
voltage on C2 is always lower than the 
value of the rising input signal due to 
D1’s voltage drop. When the input drops 
faster than C2 can discharge through R5, 
the output level of the device changes to 
a low level because the voltage on C2 is 
higher than the value of the falling input 
signal. If the input signal falls more slowly 
than the discharge of C2 through resistor 
R5, the output remains high. Schottky 
diode D1 prevents the discharge of C2
through the input. R2 and D2 clamp the 
amplifier’s output to positive values. Feed 
the clamped signal to Schmitt-trigger 
logic gate IC2 to give a logic-level output 
with fast transitions (Figure 2).EDN

↘ The exposure tester in this 
Design Idea measures the on time 

of a light source, whether an LED, an 
incandescent lamp, a halogen lamp, or 
another source. It can be made with an 
ordinary stopwatch and a few simple 
components (figures 1 and 2). An elec-
tronic stopwatch needs two pulses to 
operate; one starts the internal counter, 
and another one stops it. A light source 
provides only one pulse, corresponding 

to the time the light is illuminated. This 
circuit generates a short trigger pulse 
whenever the luminous intensity 
changes. 

When the photodiode is not illu-
minated, capacitor C1 charges to 1.5V 
(Figure 3). The charge initially comes 
through the base-emitter junction of Q1
with a time constant that R1×C1 sets. 
Once C1 charges to 1.5V minus the base-
to-emitter voltage, R3 tops off the charge 

on C1 until it reaches 1.5V. Because R3
and R1 are in series during this time, this 
topping off occurs with a slower time 
constant that (R1+R3)×C1 sets.

When the photodiode is illuminated, 
photocurrent flows through R1, raising 
its voltage to more than 0V, which drives 
the right side of C1 above the 1.5V rail. 
The base of Q1 is reverse-biased and has 
no effect. However, Q2’s emitter is now 
forward-biased because R4 holds the base 
near 1.5V. As Q2 turns on, the charge in 
C1 dissipates across R2, raising its voltage 
and creating a positive pulse. You con-
vey this pulse to the stopwatch through 
R5, which is necessary in the case of 
extreme illumination of the photo- 

Hack into a stopwatch 
to make a phototimer
Ralf Kelz, Seefeld, Germany

OUTPUT SIGNAL

THRESHOLD OF 
SENSIBILITY

INPUT SIGNAL

Figure 2 The circuit recognizes a pulse when it falls; noise is exaggerated for clarity.

Figure 1 You build the circuit on a small prototype board 
that connects to the CG-501 stopwatch.

Figure 2 You can solder in pigtails to bring power, ground, and the 
trigger circuit to the prototype.
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diode. It limits the current into the 
stopwatch circuitry so that a large pulse 
cannot latch or overpower the internal 
stopwatch circuitry. The photocurrent 
creates a difference between 1.5V and 
the voltage of R1; this difference causes 
C1, under illumination, to enter a final 
voltage.

When the photodiode is not illumi-
nated, no photocurrent goes through R1, 
so C1 can charge back up as its left side 
goes to ground and its right side goes first 
to a base-emitter drop below 1.5V and 
subsequently all the way to 1.5V. Because 
the initial charge conducts through the 
base-emitter junction of Q1, that tran-
sistor again turns on, delivering a pulse 
across R2 and halting the stopwatch.

Your selection of the value of 
C1 depends on the exposure time 
to be measured and on the photo- 

diode used. The response rate of this 
circuit is approximately 500 msec. This 
example uses an Everlight PD333-3C/

HO/L2 photodiode with a large spectral 
bandwidth, but any other photodiode or 
even a photoresistor will also work.EDN 

↘ It is common practice to power a 
MOSFET with a comparator and 

with an unregulated voltage and to 
power the comparator driving it from a 
regulated one (Figure 1). Many loads are 
insensitive to driving voltage, so it would 
be a waste of money and power to use a 
regulated supply to drive the FET. It is 
also common practice to add resistors R1
and R2 to the comparator to put hyster-
esis in the operation, making the circuit 
less susceptible to noise, especially with 
slowly changing signals.

This circuit’s comparator changes 
with changes in the unregulated power 
supply. You can correct this problem 
by adding diode D2 and resistor R5 to 
the circuit (Figure 2). This approach 
isolates the hysteresis circuit from the 
unregulated output and instead drives 
it from the same regulated supply that 
drives the comparator. When the com-
parator is on, it drives the FET just as 
the original circuit does, pulling the 
P-channel FET gate toward ground. In 
both cases, you connect zener diode D1 
to the FET gate to avoid exceeding the 
gate-to-source voltage. The improve-
ments in the circuit in Figure 2 become 

Comparator directly controls power-MOSFET gate
Peter Demchenko, Vilnius, Lithuania
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Figure 3 This simple circuit times a light source. When you illuminate the photodiode, 
Q2 creates a pulse. When you remove the illumination, Q1 creates a pulse.

Figure 2 Resistor R5 and an ORing diode isolate the hysteresis circuit from the 
power supply and keep the switching point constant no matter how the power sup-
ply changes.

Figure 1 Hysteresis components R1 and R2 tie to the unregulated supply, causing the 
comparator’s switching point to vary with the power supply.
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