
FIGURE 4.13.1 lmpedance Curve tor a Typical  Dynamic
Loudsg€aker
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FIGURE 4.13.3 Clas B Package Di$ipation for Reactive Loads

max imum power  ou tpu t ;  a lso ,  most  heat  s inks  have
adequate  thermal  capac i ty  to  r ide  th rough these peaks .  In
auy  event ,  phase ang le  i s  rea l  and i t  does  inc rease power
d iss ipa t ion  and needs to  be  cons idered in  heat  s ink  des ign .

4 . 1 4  H E A T S I N K I N G

Insuf f i c ien t  heats ink ing  accounts  fo r  many phone ca l l s
made to  compla in  about  power  lCs  no t  meet ing  pub l ished

specs .  Th is  p rob lem may be  avo ided by  proper  app l i ca t ion
of  the  mater ia l  p resented  in  th is  sec t ion .  Heats iDk ing  is  no t
d i f f i cu l t ,  a l though the  f i rs t  t ime th rough i t  may seem
confus i  ng .

l f  tes i ing  a  b readboarded power  lC  resu l ts  in  p remature

waveform c l ipp ing ,  o r  a  " t runcated  shape, "  o r  a  "me l t ing

down"  o f  the  pos i t i ve  peaks ,  the  lC  is  p robab ly  in  thermal
shutdown and requ i res  more  heats ink ing .  The fo l low ing
in fo rmat ion  is  p rov ided to  make proper  heat  s ink  se lec t ion
eas ie r  and he lp  take  the  "b lack  mag ic"  ou t  o f  package
power  d iss ipa t ion .

4 .14 .1  Heat  F low

Heat  can be  t rans fer red  f rom the  lC  package by  th ree
methods ,  as  descr ibed and charac ter ized  in  Tab le  4 .14 .1 .
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d i f fe rence F igure  4 .13 .2b  resu l ts ,  where  there  ex is ts  zero
vo l ts  across  the  load,  max imum vo l tage across  the  package,

and max imum cur ren t  f low ing  th rough bo th ,  p roduc ing
max imum package d iss ipa t ion .

Return ing  to  mathemat ics  fo r  a  moment  to  der ive  a  new
express ion  conta in ing  phase ang le  and p lo t t ing  the  resu l ts
produces  the  curve  shown in  F igure  4 .1  3 .3 .  The impor tance
of  F igure  4 .13 .3  i s  seen by  compar ing  the  power  ra t io  a t
zero  degrees  (0 .405)  w i th  tha t  a t  60  degrees  (0 .812)  -

double! This means that the maxitnum package dissipation

can be twice as much for a Ioudspeaker load as for a resistive
load. What softens this hard piece of reality is the relative
rar i t y  and shor t  dura t ion  o f  ampl i f ie rs  runn ing  a t  (o r  near )

TABLE 4.14.1 Methods of Heat Flow

4.46

METHOD DESCRIB ING PARAMETERS

Conduction is the heat transfer metlrod most eflective
in  mov i r rg  heat  f rom junc t ion  to  case and case to  heat
s in  k .

Convec t ion  is  the  e f fec t i ve  method o f  heat  t rans fer
f rom case to  ambien t  and heat  s ink  to  ambien t .

Rad ia t ion  is  impor tan l  in  t rans fer r ing  heat  f rom coo l -
ing  f ins .

Thermal resistance d1g ancl dg5. Cross section, length

and tempera ture  d i f fe rence across  the  conduct inq
m e d r u m .

Thermal  res is tance { /94  and 064.  Sur face  cond i t ion ,

type  o f  convec t ing  f lu id ,  ve loc i ty  and charac ter  o f
t h e  f l u i d  f l o w  ( e . 9 . .  t u r b u l e n t  o r  l a m i n a r ) ,  a n d  t e m -
pera ture  d i f fe rence be tween sur face  and f lu id .

Sur face  emiss iv i ty  and area .  Tempera ture  d i f fe rence

between rad ia t ing  and ad jacent  ob jec ts  o r  space.  See
T a b l e  4 . 1 4 . 2  { o r  v a l u e s  o f  e m i s s i v i t y .
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Symbols and Definit ions

0 =  Thermal  Res is tance { "c /W)
0JL =  Junc t ion  to  Leadf rame

019 =  Leadf rame to  Heat  S ink

0 9 4  =  H e a t  S i n k  t o  A m b i e n t

039 =  Junc t ion  to  Heat  S ink  =  0 ;1  +  0  15
014 =  Junc t ion  to  Ambien t  =  0JL  +  d  15  +  d54

T j  =  Junc t ion  Tempera ture  {max imum)  ( "C)

T4 =  Ambient  Tempera ture

Pp -  Power  D iss ipa ted  (W)

(c) Symbols and Defrni t ions

U J L

f  t  - F t
o ' r t  =  ' -  ' " C l w

Pp

+ LTAOFSAMT
]EMP {TL)

+ HEAT SlNt(
TEmP (TS)

+ AMEr€ltT
ttMP {TA)

d t s

(bl  Eleclr ical  Eouivalent

4.1 4.2 Thermal Resistance

Thermal  res is tance is  no th ing  more  than a  use fu l  f igure-o f -
mer i t  fo r  heat  t rans fer .  l t  i s  s imp ly  tempera ture  drop
d iv ided by  power  d iss ipa ted ,  under  s teady  s ta te  cond i t ions .
The un i ts  a re  usua l ly 'C iW and the  symbol  most  used is
d46.  (Subscr ip ts  denote  heat  f low ing  f ronr  A  to  B . )

The thermal  res is tance be tween two po in ts  o f  a  conduct ive
svs tem is  exoressed as :

4.14.4 Where to Find Parameters

Pp

Package d iss ipa t ion  is  read d i rec t l y  f rom the  "Power
Diss ipa t ion  vs .  Power  Output "  curves  tha t  a re  found on  a l l
o f  the  aud io  amp data  sheets .  Most  da ta  sheets  p rov ide
separa te  curves  fo r  e i ther  4 ,  8  o r  16Q loads .  F igure  4 .14 .2
shows the  8Q charac ter is t i cs  o f  the  LM378.

4.14.3 Modeling Heat Flow

An ana logy  may be  made between thermal  charac ter is t i cs
and e lec t r i ca l  charac ter is t i cswh ich  makes nrode l ing  s t ra igh t -
f  o rward :

T  -  tempera ture  d i f fe ren t la l  i s  ana logous to  V  (vo l tage)

0  thermal  res is tance is  ana logous to  R ( res is tance)

P power  d iss ipa ted  is  ana logous to  |  (cur ren t )

Observe  tha t  jus t  as  R =  V/1 ,  so  is  i t s  ana log  0  =  T /P.  The
mode l  fo l lows f rom th is  ana log

A s imp l i f ied  heat  t rans fer  c i rcu i t  fo r  a  power  lC  and heat
s i n k  s y s t e m  i s  s h o w n  i n  F i g u r e  4 . 1 4 . 1 .  T h e  c i r c u i t  i s  v a l i d
on ly  i f  the  sys tem is  in  thermal  equ i l ib r ium (cons tan t  heat
f low)  and there  are ,  indeed,  s ing le  spec i f i c  tempera tures  TJ ,
T1,  and Tg (no  tempera ture  d is t r ibu t ion  in  junc t ion ,  case.
or  heat  s ink) .  Never the less ,  th is  i s  a  reasonab le  approx i -
mat ion  o f  ac tua l  per fo rmance.
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FIGURE 4.14.2 Power Dissipat ion vs. Power Output
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N o t e :  F o r  P o  =  2 W  a n d  V 5  =  1 8 V ,  P p 1 6 u r 1  =  4 . 1  W ,
w h i l e  t h e  s a m e  P o  w i t h  V s  =  2 4 V  g i v e s  P D ( m a x )  =

6 .5W - -  50% greater !  Th is  po in t  cannot  be  s t ressed
too strongly: For minimum Pp, Vs must be selected
for the tninimum value necessary to give the required
power out.

A n d  w i t h  t h e  b e s t  h e a t  s i n k  p o s s i b l e ,  t h e  m a x i m u m  d i s s i

by  the  da ta  sheet
be  ca lcu la ted  f rom

patron rs

1 5 0 " C - 2 5 ' C  =  o ? ? \ ^ /
13.4-CtW

Or,  for  you formula lovers:

Max Apowabre t,..' = lL(n!3{: 
14

-  
oLn

For  loads  o ther  than those covered
curves ,  max power  d iss ipa t ion  may
Equat ion  (4 .14 .2 ] ' .  (See Sect ion  4 .12 . )

v"2
PD(max)  =  

; ; ;Z U  N L
t 4 . 14 .21

Equation (4.14.2) is for each channel when applied to duals.

When used for bridge configurations, package dissipation

will be twice that found from Figure 4.14.2 (or four times
Equation (4.14.2).

d L S

Thermal  res is tance be tween lead f rame and heats ink  i s  a
func t ion  o f  how c lose  the  bond can be  made.  The method
recommended is  use  o f  60 /40  so lder .  When so ldered,  015
may be  neg lec ted  or  a  va lue  o f  019 =  0 .25"C/W may be
used.

TJ(max)

Max imum iunc t ion  tempera ture  fo r  each dev ice  is  150"C.

ot t
Thermal  res is tance be tween junc t ion  to  lead f rame (or

iunc t ion  to  heat  s ink  i f  d  gg  is  ignored)  i s  read,  d i rec t l y  f rom

the "Max imum Diss ipa t ion  vs .  Ambien t  Tempera ture"  curve
found on  the  da ta  sheet .  F igure  4 .14 .3  shows a  typ ica l
curve for the LIV]378.

t 4 . 14 .3 \

4.14 .5  Procedure  fo r  Se lec t ing  Heat  S ink

1 .  D e t e r m i n e  P D ( m a x )  f r o m  c u r v e  o r  E q u a t i o n  \ 4 . 1 4 . 2 ) .

2 .  Neg lec t  0  15  i f  so lder ing ;  i f  no t ,  0  19  must  be  cons idered.

3 .  Determine 0 . . ;g  f rom curve .

4 .  C a l c u l a t e  0 1 4  f r o m  E q u a t i o n  { 4 . 1 4 . 3 ) .

5 .  Ca lcu la te  054 fo r  necessary  heat  s ink  by  subt rac t ing  (2 )

and (3 )  f rom (4)  above,  i .e . ,  dg4 =  OLn -  t?L l  -  0  fS .

For  example ,  ca lcu la te  heat  s ink  requ i red  fo r  an  LM378

used w i th  Ys  =  24Y,  R1 =  8Q,  Po =  4Wlchanne l  and
r A = 2 3  L :

1 .  F r o m  F i g u r e  4 . 1 4 . 2 ,  P g  =  7 Y Y .

2 .  Heat  s ink  w i l l  be  so ldered,  so  d ;g  i s  neg lec ted .

3 .  F r o m  F i g u r e  4 . 1 4 . 3 , 0 ; 1  =  1 3 . 4 ' C l W .

4 .  F r o m  E q u a t i o n  ( 4 . 1 4 . 3 ) ,

,, 150"C - 25"C
n J A  = ' " " : - - - : :  "  -  1 7 . 9 " C / W .

5 .  From Equat ion  i .4 .14 .4) ,

, sA =  17 .9"c /w-  13 .4"c iw =  4 .5"c /w.

There fore ,  a  heat  s ink  w i th  a  thermal  res is tance o f  4 .5"C iW
i s  r e q u i r e d .  E x a m i n a t i o n  o f  F i g u r e  4 . 1 4 . 3  s h o w s  t h i s  t o  b e
subs tan t ia l  heats ink ing ,  requ i r ing  fo re thought  as  to  board
space,  s rnk  cos t ,  e tc .

Resu l ts  mode led :
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FIGURE 4. '14.3 Maximum Dissipat ion vs. Ambient Temperatufe

N o t e :  0 J L  i s  t h e  s l o p e  o f  t h e  c u r v e  l a b e l e d  " l n f i n i t e

S ink- "  l t  i s  a lso  0 .1415s51; ,  wh i le  t / ;41ryers t )  i s  the

s lope o f  the  "Free  A i r "  curve ,  i .e . .  in f in i te  heat  s ink

and no  heat  s ink  respec t ive ly .

So,  what  does  i t  mean? S imply  tha t  w i th  no  heat  s ink  you

can on ly  d iss ipa te

r e n o a  a e a a
. - -  -  Z .  I O V V .

58"C/W

F I G U R E  4 . 1 4 . 4  H e a t  F l o w  M o d e l  f o r  L M 3 7 8  E x a m p l e

4.14 .6  Custom Heat  S ink  Des ign

T h e  r e q u i r e d  0 9 4  w a s  d e t e r m i n e d  i n  S e c t i o n  4 . 1 4 . 5 .  E v e n
though many heat  s inks  are  commerc ia l l y  ava i lab le ,  i t  i s
somet imes more  prac t ica l ,  more  conven ien t ,  o r  more
economica l  to  mount  the  regu la to r  to  chass is ,  to  an
a l u m i n u m  e x t r u s i o n ,  o r  t o  a  c u s t o m  h e a t  s i n k .  I n  s u c h
c a s e s ,  d e s r g n  a  s i m p l e  h e a t  s i n k .

4-48
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Simple  Ru les

1 .  Mount  coo l ing  f in  ver t i ca l l y  where  prac t ica l  fo r  bes l
conduct ive  heat  f low.

2 .  Anod ize ,  ox id ize ,  o r  pa in t  the  f in  sur face  fo r  be t te r
r a d i a t i o n  h e a t  f  l o w ;  s e e  T a b l e  4 . 1 4 . 2  t o r  e m i s s i v i t y  d a t a .

3 .  Use 1 /16"  o r  th icker  f ins  to  p rov ide  low thermal
res is tance a t  the  lC  mount ing  where  to ta l  f in  c ross-
sec t ion  is  leas I .

F in  Thermal  Bes is tance

The heat  s ink- to -ambien t  thermal  res is tance o f  a  ver t i ca l l y
m o u n t e d  s y m m e t r i c a l  s q u a r e  o r  r o u n d  f i n  ( s e e  F i g u r e  4 . 4 . 5 )
i n  s t i l l  a i r  i s :

The procedure  fo r  use  o f  the  nomogram o f  F igure  4 . '14 .6  i s
a s  f o l l o w s :

1 .  Spec i ty  f in  he igh t  H as  f i rs t  approx imat ion .

2 .  Ca lcu la te  h  =  h r  +  h6  f rom Equat ions  \4 .14 .61  anc |

. 4 . 1 4 . 7 l .

3 .  D e t e r m i n e  o  f r o m  v a l u e s  o f  h  a n d  f i n  t h i c k n e s s  x  ( l i n e  a ) .

4 .  D e t e r m i n e  4  f r o m  v a l u e s  o f  B  ( f r o m  F i g u r e  4 . 1 4 . 5 )  a n d  a
( l i n e  b ) .

The va lue  o f  4  thus  de termined is  va l id  fo r  ver t i ca l l y
mounted symmet r ica l  square  or  round f ins  (w i th  H >  d)
in  s t i l l  a i r .  For  o ther  cond i t ions ,  ?7  must  be  mod i f ied  as
fo l lows:

H o r i z o n t a l  m o u n t i n g  -  m u l t i p l y  h s  b y  0 . 7 .

Hor izon ta l  mount ing  w l re re  on ly  one s ide  is  e f fec t i ve  -

m u l t i p l y  I  b y  0 . 5  a n d  h 6  b y  0 . 9 4 .

F o r  2 : ' l  r e c t a n g u l a r  f  i n s  m u l t i p l y  h  b y  0 . 8 .

For  non 'symmet r ica l  f ins  where  the  IC is  mounted  a t  the
bot tom o{  a  ver t i ca l  t in  mu l t i y r l y  n  by  0 .7 .

F in  Des ign

1.  Es tab l i sh  in i t ia l  cor rc l i t ions ,  T4  and des i red  l , r94  as
d e t e r m i n e d  i n  S e c t i o n  4 . 1 4 . 5 .

2 .  Determine TS a t  con tac t  po in t  w i th  the  lC  by  rewr i t ing
E q u a t i o n  1 4 . 1 4 . 1 \ :

osn

where :  H

n
h c

h r

t - "c/w
2 H2 r7 lh" + hr)

14.14.5)

he igh t  o f  ver t i ca l  p la te  in  inches

f  in  e f fec t i veness  f  ac to r

convec t ion  heat  t rans fer  coef f i c ien f  {4 .14 .6)

rad ia t ion  heat  t rans fer  coef f i c ien t  (4 .14 .7 \

h c W/ in2 "C

h r

where :  T5

W  l r n Z ' C

te rnpera ture  o{  heat  s ink  a t  lC
m o u n l r n q ,  l n  L

a m b i e n t  t e m p e r a t u r e  i n  
o C

s u r f a c e  e m i s s i v i t y  ( s e e  T a b l e  4 . 1 4 . 2 )

F in  e f fec t i veness  fac to r  4  inc ludes  the  e f fec ts  o f  f in  th ick -
ness ,  shape,  thermal  conduct ion .  e tc .  l t  may be  de termined
f rom the  nomogram o f  F igure  4 . '14 .6 .

TABLE 4.14.2 Emi$ivity Value lor Various Surface Treatments

SURFACE E M I S S I V I T Y .  E

( 4 .14 .8 )

( 4 . 1 4 . 9 )

:  T J  . 0 J L P D

3.  Se lec t  f in  th ickness ,  x  )  0 .0625"  and f in  he igh t ,  H .

4 .  D e t e r m i n e  h q  a n d  h ,  f r o m  E q u a t i o n s  ( 4 . 1 4 . 6 )  a n d
\ 4 . 1 4 . 1 ) .

5 .  F ind  f in  e f fec t i veness  fac to r  4  f rom F igure  4 .14 .6 .

6 .  C a l c u l a t e  0 9 4  f r o m  E q u a l i o n  1 4 . 1 4 . 5 ) .

7 .  l f  094  is  too  la rge  or  u r rnecessar i l y  smal l ,  choose a
d i t fe ren t  he igh t  and repeat  s teps  {3 )  th rough (6 ) .

Des ign  Example

Des ign  a  symmet r ica l  square  ver t i ca l  f in  o f  b lack  anod izec l
1 / 1 6 "  t h i c k  a l u m i n u m  t o  h a v e  a  t h e r m a l  r e s i s t a n c e  o f
4"C/W.  L lV l379 opera t ing  cond i t ions  are :

L  T J  =  1 5 0 " C , T 4  =  6 0 " C , p 9  =  9 . 5 W , r J L  =  6 ' C / W .
neg lec t  I  19 .

2 .  T 5  =  1 5 0 ' C  - 6 ' C / W i 9 , 5 W )  =  9 3 ' C .

3 .  x  =  0 .0625"  f ro rn  in i t ia l  cond i t ions .  E  =  0 .9  f rom Tab le
4 . 1 4 . 2 .

S e l e c t  H  =  3 . 5 "  f o r  f i r s t  t r i a l  ( e x p e r i e n c e  w i l l  s i m p l i f y
t h i s  s t e p ) .

/ -  -  \ ' 1

2 . 2 1  x ' t o s (  
r s -  t o , ' "

\ H /

/-
1.47  x  1o-1oE{  

'S  
1 '  4

\ 2 T r  T q
i . / [  F i l r a  =

r D

T S  =  T J - { d J L + d r S )  ( P O )

4 .  h "  =  2 . 2 1  *

=  3 .86  x  10 -3W/ "C in2

hr = 1.41x 1o-10 x o.n(ue.  r r ) '

\ J

+ zt3l

T4

Pol ished A luminurn

Po l  i shed Copper

Ro l led  Sheet  S tee l

Ox id ized Copper

B lack  Anod ized A luminum

Black  A i r  Dry ing  Enamel

Dark  Varn ish

Black  Oi l  Pa in t

0.05
0 .07
0.66
0.70
0 . 7  - 0 . 9

0 .85  0 .91
0 .89  -0 .93

0 .92  -0 .96

l r
r l
H d

I T
,o 3fe3 - 9q) '

\  3.5 . /r . o.sorr $

)
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K:  Thermal  Conducnvr ty  o f  th€  F , .

=  5 .6  x  10 -3W/oC  i n2

h = hc + hr  = 9.46 x 10-3 w/"c in2

5.  4 = 0.84 f rom f igure 4.14.6.

1 0 3
o .  v s A  =  -  =  5 . r  L  v v ,

2 x 1 2 . 3 x 0 . 8 4 x 9 . 4 6

which is  too large.

7.  Alarger f in is  required,  probably by about 4076 in area
Accordingly,  using a f in of  4.25" square,  a new calcula
t ion is  made.

4:  hc 3 .7  x  10 -3

rrom Frgure 4.

1 0 3

2 x 1 8 x 0 . 7 5 x

satisfactorV.

w A T T s / r N 2 /  c

4.14 .7  Heats ink ing  w i th  PC Board  Fo i l

Nat iona l  Semiconductor ' s  use  o f  copper  leadf rames in
packag ing  power  lCs ,  where  the  center  th ree  p ins  on  e i ther
s ide  o{  the  dev ice  are  used fo r  heats ink ing ,  a l lows fo r
economica l  heat  s inks  v ia  the  copper  fo i l  tha t  ex is ts  on  the
pr in ted  c i rcu i t  board .  Adequate  heats ink ing  may be
obta ined fo r  many des igns  f rom s ing le -s ided boards  con-
s t ruc ted  w i th  2  oz .  copper .  Other ,  more  s t r inqent ,  des igns
may requ i re  two-s ided boards ,  where  the  top  s ide  is  used
ent i re fy  fo r  heats ink ing .  F igure  4 .14 .7  a l lows easy  des ign
of  PC board  heat  s inks  once the  des i red  thermal  res is tance
has been ca lcu la ted  f rom Sect ion  4 . '14 .5 .

1 2 t 4 5 6

so. rNcHEs c0PPtB p.c.  t0rL, srNGL€ st0t
(3 MrLLS THrCK 0n 2 0ZlS0. FT)

FIGURE 4.14.7 Thermal R6istance vs. Square Inches of Copper
Foi l

FIGUR€ 4.14.6 Fin Ef lect iveness Nomogram for Symmetr ical ,  Flat,  Uniformly-Thick, Verr iEl ly Mounted Fins
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