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DUAL LII{EAR.ANTILOG VOTTAGE CONTROTTED AMPTIFIER

The SSM 20OO is a duaf two-quadrant mult ipl ier, each channef
harring ,"eparate control and differential signal inputs and a
current output. ln addit ion to l inear ampli lude control,  on
n h i  n  I  n o o i n L  p l c m e n t . q  h e r r e  h e e n  n n o r r i d e d  f o r  n r o d t r c i n g  a nv r r r P  r v 6 6 r r r 5

ant i log  cont ro l  charac ter js t i c  a t  the  op t ion  o f  the  des igner .
T h a  r i o : n . F  a a \ t  h e  r r q p d  i n  e  n r i d e  r n r i e t . r r  n f  a t t d i n  f n e n t t e n c vv r L !  r " u i /

applications including Voltage Controlfed Ampli f iersr Mixdown
Panels and as a Biquad T\rning Element. Both channefs are
temperature compensated and each channel has an 8O db range.
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r Linear or Antilog Control- Charac-
terist i-cs

r BO db Control Range

r Excelfent Control Accuracy (l% or
better over the entire control
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r Dral Design (completely indepen-
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r Internal Temperature Compensation

r Current Output

r Differential Sigrtal Inputs

r 2OO Nanoamp Input Bias Current
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APPLICATIONS

r Voltage Conlrol led Fi l ters

r Two and Four Q-radrant Mult i-pl iers
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Solid State Music
D u a l  L i n e a r - A n t i l o g  V o l t a g e  C o n t r o l l e d  A m p l i f i e r A p p l i c a t i o n  N o t e

Con t ro l  C i r cu i t s

To  p roduce  a  l i nea r  con t ro l  o f  a rnp l l f i ca t i on  i n  t he  SSM2000 ,  a  l i nea r  vo l t age  t o  cu r ren t  conve r t e r  i s

used  t o  supp l y  an  ou tpu t  con t ro l  cu r ren t  f r om  an  l npu t  vo l t age .  The  c i r cu i t  i n  F i g .  A  i s  used  f o r  a

pos i t i ve  con t ro l  vo l t age  (Vc /R "  =  I c ) ,  and  F ig .  B  f o r  a  nega t i ve  vo l t age  ( -Vc /Rc  =  I c ) .  The  res i s t o r  i n

t hese  c i r cu i gs  shou ld  be  chosen  so  t ha t  t he  max imurn  des l r ed  i npu t  vo l t age  w i l l  p roduce  an  ou tp t i t  cL r r r en t

o f  1  M i1 .  The  F ig .  A  c i r cu i t  has  t he  advan tage  o f  h l ghe r  i npu t  impedance  and  i n  F i g .  B  a  l a rge r  co .n t r o l

vo l t aqe  can  be  used  w i t hou t  r unn ing  i n t o  t he  b i as  vo l t age  on  t he  con t ro l  p i n  (Vsg  -  4V ) .  To  "gang "  t he

sa in  5 f  boEh  ha l ves  o f  t he  I .C  t o  t he  same  con t ro l  vo l t age ,  t he  c i r cu l t  i n  F l g .  C  i s  used .  The  3 .3K

res i s t o r s  f o r ce  a  ma tch  i n  t he  con t ro l  cu r ren t s  i n  bo th  amps  and  a l so  o f f e r  cu r ren t  l i n i t i ng .  Fo r  t he

la t t e r  r eason ,  l t  may  be  a  good  i dea  t o  i nc l ude  such  a  r es i s t o r  i n  c l r cu i t  B ,  and  a l so  i l r  c i r cu i t  I  i f  a

s m a 1 1  R s  i s  s e l e c t e d .

A t l t i l og  con t ro l  o f  ga in  l s  ach ieved  by  t he  exponen t i a l  vo l l age  t o  cu r ren t  conve r t e r s  i n  F i g .  D .  l i l e  g raph

aL  t he  bo t t om o f  t he  page  shows  t he  An t i l og  I s  t o  Vg  i n  r e l a t i onsh ip  a t  va r l ous  re fe rence  cu r ren t s .  As  can

be seen f rom the graph,  Ehe range of  contro l  is  determined by the reference current  which is  set  up by the

c i r cu i cs  i n  F i gs .  E  and  F ;  80  db  f o r  l r s ;  =  100  nA  e t c .  The  sca le  f ac to r ,  1  decade  pe r  vo l t ,  i s  de te rm ined

1.y the al lenuator  which in th is case gives 60 mV at  the op amp non- lnvert lng input  for  1 Vol t  at  the contro l

i npu t .  I n  t he  more  gene ra l  case :
l n ( r c l r r e f )  =  R t  v i n / ( R l  +  R 2 ) . v r  v r  =  k T / q
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P a g e  2

As  one  can  see  t h i s  exp ress ion  i s  t empe ra tu re  sens i t i ve .  Th i s  e f f ec t  can  be  l a rge l y  cance l l ed  i f  t he

V r  r es i s t o r  p rov i ded  on  t he  ch ip  i s  used  f o r  R1 .  W l t h  t h i s  r es i s t o r  an  80db  con l r o l  r ange  can  be  used

, i t t t . 1  102  . t t o r  due  t o  Eempera tu re  ove r  t he  span  f r om l 0oC  to  45oC .  Th i s  wo rs t  case  e r ro r  w i l l  o ccu r

for  Ehe largest  contro l  current  in the range. An ordlnary resistor  can be used as R1 for  room temPerature

app l i cac i on "  (ZSoC I  fOoC)  w i t h  on l y  a  LO% e r ro r  l f  t he  con t ro l  r ange  i s  r es t r i c t ed  t o  40db .  ( 100  t o  1 ) .

An ideal  temperature compensat lng reslstor  would have a temperature coef f ic ient  of  330Oppm/Co. I f  extremely

p rec i se  V t  t empe ragu re  compensa t i on  i s  r equ l r ed  i n  t he  an t i l og  con t ro l  mode ,  a  Te l  Labs  Type  Q81  res i s t o r

o ' .  eq . , i , r a i . nc  can  be  used  i n  p l ace  o f  t he  on  ch lp  Va  res i . s t o r .  Ano the r  a l t e rna t i ve  i s  t o  use  a  Fa i r ch i l d  uA726

Te rnpe ra tu re  con t ro l l ed  D i f f e ren t l a l  pa i r  1n  p l ace  o f  t he  on  ch ip  l ogg ing  e l emen ts .  I n  t h i s  case ,  no  Va  res i s t o r

i s  r equ i r ed .

I f  a contro l  range of  60db or greater  is  deslred,  a low lnput  b las op amp such as the LM 308 or the Teledyne 844

shou ld  be  used  i n  t t r e  V  t o  I  conve r t e r  w l t h  a  l ow  l eakage  ou tpu t  t r ans i t o r  such  as  a  2N5210  o r  a  2N930 .  As  w i t h

che  l i nea r  i nve rg l ng  con t ro l  c l r cu l t ,  a  3 ,3K  res i s t o r  i s  p l aced  1n  a  se r i es  w l t h  t he  co l l ec to r  o f  t he  ou tpu t

t r ans i t o r  f o r  cu r ren t  l im l t i ng .  To  gang  bo th  amp l t f l e r s  t o  t he  same  con t ro l  vo l t age ,  t he  c i r cu i t  i n  F i g .  G  i s

u s e d .

vq4

F ig ,  H  sho r ^ r s  ha l f  o f  t he  5$ {2000  used  as  a  vo l t age  con t ro l l ed  a rnp l l f i e r .  The  ou tpu t  vo l t age  i s  r e l a ted  t o  t he

input  vol tages and contro l  current  by:  .
Vou t  =  I con  (V+  -  V - )  RF /1 .06  x  10 '

A  l i nea r  o r  an t i l og  vo l t age  t o  cu r ren t  conve r l e r  se t s  t he  con t ro l  cu r ren t  and  t he  op  anp  conve r t s  t he  ou tpu l

cu r ren t  t o  an  ou tpu t  vo l t age .  The  capac i t o r  i n  pa ra l 1e l  w i t h  t he  f eedback  res l s t o r  l s  necessa ry  t o  p reven t

osc i l l a t l on .  Fo r  a  lOK  feedback  res i s t o r ,  150  t o  220p f  shou ld  be  su f f l c l en t ,  g i v i ng  a  bandw id th  o f  abou t  100KHz .

ANTILOG VCA WITH I30db CONTROL MNGE

In Fig.  |  ,  both halves of  the SSM200O are cascaded to produce an ant l - log arnpl i f ler  wi th a 130db contro l  range.

The contro l  current  in each hal f  of  Ehe devlce var les only f rom 500r:A to 250nA, maklng i t  possib le to maintain

a s ignal  bandwidth in excess of  50KHz down to the extreme low end. Ttre contro l  c i rcui t  is  designed to provide

10db of  galn per vol t ;  the .02uf  capaci tor  was found necessary to prevent osci lat ion.  I f  the input  s ignal  level

i s  kepE  a t  3  vo l t s  peak  t o  peak ,  t he  s i gna l  t o  no l se  ra t l o  l s  68db  and  d l s t o r t l on  w111  be  l ess  Ehan  0 .32 .

Four Quadrant  Mul t ip l ier

In Flg.  J hal f  of  a SSM2000 ls used as a four quadrant  mul t ip l ler

g round  1s :

The outDut current  into a v i r tual

r ou t  =  - v1v2 /R" (1 .06  
x  l 0 r )

To adjust  the c i rcui t  for  proper operatLon,  a s lgnal  ls  appl led fo the V2 lnput  wi th V1 gounded and RO

crinned for mlnlrnrm feedthrough. V2 ls then grounded, a slgnal applied to V1 and RF trlnmed for minimum

feedthrough which should occur when:

.  ^ l
R r . = 1 . 0 6 x 1 0 ' / I r " 6

A maxlmum bandwidth of  about 25Ol41Z wi l l  be obtalned wi th l r "g = 200 uA. I tLe op amp ci rcui t  used wi th

the vcA can be added to convert  the output  current  to a buf fered vol tage.

vo l t ase  Con t ro l l ed F i l t  e r

Using the c i rcui t  In Flg.  K a vol tage contro l led f i l ter  wi th a 10,000 to I  contro l  range can be implernented.

The ic 'w and hlgh pass outputs have l2db/octave ro l lof fs ,  the band pass output  has 6db/octave ski r ts  and the

notch output  has a sharp nul l  at  the cutof f  f requency.  Such c l rcul ts can be ser l -ed to produce more complex

f i l ters,  In th is appl lcat lon the SSM2000 can be thought of  as a palr  of  natched vol tage contro l led reslstors.

The Rr ln the deslgn equat lon for  the cutof f  f requency given next  to the f igure ts l0.6Kwhen the contro l

current  in both hal-ves of  the devl ,ce 1s 1 Mi l .  At  100uA contro l  current ,  the value of  the R1wi l l  increase

to 106K and so for th.  For contro l  ranges of  1000 to 1 or  greater ,  low input  b ias op amps should be used in

the contro l  c l rcuLt  and s ignal  sect ion of  the f l l ter .  The MC1456 and the Teledyne 844 perform wel l  in  the

signal  sect ion of fer lng J-ow input  b ias,  lovr  nolse and wide power bandrsldth.  I f  ant l log contro l  is  used,  the

greatest  contro l  accuracy for  a 1000 to 1 range fu obtalned for  contro l  currents of  250nA Eo 250uA.

(For other f i l ters that  can be used wl th the 2000 see J Tor^r ,  "A Step by Step Act ive Fi l ter  Design"

IEEE  Spec t rum,  pp64 -58 ,  Dec .  1969 ) .
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P a g c  4
Vo l t ape  Con t ro l l ed  Quad ra tu re  Osc l l l a t o r

The vol tage contro l led osci l la tor  c l rcul t  shown l -n Fig.  L ls  very s iml- lar  to the vol tage contro l led

f i l ter .  An extremely low dlstor t ion s lnewave (approximately .O47.)  car^ be produced using th is c i rcui t '

As . i n  t he  f 11 te r ,  t he  SSM2000  l s  used  as  a  pa i r  o f  vo l t age  con t ro l l ed  r es l s t o r s  t o  t une  a  b i quad  sEage .

A11 dhe desigrr  t lps g iven for  the VCF also apply here.  The deslgn procedure ls :

@fr-uandwidth product of op amps in Hz)

P^(Output power in dbm)
nl(cir lui t  impedance in ohms)
t?(center frequency in Hz)
D"(Total harrnonic distort ion in db)

+  l D  / '  . ] \

1)  Peak ou tpu t  vo l tage;  Vpo=(Ro/5oo) f  10"ou 
- " '

2 )  Trans fer  ra t io ;  r -10( (D-9) /20)=84

l) Peak limiter voltage; Yro=2Yrotfr

4) Q sett ing resistorl  R*f t6rfrf  o

5) C: fo capacitorg R2=n3=1/ (z.,cf 
)=27.2K@I.=5OOuA

6 ) R7&RS ; R7=R8=100(Vcc-O. 6-V1p)/V]p

7) e 
" i  

cc=t+/(tutcB.\)

No ise ,  D i - s t o rE lon  and  O f f se t

The output  s ignal  to nolse rat io of  the 2000 lnto a 10K nretal  f i lm reslstor  wi th an lnput  s lgnal  of

3 vol ts peak to peak 1s 72db tndependent of  the contro l  current .

The tota l  harmonic d lstor t lon is  1 lnear ly dependent on the lnput  s lgnal  ampl i tude.  Typical  values are

12  w i t h  a  10  vo l t  peak  t o  peak  s i gna l  and  0 .12  w i t h  a  1  vo l t  s l gna l ,  e t c . *

Offset  in Lhe 2000 is best  thought of  referred to the output  rather than the s lgnal  inputs.  Due to the

nagu re  o f  t he  des ign ,  t he  D .C .  o f f se t  appea r i ng  a t  t he  ou tpu t  w111  be  a  sma11  f r ac t l on  o f  t he  con t ro l

current .  T lp lcal ly ,  2% wiXh both s ignal  lnputs grounded. Tf  the contro l  current  ls  kept  under 500uA,

the of fset  can be t r lmned out  by a pot  st retched between fhe suppl les and l^ I i th the wlper connected to

one of  the s lgnal  inputs.

xhlnto.  r f  fha ^ i rcui ts in f igures C or G are used as contro l  c i rcui ts to gang both s ides of  the

SSI12OOO to the same controJ- voltage, the distortion figure is doubled and includes some second

harrnonic distortion. Using two control circuits with a conmon input will avoid this.

V o l t a g c  9 o n t r o l  l c 4  Q u e d r a t u  r c  O s c l l l a t o r

l G  i v e s *  t a l
ed  jus tm.n t
or  use  100K
I  i x c d l

t
I

I

I
I
I
I
I
I

I
I
I

t_
Slnc lw^ t l

Coelwot l

Rt=100/L

RECF-l \ / [ r  Ai :Fi  l ]  5197?



THeG r Lsenr l lulr I  PL I ER I ru ElrctRot ' t tc lv lustc :
-by  Dave Rossun,  Ep Sys tems,  3046 Scot t  B lvd . ,  Santa  C lara ,  CA 95050

Most  ELECTRON0TES readens  a re  fam i l i a r  w i th  the  RCA CA3080  and  i t s
uses  as  a  ga in  con t ro l l ed  s tage  i n  f o rm ing  vo l t age  con t ro l l ed  amp l i f j e r s
and  f i l t e r s .  The  CA30B0  has  i t s  p rob lems ,  as  many  readers  have  no  doub t
d i scove red .  Some o f  t hese  come f rom p rocess  va r ia t i ons ,  mos t l y  due  to  the
fac t  t ha t  t he  PNP t r ans ' i s t o r s  used  i n  t he  pos i t i ve  ra i l  cu r ren t  m ' i r r o r s
have  be tas  o f  a round  

. | 0 ,  
wh i ch , ' , ^ l hen  t he  p rocess ing  i s  poo r ,  can  go  t o  more

l i ke  5 .  Bu t  even  a t  t he ' i r  bes t , 3080 ' s  used  i n  VCA app l i ca l , i ons  a re  no i sy
and  cause  s i gn i f i can t  d i s t o r t i c i n .

The  30BC t ype  mu l t j p l i e r ,  v rhe the r  d i sc re te  ( see  ENS-73  des ign  f o r  VCA
by  Dave  Rossum)  o r  i n t eg ra ted ,  uses  a  d i f f e ren t i a l  i npu t  s t age  such  as  t ha t
shown  i n  f i gu re  1 .  l ' he  two  ou tpu t  cu r ren t s ,  I i  and  12  a re  t hen  sub t rac ted
and  conve r ted  t o  a  vo l t age ,  e i t he r  by  t he  cu r ren t  m i r r o r  a r range rnen t  i n  t he
3080  ch ip  o r  by  a  d i f f e ren t j a l  amp l i f i e r  j n  t he  d i sc re te  des ign .  The  resu l t i ng
_q lqg lq t_Es ]_  t rans fe r  equa t j on  fo r  t he  c i r cu i t  i s  t hen :

Vo  =  R  t .  1  . r ( v+  
-  v - )  

; l  /  [  e r ( v+  
-  v - )+ t ]  r  =  q / t tT

Thus  we  see  t ha t  t he  c " i r cu ' i t  i s  by  no  means  I  i nea r ,  and  t o  avo id  g ross  d i s t o r t i on
the  i npu t  vo l t agc  t o  t he  t r ans i s to r  bases  o f  t he  i npu t  s t age  mus t  be  kep t  sma11 .
l ^ l e  have  t yp ' i ca l  l y  been  us ing  t he  a t t enua t i on  o f  l 00K  t o  220  ohms  ' i n t o  t he  s tage ;
a t  l 0V  p /p  t l r i s  c l i ves  a  d i s t o r t i on  o f  l . 3 i ( , .  I f  we  assume  l 0  m jc rovo l t s  o f  no ' i se
a t  t he  t r a r r s j s t o r  base ,  t h i s  q ' i ves  a l so  a  wo rs t  case  s i gna l  t o  no i se  ra t j o  o f
66  dB ,  f o r  t he  same  lOV  p /p  s i gna l .

Obv ious i y ,  i f  r r e  cou ld  imp rove  t he  t heo re t i ca l  t r ans fe r  cha rac te r i s t i c  t o
a  more  I  i r r ea l ^  f o rm ,  r ve  cou ld  imp rove  t he  d  j s t o r t  j on .  I f  i n s tead  we  chose  t o
i nc re : se  nu r  s i gna l  l eve l  t o  t l ' : e  t r ans i s to r  bases ,  we  cou ld  use  t he  imp roved
C is t c r t j c l r  1 - c  j n : t cad ' l o ' , r e r  t he  no i sc .  f n ' t una te l y ,  a  c j r cu i t  l ; j i h  such  an
improvcd  t r ans fe r  cha rac te l ' i s t i c  ex  j s t s  -  i t  i s  ca l  l ed  a  G ' i l be r t  r nu l  t  j p l  i e r .

The  G j l be r t  mu l t i p l i e r  de r i ves  i t s  imp roved  pe r f o rmance  by  p re -d i s t o r t i ng
the  i npu t  s i . qna l  t o  ou r  a l r eady  shown  ga in  con t ro l  s t age .  Th i s  i s  c j one  by  add ' i ng
a  pa i r  o f  ma tched  d i odes  i n  f r on t  o f  t he  t r ans i s to r s ,  and  mak ing  t he  i npu t  a
d i f f e ren t j a l  cu r ren t ,  as  shov rn  i n  f i gu re  2 .  The  t r ans fe r  equa t i on  i s  now :

vo = R r .  [  ( t *  /  i - )  -  1)  /  [  ( r *  /  r )+ t ]

Note  t ha t  i r  t he  d i odes  a re  on  a  common  subs t ra te  w ' i t h  t he  d i f f e ren t i a l  pa i r ,
t he  t empera tu re  dependcnce  o f  t he  ga in  d i sappea rs !
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FIGURE 2  -  PRE-DISTORTION



Th is  new equa t ion  looks  a  lo t  more  l j near .  In  fac t ,  us ing  the  fu l l  c i r cu i t
o f  f i gu re  3 ,  we  f  i nd  i t  i s  I  i near ,  ' i dea l= ly  I  i near .  The  f ina l  equa t ' i on ,  i gnor ing
the  v i r ia t ion  in  Vbe  o f  the  inpu t  tFans is to rs  (wh ich  rea ' l l y  i s  p re t t y  sma l l )  i s :

ve=RI. (v+-u ' ) / I 'R '

In  fac t  the  Vgg var ia t jon  in t roduces  a
fo r  a  10Vp/p  s igna l .  Bu t  look  what  we  can  do
t rans js to r  bases .  The  f j r s t  i npu t  s tage  has
l0  m ic rovo l t  no ' i sy  t rans js to rs  S /N j s  . |20  

dB.
can  a lso  have  la rge  s igna ls ,  l i ke  200  mV,  fo r

ve ry  sma l l  d i s to r t ion ,  abou t  0 .2%
to  the  s igna ls  a t  the  va r ious

the  fu l l  l 0V  p /p  ac ross  i t ;  w i th
The  second  pa i r ,  ou r  o ld  f r i ends ,

another  20  dB or  86  dB S/N.  Much
bet te r .

B IAS
VOLTAGE

l lrl
Y

i

What  have  we Da jd  fo r  a l ' l  t h i s  improvement?  Obv ious ly  more  par ts ,  ' i nc lud ing

some matched  pa i rs .  A lso  the  inpu ts  to  the  amp l i f i e r  a re  no  longer  summing  nodes ;
they  requ i re  fu l l  l eve l  s igna ls  and  any  summing  mus t  be  done  by  ex ' te rna l  op -amps .
The-con t ro l  j npu t  to  the  inpu t  pa i r  no  longer  f l oa ts  a round  rv i th  common mode,  bu t
s tays  pu t  and  can  be  eas j l y  supp l ied  w i th  cu r ren t  w i thou t  ano ther  cu r ren t  m i r ro r .

The  add j t j ona l  pa r ts  v rou ld  be  a  p rob lem fo r  us  l i t t l e  fo l k ,  bu t  on  an  IC  they
are  no  p rob lem;  matched  t rans is to rs  a re  cheap  and  sma l ' i  on  ch ips .  A  dua l  2  quadran t
(yes  V i rg in ia ,4  quadran t  G i lbe r ts  have  been  used  fo r  yea fs ' i n  the  

. |495)  
mu l t ip l i e r

i -n ip  nas  been-deve loped  by  Ron Dow o f  Exar  and  i s  ava j iab le  fo r  sa le  (see  be low) .
I t ' s  k ind  o f  a  nea t  ch ip ,  as  i t  no t  on ly  has  two  independent  G i lbe r t  VCA 's  on  i t '
bu t  the  ex t ra  p ins  a re  bonnected  to  some matched par ts  tha t  can  be  used fo r
exponen t ia l  genera to rs  fo r  con t ro l l i ng  the  channe ls ,  ve ry  use fu l  i n  VCF des igns .'  

F igure  { -shows a  bas ic  b lock  d " iag ram o f  the  ch jp ;  the  quo ted  specs  a re  in  tab le
l .  Bad  nevrs :  the  ch ip  i s  des igned  w i th  24  vo l t  b reakdown,  and  use  f rom t l5  vo l t
supp l ies  i sn ' t  recommended.  Hor iever ,  I ' ve  spec  checked  8  ch ips  a t  the  h igher  supp ly
vo l tage  and  a ' l l  worked  f ine  w i th  no  no t i cab le  leakage .  Ta lk jng  th i s  over  w i th  Ron ,
we de i ided  tha t  the  th ings  "shou ld "  work  0K a t  t l 5V  fo r  mos t  app l i ca t ' i ons ,  as  no
NPN co l lec to r  in  the  dev ice  exceeds  23V ' in  such  opera t ' i on  and  the  spec  i s  24V min .
So use them,  bu t  beware .

F igure  5  shows a  l i near  VCA,  an  exponen t ia ' l 1y  con t ro l led  VCA and  a  VCF,  us ing
more  o r  less  t rad ' i t j ona l  techn iques .  No te  fo r  the  b iquad  VCF shown,  some l im i t ing
d iodes  mus t  be  added  as  the  inpu t  s tage  to  the  G j lbe r t  mu l t ' i p ' l i e r  i s  sub jec t  to
la tch -up  i f  overd r i ven .  Th is  d iodes  won ' t  tu rn  on  in  norma l  opera t ion .

F IGURE 3  -  GILBERT MULTIPLIER
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I  checked ,  as  ment joned  above ,  a  g roup  o f  these  IC 's  and  found  a  few specs  tha t
ouqh t  to  be  repor ted .  The  no jse  was  inc red ib iy  1ow,  be t te r  than  B0  dB down (v i r tua l l y
inaud ' ib le ) .  The  con t ro l  re jec t ion  va r ied  a  lo t ,  bu t  averaged  abou t  40  mV fo r  a  sweep
f rom 0  to  un ' i t y  oa in  (abou t  50  dB) .  The  con t ro l  re iec t ' i on  jn  f i l t e r  c i r cu i t s  v ras
worse ,  averag ing  abou t  500  mV (26  dB)  fo r  a  l3  oc tave  sv reep .  -0ne  par t . i  go t  was  no t
to ta l i y  tunc l io ia l ;  I  canno t  vouch  fo r  the  tes t ing  on  par ts  fo r  sa le  (m ine  were
un tes ted  ) .

I f  you  a re  in te res ted  in  p r r rchas ' ing  these ,  the  IC  i s  ca l led  the  SSM 2000 ,
ava i lab le  th rough  So l  i d  S ta te  l t l us  j c  ,  2102A Wal  sh  Ave . ,  San ta  C la ra ,  CA 95050 .  I
don ' t  have  f j rm p r i ces ,  bu t  v las  to ' l d  par ts  v r i l l  be  abou t  $6  in  ones ,  d ropp ' ing  in
any  quant i t y .  Bes t  th ing  to  c lo  i s  y r r i te  fo r  a  spec  sheet  and ap  no tes ,  and ask
abou t  p r i ces .

ENi l67 (s)
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