
EiInEtiEf, DOLBY.B NOISE PROCESSOR545
LINEAR INTEGRAIED CIRCUITS

DESCRIPTION

The NE545 is  the  mono l i th ic  imp lementa t ion  o f  the  Do lby"

B no ise  reduc t ion  sys tem.  Th is  c i rcu i t  i s  used to  reduce the

level of background noise introduced during recording and
p layback  o f  aud io  s igna ls  on  magnet ic  tape,  and to  improve

the  no ise  leve l  in  FM broadcas t  recept ion .  Th is  c i rcu i t  i s

ava i lab le  on ly  to  l i cencees  o f  Do lby  Labs .  L icens ing  and

app l ica t ion  in fo rmat ion  may be  ob ta ined f rom Do lby

Labs.  London or  New York .

ABSOLUTE MAXI MUM RATINGS

Supp ly  Vo l tage 24  Vo l ts

Opera t ion  Tempera ture  Range 9"6  1e  +70"C

Storage Tempera ture  Range 65"C to  + i50"C

Lead Tempera ture  (So lder ing ,  60  sec . )  +300"C
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SIGNETICS DOLBY-B NOISE PROCESSOR T 545

ELECTR ICAL CHARACTER ISTICS
Vg6 = 12 vol ts ,  f  = 2OHz to 20kHz.  Al l  levels  referenced to 580mV RMS (0dB) at  Pin 3,  TA = +25"C (Unless Otherwise Noted)

PARAMETER TEST CONDIT IONS
L IMITS

U N I T
M I N TYP MAX

Supp ly  Vo l tage Range

Supp ly  Cur ren t

Vo l tage Ga in  (P ins  5-3)

V o l t a g e  G a i n  ( P i n s  3 - 7 )

D is to r t ion

S i g n a l  H a n d l i n g

Signa l -To-No ise  Rat io

Record  Mode

Frequency  Response
( a t  P i n  7 )

Back- to -  Back  F  requency

Response

lnput  Res is tance

Output  Res is tance

f  -  l k H z  ( P i n s  6  &  2  C o n n e c t e d )

f  =  1 k H z , O d B  a t  P i n  3 ,

No ise  Reduct ion  Out

f  =  ' l  k H z , O d B  a t  P i n  7

I  =  1kHz,  +10d8 a t  P in  7

f - ' l  kHz Distort ion <.O.,Yo

R e c o r d  ( P i n s 6  &  2 C o n n e c t e d )

R e c o r d  ( l n p u t  o n  P i n  2 )

P layback  (P ins6  & 2  Connected)

P l a y b a c k  ( l n p u t  o n  P i n  2 )

f  =  1 .4kHz

I n p u t  a t  P i n  5  -  O d B
=  - 2 0 d 8

= 30dB

f  =  5 k H z

I n p u t  a t  P i n  5  =  O d B
=  2 0 d B
-  30dB
= 40dB

f  =  1 O k H z

I n p u t  a t  P i n  5  =  O d B
=  - 2 0 d 8

-  30dB

Using  Typ ica l  Record
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SIGNETICS DOLBY-B NOISE PROCESSOR r  545

TYPICAL  PERFORMANCE CURVES

F I G U R E  1
lgg  VERSUS Vg6

F I G U R E  2
VOLTAGE GAIN  P IN  l  TO P IN  11

F I G U R E  3
VOLTAGE GAIN  P IN  1  TO P IN  7

F I G U R E  4
VOLTAGE GAIN  P IN  5  TO P IN  7

a

t ,

\

\

I  t 0  1 0 0  1 0 0 0

F R E O U E N C Y  1 K H 7 )

F I G U R E  5
VOLTAGE GAIN  P IN  5  TO P IN  3

I  r 0  1 0 0  1 0 0 0

a  t l f  O U t  N C Y  r l H / l

F I G U R E  6
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v c c  i v o L T s l
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S I G N E T I C S  D O L B Y - B  N O I S E  P R O C E S S O R  I 5 4 5

TYPICAL  PERFORMANCE CURVES
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SIGNETICS DOLBY-B NOISE PROCESSOR I545

TYPICAL PER FORMANCE CURVES

F I G U R E  1 3
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SIGNETICS DOLBY-B NOISE PROCESSOR r  545

TYPICAL PER FORMANCE CURVES
F I G U R E  1 9

TONE BURST ENCODE
OdB l kHz

F I G U R E  2 0
TONE BURST ENCODE

-10d8  l kHz

F I G U R E  2 1
TONE BURST ENCODE

-20dB  l kHz

F I G U R E  2 2
TONE BURST ENCODE

-30d8 1OkHz

I

r

/

PROCESSOR CHARACTER ISTICS ANALYSIS FORM
Output  leve l  o f  p rocessor  in  record  mode fo r  cons tan t  inpu t  leve l
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SIGNETICS DOLBY-B NOISE PROCESSOR r  545

SCHEMATIC DIAGRAM

F I G U R E  2 3

NE545B TEST CIRCUIT

F I G U R E  2 4
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N O T E :

A  u n i q u e  p h e n o m e n o n  m a y  b e  o b s e r v e d  i n  t h e  r a p i d  t e s t i n g  o f  t h e  N E 5 4 5 .  l t  i s  p o s s i b l e  f o r  C 3 O 9  t o  b e c o m e  c h a r g e d  i n  a  r e v e r s e  p o l a r i t y  w h e n
t h e  p o w e r  t o  a  d e v i c e  i s  s w i t c h e d  o n  a n d  o f f  r a p i d l y  a s  m i g h t  b e  e n c o u n t e r e d  i n  a  t e s t i n g  s i t u a t i o n .  T h i s  r e s u l t s  i n  a n  i n c r e a s e  i n  t u r n - o n  d e l a y  o f
t h e  c i r c u i t .  T h i s  c o n d i t i o n  c a n  b e  p r e v e n t e d  b y  p l a c i n g  a  1 5 O k Q  r e s i s t o r  i n  p a r a l l e l  w i t h  C 3 0 9 .  T h i s  r e s i s t o r  i s  o n l y  r e q u i r e c l  i n  t h e  t e s t  c i r c u i t  a n d
n o t  i n  t h e  a c t u a l  a p p l i c a t i o n  i n  w h i c h  t h e  N E 5 4 5  i s  u s e d .  l f  d e s i r e d ,  t h e ' l 5 0 k f )  r e s i s t o r  c a n  b e  u s e d  i n  t h e  a c t u a l  a p p l i c a t i o n  w i t h o u t  a n y  d e g r a d a -
t i o n  o f  t h e  p e r f o r m a n c e  o f  t h e  c i r c u i t .
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SIGNETICS DOLBY-B NOISE PROCESSOR T 545

NE545B TEST PROCEDURE

E O U I P M E N T

1.  Low d is to r t ion  aud io  genera tor  (H.P.  204D)

2 .  R M S  V o l t m e t e r  ( H . P .  4 0 0 E )

Connect  aud io  genera tor  to  the  input  o f  the  tes t  j ig

(F is .  2a l  .  Ad jus t  the  input  leve l  to  ob ta in  OdB (580mV)

at  p in  3  o f  the  lC .  Per fo rm spot  f requency  measurement

a t  t h e  o u t p u t  ( p i n  7 )  o f  t h e  l C .  A l l  r e a d i n g s  s h o u l d  f a l l

w i th in  12dB wi th  respec t  to  the  s tandard  record ing  da ta

as  shown in  the  Processor  Charac ter is t i cs  Ana lys is  Form.

Opt iona l l y ,  ra ther  than check ing  a t  spo t  f requenc ies ,  the

ent i re  f requency  spec t rum can be  checked us ing  a  sweep

generator and recorder.

INTRODUCTION
The Do lby  B- type no ise  reduc t ion  sys tem is  des igned fo r

the  reduc t ion  o f  h iss  in  consumer  p roduc ts .  Employ ing

techn iques  s imi la r  to  those used in  the  w ideband Do lby

Labora tor ies  A- type pro fess iona l  no ise  reduc t ion  equ ip -

ment ,  the  B- type sys tem re ta ins  the  advantage o f  inaud ib le

ac t ion ,  good match ing ,  and low d is to r t ion .

The B-type noise reduction system operates by boosting

low- leve l  h igh- f requency  s igna ls  in  the  encode mode and

at tenuat ing  the  same s igna ls  in  a  complementary  manner

in  the  decode mode.  Dur ing  the  la t te r  p rocess ,  no ise  in  the

treated frequency range is also attenuated.

In  app ly ing  no ise  reduc t ion  to  consumer  tape produc ts  and

FM rece ivers ,  i t  i s  necessary  to  apprec ia te  tha t  the  fu l l

sub jec t ive  improvement  o f fe red  by  a  10dB reduc t ion  in

h iss  can be  ob ta ined on ly  i f  the  o ther  per fo rmance para '

meters of the system are of b comparable standard. The

hum leve l ,  in  par t i cu la r ,  must  be  reduced to  a  lower  va lue

than is  acceotab le  w i th  normal  h iss  leve ls .

The S ignet ics  NE545B Do lby-B No ise  Processor  can be

used in  th ree  bas ic  no ise  reduc t ion  c i rcu i ts  -  encoders ,

decoders ,  and swi tchab le  p rocessors  wh ich  w i l l  opera te  in

e i ther  mode.

CIRCUIT  OPERATION
The opera t ion  o f  the  no ise  reduc t ion  sys tem wi l l  be

descr ibed w i th  re fe rence to  F igure  25 ,  wh ich  is  a  b lock

diagram of the encode and decode processor.

Refer r ing  to  F igure  25 ,  s igna ls  en ter  the  encoder  v ia

ampl i f  ie r  A  and pass  to  a  low-pass  f  i l te r  J  wh ich  a t tenuates

a l l  unwanted f requenc ies .  such as  tape recorder  b ias  o r  FM

mul t ip lex  s igna ls ,  to  a  leve l  o f  less  than 45d8.  l f  such

spur ious  s igna ls  a re  above the  th resho ld  o f  the  compressor ,

the  fu l l  10dB o f  low leve l  p re-emphas is  w i l l  no t  be

obta ined.

The s igna l  a t  the  ou tpu t  o f  ampl i f ie r  B  is  sp l i t  in to  two

paths ,  one,  known as  the  main  pa th ,  p rov ides  an  una l te red

s igna l  component  d  i rec t l y  to  the  ou tpu t  v ia  adder  E ,

wh i le  the  o ther ,  known as  the  s ide  cha in ,  con t ro ls  the

dynamic  charac ter is t i cs  o f  the  processor .

The s ide  cha in  conta ins  a  h igh-pass  dynamic  f  i l te r  compr is ing

capac i to rs  C301,  C302,  C303 and res is to rs  R30 i ,  R302 and

the  cont ro l led  res is tance F .  A t  low s igna l  leve ls  F  has  a

h igh  va lue  and the  f i rs t  par t  o f  the  f i l te r  ( i .e .  C301,  C302,

and R301)  then cont ro ls  the  response o f  the  s ide  cha in .

The ou tpu t  o f  the  f i l te r  i s  ampl i f ied  by  ampl i f ie rC and the

resu l t ing  no ise  reduc t ion  s igna l  i s  added to  the  main  s igna l

in  adder  E .  The low- leve l  ga in  o f  the  s ide-cha in  i s  such tha t

the  overa l l  ou tpu t  i s  inc reased by  i0dB a t  5kHz when the

no ise  reduc t ion  s igna l  i s  added.

F I G U R E  2 5
ENCODE-DECODE BLOCK D IAGRAM

R302

N O T E :  A L L  R E S I S T O R S  S T A N D A R D  A N D  A R E  I V I E A S U R E D  l N  O H M S

c  3 0 1
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SIGNETICS DOLBY.B NOISE PROCESSOR r  545

Cl  RCUIT OPERATION (Con ' t . )

The s ide  cha in  ou tpu t  i s  ampl i f ied  fu r ther  by  D,  and then

rec t i f ied  and smoothed by  a  non- l inear  in tegra tor  (b lock  G) .

The resu l t ing  dc  cont ro l  s igna l  i s  fed  back  to  vary  res is tance

F.  When th is  cont ro l  vo l tage exceeds a  th resho ld  va lue ,  the

res is tance o f  F  fa l l s ,  caus ing  the  tu rnover  f requency  o f  the

second par t  o f  the  f i l te r  (R302,  C303,  and F)  to  inc rease,

thereby  a t tenuat ing  low and med ium f requency  s igna ls  in

the  s ide  cha in .  Wi th  inc reas ing  input  leve ls ,  the  s ide  cha in

s igna l  becomes a  decreas ing  propor t ion  o f  the  main  s igna l ,
p roduc ing  the  t rans fer  charac ter is t i cs  p lo t ted  in  F igure  17 .

At  OdB the  s ide  cha in  s igna l  i s  very  smal l  compared w i th

the  main  s igna l ,  so  tha t  the  s igna l  i s  subs tan t ia l l y  unchanged

by the  added component .

The cont ro l  c i rcu i t  uses  a  non- l inear  smooth ing  scheme to

avo id  the  genera t ion  o f  modu la t ion  produc ts  wh i le  p ro '

v id ing  fas t  response under  t rans ien t  cond i t ions .  For  smal l

changes in  s igna l  leve l ,  the  charge and d  ischarge t ime-

constants are of the order of 
' l  
00ms, but for sudden

increases  in  s igna l  leve l ,  the  a t tach  t ime is  reduced to  about

2ms.  To  avo id  overshoots  in  the  ou tpu t  dur ing  th is  in te rva l ,

the  s ide  cha in  inc ludes  overshoot  suppressor  H,  wh ich

opera tes  on ly  under  ex t reme t rans ien t  cond i t ions  dur ing

which  the  s ide  cha in  i s  re -es tab l i sh ing  i t s  s teady-s ta te

opera t ing  po in t .  Thus .  fo r  a  very  shor t  per iod ,  the  encoded

outpu t  cons is ts  o f  a  la rge  pure  s igna l  (v ia  the  d i rec t  pa th)

and a  smal l  c l ipped component  (v ia  the  s ide  cha in ) .  Under

s teady  s ta te  cond i t ions  the  c l ipper  H is  inopera t ive .

For  decod ing ,  essent ia l l y  the  same c i rcu i t ry  i s  r , rsed ,  bu t  in

th is  case the  s ide  cha in  fo rms par t  o f  a  negat ive  feedback

loop in  wh ich  the  no ise  reduc t ion  s igna l  i s  sub t rac ted  f rom
( ins tead o f  added to )  the  main  pa th  s igna l .

The decoder  charac ter is t i cs  a re  there fore  complementary  to

the  encoder  charac ter is t i cs .  Refer r ing  to  F igure  25 ,  wh ich

shows the decoder, the inverter K inverts the phase of the

s igna l  feed ing  the  s ide  cha in  re la t i ve  to  tha t  in  the  encoder .

STANDARDI ZATION OF LEVELS
For  c lose  match ing ,  the  two processors  o f  a  conrp le te  cha in

must  oDera te  under  the  same cond i t ions .  Th is  means tha t

the  aud io  channe l  ( tape recorder ,  b roadcas t  t ransmi t te r -

receiver path, etc.) between encoder and decoder must have

a f la t  f requency  response and a  f i xed  ga in ,  such tha t  the

s igna l  vo l tage in  the  decode processor  i s  the  same (w i th in

2dB)  as  tha t  in  the  encode processor .  The requ i rement  fo r

in te rchangeab i l i t y  o f  record ings  and equ ipment  imposes  a

fu r ther  cond i t ion .  The s igna l  leve ls  in  the  no ise  reduc t ion

system must be related to levels in the intervening channel

in  a  f  i xed  and in te rna t iona l l y  s tandard ized manner .

In  o rder  to  re la te  the  var ious  vo l tage leve ls  and f lux  leve ls

used in  the  comple te  record ing  or  t ransmiss ion  cha in ,  the

concept  o f  Do lby  Leve l  i s  employed.  Do lby  Leve l  bears  a

f i xed  ampl i tude re la t ionsh ip  f  i r s t l y  to  the  no ise  reduc t ion

compression and expansion parameters, and secondly to

condit ions in the chain between processors. l t  corresponds

wi th  a  f lux  leve l  in  open ree l  tapes  o f  185nWb/m,  a  f lux

leve l  on  casset tes  o f  200nWb/m,  a  modu la t ion  dev ia t ion

on FM t ransmiss ions  o f  +37.5kH2,  and a  vo l tage leve l  a t

the  ou tpu t  o f  the  Do lby  B- type processors  o f  580mV rms.

M A T C H I N G  A N D  M I S M A T C H I N G

Two processor  un i ts  in  a  cor rec t ly  manufac tured  and

a l igned cha in  can match  a t  a l l  f requenc ies  o f  in te res t  and

a l l  l e v e l s  t o  w i t h i n  a b o u t  t 1 d B .

Mismatch ing  can occur  f rom a  number  o f  causes .  Most

commonly ,  the  s igna l  channe l  be tween encoder  and decoder

may no t  be  cor rec t ly  ad j r - rs ted ,  e i ther  on  a  w ideband

bas is  ( i .e .  ga in  e r ro r )  o r  a t  h igh  f requenc ies  on ly  ( f requency

response er ro r ) ;  the  resu l ts  o f  ga in  e r ro rs  a re  shown in
F i g u r e  1 8 .

Other  ooss ib le  e r ro rs  a r ise  f rom use o f  ou t  o f  to le rance

componen ls .

S Y S T E M  R E O U I R E M E N T S

Figure  32  i l l us t ra tes  the  bas ic  b lock  d iagrarn  o f  a  Do lby

type no ise  reduc t ion  sys tem as  app l ied  to  a  typ ica l  record-

p layback  cha in .  The conf igura t ions  employed fo r  encod ing

and decod ing  are  very  s imi la r ,  and can be  regarded as  the

same c i rcu i t  sw i tched to  opera te  in  e i ther  mode.

F igure  25  shows the  de ta i led  b lock  d iagram o f  a  p rac t ica l

c i rcu i t  fo r  incorpora t ion  in ,  fo r  example ,  a  consumer  tape

recorder .  Some o f  the  input ,  ou tpu t  and o ther  in te r fac ing

charac ter is t i cs  o f  a  p rac t ica l  c i rcu i t  can  be  arb i t ra r i l y

dec ided,  bu t  i t  i s  sens ib le  to  des ign  so  tha t  the  c i rcu i t  may

most  economica l l y  be  incorpora ted  in  consumer  equ ipment .

Hence,  fo r  example ,  inpu t  and ou tpLr t  leve ls  and impedances

shou ld  permi t  the  des igner  o f  a  recorder  to  d ispense w i th

add i t iona l  ampl i f ie rs .  However ,  i t  i s  impor tan t  tha t  the

input  c i rcu  i t ry  shou ld  no t  degrade the  po ten t ia l  no ise

per fo rmance o f  the  res t  o f  the  equ ipment .  For  th is  reason

a compromise  l ine  input  sens i t i v i t y  o f  30mV is  employed;

th is  w i l l  accommodate  a l l  in te rna t iona l  requ i rements  except

those o f  the  D l  N input  s tage.

The fea tures  o f  an  overa l l  svs tem mav then be  l i s ted :

I  nput su f f i c ien t  sens i t i v i t y  to  be  used d i rec t l y  as

i n p u t  o f  c o n s u r n e r  e q u i p m e n t ,  i . e . 3 0 m V

a p p r o x i m a t e l y  i n t o  a  m i n i m u m  o f  5 0  k o h m s .

Output  su f f  i c ien t  leve l  to  be  used d i rec t l y  as  ou tpu t  o f

consumer  equ ipment ,  inc lud ing  meet ing  DIN

spec i f  i ca t ions ,  i .e .  0 .5 -1 .0  vo l ts  f rom a  low

impedance.

D is to r t ion  less  than tha t  in t roduced by  assoc ia ted  tape or

FM equ ipment ,  e .g .  O.2% to ta l  harmon ic  d is -

to r t ion  over  low and midd le  f requenc ies  up  to

perhaps  10dB above re fe rence leve l ,  w i th  some

r ise  permiss ib le  a t  h igh  f requenc ies  and leve ls .

No ise  less  than tha t  in t roduced by  assoc ia ted  tape or

FM equ ipment ,  e .g .  s igna l  to  no ise  ra t io  o f  a t

leas t  60dB.
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DESIGN PHILOSOPHY

The requ i rements  descr ibed above were  met  by  the  d isc re te

component  c i rcu i t  a l ready  in  ex tens ive  use  a t  the  t ime o f

the  beg inn ing  o f  the  in tegra ted  c i rcu i t  deve lopment  p ro-

g r a m m e .

However ,  i t  i s  obv ious  tha t  f rom the  hardware  manufac-

tu rer ' s  v iewpo in t  the  in t roduc t ion  o f  a  no ise  reduc t ion

sys tem o f  such soph is t i ca t ion  invo lves  ex t ra  complex i ty

d u r i n g  a s s e m b l y  a n d  p a r t i c u l a r l y  d u r i  n g  t e s t i n g ,  w h e n  c a r e

and accuracy  are  requ i red  in  mak ing  two pre-se t  a l ignment

ad jus tments .

There fore  pr imary  des ign  cons idera t ions  fo r  the  Do lby
B- type lC  were  compat ib i l i t y  w i th  the  ex is t ing  d isc re te

c o m p o n e n t  p r o c e s s o r  a n d  e l i m i n a t i o n  o f  t h e  i n t e r n a l  a l i g n -
ment  p rocedures .

Once the  feas ib i l i t y  o f  an  lC  processor  had been es tab l i shed,

i t  seemed reasonab le  to  a im fo r  a  des ign  whose in te r fac ing
parameters  ( input  and ou tpu t  leve ls  and impedances ,

swi tch  requ i rements ,  c lose  to le rance components ,  e tc . )  were

s i m i l a r  t o  t h o s e  o f  t h e  e x i s t i n g  d i s c r e t e  c o m p o n e n t  c i r c u i t ,

so  tha t  those l i censees  who wanted  to  use  the  new in te -
gra ted  c i rcu i t  cou ld  t rans fer  to  i t  w i th  a  min imum of

des ign  changes.

CIRCUIT  DESCRIPTION

Figure  33  shows the  b lock  d iagram o f  the  lC  w i th  a l l
func t iona l  b lock  le t te r ing  the  same as  on  F igure  25 .  The
lC inc ludes  four  ident ica l  opera t iona l  ampl i f ie rs  "B ,  C,  D,
and E K" ,  two bu f  fe r  ampl i f  ie rs ,  a  var iab le  res is to r ,  a
recti f ier system and a reference bias supply.

Choos ing  an  opera t iona l  ampl i f ie r  des ign  fo r  the  ga in

b locks  has  the  advantage o f  p rov id ing  a  min imum of  o f fse t

fo r  DC coup l ing ,  a  la rge  ou tpu t  sw ing  and a  low outpu t

impedance.  F igure  26  shows the  bas ic  c i rcu  i t  o f  the
ampl i f ie r .  The input  cons is ts  o f  a  d i f fe ren t ia l  PNP t rans is -

to r  pa i r  Ot ,  OZ wh ich  dr ives  a  Dar l ing ton  s tage 05 ,  06
fo l lowed by  a  c lass  AB outpu t  s tage 07 ,  Og.  Frequency

compensation, necessary in al l  two-stage ampli f iers for

s tab le  c losed loop opera t ion ,  i s  p rov ided by  capac i to r  C1.
Res is to rs  Rq,  RO,  R7,  se t  the  qu iescent  cur ren t  in  the

outpu t  s tage,  wh i le  Rg l im i ts  the  shor t  c i rcu i t  cur ren t  and
isolates the output from capacit ive loads, which otherwise

might  cause osc i l la t ion  due to  excess ive  phase sh i f t  a t  h igh
f  requenc ies .  The c losed- loop ga in  o f  each ampl i f  ie r  i s
determined by internal resistors. The output swing and

d is to r t ion  charac ter is t i cs  o f  the  amol i f ie rs  a re  shown in

F i q u r e s  6  a n d  1 0 .

F I G U R E  2 6
BASIC  OPERATIONAL AMPLI  F IER

R E F E R E N C E
V O L T A G  E

N O T E :  A L L  B E S I S T O B S  S T A N D A R D  A N D  A R E  I v I E A S U B E D  l N  O H M S .

I
I

I
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F I G U R E  2 7
IMPEDANCE CONVERTER

B E F E R F N C L
V O L T A G F

N O T E :  A L L  R E S I S T O R S  S T A N D A R D  A N D  A R E  f u l E A S U R E D  I N  O H M S

C I R C U I T  D E S C R I P T I O N  ( c o n ' t . )

A m p l i f i e r ' A ' ( F i g u r e  2 7 )  i s  a  u n i t y  g a i n  i m p e d a n c e

conver te r .  p rov id ing  h igh  input  and a  g iven ou tpu t  impe-

dance.  A  Dar l ing ton  conf  igura t ion  is  used fo r  min imum b ias

cur ren t ,  keep ing  the  ou tpu t  o f fse t  w i th  respec t  to  the

re ference vo l tage to  a  min imum.  R21 g ives  the  appropr ia te
source  impedance fo r  the  ex terna l  low pass  f i l te r  requ i red

to  e l im ina te  superson ic  s igna ls  o r ig ina t ing  f rom FM tuners

or from the bias and erase osci l lators of tape recorders.

One o f  the  most  cha l leng ing  aspec ts  o f  the  lC  des ign

was the  deve lopment  o f  a  var iab le  res is to r  (b lock  F)  w i th

a  w ide  dynamic  range and a  res is tance versus  cont ro l

vo l tage law s imi la r  to  tha t  o f  the  f ie ld  e f fec t  t rans is to r

employed in  the  d isc re te  component  c i rcu i t .

The dra in  source  conductance Gp5 o f  a  f ie ld  e f fec t

t rans is to r  opera t ing  as  a  var iab le  res is to r  i s  g iven  by

2  I n s s  V n s
Gos = . i ix  [ (vcs---- : : ) -  vnl

V o '  2  Y -

where  IDSS is  d ra in  sa tura t ion  cur ren t ,  Vp  is  ga te  p inch-

o f f  vo l tage,  V65 is  ga te-source  b ias ,  Vp5 is  d ra in -source

voltage.

Prov ided the  s igna l  leve l  app l ied  to  the  dev ice  is  smal l ,
Gpg is  there fore  a  l inear  func t ion  o f  the  ga te-source  vo l tage.

For  a  fo rward  b iased junc t ion ,  the  s lope res is tance RJ is
g iven by

KT
R  l = -

o l

where  k  i s  Bo l tzmann 's  cons tan t ,  T  i s  abso lu te  tempera ture ,
q  i s  e lec t ron ic  charge,  and I  i s  fo rward  cur ren t  th rough
j u  n c t i o n .

Hence the  s lope conductance o f  the  junc t ion  G1 is  a  l inear
function of the forward current, and i t  is possible to match
t h e  F E T .

The chosen var iab le  res is to r  c i rcu i t  i s  shown in  i t s  bas ic  fo rm

in  F igure  28 .  BV vary ing  the  cur ren t  th rough the  d i f fe ren t ia l
pa i r  01 ,  02  w i th  the  cur ren t  sources  1  and 2 ,  the  input
res is tance a t  po in t  3  changes and i t s  va lue  is  approx imate ly

2 6  X  1 0 ' 3
2  X _ o h m s

at room temoerature.
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FIGURE 28 .  BASIC  VARIABLE RESISTOR

N O T E :  A L L  R E S I S T O R S  S T A N D A R D  A N D  A R E  M E A S U R E D  l N  O H I V I S

FIGURE 29 .  ACTUAL VARIABLE RESISTOR
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C I R C U I T  D E S C R I P T I O N  ( C o n ' t . t

In  F igure  29  th is  p r inc ip le  has  been t rans formed in to  a

c i rcu i t  as  used in  the  lC .  Add i t iona l  d iodes  are  inser ted  in

the  emi t te rs  o f  the  d i f fe ren t ia l  pa i r  in  o rder  to  have a  more

manageab le  cur ren t  range fo r  the  cur ren t  source .  The

match ing  o f  the  FET curve  w i th  the  new c i rcu i t  i s  shown

in  F igure  30 .  S ince  the  var iab le  res is tance is  a  feedback

ampl i f ie r ,  very  l i t t le  res is tance modu la t ion  takes  p lace ;  th is

i s  s h o w n  i n  a  l i n e a r i t y  g r a p h  ( F i g u r e  3 1 )  w h e r e  T H D  i s
p lo t ted  aga ins t  the  input  s igna l .  For  min imum load ing  o f

the  var iab le  res is tance c i rcu i t ,  a  Dar l ing ton  bu f fe r  ampl i f ie r

i s  used to  d r ive  amol i f  ie r  "C" .

One impor tan t  fea ture  o f  the  Do lby  no ise  reduc t ion  sys tem

is  tha t  i t  i s  poss ib le  to  subs tan t ia l l y  e l im ina te  the  over -

shoots which are normally associated with a compressor,
and wh ich  g ive  r i se  to  t rans ien t  d is to r t ion  in  the  record ing

or  t ransmiss ion  med ium wi th  consequent  incor rec t  expan-

s i o n  ( 1 ) .

In order to generate suff icient signal to operate the over-

shoot  suppressor  l l ,  the  no ise  reduc t ion  s igna l  leve l  i s
ra ised in  ampl i f ie r  C.  The suppressor  i t se l f  cons is ts  o f  a
s i m p l e  d i o d e  c l i p p e r .

The cont ro l  ampl i f ie r  "D"  has  a  f requency  dependent
response determined by an external resistor and capacitor,
and dr ives  the  rec t i f ie r  sec t ion  G v ia  an  AC coup l ing .

The rec t i f ie r  o f  the  d isc re te  component  c i rcu i t  employs  a
german ium d iode,  and the  lC  had to  reproduce c lose ly  i t s
th resho ld  charac ter is t i cs .  Pro longed deve lopment  work

showed tha t  good match ing  cou ld  be  ob ta ined by  the  use
of  a  Schot tky  bar r ie r  d iode.  The smooth ing  o f  the  cont ro l
s igna l  i s  per fo rmed by  a  two s tage in tegra t ion  c i rcu i t  w i th  a
leve l  dependent  charg ing  ra te ,  p rov id ing  rap id  a t tack  under

cond i t ions  when the  overshoot  suppressor  migh t  opera te .

and more  gradua l  ga in  var ia t ion  under  less  s t r ingent

cond i t ions .  Ex terna l  components  p rov ide  the  necessary

t rme cons tan ts .

B ias  and re fe rence vo l tages  fo r  the  ind iv idua l  sec t ions
are  genera ted  by  the  in te rna l  regu la ted  power  supp ly .  Each
sec t ion  has  i t s  own b ias  supp ly  to  insure  good iso la t ion .

CONCLUSIONS

The dev ice  prov ides  the  des i rab le  in te r fac ing  cond i t ions  fo r

most  economica l  incorpora t ion  in  consumer  equ ipment ,  so
tha t ,  fo r  example ,  the  on ly  add i t iona l  e lec t ron ics  needed to

complete one channel of a cassette recorder are a bias

osc i l la to r ,  a  record ing  ampl i f ie r  (one t rans is to r ) ,  and a

microphone and head ampl i f ie r  ( two t rans is to rs ) .  The use
of  the  lC  permi ts  the  e l im ina t ion  o f  about  50  components /

channe l ,  w i th  a  sav ing  o f  approx imate ly  100 so ldered

lo in ts .  In  la rge  quant i t y  p roduc t ion  the  lC  prov ideswor th -

wh i le  reduc t ions  in  overa l l  component  cos t  and in  assembly

and tes t ing  t imes.

In tegra ted  c i rcu  i t  p rocessors  meet  the  or ig ina l l y  s ta ted
requ i rements  comfor tab ly ,  and the  s tandard  Do lby  B- type

charac ter is t i cs  (o r ig ina l l y  those o f  the  d isc re te  component

c i rcu i t )  a re  met  typ ica l l y  w i th in  a  to le rance o f  1dB.
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F I G U R E  3 2
BASIC  SYSTEM BLOCK D IAGRAM

APPLICATION I  N FORMATION

In  add i t ion  to  the  sys tem and c i rcu i t  descr ip t ion ,  there  are

some var ia t ions  to  the  c i rcu i t  connect ion  wh ich  may be

usefu l  in  some app l ica t ions .  A l l  o f  these var ia t ions  to  the

basic system are shown in Figure 39; however, they can be

app l ied  to  any  o f  the  var ious  bas ic  sys tem d iagrams.

The switch-on delay of the circu i t  can be redr-rced by

chang ing  the  input  coup l ing  capac i to r  (C201)  f rom 1 ; , tF  to

0 . 1 p F

Swi tch ing  no ise  can be  e l im ina ted  by  re fe renc ing  a l l

capacitors which have to be switched to their operating
p o t e n t i a l s  v i a  a  h i g h  v a l u e  r e s i s t o r  ( R 3 1 1 ,  3 1 2 ,  3 1 3 ) .  U n d e r

these cond i t ions  the  capac i to rs  w i l l  ma in ta in  the i r  po ten '

t ia ls  in  any  swi tch  pos i t ion .

For  an  improvement  in  s igna l  to  no ise  o f  up  to  6dB,  the

signal can be injected direct ly into pin 2 via an appropriate

coup l ing  capac i to r .  Shou ld  i t  be  necessary  to  ma in ta in  the

f i l te r  ne twork ,  a  low no ise  emi t te r  fo l lower  s tage w i l l  have

to be added.

The 545 back-to-back frequency response can be improved
by rep lac ing  the  res is to r  R305 (680k)  w i th  a  1 .SMeg Ohm
potent iometer .  Th is  a l lows the  user  to  min imize  the
f requency  response to  less  than , l idB.  Th is  cont ro l  i s  se t
by  in t roduc ing  a  l kHz s igna l  in to  p in  3  a t  a  leve l  o f  58mV
(  20dB Do lby  leve l ) .  Then ad jus t  the  po ten t iometer  un t i l
ou tpu t  reaches  as  c lose  as  poss ib le  15 .8d8 Do lby  leve l  a t
p in  7 ;  th is  au tomat ica l l y  op t im izes  the  f requency  response

leve  ls .

The fol lowing diagrams show the many system configura-
t ions  in  wh ich  the  NE5458 Do lby-B No ise  Processor  can be
u sed.

F igure  33  C lass  I  Swi tchab le  Processor  Wi th  Mul t ip lex
F i l te r

F igure  34  C lass  l l  Encode Processor  Wi th  Mul t ip lex  F i l te r

F igure  35  C lass  l l l  Decode Processor  Wi th  B ias  F i l te r

F igure  36  C lass  lV  Decode Processor  Wi th  Mul t ip lex  F i l te r

Figure 37 Class V Decode Processor Without Fi l ter

F igure  38  FM Decode Processor  (Swi tchab le)

F igure  39  C lass  I  Processor  Showing C i rcu i t  Var ia t ions
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FIGURE 33 .  CLASS I  SWITCHABLE PROCESSOR WITH MULTIPLEX F ILTER
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FIGURE 34 .  CLASS I I  ENCODE PROCESSOR WITH MULTIPLEX F ILTER
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FIGURE 35 .  CLASS I I I  DECODE PROCESSOR WITH B IAS  F ILTER
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FIGURE 36 .  CLASS IV  DECODE PROCESSOR WITH MULTIPLEX F ILTER
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FIGURE 37 .  CLASS V  DECODE PROCESSOR WITHOUT F ILTER
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FIGURE 38 .  FM DECODE PROCESSOR (SWITCHABLE)
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FIGURE 39 .  CLASS I  PROCESSOR SHOWING C IRCUIT  VARIAT IONS
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PARTS L IST FOR DOLBY.B CLASS I  PROCESSOR

PART VALUE WATT
MAX. TOL.

o/ TYPE-PART NO.

R301
302
303
304
305
306
307
308
309
3 1 0
3 1 1
312
3'14

c201
202
203
204
205
206
208

c301
302
303
304
305
306
307
308
309

L201
202

D301

3.3ks2
47kfl

i50ko
27okSL
680ko

18oO
r zoS)
1 00k
1 k O

100ks)
l  M e s S /
1 Mes f)

1 ksl
1trrF 10V

25OpF]sV
3900pF
3300pF
22OOpF

10pF  15V
200pF

5600pF
.O271tF

4700pF
.O471tF

10pF  15V
.1 ltF

.33trtF
1OpF  15V
10pF  15V
20  60MH
1 5  4 0 M H

German ium OA91

1 1 2
1 1 4
1 /4
1 /4
1 1 4
1 1 4
1 /4
1 1 4
1 t 4
1 /4
1 /4
"t/4

1 t 4

'l

5
R

1 0
5

1 0
6

1 0
1 0

q

1 0
1 0
1 0
1 0
1 0

6

F

5
1 0
20

1
1
1
6

1 0
1 0
1 0
1 0
1 0

Adjus tab le

Ad ju  s tab  le

3 3 2 1 F  R N 6 O D
Carbon Comp

R1048  CTS T r immer
Carbon  Comp

E lec t ro ly t i c

Myf  a r  E lpac  Z  1R 392J
, '  z  1R 332J
"  z  1R 222J

E lectro lyt ic

Ceram ic
My lar  E lpac  Z  1R 562F

"  z ' t R  2 7 3 F
"  z  1 R  4 7 2 F
"  z  lR  4 t3J

E lect ro ly t ic
My la r  E lpac  Z  1R  1O4K

"  z  1 R  3 3 4 K
E lect ro ly t ic

J.W. M i l ler  9063
J .W.  M i l l e r  9062

IN34A,  IN644
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