
Solid State Music s$M zffi4ffi
VOLTAGE COTTROLLED FITTER CIRCUIT
DESCRIPTION

The SSM 2O40 is a four section f i l ter whose cutoff freqr-rency
can be  exponent ia l l y  vo l tage cont ro l led  over  a  10000 to  1
range.  Th is  f lex ib le  bu i l c l ing .b lock  can be  used i r i  v i r tua l l y  any
ac t ive  f i l te r  des ign  inc lud ing  lourpass ,  h ighpass .  bandpass  and
notch. Rolloff  characterist ics r:an be selected to be Butter.
worth, Bessel, Chevyshev. Cauer or anr,,  other f  i l ter tyJre.

App l ica t ions  inc lude t rack ing  f i l te rs ,  n rgans ,  rn r rs ic  s r , rn the-
sizers, music phase shif  ters anrl  sr:rund ef{ects qencrat!on.

FEATI. 'RES
t r  + / -  15V Supp l ies
f, Evponential Frequency Control Respotrse
r 4 Fi l ter Sections in One Package
s Low Noise
*i Low Distort ion
w Gualanteed Oontrol Rejection Characterist ics

' t0,Ofl f) : ' !  range

APPLICATIONIS

Vol taqe Cont ro l led  F i l te ls :

Lowpass Biquarl

Bandpass  Sta teVar iab le
Hiqhpass  Sa l len  & Key
Al lna .s  Car rer

Notch

Parametric Eqr.ral izers

Mus ic  Synthes izers

Music Plrase Shi9ters

Track ing  F  i l i e rs
l-ow l) istort ion Sinp \/C0's
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Figure 2" HiEhpnss Real PoleFigure 1. Lowpass Fleal Pole
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Figure 3. Allpass (Phase-shift)



ssM! 204f,f
SPECf FICATIONS: Vg = +l-15V, TA = 25"C

Spec i f i ca t ion Condi t ions M i n Tvp Max u n i t

Func t i ona l  Ranqe '10,000: 1
I  nput  Offset ,  each cel l 5

A Input  Offset ,  4 cel ls  in ser ies Vcn t l -  O  mV,  - 9O  mV
Vcn t l =  O  mV.  r ' 90  mV

o.6
n 6 3

mV
mV

Tra nsco nductance Vcn t l =  0 1 / 1 0 K 1 / 5 K |  / 3 K mhos
Equ i v .  I nou t  No i se .  each  ce l 2O Hz-2O KHz. Vcnt l .=-90 rnV u . c uV  RMS
Dis to r i l on  (THD) ,  E in -30  m \ /pp r l KHz .  Vcn t l = -90  mV o-1 oa

emrlco of  Transconductance Vcn t l =  O +0.5 o/of C

Control  Sensi t iv i l 1 8 m\/ /oc t
'empco 

of  Control  Sensi t iv i ty o.33
Power Supply Currenl Vcn t l -  0 1 m A
Buf {er  S lew Rate V/use. :

DES|Gt \ r  u i i {TS:

1 .  T h e  r i i r i ( ) u t  p r n s  ( O U T 1 - O U T 4 )  a r e  o n l y  c a p a b l e  o f  s w i n g -

ing  + , / - '  1V,  and s ink ing  500pA DC.  Hence a  10K feedback

res ic t { ) r  ,&  load w i l l  g i r re  good per fo rmance.

2 .  Cont ro l  i r ipu t  sens i t i v i l y  tempco is  cance l led  bes t  by  a
f3300 ppm res is to r  (Te l  Labs  Q81 or  equ iv . )  as  shov , /n  in

F igure  9 .

3 .  Cva lues  shc lu ld  be  kept  3$sve 1000 o t :  to  insure  s tab i l i t y  a t

a l l  con t ro l  se t t ings .

4 .  The 200 ohm a t tenuat ing  res is to r  i s  chosen fo r  op t ima l
cont ro l  re iec t ion .  Other  va lues  can l )e  usc( l  w i th  some

degraCat ion  o f  th is  parameter .

5. The c,t , tputs are i lot :rh.) i t-r ;rrcuit  protcctr:d. Carrr should be

taken t " i  avo id  shc i - t in0  any  OUT,  CAP or  lN  l r in  to  u i ther

s u p p l y .

ABSOLUTE MAXI IT / IUT/ I  RATI  NGS:

A n y  F i n  t o  V

C u r r q n i  a t  a n V  p l r !

i ) p r r . r l : r t r ;  T e r n ; l e r  a t r t r  c

s io rar le  Tennpera ture
P o w e r  D i s s i p a t i o n

36V
20rnA

5 5  1 2 5  C
t i25 mW

o d 8

- 1 0  d B

-20  dB

-30  dB

-40 dB

-50 dB

0 mV 4O mV BO r ' \ r

f H D  v s .  I N P U T  S l c N A t "  t _ E V E L

1l2uu oa (rb 2-b 4- t

C A U E R  F l I - T E R  R E S P O N S E  a l ) ' = z u l a

A P P L I C A T I O N S  F I G U R E S :

.  =  R 5  ( 2 R 1 + R 2 ) / / r B 1 ( R 4 + R 5 )  ) ;  R 4  p a r a l l e l  R 5 - R 1  p a r a l l e l  R 2 l 2

F i l r e r  Type F is . G a i n  ( K ) ( t ) n  d ' l l 0 XFER char.  (g=i{ t t / r r )s l

l -c 'xpass --  Feal  Pole

Highpass -  Real  Pole

A l l pass
Sal len & Key Lowpass

Sal ler"r  & Key Highpass

Sal len & Key Eandpass
Sra re  va r i ab le  LP

S ta te  Va r i ab le  BP
State Var iable HP

Caue r  {E l l i p t i ca l )

1

4
5

7
7
7
8

-R2 tR1

1
I
R2 /n1
1
- R 2 l R 1
--ts2/R j

R2lfr 1
-R2/n1
R2IR1

200G/R2C 2
200G/F|C 2
200G/RC ?.
200G/R2C 2- tR4 lR3)
200G/Rlc  2 . (R3/R2 l
200G/R2C 2.1R2/R3l
200G/R3C
200G/R3C
200G/R3C
o:a=2OOG/C1R2
u6-2OOGlC2R2

-K/{S-} ' l  )
S/(S+' l  )
, r _ , ' 1 7 1 5 + 1 )
K / ( S ,  + d S . | 1 )

s '1 / (s '? +ds+' t  )
_KS / (S ,  +dS+1 )  , ,
-  K/(S'? +dS+ I  )
KS/(S'? +dS.1 )
-KS'? / (S'? { -dS+1)

K (Sb '?  + t  ) / (  (Sa+1 ) ' ?  (Sb+1 ) ' ? )
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ssM 204{l

Figure 4. Sallen & Key Lowpass

Fig,rt. U. Sallen & K.ey Highpass
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Figure 6. Sallen {t Key Bandpass
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Figure 7. State Variable Fil ler

Figure 8. Cauer (ti l l iptical) Filter



ssM 2CI40
Figure  9  i s  a  vo l tage cont ro l led  lowpass  f i l te r  w i th  vo l tage

cont ro l led  resonance fo r  e lec t ron ic  mus ic  app l i ca t ions .  The

f requency  cont ro l  inpu t  sens i t i v i t y  i s  1  vo l t /oc tave ,  tempera-

t

j

l

r.- rh\ F.-
1 i i> =l '? 

T P l
I i) ':,,,"., I i
r  | _  l _ _ l l _  ,  r

i*{-lr - I
t

|  
, o n , ,

I

ture compensated. At
osci l la te wi th a pure
max.

h igh  resonance se t t ings  the  f i l te r  w i l l

s ine  wave.  The s igna l  leve l  i s  lC lV  p /p

I
n - i

^  r l  \

1D-, 1 >
I  lv"

i  !oor,,r
H l l -
I

+4wv? ^/w-
r u *  

i  
r o K

f ,*, ,
l

)
f  

?oo,r

I

I

* ' " .
I
I
]  

uur  r ,  ro r  c r  our
a- ,<l__ _ _- -\n/t

l 0 K

Figure  10 .  E lec t ron ic  Mus ic  Mu l t ip le  Notch  ( "Phase Sh i f te r " )  F i l te r

F igure  10  is  a  f i l te r  p rodr . rc ing  two < leep no thcs  in  the  t rans fer  response,  o iv i r rg  the  e lec t ron ic  rnus ic 'phase-sh i f te r 'e f fec t .  Us ing
addit ional cascaded sta-qes gives greater elfect.

VALUES FOR STANDARD FILTERS:

Figure 9. Electronic Music Voltage Control led Lowpass Fi l ter

Order
Butterworth

Thompson-
Butterworth

Bessel
M in

Chebyshev
l d B  |  2 r l B  i  e a n

a)o d I rro d (/ to d ( t r A d ( t )O d ( t )O d (r)O d

4

5

1.OO0
1.OO0

1.000

1.000

1.OO0

1 . 0 0 0

1.000

1 . 0 0 0

1.000

l .OOO

1.000

1 . 4 1 4

1.000

1.848

0.765

1  . 6 1 8

0 . 6 1 8

1.932

1  . 4 1 4

0 . 5 1 8

1 . 1 2 8
1 . 2 0 6

1 . 1 5 2

1  . 1 9 8

1 . 2 6 9

1 . 2 7 0

1 . 3 4 8

1.248

1 . 2 6 8

1 . 3 0 1

1.382

1 .564

1 .203

1 . 8 8 1

0.949

t . b v 5

0 .821

1 .945

1 .521

o . 7 1 1

.214

.454

.328

.436

. 6 1 0

. o t J

. 8 1 9

.557

.609

.694

. 9 1 0

1 . 7 3 2

1 . 4 4 7

1 . 9 1 6

1 . 2 4 1

1 . 1 7 5

1 . 0 9 1

1 . 9 5 9

1 . 6 3 6

o.971

0.929

0.954
o.672

o.709

0.971

o.796

0.980

o.529

o.589

0.856

o.988

1 . 2 1 6

o.744

1.534

0.463

1 . O 7 4

0.334

1.593

0.802

o.254

o.863
0.91  1

o.452

0.502

o.943

0.634

o.961

0.280

o.347

o.733

o.977

1.045

0.496

1 . 2 7 5

0.281

o . 7 1 4

o.1  80

1  . 3 1 4

o.455

0.1  25

0.852

o . 9 1 3

o.322

o.466

0.946

o.624

o.964

o.223
A  1 A 1

o.727
0.976

o.895

o.402

1.088

o.224

o.578

o.142

o.121

0.363

0.099

0.841

o.916

o.299

o.443

o.950

o.614

0.967

0 . 1 7 8

0.298

o.122

0.975

o.761

o.326

0.929

0.1  79

o.468

0 . 1 1 3

0.9s8

0.289

o.o7a2

S O L I D  S T A T E  M U S T C  C A N N O T  A S S T J M E  F ] E S P O I J S I T J I L I T Y  F O R  U S E  O I '  A N Y  C I R C U I T R Y  D E S C B T B E D  O T H E R  T H A N  T H E  C I R C U I T R Y
E N T I R E L Y  E M B O D I E D  l N  A N  S S M  P R O D U C T ' N C ,  i . ' r H E F  C I I I C U I T  L I C E N S E S  A R E  I M P L I E D .
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