
SoUdSlcile
SSM
2033

VOLTAGE CONTROLLED OSCILLATOR-
DESCRIPTION

The SSM 2033 is  a  p rec is ion  vo l tage cont ro l led  osc i l la to r  des igned spec i f i ca l l y  fo r  tone genera t ion  in  e lec t ron ic  mus ic .  l t  has  saw-
too th ,  t r iang le ,  and var iab le  w id th  pu lse  ou tpu ts .  S imu l taneous exponent ia l  and propor t iona l  l inear  sweep inputs  can cont ro l
opera t ing  f requency  over  a  500,000- to -1  range.  On-ch ip  low input  b ias  summer  and cont ro l  op  amps have been prov ided.  The pu lse

compar i to r ,  wh ich  has  bu i l t - in  hys teres is  fo r  c lean swi tch ing ,  can  cont ro l  pu lse  w id th  du ty  cyc le  f rom 0  to  100%.  Hard  and so f t
sync  inputs  make poss ib le  a  r i ch  var ie ty  o f  modu la t ion  and harmon ic  lock ing  e f fec ts .  ln  add i t ion ,  the  opera t ing  tempera ture  o f  the
ch ip  i s  regu la ted  mak ing  ex terna l  tempera ture  compensat ion  unnecessary .  On ly  one t r im (vo l ts /oc tave)  i s  requ i red  fo r  normal

opera t ion .

FEATURES

Mlcro
Technologry
lor Music

Ful l  on-ch ip  tempera ture  compensat ion .
500,000-to-1 sweep range.
S imul taneous sawtooth ,  t r iang le ,  and var iab le
wid th  pu lse  ou tpu ts .
S imul taneous exponent ia l  and propor t iona l  l inear
sweep inputs.
On-ch ip  summer  and cont ro l  op  amps.
Excel lent exponent ial  conformity.

Al l  outputs are short  c ircui t  protected.
Hard and soft  sync inputs.
Pu lse  du ty  cyc le  vo l tage cont ro l lab le  f rom 0  to
100%
Pulse compari tor has bui l t - in hysteresis.
100 nsec sawtooth discharge t ' 'ne.
On ly  vo l ts /oc tave  t r im requ i red  fo r  normal
opera t ion .
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SPECIF ICATIONS*

25"C
*V  =  *15V .  -V  =  INTERNAL REFERENCE

OPERATING TEMPERATURE

-10"C to +55oC

STORAGE TEMPERATURE

-55oC to +125"C

PARAMETER M I N TYP MAX UNITS CONDITIONS

Posi t ive Supply Current

Max Heater Current

Positive Supply Voltage Range

Negat ive Supply Vol tage R.ng"(1)

8.0

30.0

9.0

4 .5

r0 .5
37

1 5
- 1 5

13.3

45

18
- 1 8

mA

mA

V

V

Sweep Range

In tegra tor  Input  B ias  Cur ren t

Control Circuit  Offset

Max Opera t ing  Frequency

Max Charg ing  Cur ren t

Exponent ia l  Sca le  Er ror

250K:1

-5.0

27

270

1 M : 1

0.3

0

33

330

0.05

1

+5

44

440

o.2

nA

mV

kHz

sA
%

C = 1000 pf

-90 mV < V^ < +90 m!

Sawtooth Peak Level

Sawtooth Discharge Level

Sawtooth Discharge Time

Sawtooth Output Short Circuit  Current

9 .75

5.6

10.0

200

100

7.5

10.25

350

9.4

V

mV

nsec

mA

Triangle Peak Level

Tr iang le  Trough Leve l

Tr iang le  Output  Shor t  C i rcu i t  Cur ren t

4.75
-250

I

5.0

0

1 1

5.25
+250

1 4

V

mV

mA V p i n  3 :  G N D

Pulse  Upper  Leve l

Pulse Lower Level

Pu lse  Fa l l  T ime

Pulse  R ise  T ime

Pulse  Modu la t ion  Input  B ias  Cur ren t

5 .8
-100

0 .75

6.5

0
1

3

2.O

7.2
+100

6.0

V

mV

pseC

psec

pA

P i n  8  h a s  1 5 K  t o  G N D

@ 50HZ

V p i n T ) V p i n 1 2

Cont ro l  and Summer  Op Amps
Input Offset Voltage

lnput Offset Voltage Drif t

Input  B ias  Cur ren t

lnput  B ias  Cur ren t  Dr i f t
Frequency Drif t  With Temperature

Basic Loop
With Exoonential Converter(z)

-5

-20
-r00

o.2
40
50

+5

250

+20
+100

mV
pVlC"

nA
pA/Co

ppm/Co
ppm/C"

o"c < TA< 45oc

odc < To< 4s"c
V" = GND
V" = i26 mV

Not6:  (1)Ser ies current  l imi |ng resistor  required tor  negat ive suppl ies greater  than -6V

(2) Unco*pensated drift under the same conditions is 33OO ppm/C' @ 25'C.

'Final specifications may be subiect to change.

The schematic above show the typical connection of the SSM 2033 as an electronic music VCO. The control circuit section is
redrawn for easy reference (figure 1). Any number of input voltages can be summed by amplif ier A1 which drives the exponential
input attenuator to pin 16. Amplif ier A, forces the current in Q1 to be equal to the sum of the reference current, established by
Rr, and the l inear FM voltage. The current in the output transistor 02 is:

KTE  = 3 1 . 1  m V @ 8 5 " C
q

Propagataon delay and discharge time can cause a deviation f rom true exponentiality al lrequencies above 5kHz. To correct for this
effect, transistor Q3 provides feedback to the exponentialcontrol input. At low f requencies (currents), Q3 wil l have a negligible effect on
the voltage at the base of Q.'. At high f requencies (currents), Q3 wil l correct for the tendency of the oscil lator to track flat. Since 5kHz
is about the upper l imit for most musical applications, pin 1 7 can be grounded and R3 and R4 replaced with a 1 K 1% resistor. For accu -
rate operation above 5kHz, R3 Ro are chosen to give a true last octave.

-V^qi  kT
l o = ( V + / R l + V L / R 2 ) e  E '
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F IGURE T  _  CONTROL C IRCUIT

The SSM 2033 has an on-chip temperature sensor and heater which regulates the chip temperature to 85'C. The kT/q term in the

exponent of the equation above is now a f ixed value independent of ambient temperature. Operating temperature is reached

30 to 40 seconds after device power-up. Current drawn by the heater wi l l  decrease as ambient temperature r ises. The temperature

stabi l izat ion also insures that errors caused by offset dri f t  with temperature in the summer and control op amps wil l  be extremely

small .  (SEE NOTE LAST PAGE.)



T h e  o u t t l u t  c u r r e n t  o i  t h e  c o n t r o l  c i r c u i t  i s  f e d  t o  a n  i n t e g r a t i n g  a m p l i f  r e r  w h r c h  c r e a t e s  t h e  s a w t o o t h  w a v e f o r m .  T h e  i n s t a n t a n e o u s

sawtooth output is compared to a reference voltage that is two-thirds of the posit ive supply. Sawtooth discharge is accomplished

by a capacitorless one-shot which del ivers a pulse to the discharge transistor when tr iggered by comparator C1.

The tr iangle converter and pulse width comparator shape the sawtooth to provide the other two waveform outputs. The 27K

resistor between the posit ive supply and the soft sync pin centers the sawtooth for proper tr iangle conversion. Comparator C2

compares the pulse width modulat ion input voltage to the instantaneous sawtooth output to create a pulse that can have a duty

cycle between 0 and 100%. The control range on the PWM input is between 0 and 10 V. C2 has about 180 mV of bui l t ' in hysteresis

to give fast clean transist ions on both the r ising and fal l ing edges of the output.

The hard and soft sync features provide addit ional means for t imbre modulat ion and addit ive synthesis. The hard sync input senses

a fal l ing edge. such as another 2033's sawtooth discharge, and forces an immediate discharge of the synced 2033. The result ing

waveform has a complex harmonic structure whose pitch is that of the incoming osci l lator (f igure 2). The soft sync input also

accepts  a  fa l l ing  edge bu t  i t  w i l l  fo rce  d ischarge on ly  i f  the  synced 2033 is  w i th in  240Kl (R3 +2.4K1 %of  d ischarge.  Th isenab les

one to phase-lock two osci l lators to freguencies that are exact small  integer rat ios of one another (f igure 3). By mixing the wave-

forms of the two osci l lators, complex addit ive synthesis can be performed.

NOTE: The t ime required f or the 2033 (s) lo become temperature stabi l ized af ler system lurn on can be el iminated by wir ing the powef supply so lhat the
osci l lators operale as long as the system i i  pugged in. This is similar to the " instant on" feature in tube T.V. sets.
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@ tso soLrD srATE MrcRo rEcHNoLocy.  ALL RTGHTS RESERvED.
Solid State Micro Technology cannot assume responsibility for use ol any circuitry dercribed oth€r than the circuitry entirely embodied in an SSMT
product .  No other c i rcui t  l icenses are impl ied.  Sol id Stare Micro Technology reserves thc r ight .  at  any t ima wi thout  not ice,  to change said c i rcui t ry.


