r t o speed u p the 
t r ans i t i ons ( 5 0 m V tha t is 1% re fe r red t o 5 V 
o u t p u t ) 

VARIABLE OUTPUT V O L T A G E 

T h e L 4 9 2 0 a n d L 4 9 2 1 are s t r u c t u r a l l y i d e n t i c a l t o 
L 4 8 X X ser ies regu la to rs e x c e p t t ha t t h e vo l tage 
d i v i d e r in t he f e e d b a c k l o o p is ava i l ab le e x t e r n a l l y 
(F igu re 1 6 ) . T h e o u t p u t vo l tage can t h e r e f o r e be 
va r ied f r o m 1 . 2 5 V (the re fe rence vo l tage) t o 2 0 V . 
It s h o u l d be n o t e d , h o w e v e r , t ha t t he m i n i m u m 
i n p u t vo l tage is 5 . 1 V f o r o p e r a t i o n w i t h o u t p u t 
vo l tages b e l o w 4 . 5 V (o the rw ise t h e i n te rna l c i r c u i t s 
w i l l n o t w o r k ) . F o r o u t p u t vo l tages a b o v e 4 . 5 V 
the i n p u t vo l tage m u s t be at least equa l t o t h e o u t 
p u t vo l tage p lus t h e d r o p o u t vo l tage . T h e L 4 9 2 0 
a n d L 4 9 2 1 are t h e r e f o r e l o w d r o p o u t regu la to rs 
o n l y f o r vo l tages a b o v e 4 . 5 V . 

A va lue o f 6KSI is r e c o m m e n d e d f o r R 2 t o m a t c h 
the i n te rna l c i r c u i t r y . 

Fig. 16 The L4920 and L4921 are structurally identical to L48XX series regulators except that the 
voltage divider in the feedback loop is available externally. 
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A DESIGNER'S GUIDE TO THE 
L200 V O L T A G E REGULATOR 

Delivering 2A at a voltage variable from 2.85V to 36V, the L200 voltage regulator is a versa
tile device that simplifies the design of linear supplies. This design guide describes the oper
ation of the device and its applications. 

T h e i n t r o d u c t i o n o f in tegra ted regu la to r c i r cu i t s 
has grea t ly s i m p l i f i e d t he w o r k i nvo l ved in des ign
ing supp l ies . R e g u l a t i o n and p r o t e c t i o n c i r c u i t s 
r e q u i r e d f o r the s u p p l y , p r e v i o u s l y rea l i zed us ing 
d i sc re te c o m p o n e n t s , are n o w in tegra ted in a s ingle 
c h i p . T h i s has led t o s ign i f i can t cos t and space 
sav ing as we l l as increased r e l i a b i l i t y . T o d a y the 
des igne r has a w i d e range o f f i x e d and ad jus tab le , 
p o s i t i v e and negat ive series regu la to rs t o c h o o s e 
f r o m as w e l l as an inc reas ing n u m b e r o f s w i t c h i n g 
regu la to rs . 

T h e L 2 0 0 is a pos i t i ve va r iab le vo l tage regu la to r 
w h i c h inc ludes a c u r r e n t l im i te r and supp l ies up 
to 2 A at 2 . 8 5 to 3 6 V . 

T h e o u t p u t vo l tage is f i x e d w i t h t w o res is tors o r , if 
a c o n t i n u o u s l y var iab le o u t p u t vo l tage is r e q u i r e d , 
w i t h one f i x e d and one var iab le res is tor . 

T h e m a x i m u m o u t p u t cu r ren t is f i x e d w i t h a l o w 
v a l u e res is tor . T h e dev i ce has al l the cha rac te r i s t i cs 
c o m m o n t o no rma l f i x e d regu la tors a n d these are 
d e s c r i b e d in the da tashee t . T h e L 2 0 0 is p a r t i c u l a r l y 
s u i t a b l e f o r a p p l i c a t i o n s requ i r i ng o u t p u t vo l tage 
v a r i a t i o n o r w h e n a vo l tage no t p r o v i d e d by the 
s t a n d a r d regulators is requ i red o r w h e n a spec ia l 
l i m i t m u s t be p laced o n the o u t p u t c u r r e n t . 

T h e L 2 0 0 is ava i lab le in t w o packages : 

P e n t a w a t t — Of fers easy assemb ly a n d g o o d re l ia 
b i l i t y . T h e guaran teed t h e r m a l res is tance 
( R t h j.case> i s 3 ° C / W ( t y p i c a l l y 2 ° C / W ) w h i l e if 
t h e dev ice is used w i t h o u t hea ts ink w e c a n c o n 
s ider a guaranteed j u n c t i o n - a m b i e n t t h e r m a l 
res is tance of 5 0 ° C / W . 

T O - 3 — F o r p ro fess iona l and m i l i t a r y use o r w h e r e 
g o o d h e r m e t i c i t y is r e q u i r e d . 
T h e guaranteed j u n c t i o n - c a s e t h e r m a l resist
a n c e is 4 ° C / W , w h i l e the j u n c t i o n - a m b i e n t 
t h e r m a l resistance is 3 5 ° C / W . 

1 

T h e j u n c t i o n - c a s e t h e r m a l resistance o f th i s 
p a c k a g e , w h i c h is greater than tha t o f t he 
P e n t a w a t t , is p a r t l y c o m p e n s a t e d by the l o w e r 
c o n t a c t res is tance w i t h the hea ts ink , espec ia l l y 
w h e n an e lec t r i ca l i n su la to r is used . 

CIRCUIT OPERATION 
A s c a n be seen f r o m the b l o c k d iag ram ( f ig . 1) t h e 
vo l tage regu la t i on l o o p is a l m o s t iden t i ca l t o t ha t 
o f f i x e d regu la to rs . T h e o n l y d i f f e rence is t ha t t he 
negat ive f e e d b a c k n e t w o r k is e x t e r n a l , so it c a n be 
var ied ( f ig . 3 ) . T h e o u t p u t is l i n k e d t o the refer
ence b y : 

v o u t = v r e f ( 1 + (1) 

C o n s i d e r i n g V o u t as the o u t p u t o f an o p e r a t i o n a l 
a m p l i f i e r w i t h ga in equa l t o G v = 1 + R 2 / R 1 a n d 
i n p u t s ignal equa l t o V r e f , va r i ab i l i t y o f t he o u t p u t 
vo l tage c a n be o b t a i n e d by v a r y i n g R 1 or R 2 (or 
b o t h ) . It 's best to v a r y R 1 because in th i s w a y the 
c u r r e n t in res is tors R 1 a n d R 2 remains c o n s t a n t 
( th is c u r r e n t is in f a c t g iven b y V r e f / R 1 ) . 

( E q u a t i o n (1) c a n a lso be f o u n d in a n o t h e r w a y 
w h i c h is m o r e use fu l in o r d e r t o u n d e r s t a n d t he 
d e s c r i p t i o n s o f t he a p p l i c a t i o n s d iscussed . 

v o u t = R 1 i i + R 2 i 2 

a n d s ince in p r a c t i c e i j > i4 U4 has a t y p i c a l va lue 
o f 10 M A ) w e c a n say tha t 

v r e f 

V o u t = R 1 i i + R 2 i i w i t h n = - ~ L — 

T h e r e f o r e 

V o u t = - j ^ T V r e f + V r e f = V r e f d + - | f - ) 
In o t h e r w o r d s R 1 f i x e s the va lue o f t he c u r r e n t 
c i r c u l a t i n g in R 2 so R 2 is d e t e r m i n e d . 



Fig. 1 - Block diagram 
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Overload protection 
T h e dev i ce has an o v e r l o a d p r o t e c t i o n c i r c u i t 
w h i c h l i m i t s the cu r ren t ava i l ab le . 

R e f e r r i n g t o f ig . 2 , R 2 4 opera tes as a c u r r e n t 
senso r . W h e n at the t e rm ina l s o f R 2 4 there is a 
vo l t age d r o p su f f i c i en t t o m a k e Q 2 0 c o n d u c t , Q 1 9 
beg ins t o d r a w c u r r e n t f r o m the base o f t he p o w e r 
t r ans i s to r (da r l i ng ton f o r m e d by Q 2 2 and Q 2 3 ) 
a n d the o u t p u t c u r r e n t is l i m i t e d . T h e l im i t d e 
p e n d s o n the cu r ren t w h i c h Q 2 1 in jects i n to the 
base o f Q 2 0 . T h i s c u r r e n t d e p e n d s o n the d r o p - o u t 
a n d the t e m p e r a t u r e w h i c h e x p l a i n s the t r e n d o f 
t h e cu rves in f i g . 4 . 

Fig. 4 
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Thermal protection 
T h e j u n c t i o n t empe ra tu re o f t he dev i ce m a y reach 
des t r uc t i ve levels d u r i n g a sho r t c i r c u i t at the ou t 
p u t o r d u e to an a b n o r m a l increase in the a m b i e n t 
t e m p e r a t u r e . T o a v o i d hav ing t o use hea ts inks 
w h i c h are cos t l y and b u l k y , a t h e r m a l p r o t e c t i o n 
c i r c u i t has been i n t r o d u c e d t o l i m i t the o u t p u t 
c u r r e n t so that t he d i ss ipa ted p o w e r does no t b r i ng 
t h e j u n c t i o n t e m p e r a t u r e above t h e va lues a l l o w e d . 
T h e o p e r a t i o n o f t h i s c i r c u i t c a n be s u m m a r i z e d 
as f o l l o w s . 

In Q 1 7 there is a c o n s t a n t c u r r e n t equa l t o : 

V ref V B E 1 7 

R 1 7 + R 1 6 
( V r e f = 2 . 7 5 V t yp ) 

T h e base o f Q 1 8 is t h e r e f o r e b iased at : 

' B E 1 8 = 

B E 1 7 

R 1 6 + R 1 7 
R 1 6 = 3 5 0 m V 

T h e r e f o r e at T j = 2 5 ° C Q 1 8 is o f f (s ince 6 0 0 m V is 
n e e d e d f o r it to s tar t c o n d u c t i n g ) . S i n c e the V g £ 
o f a s i l i c o n t rans is tor decreases b y a b o u t 2 m V / ° C , 
Q 1 8 starts c o n d u c t i n g at the j u n c t i o n t e m p e r a t u r e : 

T , 
6 0 0 - 3 5 0 + 2 5 = 1 5 0 ° C 

Current limitation 
T h e i nnova t i ve f e a t u r e o f t h i s dev ice is the poss i 
b i l i t y o f a c t i n g o n t h e c u r r e n t regu la t i on l o o p , i.e. 
o f l i m i t i n g the m a x i m u m c u r r e n t tha t can be 
s u p p l i e d t o t he des i red va lue b y us ing a s i m p l e 
resistor ( R 3 in f i g . 2 ) . O b v i o u s l y if R 3 = 0 the 
m a x i m u m o u t p u t c u r r e n t is a lso the m a x i m u m 
c u r r e n t t ha t t he dev i ce c a n s u p p l y because of its 
in te rna l l i m i t a t i o n . 

T h e c u r r e n t l o o p cons is t s o f a c o m p a r a t o r c i r c u i t 
w i t h f i x e d t h r e s h o l d w h o s e va lue is V s c . T h i s c o m 
para to r i n te rvenes w h e n l Q • R 3 = V s c , hence 

V s c 

l Q = ( V s c is t he vo l tage be tween p ins 5 a n d 
R 3 

2 w i t h t y p i c a l va lue o f 0 . 4 5 V ) . 

Spec ia l a t t e n t i o n has been g iven t o the c o m p a r a t o r 
c i r c u i t in o r d e r t o ensure tha t the dev ice behaves as 
a c u r r e n t gene ra to r w i t h h igh o u t p u t i m p e d a n c e . 

TYPICAL APPLICATIONS 
Programmable current regulator 
F i g . 5 shows the dev i ce used as cu r ren t genera to r . 
In th is case the e r r o r a m p l i f i e r is d i sab led by s h o r t -
c i r c u i t i n g p i n 4 t o g r o u n d . 

Fig. 5 

T h e o u t p u t c u r r e n t l D is f i x e d by means of R : 

. V 5 - 2 

' ° ~ ~ R 

T h e o u t p u t vo l t age c a n reach a m a x i m u m va lue 
v i " v d r o p = V j - 2 V ( V d r o p d e p e n d s o n l Q ) . 

Programmable voltage regulator 
F i g . 6 s h o w s t h e dev i ce c o n n e c t e d as a vo l tage 
regu la to r a n d t h e m a x i m u m o u t p u t c u r r e n t is the 
m a x i m u m c u r r e n t tha t the dev i ce can s u p p l y . T h e 
o u t p u t vo l tage V Q is f i x e d us ing p o t e n t i o m e t e r R 2 . 
T h e e q u a t i o n w h i c h gives the o u t p u t vo l tage is as 
f o l l o w s : 

V , V r e f (1 + 

B y subs t i t u t i ng the p o t e n t i o m e t e r w i t h a f i x e d 
res is tor a n d c h o o s i n g su i tab le va lues f o r R 1 and R 2 , 
it is poss ib l e t o o b t a i n a w i d e range o f f i x e d o u t p u t 
vo l tages . 
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T h e f o l l o w i n g f o r m u l a s and tab les c a n be used to c a l 
c u l a t e some o f the m o s t c o m m o n o u t p u t vo l tages. 

H a v i n g f i x e d a ce r t a i n V D , us ing the p rev ious 
f o r m u l a , the m a x i m u m va lue is : 

v o m a x = v r e f m a x <1 + R 1 > a n d t r>e 
" 1 m i n 

m i n i m u m va lue is: 

\ / = \ / C1 + R 2 m i n \ v o m i n v r e f m i n * , T

 D 1 ' 

T h e tab le b e l o w ind ica tes res is tor va lues f o r t y p i c a l 
o u t p u t vo l tages : 

V D ± 4% m ± 1% R 2 ± 1% 

5V 1.5 k n 1.2 k n 

1 2 V 1 kn 3 .3 

1 5 V 7 5 0 n 3 .3 k n 

1 8 V 3 3 0 n 1.8 k n 

2 4 V 510 n 3 .9 k n 

Digitally selected regulator with inhibit 
T h e o u t p u t vo l tage o f t he dev i ce can be regu la ted 
d ig i t a l l y as s h o w n in f i g . 8 . T h e o u t p u t vo l tage 
d e p e n d s o n the d i v i d e r f o r m e d b y R 5 a n d a c o m b i 
n a t i o n o f R 1 , R 2 , R 3 and P 2 . T h e dev i ce c a n be 
s w i t c h e d o f f w i t h a t r ans i s to r . 
W h e n the i n h i b i t t r ans i s to r is s a t u r a t e d , p i n 2 is 
b r o u g h t t o g r o u n d p o t e n t i a l a n d the o u t p u t vo l tage 
does no t e x c e e d 0 . 4 5 V . 

Fig. 8 

S-2543/2 

Programmable current and voltage regulator 
T h e t y p i c a l c o n f i g u r a t i o n used b y the dev ice as a 
vo l t age regu la to r w i t h ex te rna l c u r r e n t l i m i t a t i o n is 
s h o w n in f i g . 7. T h e f i x e d vo l tage o f 2 . 7 7 V at the 
t e r m i n a l s of R1 m a k e s it poss ib le t o f o r c e a c o n s 
t a n t cu r ren t across va r iab le res is tor R 2 . If R 2 is 
v a r i e d , the vo l tage at p in 2 is va r ied and so is the 
o u t p u t vo l tage . 

T h e o u t p u t vo l tage is g iven b y : 

V o = V r e f • (1 + - B i L ), w i t h V r e f = 2 . 7 7 V t y p 
H I 

a n d the m a x i m u m o u t p u t c u r r e n t is g iven b y : 

l o m a x = w i t h V 5 _ 2 = 0 . 4 5 V t y p . 

T o m a i n t a i n a su f f i c i en t c u r r e n t f o r g o o d regu
l a t i o n the va lue o f R 1 s h o u l d be kep t l o w . W h e n 
t h e r e is no l o a d , t he o u t p u t c u r r e n t is V r e f / R 1 . 
S u i t a b l e va lues o f R 1 are b e t w e e n 5 0 0 n and 1.5 
k n . If the load is a l w a y s p resen t t he m a x i m u m 
v a l u e f o r R 1 is l i m i t e d by the c u r r e n t v a l u e ( I O j u A ) 
at t h e i npu t o f the e r ro r a m p l i f i e r (p in 4 ) . 

Reducing power dissipation with dropping 
resistor 
If m a y s o m e t i m e s be adv isab le to reduce the p o w e r 
d i ss ipa ted by the dev i ce . A s i m p l e and e c o n o m i c 
m e t h o d o f d o i n g t h i s is t o use a res is tor c o n n e c t e d 
in series to the i n p u t as s h o w n in f i g . 9 . T h e i n p u t -
o u t p u t d i f f e ren t i a l vo l tage o n the dev i ce is thus 
r e d u c e d . 

Fig. 9 

S-S518M 
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T h e f o r m u l a fo r c a l c u l a t i n g R is as f o l l o w s : 

R = V i m i n ~ ( v o + v d r o p > 

I n 

T h e r e f o r e the o u t p u t reaches its n o m i n a l va lue 
a f ter t he t i m e t n n : 

W h e r e V ^ r o p I S t r , e m i n i m u m d i f f e ren t i a l vo l tage 
b e t w e e n the input and the o u t p u t o f the dev ice at 
c u r r e n t l 0 . V i n m j n is t he m i n i m u m i n p u t vo l t age . 
V Q is t he o u t p u t vo l tage a n d l D t he o u t p u t c u r r e n t . 

W i t h c o n s t a n t l o a d , res is tor R c a n be c o n n e c t e d 
b e t w e e n p i ns 1 and 2 o f the IC ins tead o f in series 
w i t h the inpu t ( f ig. 10) . In th is w a y , par t o f the 
l o a d c u r r e n t f l o w s t h r o u g h the dev i ce a n d par t 
t h r o u g h the resistor. T h i s c o n f i g u r a t i o n can be 
used w h e n the m i n i m u m cu r ren t by the l oad is : 

V d r o p ( instant b y ins tant ) 

( V Q - 0 .45 ) 

0 . 4 5 
R =s 

C V 0 R 

0 . 4 5 

Light controller 
F i g . 12 shows a c i r c u i t in w h i c h the o u t p u t vo l t age 
is c o n t r o l l e d by t h e b r igh tness o f the s u r r o u n d i n g 
e n v i r o n m e n t . R e g u l a t i o n is b y means o f a p h o t o -
res is tor in para l le l w i t h R 1 . In t h i s case, t he o u t p u t 
vo l tage increases as the b r i gh tness increases. T h e 
o p p o s i t e e f fec t , i.e. d i m m i n g the l ight as the 
a m b i e n t l ight i nc reases , c a n be o b t a i n e d b y c o n 
nec t i ng the p h o t o r e s i s t o r in pa ra l l e l w i t h R 2 . 

Fig. 10 

V; a 

Fig. 12 

Soft start 
W h e n a s l o w rise t i m e o f the o u t p u t vo l tage is re
q u i r e d , the c o n f i g u r a t i o n in f i g . 11 can be u s e d . T h e 
r ise t i m e c a n be f o u n d us ing the f o l l o w i n g f o r m u l a : 

C V o R 
t o n = " 0 4 5 

A t s w i t c h o n capac i t o r C is d i scha rged a n d it keeps 
the vo l tage at p in 2 l o w ; o r ra ther , s ince a vo l tage 
o f m o r e t han 0 . 4 5 V c a n n o t be genera ted b e t w e e n 
p i n s 5 and 2 , the V 0 f o l l o w s the vo l tage at p i n 2 at 
less t h a n 0 . 4 5 V . 

Fig. 11 

+ V; O -

s| 

L 200 
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C a p a c i t o r C is cha rged b y the c o n s t a n t cu r ren t i c  

c R 

Light dimmer for car display 
A l t h o u g h d ig i ta l d i s p l a y s in cars are o f t e n m o r e 
aes the t i ca l l y p leas ing a n d f r e q u e n t l y m o r e eas i ly 
read t hey d o have a p r o b l e m . U n d e r v a r y i n g a m 
b ien t l ight c o n d i t i o n s t hey are e i ther lost in the 
b a c k g r o u n d or a l t e r n a t i v e l y appea r so b r igh t as t o 
d i s t rac t the d r i ve r . W i t h the sys tem p r o p o s e d he re , 
th is p r o b l e m is o v e r c o m e by a u t o m a t i c a l l y ad just 
ing the d i sp lay b r i gh tness d u r i n g d a y l i g h t c o n d i 
t i ons and by g i v ing t h e d r i ve r c o n t r o l over the 
br igh tness d u r i n g d u s k a n d da rkness c o n d i t i o n s . 

T h e c i r c u i t is s h o w n in f i g . 1 3 . T h e p r i m a r y s u p p l y 
is s h o w n taken s t ra ight f r o m the car ba t te ry 
howeve r it is w o r t h n o t i n g tha t in a ca r there is 
a l w a y s the r isk o f d u m p vo l tages up t o 1 2 0 V a n d 
it is r e c o m m e n d e d tha t s o m e f o r m of p r o t e c t i o n is 
i n c l u d e d against t h i s . 

U n d e r d a y l i g h t c o n d i t i o n s i.e. w i t h s ide l igh ts o f f 
and T 1 no t c o n d u c t i n g the o u t p u t o f t he dev i ce is 
d e t e r m i n e d b y the va lues o f R 1 , R 2 a n d the p h o t o -
res i tor ( P T R ) . T h e o u t p u t vo l t age is g iven by 

R 2 
V ou t = V r e f (1 + 

P T R / / R 1 
If the a m b i e n t l i gh t i n t ens i t y is h i g h , t he res is tance 
o f the p h o t o r e s i s t o r w i l l be l o w a n d t he re fo re 
V o u t w i l l be h igh . A s the l igh t decreases, so V o u t 

decreases d i m m i n g the d i s p l a y t o a su i tab le leve l . 
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Fig. 13 

BATT. 
o SIDELIGHT-SWITCH 

In d u s k c o n d i t i o n s , w h e n the s ide l igh ts are s w i t c h e d 
o n , T 1 starts t o c o n d u c t w i t h its c o n d u c t i o n set by 
t h e p o t e n t i o m e t e r . W i t h the p o t e n t i o m e t e r w i p e r 
at i ts u p p e r m o s t p o s i t i o n the s ide l igh ts are at t he i r 
b r igh tes t and c u r r e n t t h r o u g h T1 w o u l d be a 
m i n i m u m . W i t h the w i p e r at its l owes t p o s i t i o n o b 
v i o u s l y the o p p o s i t e c o n d i t i o n s a p p l y . 

T h e cu r ren t t h r o u g h T 1 is fe l t at the s u m m i n g 
n o d e A a long w i t h the cu r ren ts t h r o u g h R 2 a n d the 
pa ra l l e l n e t w o r k R 1 , P T R . S i n c e V r e f is c o n s t a n t 
t h e cu r ren t f l o w i n g t h r o u g h R 1 , P T R m u s t a lso be 
c o n s t a n t . T h e r e f o r e any change in t he c u r r e n t 
t h r o u g h T1 causes an equa l a n d o p p o s i t e change in 
t h e c u r r e n t t h r o u g h R 2 . T h e r e f o r e as l-pi increases, 
V o u t decreases i.e. as the br igh tness o f t he s ide
l igh ts is inc reased or decreased so is the b r igh tness 
o f t he d i s p l a y . 

T h e va lues of R 2 a n d P T R s h o u l d be se lec ted t o 
g ive the des i red m i n i m u m and m a x i m u m br igh tness 
levels des i red u n d e r b o t h a u t o m a t i c a n d m a n u a l 
c o n d i t i o n s a l t h o u g h the m i n i m u m br igh tness u n d e r 
m a n u a l c o n d i t i o n s c a n a lso be set b y the m a x i m u m 
c u r r e n t f l o w i n g t h r o u g h T 1 a n d , in a n y case, th i s 
s h o u l d no t e x c e e d the m a x i m u m c u r r e n t t h r o u g h 
R 2 u n d e r a u t o m a t i c o p e r a t i o n . 

T h e c i r c u i t s h o w n w i t h a sma l l m o d i f i c a t i o n c a n 
a l so be used f o r d i m m e r s o the r t h a n in a car . F i g . 
1 5 s h o w s the m o d i f i c a t i o n n e e d e d . T h e zene r 
d i o d e s h o u l d have a V F > 2 . 5 V a t ! = 10 juA. 

Fig. 14 

Fig. 15 

Higher input or output voltages 
C e r t a i n a p p l i c a t i o n s m a y requ i re h igher i n p u t o r 
o u t p u t vo l tages t h a n the dev ice can p r o d u c e . T h e 
p r o b l e m can be so lved by b r ing ing the regu la to r 
b a c k i n to the n o r m a l ope ra t i ng un i t s w i t h the he lp 
o f ex te rna l c o m p o n e n t s . 

W h e n there are h igh i npu t vo l tages, the excess 
vo l tage m u s t be a b s o r b e d w i t h a t rans is to r . F igs . 16 
and 17 s h o w t h e t w o c i r c u i t s : 

Fig. 16 
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Fig. 17 
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T h e des igner mus t t a k e i n t o a c c o u n t t h e d i ss i pa ted 
p o w e r a n d the S O A o f the p r e r e g u l a t i o n t rans is to r . 
F o r e x a m p l e , us ing the B D X 5 3 , t h e m a x i m u m 
i n p u t vo l tage c a n reach 5 6 V ( f ig. 16 ) . In these 
c o n d i t i o n s w e have 2 0 V o f V C E o n the t rans i s to r 
a n d w i t h a load c u r r e n t o f 2 A the o p e r a t i o n p o i n t 
r e m a i n s i ns ide the S O A . T h e p r e r e g u l a t i o n used in 
f i g . 16 reduces the r i pp le at t he i n p u t o f t he d e v i c e , 
m a k i n g it poss ib le t o o b t a i n an o u t p u t vo l t age w i t h 
neg l ig ib le r ipp le . 

If h igh o u t p u t vo l tages are a lso r e q u i r e d , a s e c o n d 
z e n e r , V z , is used to refer t he g r o u n d p i n o f an IC 

Fig. 18 

Fig. 19 

iiv. 

A : V i ( m a x ) 1 1 3 4 V 3 < V 0 < 3 ? 

B : V i ( m a x , < ! 2 2 V 3 < V 0 < 1 6 

Fig. 20 

t o a p o t e n t i a l o t h e r t h a n z e r o ; d i o d e D1 p r o v i d e s 
o u t p u t s h o r t c i r c u i t p r o t e c t i o n ( f ig . 18 ) . 

Positive and negative voltage regulators 
T h e c i r c u i t in f i g . 19 p r o v i d e s pos i t i ve a n d negat ive 
b a l a n c e d , s t a b i l i z e d vo l tages s i m u l t a n e o u s l y . T h e 
L 2 0 0 regu la to r s u p p l i e s the pos i t i ve vo l tage w h i l e 
the negat ive is o b t a i n e d us ing an o p e r a t i o n a l a m 
p l i f i e r c o n n e c t e d as f o l l o w e r w i t h o u t p u t c u r r e n t 
b o o s t e r . 

T r a c k i n g o f the p o s i t i v e vo l tage is a c h i e v e d b y 
p u t t i n g the n o n - i n v e r t i n g i n p u t to g r o u n d a n d 
us ing the i nve r t i ng i n p u t t o measure the f e e d b a c k 
vo l tage c o m i n g f r o m d i v i d e r R 1 - R 2 . 

T h e sys tem is b a l a n c e d w h e n the i npu t s o f the 
o p e r a t i o n a l a m p l i f i e r are at t he same v o l t a g e , o r , 
s ince o n e i n p u t is at f i x e d g r o u n d p o t e n t i a l , w h e n 
the vo l tage o f t he i n t e r m e d i a t e p o i n t o f the d i v i d e r 
goes t o 0 V o l t s . T h i s is o n l y poss ib le if t he negat ive 
vo l t age , o n c o m m a n d o f the o p - a m p , goes t o a 
va lue w h i c h w i l l m a k e a c u r r e n t equa l t o t h a t in 
R l f l o w s in R 2 . T h e ra t io w h i c h expresses the 
negat ive o u t p u t vo l tage is : 

V ~ = V + R 2 

R 1 
(If R 2 = R 1 , w e ' l l get V " = V + ) 

S i n c e t h e m a x i m u m s u p p l y vo l t age o f t h e o p a m p 
used is ± 2 2 V , w h e n p i n 7 is c o n n e c t e d t o p o i n t B 
o u t p u t vo l tages u p t o a b o u t 1 8 V can be o b t a i n e d . 
If o n the o t h e r h a n d p i n 7 is c o n n e c t e d t o p o i n t A , 
m u c h h igher o u t p u t vo l t ages , u p t o a b o u t 3 0 V , 
be o b t a i n e d s ince in th is case the i npu t vo l t age c a n 
rise t o 3 4 V . 

F i g . 2 0 s h o w s a d i a g r a m is w h i c h the L 1 6 5 p o w e r 
o p a m p is used t o p r o d u c e the negat ive vo l t age . In 
th is case (as in f i g . 19) t he o u t p u t vo l tage is l i m i t e d 
b y the a b s o l u t e m a x i m u m ra t ing o f t h e s u p p l y 
vo l tage o f the L 1 6 5 w h i c h is ± 1 8 V . T h e r e f o r e t o 
get a h igher V o u t w e m u s t use a zene r t o keep the 
dev ice s u p p l y w i t h i n the sa fe ty l im i t s . 

If w e have a t r a n s f o r m e r w i t h t w o separate s e c o n 
dar ies , t he d i a g r a m o f f i g . 21 c a n be used t o o b t a i n 
i n d e p e n d e n t p o s i t i v e a n d negat ive vo l tages . T h e 
t w o o u t p u t d i o d e s , D1 and D 2 , p r o t e c t t he dev ices 
f r o m s h o r t c i r c u i t s b e t w e e n the pos i t i ve and nega
t ive o u t p u t s . 

A : f o r + 1 8 V < V j < 3 2 V 

N o t e : V z m u s t be c h o s e n in o r d e r 
t o ve r i f y 2 V r V z = 3 6 V 

B : f o r V j < ± 1 8 V 

O V i 
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Fig. 21 Fig. 23 

Compensation of voltage drop along the 
wires 
T h e d i a g r a m in f i g . 2 2 is p a r t i c u l a r l y su i tab le w h e n 
a l o a d s i tua ted far f r o m the o u t p u t o f the regu la to r 
has t o be s u p p l i e d and w h e n w e w a n t t o a v o i d the 
use o f t w o sensing w i res . In f a c t , it is poss ib le to 
c o m p e n s a t e the vo l tage d r o p o n the l ine caused b y 
t h e l oad c u r r e n t (see the t w o cu rves in f i g . 2 3 and 
2 4 ) . R [ < t r a n s f o r m s the l oad c u r r e n t l(_ in to a p r o 
p o r t i o n a l vo l tage in series t o t he re fe rence o f the 
L 2 0 0 . R « ' L ' s t n e n a m p l i f i e d b y the f a c t o r 

R 2 + R 1 . 

R 1 

W i t h the va lues o f R Z , R 2 a n d R 1 k n o w n , w e get: 

R 1 R K - R -
R 1 + R 2 

R Z , R 1 a n d R 2 are a s s u m e d to be c o n s t a n t . 
If R K is h igher t h a n 1 0 n , t he o u t p u t vo l tage 
s h o u l d be c a l c u l a t e d as f o l l o w s : 

I d R K + V ref 
R 2 + R 1 

R 1 

Fig. 24 

Fig. 22 
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Motor speed control 
F i g . 2 5 s h o w s h o w t o use the dev ice f o r the speed 
c o n t r o l o f p e r m a n e n t magne t m o t o r s . T h e des i red 
s p e e d , p r o p o r t i o n a l t o the vo l tage at t h e t e r m i n a l 
o f t h e m o t o r , is o b t a i n e d by means o f R 1 a n d R 2 . 

V M = V r e f (1 + 
R 2 
R 1 

T o o b t a i n bet ter c o m p e n s a t i o n o f t he in te rna l m o 
t o r res is tance, w h i c h is essent ia l f o r g o o d regu
l a t i o n , the f o l l o w i n g e q u a t i o n is u s e d : 

R 3 < 
R 1 

R 2 
R M 

T h i s e q u a t i o n w o r k s w i t h i n f i n i t e R 4 . If R 4 is 
f i n i t e , the m o t o r speed c a n be inc reased w i t h o u t 
a l t e r i n g the ra t io R 2 / R 1 and R 3 . S i n c e R 4 has a 
c o n s t a n t vo l tage ( V r e f ) at i ts t e r m i n a l s , w h i c h does 
n o t va ry as R 4 var ies , th is vo l tage acts o n R 2 as a 
c o n s t a n t cu r ren t sou rce va r iab le w i t h R 4 . T h e vo l t 
age d r o p o n R 2 t h u s increases, a n d the increase is 
f e l t by t h e vo l tage at t h e t e r m i n a l s o f t h e m o t o r . 
T h e vo l tage increase at t he m o t o r t e rm ina l s is: 

V M = V r e f . R 2 . 
M R 4 + R 3 

A c i r c u i t f o r a30VV m o t o r w i t h RjVj = 4 n , R 1 = 1 k n , 
R 2 = 4 . 3 W l , R 4 = 2 2 k n and R 3 = 0 . 8 2 n has 
b e e n r e a l i z e d . 

Fig. 25 

v i n O 

Power amplitude modulator 
In t h e c o n f i g u r a t i o n o f f i g . 2 6 the L 2 0 0 is used t o 
s e n d a s ignal o n t o a s u p p l y l ine . S i n c e the i n p u t 
s igna l V j is D C d e c o u p l e d , the V n is d e f i n e d b y : 

V Q = V r e f (1 + - B ? - ) 

T h e a m p l i f i e d signal V j w h o s e va lue is: 

R 2 
G „ = -

R 3 

is a d d e d to th is c o m p o n e n t . B y ignor ing the c u r r e n t 
e n t e r i n g p i n 4 , w e m u s t i m p o s e i j = i2 + 13 ( D 
a n d s ince the vo l tage b e t w e e n p i n 4 a n d g r o u n d 
r e m a i n s f i x e d ( V r e f ) as long as the dev i ce is n o t in 
s a t u r a t i o n , ij_ = 0 a n d e q u a t i o n (1) b e c o m e s : 

j 2 = _ j 3 w j t h i 3 =_ 
R 3 ( for X r < R 3 ) - T h e r e f o r e : 

R 2 i 5 

R 3 
R 2 . 

A n a p p l i c a t i o n is s h o w n in f i g . 2 7 . If t he D C level 
is t o be var ied b u t n o t t he A C ga in , R 1 s h o u l d be 
rep laced b y a p o t e n t i o m e t e r . 

Fig. 26 

Fig. 27 

HIGH CURRENT REGULATORS 
T o get a h igher c u r r e n t t han can be s u p p l i e d b y a 
s ingle dev ice o n e o r m o r e ex te rna l p o w e r t r a n 
s is tors mus t be i n t r o d u c e d . T h e p r o b l e m is t h e n t o 
e x t e n d a l l the d e v i c e ' s p r o t e c t i o n c i r c u i t s (shor t -
c i r c u i t p r o t e c t i o n , l i m i t a t i o n o f T j o f ex te rna l 
p o w e r dev ices a n d o v e r l o a d p r o t e c t i o n ) t o the 
ex te rna l t rans is to rs . C o n s t a n t cu r ren t o r f o l d b a c k 
cu r ren t l i m i t a t i o n t h e r e f o r e b e c o m e s necessary . 

W h e n the regu la to r is e x p e c t e d to w i t h s t a n d a 
p e r m a n e n t s h o r t c i r c u i t , c o n s t a n t cu r ren t l i m i t a t i o n 
b e c o m e s m o r e a n d m o r e d i f f i c u l t to guaran tee as 
the n o m i n a l V Q increases. T h i s is because o f the 
increase in V C E a t the t e rm ina l s of the t rans is to r , 
w h i c h leads t o an increase in the d i ss ipa ted p o w e r . 
T h e hea ts ink has t o be c a l c u l a t e d in the heaviest 
w o r k i n g c o n d i t i o n s , and the re fo re in s h o r t c i r c u i t . 
T h i s increases w e i g h t , v o l u m e and cos t o f the 
hea ts ink and increase o f the a m b i e n t t e m p e r a t u r e 
(because o f h igh p o w e r d i s s i p a t i o n ) . Bes ides heat
s i nk , p o w e r t rans is to rs mus t be d i m e n s i o n e d f o r 
the s h o r t - c i r c u i t . 
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T h i s t y p e , of l i m i t a t i o n is s u i t e d , f o r e x a m p l e , 
w i t h h i gh l y capac i t i ve loads . E f f i c i e n c y is inc reased 
if p re regu la t i on is used o n the i npu t vo l tage to 
m a i n t a i n a cons tan t d r o p - o u t o n the p o w e r ele
m e n t f o r a l l V o u t , even in s h o r t c i r c u i t . F o l d b a c k 
l i m i t a t i o n , o n the o t h e r h a n d , a l l o w s l igh ter shor t -
c i r c u i t o p e r a t i n g c o n d i t i o n s t h a n the p rev ious case . 
T h e t y p e o f l oad is i m p o r t a n t . 

If t he l o a d is h igh l y c a p a c i t i v e , it is no t poss ib le t o 
have a h igh ra t io b e t w e e n l m a x and l s c because at 
s w i t c h - o n , w i t h l oad i nse r t ed , the o u t p u t m a y not 
reach its n o m i n a l va lue . 

O t h e r p r o t e c t i o n against i n p u t s h o r t c i r c u i t , ma ins 
f a i l u r e , overvo l tages and o u t p u t reverse b ias c a n be 
rea l i zed us ing t w o d i o d e s , D1 and D 2 , inser ted as 
i n d i c a t e d in f i g . 2 8 . 

Fig. 28 

must no t e x c e e d 2 0 V . Pa r t o f t he l D c rosses the 
t rans is to r a n d pa r t c rosses t h e regu la to r . 

V B E 
T h e lat ter is g iven b y : I R E G = ' B + 

R 
w h e r e \& is t he base c u r r e n t o f the t rans is to r 
( - 1 0 0 m A at l c = 4 A ) a n d V 

B E ' s * n e b a s e - e m i t t e r 
vo l tage ( - 1 V at l c = 4 A ) ; w i t h R = 2.5SI, ( R E G 
I S 5 0 0 m A . 

Use of an NPN power transistor 
F i g . 3 0 shows t h e same a p p l i c a t i o n as d e s c r i b e d in 
f igure 2 9 , us ing an N P N p o w e r t rans i s to r ins tead 
o f a P N P . In th i s case an ex te rna l s ignal t rans is to r 
mus t be used t o l i m i t the cu r ren t . T h e r e f o r e : 

V B E Q I 

R SC 
A s regards the o u t p u t s h o r t c i r c u i t , see par . 1.5. 

Use of a PNP power transistor 
F i g . 2 9 shows the d i a g r a m o f a h igh c u r r e n t s u p p l y 
us ing the c u r r e n t l i m i t a t i o n o f t he L 2 0 0 . T h e ou t 
p u t c u r r e n t 
f o r m u l a : 

U = 

is c a l c u l a t e d us ing the f o l l o w i n g 

' S C 
R SC 

0 . 4 5 V 

o . m 
= 4 . 5 A 

C o n s t a n t c u r r e n t l i m i t a t i o n is u s e d ; so , in o u t p u t 
s h o r t c i r c u i t c o n d i t i o n s , the t rans is to r d iss ipa tes a 
p o w e r equa l t o : 

V , 
P D = V i . | n = V . 

' S C 
R SC 

Fig. 29 

T h e ope ra t i ng p o i n t of t h e t rans i s to r s h o u l d be 
k e p t w e l l w i t h i n the S O A ; w i t h R s c = O . m , V j 

12V 4 A Power supply 
T h e d i a g r a m in f i g . 31 s h o w s a s u p p l y us ing the 
L 2 0 0 and the B D 7 0 5 . T h e 1 kfl p o t e n t i o m e t e r , 
P T 1 , t oge the r w i t h the 3 .3 kf2 resistor are used fo r 
f ine regu la t i on o f the o u t p u t vo l tage. 

C u r r e n t l i m i t a t i o n is o f t he t y p e s h o w n in f i g . 3 2 . 
T r i m m e r P T 2 acts o n s t rech A B of cha rac te r i s t i c . 
W i t h the va lues i n d i c a t e d ( P T 2 = 1 k f t , P T 3 = 4 7 0 f t , 
R = 3 k f l ) , c u r r e n t s f r o m 3 t o 4 A can be l i m i t e d . 
T h e f i e l d o f v a r i a t i o n c a n be increased b y increas
ing the va lue o f R s c o r b y c o n n e c t i n g one t e r m i n a l 
of P T 3 t o the base o f the p o w e r t rans is to r , w h i c h , 
h o w e v e r , p r o v i d e s less s tab le l i m i t a t i o n . If sec t i on 
A B is m o v e d , sec t i on B C w i l l a lso be m o v e d . 

T h e s lope of B C c a n be va r ied us ing P T 3 . T h e 
vo l tage level at p o i n t B is f i x e d by the vo l tage of 
the zener d i o d e . T h e c a p a c i t o r in para l le l t o the 
zener ensures c o r r e c t s w i t c h - o n w i t h f u l l l oad . 
T h e B D 7 0 5 s h o u l d a l w a y s be used w e l l w i t h i n its 
safe ope ra t i ng a rea . If t h i s is no t poss ib le t w o or 
m o r e B D 7 0 5 s s h o u l d be u s e d , c o n n e c t e d in para l le l 
( f ig. 3 3 ) . 

F u r t h e r p r o t e c t i o n f o r t he ex te rna l p o w e r t ran 
s is tor can be p r o v i d e d as s h o w n in f i g . 3 4 . T h e 
P T C res is to r , w h o s e t e m p e r a t u r e i n t e r ven t i on p o i n t 
mus t p reven t t he T j o f the p o w e r t rans is to r f r o m 
reach ing its m a x i m u m v a l u e , s h o u l d be f i x e d t o 
the d i ss ipa to r near the p o w e r t rans is to r . D i m e n 
s ion ing o f R A a n d R B d e p e n d s o n the P T C used. 
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33 

Voltage regulator from OV to 16V - 4.5A 
F i g . 3 5 s h o w s a n a p p l i c a t i o n f o r a h igh cu r ren t 
s u p p l y w i t h o u t p u t vo l tage ad jus tab le f r o m O V to 
1 6 V , rea l i zed w i t h t w o L 2 0 0 regu la tors and an 
ex te rna l p o w e r t r ans i s t o r . W i t h the values in 
d i c a t e d , the c u r r e n t c a n be regu la ted f r o m 2 A to 
4 . 5 A b y p o t e n t i o m e t e r P T 2 . P T 1 , o n the o the r 
h a n d , is used f o r c o n s t a n t cu r ren t or f o l d b a c k 
c u r r e n t l i m i t a t i o n . T h e in tegra ted c i r c u i t I C 2 , 
w h i c h does no t r equ i r e a hea ts ink and has exce l l en t 
t e m p e r a t u r e s t a b i l i t y , is used t o o b t a i n the OV 
o u t p u t . It is c o n n e c t e d so as t o l o w e r p i n 3 o f IC1 
un t i l p i n 4 reaches O V . Q1 and Q 2 ensure co r rec t 
o p e r a t i o n o f the s u p p l y at s w i t c h - o n a n d s w i t c h -
o f f . 
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Fig. 35 

Power supply with V „ = 2.8 to 18V, i 0 = 0 
to 2.5A 
T h e d i a g r a m in f i g . 3 6 shows a s u p p l y w i t h o u t p u t 
vo l t age var iab le f r o m 2 . 8 V t o 1 8 V a n d c o n s t a n t 
c u r r e n t l i m i t a t i o n f r o m O A to 2 . 5 A . T h e o u t p u t 
c u r r e n t c a n be regu la ted over a w i d e range b y 
m e a n s o f the o p . a m p . and s ignal t rans is to r T R 2 -
T h e o p . a m p . and the t rans is to r are c o n n e c t e d in 
the v o l t a g e - c u r r e n t c o n v e r t e r c o n f i g u r a t i o n . T h e 
vo l t age is t aken at the t e r m i n a l s o f R 3 and c o n 
v e r t e d i n to cu r ren t b y P T 2 . 

\ n is f i x e d as f o l l o w s : 

R 4 

P T c 
Icr = 

V S C 
R 2 

W h e n \i = l s c , t he regu la to r starts t o ope ra te as a 

cu r ren t genera to r . B y m a k i n g (*) equa l t o (* 
get: 

R 4 l 0 V s c V s c 

P T ; R 2 
; t h e r e f o r e l Q = 

R 2 • R 4 

*) w e 

P T , 

D i o d e s D1 and D 2 keep t rans is to r T R 2 in l inear 
c o n d i t i o n in the case of smal l o u t p u t cu r ren t s . 
If i t is no t necessary t o l i m i t t he c u r r e n t t o z e r o , 
one of the d i o d e s c a n be e l i m i n a t e d : t he s e c o n d 
d i o d e c o u l d a lso be e l i m i n a t e d if T R j we re a 
d a r l i n g t o n ins tead of a t rans i s to r . 

T h e o p . a m p . m u s t have i n p u t s c o m p a t i b l e w i t h 
g r o u n d in o rder t o guaran tee cu r ren t l i m i t a t i o n 
even in s h o r t c i r c u i t . W i t h a negat ive vo l t age ava i l 
ab le , even o f o n l y a f e w v o l t s , c u r r e n t l i m i t a t i o n is 
s i m p l i f i e d . 

Fig. 36 
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LAYOUT CONSIDERATIONS 
T h e p e r f o r m a n c e of a regu la to r d e p e n d s t o a great 
e x t e n t o n the case w i t h w h i c h the p r i n t e d c i r c u i t is 
p r o d u c e d . T h e r e m u s t be no i m p u l s i v e c u r r e n t s 
( l i ke t he one in t he e l e c t r o l y t i c f i l t e r c a p a c i t o r a t 
t h e i n p u t o f the regu la tor ) b e t w e e n the g r o u n d p i n 
o f t h e dev ice (p in 3) a n d the negat ive o u t p u t 
t e r m i n a l because these w o u l d increase the o u t p u t 
r i p p l e . C a r e mus t a lso be t a k e n w h e n inser t ing the 
res is to r c o n n e c t e d b e t w e e n p i n 4 a n d p i n 3 o f the 
d e v i c e . 

T h e t r a c k c o n n e c t i n g p i n 3 t o a t e r m i n a l o f th is 
res is to r shou ld be ve ry shor t a n d m u s t no t be 

Fig. 37 

2 2 0 0 

L200 

C 2 

0 . 2 2 J J F 

crossed by the l o a d c u r r e n t ( w h i c h , s ince it is gene
ra l ly va r i ab le , w o u l d g ive r ise t o a vo l tage d r o p o n 
th is s t re tch o f t r a c k , a l t e r i ng t he va lue o f V r e f and 
th re fo re o f V D . 

W h e n the l oad is no t in t he i m m e d i a t e p r o x i m i t y 
o f the regu la to r o u t p u t "+ s e n s e " and "— s e n s e " 
t e rm ina l s s h o u l d be used (see f i g . 3 7 ) . B y c o n n e c 
t ing the "+ s e n s e " a n d "— s e n s e " t e rm ina l s d i r e c t l y 
at the charge t e r m i n a l s t h e vo l tage d r o p o n the 
c o n n e c t i o n c a b l e b e t w e e n s u p p l y and l oad are 
c o m p e n s a t e d . F i g . 3 7 s h o w s h o w to c o n n e c t 
s u p p l y and l oad u s i n g t h e sens ing c l a m p s t e r m i n a l s . 

8 2 0 

C 

*—o-
-o-

D 

Fig. 38 
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HEATSINK DIMENSIONING 
T h e hea ts ink d iss ipates the heat p r o d u c e d b y the 
d e v i c e t o p reven t t he in te rna l t e m p e r a t u r e f r o m 
r e a c h i n g values w h i c h c o u l d be dange rous f o r 
d e v i c e o p e r a t i o n and r e l i a b i l i t y . 

In tegra ted c i r cu i t s in p l as t i c p a c k a g e m u s t never 
e x c e e d 150°C even in the w o r s t c o n d i t i o n s . T h i s 
l i m i t has been set because the e n c a p s u l a t i n g res in 
has p r o b l e m s of v i t r i f i c a t i o n if sub jec ted t o t e m 
pe ra tu res o f m o r e t h a n 1 5 0 ° C f o r l ong p e r i o d s o r 
o f m o r e than 1 7 0 ° C f o r sho r t p e r i o d s (24 h) . In 
a n y case the t e m p e r a t u r e acce le ra tes the ageing 
p r o c e s s a n d the re fo re i n f l u e n c e s the dev ice l i fe ; an 
increase o f 10°C c a n ha lve t he dev i ce l i fe . A w e l l 
d e s i g n e d heats ink s h o u l d keep the j u n c t i o n t e m 
p e r a t u r e be tween 9 0 ° C and 1 1 0 ° C . F i g . 3 9 s h o w s 

o o o o 
C A D B 

the s t ruc tu re of a p o w e r dev i ce . A s d e m o n s t r a t e d 
in t h e r m o d y n a m i c s , a t h e r m a l c i r c u i t c a n be c o n s i 
dered t o be an e lec t r i ca l c i r c u i t w h e r e R 1 , 2 
represent the t h e r m a l res is tance of the s ingle 
e lemen ts (expressed in ° C / W ) ; 

Fig. 39 
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Fig. 40 
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C 1 , 2 the t h e r m a l c a p a c i t a n c e (expressed in ° C / W ) 
I the d i ss ipa ted p o w e r 
V the t e m p e r a t u r e d i f f e rence w i t h respect t o 

the re fe rence (g round) . 

T h i s c i r c u i t can be s i m p l i f i e d as f o l l o w s : 

Fig. 41 

S " 5 5 3 6 

W h e r e C e is the t h e r m a l c a p a c i t a n c e o f the d ie p l us 
t h a t o f the tab . 
C n is t he t h e r m a l c a p a c i t a n c e o f the hea ts ink 
R j C is the j u n c t i o n case t h e r m a l res is tance 
R n is the hea ts ink t h e r m a l res is tance. 

B u t s ince the a i m o f th is s e c t i o n is no t tha t of 
s t u d i n g the t rans is to rs , the c i r c u i t c a n be f u r t h e r 
r e d u c e d . 

cha rac te r i s t i cs w e get R j _ c = 3 ° C / W ) 

= 9 0 - 4 0 - 3 - 6 = 5 . 3 ' C / W 
n 6 

U s i n g the va lue t h u s o b t a i n e d in (1) , w e get t ha t 
the j u n c t i o n t e m p e r a t u r e d u r i n g the o v e r l o a d goes 
t o t he f o l l o w i n g v a l u e : 

T j = 6 0 + (3 + 5.3) • 9 .6 = 1 4 0 ° C 

If the o v e r l o a d o c c u r s o n l y rare ly and f o r shor t 
p e r i o d s , d i m e n s i o n i n g can be c o n s i d e r e d to be 
c o r r e c t . O b v i o u s l y d u r i n g the s h o r t c i r c u i t , t he 
d i ss ipa ted p o w e r reaches m u s t h igher va lues (abou t 
4 0 W f o r the case cons ide red ) b u t in th i s case the 
t h e r m a l p r o t e c t i o n in tervenes t o m a i n t a i n t he t e m 
pera tu re b e l o w the m a x i m u m values a l l o w e d . 

N o t e 1: If i n su la t i ng ma te r ia l s are used b e t w e e n 
dev ice and h e a t s i n k , the t h e r m a l c o n t a c t res is tance 
mus t be t a k e n i n t o a c c o u n t (0 .5 t o 1 ° C / W , d e p e n 
d ing o n the t y p e of i nsu lan t used) and the c i r c u i t 
in f i g . 4 3 b e c o m e s : 

Fig. 43 

Fig. 42 
N o t e 2 : In a p p l i c a t i o n s w h e r e o n e or m o r e e x t e r n a l 
t rans is to rs are used toge the r w i t h the L 2 0 0 , t he 
d i ss ipa ted p o w e r m u s t be c a l c u l a t e d f o r each c o m 
p o n e n t . T h e v a r i o u s j u n c t i o n t empe ra tu res c a n be 
c a l c u l a t e d by so l v i ng the f o l l o w i n g c i r c u i t : 

If w e n o w c o n s i d e r the g r o u n d p o t e n t i a l as a m 
b i e n t t e m p e r a t u r e , w e have : 

T | = T a + ( R i c + R n ) P D (1) 

R n = T i - T a - R ' c ' P d ( 1 a )  

p d 
T c = T a + R h • P d (2) 

F o r e x a m p l e , c o n s i d e r an a p p l i c a t i o n o f the L 2 0 0 
w i t h the f o l l o w i n g cha rac te r i s t i c s : 

in t y p ~ 
n = 1 4 V 

2 0 V 

= 1 A ' o t y p 
T a = 40 ° C 

V i = 2 2 V 
V Q = 1 4 V 

= 1 .2A 

t y p i c a l c o n d i t i o n s 

o v e r l o a d c o n d i t i o n s 

T , = 60° C 

P d t y p = ( V i n " V 0 > ' l o = < 2 ° - 1 4 > • 1 = 6 W 
P d m a x = ( 2 2 - 1 4 ) . 1 . 2 = 9 . 6 W 

I m p o s i n g T j = 9 0 ° C o f (1a) w e get ( f r o m L 2 0 0 

Fig. 44 

Tj H j-c T c " c 

T h i s app l i es if t h e va r i ous d i ss ipa t i ng e l e m e n t s are 
fa i r l y near t o one ano the r w i t h respect t o t he heat
s ink d i m e n s i o n s , o t he rw i se the hea ts ink c a n no 
longer be c o n s i d e r e d as a c o n c e n t r a t e d c o n s t a n t 
and the c a l c u l a t i o n b e c o m e s d i f f i c u l t . 

T h i s c o n c e p t is be t te r e x p l a i n e d by the g raph in 
f i g . 4 5 w h i c h s h o w s the case (and t he re fo re j u n c 
t i on ) t e m p e r a t u r e va r i a t i on as a f u n c t i o n o f the 
d i s tance b e t w e e n t w o d i ss ipa t i ng e l emen ts w i t h the 
same t y p e o f d i s s i p a t o r and the same d i ss i pa ted 
p o w e r . T h e g raph in f i g . 4 5 refers t o t he s p e c i f i c 
case o f t w o e l e m e n t s d i ss ipa t i ng the same p o w e r , 
f i x e d o n a rec tangu la r a l u m i n i u m p la te w i t h a ra t io 
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o f 3 b e t w e e n the t w o s ides . T h e t e m p e r a t u r e j u m p 
w i l l d e p e n d on the d i ss ipa ted p o w e r a n d one the 
d e v i c e geomet ry b u t w e w a n t t o s h o w tha t t he re 
ex i s t s an o p t i m a l p o s i t i o n b e t w e e n the t w o de
v i c e s : 

1 
d = • s ide of the p la te 

2 

F i g . 4 6 shows the t r e n d o f the t e m p e r a t u r e as a 
f u n c t i o n o f the d i s t a n c e b e t w e e n t w o d i ss ipa t i ng 
e l e m e n t s w h o s e d i ss ipa ted p o w e r is f a i r l y d i f f e r e n t 
( ra t io 1 t o 4 ) . 

T h i s g raph m a y b e use fu l in a p p l i c a t i o n s w i t h the 
L 2 0 0 + ex te rna l t r ans i s to r ( in w h i c h the t rans is to r 
genera l l y d i ss ipa tes m o r e t h a n the L 2 0 0 ) w h e r e the 
t e m p e r a t u r e o f t h e L 2 0 0 has t o be k e p t as l o w as 
poss ib le a n d espec ia l l y w h e r e the t h e r m a l p r o t e c 
t i o n o f the L 2 0 0 is t o be used t o l i m i t t he t rans is 
t o r t e m p e r a t u r e i n the case o f an o v e r l o a d o r ab 
n o r m a l increase in t he a m b i e n t t e m p e r a t u r e . In 
o t h e r w o r d s the d i s t a n c e b e t w e e n the t w o e l e m e n t s 
can be se lec ted so t ha t t he p o w e r t rans is to r reaches 
the T j m a x ( 2 0 0 ° C f o r a T O - 3 t rans is tor ) w h e n the 
L 2 0 0 reaches the t h e r m a l p r o t e c t i o n i n t e r v e n t i o n 
t empe ra tu re . 

Fig. 45 
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A : P o s i t i o n o f t he dev i ce w i t h h igh p o w e r d i s s i p a t i o n (10W) 
B : P o s i t i o n o f t he dev i ce w i t h l o w p o w e r d i s s i p a t i o n (2 .5W) 
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TECHNOLOGY RELIABILITY AND APPLICATIONS 
OF SGS HIGH V O L T A G E NPN TRANSISTORS 

by Pierandrea Borgato 

Introduction 
T h e basic t e c h n o l o g y c h o s e n f o r h igh vo l tage 
( V C E O > 4 0 0 V - V C B O > 6 0 0 V ) t rans is to rs is 
f u n d a m e n t a l to the i r i n - c i r c u i t p e r f o r m a n c e as we l l 
as t he i r " b u i l t - i n " r e l i ab i l i t y . 

A l s o the t e c h n o l o g y e f fec ts the wa fe r s ize w h i c h 
m a y be used in p r o d u c t i o n , as we l l as the y i e l d s . 
In s o m e cases a lso p a c k a g i n g o p t i o n s m a y be 
r es t r i c t ed . These are i m p o r t a n t f ac to rs i n f l u e n c i n g 
t h e p r i ce and ava i l ab i l i t y f o r any s e m i c o n d u c t o r 
d e v i c e . 

Subject 
T h i s no te d iscusses the S G S M u l t i e p i t a x i a l Mesa 
p rocess used f o r a w i d e va r ie ty of i ndus t r y s t anda rd 
p r o d u c t s as w e l l as s o m e innova t i ve t y p e s . (See 
pages 2 5 4 , 2 5 5 a n d 2 5 6 . 

T h i s t e c h n o l o g y is i l l us t ra ted in s i m p l i f i e d f o r m in 
f igure 1, f igu re 2 s h o w s an ac tua l cross s e c t i o n o f 
the edge o f a d i e m a d e u p of several s c a n n i n g 
e l e c t o n m i c r o s c o p e p i c tu res . 

Fig. 1a - Multiepitaxial Mesa wafer simplified cross section 

P - V A P O X 

T H E R M A L O X I D E 
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Fig. 1b - Multiepitaxial Mesa die in plan view 

Fig. 2 - Actual section of Mesa edge termination 

Features of the technology 
S t a r t i n g w i t h an N + w a f e r , t he N a n d N " c o l l e c t o r s 
layers are g r o w n in spec ia l l y d e v e l o p e d e p i t a x i a l 
reac to rs , t o p r o d u c e the l aye red s t ruc tu re o f t he 
c o l l e c t o r f o r the H . V . t rans is to rs . 

T h e th i cknesses requ i red are m u c h h igher than 
used in in tegra ted c i r c u i t t e chno log i es . 

T h e i n t e r m e d i a t e N l aye r was i n t e rposed f o r the 
m a i n p u r p o s e of ach iev ing a very h igh E s / D a n d 
R B S O A c a p a b i l i t y . 

A n a d d i t i o n a l P" l aye r is t h e n g r o w n , t o increase 
the vo l tage b r e a k d o w n . F o r th is f i rs t c r i t i ca l phase 
S G S is f u l l y e q u i p p e d t o g r o w ep i t ax i a l layers 
en t i re l y " i n h o u s e " w h i l e o the r p o w e r t rans is to r 
m a n u f a c t u r e r s are m o s t l y d e p e n d e n t o n ou ts ide 
supp l i e rs . 

T h e P + base is p r o d u c e d by d i f f u s i o n o f b o r o n i n to 
the f i na l P- layer and the N+ em i t t e r is d i f f used 
in to the base. It is i m p o r t a n t to note tha t d u r i n g 
this p rocess ing a re la t i ve ly t h i c k wa fe r is be ing 
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h a n d l e d a l l o w i n g S G S t o use 4 " and 5 " wa fe rs 
w i t h ease. 

F o l l o w i n g d i f f u s i o n is the e t c h i n g of the mesa 
w h i c h is f i l l e d w i t h a ve r y pu re glass by an S G S 
p a t e n t e d se lect ive d e p o s i t i o n process w h i c h avo ids 
a n y c o n t a m i n a n t s such as pho to res i s t w h i c h m a y 
n o t be en t i re l y evapo ra ted d u r i n g the f u s i o n o f 
t he glass. T h e a l u m i n i u m t o p meta l is n o w d e p o s i t e d 
a n d the pa t te rn d e f i n e d . T h e en t i re t op of t he 
w a f e r is n o w p ro tec ted by a t h i c k d e p o s i t e d o x i d e 
in w h i c h w i n d o w s are o p e n e d fo r b o n d i n g the base 
a n d e m i t t e r c o n n e c t i n g w i res . 
F i n a l l y the wafer is r educed t o the c o r r e c t t h i c k n e s s , 
r e m o v i n g the excess N + s i l i c o n by g r i n d i n g the 
b a c k o f the wafer , a f ter w h i c h t h e b a c k is m e t a l l i z e d . 

Packaging 
A s t h e d ie must be separa ted f r o m the w a f e r be fo re 

m o u n t i n g in the p a c k a g e the fac t that S G S c u t s 
t he s i l i c o n o u t s i d e the mesa and its glass f i l l i n g , 
e l im ina tes the r isk o f m e c h a n i c a l damage t o t h e 
p a s s i v a t i o n . 
A s the saw ing c rea tes a s h o r t c i r c u i t at t he edge o f 
t he d ie f r o m the c o l l e c t o r t o t he f i e l d p l a te n o 
" f l a s h o v e r " can o c c u r in the package b e t w e e n 
the header w h i c h is at c o l l e c t o r p o t e n t i a l a n d t h e 
t o p o f t h e d i e , w h i c h in a l t e rna t i ve ha l f mesa t e c h 
no log ies w i l l be at base p o t e n t i a l . T h e su r face is 
c o v e r e d w i t h a t h i c k o x i d e as p r e v i o u s l y m e n t i o n e d 
so no a rc ing o c c u r s a l o n g the su r f ace . 

T h i s p rocess o f pass i va t i on a lso ensures h igh 
re l i ab i l i t y in p las t i c packages . 

T h i s t e c h n o l o g y a l s o a l l o w s wafers to be 1 0 0 % 
p r o b e tes ted t o h i g h vo l tage s p e c i f i c a t i o n s , an 
i m p o r t a n t p o i n t f o r users o f h igh vo l tage t rans is to rs 
in c h i p f o r m f o r h y b r i d assembl ies . 

Fig. 3 - Section of Mesa with simulated equ /'potential lines 

Reliability 
In t h e re l iab i l i t y o f a h igh vo l tage t rans i s to r the 
v o l t a g e stress on the su r face o f the s i l i c o n in the 
r e g i o n o f the c o l l e c t o r / b a s e in te r face is ve r y 
i m p o r t a n t . Th i s reg ion mus t be p r o t e c t e d f r o m 
c o n t a m i n a t i o n . B y t e r m i n a t i n g the c o l l e c t o r - b a s e 
j u n c t i o n o n the edge o f t he m e s a , a n d us ing glass 
t h e sea l ing against p o t e n t i a l c o n t a m i n a n t s is as
s u r e d . T h e use o f t he a l u m i n i u m f i e l d p l a te ensures 
t h e glass is kept at a c o n s t a n t charge . T h e sur face 
o f t h e P l a y e r is t rea ted w i t h an ion i m p l a n t a t i o n 
t o ensu re a very we l l c o n t r o l l e d sur face d o p i n g 
t h u s a i d i n g c lose c o n t r o l o f t he e lec t r i c f i e l d 
s t r engh t d i s t r i b u t i o n a n d leakage cu r ren t s . S G S has 
d e v e l o p e d c o m p u t e r s i m u l a t i o n p r o g r a m s w h i c h 
c a n p r e d i c t the f i e l d s t rength e n a b l i n g the des ign to 
be o p t i m i s e d fo r r e l i ab i l i t y . F i g u r e 3 s h o w s the 
e q u i p o t e n t i a l l ines s u p e r i m p o s e d o n the ac tua l 
d e v i c e c ross sec t ion d e m o s t r a t i n g the l o w stress o n 
t h e su r face . 

S G S c o n t i n u a l l y m o n i t o r s t he re l i ab i l i t y o f the 
p r o c e s s b y samp l ing p r o d u c t i o n o n a w e e k l y basis. 
T h e h igh tempera tu re reverse bias test ( H T R B ) is 
u s e d to evaluate the s tab i l i t y a n d q u a l i t y o f t h e 
p a s s i v a t i o n . 

D e v i c e s are sub jec ted t o T a m b = 1 2 5 ° C w i t h the 

base -em i t t e r s h o r t e d , a n d 6 0 0 V d . c . is a p p l i e d t o 
the c o l l e c t o r . F i g u r e 4 s h o w s t y p i c a l resul ts o f 
leakage cu r ren t s m e a s u r e d at V c e s = 9 0 0 V , a 
p o i n t o n the l ine a t 4 5 degrees ind ica tes no d r i f t in 

Fig. 4- Leakage current stability in HTRB life 
tests 

G-5488 
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l eakage. It is i m p o r t a n t t o no te tha t t he c u r r e n t s 
i n v o l v e d are m u c h l o w e r t h a n t he spec i f i ed m a x i 
m u m a l l o w e d b y t h e da ta sheet . T h e dev ices w i t h 
s i gn i f i can t d r i f t are t hose w i t h in i t ia l leakage b e l o w 
1jitA a n d t h e y r e m a i n b e l o w 8 0 M A f o l l o w i n g 1 0 0 0 
h o u r s o f e x t r e m e stress. 

Application hints 
T h e bas ic rules o f a p p l i c a t i o n f o r fast s w i t c h i n g 
h igh vo l tage dev ices a p p l y e q u a l l y t o S G S dev ices as 
w e l l as o t h e r m a n u f a c t u r e s w h o use d i f f e ren t t e c h 
no log ies h o w e v e r s o m e p o i n t s deserve pa r t i cu l a r 
m e n t i o n . 

T h e m u l t i p l e e p i t a x i a l s t r uc tu re w i t h its " e n e r g y 
l a y e r " p rov i des an e x c e p t i o n a l R B S O A , f igure 5 
s h o w s the R B S O A o f the B U X 4 8 / B U V 4 8 w h i c h 
c a n sus ta in u p ' t o 2 A a t 7 0 0 V o r 1 5 A at 4 0 0 V 
d u r i n g t h e dev i ce t u r n - o f f w i t h an i n d u c t i v e l o a d . 

F i g u r e 6 s h o w s the a c c i d e n t a l o v e r l o a d safe o p 
e ra t i ng area. T h e safe l i m i t , u p t o 8 0 A at a n y vo l t 
age u p t o 4 0 0 V , is i n d e p e n d e n t o f the t rans is to r 
base c u r r e n t , t he l ines w i t h d i f f e r e n t base cu r ren t 
i n d i c a t e t he m a x i m u m c u r r e n t w h i c h can be 
e x p e c t e d w h e n the l oad is shor t c i r c u i t e d f o r a n y 
s u p p l y vo l t age . T h e o v e r l o a d m u s t be sensed w i t h i n 
2 0 m i c r o s e c o n d s a n d the base d r i ve r e m o v e d at 
w h i c h t i m e the a c c i d e n t a l o v e r l o a d reverse b ias safe 
o p e r a t i n g a rea , s w h o w n in f i gu re 7 , w i l l a p p l y . 

T h i s da ta s h o w s tha t f o r o c c a s i o n a l n o n - r e p e t e t i v e 
an ove r l oads t he m u l t i e p i t a x i a l s t ruc tu re is ex 
c e p t i o n a l l y r obus t . A s a n d i n d i c a t i o n dev ices have 
been stressed t o 8 0 A / 4 0 0 V f o r 4 0 m i c r o s e c o n d s 
d u r i n g the o n phase a n d t h e n t u r n e d o f f at a P . R . F . 
o f 1 0 0 H z f o r 4 h o u r s w i t h o u t deg rada t i on - near ly 
1.5 m i l l o n p u l s e s ! 

A t t e n t i o n s h o u l d be p a i d t o c o r r e c t t u r n - o n base 
d r i v e . T h e B U X 4 8 / B U V 4 8 d a t a s h o w s the d y n a m i c 
V C E (sat) cha rac te r i s t i cs ( f igure 8) w h i c h are s ign i f i 
c a n t l y i m p r o v e d by ensu r i ng an o v e r s h o o t o f I g j 
i l l u s t ra ted in f i gu re 9 . 

Fig. 5- RBSOA of SGS BUX48/BUX48A (TO-3), 
BUV48/BUV48A (SOT-93) 
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Fig. 6 - Accidental overload SOA of BUX48/ 
BUV48 
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Fig. 7- Accidental overload RBSOA of BUX48/ 
BUV48 
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Fig. 8- Dynamic VCE (satj of BUX48/BUV48 
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Fig. 9- IQI waveform for improved dynamic saturation 

V C E (sat) d y n a m i c test c i r c u i t 
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T h e speed -up c a p a c i t o r decreases the V C E (sat) d y n . as s h o w n in the 
d i ag ram a n d m o d i f i e s the shape o f t he base c u r r e n t w i t h an o v e r s h o o t . 
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A s l o w rise t i m e o f I g j can resul t in e x t r e m e l y h igh 
t u r n - o n losses, as s h o w n in f i gu re 10 the m u l t i -
e p i t a x i a l dev i ce w i l l have a \ZQE ° f a r o u n d 4 0 V f o r 
s o m e m i c r o s e c o n d s . T h i s resul ts in h igher j u n c t i o n 
t e m p e r a t u r e s a n d in t u r n longer t u r n - o f f s w i t c h i n g 
t i m e s , s o m e t i m e s these longer t u r n - o f f t imes are 
m i s i n t e r p r e t e d as be ing a " c a u s e " ra ther t han an 
" e f f e c t " . T h i s can be c u r e d by s im i l a r s o l u t i o n s as 
used t o i m p r o v e d y n a m i c V C £ ( Sat)-

Conclusion 
T h e M u l t i e p i t a x i a l M e s a p rocess has been d e m o n 
s t ra ted t o be a h igh v o l u m e , cos t e f fec t i ve p rocess 
y i e l d i n g p r o d u c t s w i t h h igh i n t r i ns i c re l i ab i l i t y a n d 
e x c e p t i o n a l ruggedness t o e n h a n c e f i e l d r e l i ab i l i t y . 

T h e process is very f l e x i b l e be ing read i l y " p i l o t a b l e " 
t o p r o d u c e h igher vo l t age or h igher c u r r e n t " s u b 
f a m i l i e s " w i t h g o o d y i e l d , t hus a v o i d i n g the r isks 
f o r b o t h the user a n d the supp l ie rs of se lec t ions 
f r o m l o w e r p e r f o r m a n c e t y p e s . 

ig. 10-High turn-on loss caused by too slow Igj 
rise time 
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SGS FASTSWITCH™ 
H O L L O W E M I T T E R T E C H N O L O G Y 

• H I G H V O L T A G E 

• V E R Y F A S T S W I T C H I N G 

• H I G H E F F I C I E N C Y 

• I M P R O V E D R E L I A B I L I T Y 

• H I G H P O W E R 

INTRODUCTION 

H o l l o w emi t te r t e c h n o l o g y f i l l s t he gap in p o w e r 
t r ans i s t o r t e c h n o l o g y b e t w e e n b i p o l a r a n d p o w e r 
m o s b y p r o v i d i n g an e c o n o m i c s o l u t i o n t o h igh 
vo l t age s w i t c h i n g . 
T h i s n e w t e c h n o l o g y is i dea l l y su i t ed t o s w i t c h i n g 
f r e q u e n c i e s w h i c h cause p r o b l e m s to b o t h b i p o l a r 
a n d p o w e r m o s dev ices. T h e S G S F A S T S W I T C H ™ 
range has been d e v e l o p e d f o r rugged o p e r a t i o n at 
v e r y h igh s w i t c h i n g speeds , its h igh e f f i c i e n c y 
a l l o w s m o r e c o m p a c t des igns w i t h sma l le r h e a t s i n k s . 

H o l l o w emi t te r t e c h n o l o g y has been des igned t o 
i m p r o v e the p e r f o r m a n c e o f S G S M u l t i e p i t a x i a l 
M e s a p o w e r t rans is to rs . W h e n c o m p a r e d t o i n 
d u s t r y s tandard h igh vo l tage dev i ces , h o l l o w em i t t e r 
t y p e s p r o v i d e faster s w i t c h i n g t i m e s a n d a l o w e r 
s a t u r a t i o n vo l tage. T h e t e r m " h o l l o w e m i t t e r " 
re fers t o t he miss ing cen t re reg ion in t h e e m i t t e r 
a r e a , th is h o l l o w em i t t e r reduces the charge c r o w d 

ing e f fec t in the c e n t r e o f t h e emi t te r a n d thus 
reduces the s to rage t i m e t o r emove the excess 
cha rge . H o l l o w e m i t t e r dev ices a lso bene f i t f r o m a 
t h i n n e r i n t e r m e d i a t e N layer w h i c h reduces the c o l 
lec to r res is t i v i t y a n d the s a t u r a t i o n vo l tage. 

SUBJECT 

T h i s no te cove rs the c u r r e n t range o f F A S T -
S W I T C H ™ dev ices w h i c h are ra ted up t o 1 2 A 
l c ( c o n t i n u o u s ) , u p t o 1 0 0 0 V V C E S a n d u p t o 
4 5 0 V V c E O - I nduc t i ve fa l l t i m e is as l o w as 0 .08MS 
at 1 0 0 ° C . T h e c u r r e n t range o f dev ices is s h o w n 
in tab le 1. 

T h e t e c h n o l o g y is i l l us t ra ted in s i m p l i f i e d f o r m in 
f i gu re 1, th is d r a w i n g s h o w s the h o l l o w em i t t e r 
s e c t i o n w i t h a r e d u c e d i n t e r m e d i a t e N layer w h e n 
c o m p a r e d t o t h e s t anda rd M u l t i e p i t a x i a l Mesa 
i l l u s t r a t i o n , F i g . 1 b . 
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Table 1 - SGS "Hollow Emitter" F A S T S W I T C H T M products 

l c 
(A) 

V c B O 
(V) 

V C E O 
(V) 

Ptot 
(W) 

Package TYPE 
" F E 

(min) 

j 

l c 
(A) 

V C E 
(V) 

( 
VcEsat 
max(V) 

l c 
(A) 

IB 
(mA) 

5 7 0 0 4 0 0 90 T O - 2 2 0 S G S D 0 0 0 4 2 4 4 1 1 4 1000 

5 1000 4 5 0 90 T O - 2 2 0 S G S O 0 0 0 4 4 4 3 .2 1 1 3.2 8 0 0 

8 7 0 0 4 0 0 90 T O - 2 2 0 S G S D 0 0 0 4 0 5 6 1.5 1.5 6 1200 
8 700 4 0 0 120 S O T - 9 3 S G S D 0 0 0 3 7 5 6 1.5 1.5 6 1200 

8 7 0 0 4 0 0 120 T O - 3 S G S D 0 0 0 3 6 5 6 1.5 1.5 6 1200 

8 1000 4 5 0 90 T O - 2 2 0 S G S D 0 0 0 4 1 5 6 1.5 1.5 6 1200 

8 1000 4 5 0 120 S O T - 9 3 S G S D 0 0 0 3 9 5 6 1.5 1.5 6 1200 

8 1000 4 5 0 120 T O - 3 S G S D 0 0 0 3 8 5 6 1.5 1.5 6 1200 

12 7 0 0 4 0 0 150 S O T - 9 3 S G S D 0 0 0 3 3 5, 10 1.5 1.5 10 2 0 0 0 

12 7 0 0 4 0 0 175 T O - 3 S G S D 0 0 0 3 2 5 10 1.5 1.5 10 2 0 0 0 

12 1000 4 5 0 150 S O T - 9 3 S G S D 0 0 0 3 5 5 8 1.5 1.5 8 1600 

12 1000 4 5 0 175 T O - 3 S G S D 0 0 0 3 4 5 8 1.5 1.5 8 1600 

Fig. 1a - Structure of the hollow emitter tech
nology 

G L A S S AL T H E R M A L P - V A P O X 
OXIDE 

Fig. 1b - Structure of the standard Multiepitaxial 
Mesa technology 

GLASS AL T H E R M A L P - V A P O X 

COMPARISON BETWEEN STANDARD & 
THE NEW HOLLOW EMITTER T E C H 
NOLOGY 
H o l l o w e m i t t e r t e c h n o l o g y is a d e v e l o p m e n t o f t he 
s tanda rd h igh vo l tage m u l t i e p i t a x i a l mesa t e c h 
n o l o g y . In th is n e w t e c h n o l o g y the e m i t t e r is no t 
d i f f u s e d ove r t he n o r m a l a rea . In fac t o n l y o n t h e 
n o r m a l e m i t t e r edge . 

T h e p u r p o s e of th is d i f f e r e n c e is to o v e r c o m e the 
c h a r g e - c r o w d i n g e f fec t in the cen t re o f t he e m i t t e r 
d u r i n g the o f f t r a n s i t i o n f o u n d in i ndus t r y s t anda rd 
h igh vo l tage dev ices a n d hence ach ieve m u c h fas ter 
s w i t c h i n g t imes . 

STANDARD HIGH VOLTAGE 
A n a l y s i n g the cha rge in n o r m a l h igh vo l tage de 
v ices shows tha t d u r i n g the O N t r a n s i t i o n the 
charge is eas i ly bu i l t u p o n the edge o f t he e m i t t e r 
bu t t he increase in base res is tance t o w a r d s the 
cen t re of the e m i t t e r reduces the charge level at 
the cen t re . 

D u r i n g the O F F t r a n s i t i o n the base e x t r a c t i o n 
cu r ren t can r a p i d l y e l i m i n a t e the charge at the 
edge o f t he e m i t t e r , b u t the charge a t the cen t re 
is r e m o v e d w i t h s o m e d i f f i c u l t y o w i n g t o the 
t ransvers ly d i s t r i b u t e d res is tance in the base u n d e r 
the em i t t e r f i nge r . 

W h e n the edge is a l ready t u r n e d o f f , a level of 
charge rema ins a t the cen t re of the e m i t t e r d i f 
f u s i o n w h i c h s lows d o w n the t u r n - o f f t i m e . 

F i g . 2a a n d 2 b i l lus t ra tes b o t h c o n d i t i o n s . 

HOLLOW EMITTER 
in F A S T S W I T C H ™ t rans i s to rs , d i f f u s i o n at the 
cen t re o f t he e m i t t e r is p reven ted b y a p p r o p r i a t e 
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Fig. 2a - Charge condition during conduction - Normal high voltage technology 
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Fig. 2b - Charge remaining after turn-off 

BASE 

\ 

EMITTER 

J I _ J I ) 

P + 

1 III p~ / 

N" 
N INTERMEDIATE LAYER 

N" 

COLLECTOR BACK METAL 

Fig. 2c - Charge condition during conduction - Hollow emitter technology 
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m a s k i n g , and the resu l t i ng h o l l o w in t h e em i t t e r 
p reven ts the a c c u m u l a t i o n o f t he charges w h i c h 
w o u l d s l o w d o w n the t u r n - o f f t i m e . 

F i g . 2 c i l lust rates t h e charge c o n d i t i o n f o r h o l l o w 
e m i t t e r d i f f u s i o n . 
R e m o v i n g the cen t re reg ion a n d t he re fo re r e d u c i n g 
t h e em i t t e r area has a neg l ig ib le e f fec t o n V c E s a t 
f o r t w o reasons - f i r s t l y , the cen t re reg ion o f the 
s t a n d a r d dev ice car r ies less cha rge , a n d s e c o n d l y , 
t h e i n te rmed ia te N laye r is t h i n n e r w h i c h reduces 
t h e c o l l e c t o r res is t i v i t y . 

T h e resu l t is a dev i ce w i t h e x t r e m e l y fast s w i t c h i n g 
t i m e s a n d i m p r o v e d e f f i c i e n c y . 

1 

COMPARISON OF SWITCHING TIMES 
B y c o m p a r i n g a s t anda rd M u l t i e p i t a x i a l Mesa 
dev i ce ( B U X 4 8 ) w i t h a h o l l o w e m i t t e r dev ice 
( S G S D 0 0 0 3 2 ) o f t h e same d i m e n s i o n s a n d s im i l a r 
s ta t i c c h a r a c t e r i s t i c s , t he h o l l o w em i t t e r dev ice 
s h o w s a c lear i m p r o v e m e n t in fa l l t i m e a n d a 
sma l l i m p r o v e m e n t in s torage t i m e . W i t h re ference 
t o t h e s w i t c h i n g cha rac te r i s t i c curves ( F i g . 3a) 
it c a n be seen t h a t w i t h res ist ive l oads , th is i m 
p r o v e m e n t ex is ts over a w i d e va r i a t i on o f c o l l e c t o r 
c u r r e n t . 
T h e bene f i t o f r e d u c e d fa l l a n d s torage t imes 
a u t o m a t i c a l l y ach ieves a r e d u c t i o n in d i ss ipa ted 
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e n e r g y in the dev i ce d u r i n g t u r n - o f f . E n e r g y d is 
s i p a t i o n f o r b o t h t e c h n o l o g i e s is c o m p a r e d in 
F i g . 3 b a n d it c a n be seen tha t h o l l o w e m i t t e r 
t e c h n o l o g y again s h o w s a s i gn i f i can t i m p r o v e m e n t 
ove r M u l t i e p i t a x i a l M e s a . 

H o l l o w em i t t e r dev ices bene f i t f r o m the same i m 
p r o v e m e n t s in s torage a n d fa l l t i m e s a n d hence 
e n e r g y d i s s i p a t i o n w h e n l o a d e d i n d u c t i v e l y . T a b l e 
2 l is ts a se l ec t i on of dev ices a n d s h o w s t y p i c a l c o m -

pa r i t i ve s w i t c h i n g t i m e s b e t w e e n F A S T S W I T C H ™ 
a n d M u l t i e p i t a x i a l Mesa dev ices w h e n tes ted w i t h 
an i n d u c t i v e l o a d . It c a n eas i l y be seen f r o m t h e 
resu l ts t h a t each F A S T S W I T C H ™ dev i ce s h o w s a 
m a r k e d i m p r o v e m e n t in s w i t c h i n g t i m e f o r b o t h 
base a n d e m i t t e r s w i t c h i n g . A f u r t h e r use fu l 
f ea tu re is tha t b o t h base a n d em i t t e r s w i t c h i n g 
t imes are a l m o s t a l w a y s e q u a l l y l o w w i t h h o l l o w 
e m i t t e r dev ices e .g . S G S D 0 0 0 3 5 t fa i i is 5 0 n s f o r 
b o t h s w i t c h i n g c o n d i t i o n s . 

Fig. 3a - Storage and fall times Fig. 3b - Dissipated energy 

1 STORES GE 
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V C C = 250V 
hfc = 5 
v B E ( o f f ) = - 5 v 

— STANDARO 
F A S T S W I T C H ™ 

V C C = 250V 
hfc = 5 
v B E ( o f f ) = - 5 v 

G- 5910/1 

V C C = 250V 
h F E =5 
v BE(of f ) = - 5 

STA 

V C C = 250V 
h F E =5 
v BE(of f ) = - 5 

STA 

V C C = 250V 
h F E =5 
v BE(of f ) = - 5 
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V 

V C C = 250V 
h F E =5 
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STA NDARD 
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Table 2 - Typical tf and ts with an inductive load 

D E V I C E l c ( A ) 

E M I T T E R 
SWITCHING 

B A S E 
SWITCHING 

T E C H N O L O G Y D E V I C E l c ( A ) 

t s torage t f a l l t s torage t f a l l 

T E C H N O L O G Y 

B U X 4 8 10 5 0 0 n s 100ns 2/us 2 0 0 n s M U L T I E P I T A X I A L M E S A 

B U 5 0 8 A 5 8 0 0 n s 3 0 0 n s 6 M S 4 0 0 n s M U L T I E P I T A X I A L M E S A 

SGSD00031 1 0 4 0 0 n s 100ns 1 .2JUS 100ns P A L N A R D A R L I N G T O N 

B U 8 1 0 5 3 0 0 n s 150ns 8 0 0 n s 150ns P L A N A R D A R L I N G T O N 

SGSD00035 10 3 0 0 n s 5 0 n s 8 0 0 n s 5 0 n s F A S T S W I T C H ™ 

SGSD00039 5 3 0 0 n s 4 0 n s 7 0 0 n s 50ns F A S T S W I T C H ™ 

REVERSE BIAS SAFE OPERATING A R E A 
(RBSOA) 

T h e r e d u c t i o n in t h i c k n e s s o f the i n t e r m e d i a t e N 
l a y e r p lus inc reased s w i t c h i n g speed w i t h h o l l o w 
e m i t t e r dev ices resul t in R B S O A c h a r a c t e r i s t i c 
c h a n g e s . F i g . 4a s h o w s t w o c o m p a r a b l e dev i ces , 
one f r o m each t e c h n o l o g y . It can be seen f r o m the 
R B S O A cha rac te r i s t i c curves t ha t a l t h o u g h the 
B U X 4 8 has a be t te r R B S O A at 4 0 0 V , the 

S G S h o l l o w e m i t t e r dev i ce has been o p t i m i s e d t o 
give an i m p r o v e d R B S O A at h igher vo l tages t o su i t 
s w i t c h m o d e p o w e r s u p p l y a p p l i c a t i o n s . A t y p i c a l 
l oad l ine f o r a h o l l o w e m i t t e r dev i ce in a s w i t c h 
m o d e p o w e r s u p p l y w i t h s n u b b i n g is s h o w n in 
F i g . 4 b . It c a n be seen tha t t he h o l l o w e m i t t e r 
dev i ce p rov ides m o r e p r o t e c t i o n at the h igher 
vo l tages w h i c h is e v e n l y b a l a n c e d w i t h a d e q u a t e 
p r o t e c t i o n in the l o w e r vo l tage and h igh c u r r e n t 
a rea . 
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Fig. 4a - Reverse bias safe operating area 
G - 5908 /1 
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APPLICATIONS 

T h e F A S T S W I T C H ™ t e c h n o l o g y has been spe
c i f i c a l l y o p t i m i s e d t o p r o d u c e dev ices w i t h e x 
t r e m e l y sho r t s w i t c h i n g t i m e s w i t h respect t o t he i r 
h igh vo l tage a n d c u r r e n t c a p a b i l i t y . T h e resu l t i ng 
h igh e f f i c i e n c y o f these dev ices m a k e t h e m idea l l y 
su i ted f o r t o d a y ' s e l e c t r o n i c so l u t i ons t o energy 
saving w h e r e fast s w i t c h i n g is o f p r i m e i m p o r t a n c e . 

F o r these reasons , h o l l o w e m i t t e r t rans is to rs have 
p rope r t i es w h i c h a re idea l l y su i ted t o : 

- I N V E R T E R S 

- S W I T C H I N G R E G U L A T O R S 

- F L U O R E S C E N T L I G H T I N G 

- D E F L E C T I O N C I R C U I T S (high d e f i n i t i o n 
d i s p l a y ) 

Fig. 4b Reverse bias safe operating area with 
typical load line for SMPS application 
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CONCLUSIONS 

H o l l o w e m i t t e r F A S T S W I T C H ™ dev ices p r o v i d e 
an e c o n o m i c s o l u t i o n t o h igh vo l tage s w i t c h i n g in 
the f r e q u e n c y range 2 0 - 7 0 K H z . H i g h e f f i c i e n c y a n d 
very fast s w i t c h i n g resu l t in sma l le r hea ts inks , 
l ower cos t a n d i m p r o v e d r e l i a b i l i t y . 

T h e r e are su i tab le t y p e s in the S G S F A S T S W I T C H ™ 
series t o rep lace m o s t c o m m o n high vo l tage i n 
dus t r ia l p o w e r t rans is to rs so the m a j o r i t y o f users 
can b e n e f i t f r o m t h e s i gn i f i can t advantages o f th i s 
new t e c h n o l o g y . 
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PARALLELING HIGH-VOLTAGE TRANSISTORS 
FOR HIGH CURRENT SWITCHING 

T h e requ i r emen t f o r h igher a n d h igher powers 
f r o m c o n v e r t o r a n d inve r to r c i r cu i t s leads to the 
necess i t y of h igh -vo l tage dev ices w i t h ever in 
c reas ing cu r ren t ra t ings . 

T h e s e requ i remen ts w o u l d necessar i ly lead t o t he 
use o f ex t r eme l y large area d ie . F o r e x a m p l e a 
t r ans i s to r w i t h V Q E O > 4 0 0 V a n d V c E ( s a t ) at 
2 0 A / 4 A < 1.5V w o u l d requ i re a d ie w i t h an area 
greater than 9 0 K m i l s 2 (> 3 0 0 m i l s x 3 0 0 m i l s ) 
[ > 7 . 5 m m x 7 . 5 m m ] . S u c h a p r o d u c t w o u l d be 
ve r y expens ive a n d have l ower r e l i a b i l i t y , d u e t o 
t h e d i f f i c u l t y o f m a k i n g a d ie a t t ach w h i c h w i l l 
w i t h s t a n d p o w e r c y c l i n g w i t h o u t rever t ing to 
e x p e n s i v e m o l y b d e n u m bases. A d i f f e r e n t pos 
s i b i l i t y f o r o b t a i n i n g h igher o u t p u t cu r ren t s is 
t o use m o r e than one h igh -vo l tage dev i ce c o n n e c t e d 
i n pa ra l l e l . In t h e f o l l o w i n g no te th is s o l u t i o n 
is a n a l y s e d , w i t h spec ia l re fe rence t o t he p r o b l e m 
o f c u r r e n t shar ing in t h e para l le led t rans is to rs b o t h 
i n sa tu ra t i on and in s w i t c h i n g c o n d i t i o n s . 

EQUALIZATION OF COLLECTOR CUR
RENT DURING SATURATION 

T h e m o s t i m p o r t a n t e lec t r i ca l pa rame te r in the 
sa tu ra ted ope ra t i on o f para l le l c o n n e c t e d p o w e r 

dev ices is V c E ( s a t ) . T h e i m p e r f e c t s p l i t t i n g o f t he 
c u r r e n t in the d i f f e r e n t para l le l b ranches is sub 
s tan t i a l l y a c o n s e q u e n c e o f t he d i f f e ren t V C E (sat) 's 
of the used t rans i s to rs . V a r i a t i o n o f V B E ( o n ) , a n d 
V B E (sat) m a y a l s o be a f a c t o r bu t is no t so s i gn i f i 
c a n t , as , if one dev i ce ca r r i ed a h igher c u r r e n t its 
V B E (sat) w i l l t e n d t o increase so d i ve r t i ng m o r e 
base cu r ren t t o t h e o t h e r dev i ce . W h e n w e c o n s i d e r 
t w o t rans is to rs w i t h base cu r ren t h igh e n o u g h t o 
keep t h e m in t he sa tu ra ted area (F ig . 1 ) , t he sa tu ra 
t i o n vo l tage f o r each dev i ce is expressed b y : 

V C E (sat) = l c x r c E ( s a t ) 

Fig. 1 

S-7944 V C E s a , V C E 
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Fig. 2 

W h e n t w o t rans is to r have t o ca r r y an overa l l cu r 
r e n t , I I , f r o m the equ i va l en t c i r c u i t s h o w n in 
F i g . 2 , l e i a n d I c 2 m a y b e c a l c u l a t e d . In f a c t , it 
f o l l o w s t ha t : 

V c E ( s a t ) | C 1 = 
r C E ( s a t ) 1 

, C 2 = v C E ( s a t ) 
r C E ( s a t ) 2 

r C E ( s a t ) l x r c E ( s a t ) 2 
w h e r e V c E ( s a t ) = I I X 

r C E ( s a t ) 1 + r c E ( s a t ) 2 

A poss ib le e q u a l i z a t i o n m a y be ach ieved b y c o n 
n e c t i n g , t o t he e m i t t e r s o f t h e t rans is to rs , re
s is tances w h o s e v a l u e is h igh enough w h e n c o m 
pa red t o t he s a t u r a t i o n res is tance r c E ( s a t ) ; in th is 
w a y , t he e q u a l i z a t i o n o f c o l l e c t o r cu r ren t s is 
i m p r o v e d b y a f a c t o r r ^ / r c E ( s a t ) -

A n ev iden t l i m i t a t i o n f o r th is k i n d o f e q u a l i z a t i o n 
is the p o w e r d i s s i p a t e d in t he em i t t e r res is tances. 
F o r each t r a n s i s t o r , in f ac t t he f o l l o w i n g is t r u e . 

p r E = $ I E 2 x r E 

w h e r e $ is the d u t y c y c l e . 

W h e n N t rans i s to rs a re c o n n e c t e d in p a r a l l e l , 
N x P r E has to be s i g n i f i c a n t l y l o w w h e n c o m 
pared t o t he use fu l p o w e r , so tha t t he overa l l 
e f f i c i e n c y isn ' t dec reased t o o m u c h . 

In the e x p e r i m e n t a l w o r k the h igh vo l tage dev ices 
B U X 4 8 a n d B U V 4 8 have been c o n s i d e r e d , t he 
e v a l u t a t i o n c i r c u i t is s h o w n in F i g . 3 . 

i-ig. 3 

F i g u r e 4 b shows the b e h a v i o u r of the c o l l e c t o r 
c u r r e n t s w i t h e m i t t e r res is tors a n d F i g u r e 4a 
w i t h o u t em i t t e r res is tors . Q1 has V c E ( s a t ) 0 . 4 V 
at 1 0 A / 2 A a n d Q 2 V C E ( s a t ) 1 .5V at 1 0 A / 2 A . 
F i g u r e 5 shows the p u b l i s h e d da ta f o r B U X 4 8 , 
w h e n the V B E is equa l t h e sp read o f Ic can be 
e s t i m a t e d . 

M e a s u r i n g c o n d i t i o n s are s h o w n in F i g . 6 . F r o m 
f i gu res 4a a n d 4 b it m a y be ve r i f i ed tha t the 
d e l t a Ic o f 3 . 2 A in t he u n e q u a l i z e d c o n d i t i o n is 
r e d u c e d t o neg l ig ib le va lues w h e n t w o em i t t e r 
res is tances of 0.25£2 are u s e d . 

T h e d i ss ipa ted p o w e r , c a l c u l a t e d f o r $ = 0 . 5 , is: 

P d = 2 x $ r E x l E 2 = 2 x 0 .5 x .25 x 1 0 2 = 2 5 W 

T h e m e n t i o n e d e x a m p l e can t he re fo re be c o n 
s i d e r e d as a l i m i t c o n d i t i o n , as the used samples 

5-79*6 

of B U X 4 8 s h o w V c E ( s a t ) s im i l a r t o the lowes t 
l i ke l y l i m i t a n d the m a x i m u m guaran teed va lue . 

Fig. 4a - Without emitter resistor 
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Fig. 4b - With emitter resistors 
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Fig. 6 

V C c = 3 0 0 V 
i L = 2 0 A 
I ' B 1 + I"BI = 4 A 
l ' B 2 + l " B 2 = - 8 A 

A s a genera l r u l e , w e have seen tha t a vo l tage o n 
the shar ing res is tors o f t h e same o rde r of m a g n i t u d e 
as V B E (1 - 1 . 5 V ) is s u f f i c i e n t to o b t a i n g o o d 
e q u a l i z a t i o n in t h e s a t u r a t i o n c o n d i t i o n f o r a l l t he 
dev ices . In th is case t he to ta l V c E ( o n ) b e c o m e s 
s im i la r t o t he V c E ( s a t ) o f a h igh vo l tage d a r l i n g t o n 
w h i c h has a m u c h be t te r c u r r e n t c a p a b i l i t y f o r a 
g iven s i l i c o n a r e a . T h e use o f a d a r l i n g t o n c o u l d , in 
s o m e cases , a v o i d t he need t o para l le l t r ans i s to rs . 
F o r e x a m p l e o n e S G S D 3 1 0 o f fe rs t w i c e t h e 
l c ( s a t ) o f a B U X 4 8 f o r a sma l l e r s i l i c o n a rea . 

T h e e x p e r i m e n t a l tests have been p e r f o r m e d us ing 
2 o r 3 s a m p l e s c o n n e c t e d in para l le l a n d c o n 
s ide r ing in each case 1 o r 2 t rans is to rs respec t i ve l y 
at t h e u p p e r V C E (sat) l i m i t . 

T h e m e a s u r i n g c o n d i t i o n s c o n s i d e r e d f o r B U X 4 8 
a re : 

V d c = 3 0 0 V 
I c - 1 0 A f o r each b r a n c h o f t he para l le l c o n 

n e c t i o n 
IB1 = 2 A 
l B 2 = - 2 A 

EQUALIZATION OF COLLECTOR CUR
RENT DURING SWITCHING 

A n i t em o f f u n d a m e n t a l i m p o r t a n c e in the para l l e l 
c o n n e c t i o n o f h igh vo l tage t rans is to rs is t ha t 
re la ted to t he p r o p e r o p e r a t i o n o f dev ices d u r i n g 
s w i t c h i n g . 

A s fa r as the t u r n - o n is c o n c e r n e d , t he p r o b l e m 
d o e s n ' t rea l ly e x i s t ; t he faster t rans is tors w o u l d 
t e n d t o c a r r y a l l t he l o a d c u r r e n t , bu t the c o n 
sequen t ex is t f r o m s a t u r a t i o n w o u l d d e t e r m i n e a 
l i m i t a t i o n o f t he c u r r e n t f l o w i n g t h r o u g h t h e m . 
T h i s spec ia l negat ive f e e d b a c k e f fec t a l l o w s d u r i n g 
t u r n - o n a g o o d shar ing o f t he cu r ren t in t he 
para l le l b r a n c h e s . 

D u r i n g t u r n - o f f , o n the c o n t r a r y , the cu r ren t s in 
the i n d i v i d u a l t rans is to rs c a n ' t be c o n t r o l l e d 
a n y m o r e ; the dev i ces f e a t u r i n g a longer s torage 
t i m e have t o c a r r y , a f te r t he t u r n - o f f o f t he fas ter 
t rans i s to rs , al l t h e c u r r e n t f o r c e d b y the l o a d . 

D u r i n g t he t u r n - o f f p h a s e , h igh -vo l tage t rans is to rs 
are n o r m a l l y sub jec t t o spec ia l base c o n d i t i o n s 
(high reverse base c u r r e n t r equ i red f o r fast sw i t 
ch ing ) w h i c h l i m i t s t he m a x i m u m energy t ha t 
the dev ices c a n d i ss ipa te d u r i n g th is t i m e ( E s / b ) . 
It is c lear t ha t t h e s l o w e r t rans is to rs , hav ing t o 
s w i t c h h igh c u r r e n t p e a k s , are s u b j e c t e d , d u r i n g 
th is o p e r a t i n g p h a s e , t o espec ia l l y heavy vo l tage -
c u r r e n t c o m b i n a t i o n s , a n d c o n s e q u e n t dangers o f 
o p e r a t i o n o u t s i d e t he safe R B S O A l im i t s . 

T h e e lec t r i ca l pa rame te rs tha t m o r e d i r e c t l y i n 
f l u e n c e t he t u r n - o f f (t s torage a n d t fa l l ) in h i g h -
vo l tage dev ices a re V c E ( s a t ) at w o r k i n g c o l l e c t o r 
a n d base c u r r e n t s , a n d I I F E in the ac t i ve area 
(c loser t o t h e c u r r e n t at w h i c h t he peak ga in 
o c c u r s ) . T h e t rans is to rs used in the e x p e r i m e n t a l 
w o r k have t h e r e f o r e been se lec ted no t o n l y f o r 
V C E (sat) (as seen in S e c t i o n 1 ) , b u t a lso f o r h F E -
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Fig. 7a - Resistive Load 
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Fig. 7b - Inductive load 
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F i g u r e s 7a a n d 7 b s h o w the b e h a v i o u r o f the c o l 
l e c t o r cu r ren ts at t u r n - o f f f o r t w o BUX48 t r an 
s i s t o r s , b o t h w i t h a resist ive l o a d a n d w i t h an i n 
d u c t i v e l oad (w i th " c l a m p " ) . T h e measu r i ng c o n 
d i t i o n s a n d the measu red e lec t r i ca l pa ramete rs f o r 
b o t h t rans is to rs a re : 

Measuring conditions Parameter measurements 

V d c = 3 0 0 V 
Ic 

IB1 

= 10A f o r each 
of t he para l le l 
b ranches 

= 2A 
lB2 = 2A 

h F E (4A, 5V) =20.4 
VcE (sat ) (10A,2A) = 0.6V 

h F E = (4A, 5V) =20 
VcE ( sa t ) (10A,2A) = 0.5V 

F r o m the c u r r e n t b e h a v i o u r i t is poss ib le t o ve r i f y 
t h a t because t h e t rans is to rs have been se lec ted 
s h o w i n g the same VcE ( sa t ) a n d the same h F E a 
p e r f e c t e q u a l i z a t i o n is o b t a i n e d d u r i n g s w i t c h i n g 
w i t h e i ther res ist ive o r i n d u c t i v e l o a d , w i t h o u t a n y 
spec ia l p r e c a u t i o n s . 

O n t he o t h e r h a n d , F i g . 8 s h o w s t he t u r n - o f f cu r 
ren ts f o r t w o BUX48 t r ans i s to rs , d i f f e ren t b o t h in 
ga in a n d in V c E ( s a t ) . 

T h e s e w a v e f o r m s have been o b t a i n e d b y e q u a l i z i n g 
t h e c o l l e c t o r c u r r e n t s w i t h em i t t e r resistors b u t 
w i t h o u t a n y spec ia l p r e c a u t i o n s d u r i n g the s w i t c h 
ing phase . 

T h e t rans is to r (Q5), f e a t u r i n g an h p E > 80 (at Ic 
= 1 A, V C E = 5V) a n d a V c E ( s a t ) o f 0.4V (at Ic = 
10A, I B = 2A) is s i g n i f i c a n t l y s l o w e r in "t s t o r a g e " 
w h e n c o m p a r e d t o t rans i s to r (Q6), f e a t u r i n g , in 
the same c o n d i t i o n s , an h p E o f 20 a n d V c E ( s a t ) 
of 1.4 V. 

It is c lear t ha t t h e s l o w e r t r ans i s to r (Q5) has t o 
s w i t c h a h igh c u r r e n t p e a k a n d is , as p r e v i o u s l y 
m e n t i o n e d , m o r e heav i l y s t ressed d u r i n g th is phase. 

Fig. 8 
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Fig. 9a 

Fig. 9b 

T w o poss ib le c i r c u i t p r e c a u t i o n s enab l i ng a g o o d 
shar ing o f c u r r e n t b o t h in s a t u r a t i o n a n d in s w i t c h 
ing c o n d i t i o n s a re s h o w n in F i g . 9 . These o b t a i n 
e q u a l i z a t i o n o f s to rage t i m e s even if t he t rans is to rs 
have very d i f f e r e n t s a t u r a t i o n a n d gain cha rac 
te r i s t i cs . 

A n i m p r o v e m e n t of c o l l e c t o r c u r r e n t e q u a l i z a t i o n 
a t s w i t c h i n g is o b t a i n e d b y l i m i t i n g t he spread o f 
storage t imes o f t h e t rans is to rs . T h e easiest w a y t o 
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a c h i e v e th i s is t o m i n i m i s e t he s torage t i m e so tha t 
t h e d i f fe rences b e c o m e neg l ig ib le . W h e n a t r an 
s i s to r is p reven ted f r o m go ing i n to hard s a t u r a t i o n , 
i .e. w i t h base c o l l e c t o r j u n c t i o n no t f o r w a r d 
b i a s e d , t he storage t i m e is i n h e r e n t l y very l o w . 

F i g . 10 is re la ted t o the s w i t c h i n g o f t rans is to rs Q 5 
a n d Q 6 , o b t a i n e d w i t h the c i r c u i t s h o w n in F i g . 9 a . 

F o r t he case of th ree para l le l c o n n e c t e d t rans i s to rs , 
t h e dev ices have been se lec ted so tha t t w o o f t h e m 
s h o w a l o w gain a n d a h igh V C E (sat) , t he re fo re 
b e i n g m u c h faster t han the t h i r d o n e , the la t ter 
b e i n g fea tu red b y a very h igh ga in a n d a l o w 
V c E ( s a t ) - It is c lear t ha t th is is the w o r s t case , as 
t h e la t ter t rans is tor has t o s w i t c h p r a c t i c a l l y a l l the 
l o a d c u r r e n t . 

F i g . 11 shows t h e b e h a v i o u r of the c o l l e c t o r cu r 
r en t s , in the case o f an i n d u c t i v e l o a d , f o r th ree 
B U X 4 8 t rans is to rs , se lec ted a c c o r d i n g t o t he 
p r e v i o u s c r i t e r ia . 

Measured parameters 

h F E 7 ( 1 A , 5 V ) = 5 0 
V c E ( s a t ) 7 ( 1 0 A , 2 A ) = 0 . 4 5 V 
h F E 8 ( 1 A , 5 V ) = 2 0 
V c E ( s a t ) 8 ( 1 0 A , 2 A ) = 1 .4V 
h F E 9 ( 1 A , 5 V ) = 2 0 
V c E ( s a t ) 9 ( 1 0 A , 2 A ) = 1 .4V 

Fig. 10 
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CONCLUSION 

T h e ga in cha rac te r i s t i c s i n f l u e n c e the b a h a v i o u r o f 
the para l le l c o n n e c t e d t rans is to rs b o t h d u r i n g 
sa tu ra t i on a n d s w i t c h i n g phases. T h e tests per 
f o r m e d o n B U X 4 8 dev ices s h o w tha t t h r o u g h 
s i m p l e c i r c u i t p r e c a u t i o n s a n d l i m i t e d p o w e r d is 
s ipa t i ons it is p o s s i b l e t o o b t a i n g o o d c u r r e n t 
shar ing d u r i n g t he d i f f e r e n t w o r k i n g phases. 

T o ach ieve h igh c u r r e n t dev ices m a n u f a c t u r e r s 
para l le l t r ans i s to r d i e w i t h i n one package . F o r 
e x a m p l e the B U X 9 8 is t w o B U X 4 8 d ie m o u n t e d 
in a T O - 3 p a c k a g e a n d an S G S 4 0 T A 0 4 5 is f o u r 
B U X 4 8 d ie a s s e m b l e d in the T O - 2 4 0 h igh p o w e r 
m o d u l e . N o p a r t i c u l a r p r e c a u t i o n s are requ i r ed as 
the d ie used are n e i g h b o u r s f r o m one w a f e r , c o n 
sequen t l y a l l t he i r pa rame te rs are i nhe ren t l y very 
we l l m a t c h e d . T h u s the des igner m a y t reat these 
m u l t i - c h i p dev i ces as a s ingle t rans is to r in a n y 
c i r c u i t c o n d i t i o n s . 

W i t h a su i tab le sa fe ty ma rg i n in des ign t he need 
fo r e m i t t e r ba l las t res is tors is r e m o v e d . T o ach ieve 
g o o d shar ing d u r i n g t u r n - o f f the dev ices m u s t be 
kep t o u t o f over s a t u r a t i o n , t he d a r l i n g t o n c o n n e c 
t i o n o f a dr iver t rans i s to r ach ieves th is w i t h the 
b o n u s o f inc reased f o r w a r d ga in . T h i s d e m o n s t r a t e s 
the log ic o f us ing h igh vo l tage da r l i ng tons in p lace 
o f t rans is to rs a n d tha t in t he case w h e n even h igher 
cu r ren ts are r e q u i r e d t h e pa ra l l e l i ng o f d a r l i n g t o n s 
w i l l be less c r i t i ca l t han t rans is to rs . 

187 



SECOND BREAKDOWN 
IN POWER TRANSISTORS 

O n e o f t he basic f a i l u re m a c h a n i s m s in p o w e r t ran 
s i s to rs is second b r e a k d o w n . 

U n d e r th i s t e r m , va r i ous p h y s i c a l p h e n o m e n a 
w h i c h are c o m p l e t e l y d i f f e ren t are i n c l u d e d . T h e y 
d e p e n d o n the d i f f e r e n t use o f t rans is to rs in the 
c i r c u i t s a n d have in c o m m o n the e lec t r i ca l and 
t h e r m a l i ns tab i l i t y i nhe ren t in t rans is to rs t h e m 
se lves . 

T h e c o n d u c t i o n b e h a v i o u r of an e m i t t e r base j unc 
t i o n a n d the cu r ren t gain of a t rans i s to r d e p e n d 
s i g n i f i c a n t l y o n the t e m p e r a t u r e a n d increase as a 
f u n c t i o n o f the t e m p e r a t u r e . E l e c t r i c a l a n d t h e r m a l 
i ns tab i l i t i es may s i m u l t a n e o u s l y ac t w i t h i n the 
d e v i c e , the reby g iv ing rise to des t r uc t i ve s e c o n d 
b r e a k d o w n m e c h a n i s m . 

A n u n d e r s t a n d i n g o f th is m e c h a n i s m is o f great 
i m p o r t a n c e fo r a safer a n d o p t i m u m a p p l i c a t i o n o f 
a p o w e r t rans is tor . 

A d i s t i n c t i o n s h o u l d be m a d e b e t w e e n d i r e c t 
s e c o n d b r e a k d o w n ( l s / b or m o r e c o m m o n l y S O A ) , 
w h i c h is d i s t i ngu ished by a n o r m a l d i r e c t i o n o f 
base c u r r e n t I B (en te r ing in an N P N t rans is to r ) a n d 
inve rse second b r e a k d o w n ( E s / D ) , w h e n l B is in t he 
o p p o s i t e d i r e c t i o n (ex t rac ted f r o m an N P N t ran
s i s t o r ) . T h e l im i ts t o w h i c h a t rans is to r m a y be 
u s e d w i t h o u t en te r ing i n t o E s / b are d e f i n e d b y the 
reverse bias safe o p e r a t i n g area ( R B S O A ) . 

DIRECT SECOND BREAKDOWN (ls/b) 

A n i m p o r t a n t i n f o r m a t i o n f o r the p o w e r c i r c u i t 
des igne r is the l ocus o f I c - V C E p o i n t s d e f i n i n g 
the b o u n d a r y be tween s tab le and u n s t a b l e o p e r a t i o n 
o f f o r w a r d biased t rans is to rs . T h i s l o c u s de f i nes the 
S O A (safe opera t ing area) tha t is t h e area o f t h e 

l o g i c - i o g V ' c E p i a n e w h i c h m a y be used w i t h o u t 
a n y r isk in D C c u r r e n t c o n d i t i o n s o r w i t h d i f f e r e n t 
w i d t h pu lses at a k n o w n t e m p e r a t u r e . A t y p i c a l 
S O A is s h o w n in F i g . 1. 

T h e l im i t s of th is area are the f o l l o w i n g : 

1) T h e A - B s e c t i o n represents t h e u p p e r l i m i t o f 
the c o l l e c t o r c u r r e n t tha t m a y n o r m a l l y be u s e d , 
genera l l y l i m i t e d b y w i r e b o n d s . O p e r a t i o n at 
h igher c u r r e n t s m a y cause damage t o the 
w i res o f the i r b o n d i n g . 

2) T h e B - C s e c t i o n is the -1 s lope cu rve s e c t i o n 
(i .e. the s e c t i o n w i t h c o n s t a n t d i ss i pa t i on ) 
d e f i n e d b y : 

(Tj m a x - T o ) 
V C E x I c = P m a x = 

Fig. 1 - Safe operating areas 
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T h i s s e c t i o n t h e r e f o r e i nd i ca tes the m a x i m u m 
d iss ipab le p o w e r o f the dev i ce . T j m a x is t he 
m a x i m u m t e m p e r a t u r e w h i c h the c o l l e c t o r - b a s e 
j u n c t i o n m a y r e a c h , over w h i c h the dev ice 
re l i ab i l i t y m a y be c o m p r o m i s e d . In p o w e r t ran 
s is tors , T j m a x var ies b e t w e e n 125 a n d 2 0 0 de
grees C and genera l l y d e p e n d s o n the m e t a l l u r g y 
a n d the t y p e o f package . 

R t n is t h e t h e r m a l res is tance b e t w e e n the 
c o l l e c t o r - b a s e j u n c t i o n a n d the case , i n c l u d i n g 
a l l the s i l i c o n a n d package s y s t e m . It m a y be 
observed tha t t he increase o f the m a x i m u m d is
s ipab le p o w e r w h e n the pu lse w i d t h decreases 
( F i g . 1) c o r r e s p o n d s t o the decrease o f Z t h w i t h 
respect t o R t h -

3) T h e s e c t i o n C - D c o r r e s p o n d s t o t he s e c o n d 
b r e a k d o w n p h e n o m e n o n (or l s / b ) a n d l im i t s 
the m a x i m u m p o w e r tha t t he t rans is to r c a n 
d iss ipa te . T h i s m a y o c c u r even at re la t i ve ly l o w 
V C E vo l tages. 

4) T h e sec t i on D-F is the l im i t due to the t rans is to r ' s 
B V C E O . 

s i d e r a t i o n , it m a y be seen tha t a pu l se o f p o w e r 
P F V C E x I c genera tes : 

a) an increase o f the j u n c t i o n t e m p e r a t u r e , giv
ing r ise t o an increase o f I B a n d h F E , t h re -
f o re t o an inc rease o f I c , w i t h a f o l l o w i n g in
crease o f P a n d , t h e r e f o r e , a f u r t he r t e m p e r a t u r e 
increase. 

b) a d i s s i p a t i o n t o t he ex te rna l e n v i r o n m e n t , c o n 
t r o l l e d by the t h e r m a l res is tance R t h = d T / d P 
w h i c h tends t o s tab i l i ze the dev i ce . 

T h e s i t ua t i on evo lves t o w a r d s s tab i l i t y w h e n : 

A l c 2 9 ' c 
= x V C E x R t h is sma l le r t h a n 1, o r in -

A I C i 3 T 

s tab i l i t y if > 1. 

In th is w a y , a s t a b i l i t y f a c t o r m a y be d e f i n e d 
tha t w i l l be a f u n c t i o n o f V C E a n d I c : 

9lc 
S = R t h x V C E x — ± -

S e c o n d b r e a k d o w n is genera ted b y the e lec t r i ca l 
a n d t h e r m a l i n s tab i l i t y o f t he t rans is to r . T h e m a i n 
causes of th is i n s tab i l i t y a re ; 

1) T h e V B E o f a d i r e c t l y b iased base -em i t t e r 
j u n c t i o n , at c o n s t a n t c u r r e n t , decreases l i near l y 
w i t h t e m p e r a t u r e , w i t h a <f> = 2 t o 2 . 5 m V / ° C 
s l o p e . T h e base c u r r e n t of the t rans is to r m a y 
the re fo re be exp ressed b y : 

a n d , w h e n V B E is kep t c o n s t a n t , it increases 
w i t h t e m p e r a t u r e . 

2) T h e h F E at t h e re levent vo l tage va lues increases 
as a f u n c t i o n o f t e m p e r a t u r e a c c o r d i n g t o the 
l aw : 

h F E = h F E o x e ( A E g / K T ) 

w h e r e A E g is an a c t i v a t i o n energy w h i c h is a 
fea tu re of the t rans is to r . 

3) T h e t h e r m a l c o n d u c t i v i t y o f s i l i c o n decreases 
w h e n t e m p e r a t u r e is inc reased, t he re fo re w o r s e n 
ing the t h e r m a l res is tance o f t he t rans is to r . 

W h e n these th ree p h e n o m e n a are t a k e n i n t o c o n -

W h e n S > 1 so c a l l e d " t h e r m a l r u n w a y " o c c u r s a n d 
the j u n c t i o n t e m p e r a t u r e increases w i t h o u t a n y 
l i m i t , t he re fo re deg rad ing a n d p o s s i b l y d a m a g i n g 
the t rans is to r . T h e f a i l u re genera l l y o c c u r s w h e n 
the sur face t e m p e r a t u r e b e c o m e s greater t h a n the 
eu tec t i c t e m p e r a t u r e b e t w e e n s i l i con a n d the 
c o n t a c t meta l ( f ron t a l u m i n i u m ) w i t h a c o n s e q u e n t 
m e l t i n g o f the a l l o y . 

A l s o , it m a y h a p p e n tha t a l o c a l i z e d t e m p e r a t u r e 
increase damages the c r y s t a l , o r t ha t t he inner 
t e m p e r a t u r e of t he dev i ce reaches va lues h igh 
e n o u g h t o m e l t t h e s i l i c o n . 

F o r t h e u n d e r s t a n d i n g o f l s / b p h e n o m e n a g iv ing 
rise to a r e d u c t i o n o f t he m a x i m u m p o w e r tha t 
t he t rans is to r c a n d i ss ipa te as V C E increases ( zone 
D - E) it is necessary t o t ake i n to a c c o u n t tha t 
dev ice o p e r a t i o n i sn ' t h o m o g e n e o u s o n a l l t h e d i c e 
area. T h e r e are d i s u n i f o r m i t i e s in the e m i t t e r base 
c u r r e n t d e n s i t y , tha t m a y be due to j u n c t i o n 
d i s u n i f o r m i t i e s , c r ys ta l de fec ts a n d , m o s t o f a l l . 
t o the em i t t e r edge c o n c e n t r a t i o n p h e n o m e n o n . 

T h e vo l tage d r o p d u e t o the base c u r r e n t f l o w i n g 
t h r o u g h the c ross res is tance r b b ' gives r ise to a 
d i s u n i f o r m i t y of V B E at the j u n c t i o n , t he re fo re 
t o t he d i s u n i f o r m i t y o f the c u r r e n t d e n s i t y J E 
(see F i g . 2 ) . 



A s ide d r o p of 2 6 m V reduces b y a 1/e f a c t o r t he 
i n j e c t e d emi t te r c u r r e n t . 

A c o n c e n t r a t i o n is t h e r e f o r e genera ted o f t h e cu r 
r en t at t h e emi t te r p e r i p h e r y , t he re fo re t h e ac t i ve 
s i l i c o n a rea is r educed a n d h o t spo ts o c c u r , l ead ing 
t o an e f fec t i ve increase o f t h e t h e r m a l res is tance. 
A s a resu l t , the m a x i m u m d i ss i pab le p o w e r is 
d e c r e a s e d . 

W h e n V C E is i nc reased the e f fec t o f t h e base -
c o l l e c t o r e lec t r i c f i e l d is t o increase the base cu r 
r en t c o n c e n t r a t i o n . 

D i f f e r e n t t echn iques m a y be a d o p t e d t o l i m i t 
t h e l s / b p h e n o m e n o n . F u n d a m e n t a l l y , t h e y cons i s t 
o f m i n i m i s i n g the m e c h a n i s m s tha t t r igger e lec t r i ca l 
a n d t h e r m a l ins tab i l i t i es in t he t rans is to r . T h e bas ic 
t e c h n i q u e s are: 

1) M i n i m i z a t i o n o f c r y s t a l damages , m e t a l im 
p u r i t i e s and o f d o p i n g d i s u n i f o r m i t i e s . 

2) O p t i m i z a t i o n o f p a c k a g e a n d d i e a t t a c h t e c h 
n i q u e s , to m i n i m i z e the t h e r m a l res is tance o n 
w h i c h the s t a b i l i t y f a c t o r S d e p e n d s . D i s u 
n i f o r m i t i e s o f s i l i c o n d i e b o n d i n g s t o t h e case 
m a y g ive rise t o adverse va r i a t i ons o f R t h as a 
m a c r o s c o p i c p a r a m e t e r f o r t h e d i c e as a w h o l e , 
b u t a lso to s ign i f i can t va r i a t i ons b e t w e e n d i f f e r 
en t p o i n t s , g iv ing r ise t o p r e m a t u r e s e c o n d break
d o w n . 

3) Increase of t he base t h i c k n e s s t o r e d u c e the 
h igh cu r ren t dens i t i es (due t o e m i t t e r c r o w d i n g ) 
f l o w i n g t h r o u g h t h e c o l l e c t o r base j u n c t i o n 
(where the e l ec t r i c f i e l d is l o c a l i z e d ) , so t ha t 
t h e d e n s i t y o f t h e d i ss ipa ted p o w e r is d e c r e a s e d . 
H i g h base th i cknesses , h o w e v e r , w i l l resu l t in 
l o w e r c u t o f f f r e q u e n c i e s a n d s l o w e r s w i t c h i n g 
t i m e s . 

4) O p t i m i z a t i o n o f t he h o r i z o n t a l g e o m e t r y . 

5) I n t r o d u c t i o n of d i s t r i b u t e d ba l las t res is tances 
c o n n e c t e d in ser ies w i t h t h e base , t h e e m i t t e r 
o r b o t h , w h i c h t e n d t o g ive a negat ive f e e d b a c k 
t o t h e r m a l r u n a w a y , t h e r e f o r e s t a b i l i z i n g t h e 
d e v i c e . F i g . 3 s h o w s the J E / V B E c h a r a c t e r i s t i c 
cu r ves f o r t w o p o i n t s in t h e j u n c t i o n , at d i f 
f e r e n t t empera tu res ( T 2 > T 1 ) . 

Fig. 3 

S-8076 

It m a y be seen t h a t t h e i n t r o d u c t i o n o f a ba l las t 
res is tance in ser ies w i t h the base or t he e m i t t e r 
m a y r e d u c e f r o m J3 t o J2 the c u r r e n t d e n s i t y in 
t he h o t spo t . 

T h e e m i t t e r ba l l as t res is tance is genera l l y o b t a i n e d 
b y o p e n i n g e m i t t e r c o n t a c t s t h i n n e r t h a n the 
em i t t e r s t r ip ( F i g . 4 ) . 

In th i s w a y it is p o s s i b l e t o l i m i t t he c u r r e n t d e n s i t y 
at t h e b o u n d a r i e s o f t he e m i t t e r . These res is tances 
s h o w the d r a w b a c k o f i nc reas ing the s a t u r a t i o n 
vo l tage o f t h e t r ans i s t o r b y the a m o u n t V c E s a t 
= R E X I c s a t . 

O n the o t h e r h a n d , t h e base ba l las t res is tance is 
o b t a i n e d t h r o u g h a " N + p o c k e t " ( in t h e case o f 
N P N ) , a r o u n d t h e e m i t t e r area (see F i g . 5 ) . T h i s 
N + d i f f u s i o n , b e i n g u n b i a s e d , c a n ' t be t raversed 
b y the base c u r r e n t , t ha t is t he re fo re f o r c e d t o 
f l o w b e l o w the N + t h r o u g h a sma l l sec t i on a n d , in 
the case o f a d i f f u s e d base, e n c o u n t e r s a h igher 
res is tance o n the w a y t o t he edge o f t he em i t t e r . 
In th i s w a y , it is p o s s i b l e t o s i gn i f i can t l y i m p r o v e 
l s / b . 

It s h o u l d be n o t e d tha t t h e S O A l im i t s a re t e m 
pe ra tu re d e p e n d a n t a n d su i t ab le de ra t i ng m u s t 
be a p p l i e d . 
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REVERSE SECOND BREAKDOWN 

T h e reverse b r e a k d o w n p h e n o m e n o n (Es /b ) is a lso 
d u e t o t h e r m a l a n d e lec t r i ca l i ns tab i l i t y o f t he 
t rans i s to r . A s a l r eady m e n t i o n e d , i t is d i s t i n g u i s h e d 
f r o m U / b by t h e p resence o f a reverse I B ( i .e. 
w i t h a d i r e c t i o n o p p o s i t e t o t h e n o r m a l d i r e c t i o n 
o f a t rans i s to r o p e r a t i n g in t h e ac t i ve zone) a n d b y 
h i g h V C E va lues of t he t rans is to r . T h e d e v i c e m a y 
be in these w o r k i n g c o n d i t i o n s d u r i n g t u r n o f f 
w i t h an i n d u c t i v e l o a d . 

In t h e f o l l o w i n g f i gu re ( F i g . 6) t h e c o m m o n e m i t t e r 
c h a r a c t e r i s t i c cu rves f o r a t r ans i s to r are s h o w n . 

Fig. 6 

Fig. 8 

CBO 

Fig. 7 

_ T L o 

It m a y be easy t o u n d e r s t a n d the b e h a v i o u r o f 
these cu rves w h e n the c o m m o n em i t t e r ga in ex
p ress ion is c o n s i d e r e d : 

h F E = a F /1 - a F (D 

f o r h igh V C E va lues , a F is rep laced w i t h M x a F . 
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F o r l o w V C E va lues , M is an i ns i gn i f i can t f a c t o r , 
b e i n g very c lose t o 1. M increases w h e n V C E is 
i nc reased a c c o r d i n g t o t h e f o l l o w i n g e x p r e s s i o n : 

c o n s t a n t o f s i l i c o n . W h e n the c o l l e c t o r c u r r e n t is 
l i m i t e d t o l o w v a l u e s , e x p r e s s i o n (3) b e c o m e s (q 
be ing t h e e l e c t r o n c h a r g e ) : 

M = 

1 - ( V C E / 8 V c B O ) n 

(2) 

F r o m exp ress ion (1) a n d (2) it is ev iden t t ha t 
h F E d e p e n d s o n V C E , b e c o m i n g i n f i n i t e w h e n 
M x a F = 1 ( B V C E O ) . 

T h e negat ive s lope s e c t i o n , w h i c h is a fea tu re o f 
t h e cu rves w i t h I B < 0 is d u e t o t he f ac t t ha t a F 
decreases at l o w va lues o f t h e e m i t t e r c u r r e n t . 

D u r i n g t u r n of f w i t h an i n d u c t i v e l o a d , t he t r an 
s i s to r has t o opera te w i t h negat ive base c u r r e n t a n d 
a h igh va lue of I c . It has o f t en t o reach a w o r k i n g 
area above V C E O , r e m a i n i n g there a l l the t i m e 
r e q u i r e d f o r the i n d u c t a n c e t o be d i scha rged (see 
F i g . 7 ) . F i g . 8 s h o w s t h e b e h a v i o u r s o f I c , V C E , 
I B a n d t h e p o w e r d i ss ipa ted b y the t rans i s to r 
d u r i n g t u r n of f . 

T h e area o f the d i ss ipa ted p o w e r c o r r e s p o n d s t o 
t h e energy s to red b y t h e i n d u c t a n c e 1/2 x L x I 2, 
w h i c h is d i scharged i n to the t rans is to r a n d t h i s is 
c a l l e d s e c o n d b r e a k d o w n energy ( E s / b ) . 

S i m i l a r y t o l s / b , the vo l tage d r o p due t o the 
reverse I B f l o w i n g t h r o u g h the s ide res is tance r b b ' 
m a k e s the cent re o f t he e m i t t e r s t r i p m o r e b iased 
t h a n i ts p e r i p h e r y ( F i g . 9 ) . In t h i s w a y , a c u r r e n t 
c o n c e n t r a t i o n occu rs at t h e e m i t t e r c e n t r e . 

9 E 

ax 
q N o 

(4) 

a n d the e lec t r i c f i e l d b e h a v i o u r is s im i l a r t o t h a t 
s h o w n in f i gu re 1 0 f o r Jc = J ' l . 

Fig. 10 

CRITICAL FIELO 

Fig. 9 

L e t ' s ana l yse the case o f an N P N t rans is to r w i t h 
d i f f u s e d base a n d e p i t a x i a l c o l l e c t o r , i.e. w i t h 
c o n s t a n t c o n c e n t r a t i o n N D o f d o n o r s d o p i n g 
pa r t i c l es . 

P o i s s o n ' s e q u a t i o n is reca l led b e l o w : 

_9_E_ 
ax 

a 2 v 
ax 2 = 

P(x) 
e 

(3) 

T h e vo l tage V C B ( = V C E ) is t ha t g iven b y t h e area 
o f the E - X g raph a n d is sma l l e r t h a n p r i m a r y 
b r e a k d o w n v o l t a g e , d u e to t he reach ing o f c r i t i c a l 
f i e l d E C r . In t he p resence o f s ign ig ican t va lues o f 
c u r r e n t d e n s i t y J c , t he e x p r e s s i o n (4) is m o d i f i e d 
due t o t he n c o n c e n t r a t i o n o f e lec t rons f l o w i n g at 
the speed V t h r o u g h the d e p l e t i o n layer . 

_ajE_ 

ax 
q ( N D - n) 

w h e r e n = 
Jc 
q V 

(5) 

T h e X ax i s is no rma l to the s i l i c o n d i c e su r f ace , p (x) 
is t h e charge per u n i t v o l u m e , e is the d i e l ec t r i c 
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A t c o n s t a n t V C B , t he area l i m i t e d b y E has t o 
r e m a i n c o n s t a n t . W h e n Jc increases, the E - X s l ope 
var ies (J'2) u n t i l i ts s ign is c h a n g e d (J'3) a n d E c r 
is reached (J'cr). A t th is p o i n t ava lanche m u l t i 
p l i c a t i o n o c c u r s l o c a l l y o f e l ec t ron - ho le pa i rs 
w i t h an u n c o n t r o l l e d c u r r e n t increase a n d so 
a s t r ip is f o r m e d w i t h a v e r y h igh t e m p e r a t u r e t ha t 
gives r ise t o e i the r c r i s ta l d a m a g e o r s i l i c o n m e l t i n g . 
Poss ib le c r y s t a l d e f e c t s , m e t a l i ons , j u n c t i o n 
d i s u n i f o r m i t i e s jus t f u r t h e r exagera te th is p h e n o m 
e n o n . T h e a v a l a n c h e m u l t i p l i c a t i o n is a ve ry fast 
a n d ve r y l o c a l i z e d p rocess , t he re fo re the dev i ce 
rema ins e x t e r n a l l y c o l d . T h e E s / b b e h a v i o u r isn ' t 
p r a c t i c a l l y i n f l u e n c e d b y the d i e b o n d i n g q u a l i t y . 
H igh E s / b va lues c a n be o b t a i n e d w i t h a p r o p e r 
des ign o f g e o m e t r y , t o l i m i t t h e c u r r e n t c r o w d i n g 
a n d , m o s t o f a l l , b y i nse r t i ng a s e c o n d e p i t a x i a l 
layer N o f i n t e r m e d i a t e d o p i n g b e t w e e n the c o l 
l ec to r a n d t h e subs t ra te , 

T h e i n t e r m e d i a t e l aye r c reates the c o n d i t i o n s h o w n 
in F i g . 1 1 . W h e n the c u r r e n t dens i t y increases 
(J'2) t h e e lec t r i c f i e l d a t t h e i n te r face N " / N is i n -



Fig. 11 

c r e a s e d . A n y w a y , be fo re t he c r i t i ca l f i e l d E c r is 
r e a c h e d a t t h i s i n t e r f a c e , t h e c o n t r i b u t i o n o f 
l a y e r N b e c o m e s s i gn i f i can t in sus ta in ing t h e vo l t 
age. A f u r t h e r d e n s i t y inc rease (J'3) reduces t he 
e l e c t r i c f i e l d at t he in te r face N ~ / N a n d the b reak 
d o w n isn ' t t r iggered u n t i l t he c r i t i c a l f i e l d is 
r e a c h e d at i n te r face N / N + , 

F o r a g o o d p o w e r t rans i s to r w i t h V c E O ( s u s ) = 
4 5 0 V the c u r r e n t d e n s i t y J ' r c c o r r e s p o n d i n g t o 
E c r is in t he o r d e r o f 2 0 A / m m 2 , greater b y a f a c t o r 
1 0 w h e n c o m p a r e d t o t he average c u r r e n t d e n s i t y , 
g i v e n b y the ra t i o b e t w e e n m a x i m u m s a t u r a t i o n 
c u r r e n t a n d e m i t t e r a rea . 

T h e E s / b b e h a v i o u r is a lso i n f l u e n c e d b y the c o n 
d i t i o n s o u t s i d e t h e t r ans i s to r , R B E , V B E , L . 

T h e base c o n d i t i o n s are espec ia l l y i m p o r t a n t , as 
t h e y regu la te t he c r o w d i n g p h e n o m e n o n . 

Fig. 12 (a) 

T h e m o s t c o m m o n l y used s y s t e m b y p o w e r des ign 
ers to r e d u c e t h e E s / b e f f ec t d u r i n g t u r n o f f w i t h 
i n d u c t i v e l oad is a c l a m p i n g o r ' s n u b b e r ' c i r c u i t , 
t h a t l i m i t s t h e v o l t a g e p e a k b e t w e e n c o l l e c t o r a n d 
e m i t t e r . 

T h e p resence o f the c l a m p i n g c i r c u i t ( in F i g . 12 
f o r sake o f s i m p l i c i t y i t is s c h e m a t i z e d w i t h a z e n e r 
d i ode ) a l l o w s o n l y a m i n i m a l a m o u n t o f t he ene rgy 
s to red in the i n d u c t a n c e t o be a b s o r b e d b y the 
t rans is to r , a n d E s / b b e c o m e s i n d e p e n d e n t o f t h e 
va lue o f L a n d p r a c t i c a l R B S O A l i m i t s m a y be 
d e f i n e d . 

It m u s t be n o t e d a n y w a y tha t the p resence o f h igh 
V C E a n d nega t i ve I B c u r r e n t m a y give r ise a t h igh 
c u r r e n t t o t he p r e v i o u s l y d e s c r i b e d E s / b p h e n o m 
e n o n , even in t h e p resence o f t he c l a m p i n g c i r c u i t . 

T h e m u l t i e p i t a x i a l t rans is to rs s h o w a be t te r be
hav iou r even in t h e p resence o f a c l a m p . 

T h e reverse b i a s safe o p e r a t i n g area ( F i g . 13) 
es tab l ishes t he m a x i m u m s w i t c h a b l e c u r r e n t w i t h 
i n d u c t i v e load versus c l a m p i n g vo l tage in ve ry 
harsh base c o n d i t i o n s t h a t s i m u l a t e t he real base 
d r i v i n g c o n d i t i o n s in t he c i r c u i t s . 

N o t e t ha t t he t e m p e r a t u r e is n o t a m a j o r f a c t o r in 
the E s / b a n d so t h e R B S O A ra t ing c a n be c o n s i d e r e d 
t o be i n d e p e n d e n t o f t e m p e r a t u r e . 

Fig. 13 
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CONCLUSION 

S e c o n d b r e a k d o w n p e r f o r m a n c e is a f u n c t i o n o f 
t rans is to r t e c h n o l o g y a n d c a n n o t a l w a y s be i m 
p r o v e d w i t h o u t s o m e t r ade -o f f in o the r pa ramete rs . 
T h e a p p l i c a t i o n c o n d i t i o n s have a c o n s i d e r a b l e 
e f fec t o n b o t h l s / b a n d E s / b c a p a b i l i t y . 
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AN INTRODUCTION TO POWER MOS 

A P O W E R M O S t rans is to r is a p o w e r t rans is to r 
p r o d u c e d w i t h M O S , a n d n o t t he usua l b i p o l a r 
t e c h n o l o g y . 

S p e c i a l charac te r i s t i cs are h igher s w i t c h i n g speeds 
a n d easier d r i v i ng . T h i s i n t r u d u c t o r y no te descr ibes 
t h e essent ia l po in ts of t he M O S s t r u c t u r e w h e n 
u s e d fo r p o w e r dev ices . 

o n e s e m i c o n d u c t o r l aye r (S f o r s e m i c o n d u c t o r ) 
w h i c h sw i t ches o n o r o f f d e p e n d i n g o n the e lec
t r i ca l f i e l d i m p o s e d o n it b y the c o n t r o l e lec
t r ode t h r o u g h t h e o p e n i n g in t he P z o n e o f a 
c o n d u c t i v e c h a n n e l b e t w e e n t h e t w o z o n e s . 

WHAT DOES POWER MOS MEAN ? 

WHAT DOES MOS MEAN ? 

It m e a n s tha t the essent ia l par t ( the s i l i c o n c h i p ) o f 
t he dev i ce is made up o f th ree laye rs : 

— o n e c o n d u c t i v e layer (M f o r me ta l ) tha t is the 
c o n t r o l (drive) e l e c t r o d e 

— o n e iso la t ing layer ( 0 f o r o x i d e ) tha t p reven ts 
a n y cu r ren t f l o w f r o m the d r i ve e l e c t r o d e t o 
t h e o the r t w o e l ec t r odes , b u t does no t b l o c k 
t h e e lec t r i c f i e l d 

F i g . 1 s h o w s tha t t h e dev i ce is t o t a l l y i m p l e m e n t e d 
o n the c h i p s u r f a c e . In o t h e r w o r d s b o t h the o n 
a n d o f f states are i m p l e m e n t e d in a h o r i z o n t a l 
p l a n e : 

— the O N S T A T E i.e. t he res idua l res is tance w h e n 
in t h e o n s ta te c o r r e s p o n d s t o c o n d u c t i o n o n 
the t o p sur face o f t h e s i l i c o n 

— the O F F S T A T E i.e. t he d e p l e t i o n reg ion o f 
one o f t he t w o P N j u n c t i o n s , w i t h its res is t iv i ty 
a n d l e n g t h , g ives t h e dev i ce i ts vo l tage ra t ing . 

W i t h the present t e c h n o l o g y the " o n the s u r f a c e " 
a p p r o a c h a l l o w s the p r o d u c t i o n o f M O S t rans is to rs 

Fig. 1 - MOS basic structure 

I SEMICONDUCTOR 
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t ha t c a n h a n d l e tens o f vo l ts a n d m i l i a m p e r e s (as 
in M O S m i c r o p r o c e s s o r s o r in M O S m e m o r i e s ) . A 
p o w e r t rans i s to r mus t be ab le t o hand le no less 
t h a n a f e w amperes at vo l tages o f 5 0 - 1 0 0 V o r 
h igher . T h e a p p r o a c h o f several dev ices " o n the 
s u r f a c e " c o n n e c t e d in para l le l is u n s u i t a b l e d u e t o 
t he p r o b l e m s o f excess ive c o n n e c t i o n s , as each ce l l 
w o u l d have th ree t e r m i n a l s . 

T h e best s o l u t i o n is t o e x p l o i t t h e s e m i c o n d u c t o r 
b o t h v e r t i c a l l y as we l l h o r i z o n t a l l y . T h e pa ra l l e l i ng 
of one o f t h e t w o N d o p e d reg ions o f al l t he 
e l e m e n t a r y s t ruc tu res in para l le l o c c u r s o n the 
b o t t o m face o f t h e s e m i c o n d u c t o r . 

A t t he same t i m e , t he P N j u n c t i o n tha t i m p l e m e n t s 
the o f f p e r f o r m a n c e (its length c o r r e s p o n d s to the 
vo l tage ra t ing o f the dev ice) c a n be p o s i t i o n e d 
v e r t i c a l l y , a n d so a v o i d i n g the was te o f h o r i z o n t a l 
space. T h e c h a n n e l m u s t be sho r t (1 t o 2 m i c r o n s ) t o 
o b t a i n cha rac te r i s t i cs o f p rac t i ca l in te res t . 

A s a resu l t , t he P O W E R M O S dev i ce cons is ts o f 
m u l t i - M O S bas ic ce l l s , w i t h a l l the N + t y p e 
S O U R C E z o n e s c o n n e c t e d in pa ra l l e l o n the t o p 
s ide o f t he s e m i c o n d u c t o r c h i p , as are the ce l l 
G A T E S . T h e c o m m o n subs t ra te o f t he c h i p f o r m s 
the D R A I N . 

THE POSSIBLE STRUCTURES 

F igu res 2 , 3 a n d 4 s h o w the c h r o n o l o g i c a l p r o 
gress ion o f t he d i f f e ren t s o l u t i o n s used in t he in
d u s t r y t o i m p l e m e n t t he e l e m e n t a r y P O W E R M O S 
s t ruc tu res . 

T h e P d o p e d s e m i c o n d u c t o r area tha t appears o n 
the sur face o f t h e s e m i c o n d u c t o r in f r o n t o f the 
meta l e l e c t r o d e is the c h a n n e l . T h e r e is an N " 

Fig. 2 - V-Groove structure 

VMOS 

SOURCE .GATE 

Fig. 3 - U-Groove structure 
UMOS 

SOURCE GATE 

Fig. 4 D-MOS structure 
DMOS 

SOURCE. GATE 

N + J 

Fig. 5 - SGS POWER MOS cell structure 
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l a y e r w i t h l o w d o p i n g (h igh res is t iv i ty ) o n o n e s ide 
o f the channe l . T h i s N layer b e c o m e s d e p l e t e d 
w h e n the vo l tage is a p p l i e d to t he dev i ce , and 
c o n s e q u e n t l y a l lows the dev i ce t o sus ta in a p p l i e d 
vo l t ages w i t h o u t reach ing t o o h igh an e lec t r i c f i e l d 
at a n y p o i n t of the c h i p . 

R e a c h i n g the cr i t i ca l f i e l d means reach ing the p o i n t 
o f vo l t age b r e a k d o w n (p r ima ry b r e a k d o w n ) . 

" V " and " U " t ype s t ruc tu res have been a b a n d o n e d 
because the p r o d u c t i o n p rocess is b o t h d i f f i c u l t 
a n d c r i t i c a l . N o w a d a y s p r a c t i c a l l y al l P O W E R M O S 
are o f the D type as s h o w n in F i g . 4 . D as a p re f i x 
m e a n s tha t the c h a n n e l is p r o d u c e d b y d i f f u s i o n . 

A l l t he dev ices have in c o m m o n the fac t tha t t he 
c u r r e n t traverses the dev i ce v e r t i c a l l y , as a c o n 
s e q u e n c e t w o e lec t rodes appear o n the su r face : 

- S O U R C E 

- G A T E 

a n d o n e e lec t rode appears o n the b o t t o m : 

- D R A I N 

F i g . 5 shows the ac tua l s t r uc tu re o f an S G S 
P O W E R M O S in an e x p a n d e d v i e w o f a p iece o f 
t he c h i p . A l l the i m p o r t a n t e l emen ts can be l oca ted 
in t h e f i gu re . 

HIGH VOLTAGE POWER MOS 

O n e o f the most i m p o r t a n t q u e s t i o n s the c i r c u i t 
des igners ask P O W E R M O S m a n u f a c t u r e s is : " W h y 
d o y o u have very h igh vo l tage b i p o l a r dev ices bu t 
n o t h igh vo l tage P O W E R M O S ? " . 

T o answer th is q u e s t i o n it is use fu l to r e m e m b e r 
an i m p o r t a n t p h e n o m e n o n tha t appears in a b i p o l a r 
d e v i c e and no t in a P O W E R M O S dev i ce . 

F i g . 6 A schemat i c d i ag ram of a b i p o l a r dev i ce in 
t he s a t u r a t i o n reg ion. 

Fig. 6 
N P N 

I 1 1 1 

A O 1 

S-8088 

c o n s e q u e n t l y its n o - c u r r e n t res is tance, c o r r e s p o n d s 
t o the vo l tage ra t ing o f t he dev i ce . 

S i n c e a S G S P O W E R M O S dev i ce is a u n i p o l a r 
(ma jo r i t y carr ier ) b y d e f i n i t i o n it is ve ry fast in 
s w i t c h i n g . 

A s a c o n s e q u e n c e in a P O W E R M O S there is no 
m o d u l a t i o n o f the c o n d u c t i v i t y and the d r a i n re
s is t i v i t y rema ins at t he same va lue as its e p i t a x i a l 
s p e c i f i c a t i o n imp l i es . 

T h e c u r r e n t f l o w s t h r o u g h t w o res is tances: 

1) Res i s tance of c h a n n e l ( R - c h a n n e l ) 

2) Res i s tance of d r a i n ( R - d r a i n ) 

S o , if t he t w o dev i ces have : 

— s im i l a r ep i t ax ia l spec , to guaran tee the same 
b r e a k d o w n vo l tage ( B v C E S fo r B I P O L A R , 
V ( B R ) D S S f o r P O W E R M O S ) 

— same c h i p a rea , t o guaran tee the same c u r r e n t 
f l o w t h e y w i l l s h o w the f o l l o w i n g o u t p u t 
cha rac te r i s t i cs ( F i g . 7 ) . 

Fig. 7a - POWER MOS SGSP361 
V(BR)DSS= 100V 

5A per vertical div. 

500mV per horizontal div 

2V per step 

gm =2.5 mho 

Fig. 7b- BIPOLAR 2N5039 (BVCEO = 75V, 
BVCES = 120V, same die size) 

5A per vertical div. 

500mV per horizontal div. 

T h e N c o l l e c t o r is invaded b y the N car r ie rs c o m i n g 
f r o m the base and its res is t i v i t y is m o d u l a t e d . T h e 
res is t i v i t y o f the N c o l l e c t o r l aye r is g rea t l y r e d u c e d 
d u e t o the invas ion o f these m i n o r i t y car r ie rs . 

A b i p o l a r t rans is tor is f u l l y sa tu ra ted w h e n the 
m i n o r i t y carr iers f r o m the base have t o t a l l y i n 
v a d e d the co l l ec to r . F o r b o t h b i p o l a r a n d S G S 
P O W E R M O S devices the c o l l e c t o r is an e p i t a x i a l 
s i l i c o n laye r of h igh res is t i v i t y . Its t h i c k n e s s , and 

T h e vo l tage d r o p in S G S P O W E R M O S is greater 
t han in b i p o l a r dev i ces . If t he t h i ckness o f t he 
ep i t ax i a l layer is i nc reased t o raise the b r e a k d o w n 
vo l tage , th is is p a r t i a l l y c o m p e n s a t e d b y the c o n 
d u c t i v i t y m o d u l a t i o n p h e n o m e n o n in t he b i p o l a r 
dev ices w h i l e in P O W E R M O S th i s c a n n o t o c c u r . 
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Fig. 8 - Shows the output characteristics for 
POWER MOS: SGSP361 V(BR)DSS= 100V 
SGSP363 V(BR)DSS = 200V, same die 
size. 

500mV per horizontal div. 

gm = 2 5 mho 

Fig. 9- Shows the output characteristic for 
BIPOLAR: 2N5039 (BVCEO = 75V, 
BVCES = 120V), BUX41N (BVCEO = 
160V, BVCES = 220V, same die size) 

5A per vertical div. 

500m V per horizontal div. 

In an S G S P O W E R M O S the increase o f the vo l tage 
d r o p - d u e t o t h e increase o f R D S ( o n ) is m u c h 
m o r e a c c e n t u a t e d t h a n in a b i p o l a r d e v i c e . It is 
poss ib le t o d e s c r i b e the increase o f R D S ( o n ) versus 
the b r e a k d o w n vo l tage us ing the f o l l o w i n g l a w : 

V k 
R D S ( o n ) ( V ) = R D S ( o n ) ( V o ) x ( - - — ) 

V o 
w h e r e K is a c o e f f i c i e n t w h o s e va lue d e p e n d s o n 
the vo l tage va lues at w h i c h the c o m p a r i s o n is 
m a d e : 

K = 1.8 at l o w vo l tage ( 5 0 - 1 0 0 V ) 

K = 2 . 5 at h igh vo l tage ( 5 0 0 V ) 

K = 2 .7 at vo l tages h igher t h a n 5 0 0 V 

T o increase the S G S P O W E R M O S b r e a k d o w n vo l t 
age f r o m 5 0 0 V t o 1 0 0 0 V w e have t o c o m p u t e : 

IA per step 

R D S ( o n ) d O O O V ) 

/ 1 0 0 0 V y. 
X V 5 0 0 V ' 

R D S ( o n ) ( 5 0 0 V ) x 

7.3 x R D S ( o n ) ( 5 0 0 V ) 

T o c o m p e n s a t e f o r t he increase o f R D S ( o n ) it is 
necessary to inc rease the c h i p area at least t w o o r 
th ree t i m e s . T h i s leads t o t he f o l l o w i n g p r o b l e m s : 

1) T h e c h i p is m u c h m o r e expens i ve . F o r t he same 
c h i p area a S G S P O W E R M O S is m o r e expens i ve 
t han a b i p o l a r , it is easy t o u n d e r s t a n d tha t if 
the d ie s ize we re inc reased the S G S P O W E R 
M O S w o u l d be even m o r e expens i ve . 

2) T h e a b o v e s o l u t i o n c o u l d o n l y be u s e d f o r sma l l 
c h i p s , because if b ig c h i p s w e r e f u r t h e r en la rged 
t h e y w o u l d be t o o b ig t o p r o d u c e a n d assemb le . 

3) T h e dev i ce w o u l d be d i f f i c u l t to d r i ve . In fac t 
the greater t h e c h i p area the greater t he i n p u t 
c a p a c i t a n c e o f the d e v i c e . T o charge a n d 
d ischarge th i s c a p a c i t a n c e , it is necessary t o 
s u p p l y h igh c u r r e n t peaks at the gate. 

S o in t he range o f h igh vo l tage a p p l i c a t i o n s b i p o l a r 
dev ices w i l l c o n t i n u e t o be used in t he f u t u r e , 
w h i l e S G S P O W E R M O S w i l l be used m u c h m o r e 
f r e q u e n t l y in l o w to m e d i u m vol tages a n d ve ry fast 
s w i t c h i n g a p p l i c a t i o n s w h e r e the bene f i t s o f l o w e r 
s w i t c h i n g losses c o m p e n s a t e the h igher dev ice cos t . 
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COMPARISON OF SGS POWER MOS AND 
BIPOLAR POWER TRANSISTORS 

It is h i gh l y p red i c tab le t ha t in the near f u t u r e S G S 
P O W E R M O S w i l l , in m a n y a p p l i c a t i o n s , g r a d u a l l y 
r ep lace p o w e r b i p o l a r dev ices d u e t o t he n u m e r o u s 
advan tages they o f f e r . 

T a b l e 1 l ists the p r i n c i p a l d i f f e rences b e t w e e n 
S G S P O W E R M O S a n d b i p o l a r t rans is to rs . In a d 
d i t i o n t o thei r i nhe ren t h igh s w i t c h i n g speed 
resu l t i ng f r o m the lack o f m i n o r i t y car r ie r i n j e c t i o n 
d u r i n g o p e r a t i o n , S G S P O W E R M O S w i t h the i r 
i n s u l a t e d gates requ i re neg l ig ib le i n p u t ga te -d r i ve 
c u r r e n t . O t h e r advantages are re la ted t o t he nega
t i ve t empe ra tu re c o e f f i c i e n t o f t he i r c u r r e n t , w h i c h 

p reven ts t h e f o r m a t i o n o f t h e r m a l ins tab i l i t i es a n d 
m a k e s the pa ra l l e l i ng o f dev ices m u c h m o r e re l i ab le . 
In c o n t r a s t , b i p o l a r t rans is to rs requ i re ba l l as t i ng 
o r c a r e f u l d e v i c e m a t c h i n g t o p reven t t h e r m a l 
r u n w a y . 
O n l y in h igh vo l t age cases is S G S P O W E R M O S 
on - res i s tance h igher t h a n in b i p o l a r t rans is to rs . 

T h i s leads t o s l i gh t l y larger s teady state p o w e r 
d i s s i p a t i o n a n d c o u l d o f f se t the advantages. T h e 
p rospec t s f o r S G S P O W E R M O S appear b r i gh t in 
m a n y h igh f r e q u e n c y a p p l i c a t i o n s w h e r e s w i t c h i n g 
losses b e c o m e ve ry h igh f o r b i p o l a r dev ices . 
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Table 1 - Comparison of MOS and bipolar power transistors 

M O S B I P O L A R 

M a j o r i t y - c a r r i e r dev i ce M i n o r i t y - c a r r i e r d e v i c e 

N o charge-s to rage e f fec ts Cha rge s to red in t h e base a n d c o l l e c t o r 

H i g h s w i t c h i n g speed less t e m p e r a t u r e sens i t ive 
t h a n b i p o l a r dev ices 

L o w s w i t c h i n g s p e e d t e m p e r a t u r e sensi t ive 

D r i f t cu r ren t (fast p rocess) D i f f u s i o n c u r r e n t (s low process) 

V o l t a g e d r i ven C u r r e n t d r i ven 

P u r e l y capac i t i ve i n p u t i m p e d a n c e ; n o dc 
c u r r e n t r equ i r ed 

L o w i n p u t i m p e d a n c e ; d c c u r r e n t requ i red 

S i m p l e d r i ve c i r c u i t r y C o m p l e x d r i ve c i r c u i t r y ( resu l t ing f r o m h igh 
base -cu r ren t r e q u i r e m e n t s ) 

P r e d o m i n a t l y negat ive t e m p e r a t u r e c o e f f i c i e n t 
o f d r a i n c u r r e n t 

Pos i t i ve t e m p e r a t u r e c o e f f i c i e n t o f c o l l e c t o r 
cu r ren t 

N o t h e r m a l r u n a w a y T h e r m a l r u n a w a y 

Dev i ces can be pa ra l l e led w i t h s o m e 
p r e c a u t i o n s 

Dev ices c a n n o t be eas i ly pa ra l l e led because o f 
V B E m a t c h i n g p r o b l e m s a n d loca l cu r ren t c o n 
c e n t r a t i o n 

Less suscep t i b l e t o s e c o n d b r e a k d o w n S u s c e p t i b l e to s e c o n d b r e a k d o w n 

S q u a r e - l a w l - V cha rac te r i s t i cs at l o w c u r r e n t ; 
l i near l - V features at h igh c u r r e n t 

E x p o n e n t i a l l - V cha rac te r i s t i c s 

G r e a t e r l inear o p e r a t i o n a n d f ewe r h a r m o n i c s M o r e i n t e r m o d u l a t i o n a n d c r o s s - m o d u l a t i o n 
p r o d u c t s 

H i g h - o n res is tance a n d , t h e r e f o r e , larger 
c o n d u c t i o n loss 

L o w on - res i s tance ( l ow sa tu ra t i on vo l tage) 
because o f c o n d u c t i v i t y m o d u l a t i o n of h igh 
res is t iv i ty d r i f t reg ion 

D r a i n c u r r e n t p r o p o r t i o n a l t o c h a n n e l w i d t h C o l l e c t o r c u r r e n t a p p r o x i m a t e l y p r o p o r t i o n a l t o 
em i t t e r s t r ipe leng th a n d area 

L o w t r a n s c o n d u c t a n c e H igh t r a n s c o n d u c t a n c e 

H i g h b r e a k d o w n vo l tage as the resul t o f a l i gh t l y 
d o p e d reg ion o f a c h a n n e l - d r a i n b l o c k i n g j u n c t i o n . 

H igh b r e a k d o w n vo l tage as the resul t of a l i gh t l y 
d o p e d reg ion of a base c o l l e c t o r b l o c k i n g j u n c t i o n . 

PERFORMANCE COMPARISON 

A t th is p o i n t a c o m p a r i s o n b e t w e e n S G S P O W E R 
M O S a n d b i p o l a r dev ices can be m a d e in o rde r to 
eva lua te the i r s w i t c h i n g speeds w h i c h give an i n 
d i c a t i o n o f the energy c o n s u m p t i o n d u r i n g t ran 
s i t i o n s , and the i r d i f f e ren t va lues of V o s ( o n ) a n d 
V c E s a t re la ted to energy c o n s u m p t i o n d u r i n g the 
o n s ta te . 

T h e t w o dev ices used in the c o m p a r i s o n a re : 

S G S P 5 6 5 : S G S P O W E R M O S ; 4 0 0 V ; 6 A 
R D S ( o n ) = 1 ^ 

S G S D 0 0 0 3 6 : S G S B I P O L A R ; 4 0 0 V ; 6 A 
(very fast sw i t ch ing ) 

V D D / V C C = 2 0 0 V 
l|_ = 5 A (average va lue) 

S ince the i n p u t losses w e r e neg lec ted the b i p o l a r 
dev ices have an advan tage in th is c o m p a r i s o n . 

E T O T (the ene rgy losses per c y c l e ) as a f u n c t i o n of 

2 0 0 



t h e o p e r a t i o n f r e q u e n c y , f o r d i f f e r e n t va lues o f t he 
d u t y c y c l e can be seen in F i g . 1. F o r a b i p o l a r 
d e v i c e , t he energy used d u r i n g the o n phase has 
o n l y a s l ight i n f l u e n c e w i t h f r e q u e n c y v a r i a t i o n . 
S G S P O W E R M O S h o w e v e r are i n f l u e n c e d b y these 
v a r i a t i o n s , and as a resul t t w o c u r v e s , re la t ive t o 
t he same d u t y c y c l e , are o b t a i n e d . T h e in te rsec t ing 
p o i n t s of these curves can be c o n s i d e r e d as a 
g u i d e l i n e t o the use o f t he dev i ces . 

Fig. 1 - ETOT versus frequency (kHz) 

A S G S P O W E R M O S is m o s t su i ted to h igh f re
q u e n c y c o n d i t i o n s {> 1 0 0 K H z ) f o r a n y g iven 
va lue o f " d " . M a x i m u m f r e q u e n c y l i m i t a t i o n s are 
of a t h e r m a l na tu re o n l y a n d d e p e n d o n the d ie 
s i ze . 

F o r the S G S P O W E R M O S u n d e r c o n s i d e r a t i o n 
the m a x i m u m p o w e r d i ss ipa ted is 1 0 0 W w h e n 
F i th j - case = 1 ° C / W a n d T j m a x = 1 5 0 ° C . 

B y p l o t t i n g t h e p o w e r d i ss ipa ted as a f u n c t i o n o f 
the f r e q u e n c y , w h e n d = 5 0 % t h e ac tua l l im i t s o f 
the t w o t e c h n o l o g i e s c a n be seen ( F i g . 3 ) . 

Fig. 3 

f (KHz) 

In o r d e r w o r d s if b o t h the d u t y c y c l e a n d the 
p o w e r to be s w i t c h e d are f i x e d there is a f r e q u e n c y 
v a l u e a b o v e w h i c h the d i ss ipa ted energy per c y c l e 
f o r an S G S P O W E R M O S t rans is to r is less t h a n f o r 
a b i p o l a r dev ice . T h i s means the h igher the f re 
q u e n c y the more advan tageous it is to use a S G S 
P O W E R M O S . 

U n d e r re la t ive ly l o w f r e q u e n c y c o n d i t i o n s the 
v a l u e of the d u t y c y c l e " d " is f u n d a m e n t a l in 
d e t e r m i n i n g the advantages o f b o t h b i p o l a r a n d 
S G S P O W E R M O S t e c h n o l o g i e s . F r o m the g raph in 
F i g . 2 the best w o r k i n g c o n d i t i o n s f o r b o t h dev ices 
c a n be seen . 

Fig. 2 
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THERMAL STABILITY 

T h e greater t h e r m a l s t ab i l i t y o f S G S P O W E R M O S 
w i t h respect t o b i p o l a r dev ices is essent ia l ly d u e t o 
the d i f f e r e n t response tha t the t w o devices e x h i b i t 
w h e n t h e y are s u b j e c t e d t o ex te rna l p o w e r pu lses . 

T h e i n t r i ns i c m e c h a n i s m w h i c h c o u l d lead t o 
t h e r m a l r u n w a y in a b i p o l a r a n d in a S G S P O W E R 
M O S d e v i c e , are as f o l l o w s . 

In a b i p o l a r dev i ce a n ex te rna l p o w e r pu lse resul ts 
in an increase in t h e j u n c t i o n t empera tu re (T j ) . 
T h i s causes V B E t o decrease a n d h F E to inc rease. 
B o t h cause the c o l l e c t o r cu r ren t to increase a n d 
th is c o n s e q u e n t l y f u r t h e r increases T . T h i s pos i t i ve 
f e e d b a c k is c o m p e n s a t e d o n l y b y the base w i d e n 
ing e f fec t at h igh c u r r e n t s ( that is a h igher r e c o m b i 
n a t i o n o f the m i n o r i t y car r ie rs ) . A t high vo l tages 
the base w i d e n i n g e f fec t is no t present so t ha t 
a n y ho t spo ts lead t o t h e r m a l r u n a w a y . 

T h e s e p h e n o m e n a , if no t c o n t r o l l e d , c o u l d se
r i ous l y d a m a g e a b i p o l a r dev i ce . 

A p o w e r pu lse in an S G S P O W E R M O S dev i ce 
w o u l d cause : 

1) an increase in t e m p e r a t u r e of the dev ice 
2) a decrease in t he t h r e s h o l d vo l tage 

V G S ( t h ) = V Q S ( t h ) ( 25 °C) x [1 - a ( T - 2 5 ° C » ] 

w h e r e a l p h a is a pos i t i ve c o e f f i c i e n t of t empe ra tu re 
(a= 2 . 1 0 " 3 °c-M. 
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T h i s is pos i t i ve f e e d b a c k , s im i l a r t o a decrease of 
V B E in b i p o l a r dev ices . 

B u t in a S G S P O W E R M O S dev i ce there is a lso a 
v e r y i m p o r t a n t negat ive f e e d b a c k . T h a t is an i n 
crease o f R D S ( o n ) w i t h t e m p e r a t u r e : 

R D S ( o n ) (T) = R D S ( o n ) ( 2 5 ° C ) x 
x [1 + a ( T - 2 5 ° C ) ] 

w h e r e a l p h a ' i s t he t e m p e r a t u r e c o e f f i c i e n t (a lpha 
= 8 - 1 0 " 3 ° C _ 1 ) . T h e e f fec t o f a increase in R D S ( o n ) 
is greater t han the v a r i a t i o n in V Q S ( t h ) . A s a resul t 
S G S P O W E R M O S dev ices are t h e r m a l l y s tab le . 
T h e d i f f e rence in b e h a v i o u r o f the t w o dev ices is 
even m o r e exaggera ted w h e n dea l i ng w i t h para l le led 
c h i p s . 

T w o c o m p a r i s o n s b e t w e e n b i p o l a r a n d S G S P O W E R 
M O S dev ices have been m a d e . 

T h e f i rs t deals w i t h the b a h a v i o u r o f s ing le c h i p s in 
S O T - 9 3 ( T O - 2 1 8 ) p a c k a g e . 

T h e S G S P O W E R M O S used in th is test is the 
S G S P 4 7 5 ( 4 0 0 V , 1 2 A , 0 . 5 5 f i ) . 

T h e p o w e r b i p o l a r dev i ce used in t h e B U V 4 8 
( 4 0 0 A , 1 0 A ) . 

T h e pa ramete r used t o measure the t h e r m a l i m 
ba lance o f t he dev ices is t he va r i a t i on of the 
t h e r m a l res is tance R t h j - c a s e d u e t o an ex te rna l 
p o w e r pu l se . 

In fac t an increase o f R t h j - c a s e imp l i es a decrease 
o f the ac t i ve area o f t he c h i p a n d the re fo re a d is 
u n i f o r m i t y in the sp read ing o f t he heat , w i t h a 

; c r e a t i o n o f ho t spo t a n d t h e r m a l a n d e lec t r i ca l 
u n b a l a n c i n g . T h e dev ices have been tes ted u n d e r 
several c o n d i t i o n s , w i t h respect t o the p o w e r 
d i s s i p a t i o n a n d the vo l tage across t h e m ( V D S f o r 

I S G S P 4 7 1 , V C E f o r B U V 4 8 ) . T h e resul ts are s h o w n 
i n F i g . 4 a n d F i g . 5 ) . 

i S G S P 4 7 5 shows o p t i m u m t h e r m a l s tab i l i t y u n d e r 
I a l l c o n d i t i o n s w h i l e b i p o l a r s , w i t h V C E = 4 5 V a n d 
| P > 4 5 W , s h o w a deg rad ing of the t h e r m a l per

f o r m a n c e s . 

T h e best e lec t r i ca l and t h e r m a l p e r f o r m a n c e s o f 
t h e S G S P O W E R M O S are c o n f i r m e d b y the 
t h e r m a l maps w h i c h s h o w a u n i f o r m d i s t r i b u t i o n 
o f heat u n d e r d i f f e r e n t w o r k i n g c o n d i t i o n s ( F i g . 6 
a n d 7 ) . 

Fig. 4- Variation of Rthj-case vs. P (POWER 
MOS) SGSP475 SOT-93 
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Fig. 5- Variation of Rthj-case vs. P (BIPOLAR) 
BUV48 SOT-93 

0.6 

0.4 1 < 1 1 1 1 1 1 1 1 1 
0 15 30 45 60 75 90 105 120 P(W) 

Fig. 6 

It is o n l y at V D S - 7 5 V tha t is it poss ib le t o no t i ce 
a s l igh t va r i a t i on in t he w o r k i n g t e m p e r a t u r e . 

T h e t h e r m a l i n s t a b i l i t y has a greater e f fec t w h e n 
the d ie are a s s e m b l e d in para l le l s i nce a n y u n 
c o n f o r m i t y w o u l d be e n h a n c e d lead ing t o an over 
l oad ing of s o m e o f t he d ie . 
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T h e s e c o n d the rma l c o m p a r i s o n was m a d e b e t w e e n 
S G S P O W E R M O S a n d b i p o l a r dev ices i n m u l t i p l e 
c h i p s m o u n t e d in a para l le l c o n f i g u r a t i o n . 

T h e S G S P O W E R M O S dev i ce u n d e r test w a s : 

S G S 3 0 M A 0 5 0 D 1 f o u r S G S P O W E R M O S c h i p s 
pa ra l l e l ed i n T O - 2 4 0 a p a c k a g e 
I D M A X = 3 0 A , V D S S = 5 0 0 V , 
R D S ( o n ) = 0 . 2 5 0 f t 

T h e b i p o l a r dev ice u n d e r test w a s : 

S G S 4 0 T A 0 4 5 D : f o u r b i p o l a r c h i p s pa ra l l e led in 
T O - 2 4 0 package I c = 4 0 A , 
V c E O = 4 5 0 V 

T h e resu l ts are s h o w n in F i g . 8 a n d 9 a n d reveal a 
m u c h be t te r t h e r m a l s t a b i l i t y f o r the S G S P O W E R 
M O S t h a n f o r t he b i p o l a r d e v i c e . 

Fig. 8- Variation of Rthj-case vs. P (POWER Fig.9-
MOS) SGS30MA050D TO-240 

Variation of Rthj-case vs. P (BIPOLAR) 
SGS400TA045D TO-240 

R t h . j c ( K / W ) 
V D S .55V 

VDS=35V — -
V D S .15V 

<th j-c' 

0 30 60 90 120 150 180 P(W) 0 30 6 0 90 120 150 180 P(W) 
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SGS POWER MOS IN SWITCHING 
A N EVALUATION METHOD AND A PRACTICAL EXAMPLE 

INTRODUCTION 
S G S P O W E R M O S a re u s e d in s w i t c h m o d e p o w 
e r s u p p l i e s , H .F . w e l d i n g s y s t e m s , i ndus t r i a l ov 
e n s , re lay dr ivers a n d o t h e r s i m i l a r a p p l i c a t i o n s . 
T h e s e d i v e r s e a p p l i c a t i o n s of S G S P O W E R M O S 
in t h e f i e ld of c o n t r o l is d u e l a rge l y to the i r ab i l i t y 
to h a n d l e h igh p o w e r at ve ry h i g h s w i t c h i n g 
s p e e d s u p to h u n d r e d s of k H z . 

T h e grea t i m p r o v e m e n t in the ab i l i t y to s w i t c h 
p o w e r u s i n g S G S P O W E R M O S is d u e to t h e re 
c e n t p r o g r e s s m a d e in the m a n u f a c t u r e a n d t e c h 
n o l o g y of s e m i c o n d u c t o r s . T h i s ab i l i t y to p r o d u c e 
p o w e r d e v i c e s u s i n g M O S t e c h n o l o g y has o p e n e d 
u p a n e w f ie lds of a p p l i c a t i o n s . In P O W E R M O S 
d e v i c e s t he f low of cu r ren t f r o m the d r a i n to t he 
s o u r c e is vo l tage c o n t r o l l e d . C o n s e q u e n t l y the 
e n e r g y c o n s u m e d in d r i v i n g t he d e v i c e is m u c h 
l e s s t h a n fo r a b i p o l a r d e v i c e . S G S P O W E R M O S 
d e v i c e s a re u n i p o l a r a n d d o not m a k e u s e of m i 
n o r i t y c a r r i e r s for c o n d u c t i o n . T h i s m a k e s t h e m 
v e r y a t t rac t i ve to u s e in p o w e r s w i t c h i n g at ve ry 
h i g h f r e q u e n c i e s . 

SWITCHING PHASE 
In p r a t i c a l w o r k i n g c o n d i t i o n s t h ree m a i n p h a s e s 
c a n be d i s t i n g u i s h e d : 

On state 
W h e n the dev i ce is o n a n d the c h a n n e l o p e n , the 
d i s s i p a t e d power is: 

p o n = V D S (on) x >D ( p o n = v C E s a t x ! C 
for b i p o l a r t rans is to rs ) 

It c a n be r e d u c e d o p t i m i z i n g t he t e c h n o l o g y (me 
tal b a c k , e p i t a x i a l t h i c k n e s s ) a n d the d e s i g n (ce l l 
d i m e n s i o n s a n d l ayou t ) . 

Off state 
W h e n the d e v i c e is off a n d the d ra i n is at t he bat 
tery v o l t a g e , the p o w e r d i s s i p a t i o n is: 

p o f f = V D D x ' D S S ( p o f f = v C C x l C E X f o r 
b i p o l a r t rans i s to rs ) 

"TRANSITIONS" 
D u r i n g s w i t c h i n g t h e d i s s i p a t e d p o w e r i ns tan t by 
ins tant is: 

P = V D S x l D 

a n d d e p e n d s o n t h e o n / o f s w i t c h i n g s p e e d of t he 
d e v i c e as c a n be s e e n in F i g s . 1 a n d 2. 

Fig. 1 - l/V waveforms 
S-8122 

IV 
V 

4 h - - : • 
- r 

j 

i 

t: 100 n s / d i v , V : 4 5 V / d i v , I: 1 .2A/d iv , V g = 1 0 V , 
R g = 2 5 Q 
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Fig. 2 - Power dissipation waveforms. 
S-8121 

J [ '-

v. 
t: 100 n s / d i v , P: 200 W / d i v , V g = 1 0 V , R g = 2 5 Q . 

Q. THE EFFICIENCY FACTOR 
T h e p e r f o r m a n c e of a n S G S P O W E R M O S d e v i c e 
c a n t h e r e f o r e be ra ted a s the ra t io b e t w e e n t h e 
t o ta l p o w e r in s w i t c h i n g - o n a n d off a n d the 
e n e r g y d i s s i p a t e d per c y c l e . It c a n be e x p r e s s e d 
a s : 

Q ft : o n + ^o f f + E p 

d r i v i n g p o w e r d u r i n g t h e c h a r g e a n d t h e d i s 
c h a r g e p h a s e s of t h e i n p u t c a p a c i t a n c e s . F i g . 3 
s h o w s an S G S P O W E R M O S d r i v e n by a v o l t a g e 
g e n e r a t o r w i t h a n i n te rna l r e s i s t a n c e R j a n d an 
o p e n c i r c u i t v o l t a g e V) , w h e r e Rj_ is the l o a d . 

Fig. 3 - SGS POWER MOS equivalent circuit. 

W h e r e : 
E o n - is t he e n e r g y los t in t he t u r n i n g - o n a n d o n 

p h a s e s 
E Q f f - is t he e n e r g y lost in t he tu rn ing -o f f a n d off 

p h a s e s , 
E p - is t he e n e r g y los t to d r i ve the c i r cu i t . 

T h e q u a n t i t y Q is a f r e q u e n c y a n d is a n i n d e x of 
t h e m a x i m u m f r e q u e n c y at w h i c h the d e v i c e c a n 
m o s t e f f i c i en t l y ope ra te , c o n s i d e r i n g P{ as the 
m a x i m u m p o w e r that the d e v i c e c a n d i s s i p a t e in 
p r a c t i c a l w o r k i n g c o n d i t i o n s . 
T o fu l l y u n d e r s t a n d t h i s e q u a t i o n a br ie f a n a l y s i s 
of s w i t c h i n g p h e n o m e n a is e s s e n t i a l . A s p r e v i o u s 
ly m e n t i o n e d , S G S P O W E R M O S d o not m a k e 
u s e of m i n o r i t y c a r r i e r s f o r c o n d u c t i o n . T h e re 
c o m b i n a t i o n of t h e s e m i n o r i t y c a r r i e r s is a s w i t c h 
i n g s p e e d l i m i t a t i o n . In S G S P O W E R M O S d e v i 
c e s the ma jo r i t y c a r r i e r f l o w is s i m p l y c o n t r o l l e d 
by t h e g a t e v o l t a g e a n d t h e r e f o r e its s w i t c h i n g 
s p e e d is l im i t ed o n l y by t h e t i m e n e e d e d to 
c h a r g e a n d d i s c h a r g e t h e p a r a s i t i c i npu t c a p a c i t 
a n c e s . C o n s e q u e n t l y t h e s w i t c h i n g b e h a v i o u r is a 
f u n c t i o n o n l y of t h e ab i l i t y of the d r i v i n g c i r cu i t to 
c h a r g e a n d d i s c h a r g e s o m e h u n d r e d s of p i c o f a r 
a d s . T h i s is w h y S G S P O W E R M O S c a n s w i t c h s o 
fas t - in t he r a n g e of t ens of n a n o s e c o n d s . 

INPUT 
S G S P O W E R M O S d e v i c e s b e h a v e qu i t e d i f fe ren t 
ly f r o m b i p o l a r p o w e r d e v i c e s , as far as the d r i v i n g 
e n e r g y is c o n c e r n e d . S G S P O W E R M O S r e q u i r e 

T h e i npu t c a p a c i t a n c e C j s s = C Q S + C G D d u r " 
i ng the s w i t c h i n g c y c l e is no t c o n s t a n t fo r t w o 
r e a s o n s . 

1) C Q D c a n D e s e e n a s t n e c a p a c i t a n c e b e t w e e n 
, s the ga te e l e c t r o d e a n d the d r a i n , w h e r e the d i e -
«v l e c t r i c is t he d e p l e t e d d r a i n layer . T h e d r a i n 

e p i - l a y e r is f i x e d , but i ts d e p l e t e d par t v a r i e s 
a c c o r d i n g to V Q S - T h e h i g h e r V Q S - t n e t h i c k e r 
t he d e p l e t e d l a y e r a n d c o n s e q u e n t l y t he l o w e r 
t he a s s o c i a t e d c a p a c i t a n c e . 

2) A m o r e p r o n o u n c e d e f fec t c o m e s f r o m t h e fac t 
that t h e v o l t a g e a c r o s s C Q D > w h e n the ga te 
s o u r c e v o l t a g e r i ses f r o m z e r o to its f ina l v a l u e , 
V D S M U S T 9 ° d o w n f r o m V Q Q to V D S ( o n ) - ' n 

p a r t i c u l a r C Q D is s e e n as a h i g h e r e q u i v a l e n t 
c a p a c i t a n c e d u r i n g t h e d r a i n ' o n ' t r a n s i t i o n s . 
T h e inpu t mus t be f ed a c h a r g e : 

Q = C G D ( v D D " v D S ( o n ) ) 

to a c c o u n t f o r t h e v o l t a g e va r i a t i on a c r o s s 
C Q D - T h i s h a p p e n s w h e n the ga te v o l t a g e 
r e a c h e s VQS( th)> t n e t h r e s h o l d v o l t a g e , a n d 
the d r a i n v o l t a g e s ta r ts fa l l i ng . It is no t unt i l 
t h e r e q u i r e d c h a r g e Q is p r o v i d e d tha t V Q S 
c a n i n c r e a s e . T h i s is c a l l e d the M i l l e r E f fec t . 
F o r a w h i l e t h e e q u i v a l e n t i npu t c a p a c i t a n c e 
a p p e a r s i n f i n i t e a n d V Q S r e m a i n s at V Q S ( t h ) 
w h i l e C Q D a b s o r b s the w h o l e i npu t c u r r e n t . 
F r o m t h e m o m e n t V r j s r e a c h e s V D S ( o n ) t n e 

i npu t e q u i v a l e n t c a p a c i t a n c e is: 

C e q = 6 Q S ; + C Q D ( l o w vo l tage) 

a n d the t r a n s i t i o n of t he o u t p u t is c o m p l e t e d . 
V Q S i n c r e a s e s a g a i n , t e n d i n g t o w a r d s V j . 
T h e s e t w o p h e n o m e n a b e c o m e - a p p a r e n t w h e n 
l o o k i n g at t h e ga te c h a r g e v e r s u s g a t e s o u r c e 
v o l t a g e d i a g r a m in t h e d a t a s h e e t s . 
T h e d i a g r a m f o r S G S P 4 7 ! i n f i g . 4 c a n be tak
en as an e x a m p l e . 
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A t rue c a p a c i t o r w o u l d a p p e a r as a s t ra igh t 
l i n e s ta r t i ng f r o m t h e o r i g i n . In fac t t h e f i rst 
s e g m e n t c o r r e s p o n d s to an e q u i v a l e n t c a p a c i t 
a n c e ' 

c e q = C G S + C Q D ( h i gh vo l tage ) 

Fig. 4 - Gate charge vs, gate-source voltage 
SGSP471 

G - 5 8 9 3 

6 

4 

2 

1 V0S=20V 

BOV 

ID -4.5 A 

/ 1 1 
/ / / 

0 20 40 60 80 Q ( n c ) 

T h e h o r i z o n t a l s e g m e n t c o r r e s p o n d s to an e q 
u i va l en t in f in i te c a p a c i t a n c e i.e. t he c h a r g i n g of 
C Q Q w i th the ga te at V f n a n d the d r a i n f a l l i ng 
f r o m V Q D t 0 ^ D S ( o n ) - ^ n e l a s t s e g m e n t h a s a 
s l o p e c o r r e s p o n d i n g to a c a p a c i t a n c e : 

c e q = C G S + C G D ( l o w vo l tage) 

T h e d i f f e rence in s l o p e of t he f i rst a n d th i rd 
s e g m e n t s h o w s h o w C Q S d i f fe rs in t he t w o 
c a s e s . 
T h e b e h a v i o u r at t u rn off of t h e i npu t c a p a c i t 
a n c e s is exac t l y o p p o s i t e , w h e r e the d e s c r i b e d 
p h e n o m e n a o c c u r in r eve rse o rde r . A t th i s 
p o i n t t he e n e r g y d r i ve r e q u i r e d to m a k e the 
S G S P O W E R M O S s w i t c h c a n be c a l c u l a t e d 
a s : 

E p = 1 / 2 C e q x V G S 2 = 1 / 2 Q G x V G S 

Q Q a n d V Q S c a n be o b t a i n e d f r o m f ig . 4 . 
T h e i n p u t e n e r g y c a n a l s o b e o b t a i n e d in a 
m o r e d i r ec t m a n n e r by c a l c u l a t i n g the in tegra l 
o f t h e I Q w a v e f r o m d u r i n g t h e t u r n - o n o r t u r n -
o f f p h a s e , the t w o a r e a s b e i n g e q u a l (see f ig . 
5 ) . In fac t th is in tegra l r e p r e s e n t s the quan t i t y 
Q Q (ga te cha rge ) w h i c h in tu rn pe rm i t s the 
c a l c u l a t i o n of E p . 
T h e v a l u e s of E p h a v e b e e n c a l c u l a t e d fo r a l l 
S G S P O W E R M O S in the p resen t p r o d u c t 
r a n g e . T h e y are a f u n c t i o n of the d ie a r e a on l y , 
f o r a g i v e n s u p p l y v o l t a g e V D D > A N D N A V E B E E N 

r e p r e s e n t e d fo r d i f fe ren t d i e a r e a s as a f u n c 
t i o n of I D in F i g . 6. 

Fig. 5 - Ig - Vg waveforms 
5 - 8 1 2 4 

f / 

J 

t: 0.5 ns /d i v , I: 0.1 A / d i v , V : 10 V / d i v 

Fig. 6-Epvs lD at VDD = B V D S S / 2 
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T h e d r i v i n g e n e r g y d o e s not va ry fo r d e v i c e s 
w i t h t h e s a m e d i e a r e a but d i f fe ren t b r e a k d o w n 
v o l t a g e s , if t h e i r d r i ve s u p p l y v o l t a g e h a s a 
c o n s t a n t rat io to the i r b r e a k d o w n vo l tage . 
In br ie f E p c a n be p l o t t e d a s a f u n c t i o n of t h e 
d ie a r e a , f o r a s u p p l y v o l t a g e e q u a l to hal f t he 
ra ted V D S S of t h e d e v i c e ( see f ig . 7) . T h e m e 
t h o d u s e d h e r e to c a l c u l a t e Q Q is d i f fe ren t 
f r o m that in t he d a t a s h e e t w h e r e Q Q is p lo t ted 
as a f u n c t i o n of V Q S -
A s t h e resu l t s o b t a i n e d in b o t h m e t h o d s w e r e 
in g o o d a g r e e m e n t t he va l i d i t y of t he m e t h o d 
u s e d he re is c o n f i r m e d . 
T h e d r i v i n g c i r c u i t i tsel f d i s s i p a t e s p o w e r to 
d r i ve t h e S G S P O W E R M O S d e v i c e . C u r r e n t 
o n l y f l o w s in t h e ga te c i r c u i t d u r i n g t u r n - o n 
a n d tu rn -o f f p e r i o d s . T h i s c u r r e n t f l o w i n g 
t h r o u g h the d r i ve c i r cu i t w i l l d i s s i p a t e d e n e r g y . 
W i t h r e f e r e n c e t o f i g . 8, w h e r e the 50 o h m r e s 
is to r is i n s e r t e d t o m a t c h the c a b l e a n d the d e 
v i c e , d u r i n g t h e o n p h a s e , t he re is a c o n s t a n t 
p o w e r d i s s i p a t i o n in t he res i s to r R-|. 

( V 2 Q S / R l ) - t / T 
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Where: 
R-) = 5 0 ohm ( t y p i c a l v a l u e ) "1 = ; 

t / T r z duty c y c l e 

Fig. 7 - Ep versus die side (Sq-mil) 

Fig. 8 - Driving circuit. A laboratory 
implementation 

Fig. 9 - Driving circuit. A practical implementa
tion. 

F i g . 9 s h o w s a p o s s i b l e i m p l e m e n t a t i o n that a -
voids s t e a d y state d i s s i p a t i o n in the d r i v e r . 
The N P N t r a n s i s t o r , Q 1 , o n l y c o n d u c t s at t h e 
b e g i n n i n g of t h e o n p h a s e w h e n c h a r g i n g t h e 
i n p u t c a p a c i t a n c e s . C o n v e r s e l y t h e P N P t r a n s i 
s t o r , Q 2 , only conducts at the beginning of t h e 

of f p h a s e w h e n d i s c h a r g i n g the i n p u t c a p a c i 
t a n c e s . T h e y n e v e r c o n d u c t at the s a m e t i m e . 
N o c o n d u c t i o n o c c u r s d u r i n g s t e a d y s t a t e . In 
a d d i t i o n , w h e n e i t h e r o f t h e t w o t r a n s i s t o r s 
c o n d u c t t h e i r o u t p u t i m p e d a n c e is v e r y l o w 
t h u s i m p r o v i n g the s w i t c h i n g o f t h e P O W E R 
M O S d e v i c e . T h e t o t a l e n e r g y d i s s i p a t e d p e r 
c y c l e , in t h e i n p u t s t a g e ( i n c l u d i n g t h e S G S 
P O W E R M O S i n p u t ) is : 

E P = Q G x V c c 

V c e — inpu t s u p p l y to d r i v i n g s t a g e v o l t a g e , + 
12V in F i g . 7 
T h i s e n e r g y is a c t u a l l y d i s s i p a t e d in the t w o 
d r i v i n g t r a n s i s t o r s , b e c a u s e the p a r a s i t i c i npu t 
c a p a c i t a n c e s of the S G S P O W E R M O S act as a 
n o n - d i s s i p a t i n g e l emen t , s t o r i n g e n e r g y f r o m 
Q1 at t u r n - o n , a n d g i v i n g it b a c k to Q 2 at t u r n -
off. 

OUTPUT 
Switching times for resistive load 
F i g . 10 s h o w s t h e c i r cu i t u s e d to m e a s u r e the 
s w i t c h i n g t imes o f a res is t i ve l o a d . 

Fig. 10 - Test circuit 

JTJ"' 

Fig. 11 - VQS and Vps waveforms 

_V90V. 

l H ( o n ) t r s- 6059 «d(of f ) »f 

Turn on delay time 
T u r n o n d e l a y t i m e ( t< j / o n ) in f i g . 11) r e p r e s e n t s 
the t ime n e c e s s a r y for V Q S to r e a c h the t h r e s h o l d 
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l eve i V t n at w h i c h t he d e v i c e b e g i n s to c o n d u c t . 
T h e s m a l l e r the t h r e s h o l d v o l t a g e a n d t he b i g g e r 
t h e Vj v a l u e , w i th r e s p e c t to V t n , the s m a l l e r the 
*d (on ) v a l u e . In fact f r o m the e q u a t i o n : 

Eq .1 V G S = Vj (1 - e t / R i . C i s s 

w h e r e R i . C i s s is a t ime c o n s t a n t a n d by subs t i t u t 
i n g V Q S w i th V { N in Eq.1 w e o b t a i n : 

E q . 2 t d ( o n ) = R i . C i s s In _ 

C o n s i d e r i n g t yp i ca l v a l u e s fo r Vj a n d V ^ n w e have: 
td(on) - • 0 - 3 5 x R i . C i s s 

In p ra t i ce th is t ime is n e g l i g i b l e (10 - 20ns ) w h e n 
c o m p a r e d to o thers . D u r i n g th i s t ime the d e v i c e is 
of f a n d t h e e n e r g y d i s s i p a t e d is t h e r e f o r e in t he 
o r d e r of p J and c o m p a r e d w i t h t he to ta l e n e r g y 
l o s s it c a n be c o m p l e t e l y n e g l e c t e d in th i s a n a l y 
s i s . 

t-RISE AND t-FALL TIMES 
t - r i s e a n d t-fal l a re d e f i n e d b y t h e s l o p e s of V Q S 
a s s h o w n in f ig. 11. 

Turn-off delay time 
*d(of f ) c a n be re fe r red to as the d e l a y t i m e s i n c e 
it r e p r e s e n t s the t ime n e c e s s a r y to r e m o v e t he 
e x c e s s c h a r g e f r o m the g a t e a n d c h a n n e l , d u e to 
t h e inpu t ove rvo l tage . 
T y p i c a l d ra in c u r r e n t a n d v o l t a g e w a v e f o r m s 
(t = 5 0 n s / div.) 

Fig. 12 a- Turn-on 

w V 
A-A 

ID J -J -

t = 50 n s / d i v 

Fig. 12 b- Turn-off 

PARASITIC CAPACITANCES 
DURING SWITCHING CYCLES 
A s already mentioned the switching of an SQi 
P O W E R MOS device consists fundamentally h 
t he loading and u n l o a d i n g of the input capacitor. 

C ; C G S + C G D 

From Eq.1 wherfe R j . C j 3 S is the t ime constant 
Rj i n c l u d e s : 
R g e n - the internal resistance of i h e generator, 
R-| - the res i s to r b e t w e e n ga te a n d s o u r c e tc 
m a t c h the d r i v i ng c i r cu i t , 
R Q - the in terna l r e s i s t a n c e of the gate . 

Fig. 13 a - Equivalent circuit 

Fig. 13 b - Capacity values as a function of VQ$ 
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O b v i o u s l y t he s m a l l e r the v a l u e of h i . C , - s e t h e f as 
ter V Q S r e a c h e s its f ina l v a ' u o nd v i t cnes the 
d e v i c e . T o minimize this *irr-- .:°ns'f it ' h e user 
c a n act o n R g e n a n d R-j a n d the d e v i c e d e s i g n e r 
o n C I S S . 

C j S S , b e i n g a f u n c t i o n of C Q Q , va r i es as a f u n c 
t ion of t he d ra i n v o l t a g e as s h o w n in the wave
f o r m s in f ig . 13b a n d during s w i t c h i n g it is s u b 
j ec ted to t he M i l l e r e f fec t . C o n s e q u e n t l y during 
the t ( j ( 0 n ) a n d t ^ Q f f ) , C - ! S S r e m a i n s c o n s t a n t , as 
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d o e s the v a l u e of V Q S - *d (on) a n d ^ ( o f f ) a r e o b 
t a i n e d f r o m the c h a r g i n g a n d d i s c h a r g i n g l aws of 
a R C c i r cu i t , w h i l e d u r i n g t h e off / o n a n d o n / off 
t r a n s i t i o n s , C j S S v a r i e s . In o the r w o r d s , w h e n V Q S 
d e c r e a s e s d u r i n g t u r n - o n to a ve ry l o w v a l u e 
V D S ( o n ) > a n d C Q D i n c r e a s e s ' t h e r e is a d e l a y in 
t h e i n c r e a s e of t he v a l u e of V Q S s i n c e the c a p a c i 
to r , as l o n g a s it is no t c h a r g e d to V Q S ( 0 n ) > w ' " 
a b s o r b t h e g a t e cu r ren t . 
D u r i n g tu rn -o f f d u e to V Q S r i s i ng the d i s c h a r g e 
c u r r e n t of C Q S w i l l b e b a l a n c e d by the c h a r g i n g 
c u r r e n t of C Q Q , f l a t t en ing the V Q S c u r v e a n d 
m a k i n g it s i m i l a r to that at t u r n - o n ( F i g . 13c) . 

T h e t r a n d tf w a v e f o r m s v e r s u s V Q Q a re s i m i l a r t o 
t h o s e of E p v e r s u s V Q Q s i n c e t h e y a r e b o t h 
c a u s e d by tne s a m e p h e n o m e n a , t^ is i n d e p e n d e t 
of V Q Q a s it is a f u n c t i o n of C j s s o n l y ( w h i c h , 
s i n c e t h e M i l l e r e f fec t is no t p resen t , is c o n s t a n t 
d u r i n g th i s p h a s e ) , 
td = d e l a y t i m e 
tf = fa l l t i m e 
t r = r i se t i m e 

Fig. 13 c - An annotated extract from fig. 5 sho

wing the discharging and charging of 
CGD 

^ D I S C H A R G I N G 
BALANCING 
C G S CHARGING 

C 0 G CHARGING 
BALANCING 
C G S DISCHARGING 

S-8132 

t: 0 .5us /d i v , I: 0 . 1 A / d i v , V : 1 0 V / d i v 

V a r i a t i o n s in t he s u p p l y v o l t a g e V Q Q i n f l u e n c e 
t h e s e e f fec ts : t he h i g h e r the s u p p l y v o l t a g e the 
g r e a t e r t he c h a r g e a n d t h e r e f o r e the tf a n d d r i v 
i ng e n e r g y r e q u i r e d (see f ig . 8 in t he s e c t i o n 
O U T P U T ) . 
F i g s . 14, 15, 16 a n d 17 s h o w t h e s w i t c h i n g t i m e 
w a v e f o r m s as a f u n c t i o n of b o t h the s u p p l y v o l 
t a g e V Q Q a n d t h e l o a d cu r ren t I Q , for t w o d e v i c e s 
w i t h d i f ferent v o l t a g e s a n d d ie s i z e s . 
S G S P 3 1 1 100V 7 A 0.3 o h m 110 x 110 m i l s 

S G S P 3 6 9 5 0 0 V 5 A 1.75 o h m 156 x 156 m i l s 

Fig. 15 - Time measurements f^, tf and tr as func
tions of the drain voltage for a low volta
ge SGS POWER MOS. (SGSP311) 
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Fig. 14 - Time measurement t^, tf, and tr as func
tions oflD. (SGSP311) 
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Fig. 16 - Time measurements t^, tf and tr as func
tions of the drain current for high voltage 
SGS POWER MOS (SGSP365) 
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Fig. 17 - Time measurements t^, tf and tr as func
tions of the drain voltage for high voltage 
SGS POWER MOS 

TURN - ON 
A d e t a i l e d e x p l a n a t i o n of t he t u r n - o n p h e n o m e n a 
in a S G S P O W E R M O S d e v i c e w h e n the l o a d is 
i n d u c t i v e is g i v e n by F i g . 19 a n d 20 . 

Fig. 19 - Current and voltage waveforms during 
turn - on 

S-8134 

5, 

V I, 1 
- \ 

1 : 
i " 

= 

ID 

t: 5 0 n s / d i v , I: 1 .2A /d iv , V : 4 0 V / d i v , R = 2 5 Q 

Switching times for inductive loads 
In t h e m a j o r i t y of a p p l i c a t i o n s S G S P O W E R M O S 
a re u s e d in s w i t c h i n g p o w e r t h r o u g h i n d u c t i v e 
l o a d s ( m o t o r c o n t r o l , s w i t c h i n g p o w e r s u p p l y 
e tc . ) . 
T h e f u n d a m e n t a l o b j e c t i v e of t he d e v i c e is to 
s w i t c h h i g h quan t i t i e s of p o w e r very q u i c k l y , in 
o t h e r w o r d s to m a x i m i z e the rat io: 

total p o w e r s w i t c h e d 

ene rgy d i s s i p a t e d per c y c l e 
w h i c h d e p e n d s p r i nc i pa l l y o n the s w i t c h i n g t imes . 
U n d e r s t a n d i n g s w i t c h i n g w i th S G S P O W E R M O S 
r e q u i r e s c o n s i d e r a t i o n of bo th the p h y s i c a l p h e 
n o m e n o n a n d the e n e r g y d i s s i p a t i o n o c c u r i n g 
d u r i n g e a c h s w i t c h i n g c y c l e . 

T h e t y p i c a l c l a m p e d i n d u c t i v e l o a d c i r c u i t s h o w n 
in f i g . 18 is u s e d as an e x a m p l e . 

Fig. 18 - SGS POWER MOS with clamped inducti
ve load 

v-, ( I D 

F A S T 
D I O D E 

Fig. 20 - Output energy consumption during turn-
on 

S-8135 

S - 8 1 3 3 

t: 5 0 n s / d i v , P: 2 0 0 W / d i v , E: 67.5 p J 

B e f o r e t h e t u r n - o n p h a s e the d i o d e is f r e e w h e e 
l i ng the l o a d cu r ren t . 
T u r n - o n c a n be d i v i d e d in to two s u b p h a s e s : 
1) po in t A to po in t B ( F i g . 19). 
P a r t of t he cu r ren t in t he l o a d ( c o n s t a n t d u r i n g 
the s w i t c h i n g o p e r a t i o n s ) s ta r ts to f l o w in t h e 
S G S P O W E R M O S d e v i c e . T h e d i o d e is r e c o v e 
r i ng its r eve rse s ta te . T h e v o l t a g e a c r o s s the S G S 
P O W E R M O S d e v i c e is a l m o s t e q u a l to that of t he 
s u p p l y s i n c e the d i o d e st i l l ac ts as a sho r t c i r c u i t 
fo r the l o a d at th i s po in t . T h e r e is a s m a l l s t ep in 
V Q S w a v e f o r m d u e to the v o l t a g e d r o p s o n the 
p a r a s i t i c i n d u c t a n c e s L p a n d l_s- T h e s i z e of th i s 
s t ep d e p e n d s o n the c u r r e n t s l o p e d l p / d T (l_s 
a n d L p d e p e n d o n the c i r cu i t l ayou t ) . 
2) po in t B to po in t C (F ig . 19). 
In th i s p h a s e the d i o d e is reverse b i a s e d . T h e c u r 
rent in t he S G S P O W E R M O S d e v i c e is the s u m 
of t he cu r ren t in t he l o a d p l u s that in t he d i o d e , 
w h i c h c a u s e s the p e a k in t h e l p w a v e f o r m , (see 
f ig . 24) 
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T h e V q s v o l t a g e fa l l s to V D S ( o n ) a s t n e f r e e 
w h e e l i n g d i o d e , b e i n g reve rse b i a s e d , is no l o n g e r 
a sho r t c i r cu i t . H o w e v e r t he fa l l of V d s ' s d e l a y e d 
by the M i l l e r ef fect , w h i c h i n c r e a s e s C i s s . 
A l l t h e s e p h e n o m e n a c a u s e a h i g h c r o s s o v e r b e 
t w e e n the I d a n d the V q s w a v e f o r m s e v e n if the 
s w i t c h i n g is ve ry fast . In F i g . 20 the o u t p u t e n e r g y 
c o n s u m p t i o n pe r t u r n - o n p h a s e is r e p r e s e n t e d . 
T o d e c r e a s e th i s e n e r g y , the d | D / d t ( A - B p h a s e ) 
a n d the reve rse r e c o v e r y of the f r e e w h e e l i n g d i 
o d e ( B - C phase) m u s t b e i m p r o v e d . 
- I M P R O V I N G d | D / d t 
R e f e r e n c e to t he c i r c u i t in F i g . 21 s h o w s the c o n 
t r o l l i ng p a r a m e t e r s fo r d | D / d t . 

Fig. 21 - Circuit which includes the parasitic in
ductances 

Q V D O 

In th is c i r c u i t t he f o l l o w i n g e l e m e n t s have b e e n 
t a k e n in to c o n s i d e r a t i o n : 
L d - is the p a r a s i t i c i n d u c t a n c e d u e to the c o n 

n e c t i o n s b e t w e e n the c l a m p i n g d i o d e a n d the 
l o a d . 

L d - is the p a r a s i t i c i n d u c t a n c e b e t w e e n the d ra i n 
of t he S G S P O W E R M O S d e v i c e a n d the l o a d . 

L q - is the p a r a s i t i c i n d u c t a n c e b e t w e e n the ga te 
a n d the d r i v i n g c i r cu i t . 

L s - is the p a r a s i t i c i n d u c t a n c e b e t w e e n the 
s o u r c e a n d the g r o u n d . 

T h e e q u a t i o n that a p p l i e s to the inpu t l o o p is: 

Vj : - Rj X i G + L -G d i G / d t + V G S + L s d I D / d t 

W h e r e Rj is t h e e q u i v a l e n t r e s i s t a n c e of the d r i v 
i n g c i r cu i t . W h e n c o n s i d e r i n g the p h a s e w h e n I q 
i n c r e a s e s it is p o s s i b l e to n e g l e c t the t e r m L q 
d i g / d t as d i Q / d t = 0. 
D u r i n g th is p h a s e the t h r e s h o l d v o l t a g e h a s a l 
r e a d y b e e n o v e r c o m e , \Q is c o n s t a n t . In a d d i t i o n 
V q s f o l l o w s the law of c h a r g i n g a c o n s t a n t c a p 

a c i t a n c e . T h e M i l l e r e f fec t is not p r e s e n t as V d s 
is c o n s t a n t . 
It f o l l o w s that: 

V j - R j I q - V q s 
d l Q / d t = • 

L S 

a n d d l D / d t c a n be i m p r o v e d by i n c r e a s i n g Vj a n d 
d e c r e a s i n g R q a n d L s -

Fig. 22 - dlQ/dt as a function of Vj (RG=25Q) for 
SGSP369 

G - 5 9 0 1 

5 10 15 20 V| 

Improving the reverse recovery of the 
diode 
A s p r e v i o u s l y m e n t i o n e d , the c l a m p i n g d i o d e 
p l a y s an i m p o r t a n t ro le in d e t e r m i n i n g the w a v e 
f o r m s of I d at t u r n - o n ; t he fas te r the d i o d e , the 
l o w e r t he c u r r e n t p e a k in the S G S P O W E R M O S , 
the l o w e r t h e r e v e r s e r e c o v e r y t ime of t he d i o d e 
( t r r ) a n d the e n e r g y c o n s u m p t i o n . F o r th i s r e a s o n 
fas t r e c o v e r y d i o d e s are t y p i c a l l y u s e d in t h e s e 
c i r c u i t s . 
S G S is d e v e l o p i n g a w i d e range of fast r e c o v e r y 
d i o d e s w h o s e ta rge t c h a r a c t e r i s t i c s are s h o w n b e 
l o w (f ig. 23) . 

Fig. 23 - SGS Fast recovery diodes 

DEVICE V R E V E R S E 'FORWARD t r r P A C K A G E 

SGS8R05- - >20 50V/200V 8 A 35 ns DO-220 
SGS15R05- ->20 50V/200V 15 A 35 ns DO-220 
SGS30R05- ->20 50V/200V 30 A 35 ns S O D - 93 
SGS35R120 1200 V, 35 A 100 ns S O D - 93 
SGS45R80 80Q V 45 A 100 ns S O D - 93 
SGS60R40 400 V 60 A 100 ns S O D - 93 

T h e ef fect of p a r a s i t i c i n d u c t a n c e s L d a n d L s 
a n d of the d i o d e c o n n e c t i o n s respec t i ve l y o n V q s 
a n d Id are s h o w n in F i g . 24. 
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Fig. 24 -Shows the effects of the parasitic in
ductances LQ and L<; and of the diode 
connections respectively on VQS a r ) d 
IQ waveforms 

TURN-OFF 
T h e c i r c u i t in F i g . 18 is s t i l l u s e f u l in e v a l u a t i n g 
t h e b e h a v i o u r of an S G S P O W E R M O S d e v i c e 
t u r n i n g off an i n d u c t i v e l o a d . T h e in i t ia l c o n d i 
t i o n s c a n be a s s u m e d to be: 
1 ) l D = l L O A D 
2) V D S = V D S ( o n ) = R D S ( o n ) x l D 

3) F r e e w h e e l i n g d i o d e reverse b i a s e d . 
In f i g . 25 t y p i c a l w a v e f o r m s fo r V p s a n d I Q d u 
r i ng tu rn -o f f p h a s e a re r e p r e s e n t e d 

Fig. 25 - VQS a n c / ' D during turn-off 

'D . —•> 

l \ _ \ 
{ 

u, V 

t : 5 0 n s / d i v , V : 4 0 V / d i v , l : 1 . 2 A / d i v , R g = 2 5 Q , 
V g = 1 0 V 

Fig. 26 - Output Energy during turn-off phase. 

It is p o s s i b l e t o d i s t i n g u i s h t w o p h a s e s : 
1) F r o m po in t D to po in t E ( F i g . 25) . 
D u r i n g th i s p h a s e V Q S i n c r e a s e s w h i l e I Q , t h e 
d i o d e b e i n g r e v e r s e d b i a s e d , r e m a i n s c o n s t a n t 
a n d e q u a l to l | _ O A D -
2) F r o m po in t E to po in t F ( F i g . 26) . 
D u r i n g th i s p h a s e t h e d i o d e b e g i n s c o n d u c t i n g a l 
l o w i n g t h e c u r r e n t in t h e l o a d t o f l o w t h r o u g h it
se l f a n d I Q of t h e P O W E R M O S d e v i c e to fa l l . In 
F i g . 26 the o u t p u t e n e r g y c o n s u m p t i o n d u r i n g the 
tu rn -o f f p h a s e is r e p r e s e n t e d . 
A l s o in th i s c a s e a h i g h c r o s s o v e r b e t w e e n V Q S 
a n d l p o c c u r s , e v e n if t h e r e is n o reve rse r e c o v 
e ry of t he d i o d e a s d u r i n g the t u r n - o n p h a s e . T h e 
M i l l e r e f fec t in t h e S G S P O W E R M O S d e v i c e d e 
l a y s the r i se of V Q S a n d t h e r e f o r e the s w i t c h - o n 
of t he f r e e w h e e l i n g d i o d e D. 

Energy in switching 
F r o m the e n e r g y p o i n t of v i e w the re are f o u r d i s 
t i n c t p h a s e s , e a c h c o n t r i b u t i n g in a d i f fe ren t w a y 
to t h e to ta l d i s s i p a t e d e n e r g y pe r c y c l e . T h e y a re : 

1) O N - S T A T E 
2) O F F - S T A T E 
3) T r a n s i t i o n O N - O F F 
4) T r a n s i t i o n O F F - O N 

The ON-STATE 
In t h e O N - S T A T E , w h e n the c h a n n e l is c o m p l e t e 
ly o p e n , S G S P O W E R M O S d e v i c e s have a m i n -
i m u n R p s ( O N ) w h i c h ' s t e m p e r a t u r e d e p e n d e n t . 
T h e p o w e r d i s s i p a t i o n at a g i v e n ins tan t is o b 
t a i n e d f r o m the e q u a t i o n : 

p D ( O N - S T A T E ) = R D S ( O N ) ( T j ) x ' D 2 

= R D S ( O N ) X [ 1 - H * ( T j - 2 5 ° C ) ] x l D 2 

w h e r e a = 8 x 1 0 " 3 °C~ 1 , a pos i t i ve coe f f i c i en t . 

T h e l o w e r R D S ( O N ) t n e l o w e r the p o w e r d i s s i p a 
t i o n . T h e m a n u f a c t u r e r s c a n c o n t r o l R D S ( O N ) : 

1) by i m p r o v i n g t h e b a c k me ta l i za t i on of t he c h i p 
a n d its a t t a c h m e n t to t he c a s e . 

2) by c o n t r o l l i n g the ep i t ax i a l g r o w t h of t h e 
D R A I N . 

3) by o p t i m i z i n g t h e h o r i z o n t a l l ay -ou t of t h e 
P o w e r M o s s t r u c t u r e (h i gh ce l l dens i t y ) . 

F i g . 27 - C a n be u s e d to c a l c u l a t e t h e e n e r g y 
c o n s u m p t i o n d u r i n g the O N p h a s e 

Fig. 27 - IQ waveform during the working cycle 

t: 5 0 n s / d i v , P : 200 W / d i v , E = 7 0 . 6 | i J 
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T h e s l o p e of I q d u r i n g the c o n d u c t i o n p h a s e is 
g i v e n by d l p / d t = V q q / L (see F i g . 19). 
T h e lost e n e r g y per c y c l e is g i v e n by: 

E o n - " £ ' D 2 ( t ) x R D S ( O N ) X d t 

w h e r e x is t he p u l s e w i d t h . 

In m o s t c a s e s t h e s l o p e of I q is q u i t e g e n t l e s o if 
w e ca l l I t he a v e r a g e I q b e t w e e n t-| a n d t2, (t-) -1.2 
= x) in F i g . 27 , th i s e n e r g y c a n be c a l c u l a t e d w i t h 
g o o d a p p r o x i m a t i o n as f o l l o w s : 

E 0 n = R D S ( O N ) x T j x | 2 x T 

In F i g . 28, 29, a n d 30 the c u r v e s of E o n are s h o w n 
f o r t h r e e d i f fe ren t d e v i c e s . E a c h c u r v e is c h a r a c 
t e r i z e d by d i f fe rent v a l u e s of x. 

Fig. 28 - On state energy values as a function of 
the drain current for SGSP301 

G - 5 9 0 2 
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Fig. 29 - On-state energy waveforms as a func
tion of the drain current SGSP575. 
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Fig. 30 - On-state energy values a function of the 
drain current SGSP531 
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OFF-STATE 
W h e n the d e v i c e is s w i t c h e d off the V q s v o l t a g e 
is e q u a l to V q q (see F i g . 25) . O n l y the l e a k a g e 
cu r ren t I q s s f l o w s t h r o u g h the dev i ce . T h e e n e r g y 
c o n s u m p t i o n d u r i n g th is p e r i o d is g i ven by: 

E Q = V q q X l D S S X t o f f 

T h i s e n e r g y is in t he r a n g e of p J a n d it is n e g l i g i 
b le in c o m p a r i s o n to that d i s s i p a t e d d u r i n g the 
s w i t c h i n g a n d t h e O N - S T A T E . 

Transitions 
D u r i n g t r a n s i t i o n s the d i s s i p a t e d p o w e r , ins tant 
by instant , is: 

P ( t ) = V D S ( t ) x l D ( t ) 

T h e p o w e r w a v e f o r m is t r i a n g u l a r in s h a p e (see 
F i g . 20 a n d F i g . 26) . I n teg ra t ing P(t) the e n e r g y 
c o n s u m p t i o n p e r c y c l e d u r i n g O F F - O N a n d O N -
O F F t r ans i t i ons c a n be o b t a i n e d by: 

E = / b P( t )d t / b V D S ( t ) l D ( t ) d t 
ta t a 

W h e r e t a a n d t^ r e s p e c t i v e l y r ep resen t the b e g i -
n i n g a n d the e n d of t r ans i t i ons . T h e s e a m o u n t s of 
e n e r g y p r i n c i p a l l y d e p e n d o n the i n te r sec t i ng 
po in t b e t w e e n v o l t a g e a n d cu r ren t , and o n the 
s w i t c h i n g s p e e d . 
In bo th t r a n s i t i o n s the i n t e r s e c t i n g po in ts are very 
h i g h a n d o c c u r at a v o l t a g e v a l u e c l o s e to that of 
t he s u p p l y . T h e i n t e r s e c t i n g po in t s rep resen t the 
p o w e r to be s w i t c h e d , c o n s e q u e n t l y in o r d e r to 
o p t i m i z e the e n e r g y c o n s u m p t i o n the t ime interval 
t a - tfo mus t be r e d u c e d by a c t i n g o n d i f fe rent 
d r i v i n g a n d l a y - o u t p a r a m e t e r s ( V q s , R q s . p a r a 
s i t i c i n d u c t a n c e s ) . 

F i g . 31 - S h o w s the e n e r g y los t per c y c l e d u r i n g 
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t h e O N / O F F t r ans i t i on , as a f u n c t i o n of Vj f o r an 
S G S P 3 6 9 s w i t c h i n g 4 A at 2 0 0 V . 

Fig. 31 - Values of the energy lost per cycle as a 
function of the gate voltage 

Computing the total energy consump
tion per cycle 
T h e p r e v i o u s a n a l y s i s a l l o w s us to c a l c u l a t e the 
to ta l e n e r g y d i s s i p a t e d per c y c l e in a n S G S 
P O W E R M O S d e v i c e . In fac t t he tota l e n e r g y c a n 
be e x p r e s s e d as: 

E q . 3 E T O T = E o n + E o f f + E o f f / o n + E o n / o f f + E p 

w h e r e : 
E J O T — t o t a ' e n e r g y d i s s i p a t e d per c y c l e 
E O N = e n e r g y d i s s i p a t e d d u r i n g the o n - s t a t e 
E Q f f = e n e r g y d i s s i p a t e d d u r i n g the o f f -s ta te 
E o f f / o n — ene rgy d i s s i p a t e d d u r i n g the t u r n - o n 
E o n / o f f = ene rgy d i s s i p a t e d d u r i n g the d r i ve 
c i r c u i t 
E p — tota l ene rgy d i s s i p a t e d by the d r i ve c i r c u i t 

T h e s e t h r e e t e r m s in E q . 4 d e p e n d in d i f f e r i ng 
a m o u n t s o n the o p e r a t i n g c o n d i t i o n s of the d e 
v i c e l p , V p p and t h e du ty c y c l e . 
T o g i ve s o m e i d e a of t he to ta l e n e r g y d i s s i p a t e d 
pe r s w i t c h i n g c y c l e the f o l l o w i n g ope ra t i ng c o n d i 
t i o n s h a v e b e e n f i x e d a n d the resu l t s of e n e r g y 
m e a s u r e m e n t s m a d e s h o w n in F i g . 3 2 . 

V p p — 1 / 2 B V Q S S ° f t n e d e v i c e u n d e r test 

l p = 3 / 4 I p M A X ° f f he d e v i c e u n d e r test 

du t y c y c l e -z 5 0 % 

Fig. 32 

(nJ<5 

Total energy lost per cycle as a function 
of the frequency with a fixed duty eycle 
of 50% 

T h e c u r v e s t e n d t o w a r d s a ho r i zon ta l a s y n t o t e 
that r e p r e s e n t s t h e c r o s s - o v e r e n e r g y ( t u rn -on -+-
turn-of f , w h i c h is f r e q u e n c y i n d e p e n d e n t ) . 
It is c l e a r that t h e e f fec t of E o n is of great i m p o r 
t a n c e at l o w f r e q u e n c i e s , a n d the h i g h e r t he 
R p S ( Q N ) t n e g rea tes t t he ef fect . 

N e g l e c t i n g E Q f f ( = pJ ) a n d E p (: 
be re -wr i t ten as: 

nJ ) E q . 3 c a n 

E q . 4 E J O T = E o n + E o f f / o n + E o n / o f f 

215 



HIGH VOLTAGE TRANSISTORS WITH 
POWER MOS EMITTER SWITCHING 

INTRODUCTIOf high c u r r e n t x h igh vo l tage = h igh p o w e r s w i t c h i n g . 

T h i s pape r summar i zes the resul ts o f an i n v e s t i g a 
t i o n c a r r i e d out o n p o w e r dev ices w i t h b o t h M O S 
a n d B I P O L A R par ts w o r k i n g toge the r in the same 
c i r c u i t . T h e " e m i t t e r d r i v e " c o n f i g u r a t i o n was 
c o n s i d e r e d , w i t h s w i t c h i n g p o w e r s u p p l y ap 
p l i c a t i o n s in m i n d . 

T h e dev ices used a re : 

P o w e r M O S : 
B i p o l a r t rans is to rs : 
U l t r a f a s t b ipo la r t rans is to rs : 
( H o l l o w E m i t t e r ) 
F a s t d a r l i n g t o n s : 

S G S P 3 2 1 , S G S P 3 5 2 
B U V 4 8 , B U 5 0 8 A 
S G S D 0 0 0 3 5 , 
S G S D 0 0 0 3 9 
S G S D 0 0 0 3 1 , B U 8 1 0 

T h e c o m b i n a t i o n o f a h igh vo l tage b i p o l a r a n d a 
l o w vo l tage P o w e r M O S is p re fe rab le d u e to the 
h igh s w i t c h i n g speed a n d the l o w d r i v i n g energy o f 
t he c o m b i n e d p o w e r s w i t c h . 

T h e base of t he h igh vo l tage b i p o l a r dev i ce is 
d r i ven b y a c o n s t a n t vo l tage s o u r c e . T h e energy 
d i ss ipa ted t o d r i v e the h igh vo l tage b i p o l a r dev ice 
d e p e n d s o n the losses t ha t t he f o r w a r d bias c u r r e n t 
I B I generates in t h e res is tance in series w i t h R B , 
I B I 2 • R B • t. T h i s p o w e r d i ss i pa t i on can o n l y be 
r e d u c e d by us ing h igh ga in t rans is to rs o f d a r l i n g t o n s . 
(See F i g . 1) 

In t h e case of f l y b a c k s w i t c h i n g p o w e r supp l i es a 
p r a c t i c a l e x a m p l e is a lso d e s c r i b e d . 

CIRCUIT DESCRIPTION 

T h e t e r m " e m i t t e r s w i t c h i n g " desc r ibes a c i r c u i t 
c o n f i g u r a t i o n where a l o w vo l tage t rans is to r ( M O S 
o r B i p o l a r ) sw i tches o f f t he em i t t e r c u r r e n t of a 
h igh vo l tage t r ans i s to r , a n d c o n s e q u e n t l y the 
t r ans i s t o r i tself . 

T h i s c o n f i g u r a t i o n c o m b i n e s the fast s w i t c h i n g of 
a l o w vo l tage dev ice w i t h the h igh p o w e r s w i t c h i n g 
o f a h igh vol tage d e v i c e , s i nce : 

Fig. The basic circuit used for the evaluation of 
the emitter switching system. The base 
drive circuit used is shown for comparison 

FAST DIODE 

j L 
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T h e d i o d e in series w i t h the base serves to c l a m p 
t h e base overvo l tage at t u r n - o f f . 

T h e t w o t rans is to r stage is d r i ven by the gate of 
the l o w vo l tage P o w e r M O S . V e r y l o w d r i v i n g 
energ ies , a b o u t 1 8 0 n J per c y c l e , are i n v o l v e d in 
t h e cha rg ing a n d d i scha rg i ng o f the i npu t ca
p a c i t a n c e s . 

C o n s e q u e n t l y the stage c a n be d i r e c t l y d r i ven by 
the o u t p u t o f su i tab le l inear in tegra ted c i r c u i t s . 

T h e p o s s i b i l i t y o f d i r e c t d r i v i n g b y an IC o u t p u t 
t o g e t h e r w i t h the e x c e l l e n t s w i t c h i n g speed m a k e 
th i s c o n f i g u r a t i o n e x t r e m e l y su i t ab le f o r s w i t c h i n g 
p o w e r supp l ies at f r equenc ies o f 5 0 K H z or even 
h igher . 

CIRCUIT OPERATION 

A s w e have seen , the f o r w a r d base c u r r e n t I B I is 
f i x e d b y the ex te rna l c i r c u i t r y : 

. V B B - V B E s a t - V D S o n 
I B I = 

R B 

T h e c o l l e c t o r c u r r e n t ins tead d e p e n d s o n the l o a d , 
a n d in genera l , var ies w i t h the t i m e . 

T h e t u r n - o n a n d t u r n - o f f phases can be a n a l y z e d 
sepa ra te l y . 

TURN-OFF 

W h e n the d r i v i n g s ignal to the P o w e r M O S is l o w 
t h e d ra i n cu r ren t is i n t e r r u p t e d a n d the e m i t t e r cu r 
ren t o f t he high vo l tage b i p o l a r fa l ls to z e r o . T h e 
e m i t t e r reaches the base vo l tage a n d w o n ' t ca r ry 
a n y m o r e c u r r e n t . A s a resul t the c o l l e c t o r cu r ren t 
c a n o n l y f l o w t h r o u g h the base , b e c o m i n g a 
reverse base c u r r e n t t ha t dep le tes the base t o c o l 
l e c t o r j u n c t i o n . T h i s reverse base c u r r e n t IB2 , f r o m 
the m o m e n t w h e n t h e e m i t t e r c u r r e n t d i sappea rs , 
c o i n c i d e s w i t h the c o l l e c t o r c u r r e n t . See p h o t o 1. 
T h e s to red charge is r e m o v e d in a t y p i c a l l y very 
v i o l e n t , a n d c o n s e q u e n t l y rap id m a n n e r . 

Photo 1 - Base and collector current at turn-off 

A s a resul t the s to rage t i m e is s u b s t a b t i a l l y r e d u c e d . 
T h e fa l l t i m e , w h i c h is re la ted t o t h e r e c o m b i n a 
t i o n u n d e r the e m i t t e r , is a lso genera l l y r e d u c e d . 

T y p i c a l values f o r t h e fa l l a n d s torage t i m e of the 
S G S dev ices used in t h e test are s h o w n in T a b l e 1, 
f o r b o t h emi t te r a n d the base d r i ve c i r c u i t s . 

Table 1 - Typical tf and ts on inductive load 

Device IC(A) 

E M I T T E R 
S W I T C H I N G 

B A S E 
S W I T C H I N G 

Device IC(A) 
tstorage tfall tstorage tfall 

B U X 4 8 10 500ns 100ns 2MS 200ns 

BU508A 5 800ns 300ns 6MS 400ns 

SGSD00031 10 400ns 100ns 1 .2MS 100ns 

BU810 5 300ns 150ns 800ns 150ns 

SGSD00035 10 300ns 50ns 800ns 50ns 

SGSD00039 5 300ns 40ns 700ns 50ns 

T U R N - O N 

W h e n the P o w e r M O S is in the O N s ta te , t he b i p o l a r 
dev ice a lso star ts c o n d u c t i n g . T h e d y n a m i c be
hav iou r (See P h o t o 2) does no t d i f f e r in a n y 
subs tan t ia l w a y f r o m the usual case o f t he base 
d r i ve . 

Photo 2 - Base and collector current at turn-on 

T h e d y n a m i c s a t u r a t i o n t rans ien t V c E s a t d y n is 
a lso p r a c t i c a l l y t h e same w i t h a base d r i ve as w i t h 
an em i t t e r d r i ve . T h e c o l l e c t o r c u r r e n t , w h e n the 
c o l l e c t o r l oad is t h e p r i m a r y w i n d i n g o f a s w i t c h i n g 
t r a n s f o r m e r , can va ry a c c o r d i n g to t w o poss ib i l i t i e s . 
(See F i g . 2) 

a) A f t e r the in i t i a l peak due t o t he r e c o v e r y of the 
d i o d e present o n the s e c o n d a r y w i n d i n g , t he 
c o l l e c t o r c u r r e n t increases l i near l y s ta r t i ng f r o m 
ze ro 

b) A f t e r the same in i t ia l p e a k , the c o l l e c t o r cu r -
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ren t increases l i nea r l y s ta r t ing f r o m the va lue 
m e m o r i z e d in the magne t i c c i r c u i t a t t he e n d o f 
t he p rev ious c y c l e . 

Fig. 2 - Collector current waveforms with vary
ing load 

S - 8 1 1 Z 

t 
S - 8 1 1 1 

R E V E R S E BIAS S A F E OPERATING A R E A 

A p r o b l e m that o c c u r s in b i p o l a r t rans is to rs is 
d a m a g e caused b y " c u r r e n t c r o w d i n g " . 

F i g . 3a i l lust rates c u r r e n t f l o w i n g in a t y p i c a l 
b i p o l a r dev i ce . F i g . 3 b s h o w s h o w , w h e n the dev ice 
is t u r n e d o f f and the c u r r e n t beg ins t o d ie a w a y , 
t he c u r r e n t focuses w i t h a h igh c o n c e n t r a t i o n 
u n d e r t he emi t te r . T h i s h igh c u r r e n t d e n s i t y c a n 
d a m a g e or des t roy the t rans i s to r . 

Fig. 3a 

BASE EMITTER BASE 

S-8113 

Fig. 3b -

B A S E EMITTER B A S E 

S-81U 

T h e energy d i s s i p a t e d w i t h i n a b i p o l a r p o w e r t r an 
s is tor a t t u r n - o f f c a n be f o u n d g r a p h i c a l l y f r o m a 
p l o t o f I c versus V C E a t t u r n - o f f . T h r e e cases are 
s h o w n in F igures 4 a , b a n d c. T h e shaded area is 
p r o p o r t i o n a l to t h e energy tha t is d i ss ipa ted in 
the dev i ce d u r i n g t u r n - o f f . 

Fig. 4a - Slow turn-off. No crowding but high 
average heating 

S-6115 

Fig. 4b - Fast turn-off. Crowding with low average 
heating but possible high peak power 

S-8116 

Fig. 4c - Fast turn-off (with VQE delayed by 
snubber network) 

S-8117 NETWORK 

C o n s e q u e n t l y t u r n - o f f t imes a f fec t the S O A of 
the d e v i c e , ( F i g . 5b). These p r o b l e m s can be over 
c o m e us ing e m i t t e r s w i t c h i n g . 

T h e w a y the s to red charge is swep t a w a y in the 
high vo l tage b i p o l a r dev i ce w h e n it is d r i ven b y the 
e m i t t e r , p r o d u c e s s o m e in te res t ing c o n s e q u e n c e s . 

T h e s t o r e d charges are evacua ted t h r o u g h the base 
c o n t a c t w h e n the e m i t t e r c u r r e n t is z e r o e d a n d no t 
later t h a n a f e w tens o f ns af ter t he b e g i n n i n g 
o f the s torage i n te rva l . C o n s e q u e n t l y , d u r i n g the 
t u r n - o f f , no charge is i n jec ted f r o m the em i t t e r 
in to t he base. A l t h o u g h the reverse base c u r r e n t is 
qu i t e re levan t , no f o c u s i n g o f the c u r r e n t in the 
cen t re o f the em i t t e r f ingers takes p l ace . 
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T h e b i p o l a r dev i ce t he re fo re e x h i b i t s an energy 
a b s o r b i n g a b i l i t y at the t u r n - o f f R B S O A th. i t is 
s u b s t a n t i a l l y h igher t h a n if a n o r m a l base d r i ve 
w e r e u s e d , W i t h a base d r i ve the em i t t e r w o u l d 
in jec t charges a n d the vo l tage d r o p across t h e 
d i s t r i b u t e d base res is tence w o u l d i nduce the 
" e m i t t e r c r o w d i n g " p h e n o m e n o n . 

T h e p rac t i ca l ev i dence f o r a l l t he t rans is tors inves t i 
ga ted ( B U V 4 8 , B U 5 0 8 A , S G S D 0 0 0 3 5 , S G S D 0 0 0 3 9 ) 
s h o w s tha t the reverse bias safe ope ra t i ng area 
( R B S O A ) e x t e n d s r igh t u p to t he B V C E S ! (See f i g . 5 ) 

T h i s e x t r e m e e f fec t is u n f o r t u n a t e l y m u c h less 
p r o n u n c e d w h e n us ing fast da r l i ng tons . T h e h igher 
c o m p l e x i t y of t he charge e x t r a c t i o n m e c h a n i s m 
a n d t he charge i n j e c t i o n f r o m the emi t te r i n t o 
the base in the d r i ve r t rans is to r i m p l y tha t t he 
R B S O A e x t e n s i o n is a l m o s t i r re levant . • 

Fig. 5a - Reverse bias safe operating area 

(A) 
— , 1 

8 
EMITTER 

i Ml 
i 

jwircrir>6 —!— 

\ ! \ • 
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i i 
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t 
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209 4SS 600 ®00 VCE<V> 

Fig. 5b - How reverse bias safe operating area 
changes for: 
i) slow turn-off 
ii) fast turn-off 
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A POSSIBLE APPLICATION 

A poss ib le a p p l i c a t i o n o f the " e m i t t e r s w i t c h i n g " 
c o n f i g u r a t i o n is s h o w n in F igu re 6 , w h e r e a s w i t c h 
ing p o w e r s u p p l y o p e r a t i n g in a " f l y b a c k " m o d e 
has been i m p l e m e n t e d . 

T h e bas ic c r i t e r i a used in c h o o s i n g the values o f t h e 
c i r c u i t e l emen ts a re g iven b e l o w . T h e p u r p o s e o f 
the s t u d y was to d e m o s t r a t e t he feas ib i l i t y a n d t o 
eva lua te the advan tages . E x a c t c i r cu i t e l e m e n t 
va lues c a n be f u r t h e r o p t i m i z e d , espec ia l l y in t he 
case o f t he t r a n s f o r m e r . 

T h e p o w e r s o u r c e is t he m a i n s s ing lephase , 2 2 0 V 
a . c ) , a n d the s w i t c h i n g f r e q u e n c y can be set t o 
5 0 K H z o r m o r e . 

T h e dev ices used w e r e : 

Q 1 : Fas t d a r l i n g t o n s w i t h B V C E S > 6 0 0 V 
fo r 1 1 0 V l ine 
- S G S B U 8 1 0 f o r cu r ren t u p to 5A 
- S G S D 0 0 0 3 1 f o r cu r ren t above 5 A 
Fast t r ans i s to r w i t h B V c E S > 8 0 0 V f o r 
2 2 0 V l i ne 
- S G S D 0 0 0 3 9 f o r cu r ren ts up to 5 A 
- S G S D 0 0 0 3 5 fo r cu r ren ts up to 1 0 A 

Q 2 : L o w vo l tage P O W E R M O S ( B V D s s = 5 0 V ) 
- S G S P 3 5 2 f o r cu r ren t s up to 5 A 
- S G S P 3 2 2 f o r cu r ren t s above 5 A 

Q 3 : 

C o n t r o l 
IC : 

D Z 2 : 

D 1 : 

C 6 : 

R 3 : 

R 7 : 

C 4 , R 6 : 

C 3 , R 5 : 

H igh vo l t age , l o w c u r r e n t P O W E R M O S 
( B V D S S < = 4 0 0 V ) 
- S G S P 3 5 4 

S G S U C 3 8 4 2 

Z e n e r d i o d e 2 W / 2 0 V 

2 5 V d i o d e , w i t h l c peak rat ing as high as 
1 0 A f o r 5 0 0 n s 

E l e c t r o l y t i c c a p a c i t o r , 1 000M F, 2 5 V . 
It a b s o r b s poss ib le var ia t ions of V B B -

R e s i s t o r se t t ing the f o r w a r d bias base 
c u r r e n t of the d a r l i n g t o n : 

R 3 
V C E - V B E s a t - V D S C R 7 I D 

IBI 
Its p o w e r ra t ing m u s t exceed R 3 • IB 2 * t 
(in p r a c t i c e 3 W ) 

S h u n t res is tor to sense the s w i t c h cu r 
rent . T h e over c u r r e n t I s m a x p r o t e c t i o n 
is set a c c o r d i n g to 

1 V 
R 7 = 

ISr 

800 V C E (V) 

R C n e t w o r k , f i l t e r i ng the d i s tu rbances 
i n d u c e d by the s w i t c h i n g t rans ients o n 
the i s m a x p r o t e c t i o n i npu t . 

R C n e t w o r k , se t t ing the s w i t c h i n g f re
q u e n c y a n d the m a x i m u m d u t y c y c l e , 
a c c o r d i n g to the U C 3 8 4 2 data sheet . 
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2 . 7 ) / C 8 : 
tcharge = 0 . 5 5 R5 C3 
td ischarge = R5 x C3 £ n [(6.3 R5 
6.3 R5-4)] 
f = 1 / ( t c + td) 

R 8 , R 9 : Res is t ive d i v i d e r , o f the f e e d b a c k vo l t 
age, f r o m a s e c o n d a r y sense w i n d i n g , 
rec t i f i ed b y D 5 and C 5 . T h e d i v i d e d 
vol tage is c o m p a r e d b y the c o n t r o l IC 
t o an in terva l re fe rence o f 2 . 5 V . 

C 2 , R 4 : C o m p e n s a t i n g n e t w o r k in the e r ro r 
a m p l i f i e r of the f e e d - b a c k vo l t age . 

R 1 : Res i s to r b ias ing the Q3 gate ( 1 . 2 M f 2 , 
1/4W) 

R 2 : Res i s to r tha t l im i t s t he in rush c u r r e n t 
t h r o u g h the P O W E R M O S Q 3 at the 
t u r n - o n ( 1 . 2 K f t , 2W) 

D4: Fast recove ry d i o d e 
Its vo l t age / cu r ren t ra t ings d e p e n d o n the 
pa r t i cu la r s e c o n d a r y w i n d i n g it rec t i f i es . 

D5: L o w c u r r e n t / l o w vo l tage d i o d e 

D3, R10, 
S n u b b e r n e t w o r k ( F i g . 6 s h o w s jus t o n e 
of the p o s s i b l e c o n f i g u r a t i o n s ) . 

C 8 = 
L d Ic 

V o s " 
R 1 0 = 1 / 4 f C 8 
P ( R i o ) = 1/2 L d l d 2 f 

w h e r e : 

f = s w i t c h i n g f r e q u e n c y 
L d = s t ray i n d u c t a n c e o f the t r a n s f o r m e r 
V o s = m a x i m u m vo l tage o v e r s h o o t 
a d m i t t e d 
D3: is a 4 0 0 V fast r e c o v e r y d i o d e 
CT. P o s s i b l e c a p a c i t o r reduces the c ross 

ove r o f the D a r l i n g t o n (3 t o 6 n F ) 
It is i m p o r t a n t t o no te t ha t , t h e p o w e r t r ans i s to r 
Q3 acts o n l y at t h e t u r n - o n o f t he p o w e r s u p p l y 
a n d w h e n the c a p a c i t o r C 6 supp l i es m o r e energy 
t o the base o f t h e d a r l i n g t o n a n d t o the s u p p l y 
i n p u t of the IC t h a n is r e t u rned t o C 6 d u r i n g 
the t u r n - o f f o f t h e d a r l i n g t o n , Q 1 . 

Fig. 6 - "Emitter switching" circuit 

CONCLUSION 

T h e " e m i t t e r d r i v e " c o n f i g u r a t i o n e x h i b i t s s o m e 
c l ea r d i f fe rences w i t h respect t o t he usua l " b a s e 
d r i v e " c o n f i g u r a t i o n , a n d t h e y can be p a r t i c u l a r l y 
u s e f u l in s w i t c h i n g p o w e r s u p p l y a p p l i c a t i o n s : 

— S u b s t a n t i a l r e d u c t i o n of t he s torage t i m e a n d 
i m p r o v e m e n t o f t he fa l l t i m e 

S w i t c h i n g f requenc ies of 5 0 K H z a n d h igher are 
p o s s i b l e 

— T h e d y n a m i c d r i ve c i r c u i t r y is s i m p l i f i e d . T h e 
negat ive vo l tage s u p p l y is no t r e q u i r e d t o 
r e m o v e the s t o r e d charge f r o m the base. T h e 
energy needed t o d r i ve the gate o f t h e P O W E R 
M O S is very l o w ( 1 8 0 n J per c y c l e ) . 

— E x t r e m e l y h igh ruggedness at the t u r n - o f f o f 
the i n d u c t i v e l o a d (i.e. ve ry large R B S O A ) if 
the h igh vo l tage b i p o l a r par t is a t rans is to r . 

— H ighe r p o w e r d i s s i p a t i o n in t he on -s tage , d u e to 
the a d d i t i o n a l losses in the P O W E R M O S ( I D 2 

R D S o n t o n ) 

T h i s last p o i n t is t he o n l y d i sadvan tage , b u t it is 
m o r e t h a n , c o m p e n s a t e d fo r if s w i t c h i n g at h igh 
f r e q u e n c i e s . T h e l o w e r s w i t c h i n g losses (a sav ing 
each c y c l e ) can j us t i f y the h igher on -s ta te losses 
(a f i x e d e x p e n d i t u r e ) as s o o n as the s w i t c h i n g 
f r e q u e n c y is h igh e n o u g h , w h i c h is o f t e n t h e case 
in s w i t c h i n g p o w e r s u p p l i e s . 
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HIGH C U R R E N T SWITCHING R E G U L A T O R S 

P A R A M E T E R S 
D E V I C E S 

P A R A M E T E R S 

L296 L4960 L4962 L4964 

V o l t a g e R e f e r e n c e (%) ± 2 ± 4 ± 4 ± 3 

O u t p u t V o l t a g e R a n g e V R E F 
to 4 0 V 

V R E F 
to 4 0 V 

V R E F 
to 4 0 V 

V R E F 
to 2 8 V 

O u t p u t C u r r e n t (A) 4 . 0 2 . 5 1.5 4 . 0 

In te rna l C u r r e n t L i m i t i n g • • • • 

S o f t S t a r t • • • • 
I n h i b i t I n p u t • • 

R e s e t O u t p u t • • 

C r o w b a r C o n t r o l • 

M a x . O s c i l l a t o r F r e q u e n c y ( K H z ) 2 0 0 1 2 0 1 2 0 1 2 0 

S e p a r a t e O s c i l l a t o r S y n c h . • • 

T h e r m a l P r o t e c t i o n • • # • 

P a c k a g e M u l t i w a t t 
15 H e p t a w a t t 12 + 2 + 2 

M u l t i w a t t 
15 

2 2 4 



PWM C O N T R O L L E R S 

P A R A M E T E R S 
O P E R A T I N G T E M P E R A T U R E : 0 to 7 0 ° C 

P A R A M E T E R S 

SG3524 U C 3 5 2 4 A S G 3 5 2 5 A S G 3 5 2 7 A UC3840 UC3842 UC3846 UC3847 

V o l t a g e R e f e r e n c e 
(%) 

± 8 ± 2 ± 2 ± 2 ± 2 ± 2 ± 2 ± 2 

S o f t S t a r t • • • • • 
P W M L a t c h • • • • • • • 
U n d e r V o l t a g e 
L o c k o u t • • • • • • • 
P u l s e b y Pu lse 
C u r r e n t L i m i t i n g • • • • • 
S h u t d o w n T e r m i n a l • 9 • • « • • 
O u t p u t C u r r e n t (A ) 0.1 0 .2 0.1 

(0.4) 
0.1 

(0.4) 
0 .2 0 .2 

(1) 
0.2 0 .2 

F e e d f o r w a r d • • • • 
M a x . O s c i l l a t o r 
F r e q u e n c y ( K H z ) 

3 0 0 5 0 0 5 0 0 5 0 0 5 0 0 5 0 0 5 0 0 5 0 0 

D u a l U n c o m m i t t e d 
O u t p u t s • • 
S i n g l e E n d e d 
O u t p u t • • 
T o t e m P o l e O u t p u t s • • • • 
S e p a r a t e O s c i l l a t o r 
S y n c h . T e r m i n a l 

• • • • 
A d j u s t a b l e D e a d t i m e 
C o n t r o l • • • • • • 
L a t c h O f f or 
C o n t i n u o u s R e t r y 
M o d e 

• • • 

D o u b l e Pu l se 
S u p p r e s s i o n • • • 
L o w C u r r e n t 
S t a r t - U p • • 
P a c k a g e D I P - 1 6 D I P - 1 8 M i n i d i p D I P - 1 6 
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PWM CONTROLLERS 

P A R A M E T E R S 

O P E R A T I N G T E M P E R A T U R E : -25 t o 8 5 ° C 

P A R A M E T E R S 

SG2524 U C 2 5 2 4 A S G 2 5 2 5 A S G 2 5 2 7 A UC2840 UC2842 UC2846 UC2847 

V o l t a g e R e f e r e n c e 
(%) 

± 4 ± 1 ± 1 ± 1 ± 1 ± 1 ± 1 ± 1 

S o f t S t a r t • • • • • 
P W M L a t c h • • • • • • 
U n d e r V o l t a g e 
L o c k o u t 

• • • • • • • 
P u l s e by Pu lse 
C u r r e n t L i m i t i n g 

• • • • • 
S h u t d o w n T e r m i n a l • • • • • • • 
O u t p u t C u r r e n t (A ) 0.1 0 .2 0.1 

(0.4) 
0.1 

(0.4) 
0 .2 0 .2 

(1) 
0.2 0 .2 

F e e d f o r w a r d • • • • 
M a x . O s c i l l a t o r 
F r e q u e n c y ( K H z ) 

3 0 0 5 0 0 5 0 0 5 0 0 5 0 0 5 0 0 5 0 0 5 0 0 

D u a l U n c o m m i t t e d 
O u t p u t s 

• • 
S i n g l e E n d e d 
O u t p u t 

• • 
T o t e m P o l e O u t p u t s • • • • 
S e p a r a t e O s c i l l a t o r 
S y n c h . T e r m i n a l 

• • • • 
A d j u s t a b l e D e a d t i m e 
C o n t r o l 

• • • • • • 
L a t c h O f f o r 
C o n t i n u o u s R e t r y 
M o d e 

• • • 

D o u b l e Pu lse 
S u p p r e s s i o n • • • 
L o w C u r r e n t 
S t a r t - U p • • 
P a c k a g e D I P - 1 6 D I P - 1 8 M i n i d i p D I P - 1 6 
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PWM C O N T R O L L E R S 

P A R A M E T E R S 
O P E R A T I N G T E M P E R A T U R E : -55 to 1 2 5 ° C 

P A R A M E T E R S 

SG1524 U C 1 5 2 4 A SG1525A SG1527A U C 1 8 4 0 UC1842 UC1846 UC1847 

V o l t a g e R e f e r e n c e 
(%) 

± 4 ± 1 ± 1 ± 1 ± 1 ± 1 ± 1 ± 1 

S o f t S t a r t • • • • • 
P W M L a t c h • • • • • • • 
U n d e r V o l t a g e 
L o c k o u t 

• • • • • • • 
P u l s e by Pu lse 
C u r r e n t L i m i t i n g 

• • • • • 

S h u t d o w n T e r m i n a l • • • • • • • • 
O u t p u t C u r r e n t (A ) 0.1 0 .2 0.1 

(0.4) 
0.1 

(0.4) 
0.2 0.2 

(1) 
0.2 0 .2 

F e e d f o r w a r d • • • • 
M a x . Osc i l l a t o r 
F r e q u e n c y ( K H z ) 

3 0 0 5 0 0 5 0 0 5 0 0 5 0 0 5 0 0 5 0 0 5 0 0 

D u a l U n c o m m i t t e d 
O u t p u t s 

• • 

S i n g l e E n d e d 
O u t p u t 

• • 

T o t e m P o l e O u t p u t s • • • • 
S e p a r a t e O s c i l l a t o r 
S y n c h . T e r m i n a l 

• • • • 

A d j u s t a b l e D e a d t i m e 
C o n t r o l 

• • • • • • 

L a t c h O f f or 
C o n t i n u o u s R e t r y 
M o d e 

• • • 

D o u b l e Pu lse 
S u p p r e s s i o n 

• • • 

L o w C u r r e n t 
S t a r t - U p 

• • 
P a c k a g e D I P - 1 6 D I P - 1 8 M i n i d i p D I P - 1 6 

2 2 7 



LOW DROP V O L T A G E R E G U L A T O R S 

Type Low 
drop 

Very 
low 

drop 

Transient protection 
Reset 

Short 
circuit 

protection 

Reverse 
voltage 

protection 

Output voltage 
Type Low 

drop 

Very 
low 

drop ± 100 + 80 ± 60 ± 40 
Reset 

Short 
circuit 

protection 

Reverse 
voltage 

protection 5V 8.5V 10V 12V 

L 3 8 7 • • • • • 
L 4 8 7 • • • • • • 
L 2 6 0 5 
L 2 6 8 5 
L 2 6 1 0 

• • • 
• • • 

• • • 
• • • • • • 

L 4 7 0 5 
L 4 7 8 5 
L 4 7 1 0 

• • • 
• • • 

• • • 
• • • • • • 

L 4 8 0 5 
L 4 8 8 5 
L 4 8 1 0 
L 4 8 1 2 

• • • • 
• • • • 

• • • • 
• • • • 

• • • • 
L 4 9 2 0 
L 4 9 2 1 • 

• 
• 
• 

• 
• 

• 
• 

ad jus tab le 

L 4 9 4 0 • • • • • 
L M 2 9 3 0 A 
L M 2 9 3 1 A • 

• 
• • 

• 
• 
• 

• 
• L M 2 9 3 5 (*) • • • • • • 

P R O P R I E T A R Y V O L T A G E R E G U L A T O R S 

! o max 
(A) Type 

Regulated output voltage (V) 
Package 

! o max 
(A) Type 

5 8.5 10 12 
Package 

4 
L 2 9 6 (**) 5 . 1 V ad jus tab le 4 0 V 

M u l t i w a t t 15 4 
L 4 9 6 4 (**) 5 . 1 V ad jus tab le 2 8 V 

M u l t i w a t t 15 

2 .5 L 4 9 6 0 (**) 5 V ad jus tab le • 4 0 V H e p t a w a t t 

2 L 2 0 0 C H / C V 
L 2 0 0 C T / T 

2 . 9 V ad jus tab le 3 6 V P e n t a w a t t 
T O - 3 (4 lead) 

1.5 

L 4 9 6 2 (**) 5 V ad jus tab le 4 0 V P o w e r d i p 
12 + 2 + 2 1.5 

L 4 9 4 0 • T O - 2 2 0 

0 .5 

L 3 8 7 • P e n t a w a t t 

0 .5 

L 4 8 7 • P e n t a w a t t 

0 .5 

L 2 6 0 0 V • • • T O - 2 2 0 

0 .5 

L 4 7 0 0 C V • • • T O - 2 2 0 

0 .5 

L 4 8 0 0 C V • • • • T O - 2 2 0 

0 .5 L 4 8 0 0 C X • • • • S O T - 8 2 0 .5 

L 4 9 0 1 (*) • H e p t a w a t t 

0 .5 

L 4 9 0 2 (*) • H e p t a w a t t 

0 .5 

L 4 9 1 6 • M i n i d i p 

0 .5 

L 4 9 2 0 
1 . 2 5 V - ad jus tab le • 2 0 V 

P e n t a w a t t 

0 .5 

L 4 9 2 1 
1 . 2 5 V - ad jus tab le • 2 0 V 

M i n i d i p 

(*) Dual regulator (**) Switch-mode 



S T A N D A R D POSITIVE V O L T A G E R E G U L A T O R S 

lo max 
Type 

Regulated output voltage (V) 

Package 
(A) 

Type Package 
(A) 

5 6 7.5 8 9 10 12 15 18 20 24 

o / * \ L 7 8 S 0 0 C V • • • • • • • • T O - 2 2 0 
2 ( ) L 7 8 S 0 0 C T / T • • • • • • • • T O - 3 

L M 1 1 7 K T O - 3 

1.5 
L M 2 1 7 K 

1 .2V ... o/H111 <"+*i{~\ln .. 3 7 V 
T O - 3 

1.5 
L M 3 1 7 K 1 .2V u U J U b L c J U l u 3 7 V 

T O - 3 

L M 3 1 7 T T O - 2 2 0 

L 7 8 0 0 C V • • • • • • • • T O - 2 2 0 

1 L 7 8 0 0 A C V (**) • • • • • • • • T O - 2 2 0 

L 7 8 0 0 C T / T • • • • • • • • T O - 3 

0 .5 
L 7 8 M 0 0 C V • • • • • • • T O - 2 2 0 

0.5 
L 7 8 M 0 0 C X • • • • • • • • S O T - 8 2 

L M 7 2 3 C D S O - 1 4 

L M 7 2 3 C H T O - 1 0 0 

0 . 1 5 
L M 7 2 3 C J 

L M 7 2 3 C N 
2 V - — ad jus tab le - 3 6 V 

D I P - 1 4 C 

D I P - 1 4 P 

L M 7 2 3 J D I P - 1 4 C 

L M 7 2 3 H T O - 1 0 0 

S T A N D A R D N E G A T I V E V O L T A G E R E G U L A T O R S 

lo max 

(A) 
Type 

Regulated output voltage (V) 

Package lo max 

(A) 
Type 

-5 -5.2 -8 -12 -15 -18 -20 -24 

Package 

L 7 9 0 0 A C V (**) • • • • • • • • T O - 2 2 0 

1 L 7 9 0 0 C V • • • • • • • T O - 2 2 0 

L 7 9 0 0 C T / T • • • • • • • • T O - 3 

(*) Proprietary S G S selection (**) Output voltage = ± 2% 
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SWITCHING R E G U L A T O R C O N T R O L L E R S FOR T V A N D MONITORS 

TYPE DESCRIPTION PACKAGE 

T D A 4 6 0 1 Des igned t o regu la te a n d c o n t r o l the h igh vo l tage 
t r ans i s to r o f a s w i t c h i n g p o w e r s u p p l y . 

- V S M A X = 2 0 V - I S M A X = 1 6 0 m A 

— O p e r a t i n g f r e q u e n c y : 10 t o 8 0 K H z . 

D I P - 1 8 
(9 + 9) 

T D A 8 1 3 0 P r o v i d e s the necessary fea tu res t o i m p l e m e n t o f f 
l i ne , f i x e d f r e q u e n c y c u r r e n t m o d e c o n t r o l s c h e m e s . 
P r o t e c t i o n c i r c u i t r y i n c l u d e s bu i l t - i n vo l tage l o c k o u t , 
pu lse b y pu lse l i m i t i n g and an a n t i m a g n e t i z a t i o n 
c i r c u i t . 

M i n i d i p 

T D A 8 1 3 2 P r o v i d e s the same fea tu res and f u n c t i o n s o f t he 
T D A 8 1 3 0 , bu t w i t h a d d e d : 
— E n a b l e i n p u t 
— O v e r a n d u n d e r vo l tage d e t e c t o r s 
— O v e r l o a d i d e n t i f i c a t i o n 
— S y n c h , f a c i l i t y . 

D I P - 1 4 

SPECIAL FUNCTIONS 

TYPE DESCRIPTION PACKAGE 

T L 7 7 0 0 series S u p p l y vo l tage supe rv i so rs des igned f o r use as reset 
c o n t r o l l e r s in jiiP s y s t e m s . 
D u r i n g p o w e r - u p the dev i ce tests t h e s u p p l y vo l tage 
a n d keeps the reset o u t p u t s ac t i ve as l ong as the 
s u p p l y vo l tage has n o n reached its n o m i n a l vo l tage 
va lue . 

— V s = 3 V t o 1 8 V 
— T e m p e r a t u r e c o m p e n s a t e d vo l t age re fe rence 
— E x t e r n a l l y ad jus tab le pu lse w i d t h 

M i n i d i p 

U C 2 9 0 6 
U C 3 9 0 6 

B a t t e r y charger c o n t r o l l e r s des igned t o o p t i m a l l y 
c o n t r o l t he charge a n d h o l d c y c l e f o r sea led lead 
a c i d ba t te r ies . 

T h e o u t p u t d r i ve r w i l l s u p p l y 2 5 m A M a x t o an 
e x t e r n a l pass dev i ce . 

D I P - 1 6 
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SWITCHING R E G U L A T O R M O D U L E S 

TYPE 
Input 

Voltage 
V 

Output 
Voltage 

V 

Output 
Current 

A 

Current 
L imi t 

. A 

Line 
Regul
ation 

dB 

Load 
Regul
ation 
mV/A 

Temp. 
Stability 
m V / ° C 

Crowbar 
Inter

vention 
V 

Output 
Noise 
mV 

Effi
ciency 

G S - R 4 0 5 8 - 4 8 5 4 5 6 0 2 0 0 .2 6 2 5 7 5 

G S - R 4 0 5 S 8 - 4 8 5 4 5 6 0 2 0 0 .2 6 2 5 7 5 

G S - R 4 1 2 1 5 - 4 8 12 ^ 4 5 6 0 4 0 0 .5 1 5 3 0 8 5 

G S - R 4 1 5 1 8 - 4 8 1 5 4 5 6 0 6 0 0.6 18 4 0 9 0 

G S - R 4 2 4 2 7 - 4 8 2 4 4 5 6 0 9 0 1 2 9 5 0 9 0 

G S - R 4 0 0 V V 0 + 3 - 4 8 5 - 4 0 
A D J U S T 

4 5 6 0 2 0 / 9 0 0 . 2 / 1 . 6 1.2 V 0 2 5 / 5 0 7 5 / 9 0 

PIN F U N C T I O N 

INH Inhibit. T T L c o m p a t i b l e i n p u t . W h e n h i g h , m o d u l e is d i s a b l e d . C o n n e c t 
t o g r o u n d if n o t u s e d . 

R T Reset Output. O n G S - R 4 0 5 S o n l y . R T is h igh ( 5 V ) 1 0 0 ms af ter o u t p u t 
vo l tage reaches n o m i n a l va lue ( 5 V ) . 

V i Input. U n r e g u l a t e d D C i n p u t . M a x i m u m vo l tage m u s t n o t e x c e e d 4 8 V . 

GNDx Ground . C o m m o n g r o u n d f o r i n p u t vo l t age . 

G N D 2 Ground . C o m m o n g r o u n d o f h igh c u r r e n t p a t h . Case o f m o d u l e m u s t be 

i so la ted f r o m g r o u n d . 

S" Sensing negative. Senses the ac tua l g r o u n d o f a r e m o t e l o a d . 

S + Sensing positive. Senses vo l tages o n a r e m o t e l o a d . 

V 0 
Output . R e g u l a t e d a n d s t a b i l i z e d D C vo l t age . M a x o u t p u t c u r r e n t is 4 A . 
P r o t e c t e d against s h o r t c i r c u i t t o g r o u n d o r t o s u p p l y . 

P Output voltage regulation. O n G S - R 4 0 0 V o n l y . A va r iab le res is tor (18K£2 
m a x ) c o n n e c t e d b e t w e e n th is p i n a n d S + c a n ad jus t the o u t p u t vo l t age . 

231 



O F F LINE SWITCHING POWER SUPPLIES 
F L Y B A C K C O N F I G U R A T I O N 

JUL 

A D V A N T A G E S : 

- S I M P L E T R A N S F O R M E R 

- N O H I G H V O L T A G E F A S T D I O D E S 

- O N L Y O N E S E C O N D A R Y D I O D E 

- S I M P L E F I L T E R 

DISVANTAGES: 

- V C E (max) = 2 x V c c + V s ( n 2 / n 1 ) 

- H I G H R A T I O l C ( p k ) / l c ( a v ) 
- M O S T S T R E S S O N P O W E R T R A N S I S T O R 

F O R G I V E N O U T P U T P O W E R 

OFF LINE SWITCHING POWER SUPPLIES 
SINGLE TRANSISTOR FORWARD CONFIGURATION 

+ a 

A D V A N T A G E S : 

- O N L Y O N E H I G H V O L T A G E F A S T D I O D E 

- M O R E U S E F U L C U R R E N T W A V E F O R M 

( L O W E R R A T I O l C ( p k ) / l c ( a v ) > 

^cc 

DISVANTAGES: 
_ V C E ( m a x ) = 2 x V C c 
- C O M P L E X T R A N S F O R M E R 
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OFF LINE SWITCHING POWER SUPPLIES 
PUSH-PULL CONFIGURATION 

i 

^ - %K 

A D V A N T A G E S : 

- B O T H T R A N S I S T O R S A R E D R I V E N W I T H 
R E S P E C T T O G R O U N D 

DISVANTAGES: 

- V C E (max) = 2 x V C c 
- R I S K O F T R A N S F O R M E R C O R E 

S A T U R A T I O N IF C U R R E N T S 
U N B A L A N C E D 

OFF LINE SWITCHING POWER SUPPLIES 
HALF BRIDGE CONFIGURATION 

_ n _ 

- o -

A D 2 

X 
i i 0 6 

A D V A N T A G E S : 

- S I M P L E T R A N S F O R M E R 

— V C E (max) = V c e 

D I S V A N T A G E S : 

- Q1 R E Q U I R E S F L O A T I N G D R I V E 

- R E Q U I R E S 4 F A S T D I O D E S 
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OFF LINE SWITCHING POWER SUPPLIES 
FULL BRIDGE CONFIGURATION 

A D V A N T A G E S : DISVANTAGES: 

S I M P L E T R A N S F O R M E R 
H I G H E S T U S E F U L P O W E R P E R 
T R A N S I S T O R 

C O M P L E X D R I V E C I R C U I T S 

R E Q U I R E S 4 T R A N S I S T O R S A N D 4 H I G H 
V O L T A G E F A S T D I O D E S 

- V C E (max) = V cc 
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20 -50W CONVERTERS 

w 1 + 
, p l l.t's c t ID.1 

J U l 

A 
F L Y B A C K FORWARD 

J 0 - ^ mil i [ 0 3 

I i02 Dti i 

i i 0 6 

H A L F BRIDGE 

2 0 - 3 0 k H z M u l t i e p i t a x i a l M e s a T r a n s i s t o r s F a s t D a r l i n g t o n s 
B U X 8 5 B U X 8 4 BU801 

3 0 - 7 5 k H z F A S T S W I T C H ™ H o l l o w E m i t t e r T r a n s i s t o r s 
S G S D 0 0 0 4 4 | S G S D 0 0 0 4 4 S G S D 0 0 0 4 2 

> 7 5 k H z E m i t t e r S w i t c h e d P O W E R M O S 
S G S D 0 0 0 4 4 + SGSP302 , S G S D 0 0 0 4 2 + SGSP302 S G S P 2 3 9 / S G S P 3 3 9 

L i n e = 2 2 0 V o r 1 1 0 V w i t h vo l t age d o u b l e r 



50 -80W CONVERTERS 

F L Y B A C K 

_ n _ 
01 ii j [ 03 

_n_ 

HALF BRIDGE 

2 0 - 3 0 k H z M u l t i e p i t a x i a l M e s a T r a n s i s t o r s Fas t D a r l i n g t o n s 

B U T 1 1 A B U X 8 4 BU801 

B U W 1 1 A B U T 1 1 B U 8 1 0 

3 0 - 7 5 k H z F A S T S W I T C H ™ H o l l o w E m i t t e r T r a n s i s t o r s 

S G S D 0 0 0 4 4 | S G S D 0 0 0 4 4 S G S D 0 0 0 4 2 

> 7 5 k H z E m i t t e r S w i t c h e d P O W E R M O S 

S G S D 0 0 0 4 4 + SGSP352 | S G S D 0 0 0 4 2 + SGSP302 S G S 2 1 9 / S G S P 3 1 9 

L i n e = 2 2 0 V o r 1 1 0 V w i t h vo l t age d o u b l e r 



80- 120W CONVERTERS 

F L Y B A C K 

Hot 

HALF BRIDGE 

2 0 - 3 0 k H z M u l t i e p i t a x i a l M e s a T r a n s i s t o r s 
B U W 1 2 A B U T 1 1 / B U W 1 1 

B U V 4 7 A / B U X 4 7 A B U V 4 7 / B U X 4 7 

F a s t D a r l i n g t o n s 
B U 8 1 0 

3 0 - 7 5 k H z 
SGSD00041 

S G S D 0 0 0 3 9 / S G S D 0 0 0 3 8 

F A S T S W I T C H ™ H o l l o w E m i t t e r T rans i s t o r s 
S G S D 0 0 0 4 4 / SGSD00041 

S G S D 0 0 0 3 9 
S G S D 0 0 0 4 2 

> 7 5 k H z 
S G S D 0 0 0 3 9 + SGSP312 

E m i t t e r S w i t c h e d 
I SGSD00041 + SGSP352 

P O W E R M O S 

S G S P 3 6 9 / SGSP469 

L i n e = 2 2 0 V o r 1 1 0 V w i t h vo l t age d o u b l e r 



120- 180W CONVERTERS 

D 

F L Y B A C K FORWARD H A L F BRIDGE 

2 0 - 3 0 k H z M u l t i e p i t a x i a l M e s a T r a n s i s t o r s 
B U W 1 2 A B U W 1 2 

B U V 4 7 A / B U X 4 7 A B U V 4 7 / B U X 4 7 

F a s t D a r l i n g t o n s 
B U 8 1 0 

SGS10005P 

3 0 - 7 5 k H z 
S G S D 0 0 0 3 9 / S G S D 0 0 0 3 8 
S G S D 0 0 0 3 5 / S G S D 0 0 0 3 4 

F A S T S W I T C H ™ H o l l o w E m i t t e r T r a n s i s t o r s 
S G S D 0 0 0 4 4 / SGSD00041 
S G S D 0 0 0 3 9 / S G S D 0 0 0 3 8 

S G S D 0 0 0 4 2 
S G S D 0 0 0 4 0 / S G S D 0 0 0 3 7 

> 7 5 k H z E m i t t e r S w i t c h e d 
S G S D 0 0 0 3 9 + SGSP312 I SGSD00041 + SGSP352 

P O W E R M O S 
S G S P 3 6 9 / SGSP469 

L i n e = 2 2 0 V or 1 1 0 V w i t h vo l tage d o u b l e r 



180-250W C O N V E R T E R S 

F L Y B A C K 

•I T r*~r~^-9 1 

FORWARD 

_n_ 

2 [02 DM I 

X 
ii06 

02 r-i 

HALF BRIDGE 

2 0 - 3 0 k H z M u l t i e p i t a x i a l M e s a T r a n s i s t o r s 
B U W 1 3 A 

B U V 4 8 A / B U X 4 8 A 
B U W 1 2 

B U V 4 7 / B U X 4 7 

F a s t D a r l i n g t o n s 

SGS10005P 

30 - 7 5 k H z F A S T S W I T C H ™ H o l l o w E m i t t e r T r a n s i s t o r s 

SGSD00035 / S G S D 0 0 0 3 4 S G S D 0 0 0 3 9 / S G S D 0 0 0 3 8 S G S D 0 0 0 4 0 

S G S D 0 0 0 3 7 / S G S D 0 0 0 3 6 

> 7 5 k H z E m i t t e r S w i t c h e d P O W E R M O S 
S G S D 0 0 0 3 5 + SGSP362 S G S D 0 0 0 3 9 + SGSP312 SGSP479 / SGSP579 

L i n e = 2 2 0 V or 1 1 0 V w i t h vo l tage d o u b l e r 



250 - 350W C O N V E R T E R S 

•—M—<1—r v—f 1 
I'! W j ° 3 C ^ ' L | [ | ] R L 

FORWARD 

][03 

H A L F B R I D G E 

^ I1 

" T T 

F U L L B R I D G E 

2 0 - 3 0 k H z T r a n s i s t o r s 
BUW13 

B U V 4 8 / B U X 4 8 

Fas t D a r l i n g t o n s 
SGS10005P 
S G S D 0 0 0 3 0 

SGS10005P 

3 0 - 7 5 k H z 
S G S D 0 0 0 3 5 / S G S D 0 0 0 3 4 

F A S T S W I T C H ™ H o l l o w E m i t t e r T r a n s i s t o r s 

S G S D 0 0 0 3 9 / S G S D 0 0 0 3 8 S G S D 0 0 0 3 7 / S G S D 0 0 0 3 6 

> 7 5 k H z E m i t t e r S w i t c h e d 

S G S D 0 0 0 3 5 + SGSP362 
P O W E R M O S 

SGSP479 / SGSP579 SGSP369 / SGSP469 

L i n e = 2 2 0 V or 1 1 0 V w i t h vo l tage d o u b l e r 



350 - 700W CONVERTERS 

H A L F BRIDGE F U L L BRIDGE 

2 0 - 3 0 k H z 
S G S D 0 0 0 3 0 

Fas t D a r l i n g t o n s 
| SGS10005P 

2 0 - 3 0 k H z 
B U V 4 8 / B U X 4 8 

M u l t i e p i t a x i a l M e s a T r a n s i s t o r s 
I B U V 4 7 / B U X 4 7 

3 0 - 7 5 k H z 
SGSD00033 / S G S D 0 0 0 3 2 

F A S T S W I T C H ™ H o l o w E m i t t e r T rans i s t o r s 

S G S D 0 0 0 3 7 / S G S D 0 0 0 3 6 

> 7 5 k H z E m i t t e r S w i t c h e d 
S G S D 0 0 0 3 3 + SGSP362 

P O W E R M O S 
SGSP479 / SGSP579 

L i n e = 2 2 0 V o r 1 1 0 V w i t h vo l tage d o u b l e r 



700 - 1200W CONVERTERS 

_ n _ 

- o -

OUl ii.03 
05 

I Q 2 N 

HALF BRIDGE F U L L BRIDGE 

2 0 - 3 0 k H z 
SGSD00031 ( X 2 ) / S G S 3 0 D B 0 4 5 D ( X 1 ) 

Fas t D a r l i n g t o n s 
SGS10005P / S G S D 0 0 0 3 0 

2 0 - 3 0 k H z 
B U X 9 8 / B U X 4 8 

M u l t i e p i t a x i a l M e s a T r a n s i s t o r s 
B U V 4 8 / B U X 4 8 

3 0 - 7 5 k H z 
S G S D 0 0 0 3 2 

F A S T S W I T C H ™ H o l l o w E m i t t e r T r a n s i s t o r s 

| S G S D 0 0 0 3 3 / S G S D 0 0 0 3 2 

> 7 5 k H z E m i t t e r S w i t c h e d 
S G S D 0 0 0 3 2 + SGSP472 S G S D 0 0 0 3 3 + SGSP362 

L i n e = 2 2 0 V o r 1 1 0 V w i t h vo l tage d o u b l e r 



APPLICATION POWER FACTORS 

C o n d i t i o n s o f Use 
C r i t i c a l A p p l i c a t i o n 

( C o m p u t e r ) 
I ndus t r i a l A p p l i c a t i o n 

( O f f i c e E q u i p m e n t ) 
C o n s u m e r U s e 

( H o m e ) 

L o w A m b i e n t o r Large 
Hea ts i nk 

1.0 1.25 1.5 

N o r m a l A m b i e n t o r 
M e d i u m H e a t s i n k 

0 .8 1.0 1.25 

H i g h A m b i e n t o r S m a l l 
H e a t s i n k 

0 .6 0 . 7 5 1.0 

I N D I V I D U A L D E S I G N P H I L O S O P H Y A N D M T B F O B J E C T I V E S M A Y M O D I F Y 
T H E S E F A C T O R S O R T H E C H O I C E O F D E V I C E 

OFF LINE SWITCHING POWER SUPPLIES 
POWER SWITCH TYPE: BIPOLAR TRANSISTOR 

MULTIEPITAXIAL MESA 

GLASS AL THERMAL P-VAPOX 
OXIDE 

- W I D E C H O I C E O F D E V I C E S A N D P A C K A G E S 

- 2 0 k H z O P E R A T I O N N O R M A L 

- 3 0 k H z P O S S I B L E W I T H C A R E 

- E C O N O M I C A N D H I G H V O L U M E 

- S O M E P N P D E V I C E S A V A I L A B L E 

2 4 3 



OFF LINE SWITCHING POWER SUPPLIES 
POWER SWITCH TYPE: BIPOLAR DARLINGTON 

FAST DARLINGTON 

- H I G H G A I N S I M P L I F I E S D R I V E C I R C U I T 

- D R I V E L E S S C R I T I C A L T H A N T R A N S I S T O R 

- 3 0 k H z O P E R A T I O N N O R M A L 

- B E S T C U R R E N T T O C O S T R A T I O 

OFF LINE SWITCHING POWER SUPPLIES 
POWER SWITCH TYPE: BIPOLAR TRANSISTOR 

FASTSWITCH™ hollow emitter 

GLASS T H E R M A L P-VAPOX 

5 0 k H z O P E R A T I O N N O R M A L 

> 1 0 0 H z P O S S I B L E W I T H C A R E 

1 A T O 1 0 A W O R K I N G C U R R E N T S 

T O - 2 2 0 / S O T - 9 3 / T O - 3 P A C K A G E S A V A I L A B L E 

2 4 4 



OFF LINE SWITCHING POWER SUPPLIES 
POWER SWITCH TYPE: EMITTER SWITCHED 

BIPOLAR & POWER MOS CASCODE 

6 6 
S-8182 S-8183 

- S W I T C H I N G S I M I L A R T O P O W E R M O S > 1 0 0 k H z 

- P O W E R M O S I S E C O N O M I C L O W V O L T A G E T Y P E 

- W I T H F A S T D A R L I N G T O N D I R E C T I . C . D R I V E 

- E X T E N D S R B S O A O F T R A N S I S T O R S T O I C M / V C E S 

- C A N U S E R E G E N E R A T I V E D R I V E T E C H N I Q U E S 

OFF LINE SWITCHING POWER SUPPLIES 
POWER SWITCH TYPE: POWER MOS 

DMOS MULTICELL 

S O U R C E T H E R M A L TRIPLANAR 
OXIDE E D G E 

TERMINATION 

G O 

- E A S Y T O D R I V E A T 5 0 k H z 

- 3 0 0 k H z P O S S I B L E W I T H C A R E 

- L I M I T E D A V A I L A B I L I T Y A T > 5 0 0 V 

- H I G H C O M P O N E N T C O S T V S B I P O L A R A T 4 0 0 V 

- R D S ( o n ) I N C R E A S E S R A P I D L Y W I T H V D S S S O 
1 0 0 0 V P A R T S A R E E X T R E M E L Y E X P E N S I V E 
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N-CHANNEL POWER MOS TRANSISTORS 

V E R Y FAST SWITCHING AND/OR EASY DRIVING 
GATE 

POLISIUCON 

V e r y fast swi tch ing and/or easy dr iv ing: 

- S M P S 
- D C - D C C O N V E R T E R S 
- S Y N C H R O N O U S R E C T I F I E R S 
- D R I V E R S 

I N T E R N A L S C H E M A T I C D I A G R A M 

G O 

SOURCE THERMAL TRIPLANAR 
AL OXIDE EDGE 

TERMINATION 

S E F = I R F 
S E F P = M T P 
S E F M = M T M 

V ( B R ) D S S 

(V) 
R D S ( o n ) 

(max) 
(fi) 

I D 

(A) 
Package Type 

I D (max) 
(A) 

Ptot 
( W ) 

gfs(min) 
(«) 

Ciss(max) 
(pF) 

50 0.6 2.5 T O - 2 2 0 S E F P 5 N 0 5 5.0 50 0.75 270 
50 0.3 3.5 S O T - 8 2 S G S P 2 5 S 7.0 40 1.5 270 
50 0.3 3.5 T O - 2 2 0 S G S P 3 5 8 7.0 50 1.5 270 
50 0.3 3.5 T O - 3 9 S G S P 1 5 8 5.0 15 1.5 2 7 0 
50 0.28 5.0 T O - 2 2 0 S E F P 1 0 N 0 5 10.0 75 2.5 5 5 0 
50 0.28 5.0 T O - 3 S E F M 1 0 N 0 5 10.0 75 2.5 5 5 0 
50 0.2 6.0 T O - 2 2 0 S E F P 1 2 N 0 5 12.0 75 3.0 550 
50 0.2 6.0 T O - 3 S E F M 1 2 N 0 5 12.0 75 3.0 550 
50 0.16 7.5 T O - 2 2 0 SEFP15 IM05 15.0 75 3.5 5 5 0 
50 0.16 7.5 T O - 3 S E F M 1 5 N 0 5 15.0 75 3.5 550 
50 0.13 5.0 S O T - 8 2 S G S P 2 2 2 10.0 50 3.0 550 
50 0.13 5.0 S O T - 9 3 S G S P 4 2 2 10.0 75 3.0 5 5 0 
50 0.13 5.0 T O - 2 2 0 S G S P 3 2 2 10.0 75 3.0 550 
50 0.13 5.0 T O - 3 S G S P 5 2 2 10.0 75 3.0 550 
50 0.13 3.5 T O - 3 9 S G S P 1 2 2 7.0 15 2.5 5 5 0 
50 0.12 6.0 T O - 2 2 0 B U Z 1 0 A 12.0 75 3.0 5 5 0 
50 0.12 6.0 T O - 2 2 0 B U Z 7 1 A 12.0 40 3.0 5 5 0 
50 0.1 6.0 T O - 2 2 0 B U Z 1 0 12.0 75 3.0 5 5 0 
50 0.1 6.0 T O - 2 2 0 B U Z 7 1 12.0 4 0 3.0 550 
50 0.08 12.5 T O - 2 2 0 S E F P 2 5 N 0 5 25.0 100 5.0 1400 
50 0.08 12.5 T O - 3 S E F M 2 5 N 0 5 25.0 100 5.0 1400 
50 0.06 12.0 S O T - 9 3 S G S P 4 8 2 24 .0 125 5.0 1400 
50 0.06 12.0 T O - 2 2 0 S G S P 3 8 2 24 .0 100 5.0 1400 
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N-CHANNEL POWER MOS TRANSISTORS 

V E R Y F A S T S W I T C H I N G A N D / O R E A S Y D R I V I N G (cont inued) 

V ( B R ) DSS 
(V) 

(I 
RDS (on) 

(max) 
(« ) 

I D 
(A) 

Package Type 
I D (max) 

(A) 
Ptot 
(W) 

gfs(min) 
(U) 

Ciss (max) 
(pF) 

50 0.06 12.0 T O - 3 S G S P 5 8 2 24.0 125 5.0 1400 
50 0.055 17.5 S O T - 9 3 S E F H 3 5 N 0 5 35 .0 150 8.0 2 4 0 0 
50 0.055 17.5 T O 3 S E F M 3 5 N 0 5 35 .0 150 8.0 2 4 0 0 
50 0.033 20.0 S O T - 9 3 S G S P 4 9 2 40 .0 150 10.0 2 4 0 0 
50 0.033 20.0 T O - 3 S G S P 5 9 2 40 .0 150 10.0 2 4 0 0 

6 0 0.8 2.0 T O - 2 2 0 S E F 5 1 3 3.5 20 1.0 2 7 0 
6 0 0.6 2.0 T O - 2 2 0 S E F 5 1 1 4.0 20 1.0 2 7 0 
6 0 0.6 2.5 T O - 2 2 0 S E F P 5 N 0 6 5.0 50 0.75 2 7 0 
6 0 0.4 4 .0 T O - 2 2 0 S E F 5 2 3 7.0 4 0 1.5 4 8 0 
60 0.4 4.0 T O - 3 S E F 1 2 3 7.0 40 1.5 4 8 0 
6 0 0.4 3.0 T O - 3 9 S E F F 1 2 3 5.0 2 0 1.5 4 8 0 
6 0 0.3 3.5 S O T - 8 2 S G S P 2 5 7 7.0 4 0 1.5 2 7 0 
60 0.3 4.0 T O - 2 2 0 S E F 5 2 1 8.0 40 1.5 4 8 0 
6 0 0.3 3.5 T O - 2 2 0 S G S P 3 5 7 7.0 50 1.5 2 7 0 
60 0.3 4 .0 T O - 3 S E F 1 2 1 8.0 40 1.5 4 8 0 
60 0.3 3.0 T O - 3 9 S E F F 1 2 1 6.0 20 1.5 4 8 0 
60 0.3 3 5 T O - 3 9 S G S P 1 5 7 5.0 15 1.5 2 7 0 
6 0 0.28 5.0 T O - 2 2 0 S E F P 1 0 N 0 6 10.0 75 2.5 5 5 0 
60 0.28 5.0 T O - 3 S E F M 1 0 N 0 6 10.0 75 2.5 5 5 0 
6 0 0.25 8.0 T O - 2 2 0 S E F 5 3 3 12.0 75 3.0 1200 

6 0 0.25 8.0 T O - 3 S E F 1 3 3 12.0 75 4.0 1200 
6 0 0.2 6.0 T O - 2 2 0 S E F P 1 2 I M 0 6 12.0 75 3.0 550 
6 0 0.2 6.0 T O - 3 S E F M 1 2 N 0 6 12.0 75 3.0 550 
6 0 0.18 8.0 T O - 2 2 0 S E F 5 3 1 14.0 75 3.0 1200 
6 0 0.18 8.0 T O - 3 S E F 1 3 1 14.0 75 4.0 1200 
6 0 0.16 7.5 T O - 2 2 0 S E F P 1 5 N 0 6 15.0 75 3.5 1200 
60 0.16 7.5 T O - 3 S E F M 1 5 N 0 6 15.0 75 3.5 5 5 0 
6 0 0.13 5.0 S O T - 8 2 S G S P 2 2 1 10.0 50 3.0 550 
6 0 0.13 5.0 S O T - 9 3 S G S P 4 2 1 10.0 75 3.0 550 
6 0 0.13 5.0 T O - 2 2 0 S G S P 3 2 1 10.0 75 1 3.0 5 5 0 

i 6 0 0.13 5.0 T O - 3 S G S P 5 2 1 10.0 75 3.0 550 
60 0.13 3.5 T O 39 S G S P 1 2 1 7.0 15 2.5 550 
6 0 0.11 12.0 T O - 2 2 0 S E F 5 4 3 24 .0 125 5.0 1600 
6 0 0.11 15.0 T O - 3 S E F 1 4 3 24 .0 125 6.0 2 2 0 0 
6 0 0.085 15.0 T O - 2 2 0 S E F 5 4 1 27 .0 125 5.0 1600 
6 0 0.085 15.0 T O - 3 S E F 1 4 1 27 .0 125 6.0 2 2 0 0 
6 0 0.08 12.5 T O - 2 2 0 S E F P 2 5 N 0 6 25 .0 100 5.0 1400 
6 0 0.08 20.0 T O - 3 ' S E F 1 5 3 33 .0 150 9.0 2 2 0 0 
6 0 0.08 12.5 T O - 3 S E F M 2 5 N 0 6 25 .0 100 5.0 1400 
60 0.06 12.0 S O T - 9 3 S G S P 4 8 1 24 .0 125 5.0 1400 
6 0 0.06 12.0 T O - 2 2 0 S G S P 3 8 1 24 .0 100 5.0 1400 

6 0 0.06 12.0 T O - 3 S G S P 5 8 1 24 .0 125 5.0 1400 

6 0 0.055 17.5 S O T - 9 3 S E F H 3 5 N 0 6 3 5 . 0 150 8.0 2400 

6 0 0.055 20.0 T O - 3 S E F 1 5 1 40 .0 150 9.0 2 2 0 0 
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N-CHANNEL POWER MOS TRANSISTORS 

VERY FAST SWITCHING AND/OR EASY DRIVING (cont inued) 

V ( B R ) D S S 

( 

R D S ( o n ) 

2) 

I D Package Type I D (max) Ptot 9fs(min) Ciss(max) 
(V) (max) (A) 

Package Type 
(A) (W) ( U ) (pF) 

(«) 

100 0.3 2.5 T O - 3 9 S G S P 1 1 1 5.0 15 2.0 4 8 0 
100 0.25 5.0 T O - 2 2 0 B U Z 7 2 A 9.0 4 0 2.7 4 8 0 
100 0.25 8.0 T O - 2 2 0 S E F 5 3 2 12.0 7 5 4.0 1200 
100 0.25 6.0 T O - 2 2 0 S E F P 1 2 N 1 0 12.0 75 3.0 1200 
100 0.25 8.0 T O - 3 S E F 1 3 2 12.0 7 5 4.0 1200 
100 0.25 6.0 T O - 3 S E F M 1 2 N 1 0 12.0 75 3.0 1200 
100 0.18 8.0 T O - 2 2 0 S E F 5 3 0 14.0 75 4.0 1200 
100 0.18 8.0 T O - 3 S E F 1 3 0 14.0 75 4.0 1200 
100 0.15 8.0 S O T - 9 3 S G S P 4 6 1 16.0 125 4.5 1200 
100 0.15 8.0 T O 2 2 0 S G S P 3 6 1 16.0 100 4.5 1200 
100 0.15 8.0 T O - 3 S G S P 5 6 1 16.0 125 4.5 i 2 0 0 
100 0.11 15.0 T O - 2 2 0 S E F 5 4 2 24 .0 125 5.0 1600 
100 0.11 15.0 T O - 3 S E F 1 4 2 24 .0 125 6.0 2 2 0 0 
100 0.085 15.0 T O - 3 S E F 1 4 0 27 .0 125 6.0 2 2 0 0 
100 0.08 20 .0 T O - 3 S E F 1 5 2 33 .0 150 9.0 2 2 0 0 
100 0.075 12.5 S O T - 9 3 S E F H 2 5 N 1 0 25 .0 150 5.0 2 2 0 0 
100 0.075 15.0 S O T - 9 3 S G S P 4 7 1 30 .0 150 9.0 2 2 0 0 
100 0.075 12.5 T O - 3 S E F M 2 5 N 1 0 25 .0 150 5.0 2 2 0 0 
100 0.075 15.0 T O - 3 S G S P 5 7 1 30 .0 150 9.0 2 2 0 0 
100 0.055 20 .0 T O - 3 S E F 1 5 0 40 .0 150 9.0 2 2 0 0 

150 1.2 2.5 T O - 2 2 0 S E F 6 2 3 4.0 40 1.3 6 0 0 
150 1.2 2.5 T O - 3 S E F 2 2 3 4.0 40 1.3 6 0 0 
150 0.8 2.5 T O - 2 2 0 S E F 6 2 1 5.0 40 1.3 6 0 0 
150 0.8 2.5 T O - 3 S E F 2 2 1 5.0 4 0 1.3 6 0 0 
150 0.6 5.0 T O - 2 2 0 S E F 6 3 3 8.0 7 5 3.0 1200 
150 0.6 5.0 T O - 3 S E F 2 3 3 8.0 75 3.0 1200 
150 0.4 5.0 T O - 2 2 0 S E F 6 3 1 9.0 7 5 3.0 1200 
150 0.4 5.0 T O - 3 S E F 2 3 1 9.0 75 3.0 1200 
150 0.22 10.0 T O - 3 S E F 2 4 3 16.0 125 6.0 2 2 0 0 
150 0.18 10.0 T O - 3 S E F 2 4 1 18.0 125 6.0 2 2 0 0 

180 1.0 2.5 T O - 2 2 0 S E F P 5 N 1 8 5.0 75 1.5 500 
180 1.0 2.5 T O - 3 S E F M 5 N 1 8 5.0 75 1.5 5 0 0 
180 0.4 4.0 T O - 2 2 0 S E F P 8 I M 1 8 8.0 75 3.0 1200 
180 0.4 4.0 T O - 3 S E F M 8 N 1 8 8.0 75 3.0 1200 
180 0.16 7.5 S O T - 9 3 S E F H 1 5 N 1 8 15.0 150 4.0 2500 
180 0.16 7.5 T O - 3 S E F M 1 5 N 1 8 15.0 150 4.0 2500 

2 0 0 1.2 2.5 T O - 2 2 0 S E F 6 2 2 4.0 4 0 1.3 6 0 0 
2 0 0 1.2 2.5 T O - 3 S E F 2 2 2 4.0 40 1.3 6 0 0 
2 0 0 1.0 2.5 T O - 2 2 0 S E F P 5 N 2 0 5.0 75 1.5 500 
2 0 0 1.0 2.5 T O - 3 S E F M 5 N 2 0 5.0 7 5 1.5 500 
2 0 0 0.8 2.5 T O - 2 2 0 S E F 6 2 0 5.0 4 0 1.3 6 0 0 
2 0 0 0.8 2.5 T O - 3 S E F 2 2 0 5.0 4 0 1.3 6 0 0 
2 0 0 0.75 3.0 . S O T - 8 2 S G S P 2 1 7 6.0 50 1.5 5 0 0 
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N-CHANNEL POWER MOS TRANSISTORS 

VERY FAST SWITCHING AND/OR EASY DRIVING (cont inued) 

V ( B R ) D S S 
(V) 

(2 
RDS (on) 

(max) 
(H) 

) 

ID 
(A) 

Package Type 
ID (max) 

(A) 
Ptot 
(W) 

gfs(min) 
(U) 

Ciss (max) 
(pF) 

200 0.75 3.0 T O 2 2 0 S G S P 3 1 7 6.0 75 1.5 5 0 0 
2 0 0 0.7b 3.0 T O - 3 S G S P 5 1 7 6.0 7 5 1.5 500 
2 0 0 0.75 2.0 T O - 3 9 S G S P 1 1 7 4.0 15 1.5 500 

2 0 0 0.6 5.0 T O - 2 2 0 S E F 6 3 2 8.0 75 3.0 1200 
2 0 0 0.6 5.0 T O - 3 S E F 2 3 2 8.0 7 5 3.0 1200 
200 0.4 5.0 T O - 2 2 0 S E F 6 3 0 9.0 7 5 3.0 1200 
2 0 0 0.4 4.0 T O - 2 2 0 S E F P 8 N 2 0 8.0 75 3.0 1200 
200 0.4 5 . 0 ' T O - 3 S E F 2 3 0 9.0 75 3.0 1200 
2 0 0 0.4 4 .0 T O - 3 S E F M 8 N 2 0 8.0 7 5 3.0 1200 
200 0 .33 5.0 S O T - 9 3 S G S P 4 6 7 10.0 100 6.5 1200 

r\ '>'•) c r\ •m o i n or*cfsoe~j i n n 1 n n a c i i n n 
U . J J sJ.\J 1 U. KJ 

2 0 0 0.33 5.0 T O 3 S G S P 5 6 7 10.0 125 6.5 1200 
200 0.22 10.0 T O - 3 S E F 2 4 2 16.0 125 6.0 2 2 0 0 
200 0.18 10.0 T O 3 S E F 2 4 0 18.0 125 6.0 2 2 0 0 
200 0.17 10.0 S O T - 9 3 S G S P 4 7 7 20.0 150 8.0 2 2 0 0 
2 0 0 0.17 10.0 T O - 3 S G S P 5 7 7 20.0 150 8.0 2 2 0 0 
200 0.16 7.5 S O T 93 S E F H 1 5 M 2 0 15.0 150 4.0 2 5 0 0 
200 0.16 7.5 T O 3 S E F M 1 5 N 2 0 15.0 150 4.0 2 5 0 0 

250 1.2 3.0 S O T 82 S G S P 2 1 6 6.0 50 1.5 500 

2 5 0 1.2 3.0 T O 2 2 0 S G S P 3 1 6 6.0 75 1.5 5 0 0 

250 1.2 3.0 T O 3 S G S P 5 1 6 6.0 75 1.5 5 0 0 

250 1.2 2.0 T O - 3 9 S G S P 1 1 6 4.0 15 1.5 5 0 0 

250 0.45 5.0 S O T - 9 3 S G S P 4 6 3 10.0 100 6.5 1200 

2 5 0 0.45 5.0 T O 2 2 0 S G S P 3 6 3 10.0 100 6.5 1200 

2 5 0 0.45 5.0 T O - 3 S G S P 5 6 3 10.0 125 6.5 1200 

250 0.22 10.0 S O T 93 S G S P 4 7 3 20.0 150 8.0 2200 

250 0.22 10.0 T O - 3 S G S P 5 7 3 20.0 

0.6 

150 8.0 2 2 0 0 

3 5 0 20.0 0.3 S O T - 8 2 S G S P 2 4 2 

20.0 

0.6 18 0.2 105 

1 350 20.0 0.3 T O 220 S G S P 3 4 2 0.6 18 0.2 105 

3 5 0 20 .0 0.3 T O - 3 9 S G S P 1 4 2 0.6 1.5 0.2 105 

3 5 0 5.0 0.75 S O T - 8 2 S G S P 2 5 6 1.5 4 0 0.85 2 5 0 

3 5 0 5.0 0.8 T O - 2 2 0 S E F 7 1 3 1.3 20 0.5 4 5 0 

350 5.0 0.75 T O 220 S G S P 3 5 6 1.5 50 0.85 2 5 0 

350 5.0 0.75 T O - 3 9 S G S P 1 5 6 1.5 15 0.85 250 

3 5 0 3.6 0.8 T O - 2 2 0 S E F 7 1 1 1.5 20 0.5 4 5 0 

3 5 0 3.3 1.5 T O - 2 2 0 S E F P 3 N 3 5 3.0 75 0.75 4 5 0 

3 5 0 3.3 1.5 T O - 3 S E F M 3 N 3 5 3.0 75 0.75 4 5 0 

350 2.5 1.5 S O T - 8 2 S G S P 2 3 2 3.0 50 1.5 4 5 0 

350 2.5 1.5 T O - 2 2 0 S E F 7 2 3 2.5 40 1.0 1000 

3 5 0 2.5 1.5 T O - 2 2 0 S G S P 3 3 2 3.0 7 5 1.5 4 5 0 

3 5 0 2.5 1.5 T O - 3 S E F 3 2 3 2.5 40 1.0 1000 

3 5 0 2 5 1.5 . T O - 3 S G S P 5 3 2 3.0 7 5 1.5 4 5 0 

350 2.5 1.5 T O - 3 9 S G S P 1 3 2 3.0 15 1.5 4 5 0 
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N-CHANNEL POWER MOS TRANSISTORS 

V E R Y F A S T S W I T C H I N G A N D / O R E A S Y D R I V I N G (cont inued) 

V ( B R ) DSS 
(V) 

R D S (on) 
(max) 
(") 

ID 
(A) Package Type ID (max) 

(A) 
Ptot 
(W) 

gfs(min) 
(U) 

Ciss (max) 
(pF) 

3 5 0 2.0 2.5 T O - 2 2 0 SEFP5N35 5.0 75 2.0 1000 
3 5 0 1.8 1.5 T O - 2 2 0 SEF721 3.0 40 1.0 1000 
3 5 0 1.8 1.5 T O - 3 SEF321 3.0 40 1.0 1000 
3 5 0 1.5 3.0 T O - 2 2 0 SEF733 4.5 75 3.0 1000 
3 5 0 1.5 3.0 T O - 3 SEF333 4.5 75 3.0 1000 
3 5 0 1.0 3.0 S O T - 9 3 SGSP466 6.0 125 3.0 1000 
3 5 0 1.0 3.0 T O - 2 2 0 SEF731 5.5 75 3.0 1000 
3 5 0 1.0 3.0 T O - 2 2 0 SGSP366 6.0 100 3.0 1000 
3 5 0 1.0 3.0 T O - 3 SEF331 5.5 75 3.0 1000 
3 5 0 1.0 2.5 T O - 3 SEFM5N35 5.0 75 2.0 1000 
3 5 0 1.0 3.0 T O - 3 SGSP566 6.0 125 3.0 1000 
3 5 0 0.8 4.0 S O T - 9 3 SEFH8N35 8.0 150 3.0 2 1 0 0 
3 5 0 0.8 5.0 T O - 3 SEF343 8.0 125 4.0 2 1 0 0 
3 5 0 0.8 . 4 .0 T O - 3 SEFM8N35 8.0 150 3.0 2 1 0 0 
3 5 0 0.55 6.0 S O T - 9 3 SGSP476 12.0 150 6.0 2 1 0 0 
3 5 0 0.55 5.0 T O - 3 SEF341 10.0 125 4.0 2 1 0 0 
3 5 0 0.55 6.0 T O - 3 S G S P 5 7 6 12.0 150 6.0 2100 

4 0 0 20.0 0.3 S O T - 8 2 SGSP241 0.6 18 0.2 105 
4 0 0 20.0 0.3 T O - 2 2 0 SGSP341 0.6 75 0.2 105 
4 0 0 20.0 0.3 T O - 3 9 S G S P 1 4 1 0.6 15 0.2 105 
4 0 0 5.0 C.75 S O T - 8 2 SGSP255 1.5 40 0.85 250 
4 0 0 5.0 0.75 T O - 2 2 0 S G S P 3 5 5 1.5 50 0.85 2 5 0 
4 0 0 5.0 0.75 T O - 3 9 S G S P 1 5 5 1.5 15 0.85 250 
4 0 0 3.6 0.8 T O - 2 2 0 SEF710 1.5 20 0.5 4 5 0 
4 0 0 3.6 0.8 T O - 2 2 0 SEF712 1.3 20 0.5 4 5 0 
4 0 0 3.3 1.5 T O - 2 2 0 SEFP3N40 3.0 75 0.75 4 5 0 
4 0 0 3.3 1.5 T O - 3 SEFM3N40 3.0 75 0.75 4 5 0 
4 0 0 2.5 1.5 S O T - 8 2 S G S P 2 3 1 3.0 50 1.5 4 5 0 
4 0 0 2.5 1.5 T O - 2 2 0 B U Z 7 6 A 2.6 40 2.0 4 5 0 
4 0 0 2.5 1.5 T O - 2 2 0 S E F 7 2 2 2.5 40 1.0 1000 
4 0 0 2.5 1.5 T O - 2 2 0 SGSP331 3.0 75 1.5 450 
4 0 0 2.5 1.5 T O - 3 S E F 3 2 2 2.5 40 1.0 1000 
4 0 0 2.5 1.5 T O - 3 S G S P 5 3 1 3.0 75 1.5 4 5 0 
4 0 0 2.5 1.5 T O - 3 9 SGSP131 3.0 15 1.5 450 
4 0 0 1,8 1.5 T O - 2 2 0 BUZ76 3.0 40 2.0 4 5 0 
4 0 0 1.8 1.5 T O - 2 2 0 SEF720 3.0 40 1.0 1000 
4 0 0 1.8 1.5 T O - 3 SEF320 3.0 40 1.0 1000 
4 0 0 1.5 3.0 T O - 2 2 0 SEF732 4.5 75 3.0 1000 
4 0 0 1.5 3.0 T O - 3 SEF332 4.5 75 3.0 1000 
4 0 0 1.0 3.0 S O T - 9 3 SGSP465 6.0 125 3.0 1000 
4 0 0 1.0 3.0 T O - 2 2 0 SEF730 5.5 75 3.0 1000 
4 0 0 1.0 2.5 T O - 2 2 0 SEFP5N40 5.0 75 2.0 1000 
4 0 0 1.0 3.0 T O - 2 2 0 SGSP365 6 .0 100 3.0 1000 
4 0 0 1.0 3.0 T O - 3 SEF330 5.5 7 5 3.0 1000 
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N-CHANNEL POWER MOS TRANSISTORS 

VERY FAST SWITCHING AND/OR EASY DRIVING (cont inued) 

V ( B R ) DSS 
(V) 

<a 
R D S (on) 

(max) 
(« ) 

) 

ID 
(A) 

Package Type 
ID (max) 

(A) 
Ptot 
(W) 

gfs(min) 
(U) 

Ciss(max) 
(pF) 

4 0 0 1.0 2 5 T O - 3 SEFM5N40 5.0 75 2.0 1000 

4 0 0 1.0 3.0 T O - 3 SGSP565 6.0 125 3.0 1000 
4 0 0 0.8 5.0 T O - 3 SEF342 8.0 125 4.0 2 1 0 0 
4 0 0 0.55 4 .0 S O T - 9 3 SEFH8N40 8.0 150 3.0 2 1 0 0 
4 0 0 0.55 6.0 S O T - 9 3 SGSP475 12.0 150 6.0 2 1 0 0 
4 0 0 0.55 5.0 T O - 3 SEF340 10.0 125 4.0 2 1 0 0 
4 0 0 0.55 4.0 T O - 3 SEFM8N40 8.0 150 3.0 2 1 0 0 
4 0 0 0.55 6.0 T O - 3 SGSP575 12.0 150 6.0 2 1 0 0 

4 5 0 20 .0 0.3 S O T - 8 2 SGSP240 0.6 18 0.2 105 
4 5 0 20 .0 0.3 T O - 2 2 0 SGSP340 0 6 18 0.2 105 
4 5 0 20.0 0.3 T O - 3 9 SGSP140 0.6 15 0.2 105 
4 5 0 6.5 0.75 S O T - 8 2 SGSP254 1.5 40 0.85 250 
4 5 0 6.5 0.75 T O - 2 2 0 SGSP354 1.5 50 0.85 250 
4 5 0 6.5 0.75 T O - 3 9 SGSP154 1.5 15 0.85 2 5 0 
4 5 0 4.0 1.0 T O - 2 2 0 SEF823 2.0 40 1.0 8 0 0 
4 5 0 4.0 1.0 T O - 2 2 0 SEFP2N45 2.0 75 1.0 500 
4 5 0 4.0 1.0 T O - 3 SEF423 2.0 40 1.0 8 0 0 
4 5 0 4.0 1.0 T O - 3 SEFM2N45 4.0 75 1.0 5 0 0 
4 5 0 3.0 1.5 S O T - 8 2 SGSP230 3.0 5 0 1.5 4 5 0 
4 5 0 3.0 1.0 T O - 2 2 0 SEF821 2.5 40 1.0 8 0 0 
4 5 0 3.0 1.5 T O - 2 2 0 SGSP330 3.0 7 5 1.5 4 5 0 
4 5 0 3.0 1.0 T O - 3 SEF421 2.5 40 1.0 8 0 0 
4 5 0 3 .0 1.5 T O - 3 SGSP530 3.0 7 5 1.5 4 5 0 
4 5 0 3.0 1.5 T O - 3 9 SGSP130 3.0 15 1.5 4 5 0 
4 5 0 2.0 2.5 T O - 2 2 0 SEF833 4.0 75 2.5 1200 
4 5 0 2.0 2.5 T O - 3 SEF433 4.0 75 2.5 1200 
4 5 0 1.5 3.0 S O T - 9 3 SGSP464 6.0 125 3.0 1000 
4 5 0 1.5 2.5 T O - 2 2 0 SEF830 4.5 75 2.5 1200 
4 5 0 1.5 2.5 T O - 2 2 0 SEF831 4.5 75 2.5 1200 
4 5 0 1.5 2.0 T O - 2 2 0 SEFP4N45 4.0 75 1.5 1000 
4 5 0 1.5 3.0 T O - 2 2 0 SGSP364 6.0 100 3.0 1000 
4 5 0 1.5 2.5 T O - 3 SEF431 4.5 75 2.5 1200 
4 5 0 1.5 2.0 T O - 3 SEFM4N45 4.0 75 1.5 1000 
4 5 0 1.5 3.0 T O - 3 SGSP564 6.0 125 3.0 1000 
4 5 0 1.1 4.0 T O - 3 SEF443 7.0 125 4.0 2100 
4 5 0 0.85 4.0 T O - 3 SEF441 8.0 125 4.0 2 1 0 0 
4 5 0 0.8 3.5 S O T - 9 3 SEFH7N45 7.0 150 2.0 2 1 0 0 
4 5 0 0.7 6.0 S O T - 9 3 SGSP474 12.0 150 6.0 2 1 0 0 
4 5 0 0.8 3.5 T O - 3 SEFM7N45 7.0 150 2.0 2 1 0 0 
4 5 0 0.7 6.0 T O - 3 SGSP574 12.0 150 6.0 2100 

5 0 0 40 .0 0.3 S O T - 8 2 SGSP249 0.5 18 0.2 105 
5 0 0 40 .0 0.3 T O - 2 2 0 SGSP349 0.5 18 0.2 105 / 
5 0 0 40 .0 0.3 T O - 3 9 SGSP149 0.5 15 0.2 105 
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N-CHANNEL POWER MOS TRANSISTORS 

VERY FAST SWITCHING AND/OR EASY DRIVING (cont inued) 

V ( B R ) D S S 
(V) 

<s 
RDS (on) 

(max) 
(«) 

) 

ID 
(A) Package Type 

ID (max) 
(A) 

Ptot 
(W) 

9fs(min) 
(ts) 

Ciss (max) 
(pF) 

500 8.5 0.6 S O T - 8 2 SGSP239 1.2 4 0 0.85 2 5 0 
5 0 0 8.5 0.6 T O - 2 2 0 SGSP339 1.2 50 0 .85 2 5 0 
5 0 0 8.5 0.6 T O - 3 9 SGSP139 1.2 15 0.85 250 
500 4.0 1.0 T O - 2 2 0 SEF822 2.0 4 0 1.0 8 0 0 
5 0 0 4.0 1.0 T O - 3 * SEF422 2.0 4 0 1.0 8 0 0 
5 0 0 3.8 1.0 S O T - 8 2 SGSP219 2.0 50 1.2 3 8 0 
5 0 0 3.8 1.0 T O - 2 2 0 SGSP319 2.0 7 5 1.2 3 8 0 
5 0 0 3.8 1.0 T O - 3 SGSP519 2.0 7 5 1.2 3 8 0 
5 0 0 3.8 1.0 T O - 3 9 SGSP119 2.0 15 1.2 3 8 0 
5 0 0 3.0 1.0 T O - 2 2 0 SEF820 2.5 40 1.0 8 0 0 
5 0 0 3.0 1.0 T O - 3 SEF420 2.5 40 1.0 8 0 0 
5 0 0 2.0 2.5 T O - 2 2 0 SEF832 4.0 75 2.5 1200 
5 0 0 2.0 2.5 T O - 3 SEF432 4.0 75 2.5 1200 
5 0 0 1.75 2.5 S O T - 9 3 SGSP469 5.0 125 3.0 8 0 0 
5 0 0 1.75 2.5 T O - 2 2 0 SGSP369 5.0 100 3.0 8 0 0 
5 0 0 1.75 2.5 T O - 3 SGSP569 5.0 125 3.0 8 0 0 
5 0 0 1.5 2.0 T O - 2 2 0 SEFP4N50 4.0 75 1.5 1200 
5 0 0 1.5 2.5 T O - 3 SEF430 4.5 75 2.5 1200 
5 0 0 1.5 2.0 T O - 3 SEFM4N50 4.0 75 1.5 1200 
5 0 0 1.1 4.0 T O - 3 SEF442 7.0 125 4 .0 2 1 0 0 
5 0 0 0.85 4.0 T O - 3 SEF440 8.0 125 4.0 2 1 0 0 
5 0 0 0.8 3.5 S O T - 9 3 SEFH7N50 7.0 150 2.0 1900 
5 0 0 0.8 3.5 T O - 3 SEFM7N50 7.0 150 2.0 1900 
5 0 0 0.7 5.0 S O T - 9 3 SGSP479 10.0 150 5.0 1900 
5 0 0 0.7 5.0 T O - 3 SGSP579 10.0 150 5.0 1900 

5 5 0 40.0 0.3 S O T - 8 2 SGSP248 0.5 18 0.2 105 
5 5 0 40.0 0.3 T O - 2 2 0 SGSP348 0.5 18 0.2 105 
5 5 0 40.0 0.3 T O - 3 9 SGSP148 0.5 15 0.2 105 
5 5 0 11.0 0.6 S O T - 8 2 SGSP238 1.2 4 0 0.85 250 
5 5 0 11.0 0.6 T O - 2 2 0 SGSP338 1.2 50 0.85 2 5 0 
5 5 0 11.0 0.6 T O - 3 9 SGSP138 1.2 15 0 .85 2 5 0 
5 5 0 4,5 1.0 S O T - 8 2 SGSP218 2.0 50 1.2 3 8 0 
5 5 0 4.5 1.0 T O - 2 2 0 SGSP318 2.0 7 5 1.2 3 8 0 
5 5 0 4.5 1.0 T O - 3 SGSP518 2.0 7 5 1.2 3 8 0 
5 5 0 4.5 1.0 T O - 3 9 SGSP118 2.0 15 - 1.2 3 8 0 
5 5 0 2.5 2.5 S O T - 9 3 SGSP468 5.0 125 3.0 8 0 0 
5 5 0 2.5 1.5 T O - 2 2 0 SEFP3N55 3.0 75 1.5 1200 
5 5 0 2.5 2.5 T O - 2 2 0 SGSP368 5.0 100 3.0 8 0 0 
5 5 0 2.5 1.5 T O - 3 SEFM3N55 2.5 7 5 1.5 1600 
5 5 0 2.5 2.5 T O - 3 SGSP568 5.0 125 3 .0 8 0 0 
5 5 0 1.5 3.0 S O T - 9 3 SEFH6N55 6.0 150 2.0 1900 
5 5 0 1,5 3.0 T O - 3 SEFM6N55 6.0 150 2.0 1900 
5 5 0 1.0 5.0 S O T - 9 3 SGSP478 10.0 150 5.0 1900 
5 5 0 1.0 5.0 T O - 3 SGSP578 10.0 150 5.0 1900 
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POWER TRANSISTORS 
HIGH V O L T A G E FAST SWITCHING 

MULTIEPITAXIAL MESA 

i c 
(A) 

V c B O 
(V) 

V C E O 
(V) 

Ptot 
(W) 

Package 
T V 

NPN 

PE 

PNP 

(2 

h F E 

(min) 

z) 

i c 
(A) 

V C E 
(V) 

<2 
V C E sat 
max(V) 

' c 
(A) 

• B 
(mA) 

1.5 6 0 0 3 0 0 50 S O T - 8 2 SGS13002 5 1 2 1 1 2 5 0 

1.5 6 0 0 3 0 0 50 T O - 2 2 0 SGS13002T 5 1 2 1 1 2 5 0 

1.5 700 4 0 0 50 S O T - 8 2 SGS13003 5 1 2 1 1 2 5 0 

1.5 700 4 0 0 50 T O - 2 2 0 SGS13003T 5 1 2 1 1 2 5 0 

2 8 0 0 4 0 0 40 T O - 2 2 0 BUX84 5 3 1.5 0.3 3 0 

2 800 4 0 0 40 T O - 2 2 0 BUX84A 5 1 1 0.8 0.3 3 0 

2 1000 4 5 0 40 T O - 2 2 0 BUX85 5 1 1 1 1 2 0 0 

4 6 0 0 3 0 0 75 T O - 2 2 0 MJE13004 10 ! 5 0.6 2 5 0 0 

4 700 4 0 0 75 T O - 2 2 0 MJE13005 10 1 5 0.6 2 5 0 0 

5 3 5 0 2 5 0 80 T O - 2 2 0 2N6497 10 2.5 10 1 1.5 5 0 0 

5 350 2 5 0 100 S O T - 9 3 TIP51 10 3 10 1.5 3 6 0 0 

5 4 0 0 3 0 0 80 T O - 2 2 0 2N6498 10 2 10 1.25 2.5 5 0 0 

5 4 0 0 3 0 0 100 S O T - 9 3 TIP52 10 3 10 1.5 3 6 0 0 

5 450 3 5 0 80 T O - 2 2 0 2N6499 10 2.5 10 1.5 2.5 500 

5 4 5 0 3 5 0 100 S O T - 9 3 TIP53 10 3 10 1.5 3 6 0 0 

5 500 4 0 0 100 S O T - 9 3 TIP54 10 3 10 1.5 3 6 0 0 
5 8 5 0 4 0 0 85 T O - 2 2 0 BUV46 5 3.5 5 1.5 2.5 5 0 0 
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POWER TRANSISTORS 
MULTIEPITAXIAL MESA (cont inued) 

«c 
(A) 

V c B O 
(V) 

V C E O 
(V) 

Ptot 
(W) 

Package 
TYI 

NPN 
>E 

PNP h F E 
(min) 

) 

Ic 
(A) 

V C E 
(V) 

@ 
V c E s a t 
max (V) 

Ic 
(A) 

IB 
(mA) 

5 
5 
5 
5 

8 5 0 
8 5 0 

1000 
1000 

400 
400 
450 
4 5 0 

100 
100 
100 
100 

T O - 2 2 0 
S O T - 9 3 
T O - 2 2 0 
S O T - 9 3 

BUT 11 
BUW11 
BUT11A 
BUW11A 

5 
5 
5 
5 

3 
3 
2.5 
2.5 

1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 

3 
3 
2 .5 
2 .5 

6 0 0 
6 0 0 
500 
5 0 0 

6 
6 
6 
6 
6 
6 
6 
6 
6 

4 0 0 
4 0 0 
4 5 0 
4 5 0 
8 0 0 
8 0 0 
8 0 0 
9 0 0 
9 0 0 

350 
350 
400 
400 
375 
375 
400 
400 
4 0 0 

60 
75 
6 0 
75 
75 

113 
60 
75 

113 

T O - 2 2 0 
T O - 3 
T O - 2 2 0 
T O - 3 
T O - 3 
S O T - 9 3 
T O - 3 
T O - 3 
S O T - 9 3 

BU326* 
BU426* 
8U326S 
BU326A* 
BU426A* 

BUW22P 
BUW22 
BUW22AP 
BUW22A 

12 
12 
12 
12 
25 
25 

3 .5 
15 
15 

0.5 
0.5 
0.5 
0.5 
1 
1 
4 
1 
0.6 

5 
5 
5 
5 
5 
5 
5 
5 
5 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

2.5 
2 .5 
2 .5 
2 .5 
2 .5 
2 .5 
2.5 
2 .5 
2.5 

1000 
1000 
1000 
1000 

5 0 0 
5 0 0 
5 0 0 
5 0 0 
5 0 0 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

6 0 0 
4 5 0 
4 5 0 
7 0 0 
8 5 0 
8 5 0 
8 5 0 
8 5 0 

1000 
1000 

300 
400 
400 
4 0 0 
4 0 0 
4 0 0 
4 0 0 
400 
4 5 0 
4 5 0 

80 
80 

120 
80 
80 

125 
125 
125 
125 
125 

T O - 2 2 0 
T O - 2 2 0 
T O - 3 
T O - 2 2 0 
T O - 2 2 0 
S O T - 9 3 
T O - 3 
T O - 3 
S O T - 9 3 
T O - 3 

MJE13006 

BUX44 
MJE13007 
MJE13007A 
BUW12 
BUS12 
2N6545 
BUW12A 
BUS12A 

MJE5852 
8 

15 
8 
8 
8 
5 
5 
4 
5 
5 

2 
2 
4 
2 
2 
6 
6 
8 
5 
5 

5 
5 
4 
5 
5 
1.5 
1.5 
5 
1.5 
1.5 

1.5 
2 
1.5 
1.5 
1.5 
1.5 
1,5 
1.5 
1.5 
1.5 

5 
4 
4 
5 
5 
6 
6 
5 
5 
5 

1000 
1000 

8 0 0 
1000 
1000 
1200 
1200 
1000 
1000 
1000 

9 
9 
9 
9 

8 5 0 
8 5 0 

1000 
1000 

4 0 0 
4 0 0 
4 5 0 
4 5 0 

120 
125 
120 
120 

S O T - 9 3 
T O - 3 
S O T - 9 3 
T O - 3 

BUV47 
BUX47 
BUV47A 
B U X 4 7 A 

3.2 
3 
3.2 
3 

8 
9 
8 
9 

3 
3 
3 
3 

1.5 
1.5 
1.5 
1.5 

5 
6 
5 
6 

1000 
1200 
1000 
1200 

o
o

o
o

o
o

o
o

o
o

o
o
 

8 0 0 
4 0 0 
4 0 0 
4 5 0 
4 5 0 
325 
4 5 0 
5 0 0 
8 0 0 
8 0 0 

1000 
9 0 0 

3 2 5 
3 5 0 
3 5 0 
4 0 0 
4 0 0 
4 0 0 
4 0 0 
4 0 0 
4 0 0 
4 0 0 
4 0 0 
4 5 0 

100 
105 
125 
105 
125 
120 
150 
125 
100 
125 
100 
125 

T O - 3 
T O - 2 2 0 
T O - 3 
T O - 2 2 0 
T O - 3 
T O - 3 
T O - 3 
T O - 3 
T O - 3 
T O - 3 
T O - 3 
T O - 3 

BUY69B 

BUX43 
BUX14 
BUW34 
BUX80 
BUW35 
B U Y 6 9 A 
BUW36 

BUW32P 
BUW32 
BUW32AP 
BUW32A 

15 
12 
12 
12 
12 

8 
8 

15 
5 

15 
15 
15 

2.5 
1 
1 
1 
1 
5 
6 
1 
5 
1 
2.5 
1 

10 
5 
5 
5 
5 
4 
4 
5 
1.5 
5 

10 
5 

3.3 
1.5 
1.5 
1.5 
1.5 
2 
1.6 
1.5 
1.5 
1.5 
3.3 
1.5 

8 
5 
5 
5 
5 
5 
6 
5 
5 
5 
8 
5 

2 5 0 0 
1500 
1500 
1500 
1500 
1000 
1200 
1000 
1000 
1000 
2500 
1000 

12 
12 

6 0 0 
7 0 0 

3 0 0 
4 0 0 

100 
100 

T O - 2 2 0 
T O - 2 2 0 

MJE13008 
MJE13009 

8 
8 

5 
5 

5 
5 

1.5 
1.5 

8 
8 

1600 
1600 
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POWER TRANSISTORS 
MULTIEPITAXIAL MESA (cont inued) 

i c 
(A) 

V C B O 
(V) 

V C E O 
(V) 

Ptot 
(W) 

Package 
NPN 

TV PE 
PNP 

hp[r 
(min) 

i) 
Ic 
(A) 

V C E 
(V) 

<a 
V C E sat 
max(V) 

i c 
(A) 

IB 
(mA) 

15 4 0 0 3 5 0 105 T O - 2 2 0 B U W 4 2 P 12 3 5 1.5 10 3 0 0 0 
15 4 0 0 3 5 0 150 T O - 3 B U W 4 2 12 3 5 1.5 10 3 0 0 0 
15 4 5 0 4 0 0 105 T O - 2 2 0 B U W 4 2 A P 12 3 5 1.5 10 3 0 0 0 
15 4 5 0 4 0 0 150 T O - 3 B U W 4 2 A 12 3 5 1.5 10 3 0 0 0 
15 4 0 0 3 2 5 160 T O - 3 B U X 1 3 8 8 4 1.5 8 1600 
15 500 4 0 0 175 T O - 3 B U W 4 4 6 6 1.5 3 10 2 0 0 0 
15 800 4 0 0 175 T O - 3 B U W 4 5 7 7 1.5 1.5 10 2 0 0 0 
15 850 4 0 0 150 S O T - 9 3 B U W 1 3 5 10 1.5 1.5 10 2 0 0 0 
15 850 4 0 0 150 S O T - 9 3 B U V 4 8 5 15 5 1.5 10 2 0 0 0 
15 850 4 0 0 175 T O - 3 2 N 6 5 4 7 5 15 5 1.5 10 2 0 0 0 
15 850 4 0 0 175 T O - 3 B U X 4 8 5 15 3 1.5 10 2 0 0 0 
15 850 4 0 0 175 T O - 3 B U S 1 3 5 10 2 1.5 10 2 0 0 0 
15 900 4 5 0 175 T O - 3 B U W 4 6 7 7 1.5 1.5 10 2 0 0 0 
15 1000 4 5 0 150 S O T - 9 3 B U V 4 8 A 5 12 5 1.5 8 1600 
15 1000 4 5 0 150 S O T - 9 3 B U W 1 3 A 5 8 1.5 1.5 8 1600 
15 1000 4 5 0 175 T O - 3 B U X 4 8 A 5 12 3 1.5 8 1600 
15 1000 4 5 0 175 T O - 3 B U S 1 3 A 5 8 1.6 1.8 8 1600 
15 500 500 250 T O - 3 B U V 2 5 15 4 4 1 8 1600 
15 1200 6 0 0 150 S O T - 9 3 B U V 4 8 B 15 1 10 2 8 2 5 0 0 
15 1200 6 0 0 175 T O - 3 B U X 4 8 B 15 1 10 2 8 2 5 0 0 
15 1200 7 0 0 150 S O T - 9 3 B U V 4 8 C 2.5 10 3 1.5 6 1500 
15 1200 7 0 0 175 T O - 3 B U X 4 8 C 2.5 10 3 1.5 6 1500 

2 0 450 4 0 0 250 T O - 3 B U V 2 4 15 6 4 1 12 2 4 0 0 

3 0 400 3 2 5 250 T O - 3 B U V 2 3 15 8 4 1 16 3 2 0 0 
3 0 850 4 0 0 250 T O - 3 B U S 1 4 5 2 0 1.5 1.5 20 4 0 0 0 
3 0 850 4 0 0 250 T O - 3 B U X 9 8 5 2 0 1.5 1.5 20 4 0 0 0 
3 0 1000 450 2 5 0 T O - 3 B U S 1 4 A 5 16 1.5 1.5 16 3 2 0 0 
3 0 1000 4 5 0 2 5 0 T O - 3 B U X 9 8 A 5 16 1.5 1.5 16 3 2 0 0 
3 0 500 5 0 0 3 5 0 T O - 3 B U X 2 5 8 8 4 1 8 1600 
3 0 1000 6 0 0 250 T O - 3 B U X 9 8 B 4 12 1.5 1.5 12 3 0 0 0 
3 0 1200 7 0 0 2 5 0 T O - 3 B U X 9 8 C 4 12 1.5 1.5 12 3 0 0 0 

* h p E js typical 
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POWER TRANSISTORS 

HIGH V O L T A G E V E R Y FAST SWITCHING 

M U L T I E P I T A X I A L M E S A F A S T S W I T C H ™ - ICM 5 to 12A; V G E 0 400 to 450V 

Sui tab le for 5 0 K H z to 1 0 0 K H z swi tch ing power 
suppl ies 

N P N types 

H igh voltage ( V C B O up to 1000V) 

H igh power 

V e r y good l s/b and E s / D per formance 

V e r y high switching speed 

G o o d stabi l i ty 

I N T E R N A L S C H E M A T I C D I A G R A M 

B O 

C 

E 
S-6897 

G L A S S AL T H E R M A L P - V A P O X 
OXIDE 

M U L T I E P I T A X I A L M E S A F A S T S W I T C H ™ ( N P N ) 

i c 
(A) 

V C B O 
(V) 

V C E O 
(V) 

Ptot 
(W) 

Package 
TYPE 

h F E 

(min) 

) 

i c 
(A) 

V C E 
(V) 

( 
VcEsat 
max (V) 

z) 

i c 
(A) 

IB 
(mA) 

5 

5 

7 0 0 

1000 

4 0 0 

4 5 0 

90 

90 

T O - 2 2 0 

T O - 2 2 0 

SGSD00042 

SGSD00044 

4 

4 

4 

3.2 

1 

1 

1 

1 

4 

3.2 

1000 

8 0 0 

OO
 

00 
00 

CO
 CO

 CO
 

700 
7 0 0 
7 0 0 

1000 
1000 
1000 

4 0 0 
4 0 0 
4 0 0 
4 5 0 
4 5 0 
4 5 0 

90 
120 
120 

90 
120 
120 

T O - 2 2 0 
S O T - 9 3 
T O - 3 
T O - 2 2 0 

S O T - 9 3 
T O - 3 

SGSD00040 
SGSD00037 
SGSD00036 
SGSD00041 
SGSD00039 
SGSD00038 

5 
5 
5 
5 
5 
5 

6 
6 
6 
6 
6 
6 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

6 
6 
6 
6 
6 
6 

1200 
1200 
1200 
1200 
1200 
1200 

12 

12 

12 

12 

7 0 0 

700 

1000 

1000 

4 0 0 

4 0 0 

4 5 0 

4 5 0 

150 

175 

150 

175 

S O T - 9 3 
T O - 3 
S O T - 9 3 
T O - 3 

SGSD00033 
SGSD00032 
SGSD00035 
SGSD00034 

5 

5 

5 

5 

10 

10 

8 

8 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

10 

10 

8 

8 

2 0 0 0 

2 0 0 0 

1600 

1600 
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POWER DARLINGTONS 
HIGH V O L T A G E FAST SWITCHING 

MULTIEPITAXIAL PLANAR - l C M 2 to 28A; V C E O 350 to 400V 

N P N types 

Ic range up to 2 8 A 

M o n o l i t h i c speed-up d iode 

V e r y low leakage 

H igh swi tch ing speed 

H igh capabi l i ty 

T o t a l base-col lector passivat ion-

H 

INTERNAL SCHEMATIC DIAGRAMS 

MULTIEPITAXIAL PLANAR (NPN) 

@ @ 

' c 
(A) 

V C B O 

( V ) 

V C E O 

(V) 
Ptot 
(W) 

Package TYPE h F E 

(min) 
l c 

(A) 
V C E 
(V) 

VcEsat 
max (V) 

' c 
(A) 

l B 

(mA) 

3 6 0 0 4 0 0 35 S O T - 3 2 B U 8 0 1 100 1 3 2.2 1 15 

7 6 0 0 4 0 0 75 T O - 2 2 0 B U 8 1 0 100 2 2 2.5 4 2 0 0 

16 4 5 0 3 5 0 125 S O T - 9 3 S G S 1 0 0 0 4 P 4 0 8 5 1.8 8 4 0 0 
16 4 5 0 3 5 0 175 T O - 3 S G S 1 0 0 0 4 4 0 8 5 1.8 8 4 0 0 
16 5 0 0 4 0 0 125 S O T - 9 3 S G S 1 0 0 0 5 P 4 0 8 5 1.8 8 4 0 0 
16 5 0 0 4 0 0 175 T O - 3 S G S 1 0 0 0 5 40 8 5 1.8 8 4 0 0 

2 0 4 0 0 3 5 0 150 S O T - 9 3 M J 1 0 0 0 4 P 5 0 5 5 1.9 10 4 0 0 
2 0 4 0 0 3 5 0 175 T O - 3 M J 1 0 0 0 4 50 5 5 1.9 10 4 0 0 
2 0 4 5 0 4 0 0 150 S O T - 9 3 M J 1 0 0 0 5 P 50 5 5 1.9 10 4 0 0 
2 0 4 5 0 4 0 0 175 T O - 3 M J 10005 50 5 5 1.9 10 4 0 0 

2 8 650 4 0 0 150 S O T - 9 3 S G S D 0 0 0 3 0 * 120 12 2.5 2.5 12 100 
2 8 6 5 0 4 0 0 150 T O - 3 S G S D 0 0 0 3 1 * 120 12 2.5 2.5 12 100 
2 8 6 0 0 4 0 0 150 S O T - 9 3 S G S D 3 1 1 * 30 10 5 2.5 18 1800 
2 8 6 0 0 4 0 0 150 T O - 3 S G S D 3 1 0 * 30 10 5 2.5 18 1800 

* Without parasitic CE diode 



POWER TRANSISTORS 

HIGH POWER FAST SWITCHING 

MULTIEPITAXIAL PLANAR - l C M 1 to 70A; V C E O 30 to 400V 
THFRN 

N P N types 

Ic range up to 7 0 A 

G o o d hpE l inearity 

V e r y low leakage 

H igh swi tch ing speed 

H igh Es/b capabi l i ty 

T o t a l base-col lector passivat ion 

P-VAPOX 

ti 1 
1 " 

T 
ll* 

INTERNAL SCHEMATIC DIAGRAM 

B O 

MULTIPEPITAXIAL PLANAR (NPN) 

(A) 

V C B O 

(V) 

V C E O 

(V) 
Ptot 
(W) Package 

(min) 
Ic V C E 

(A) (V) 
V C E s a t 
max (V) 

ic 
(A) (mA) 

3 5 0 
4 0 0 
4 5 0 
5 0 0 

2 5 0 
3 0 0 
3 5 0 
4 0 0 

4 0 
4 0 
40 
4 0 

T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 

T IP47 
T I P 4 8 
T I P 4 9 
T I P 5 0 

10 
10 
10 
10 

10 
10 
10 
10 

2 0 0 
2 0 0 
2 0 0 
200 

2 0 0 
2 5 0 

2 0 0 
2 0 0 

25 
15 

S O T - 3 2 
S O T - 3 2 

B U 3 2 5 
B U Y 4 9 P 

30 
40 

0.5 
0.5 

1.5 
0.2 

0.5 
0.5 

50 
50 

40 
40 
40 
55 
55 
55 
70 
70 
70 
90 
90 
90 

2 0 0 
2 5 0 
3 0 0 

30 
30 
30 
45 
45 
4 5 
60 
60 
60 
8 0 
8 0 
8 0 

125 
175 
2 2 5 

3 0 
30 
30 
30 
3 0 
30 
30 
30 
30 
30 
30 

30 
31 
31 
31 

T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 

D 4 4 C 1 
D 4 4 C 2 
D 4 4 C 3 
D 4 4 C 4 
D 4 4 C 5 
D 4 4 C 6 
D 4 4 C 7 
D 4 4 C 8 
D 4 4 C 9 
D 4 4 C 1 0 
D 4 4 C 1 1 
D 4 4 C 1 2 
D 4 4 Q 1 
D 4 4 Q 3 
D 4 4 Q 5 

25 
100 

40 
25 

100 
40 
2 5 

100 
40 
25 

100 
40 
30 
30 
30 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

10 
10 
10 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1 
1 
1 

100 
50 
50 

100 
50 
50 

100 
50 
50 

100 
50 
50 

2 0 0 
200 
200 
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POWER TRANSISTORS 
MULTIEPITAXIAL PLANAR (cont inued) 

' c 
(A) 

V C B O 
(V) 

V C E O 
(V) 

P-tot 
(W) 

Package TYPE 

<£ 

n F E 
(min) 

} 

l c 
(A) 

V C E 
(V) 

( 
V C E s a t 
max (V) 

3) 

' c 
(A) 

»B 
(mA) 

7 140 90 50 T O - 2 2 0 2 N 6 7 0 2 2 0 5 2 0.8 5 5 0 0 

O
O

O
O

O
O

O
O

 
C

N
 

30 
30 
45 
45 
60 
60 
80 
8 0 

3 0 0 

30 
30 
45 
45 
60 
60 
80 
80 

5 0 
50 
50 
50 
5 0 
50 
50 
50 

T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 
T O - 2 2 0 

D 4 4 H 1 
D 4 4 H 2 
D 4 4 H 4 
D 4 4 H 5 
D 4 4 H 7 
D 4 4 H 8 
D 4 4 H 1 0 
D 4 4 H 1 1 

35 
60 
35 
60 
35 
60 
35 
60 

2 
2 
2 
2 
2 
2 
2 
2 

] 

1 
1 
1 
1 
1 
1 
1 
1 

8 
8 
8 
8 
8 
8 
8 
8 

8 0 0 
400 
8 0 0 
4 0 0 
8 0 0 
4 0 0 
8 0 0 
4 0 0 

O
O

O
O

O
O

O
O

 
C

N
 

30 
30 
45 
45 
60 
60 
80 
8 0 

3 0 0 2 5 0 120 T O - 3 B U X 4 2 8 6 4 1.2 4 4 0 0 

15 2 5 0 2 0 0 120 T O - 3 B U X 4 1 8 8 4 1.2 4 4 0 0 

18 220 160 120 T O - 3 B U X 4 1 N 8 12 4 1.2 8 8 0 0 

2 0 
2 0 
2 0 
2 0 
2 0 
2 0 

120 
160 
160 
2 2 0 
2 5 0 
3 0 0 

75 
90 

125 
160 
2 0 0 
2 5 0 

140 
140 
120 
150 
150 
150 

T O - 3 
T O - 3 
T O - 3 
T O - 3 
T O - 3 
T O - 3 

2 N 5 0 3 9 
2 N 5 0 3 8 
B U X 4 0 
B U X 1 1 N 
B U X 1 1 
B U X 1 2 

20 
20 

8 
10 
10 
10 

10 
12 
15 
15 
12 
10 

5 
5 
4 
4 
4 
4 

1 
1 
1.2 
0.6 
0.6 
1 

10 
12 
10 

8 
6 
5 

1000 
1200 
1000 

8 0 0 
600 
500 

2 5 
2 5 
2 5 
2 5 
2 5 

120 
160 
160 
160 
160 

80 
125 
125 
125 
140 

175 
106 
150 
175 
106 

T O - 3 
S O T - 9 3 
T O - 3 
T O - 3 
S O T - 9 3 

B D Y 5 7 
B U X 1 0 P 
B U X 1 0 
B D Y 5 8 
B U 9 9 9 

20 
10 
10 
20 
12 

10 
2 0 
2 0 
10 
25 

4 
4 
4 
4 
2 

1.4 
0.6 
0.6 
1.4 
°-8 

10 
10 
10 
10 
10 

1000 
1000 
1000 
1000 
1000 

3 0 
3 0 

120 
150 

90 
120 

140 
140 

T O - 3 
T O - 3 

2 N 5 6 7 1 
2 N 5 6 7 2 

20 
20 

15 
15 

2 
2 

0.75 
0.75 

15 
15 

1200 
1200 

4 0 
4 0 
4 0 
4 0 
4 0 
4 0 

150 
2 5 0 
3 0 0 
3 0 0 
3 0 0 
3 5 0 

120 
2 0 0 
2 0 0 
2 5 0 
2 5 0 
2 5 0 

140 
2 5 0 
2 5 0 
2 5 0 
3 5 0 
2 5 0 

T O - 3 
T O - 3 
T O - 3 
T O - 3 
T O - 3 
T O - 3 

2 N 6 0 3 3 
B U V 2 1 
B U R 2 1 
B U V 2 2 
B U X 2 2 
B U R 2 2 

10 
10 
10 
10 
10 
10 

40 
25 
2 5 
2 0 
2 0 
2 0 

2 
4 
4 
4 
4 
4 

1 
0.6 
0.6 

40 
12 
12 
10 
10 
10 

4 0 0 0 
1200 
1200 
1000 
1000 
1000 

5 0 
5 0 
5 0 

120 
160 
2 0 0 

90 
125 
125 

140 
2 5 0 
2 5 0 

T O - 3 
T O - 3 
T O - 3 

2 N 6 0 3 2 
B U V 2 0 
B U R 2 0 

10 
10 
10 

50 
50 
50 

2.6 
4 
4 

1.3 
0.6 

50 
25 
25 

5000 
2 5 0 0 
2 0 0 0 

6 0 
6 0 

3 0 0 
3 5 0 

2 0 0 
2 5 0 

3 5 0 
3 5 0 

T O - 3 
T O - 3 

B U R 5 1 
B U R 5 2 

15 
15 

50 
40 

4 
4 1.8 

30 
25 

2 0 0 0 
2 0 0 0 

7 0 
7 0 

2 0 0 
2 0 0 

125 
125 

3 5 0 
3 5 0 

T O - 3 
T O - 3 

B U R 5 0 
B U R 5 0 S 

15 
15 

50 
50 

4 
4 ] 35 

35 
2 0 0 0 
2 0 0 0 
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ALPHANUMERICAL INDEX DEVICE 
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LINEAR I N T E G R A T E D CIRCUITS 

T y p e F u n c t i o n s Page 

L 2 0 0 2 6 8 

L 2 9 6 2 7 7 

L 3 8 7 2 9 5 

L 4 8 7 2 9 8 

L 2 6 0 5 3 0 1 

L 2 6 8 5 8 . 5 V regu la to r f o r a u t o m o t i v e and i ndus t r i a l a p p l i c a t i o n s 3 0 1 

L 2 6 1 0 1 0 V regu la to r f o r a u t o m o t i v e a n d i ndus t r i a l a p p l i c a t i o n s 3 0 1 

L 4 7 0 5 3 0 4 

L 4 7 8 5 3 0 4 

L 4 7 1 0 3 0 4 

L 4 8 0 5 3 0 7 

L 4 8 8 5 3 0 7 

L 4 8 1 0 3 0 7 

L 4 8 1 2 3 0 7 

L 4 9 0 1 3 1 1 

L 4 9 0 2 3 1 7 

L 4 9 1 6 3 2 2 

L 4 9 2 0 3 2 6 

L 4 9 2 1 3 2 6 

L 4 9 4 0 3 3 0 

L 4 9 6 0 3 3 4 

L 4 9 6 2 3 4 3 

L 4 9 6 4 3 4 7 

L 7 8 0 0 ser ies 3 6 3 

L 7 8 0 0 A series 3 7 5 

L 7 8 M 0 0 series 3 8 6 

L 7 8 S 0 0 ser ies 3 9 4 

L 7 9 0 0 ser ies 4 0 6 

L 7 9 0 0 A C ser ies 4 4 1 

L M 1 1 7 4 1 6 

L M 2 1 7 4 1 6 

L M 3 1 7 1 .2V t o 3 7 V ad jus tab le vo l t age regu la to r 4 1 6 

L M 7 2 3 4 2 2 

L M 2 9 3 0 A 4 2 9 

L M 2 9 3 1 A 4 3 2 

L M 2 9 3 5 4 3 5 

S G 1 5 2 4 4 4 3 

S G 1 5 2 5 A 4 4 9 
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LINEAR INTEGRATED CIRCUITS (continued) 

T y p e F u n c t i o n s Page 

S G 1 5 2 7 A R e g u l a t i n g pu lse w i d t h m o d u l a t o r 4 4 9 

S G 2 5 2 4 R e g u l a t i n g pu lse w i d t h m o d u l a t o r 4 4 3 

S G 2 5 2 5 A R e g u l a t i n g pu lse w i d t h m o d u l a t o r 4 4 9 

S G 2 5 2 7 A 4 4 9 

S G 3 5 2 4 R e g u l a t i n g pu lse w i d t h m o d u l a t o r 4 4 3 

S G 3 5 2 5 A R e g u l a t i n g pu lse w i d t h m o d u l a t o r 4 4 9 

S G 3 5 2 7 A R e g u l a t i n g pu lse w i d t h m o d u l a t o r 4 4 9 

T D A 4 6 0 1 4 5 9 

T D A 8 1 3 0 C u r r e n t m o d e P W M c o n t r o l l e r 4 6 6 

T D A 8 1 3 2 4 7 0 

T L 7 7 0 0 A 4 7 4 

U C 1 5 2 4 A A d v a n c e d regu la t ing pu l se w i d t h m o d u l a t o r 4 7 8 

U C 1 8 4 0 P r o g r a m m a b l e , o f f - l i n e , P W M c o n t r o l l e r 4 8 6 

U C 1 8 4 2 4 9 6 

U C 1 8 4 6 5 0 4 

U C 1 8 4 7 5 0 4 

U C 2 5 2 4 A A d v a n c e d regu la t i ng pu l se w i d t h m o d u l a t o r 4 7 8 

U C 2 8 4 0 P r o g r a m m a b l e , o f f - l i n e , P W M c o n t r o l l e r 4 8 6 

U C 2 8 4 2 4 9 6 

U C 2 8 4 6 C u r r e n t m o d e P W M c o n t r o l l e r 5 0 4 

U C 2 8 4 7 C u r r e n t m o d e P W M c o n t r o l l e r 5 0 4 

U C 2 9 0 6 5 1 4 

U C 3 5 2 4 A A d v a n c e d regu la t i ng pu lse w i d t h m o d u l a t o r 4 7 8 

U C 3 8 4 0 4 8 6 

U C 3 8 4 2 O f f - l i n e c u r r e n t m o d e P W M c o n t r o l l e r 4 9 6 

U C 3 8 4 6 5 0 4 

U C 3 8 4 7 5 0 4 

U C 3 9 0 6 5 1 4 
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DISCRETE POWER 

T y p e Page T y p e Page T y p e Page 

B U R 5 0 5 2 3 S G S P 1 5 1 6 4 0 S G S P 3 6 9 6 9 5 
B U R 5 0 S 5 2 3 S G S P 1 5 2 6 4 0 S G S P 4 2 1 6 6 3 
B U T 13 5 2 9 S G S P 1 5 4 6 4 7 S G S P 4 2 2 6 6 3 
B U T 1 3 P 5 2 9 S G S P 1 5 5 6 4 7 S G S P 4 6 1 6 7 1 
B U V 4 7 5 3 6 S G S P 1 5 6 6 4 7 S G S P 4 6 2 6 7 1 
B U V 4 7 A 5 3 6 S G S P 2 0 1 6 1 2 S G S P 4 6 3 6 7 9 
B U V 4 8 5 4 5 S G S P 2 0 2 6 1 2 S G S P 4 6 4 6 8 7 
B U V 4 8 A 5 4 5 S G S P 2 1 1 6 5 5 S G S P 4 6 5 6 8 7 
B U V 4 8 B 5 5 5 S G S P 2 1 2 6 5 5 S G S P 4 6 6 6 8 7 
B U V 4 8 C 5 5 5 S G S P 2 1 8 6 2 0 S G S P 4 6 7 6 7 9 
B U X 1 0 P 5 6 1 S G S P 2 1 9 6 2 0 S G S P 4 6 8 6 9 5 
B U X 4 7 5 3 6 S G S P 2 2 1 6 6 3 S G S P 4 6 9 6 9 5 
B U X 4 7 A 5 3 6 S G S P 2 2 2 6 6 3 S G S P 4 7 1 7 0 2 
B U X 4 8 5 4 5 S G S P 2 3 0 6 2 4 S G S P 4 7 2 7 0 2 
B U X 4 8 A 5 4 5 S G S P 2 3 1 6 2 4 S G S P 4 7 4 7 1 0 
B U X 4 8 B 5 5 5 S G S P 2 3 2 6 2 4 3 G S P 4 7 5 7 1 0 
B U X 4 8 C 5 5 5 S G S P 2 4 0 6 3 2 S G S P 4 7 6 7 1 0 
B U X 9 8 5 6 4 S G S P 2 4 1 6 3 2 S G S P 5 1 1 6 5 5 
B U X 9 8 A 5 6 4 S G S P 2 4 2 6 3 2 S G S P 5 1 2 6 5 5 
B U X 9 8 C 5 6 6 S G S P 2 5 1 6 4 0 S G S P 5 1 8 6 2 0 
M J E 1 3 0 0 4 5 7 0 S G S P 2 5 2 6 4 0 S G S P 5 1 9 6 2 0 
M J E 1 3 0 0 5 5 7 0 S G S P 2 5 4 6 4 7 S G S P 5 2 1 6 6 3 
M J E 1 3 0 0 6 5 7 5 S G S P 2 5 5 6 4 7 S G S P 5 2 2 6 6 3 
M J E 1 3 0 0 7 5 7 5 S G S P 2 5 6 6 4 7 S G S P 5 3 0 6 2 4 
M J E 1 3 0 0 7 A 5 7 5 S G S P 3 0 1 6 1 2 S G S P 5 3 1 6 2 4 
S G S D 0 0 0 3 0 5 8 4 S G S P 3 0 2 6 1 2 S G S P 5 3 2 6 2 4 
S G S D 0 0 0 3 1 5 8 4 S G S P 3 1 8 6 2 0 S G S P 5 6 1 6 7 1 
S G S D 0 0 0 3 2 5 9 0 S G S P 3 1 9 6 2 0 S G S P 5 6 2 6 7 1 
S G S D 0 0 0 3 3 5 9 0 S G S P 3 1 1 6 5 5 S G S P 5 6 3 6 7 9 
S G S D 0 0 0 3 4 5 9 0 S G S P 3 1 2 6 5 5 S G S P 5 6 4 6 8 7 
S G S D 0 0 0 3 5 5 9 0 S G S P 3 2 1 6 6 3 S G S P 5 6 5 6 8 7 
S G S D 0 0 0 3 6 5 9 7 S G S P 3 2 2 6 6 3 S G S P 5 6 6 6 8 7 
S G S D 0 0 0 3 7 5 9 7 S G S P 3 3 0 6 2 4 S G S P 5 6 7 6 7 9 
S G S D 0 0 0 3 8 5 9 7 S G S P 3 3 1 6 2 4 S G S P 5 6 8 6 9 5 
S G S D 0 0 0 3 9 5 9 7 S G S P 3 3 2 6 2 4 S G S P 5 6 9 6 9 5 
S G S D 0 0 0 4 0 5 9 7 S G S P 3 4 0 6 3 2 S G S P 5 7 1 7 0 2 
S G S D 0 0 0 4 1 5 9 7 S G S P 3 4 1 6 3 2 S G S P 5 7 2 7 0 2 
S G S D 0 0 0 4 2 6 0 4 S G S P 3 4 2 6 3 2 S G S P 5 7 4 7 1 0 
S G S D 0 0 0 4 4 6 0 4 S G S P 3 5 1 6 4 0 S G S P 5 7 5 7 1 0 
S G S D 3 1 0 6 1 0 S G S P 3 5 2 6 4 0 S G S P 5 7 6 7 1 0 
S G S D 3 1 1 6 1 0 S G S P 3 5 4 6 4 7 
S G S P 1 0 1 6 1 2 S G S P 3 5 5 6 4 7 
S G S P 1 0 2 6 1 2 S G S P 3 5 6 6 4 7 
S G S P 1 1 8 6 2 0 S G S P 3 6 1 6 7 1 
S G S P 1 1 9 6 2 0 S G S P 3 6 2 6 7 1 
S G S P 1 3 0 6 2 4 S G S P 3 6 3 6 7 9 
S G S P 1 3 1 6 2 4 S G S P 3 6 4 6 8 7 
S G S P 1 3 2 6 2 4 S G S P 3 6 5 6 8 7 
S G S P 1 4 0 6 3 2 S G S P 3 6 6 6 8 7 
S G S P 1 4 1 6 3 2 S G S P 3 6 7 6 7 9 
S G S P 1 4 2 6 3 2 S G S P 3 6 8 6 9 5 
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SWITCHING R E G U L A T O R MODULES 

T y p e F u n c t i o n Page 

G S - R 4 0 5 5 V - 4 A S w i t c h i n g R e g u l a t o r 7 1 9 

G S - R 4 0 5 S 5 V - 4 A S w i t c h i n g R e g u l a t o r w i t h R e s e t 7 1 9 

G S - R 4 1 2 1 2 V - 4 A S w i t c h i n g R e g u l a t o r 7 1 9 

G S - R 4 1 5 1 5 V - 4 A S w i t c h i n g R e g u l a t o r 7 1 9 

G S - R 4 2 4 2 4 V - 4 A S w i t c h i n g R e g u l a t o r 7 1 9 

G S - R 4 0 0 V 7 1 9 
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HANDLING AND MOUNTING ICs 
IN PLASTIC POWER PACKAGES 

Integrated circuits mounted in plastic power packages can be damaged, or reliability compro
mised, by inappropriate handling and mounting techniques. Avoiding these problems is 
simple if you follow the suggestions in this section. 

A d v a n c e s in p o w e r package des ign have m a d e it 
p o s s i b l e t o rep lace me ta l packages w i t h m o r e e c o n 
o m i c a l p las t i c packages in m a n y h igh p o w e r a p p l i 
c a t i o n s . M o s t of S G S ' p o w e r d r i ve r c i r c u i t s , f o r 
e x a m p l e , are m o u n t e d in the i nnova t i ve M U L T I -
W A T T ® package , d e v e l o p e d o r i g i na l l y f o r h igh 
p o w e r a u d i o amp l i f i e r s . T h o u g h the i n t r i ns i c re
l i a b i l i t y o f these packages is n o w e x c e l l e n t the use 
o f i napp rop r i a te t e c h n i q u e s o r unsu i t ab le t o o l s 
d u r i n g m e c h a n i c a l h a n d l i n g c a n a f fec t t h e l ong 
t e r m re l i ab i l i t y o f t he d e v i c e , o r even d a m a g e it. 
W i t h a f e w s imp le p r e c a u t i o n s , ca re fu l des igners 
a n d p r o d u c t i o n eng ineers can e l i m i n a t e these r i sks , 
sav ing b o t h t ime and m o n e y . 

BENDING AND CUTTING LEADS 
T h e f i rs t danger area is b e n d i n g and c u t t i n g the 

leads. In these p rocesses it is i m p o r t a n t t o a v o i d 
s t ra in ing the p a c k a g e a n d pa r t i cu l a r l y t he area 
w h e r e the leads e n t e r t h e encapsu la t i ng res in . If t he 
p a c k a g e / l e a d i n te r face is s t ra ined the res is tance t o 
h u m i d i t y a n d t h e r m a l stress are c o m p r o m i s e d , 
a f f e c t i n g r e l i a b i l i t y . 

T h e r e are f ive bas ic ru les t o bear in m i n d : 

• C l a m p the leads f i r m l y be tween the package 
and the b e n d / c u t p o i n t ( f igure 1) . 

• B e n d the leads at least 3 m m f r o m the package 
( f igure 2a ) . 

• Neve r b e n d t h e leads m o r e t h a n 90° and never 
b e n d m o r e t h a n o n c e ( f igure 2 b ) . 

• Neve r b e n d t h e leads la te ra l l y ( f igure 2 c ) . 
• M a k e sure t h a t the b e n d i n g / c u t t i n g t o o l d o e s 

no t damage t h e leads . 

Fig. 1 - Clamp the leads between the package and bend/cut point. 

Plast ic 
Package 

W 

II 

S p a 
A-0039 

c e d ^ 

Lead forming or cut t ing 
m e c h a n i s m 

W 
C lamp m e c h a n i s m 

Fig. 2 - Bend the leads at least 3 mm. from the package, never bend leads more than 90° and never 
attempt to splay the leads out. 

3.0mia 

o 
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INSERTION HEATSINK MOUNTING 
W h e n m o u n t i n g the IC o n a p r i n t e d c i r c u i t b o a r d 
t h e go lden ru le is, a g a i n , t o a v o i d stress. In pa r t i 
c u l a r : 

e A d h e r e t o t he spec i f i ed p i n spac ing o f the de 
v i c e ; d o n ' t t r y t o b e n d the leads t o f i t n o n 
s tanda rd ho le s p a c i n g . 

* Leave a su i tab le space b e t w e e n the IC a n d the 
b o a r d . If necessary use a spacer . 

• T a k e care t o a v o i d s t ra in ing the dev i ce a f te r 
so l de r i ng . If a hea t s i nk is used a n d it is m o u n 
ted o n the P C b o a r d it s h o u l d be a t t a c h e d t o 
.the IC be fo re s o l d e r i n g . 

SOLDERING 
T h e greater danger d u r i n g so lde r i ng is o v e r h e a t i n g . 
If an IC is e x p o s e d t o h igh t e m p e r a t u r e f o r an ex 
cess ive p e r i o d it m a y be d a m a g e d o r re l i ab i l i t y 
r e d u c e d . 
R e c o m m e n d e d so l de r i ng c o n d i t i o n s are 2 6 0 ° C 
f o r ten seconds or 3 5 0 ° C f o r t h ree seconds . F i g u r e 
3 shows the excess j u n c t i o n t e m p e r a t u r e o f a 
P E N T A W A T T package f o r b o t h m e t h o d s . 

It is a lso i m p o r t a n t t o use su i tab le f l u x e s f o r the 
s o l d e r i n g ba ths t o a v o i d d e t e r i o r a t i o n o f t he leads 
o r package res in . R e s i d u a l f l u x b e t w e e n the leads o r 
in c o n t a c t w i t h the res in m u s t be r e m o v e d t o gua
ran tee l ong t e r m r e l i a b i l i t y . T h e so l ven t used t o 
r e m o v e excess f l u x s h o u l d be c h o s e n w i t h ca re . 
In p a r t i c u l a r , t r i c h l o r o e t h y l e n e ( C H C I : C C I 2 ) — 
based so lven ts , s h o u l d be a v o i d e d because the 
res idue can c o r r o d e the e n c a p s u l a n t res in . 

Fig. 3 - The excess junction temperature of a 
PENTAWATT package in the suggested soldering 
conditions. 

S - 5369 

. S- 5368 

Tj 260'C soldering bath 
. •* " E x p o s e d to air 

i , , , , , , , 1 1 , , , 
0 20 AO 60 80 100 H O 180 220 Time (sec) 

T o e x p l o i t the f u l l c a p a b i l i t y o f a p o w e r dev i ce a 
su i tab le hea ts ink m u s t be u s e d . T h e m o s t i m p o r 
tan t aspect f r o m t h e p o i n t o f v i e w o f r e l i ab i l i t y is 
tha t the hea ts ink is d i m e n s i o n e d t o keep the j u n c 
t i o n t e m p e r a t u r e as l o w as poss ib l e . F r o m a m e c h 
an ica l p o i n t o f v i e w , h o w e v e r , the hea ts ink m u s t be 
des igned so tha t it does n o t damage the IC . Ca re 
s h o u l d a lso be t a k e n in a t t a c h i n g the IC t o the 
hea ts ink . 

T h e c o n t a c t t h e r m a l res is tance b e t w e e n the dev i ce 
and the hea ts ink c a n be i m p r o v e d by a d d i n g a t h i n 
layer o f s i l i con grease w i t h su f f i c i en t f l u i d i t y t o 
ensure u n i f o r m d i s t r i b u t i o n . F i g u r e 4 s h o w s h o w 
the t h e r m a l res is tance o f a M U L T I W A T T package 
is i m p r o v e d by s i l i c o n e grease. 
A n excess ive ly t h i c k l aye r o r an excess ive ly v i scous 
s i l i con grease m a y have the o p p o s i t e e f fec t and 
c o u l d cause d e f o r m a t i o n o f t he tab . 

Fig. 4 - The thermal resistance of a MULTIWATT 
package is improved by silicon grease. 
Here thermal resistance is plotted against 
grease thickness. 

G-i.836 

caw) 
MULTIWATT 
PACKAGE 

Without silicone grease 

Silicone grease applied 

1 1 1 
0 0.05 0.10 0.15 Th(mm) 

S G S p las t i c p o w e r packages - M U L T I W A T T , 
P E N T A W A T T a n d V E R S A W A T T - are a t t ached 
t o the hea ts ink w i t h a s ingle sc rew. A spr ing c l i p 
m a y a lso be used as s h o w n in f igure 5. T h e sc rew 
s h o u l d be p r o p e r l y t i g h t e n e d to ensure tha t the 
package m a k e s g o o d c o n t a c t w i t h the hea ts ink . It 
s h o u l d no t be t o o t igh t o r the tab m a y be de
f o r m e d , b r e a k i n g the d ie o r separa t ing the resin 
f r o m the t a b . 

T h e a p p r o p r i a t e t i g h t e n i n g t o r q u e can be f o u n d by 
p l o t t i n g t h e r m a l res is tance against t o r q u e as s h o w n 
in f igure 6 . 
Suggested t i g h t e n i n g t o r q u e s fo r 3 M A screws are 
8 K g / c m f o r V E R S A W A T T , P E N T A W A T T a n d 
M U L T I W A T T packages . If d i f f e ren t sc rews , o r 
sp ing c l i p s , are used the f o r c e exe r ted by the tab 
m u s t be e q u i v a l e n t t o t he f o r c e p r o d u c e d w i t h 
these r e c o m m e n d e d t o r q u e s . 

E v e n if the s c r e w is no t o v e r t i g h t e n e d the tab can 
be d e f o r m e d , w i t h d i sas t rous resul ts . If the sur face 
o f the hea ts ink is no t s u f f i c i e n t l y f la t . T h e p l a n -
a r i t y o f the c o n t a c t su r face b e t w e e n dev i ce and 

738 



5 - MULT/WATT, PENTAWA TTand VERSA- hea ts ink m u s t be b e t t e r t h a n 5 0 > m f o r P E N T A W A T T 
WATT packages are attached to the heat- a n d V E R S A W A T T packages a n d less t han 4 0 M m 
sink with a single screw or a spring clip, f o r M U L T I W A T T p a c k a g e s . 

Fig. 7 - The heatsink tab may be deformed if a 
washer or a wide-headed screw is not 
used. 

Contact thermal resistance depends on 
tightening torque. 

| | 
MULTIWATT 
PACKAGE 

With ise With ise 

Silk 
1 

lied Silk lied 

heal-sink ^ 

RIGHT 

W A S H E R ^ [—u [ 

S i m i l a r p r o b l e m s m a y ar ise if t he sc rewhead. is t o o 
n a r r o w c o m p a r e d t o the ho le in the hea ts ink 
( f igure 7 ) . 
T h e s o l u t i o n here is t o use a washer to d i s t r i bu te 
the pressure over a w i d e r a rea . A n a l te rna t i ve is t o 
use screws o f t he t y p e s h o w n in f igure 8 w h i c h 
have a w i d e f la t h e a d . W h e n s e l f - t a p p i n g screws 
are used it is a lso i m p o r t a n t t o p r o v i d e an o u t l e t 
f o r t he ma te r i a l d e f o r m e d as the th read is f o r m e d . 
P o o r c o n t a c t w i l l resu l t if th is is no t d o n e . A n o t h e r 
poss ib le h a z a r d ar ises w h e n the ho le in the hea ts ink 
is f o r m e d w i t h a p u n c h : a c i r c u l a r dep ress ion m a y 
be f o r m e d a r o u n d the h o l e , lead ing t o d e f o r m a t i o n 
o f the t a b . T h i s m a y be c u r e d by us ing a washer 
o r b y m o d i f y i n g the p u n c h . 

Fig. 8 - The recommended screw type looks like 
this. 

,i r - n 

6 Torque (Kg/cm) 

S e r i o u s re l i ab i l i t y p r o b l e m s c a n be e n c o u n t e r e d if 
the hea ts ink and p l r i n t e d c i r c u i t b o a r d are no t 
r i g id l y c o n n e c t e d . E i t h e r the hea ts ink mus t be 
r i g id l y a t t a c h e d t o t he p r i n t e d c i r c u i t boa rd o r 
b o t h m u s t be secu re l y a t t a c h e d t o the chassis . If 
t h i s is no t d o n e the stresses and s t ra ins i n d u c e d b y 
v i b r a t i o n w i l l be a p p l i e d t o the dev ice and in pa r t i 
c u l a r t o t he l ead / res i n i n te r face . T h i s p r o b l e m is 
m o r e l i k e l y t o ar ise w h e n large boards and large 
hea t s i nks are used o r w h e n e v e r t he e q u i p m e n t is 
sub jec ted t o heavy v i b r a t i o n s . 
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Packages 
T O - 9 9 (8 PIN) 

Rth = 1 5 5 ° C / W 

TO-100 (10 PIN) 

Rth = 1 5 5 ° C / W 

8 - L E A D PLASTIC MINIDIP 

' u u u u 
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Packages 
4 + 4 LEAD PLASTIC MINIDIP 

R t h j - p i n s = 20°C/W 

A . 
_16JL 

- J S 4 . 

9.76" 

n n n n, 
D 
TJ U U U 1 

| , 6 . A W " , 

v n 

1. ™ I 

8 - L E A D CERAMIC MINIDIP 

Rth = 150°C/W 

Pins 5 to 8 connected to sub
strate and used for heatsinking 

1.0. | I 7.62 

9.76"' 

U U l_l u 
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Packages 

8 + 8 LEAD POWERDIP 

Rthj-pins = 1 5 ° C / W 
Rthj-amb = 7 0 ° C / W 

Pins 9 to 16-connected to sub
strate and used for heatsinking 

C O P P E R A R E A 35JJ T H I C K N E S S 

0.5 0.85*1.65 
17.78 

n n n n n n n n 

' U U U U U U U U 

Thermal resistance of the P C 
copper vs. side " £ " 

I 2 3 4 5 6 7 (cm) 

U s i n g P C b o a r d c o p p e r as h e a t s i n k . 
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Packages 
1 8 - L E A D PLASTIC DIP 

Rth = 80°C/W 
7.1™-

1 8 - L E A D CERAMIC DIP 

U L J U U U U U U U 
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Packages 
1 2 + 2 + 2 LEAD PLASTIC DIP 

Rthj-pins = 1 4 ° C / W 

u u u u u u u u 

F o u r cen te r p i n s c o n n e c t e d to t he subs t ra te 
and used f o r h e a t s i n k i n g . 

2 0 - L E A D PLASTIC DIP 

Rth j-amb = 8 0 ° C / W 

7 4 6 



Packages 
1 6 + 2 + 2 LEAD PLASTIC DIP 

Rthj-pins = 14°C/W 
Rthhamb = 8 0 ° C / W 

OA, 

7.6 

U . U U U U U D U U U 
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Packages 
SOT-82 

TO-220 (VERSAWATT) 

POtt-D 
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H E P T A W A T T ™ 
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Packages 
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Packages 

T O - 3 (4 lead) 

Rth = 4°C/W 

10~» 6"1" 
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