used to avoid thermal problems. The
junction voltage changes by —1.9
mV/°C, but a semitone change is
equivalent to 1.5 mV, therefore a 1°C

LOG
V5INK

change could result in a 1.27 -
semitone change in pitch! Figure 9
shows two temperature effects in
operation; there is a large shift and
the slope of the line changes.

Figure 10 illustrates the equa-
tions that determine the diode opera-
tion, Two facts emerge from these
equaticns. First, an 18 mV change in
Ve will double the current |, and se-
cond, this parameter has a
temperature coefficient of
-0.33%/°C. Both the temperature
problems can be resolved by using a
circult similar to that shown in Flg.
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11. Transistor Q1 is run at constant
current {12 uA) by the op-amp. Q2 is
used as the exponentiator transistor.
The emitter of Q2 is held at a voltage

Fig. 11 An sxponential current sink.
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Fig. 9 Silicon diode transfer characteristics,

WHERE

In IS THE EMITTEA SATURATION CURRENT
K 1% BOLTZMANNS CONSTANT

q 15 THE CHARGE ON AN ELECTRON

T IS THE TEMPERATLIIE 1N *K

HOWEVER, 'qu 15 X6my AT 28.68 °C {307.73 °X 45 RODOM TEMPERATURE,

THEREFQRE, le = ta o YBEA2E
WHERE Vg IS MEASURED IN mV
REARRANGING THE EQUATION, ,
3
26.1n 1951 = Vg

THEREFORE, AN DCTAVE CHANGE IN ie 15 CAUSED AY A 18.021827mV CHANGE IN Vg
| AT 2058 €|, HOWEVER, |F THE TEMPERATURE WERE +1 *C HIGHER, THEN Vpg
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BY 18.00166mY, AN INCREASE OF 0.059723mV. THi§ CAN 8E EXPRESSED AS A
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Fig. 10 Exponentlal

translistor characteristics.

of about —0V6. Any voltage change
at the base of Q2 will result in an ex-
ponential change in the collactor cur-
rent of Q2. Q1 and Q2 are in thermal
contact and so any temperature
change will affect both equally. Thus
the —1.9 mV/°C factor is cancelled
out by Q1 acting as a compensating
thermometer for Q2. The slope
change is removed by using a
temperature sensitive resistance
(Q81 — Tel Labs) which has an equal
but opposite tamperature coefficient
to the diode junction. This resistor is
often in thermal contact with the mat-
ched transistors. If this circult is con-
nected to a linear current controlled
oscillator, a musical VGO is produc-
ed.

VCO Circuits

Figure 12 is the circuit for an ex-
ponential VCO using an exponential
current source. The oscillator is a
standard triangie-square wave
device. 1C2 is a current-controlled in-
tegrator; the slow rate at its output is
equal to 1,5/C. This voltage is buf-
fared by 1C3 which drives a Schmitt
trigger iC4. The output of IC2 ramps
up and down between the two
hysteresis levels which are determin-
ed by the two clamping diodes con-
nected to the output of IC4. Any stray
capacitance on the output of 1C4 will
slow down the Schmitt trigger and
this will make the VGO go flat at high
frequencies. Also the propagation
time delay around the osciltator will
cause a flattening out to the
response at high frequencies. These
effects can be nulled out but they
may not even affect things if the VCO
frequency is kept relatively low.

A good VCO Is shown in Fig. 13.
it is a monolithic device with triangle,
sawtooth and pulse outputs, and has
a Sync input for slaving it to another
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oscillator. Originally it appeared as
the heart of the ET| Synthesiser 1 pro-
ject, August 1982, (Back issues are
available; see the contents page for
ordering information.)

LFO Clrcuits

A couple of LFO units are shown in
Fig. 14. All four cutput waveforms can
be usefully employed to sweep VCOs
and VCFs. Often the waveforms are
mixed together to produce strange
frequency modulations. When the
sawtooth is fed Into one side of aring
modulator and noise into the other, a
beat track can be generated; it
sounds a bit like a cymbal being hit,

Nolse Generators

In ‘the old days' noise sources were
made by amplifying the noise current
of a diode junction that was zenering.

Fig. 12 An exponential VCO,

These were a bit unreliable, and
always involved selecting the device.
However, noise can be generated
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Fig. 13 A VCO using a monolithic device,
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