
6.() Appendices

A 1 . O  P O W E R  S U P P L Y  D E S I G N

A1.1  ln t roduc t ion

One o f  the  nebu lous  areas  o f  power  lC  da ta  sheets  invo lves

the  in te rpre ta t ion  o f  "abso lu te  max imum ra t ings"  as
opposed to  "opera t ing  cond i t ions . "  The fac t  tha t  para-

meters  a re  spec i f ied  a t  an  opera t ing  vo l tage qu i te  a  few

vo l ts  be low the  abso lu te  max imum is  no t  near ly  so  impop-

tan t  in  "garden var ie ty "  op  amps as  in  power  amps -  be-

cause a  key  spec  o f  any  power  ampl i f ie r  i s  how much
power  i t  can  de l i ver ,  a  spec  tha t  i s  a  s t rong tunc t ion  o f  t l re

supp ly .  Indeed Po is  approx imate ly  p ropor t iona l  to  the

square  o f  supp ly  vo l tage.  S ince  many aud io  lCs  are  powered

f rom a  s tep  down t rans former  o f f  the  120V46 l ine ,  the
"abso lu te  max imum vo l tage"  i s  an  a t tempt  to  spec  the
h ighes t  va lue  the  supp ly  migh t  ever  reach under  power

company overvo l tages ,  t rans former  to le rances ,  e tc .  Th is

soec  savs  the  lC  w i l l  no t  d ie  i f  taken to  i t s  "abso lu te

max imum ra t ing . "  Opera t ing  vo l tage,  on  the  o ther  hand,

shou ld  be  approx imate ly  what  a  nomina l  supp ly  w i l l  sag

under  load a t  normal  power  company vo l tages .  Some aud io

ampl i f ie rs  a re  improper ly  spec i f ied  a t  the i r  "abso lu te

max imum vo l tages"  in  o rder  to  g ive  the  i l l us ion  o f  la rge

outpu t  power  capab i l i t y .  However ,  s ince  few cus tomers
regu la te  the  supp ly  vo l tage in  the i r  app l i ca t ions  o f  aud io
lCs ,  th is  sor t  o f  "specsmansh ip"  can on ly  be  te rmed
oeceo l lve .

41 .2  Genera l

Th is  sec t ion  presents  supp ly  and f i l te r  des ign  methods  and

a ids  fo r  ha l f -wave,  fu l l -wave center  tap ,  and br idge rec t i f ie r
power  supp l ies .  The t rea tment  i s  su f f i c ien t ly  de ta i led  to

a l low even those un fami l ia r  w i th  power  supp ly  des ign  to

spec i fy  f i l te rs ,  rec t i f ie r  d iodes  and t rans formers  fo r  s ing le -
phase supp l ies .  A  genera l  t rea tment  re fe r r ing  to  F igure  A1.1

is  g iven ,  fo l lowed by  a  des ign  example .  No a t tempt  i s  made

to  cover  mu l t iphase c i rcu i ts  o r  vo l tage mul t ip l ie rs .  For

max imum app l icab i l i t y  a  regu la to r  i s  inc luded.  bu t  may be

omi t ted  where  requ i red .

A1.3  Load Bequ i rements

The vo l tage,  cur ren t ,  and r ipp le  requ i rements  o f  the  load

must  be  fu l l y  descr ibed pr io r  to  f i l te r  and supp ly  des ign .

Ac tua l l y ,  so  fa r  as  the  f i l te r  and supp ly  a re  concerned,  the

load requ i rements  a re  those a t  the  regu la to r  inpu t .  {See

F i g u r e  A i . 1 . )  T h e r e f o r e ,  V l p  a n d  l ; 5  b e c o m e  t h e  g o v e r n i n g

c o n d i t i o n s ,  w h e r e :

ou tpu t  cur ren t  p lus  regu la to r  qu ies-

cent  cur ren t
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l t N  -  l O  +  l O ,

l l N { M A X )  -  l o ( v l A X ) , f u l l  l o a d  o p e r a t i n g  c u r r e n t

1 1 N 1 1 1 , 1 1 N 1 (  l g ,  n o - l o a d  o r  m i n i m u m  o p e r a t i n g  c u r '
ren t ;  cou ld  be  near  zero

v r N ( P K )  =  v M , maximum permiss ib le  ins tan taneous
r ro ' load  f i l te r  ou tpu t  vo l tage equa l
to  peak  va l  ue  o f  t rans former  second-
ary  vo l tage a t  h ighes t  des ign  l ine
v o l t a g e  V p g l ;  l i m i t e d  b y  a b s o l u t e
max imum regu la to r  inpu t  vo l tage

nomina l  DC vo l tage input  to  the
r e ! J u l a t o r ,  u s u a l l y  2  t o  1 5 V  h i g h e r
t h a n  V O

V 1 5  )  V 6 ,

v l N ( N l l N )  =  V o  +  2 V ,  m i n i m u m  i n s t a n t a n e o u s  f u l l - l o a d
f i l te r  ou tpu t  vo l tage inc lud ing  r ipp le
v o l t a g e ;  l i m i t e d  b y  m i n i m u m  r e g u -
la to r  inpu t  vo l tage to  insure  sa t is -
fac to ry  regu la t ion  (Vg +  V6rsp6g1)
or  min imum regu la to r  inpu t  vo l tage
to  a l low regu la to r  s ta r t -L rp  under
fu l l  load  or  upon remova l  o f  a  load
s h o r t  c i r c u i  t

r f  R IVS r ipp le  fac to r  a t  f i l te r  ou tpu t
expressec l  as  a  percentage o f  V1J1;
l i m i t e d  b y  m a x i m u m  p e r m i s s i b l e

r ipp le  a t  load  as  mod i f ied  by  the
r ipp le  re jec t ion  charac ter is t i cs  o f
the  regu la to r

A1.4  F i l te r  Se lec t ion ,  Capac i to r  o r  Induc tor - lnput

For  power  supp l ies  us ing  vo l tage regu la to rs ,  the  f i l te r  w l l l
most  o f ten  use  capac i to r  inpu t j  there fore ,  emphas is  w i l l  be
p laced upon tha t  type  o f  f i l te r  in  to l low ing  d iscuss ions .
Notab le  d i f fe rences  be tween the  two types  o f  f i l te rs  a re
tha t  the  capac i to r  inpu t  f i l te r  exh ib i ts :

1 .  H i g h e r  D C  o u t p u t  v o l t a g e

2.  Poorer  ou tpu t  vo l tage regu la t ion  w i th  load var la t ion

3.  H igher  peak  to  average d iode fo rward  cur ren ts
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Rectif ier Circuit Connection

Sing le  Phase
Hal f  Wave

Si ngle Phase
Ful l  Wave

Center Tap

Single Phase
Ful l  Wave

Bridge

F\qBfl
l r - r l'1_!94!_J-

Voltage Waveshape to Load
of  F i l te r nn nnnn
CHARACTERISTIC LOAD R R L R L

Average Diode Current
l p l ay6y /1s1961

I 0 .5 0 .5 u . 3 0 .5 0.5 0.5

Peak Diode Currenr
l py / l p14y6y

3 . 1 4
8

) . 2
3 . 1 4 2

1 0
b - z

3 . 1 4 z
1 0
6.2

J

2.2

l . J c

1 . 1

o.707

Diode Current Form
Factor,  F = l61sy51/1p14y61

1 . 5 7 2
t  - 3 / 1 .4 ' l

2.2
1 . 5 7 1 . 4 1

RMS Diode Current
lp lpni lg l  / l61pgy

1 4 7
2

0.785 0.707
1 . 3 5
1 . 1

0.785 o.707

RMS lnput Voltage per
Transformer Leg
VgEs/V1x1961

2.22 2.22 o.707 1 . 1 1 1 . 1 1 0.707 1 . 1 1 r . 1 1

Transformer Primary
VA Rat ing VA/P96

3.49 1 . 2 3 1 . 1 1 1 . 2 3 l . t 1

Transformer Secondary
VA Rat ing VA/Pe6

3.49 1  . 75 1 . 5 7 1 .23 1 . 1 1

Total  RMS Ripple % 121 48.2 48.2

%
40.6 al.2 r00 81.2 100

TABLE A1,1 Summary of Signif i@nt Rect i f ier Circui t  Character ist iG, Single Phce Circui ts

Capacit ivo Data is tor oC Rg = 1O0 & Rg/Rg = 2% (higher valu6)

and for oC Rg = 10 & RS/RL = 10% ( lowor vslu6)

I lomr | 8clili.r I Fi[.r I

l-r-i----------+l
I e*{-rll*i

lll
{b) Ertuiv. lent Circui t

lc l  Voltgge Acro$ Ingut Cap.ci tor Cl (d) Current Throlgh Diodes

FIGURE A1.2 Astual and Equivalont Ci.cuits of Capacitor-lnput Rctifisr System, Togothsr with Oscillograms of Voltage and Cuttsnt for a

Typiel Operating Condition
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i lormal Load Resistance
Normal Capacitance

{a} Actual Circui t (b) Equivalent Circui l

{c} Voltage Acros Input Capacitor C.l (d) Current Through Diodes

FIGURE A1.3 Effocts ot Circui t  Constants and Operat ing Condit ions on Behavior of Rect i l ior Operated with Capacitor- lnput Fi l ter

4. Lower d iode PIV rat ing requirements

5. Very high diode surge current at turn-on

6. Higher peak to average transformer currents

The voltage regulator overcomes disadvantage (2) while
semiconductor diodes of moderate orice meet most of the
peak and surge requirements except in suppl ies handl ing
many amperes. Still, it may be necessary to balance in-
creased diode and transformer cost against the alternative
of  a choke- input  f i l ter .  In power supply designs employing
vol tage regulators,  i t  is  assumed that  only moderate f i l ter
output  regulat ion and r ipple are required.  Therefore,  a
capaci tor  input  f i l ter  would exhib i t  peak currents consider-
ably lower than indicated in the compar ison of  Table A1.1.

A1.5 Filter Design, Capacitor-lnput

Figure A1.2 shows a fu l l -wave,  capaci tor- input  ( f i l ter)
rectifier system with typical voltage and current waveforms.
Note that  r ipple is  inevi table as the capaci tor  d ischarges
approximately l inear ly between vol tage peaks.  Figure Al .3
shows the effects on DC voltage, ripple, and peak diode
current  under vary ing condi t ions of  load resistance,  input
capacitance, series diode and transformer resistance R5, and
transformer leakage inductance. The most practical design
procedure for capacitor-input filters is to use the graphs of
Figures Al .4-A1.7.  Note,  however,  that  these include the
effects of diode dynamic resistance within R5. Diode
forward drop is not included, and must be subtracted from
the transformer secondary voltage. A good rule of thumb is
to subtract 0.7V from the transformer voltage and assume
diode dynamic resistance is  ins igni f icant  (0.02Q at  lp = 1A,
0.26Q at  lF = 100mA);  ordinar i ly  the t ransformer resis-
tance wi l l  overshadow diode dvnamic resistance.

Figures  A1.4  and A l .5  show the  re la t ionsh ip  be tween peak

AC input  vo l tage and DC outpu t  vo l tage as  a  re la t ion  to
load res is tance R1,  ser ies  c i rcu i t  res is tance R5,  and f i l te r

input  capac i tance C.  F igure  A1.4  is  fo r  ha l f -wave rec t i f ie rs

and F igure  A1.5  is  fo r  fu l l -wave rec t i f ie rs .  Note  tha t  the

h o r i z o n t a l  a x i s  i s  l a b e l e d  i n  u n i t s  o f  o C R t  w h e r e :

r^,: = AC line f reouencv in Hertz x 2tt

C =  va lue  o f  inpu t  capac i to r  in  Farads

R 1 =  V l g / 1 1 1 1  =  V O / l O ,  e q u i v a l e n t  l o a d  r e s i s t a n c e  i n

Ohms

RS = to ta l  o f  d iode dynamic  res is tance,  t rans former
secondary  res is tance,  re f  lec ted  t rans former  p r imary

res is tance,  and any  added ser ies  surge  l im i t ing
resistance

The maior  des ign  t rade-o f f  encountered  in  des ign ing

capac i to r - input  f i l te rs  i s  tha t  be tween ach iev ing  good

vo l tage regu la t ion  w i th  low r ipp le  and ach iev ing  low cos t .

R e f e r r i n g  t o  F i g u r e s  A 1 . 4  a n d  A 1 . 5 :

1 .  G o o d  r e g u l a t i o n  m e a n s  o C R L  -  1 0 .

2 .  L o w  r i p p l e  m a y  m e a n  o C R l  ) 4 0 .

3 .  H igh  e f f i c iency  means Rg/R1(  0 .02 .

4 .  Low cos t  usua l ly  means low surge cur ren ts  and smal l  C .

5 .  Good t rans former  u t i l i za t ion  means low VA ra t ings ,  bes t

w i th  fu l l -wave br idge FWB c i rcu i t ,  fo l lowed by  fu l l -wave

center  tao  FWCT c i rcu i t .

In  most  cases ,  a  min imum capac i tance accompl ish ing  a
reasonab le  fu l l - load  to  no- load regu la t ion  is  p re fe rab le  fo r

low cos t .  To  ach ieve  th is ,  use  an  in te rcept  w i th  the  upper
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knee o f  the  curves  in  F igures  A1.4  and A1.5 .  Occas iona l l y ,  a
min imum va lue  f i l te r  capac i to r  w i l l  no t  resu l t  in  a  lower

cos t  sys tem.  For  example ,  inc reas ing  the  va lue  o f  C may

a l low h igher  R5/R1 to  resu l t  in  lower  surge  and RMS
cur ren ts ,  thus  a l low ing  lower  cos t  t rans formers  and d iodes .
Be sure  tha t  capac i to rs  used have adequate  r ipp le  cur ren t
ratangs.

Des ign  procedure  is  as  fo l lows:

1 .  Assuming tha t  VO,  16 ,  o ,  and load r ipp le  fac to r  r f  have
been es tab l i shed and an  appropr ia te  vo l tage regu la to r
has  been se lec ted ,  we know or  can de termine:

u = 2 n f  = 3 7 7 r a d l s e c  f o r  6 0 H z  l i n e

r f ( in )  =  r f (ou t )  x  r ipp le  reduc t ion  fac to r  o f  se lec ted
regul ator

VIN(pK)  (  Max V;J1  fo r  the  se lec ted  regu la to r ;  a l low fo r
h ighes t  l ine  vo l tage l i ke ly  to  be  encountered

l l N ( M l N )  -  V O  +  2 V ;  a l l o w  f o r  l o w e s t  l i n e  v o l t a g e

V t t r t ( O C ) *  =  V  j p ,  u s u a l l y  2 " 1 5 V  a b o v e  V 6 ;  i f  c h o s e n
m i d w a y  b e t w e e n  V I N { p K )  a n d  V 1 5 1 1 y 1 p 1  o r  s l i g h t l y
be low tha t  po in t ,  w i l l  a l low fo r  g rea tes t  r ipp le  vo l tage

l l N  -  l O  f o r  f u l l  l o a d

l l N ( l V l l N )  =  l q  f o r  o p e n  l o a d

R L  =  V t N ( D C ) / l t N

Rr- (v r r t r t )  =  v1p1 lv  1  111/ l  1  51

2 .  S e t  V y  (  V t r u ( p f  )  a n d  c a l c u l a t e  V 1 p 1 p 6 1 / V 1 5 .  E n t e r

t h e  g r a p h  o f  F i g u r e  A 1 . 4  o r  A 1 . 5  a t  t h e  c a l c u l a t e d
V111p6y/Vry1  to  in te rcept  one o f  the  Rg/R1 =  cons tan t
l ines .  E i ther  es t imate  RS a t  th is  t ime or  in te rcept  the
curve  marked "F i rs t  Approx imat ion . "

3 .  Drop ver t i ca l l y  f rom the  in te rcept  o f  S tep  (2 )  to  the
h o r i z o n t a l  a x i s  a n d  r e a d  o C R g .  C a l c u l a t e  C ,  a l l o w i n g
for  usua l  commerc ia l  to le rance on  capac i to rs  o f  +100,
-50%.

l f  V 1 1 1 p 6 1  i s  m i d w a y  b e t w e e n  V 1 p 1 p 1 1 y  a n d  V 1 p 1 1 y 1 1 p ; ,
the  supp ly  can present  max imum r ipp le  to  the  regu la to r .
A  l o w  v a l u e  o f  C  i s  t h e n  p r a c t i c a l .  l f  V 1 5 1 p g 1  i s  n e a r
V I N ( M l N ) ,  r e g u l a t o r  p o w e r  d i s s i p a t i o n  i s  I o w  a n d  s u p p l y
e f f  i c iency  is  h igh ;  however ,  r ipp le  must  be  low,  requ i r ing
la rge  C.

4 .  Determine r ipp le  fac to r  11  f rom F. igure  A '1 .6 .  Make
cer ta in  tha t  the  r ipp le  vo l tage does  no t  d rop  ins tan-
t a n e o u s  V I N  b e l o w  V 1 1 1 1 y 1 1 1 1 .

The r ipp le  fac to r  cou ld  de termine min imum requ i red  C
i f  r ipp le  i s  the  l im i t ing  fac to r  ins tead o f  vo l tage
regu la t ion .  Aga in ,  a l low fo r  -5O% to le rance on  the
capacitor.

Vr ipp le (pk)  =  V ,  
ioo  

v tN(Dc)

41.6 Diode Specification

F ind  d iode requ i rements  as  fo l iows:

1 .  l F ( A V G ) =  l t N ( D C )  f o r  h a l f - w a v e  r e c t i f i c a t i o n

= l1p1p6y/2  fo r  fu l l -wave rec t i f  i ca t ion

2.  Determine peak  d iode cur ren t  ra t io  f rom F igure  A1.7 ;
remember  to  a l low fo r  h ighes t  opera t ing  l ine  vo l tage and
+1 00% capac i to r  to le rance.

l p y  =  l 6 y / l p 1 4 V G )  x  l t N ( D C )  f o r  h a l f - w a v e

=  l p M / l p 1 g y 6 1  x  1 1 p 1 9 6 1 / 2  f o r  f u l l - w a v e

3.  Determine d iode surge  cur ren t  requ i rement  a t  tu rn-on  o f
a  fu l l y  c l i scharged supp ly  when connected  a t  the  peak  o f
the  h ighes t  expec ted  AC l ine  waveform.  Surge cur ren t  i s :

. E y

R S  +  E S R

where  ESR -  e f fec t i ve  ser ies  res is tance o f  capac i to r .

4 .  F i n d  r e q u i r e d  d i o d e  P I V  r a t i n g  f  r o m  F i g u r e  A 1 . 8 .
Ac tua l l y ,  requ i red  PIV may be  cons iderab ly  more  than
the  va lue  thus  ob ta ined due to  no ise  sp ikes  on  the  l ine .

See Sect ion  A1.9  fo r  de ta i l s  on  t rans ien t  p ro tec t ion .
Remember  tha t  the  PIV fo r  the  d iodes  in  the  FWB

conf igura t ion  are  one ha l f  tha t  o f  d iodes  as  found in
FWCT or  HW rec t i f ie r  c i rcu i ts .

The d iodes  may now be se lec ted  f rom d iode manufac turers '
da ta  sheets .  l f  ca lcu la ted  surge  cur ren t  ra t ing  or  peak

cur ren t  ra t ings  are  imprac t ica l l y  h igh ,  re tu rn  to  S tep  A1.5(2)
and choose a  h igher  Rg/R1 or  lower  C.  Converse ly ,  i t  may
be prac t ica l  to  choose lower  Rg/R1 or  h igher  C i f  d iode
cur ren t  ra t ings  can be  prac t ica l l y  inc reased w i thout  adverse
ef fec t  on  t rans former  cos t ;  the  resu l t  w i l l  be  h igher  supp ly
e f f  i  c i  ency .

A1.7  Trans former  Spec i f i ca t ion

A dec is ion  may have been made a t  S tep  A1.5(2)  as  to  us ing
l ra l f 'wave or  fu l l -wave rec t i f i ca t ion .  The ha l f -wave c i rcu i t  i s
o f ten  a l l  tha t  i s  rec lu i red  fo r  low cur ren t  regu la ted  supp l ies ;
i t  i s  ra re ly  used a t  cur ren ts  over  1  A ,  as  la rge  capac i to rs
and ior  h igh  surge  cur ren ts  a re  d ic ta ted .  Trans former
u t i l i za t ion  is  a lso  c lu i te  low,  mean ing  tha t  h igher  VA ra t ing
is  rec lu i red  o f  the  t rans former  i r r  HW c i rcu i ts  than in  FW
c i r c u i t s .  ( S e e  V A  r a t i n g s  o f  T a b l e  A 1 . 1 . )

Half-wave circuits are characterized by low V1p1361/Vp1
ra t io ,  o r  very  la rge  C requ i red  {about  4  t imes tha t  requ i red
for  FW c i rcu i ts ,  h igh  r ipp le ,  h igh  peak  to  average d iode and
t rans former  cur ren t  ra t ios ,  and poor  t rans former  u t i l i za t ion) .
They  do .  however ,  requ i re  on ly  one d iode.

Full-wave circuits are characterized by high V1t\1pgy/VMl
ra t io ,  low C va lue  requ i red ,  low r ipp le ,  low peak  to  average
d iode and t rans former  cur ren t  ra t ios ,  and good t rans former
u t i l i za t ion .  They  c lo  requ i re  two d iodes  in  the  center - tap
vers ion ,  wh i le  the  br idge conf igura t ion  w i th  i t s  very  h igh
t rans former  u t i l i za t io r r  requ i res  four  d iodes .

The in fo rmat ion  necessary  to  spec i fy  the  t rans former  i s :

1 .  Ha l f -wave,  fu l l -wave CT or  fu l l -wave br idge c i rcu i t

2 .  Secondary  VRN/ iS  per  t rans former  leg ,  (Vw +  O.7 .1 / \ / r ,
f r o m  S e c t i o n  A 1 . 5

3 .  To ta l  equ iva len t  secondary  res is tance inc lud ing  re f lec ted
pr imary  res is tance f rom Sect ion  A1.5

4 .  Peak ,  average,  and RMS d iode or  w ind ing  cur ren ts  f rom

S e c t i o n s  A 1 . 6 { 1 )  a n d - ( 2 ) ,  a n d  V A  r a t i n g s .

'1 .4  fo r  Iu l l -wave br idge c i rcu i t .
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Transformer VA rating and
determined as fo l lows:

secondary current ratings are

FWB FWCT

IRMS(SES)  =  l s x l gsy  F /V2  l 1x196y  F /2  l t r u (oc )  F

VASEC =  VRMSIRN/S  2VRN4SIRMS VnuS lRv t s
VApRr = VASEC VASSC/V2 VASEC

w h e r e :  F  =  l R ( R M S ) / l t N ( D C )
= fo rm fac tor  f rom F igure  A1.7

V6gg = secondary RMS voltage per leg

A1.8 Additional Filter Sections

Occas iona l l y ,  i t  i s  des i rab le  to  add an  add i t iona l  f i l te r  to
reduce r ipp le .  When th is  i s  done,  an  LC f i l te r  sec t ion  is
cascaded w i th  the  s ing le  C sec t ion  f i l te r  a l ready  des igned.
lf the inductor is of low resistance, the effect on output
vo l tage is  smal l .  The add i t iona l  r ipp le  reduc t ion  may be
determined f rom F igure  A1.9 .

A1.9 Transient Protection

Of ten  the  PIV ra t ing  o f  the  rec t i f ie r  d iodes  must  be
cons iderab ly  g rea ter  than the  min imum va lue  de termined
f rom F igure  A1.8 .  Th is  i s  due to  the  l i ke ly  p resence o f  h igh-
vo l tage t rans ien ts  on  the  l ine .  These t rans ien ts  may be  as
h igh  as  400V on a  1  15V l ine .  The t rans ien ts  a re  a  resu l t  o f
sw i tch ing  induc t ive  loads  on  the  power  l ine .  Such loads

could be motors, transformers, or could even be caused by
SCR lamp d immers  or  sw i tch ing- type vo l tage regu la to rs ,  o r
the reverse recovery transients in rectifying diodes. As the
t rans ien ts  appear ing  on  the  t rans former  p r imary  a re  coup led

to the secondary, the rectif ier diodes may see rather high
peak voltages. A simple method of protecting against these
t rans ien ts  i s  to  use  d iodes  w i th  very  h igh  P lV .  However ,
h igh-cur ren t  d iodes  w i th  very  h igh  PIV ra t ings  can be
expensrve .

There are several alternate methods of protecting the rec-
t i f ie r  d iodes .  A l l  re lv  on  the  ex is tence o f  some l ine

impedance,  p r imary  t rans former  res is tance or  secondary
c i rcu i t  res is tance.  See F igure  A1.10  fo r  the  sys tem c i rcu i t .

The several methods of transient protection rely on shunting
the  t rans ien t  a round the  rec t i f ie r  d iodes  to  d iss ioa te  the
t rans ien t  energy  in  the  ser ies  c i rcu i t  res is tance and the
protective device. The usual protection methods are:

1 .  Ser ies  res is to r  a t  the  pr imary  w i th  shunt  capac i to r  across
t h e  p r i m a r y  w i n d i n g  -  s e e  F i g u r e  A i . 1 0

HW

x
o C B L  = 1 0

l+
\.

t . 0
0.01 0.02 0.04 0.07 0.1 0.2 0.4 0.7 1.0
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FIGURE A1.8 Rat io of Opsrat ing Posk lnvorss Voltage to Pesk Appl ied AC {or Bect i f iers U$d in Capacitor- lnput.  Singls-Phaso, Fi l tor Circui ts
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FIGURE A1.10 Transformer/Fi l tsr Circui t  Showing Placem€nt
Transient Protsction Components

2. Ser ies inductance at  the pr imary,  possib ly wi th a shunt
capaci tor  across the pr imary -  see Figure A1.10

3. Shunt capaci tor  on the secondary -  see Figure 41.10

4.  Capaci tor  shunt on the rect i f ier  d iode -  t ransient  power
is thus diss ioated in c i rcui t  ser ies resistance.

F i g u r e  A 1 . 1 1 b  i s  a  h a l f - w a v e  d o u b l e r  c i r c u i t  w h e r e i n  C 2  i s
par t ia l l y  charged on  one ha l f  cyc le  and then on  the  second
ha l f  cyc le  the  input  vo l tage is  added to  p rov ide  a  doub l ing
ef fec t .  C1 is  normal ly  cons iderab ly  la rger  than C2.  The
advantage o f  the  ha l f -wave c i rcu i t  i s  tha t  there  is  a  common
input  and ou tpu t  te rmina l ;  d isadvantages  are  h igh  r ipp le ,
low lO capab i l i t y ,  and low Vgg1.

Rs1 =  Rs2
c t = c z

I
2 V v

i

(al  Convent ional Ful l -Wave Voltage Doubl ing Circui t

5. Surge suppression varactor  shunt on the rect i f ier  d iode -
this scheme is quite effective, but costly.

at+r
t l

Df+
6.  Dynamic  c l ipper  shunt  on  the  rec t i f ie r  d iode -  the

c l ipper  cons is ts  o f  an  R,  a  C and a  d iode.

a-fl--r

L^^J
7.  Zener  shunt  on  the  rec t i f ie r  d iode -  mav a lso  inc lude a

series resistance.

=-Jf---.l-
t t
L-\  _f#

8. Shunt var lstor  (e.9. ,  GE N4OVs) on the secondary -  see
F igu re  A1  . 10 .

Of the several orotective circuits:

.  (1) ,  l2 '1,  (3)  and (4)  are least  cost ly ,  but  are l imi ted in
their  ut i l i ty  to incomplete protect ion.

.  (4)  is  probably the c i rcui t  provid ing the most protect ion
for  the money and is  a l l  that  may be required in low-
current  regulated suppl  ies.

.  (5) ,  (6) ,  (7)  and (8)  are most cost ly ,  but  provide greatest
protect ion.  Their  use is  most  worthwhi le on high current
suppl ies where high PIV rat ings on high-current  d iodes is
cost ly ,  or  where very h igh t ransient  vol tages are en-
countered.

A1.10 Voltage Doublers

Occasional ly ,  a vol tage doubler  is  required to increase the
vol tage output  f rom an exist ing t ransformer.  Al though the
doubler  c i rcui ts wi l l  provide increased output  vol tage,  th is
is accomplished at the expense of an increased component
count.  Speci f ical ly ,  two f i l ter  capaci tors are required.  There
are two basic types of  doubler  c i rcui ts as indicated in
F igu re  A1 .1  1 .  F i gu re  A1 .1  1a  i s  t he  conven t i ona l  f u l l -wave
doubler  c i rcui t  wherein two capaci tors connected in ser ies
are charged on al ternate hal f  cycles of  the l ine waveform.

C 1

{b) Cascade (Half-Wave} Voltage Doubling Circuit

FIGURE A1.11 Voltage Doubler Circuits

These rec t i f y ing  c i rcu i ts ,  be ing  capac i t i ve ly  loaded,  exh ib i t
high peak currents when energy is transferred to the
capac i to rs .  F i l te r  des ign  fo r  the  doub ler  c i rcu i ts  i s  s im i la r  to
tha t  o f  the  convent iona l  capac i to r  f i l te r  c i rcu i ts .  F igures
A 1 . 1 2 ,  A 1 . 1 3  a n d  A 1 . 1 4  p r o v i d e  t h e  n e c e s s a r y  d e s i g n  a i d s
fo r  fu l l -wave vo l tage doub ler  c i rcu i ts .  They  are  used in  the
s a m e  w a y  a s  F i g u r e s  A 1 . 5 ,  A 1 . 6  a n d  A 1 . 7 .

A1.1  1  Des ign  Example

Des ign  a  5V,  3A regu la ted  supp ly  us ing  an  LM123K.
Determine the  f i l te r  va lues  and t rans former  and d iode
spec i f i ca t ions .  R ipp le  shou ld  be  less  than 7mVpy5.  Assume
60dB r ipp le  reduc t ion  f rom typ ica l  curves .

1 .  Es tab l i sh  opera t ing  cond i t ions :

us = 377 rad/sec

V I N ( p K )  =  1 8 V  a n d  1 0 %  h i g h  l i n e  v o l t a g e ;  t h i s  a l l o w s
some 2V headroom before  reach ing  the  20V abso lu te
m a x i m u m  V l p  r a t i n g  o f  t h e  L M i 2 3 K

V t r u ( U t r u )  =  7 . 5 V  a t  1 0 %  l o w  l i n e  v o l t a g e  i n c l u d i n g
ef fec ts  o f  r ipp le  vo l tage

V I N ( D C )  =  1 1 V  a t  n o m i n a l  l i n e  v o l t a g e ;  c h o s e n  t o
exceed V1p11y1111;  +  peak  r ipp le  vo l tage

V r i p p t e ( o u t )  <  T m V R M S

Vr ipp le ( in )  (  7  VRni lS

r 1 r 1 n 1  (  7 V l 1  1 V  =  6 3 . 5 %

I t N  =  g e

l t N ( M t N )  = l O = 2 0 m A

R L = 1 1 V / 3 A = 3 . 6 7 O

R L ( w 6 r )  = 7 . 5 V / 3 A = 2 . 5 9

I
R ; 2 V y

I
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FIGURE A1.12 Output Voltaqe as a Funct ion ot Fi l ter Constants for Ful l -Wave Voltage Doublst
for Ful l -Wavs Voltags Doubler

2. Set :

VM =  t 0 .3V  nom ina l ,  wh i ch  i s  18V  -  10% l i ne  va r i a t i on
-  

V1N1pg1 /V rv t  =  11 /16 .3  =  0 .67

Assume full-wave bridge rectification because of the high
current  load.  Enter  the graph of  Figure A1.5 at
V191961/Vy = 0.67 to intercept  the "First  Approxi-
mat ion" curve.

3.  Drop down to the hor izontal  axis to f ind oCBl = 3.33.

Thus,  R5/R1 -  13o/o,  or  R5 = 0.4Q is a l lowable.

c =  
3 ' 3 3  = 2 4 o o u F

3.67 x 377

(4800pF al lowing tor  -5O/o capaci tor  to lerance)

4.  Ripple factor  is  15/o l rom Figure 41.6.  Bipple is  then

Vr i pp le (pk )  =  { 1  xOJ5  x  11  =  2 .33V  pk .

5.  Checking for  V1p11141111:

Vy  =  l 6 . 3Vo r ,a l l ow ing  f o r  10% l ow  l i ne  vo l t age ,  14 .8V

VtN(DC) = 14.8 x 0.67 = 9.91 V

Subtract ing peak r ipple,  VtN(MlN) = 9.91 -  2.33 = 7.6V
which is  wi th in speci f icat ions

In fact ,  a l l  requirements have been met.

6.  D iode spec i f i ca t ions  are :

I F ( A V G )  =
r r N ( D c )

= 1 .5 A for  FW rect i f iers

l fU  =  8  x  1 .5A  =  124 ,  f r om  f i gu re  A1 .7 ,  a l l ow ing
C = 100% high,  for  commercia l  to lerances

ISURGe = 18V/0.48O = 37.54,  worst  case wi th 10%
high l ine,  neglect ing capaci tor  ESR

l F { R M S )  =  2 . 1  x  1 . 5 A  =  3 . 1 5 A ,  f r o m  F i g u r e  4 1 . 7 ,
al lowing for  looo/o high to lerance on C

7. Transformer speci f icat ions are:

. .  
' t  6 . 3  +  1 .4

VsectRtt r ts t  = t - - - j ' -  = 12.6 for  FWB
\/2

Q4 VCr for FWCT)

RS = O.qBQ including ref lected pr imary resistance,  but
subtract 2 x diode resistance

l 4 y 6 = 1 1 p 1 9 6 1  = 3 A

.  l l N ( D C )  x F  3 A x 2 1
ISEC(R IVIS)

\ /  2 1 '414

VA rat ing = 4.454 x 12.6 = 56VA, or  62VA, a l lowing
for  10% high l ine.

6-9

T
I
I
I
I
l
I

t l

i

:

)L



1 0 0

50

20

-  l 0

; " "

-  
0 . 5

0.2

0 . 1
5.0 t0 20 50 100 200

, r C n L  ( C  l N  F A n A o S , 8 t  t N  0 H M S )

FIGURE A1.13 Ripple as a Funct ion ol  Fi l ter Constants for Ful l -Wave Voltage Doubter

l 0

8.0

6.0

g

E 3.0

2.0

1 . 0

0.0r
0.025
0.05 -
0 . i  r

0.5 -
1 . 0
2 . 5
5

50

0.2 0.4 t .0 2.0 4.0 10 20 40 100 200 400 1000 2000

d C R [  ( C  t N  F A R A 0 S .  R L  l N  o H M S )

RMS Rect i f ie i  Current as a Funct ion ot Fi l ter Constants for Ful l -Wave Voltage Doubler

100

6 0

40

20

F t o
E 8.0

4.0

3.0

2.0

1 . 0

0.01
0.025
0.05
0.1
0.25 s
0.5 r
1.0 !?-

5.0
1 5
50

2.0 4.0 10 20 40 100 200 400 1000 2000

o C FL (C lN FARAoS, Rr lN 0HMS)

FIGURE A1.14 Relat ion ot RMS to peak and Average Diode Currents


