
↘ You can use a photoelectric FET 
as a variable resistor or a poten-

tiometer in combination with a fixed 
resistor. The H11F3M photoelectric 
FET has an isolation voltage of 7.5 kV, 
enabling you to safely control high-
voltage circuit parameters. The non-
linear-transfer characteristics of these 
devices are problematic, however 

(Figure 1). To correct the nonlinearity, 
using a simple feedback mechanism as 
a potentiometer yields a linear response 
(Figure 2). This circuit uses two pho-
toelectric FETs: one for feedback and 
the other for applications requiring an 
isolated potentiometer. You connect 
the inputs of the two photoelectric 
FETs in series to ensure the same 

amount of current for the input LEDs.
Place 50-kΩ resistors at the FET 

outputs to mimic the response of a 
potentiometer. The circuit ampli-
fies the difference between the set 
input voltage, which you adjust using 
potentiometer R7, and the feedback 
from photoelectric FET 1. The resulting 
output controls the current in the 

Use a photoelectric-FET optocoupler
as a linear voltage-controlled potentiometer
Sajjad Haidar, University of British Columbia, Vancouver, BC
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Figure 2 This circuit feeds back the response of an identical photoelectric FET to linearize the response.
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Figure 1 The output resistance of a photoelectric FET is nonlinear 
with respect to the input-LED current.
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Figure 3 The feedback circuit greatly improves 
output linearity.
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↘ You must minimize noise when 
measuring ripple in power rails 

because the ripple’s amplitude can be 
low. Oscilloscope probes are essential 
measurement tools, but they can intro-
duce noise and errors. Ground leads, 
such as those that attach to standard 
oscilloscope probes, can add noise that’s 
not present in your circuit to an oscil-
loscope’s trace. The wire loop acts as an 
antenna that picks up stray magnetic 
fields. The larger the loop area, the 
more noise it picks up. 

To prove this theory, connect the 
oscilloscope ground lead to the probe 
tip and move it around. The oscillo-
scope will show the noise increasing and 
decreasing with the ground-lead move-
ment. You can use an oscilloscope probe 
with its ground lead and sockets to build 
a simple interconnect board (Figure 1).

Start by removing the probe’s cover, 
which reveals the probe tip. There is 
a short distance between the tip and 
the ground ring. You need one of two 
sockets: a right-angle, or horizontal, 

socket or a vertical socket, similar to 
those in Figure 1. 

Solder the center leg of the socket 
to the output of the power supply, and 
solder the other leg to the power-supply 
return. Connect a 0.1-μF surface-mount, 
stacked ceramic capacitor between the 
two sockets. This step limits the probe 
bandwidth to approximately 5 MHz, 
which further reduces high-frequen-
cy noise and lets the lower-frequency 
ripple pass through. Figure 2 shows the 
completed interconnect board; Figure 3
shows a schematic of the board. 

Insert the probe tip into the socket to 
measure ripple. You will get a ripple meas-
urement without spikes or other noise.

You should use a multilayer stacked 
ceramic capacitor because it’s better 
at decoupling high-frequency noise. 
Electrolytic, paper, and plastic-film 
capacitors comprise two sheets of metal 
foil with a sheet of dielectric separating 
the metal sheets, and these three com-
ponents form a roll. Such a structure has 
self-inductance; thus, the capacitor acts 
more like an inductor than a capacitor at 
frequencies higher than a few megahertz. 

Figure 4 shows the impedance to 
the power supply for various stacked-
ceramic-capacitor values.EDN

photoelectric-FET LEDs until the feed-
back voltage equals the input voltage. 
The output voltage follows linearly 

with the input voltage (Figure 3). You 
might think that photoelectric FETs 
bearing the same part number are iden-

tical, but small manufacturing discrep-
ancies can be present. Five H11F3M 
parts have offsets within 3%.EDN

Figure 1 A standard oscilloscope 
probe has a ground lead that can pick 
up noise. 

Figure 2 Solder wires from the power 
supply under test to an interconnect 
board reduce ground-lead length.
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Figure 4 Probe impedance varies with capacitor value.

Figure 3 A ceramic capacitor further 
reduces high-frequency noise.

Minimize noise
in power-supply measurements
John Lo Giudice, STMicroelectronics, Schaumburg, IL
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