
Operation and uses for the
570 1571 lC compandor chiP
PART I

by t , la l t  Jung,  Contr ibut ' ing Edi tor
and Craig Todd,  Signet ics CorP.

IFHIS ARTICLE DIVERGES somewhat

I fror past op Anps fot Audio col-

unlr rs,  and is  a lso a great  deal  more

than one of the tYPical Notewotxhg

and New i tens.  The reason for  these

di f ferences wi l l  be evident  as You
beg in  t o  g rasp  t he  de ta i l s  o f  oPe r -

at ion and'working of  a new and fas-

c inat ing IC chip.  The Signet ics
NE570  ahd  NE571  a re  mono l i t h i c  IC

compandots,  devices which can be

used for  the audio gain contro l

funct ions of  compression and expan-

s i on ,  as  we l l  as  o the r  ga in - con -

t r o l l ed  f unc t i ons .
Al though designed Pr imar i lY for

te lephone t runk l ine conrnunicat ions

se rv i ce  app l i ca t i ons ,  t he  570  and

571 devices possess Perfonnance
soec i f i ca t i ons  and  bu i l t - i n  f l e x i -

U i f i t y  su f f i c i en t  f o r  a  hos t  o f

h igh qual i ty  audio s ignal  process-

i ng  uses .  Th i s  f i r s t  a r t i c l e  su r -

veys what the 570 and 571 are,  how

and what theY do, and how to aPPIY

them to  aud io  uses .  We  t h i nk  You r l l
agree this sonewhat unusual anount

of  interest  is  warranted when You
see  wha t  t hese  dev i ces ,  w i t h  r e l a -

t ive ease,  can do wi th audio s ig-

na l s ,  and  we  t h i nk  You  w i l l  qu i ck lY

grasp their  imPortance to audio in
gene ra l .  Be fo re  t h i s  a r t i c l e  i s

conp le te ,  you  w i l l  be  ab le  t o  bu i l d

projects which have heretofore been

sinply inpossib le or  impract ical .
This ar t ic le is  bY intent  both

tutor ia l  and Pract ical ,  and fea-

tures nany readY-to-use 570/571

circui ts. .  Inforrnat ion on 570/571

avai labi l i ty  is  inc luded at  the end

o f  t he  a r t i c l e .

Basic Operat ion

F ig . l  i s  a  b l ock  d i ag ra rn  o f  t he  570

and 57I .  Both the 570 and 571 uni ts

consist of the functional comPon-

ents shown, and are in fact derived

fron the same basic chiP.  The di f -

fetence between the two devices

l ies in their  sPeci f icat ions,  the

570 being the prirne of the two

uni ts,  wi th lower inherent  d istor-

tion perforrnance. The 571 has nore

relaxed basic sPeci f icat ions,  but

nay be trirnned with outboard con-

ponents to a Perfonnance level

eoual  or  near that  of  the 570.

Thus ,  un less  o the rw i se  s ta ted  he re -

af ter ,  a l l  of  the c i - rcui ts shown

may  use  e i t he r  dev i ce ,  w i t h  t he

f inal  choice being uP to the user.
The  570  and  571  a re  dua l  dev i ces ,

consist ing of  two sets of  the func-

t i ona l  s i gna l  b l ocks  i nd i ca ted .
These  a re  a  AG ce l l  ( f o r  va r i ab le
g a i n ,  i f  y o u  w i l l ) ,  a  f u l l  w a v e
rect i f ier  which contro ls the gain

of  the AG cel l ,  and an output  oP
amp stage connected as shown. An

on -ch ip  1 .8V  b i as  r e fe rence  vo l t age
i s  i nc l uded ,  wh i ch  suPP l i es  b i as
vo l t age  t o  bo th  ha l ves  o f  t he  dua l
c i r cu i t .  Th i s  r e fe rence  vo l t age ,
along wi th the supply vol tage and
ground pins,  are the onlY th ings
common to the two rrhalvesi l  of  the

circui t ,  wi th the renainder of  the

pin funct ions shown being dupl icat-

ed ,  one  se t  pe r  s i de  o f  t he  16  P in
laybut .

The 570 and 571 oPerate f ron

s ing le  power  supp l y  vo l t ages  i n  t he

range of  +6 to +24Y, wi th qui te 1ow
power,  typical  current  drain being

on l y  3mA (bo th  sec t i ons ) .  The  de -

v i ces  a re  t he re fo re  we l l  su i t ed  t o

ba t t e r y  ope ra t i on ,  f o r  no t  on lY  i s

the current  drain low but  internal
regulat ion makes operat ion highly
immune  t o  supp l y  vo l t age ,  i n  gen -

e r a l .

T h e  l G  C e l l

I n  ope ra t i on  t he  aud io  s i gna l  t o  be

con t ro l l ed  i s  app l i ed  t o  t he  AG IN

input  through a coupl ing capaci tor .

AC coupl ing is  necessarY due to a
+1 .8V  b i as  l eve l  p resen t  a t  t he  AG

c e l l .  T h e  A G  c e l i  a l s o  c o n s t i t u t e s

Fig.7:  570,  571 Funct ional-  Diagtam
(f  of  2 channefs) .
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a virtual ground node, therefore
the input impedance is sirnPlY the
20K value of R2, and the result ing
innut current wi l l  be Vin/2OK. The
AG cel l  is designed to accePt a
naxinun of tlOouA of inPut current
(200yA p-p), or a 1.4V nax RMS sine
wave level. Where necessary, higher
input levels can be acconnodated by
including an external series re-
s  i s to r .

In i ts gain control nechanisn,
the net act ion of the AG cel l  in
effect proport ions the applied in-
put current, and Passes i t  on to
the output op anp, where it is ul-
t imately converted into the cir-
cuit ts output voltage. The propor-
t ional i ty (or scal ing factor) of
the AG cel l  is in turn control led
by the recti f ier, which Produces an
outDut current which directly con-
trois the AG cel l .  The AG cel l  rnay
be viewed as a current control led,
current scal ing circuit .  The con-
trolling current is the DC outPut
of the recti f ier, and the con'
trol led current is the audio sig-
nal. We havenrt roon hete for the
actual detai ls of the AG cel l  cir-
cuit irnplenentation, but they nake
interesting reading. Consult the
references for further insight into
the technique.

The AG cel l ,  in short,  conpen-
sates for natural transistor non-
linearities and temperature sensi-
t ivi ty, providing a stable and Pre-
dictable prograrnrnable gain element
with a dynarnic control range of
100dB, with low signal distort ion.
The ult inate l ini tat ion on distor-
tion is deterrnined by the matching
of the gain cel lsr internal tran-
sistor pairs, and this Practical
lirnit accounts for the aforenen-
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tioned differences between 570 and
571 devices. Solace arr ives, how-
ever, in the news that either de-
vice can be trirnned using the THD
TRIM terninal.  When tr imned, tyai-
cal devices can show THD figures of
0.1% or less (while untr imrned THD
can be up  to  0 .5%) .  D is to r t ion  is
this high, however, only at ful l
scale audio signal inputs; at lower
levels distort ion drops rapidly,
and noise becones the l imit to dy-
narnic range.

Noise in a bipolar transistor
transconductance mult ipl ier such as
is used here has been a topic of
controversy in the audio fraterni-
ty, with nany designers disnissing
the technique as being practical ly
useless because of i ts i l inherently

l imited dynamic range,t '  or because
i t  i s  r r inherent ly  no isy . r rThese ob-
jec t ions  are  s imp ly  no t  jus t i f ied
when a l inearized transconductance
mult ipl ier is irnplernented, as i t  is
here .  S igna l  to  no ise  ra t io  in  a
570 or 571 can be as high as 90dB
in a 20kHz noise bandwidth,
which of course easi ly exceeds al-
nost aI l  avai lable progran sources.
Further, signal to noise irnproves
(even beyond this f igure) at lower
working gains, where the circuit  is
nost apt to be used.

Recti  f i  e r

The recti f ier circuit  of the 570/
571 accepts a signal at the RECT IN
terminal, and ful l  wave recti f ies
this signal, convert ing i t  to a
proport ional DC signal which is
used to  cont ro l  the  AG ce l l .  L ike
the AG IN input, the RECT IN input
is  b iased a t  +1 .8V and is  AC cou-
pled in normal operation. Input im-
pedance is  the  va lue  o f  R l ,  o r  l0K.
Ful l  scale rect i f ier input current
is  200uA peak ,  equ iva len t  to  l .4V

' RMS into 10K.
After fu11 wave recti f icat ion

within the circuit ,  an external
capacitor attached to the CRECT

Fig.3a:  Circui t  hookuP, Basic Ex-
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r ies or shunt conbinations.
We gain further insight into the

nanner of. 570/57Lrs working by ex-
amining the two basic connections,
as an expander and as a compressor.
The subsequent schenatic represen-
tations follow the device s"yrnbol
d iagrarn  o f  F ig .2 ,  wh ich  a lso  shows
the pinout. Although i t  is not ob-
vious fron this drawing, the 570/
571 is laid out in a synnetr ical
pattern (with the exception of sup-
p ly  p ins) ,  wh ich  fac i l i ta tes  PC
layout.

Bas ic  Expander

Connection and operation of a 570
or 571 as an expander is shown in
Fig.3. The hookup is shown in gen-
era l  fo rm in  F ig .3a .  The s igna l  i s
applied in cornmon to the AG IN and
RECT IN terninals, through a corunon
coupling capacitor, Cttt .  h averag-

ing capacitor, CRECT,-is connected

frorn the CRECT terninal to ground.

The output is jurnpered for use of
R3 as a feedback resistor. Cr* and

CO are input and output coupling

capacitors, chosen for the desired
circuit  low end frequency response;
they  w i l l  t yp ica l l y  be  on  the  order
of several microfarads for wide
range audio work. (Note: observe
correct polari ty when using elec-
t r o l y t i c s . )

The gain of this circuit  is de-
scr ibed na thenat ica l l y  as  1 .43  VIN,

where V'U is the average input
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F i g . 2 : 5 7 0 , 5 7 1  b v i c e  s g n b o T  d i a -
gram and pinout.

terminal  f i l ters the DC sig-
nal ,  which is  now equal  to the av-
erage AC input  level .  The current
fed to the AG ceI I  as a gain con-
tro l  s ignal  is  then the average of
the input  AC signal .

0utout  Ci  rcu i  t

The output op amp used in the 570/
571 is  s im i la r  to  a  741,  and l i ke
the rest of the circuit  is biased
for nininun quiescent power drain.
This ampli f ier can be used only in
the invert ing mode, and is set up
for operation by connection of R3,
either as an input or feedback re-
sistor. You may also use external
res is to rs ,  as  access  is  p rov ided to
the (-) input. The op amp is biased
at i ts inputs to a DC level of
+1 .8V;  connect ion  o f  R3 as  a  feed-
back resistor biases the output to
3V, optinun for a 6V supply level.
You can achieve output biasing to
other DC levels for greater swing
by using external resistors in se-

pandet.
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OUTI-J
c n s c r  G N D  |  =

t----
T L R E C T  I' ?

t_
G a i n  =  1 . 4 3  v t N ( A v g . )  f o r  c o n -

nec t lons  shown- - in  genera l  :
I 2  t . .Gain = 
l l f6 l  

v1x(Avs')  n,

fne nuOio O*r"r,

l u  =  140uA

R,  =  lOK ,  R ,  =  20K ,  R ,  =  20K
* *  S e l e c t  c l N ,  c o  f o r - d e s i r e d  i n -

Pu t / ou tpu t  co rne  r  r  r eq  .



TO AG CELL
T H D  T R I M
( P r N  I  O R  9 )

TO RECT, INPUT
( P r N  2  0 R  1 5 )

b .  LOW LEVEL ATTENUATION
C A L I B R A T I O N  T R I M

roK
o

TO AG CELL
I N P U T
( P r N  3  0 R  t 4 )

C.  CONTROL FEEDTHRU

Fig.5 : Optionaf trinnning ^netwotksg
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vo l t age .  The  570 /571  c i r cu i t  va l ues

are set up in such a way that the
gain of  th is expander c i rcui t  is

uni ty at  an input  level  of  0.775
rr  /^+ n 7t f  ' \  

,  a leVel  ob-" ( R l . r s ) ' " ' ' ' ' ( A v c ; ' '
viously convenient  for  conmunica-
t ions work.  In the input /output
g raph  o f  F i g .3 t r ,  you  w i l l  no te  t ha t

indeed the output  is  0.775V when
the  i npu t  i s  0 .775V .

The expansion rat io of  th is c i r -

cui t  is  l /2,  thus an inPut change

of 6dB wi l l  y ie ld an output  change
of l2dB, which can be noted f rom

the curve.  Al though th is is  a some-
what s inpl is t ic  curve intended to

i l l u s t r a te  t he  e f f ec t ,  i t  i s  t r ue
i n  p r a c t i c e  t h a t  a  5 7 0 / 5 7 1  c i r c u i t
w i l I  f o l l ow  t h i s  r e l a t i onsh ip  ove r
an input  dynamic range of  40dB or
more  (o r  80dB  o r  no re  o f  ou tPu t
range) .

Errots which do occur at  the low

end of  the dynamic range are large-
l y  due  t o  t he  rec t i f i e r ,  and  can  be
m in im i zed .  You  may  use  sepa ra te
coupl ing capaci tors into the AG and
RECT inputs to e l iminate of fset  er-
rors here,  and a t r in technique can
be appl ied to the RECT IN terminal
t o  op t im i ze  l ow  l eve l  t r ack i ng  ( t o

be  d i scussed  be low) .
For the innovat ive designers out

t he re ,  we  i nc l ude  t he  c i r cu i t r s
pe r t i nen t  comp le te  des i . gn  equa -
t i ons .  You  can  sh i f t  t he  un i t y
c rossove r  po in t  by  a l t e ra t i on  o f
R3 .  0 r  you  may  a l so  ad jus t  t he  e f -
f ec t i ve  va lue  o f  R l  ( o r  R2 )  bY  us -
i ng  se r i es  r es i s t o r s  a t  t hese  t e r -
m ina l s .  I .  i s  an  i n t e rna l  c i r cu i t
cons tan t , oand  i s  no t  a l t e rab le .

Basi  c  Compressor

F i g . 4  i s  a  b a s i c  5 7 0 / 5 7 1  c o m p r e s -
s o r .  F i g . 4 a  d e t a i l s  t h e  c i r c u i t
hookup, and 4b shows the input-out-
pu t  r e l a t i on .  You  w i l l  no te  t ha t
th is is  the exact  conplement to the
expander curve of  3b,  as the addi-
t i on  o f  t he  two  cu rves  w i l l  y i e l d  a
l inear input-output  curve.

The compressor c i rcui t  is  sone-
what more complex than the expand-
er,  because i t  requires sone addi-
t i ona l  b i as  componen ts .  I n  t h i s

c i r cu l t  t he  AG ce l l  i s  t he  AC  feed -
back path,  and a separate DC output
bias path is  provided bY the ROa

res i s t o r s .  These  res i s t o r s  b i as  t he
ou tpu t  up  t o  a  s t ab le  DC  po in t ,  and
COa renoves any AC feedback. ROa

can  t yp i ca l l y  be  i n  t he  range  o f  20
to  30K ,  wh i l e  c . "  i s  on  t he  o rde r
l 0 u F .

CO i s  a  copp l i ng  capac i t o r  t o  t he

AG and  RECT IN  i npu t s ,  wh i l e  C^

and C^ are input and output cou-
p l i ng "capac i t o r s  ( t yp i ca l l y  chosen
as  desc r i bed  p rev i ous l y ) .

You  nay  have  a l r eady  i n t u i t i ve l y
no ted  t ha t  t h i s  c i r cu i t  r educes
ga in  f o r  i nc reas ing  i npu t  l eve l s ,
as  mo re  s i gna l  f eedback  t o  t he  rec -
t i f i - e r  i nc reases  t he  AG ce l l  cu l -
r en t ,  wh i ch  reduces  ga in  by  be ing
in  t he  f eedback  pa th .

Aga in ,  bo th  t he  s i . np l e  and  gene r -
al  forns of  design equat ions are
shown .  Un i t y  ga in  c rossove r  Po in t
i n  t h i s  c i r c u i - t  i s  a l s o  0 . 7 7 5 V ,  t o
complement the expander.  The output

F i g  . 4 a  :

p t e s s o r .

Circui t  hookup'  Basic Com- u+

c t N
*  \ t +

v tN o---rr

wil l  change only SdB for  a 6dB in-
put  change, which is  a 2/1 conpres-
s i on  ra t i o .  Mod i f i ca t i on  o f  t he
uni ty gain crossover point  (when
desired) rnay be acconpl ished by
us ing  an  ex te rna l  r es i s t o r  i n  p l ace
o f  R3 ,  connec ted  t o  t he  ( - )  IN
te rn i na l .

Th i s  c i r cu i t  can  a l so  be  op t i -
r n i zed  f o r  l ow  l eve l  t r ack i ng ,  by
using separate capaci tors to the AG
and RECT IN inputs,  as in the con-
pressor.  Also you may t r in as de-
sc r i bed  i n  t he  nex t  sec t i on .

Tr imming  Techn iques

You  may  app l y  seve ra l  t r imm ing
techn iques  t o  va r i ous  570 /57 l  t e r -
m ina l s ,  t o  op t im i ze  o r  enhance  op -
e ra t i on  o f  e i t he r  dev i ce .  A l l  o f
t he  t echn iques  d i scussed  he re ,  and
shown  i n  F i g .S ,  a re  op t i ona l ,  and
need be appl ied only when you want
the highest  perfonnance.

F ig .5a  shows  t he  mos t  use fu l  o f
the three techniques,  a t r in for
nin inun Tl lD.  This c i rcui t  corrects
for  the of fset  vol tage in the AG
ce l1 ,  i n  so  do ing  m in i n i z i ng  i t s
output  second harmonic d istor t ion
con ten t .  I t  i s  qu i t e  e f f ec t i ve ,  and
in some cases can reduce distor t ion

by as much as a factor  of  ten.  The
tr immer is  adjusted for  minimum
output  THD with the AG input  dr iven
to  i t s  max inum l eve l .

The  c i r cu i t  o f  F i g .5b  i s  use fu l
in cornpensat ing for  the bias cur-
r en t  o f  t he  rec t i f i e r ,  wh i ch  i s
t yp i ca l l y  50 - l 00nA .  Th i s  DC  b ias
current  p laces a lower l in i t  on
tracking range, as i t  appears as an
equivalent  AC input ,  i f  unconect-
ed.  The t r i rnmer is  adjusted for
co r rec t  r ec t i f i e r  t r ack i ng ,  w i t h  an
inpu t  50 -60dB  be low  f u l l  s ca le .
No te  t ha t  t h i s  t r im  w i l l  no t  be  e f -
f ec t i ve  un less  a  sepa ra te  coup l i ng
capac i t o r  i s  used  a t  t he  rec t i f i e r
i npu t ,  as  men t i oned  above .

T h p  F i o  ( e  e i r e r r i f  c a n  b e  U S e d  t O
minimize feedthrough of  a gain
change  s i gna l  t o  t he  ou tpu t .  I dea l -
l y  ga in  change  s i gna l s  shou ld  no t
be seen in the output ,  but  i f  input
s ignal  levels are very low they nay
be not iceable.  The tTi l i lner  is  ad-
iusted for  minimun shi f t  in  the

R D C

OUTPUT *

R 0 c

,  . t *
i  n 7

G r i n  =  l - - - ; : l - l

l v t u \ ^ v s . r ;
G a i n  =
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output  as gain is  var ied,  wi th no
AC s i gna l  app l i ed  t o  t he  AG ce l l .

A p p l i c a t i o n s

We are now ready to d iscuss more
speci f ic  c i rcui t  uses for  the 570/
57 I .  A l f  t he  c i r cu i t s  wh i ch  f o l l ow
a re  f o r  s i ng le  supp l y ,  + l sv  ope ra -
t ion,  but  nany can be bat tery oper-
ated i f  desired.  A nunber of  mixer
type funct ions are included, thus
the  reade r  cou ld  r ead i l y  use  570 rs
o r  571 rs  t o  bu i l d  a  po r t ab le  m i xe r
wi th sorne interest ing features.

Sine  Wave  0sc i I I a to r

F ig .6  shows  how  a  57O/57  I  can  be
used  t o  bu i l d  a  s imp le ,  se l f -AGCrd
s ine  wave  osc i l l a t o r  o f  t he  W ien
type.  This c i rcui t  is  reasonably
clean in terms of  THD content  and
is sui table for  a medium perforn-
ance,  f ixed f requency s ine wave
sou rce .

I n  t h i s  c i r cu i t ,  t he  W ien  ne two rk
is conposed of  components R1-Cl  and
C2-R2 ,  wh i ch  i n  con junc t i on  w i t h
the output  op anp of  the 570/571
sect ion A form the f requency deter-
n i n i ng  f i l t e r .  Th i s  f i l t e r  r eso -
nates at  a f requency of

1

t = , :
ZT KL

With equal  e lement values as
shown (RI = R2 and Cl  = C2) the
ne two rks f  s i gna l  l oss  i s  2 /7  a t  t he
resonant f requency,  and the Phase
relat ionship f rom the input  at  Cl
to the output  at  R2-C8 is invert -
i ng .  To  sus ta i n  osc i l l a t i on ,  a  sec -
ond  ga in  s t age  nus t  p rov i de  s i gna l
invers ion for  in-phase feedback,
and  a  ga in  o f  2 .  The  ga in  nus t  be
he ld  a t  2  t o  sus ta i n  und i s t o r t ed
cons tan t  amp l i t ude  osc i l l a t i ons .

Sec t i on  B  o f  t he  570 /57L  p rov i des
the required gain and phase inver-
s ion,  in i ts  output  stage.  BY con-
nec t i ng  t he  AG ce l l  o f  t h i s  sec t i on
as a cornpressor,  the gain is  auto-
mat ical ly  regulated to the required
va lue  t o  sus ta i n  und i s t o r t ed  osc i l -
Iat ion.  Resistors R3-R4i  form the
input  resistance of  the op amP gain

network,  and the chiprs internal
20K resistor  is  used as the feed-
back resistor .  Note that  the i -n i -
t i a l  non ina l  ga in  o f  t h i s  s t age  i s
higher than the required 2/7 {about
4 / l  i n  f ac t ) ;  t h i s  f ac to r  i s  neces -
sa ry  t o  s t a r t  osc i l l a t i on .  Once
s ta r t ed ,  osc i l l a t i ons  bu l l d  uP  un -
t i l  the AG cel t  connected as a com-
p resso r  r educes  t he  ga in  t o  2 /1 ,
and is  thereaf ter  sel f -sustain ing.

Due  t o  DC  b ias  r es t r i c t i ons ,  t he
range of  t in ing resistance has a
fai r ly  narrow spread, about 4 to I
as shown. However,  the capaci tance
va lue  i s  r e l a t i ve l y  un res t r i c t ed .
The values shown are for  400H2 oP-
erat ion,  but  other f requencies over
a wide range, up to about 20kHz,
a re  poss ib l e .
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Fig.6:  s ine Wave osciTTator =

D i s to r t i on  i s  r easonab l y  l ow ,  bu t  be  rep laced  by  a  s i ng le  r es i s t o r  o f

can  va ry  due  t o  two  f ac to r s .  I f  a  5k .
5 7 0  u n i t  i s  u s e d  i t  w i l l  y i e l d  d i s -
t o r t i on  o f  abou t  0 .25%,  w i t hou t  Amp l  i t ude  Modu la to r
t r imn ing .  A  571  can  a l so  be  used ,
and the opt ional  t r im network shown With the wide dynamic range gain

can  reduce  d i s t o r t i on  a t  bo th  ou t -  con t ro l  capab i l i t y  o f  t he  AG ce l l ,

Du t s  t o  abou t  0 .1% o r  l ess .  The  u1 -  va r i ous  modu la t i on  schemes  a re  pos -

t i -ma te  l eve l  o f  d i s t o r t i on  ( f o r  e i -  s i b l e  us i ng  t he  570 /57 f .  One  o f

ther device) is  dependent upon the these is  an arnpl i tude nodulator ,
va l ue  o f  C4 .  Un fo r t una te l y ,  how-  shown  i n  F i g .7 .
ever,  C4 cannot be increased indef-  AM nodulat ion requires a c i rcui t

i n i t e l y  t o  dec rease  d i s t o r t i on ,  as  wh i ch  can  va ry  t he  anp l i t ude  o f  a

i t  w i l l  l eng then  se t t l i ng  t i ne  and  s i gna l  ( t he  ca r r i e r )  be tween  0  and
thus  comprom ise  s tab i l i t y .  Fo r  f r e -  100% i n  a  l i nea r  f ash ion .  I n  t h i s
quenc ies  g rea t l y  r e rnoved  f r om the  c i r cu i t ,  t he  AG ce l l  o f  t he  570 /571
examp le  shown ,  C4 rs  va lue  shou ld  be  nodu la tes  t he  ga in  o f  t he  s i gna l
op t im i zed ,  go ing  l owe r  f o r  h i ghe r  ( ca r r i e r )  channe l ,  up  t o  100%.
frequencies,  h igher for  lower f re-  With no modulat ing s ignal  ap-
quenc ies .  p l i ed ,  t he  ga in  o f  t he  c i r cu i t  i s  a

Output  anpl i tude is  set  by t r im nominal  uni ty,  as set  up by the re-
o f  t he  R3 -R4  res i s t ance ,  wh i ch  ac -  s i s t ance  R3  +  R4  f r on  RECT IN  t o
commodates var iat ions in the 570/  ground. This resistance biases the
571  i n t e rna l  r es i s t ance .  Ou tpu t  2  LG  ce l l  t o  a  m id -ga in  po in t .  W i t h
can be adjusted in the range of  0.5 rnodulat ion appl ied,  negat ive nodu-
to  lV  RMS,  and  ou tpu t  I  w i l l  f o l l ow  l a t i on  peaks  doub le  t he  ga in ,  ac -
a t  ha l f  t he  ou tpu t  2  1eve l .  D i s t o r -  comp l i sh i ng  100% rnodu la t i on .  The
t i on  i s  l owes t  a t  ou tpu t  1 ,  due  t o  r es i s t ance  R3  i s  nade  va r i ab le ,  t o
the f i l ter ing of  the Wien network.  acconrnodate nodulat ing s ignals be-
Ei ther or  both outputs may be used, tween 0.5 and IV RMS in ampl i tude.
and they are wel l  buf fered against  The c i rcui t  can be used as a nod-
loading ef fects.  I f  exact  output  u lat ion ef fects or  t remolo genera-
levels are not  desired,  R3-R4 can tor .  For very low modulat ing f re-

Fig.7:  AnPf i tude Modulatot  Xt
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ouencies such as below 10H2, C2

ihoufd be increased to about 50uF.

Cl  is  lOuF for  wide band audio,  but

can be reduced for carrier frequen-

cies above l0OFlz.  Both inputs are

conpa t i b l e  w i t h  t he  570 /571  s i ne

wav l  osc i l l a t o r  ou tPu t s ,  as  shown

he re .

Sque lch  C i r cu i t

F ig .8  ope ra tes  as  a  ga ted  amp l i f i e r

con t ro l l ed  bY  t he  s i gna l  l eve l  o r

sque l ch .  I n  t h i s  aPP l i ca t i on ,  t he

5io/571 funct ions as a f ixed gain

stage when on.  Signal  level  sensing

and on/off control are performed by

t rans i s t o r s  Q l -Q2 .
In the Ql-Q2 rect i f ier  c i rcui t

PNP Ql is  a conbinat ion emit ter

foLlower and hal f  wave rect i f ier .

Ql  buf fers the inPut s ignal  as se-

i ec ted  by  sens i t i v i t y  con t ro l  R l ,

and discharges C2 on the negat ive

peaks.  Ql  can discharge C2 quicklY,

but  C2 nust  recharge through R4.

Fig.9:  Mixet-Fader

I  N P U T
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Fig.8:  Squelch Circui t

W i t h  n o  s i g n a l  a p p l i e d ,  r e s i s t o r

R4 provides base dr ive for  Q2 which
causes  i t  t o  sa tu ra te ,  c l amP ing  t he
c  t  em i  ne  I  t o  s round ,  Th i  s  r e -"RECT - ' - " ' ^ '

duces  t he  570 /S7 l  ga in  t o  - 80d8  (o r

l ess ) .  When  an  i npu t  s i gna l  i s  aP -
pl ied which overcones the
th resho ld  b i as  se t  up  bY  R2 -R3  a t
t h e  b a s e  o f  Q l ,  C 2  i s  d i s c h a r g e d ,
turning of f  Q2 and gat ing the am-
p l i f i e r  on  by  r e l eas ing  t he  c l amP
o n  C 3 .

Sw i t ch i ng  ac t j - on  i s  snoo th ,  due
to  con t ro l l ed  t r ans i t i on  t imes .  A
re l a t i ve l y  l ong  t i r ne  cons tan t  i s
p rov i ded  f o r  by  R4 -C2 .  Th i s  t ime
cons tan t  p rov i des  a  de laY  P r i o r  t o

turnof f ,  which prevents Prenature
sw i t cho f f  be tween  sen te l l ces ,  o r
o the r  na tu ra l  pauses .

Th resho ld  sens i t i v i t y  i s  a  max i -
mum of  200mV RMS with Rl  fu1lY ad-
vanced ,  and  can  o f  cou rse  be  re -
duced  as  R l  i s  l owe red .  As  shown ,
t h e  o n  s t a t e  g a i n  i s  u n i t y ,  a s  s e t

bI  RGATN (ext) .  This can be nodi-

f - i ed  f o r  h i ghe r  ga ins ,  up  t o  SdB
, i t h  RGAIN  (ex t )  =  O .

Mi xer-  Fader

The  F ig .9  c i r cu i t  shows  how  a  s i n -
gIe 570/571 device can be used as a
l og i c  l eve l  con t ro l l ed  m ixe r - f ade r
ampl i f ier .  This c i rcui t  uses the
two halves of  the device as gated
anpl i f iers,  wi th a common output
which is  n ixed in the output  op anP
o f  s e c t i o n  A .

Fo r  e i t he r  t he  A  o r  B  Po r t i on  o f
t he  c i r cu i t ,  t he  570 /57 I  AG ce l l s
perform as contro l led gated anpl i -
f iers,  which are contro l led bY the
d r i ve  app l i ed  t o  t he  respec t i ve
RECT i npu t s ,  p i ns  2  o r  15 .  Fo r  t he
A  sec t i on ,  CMOS i nve r t e r  s t age  IC2 -
a gates the 570/57L AG cel l  on wi th
a  H IGH con t ro l  i npu t  l eve l .  Th i s
provides a DC path to ground, the
l5K gain programming resistor ,  R2.
wi th an 0N condi t ion in the A chan-
ne l ,  t he  A  s i gna l  i npu t  i s  passed
to the output  wi th a nominal  uni tY
ga in  ( as  de te rn i ned  by  R2 ) .

When the contro l  input  is  low,
the conduct ion path through R2 is
broken and the A channel  AG. cel l
swi tches of f .  The A channel  gain
goes  snoo th l y  t o  0 ,  as  con t ro l l ed
by  a  t i ne  cons tan t  o f  ( 10K)C2 .

At the -same t ime as the A channel
logic i r iver ter  goes high,  inverter
IC2-b goes low, which prograns the
B channel  to an 0N condi t ion,  wi th
the  B  channe l t s  AG ce l1  oPe ra t i ng
in a s in i lar  way to the A channel .
The output  of  th is AG cel l  (p in 12)
i s  t i ed  i n t o  t he  A  sec t i on r s  amP l i -
f ier  summing input ,  at  p in 5.  With
the B channel  AG cel l  on,  the B
channel  s ignal  is  passed to the
output  at  uni ty gain (as deternined
by  Rs ) .

In the transition from off to on
the B channel  t ine constant  is  set
by  ( 10K)C4 .  Thus  wh i l e  channe l  A  i s
going to zero gain,  the oPPosi te
side,  channel  B is  going to maxinurn
gain.  There is  an over lapping t ran-
s i t i on  pe r i od  whe re  bo th  s i gna l s
are on,  due to t ime constants of
the rect i f ier  network.  The ef fect
i s  a  I ' so f t  l ap ' r  t ype  sw i t ch i ng ,
very snooth and pleasant to the
ear.  You nay vary t ransi t ion t ine
i f  you l ike,  by adjust ing C2 and
C4  va lues .

This c i rcui t  can also be rnodi f ied
for  gated rn ix ing by separat ing the
A and B channel  contro l  l ines.  Ei-
ther or  both may be 0N as desired,
in any combinat ion.  Adjust  s ignal
gains of  each respect ive channel
v i a  R2  o r  R5 .

Vol tage Contro l  led Fader

An interest ing and useful  forn of
gain contro l led c i rcui t  is  an an-
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pl i f ier  wi th a gain which is  an ex-
pnentiaT function of an input con-
tro l  vol tage.  Such a c i rcui t  nay be
used  as  an  a l l - e l ec t r on i c ,  vo l t age
con t ro l l ed  f ade r ,  by  u t i l i z i ng  a
l inear contro l  pot  exci ted by a DC
vol tage.  The exponent ia l  contro l
g ives the c i rcui t  a contro l  law
which is  a l inear "dB/vol t t '  func-
t i on .  F i g .10  i s  an  exa rnp le  o f  t h i s
type of  c i rcui t .

In th is hookup a sect ion of  a
570/57I  is  used as a DC current-
contro l led at tenuator.  The current
which detennines the at tenuat ion is
supp l i ed  by  Q5 .  Q1 -Q5  and  IC2 -a
form an exponent ia l  vol tage-to-
current  converter ,  which gives the
whole conbinat ion an exponent ia l
vol tage gain contro l  character is-
t i c .  Th i s  cha rac te r i s t i c  i s  sup -
pl ied by matched t ransistors Ql  and

Q5, part  of  a 3046 IC array.
The input  of  the c i rcui t  is  the

eni t ter  of  d iode connected t ransis-
t o r  Q l .  D i r ec t l y  a t  t h i s  po in t ,  t he
contro l  sensi t iv i ty  is  one dB of
gain change for  3mV of  contro l
vol tage change. The input  vol tage
d i v i de r  sca les  t h i s  sens i t i v i t y  t o
a more usable form, at  the Vc j .nput .

With the values as shown, the
c i r cu i t  has  OdB  o f  ga in  w i t h  a  +3V

control  vol tage,  and a contro l  sen-
s i t i v i " t y  o f  46nV /dB .  Ga in  i s  - 60dB

I  + .231V  o f  i npu t ,  t he  l im i t  o f
useful  working range. For fur ther
reduc t i ons  o f  i npu t  vo l t age ,  t he
circui t  swi tches to an OFF stage
below about -62dB, where at tenua-
t ion is  more than 80dB. With in the
60dB  wo rk i ng  range  t r ack i ng  accu -
racy is  wi th in about ldB of  an
idea l  exponen t i a l  l aw .

Fig.70:  voTtage ConttofJ-ed Fadet

INPUT
0 . 7 7 5  V R M S

CONTROL
VOLTA6E
46 mv ldB
5 V .  O d B
o .25 t v .  - 60d8

Several  c i rcui t  features are
noteworthy,  and can aid the user to
real ize naximum performance. Gain
i s  c a l i b r a t e d  b y  R 4  t o  u n i t y ,  w i t h
3V appl ied to R9. At  the other
range  ex t reme ,  ga in  i s  ca l i b ra ted
to  - 60dB  v i a  R7 ,  w j - t h  + .23 \Y  ap -
p l i e d  t o  R 9 .  I f  t h e  I C 2 - b  s t a g e ,
R18 ,  R19 ,  LED and  D l  a re  used
l ' t hese  na  r t s  a re  no t  essen t - i a I  t o
bas i c  ope ra t i on ) ,  ga in  shou ld  d rop
^ L - . . - + 1 . .  + ^  o ^ r D  ^ -  I e s s  a n d  t h ea u 1  u P L r /

LED ext inguish as the input  vol tage
i s  t aken  down  t h rough  + .128V .  I f
these components are not  used,  gaj-n
shou ld  be  -o5dB  w j - t h  0V  i npu t  a t  R9 .

The  THD t r im  ne two rk  i s  a l so  op -
t ional ,  and may not  even be deemed
necessa ry  as  t he  add i t i ona l  AG ce l1
i npu t  r es i s t o r  R2  reduces  AG ce lL
non l i nea r i t y .  I npu t  ove r l oad  i s
ra i sed  t o  mo re  t han  2V  by  t h i s  r e -
c i c f n r  A f  l \ /  i n n r r f  e rs l l u  u r r  L  L /  B a  r r r  t

T H D  i s  t y p i c a l l y  0 . 1 %  o r  l e s s
(wi thout  t r im) and S/N greater  than
72dB  w ideband  (equ i va len t  t o  80dB
o r  b e t t e r  i n  a  2 0 k H z  b a n d w i d t h ) .
Both these f igures inprove at  gains
o f  - 20dB  t o  - 15dB ,  whe re  a  f ade r  i s
no rma l l y  ope ra ted .

C o n t r o l  v o l t a p e  i s  s c a l e d  t o  3 V
fo r  un i t y  ga in ,  a  vo l t age  wh i ch  un -
f o r t una te l y  d i c t a tes  a  non -s tanda rd
R9  va lue .  R9  and  R10  a re  i dea l l y  l e "
componen ts ,  bu t  a  qu i t e  c l ose  ap -
proximat j -on to R9 can be had wi th
p a r a l l e l  1 5 K  a n d  3 0 0 K  5 e ,  u n i t s .

T h e  c j r c u i t  c a n  b e  b u i l t  u p  i n  a
dua l  f o rma t  w i t h  on l y  f ou r  IC rs :
one 570 or  571 ,  one 324 quad op
amp ,  and  two  3046  IC  a r rays .  I t  may
be used as ei ther a dual  channel
un i t ,  o r  s t r apped  f o r  s t e reo  by  Ly -
i ng  t he  Vc  i npu t s  t oge the r .

R3
r50K

For nanual ly  operated faders,  use
a lk  pot  for  a low source inped-
ance.  The 3V for  pot  exci tat ion can
be obtained f ron a three-terrn inal
regulator  (which can dr ive a number
o f  po t s  i n  pa ra l l e l ) .  A  su i t ab le
ci rcui t  for  th is use is  shown in
the  F ig . lO  i nse t ;  i t  can  d r i ve  a t
least  two dozen pots wi th good
regulat ion.

For fur ther technical  informat ion
on  t he  570  and  571 ,  w r i t e :

S  i gne t  i  c s
811  Eas t  A rques  Ave .
Sunnyva le ,  CA  94086

The  570  and  571  dev i ces  a re  ava i l -
ab le  f r om:

Janes Electronics,  PO Box 822,
Be lnon t  CA  94002  P r i ces :  NES7OB:
1 0 . 5 0  e a . ;  N E 5 7 1 B :  g t 0 . O O  e a .

Quest  E lec t ron ics ,  P0 Box 44J0,
Santa Clara CA 95054 prices:
N E 5 7 0 B :  $ 5 . 0 0  e a . ;  N E 5 7 t B :  $ 5 .
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