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Fig. 3. Reverse-biased phototransistor junction (A) when struck with light
jfrom LED generates electron/hole pairs (B} to cause a photocurrent to flow
through the phototransistor.

combine, photon energy is released.
In the typical optoisolator, this ener-
gy is at near-infrared wavelength.

The phototransistor inside the typ-
ical optoisolator is sensitive to the in-
frared energy generated by the on-
board LED. When photons strike
the reverse-biased collector-to-base
junction of the phototransistor, as in
Fig. 3(A), electron/hole pairs are
generated. Asillustrated in Fig. 3(B),
these electrons and holes are swept
away by the electric field generated
by the reverse-bias voltage. The re-
sult is a ‘‘photocurrent’’ flow that is
proportional to the amount of IR en-
ergy striking the junction. The base
current in the transistor created by
this photocurrent is amplified by the
transistor’s current gain.

It is at this point in the process that
the problem with low-cost general-

purpose optoisolators lies. Increas-
ing the phototransistor’s junction al-
so increases the sensitivity of the de-
tector simply by making it possible
for the detector to collect more pho-
tons. However, the larger junction
also increases the transistor’s inher-
ent capacitance and storage time,
which greatly slows switching speed.

A good way to think of this speed-
robbing capacitance effect is by re-
viewing the charging and discharging
formulas for the capacitor in a sim-
ple RC circuit. The formula for
charging a capacitor is:

V = V(1 — e-t/RO),
where V is the transistor’s collector
voltage; V.« is supply voltage; R
is a resistance whose value is set by
the amount of light striking the tran-
sistor’s collector-base junction; and
C is the reverse-biased phototran-
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sistor’s junction capacitance. Ac-
cording to the data sheet for the
4N35 optoisolator, collector-to-base
junction capacitance is about 100
picofarads.

The formula for discharging a
capacitor is:

V = V. X e~ URC

In this formula, the terms are de-
termined by the same factors that ap-
ply in the charging formula, except
that R is now set by the phototransis-
tor’s base input resistance. Base in-
put resistance for the Fig. 4(B) circuit
is the value of the collector resistor
multiplied by the transistor’s current
gain (typically about 100).

For this discussion, the ‘‘on”’
switching time is defined as the dif-
ference in time between the point at
which the V;, input signal switches
high and that at which the Vg, out-
put reaches 90 percent of the supply
voltage (see Fig. 5).

The “‘off’’ switching time is de-
fined as the time between the points
at which the V;, input signal goes low
and the V, output reaches 10 per-
cent of the supply voltage.

Solving the Problem

To demonstrate how a typical low-
cost optoisolator performs, let us
conduct an experiment using the
commonly available 4N35 device.
Assuming the circuit for this experi-
ment is as shown in Fig. 6(A), a
10-kHz signal is applied at V;, and
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Fig. 4. Physical (A) and schematic (B) capacitance speed-
robbing effects of increased junction area.
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Fig. 5. Graphic illustration of turn-on (t,,) and turn-off
(o5 times of a typical low-cost optoisolator.
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Fig. 9. Adding 100-ohm resistor and 0.01-microfarad ca-
pacitor to optoisolator’s LED circuit (A) restores photo-

transistor’s sensitivity that was lost with previous fix, as il-

lustrated by the response curves in (B).

crofarad capacitor and 100-ohm re-
sistor. With these values, blast time
is 0.01 microfarad x 100 ohms = 1
microsecond. Care must be exercised
to avoid exceeding the surge rating of
the internal LED when using current
blasting.

This change helped to restore the
short turn-on time of the Fig. 8(A)
circuit, as illustrated in Fig. 9(B).

Turn-on time has now been reduced
to 0.8 microsecond, while turn-off
time is unaffected by this change.

Final Configuration

In optimizing the design of a fast-
switching circuit built around a low-
cost optoisolator, we come to the cir-
cuit shown in Fig. 10(A). In this cir-
cuit, a IN5818 Schottky diode is

shown connected across the termi-
nals of the base and collector of the
phototransistor inside the 4N35.
This diode prevents the collector-
base capacitance of the phototransis-
tor from slowing down the device by
limiting its charge and discharge
range. The inherent capacitor can
now charge only in the range from
0.7 to 0.5 volt.

(Continued on page 90)
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Fig. 10. Schottky diode between 4N35°s collector and base
(A) prevents collector-base capacitance from slowing
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down internal phototransistor, greatly improving turn-on
and turn-off times (B) over those of unassisted circuit.
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