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Light sensors find use in a host
of important applications, span-

ning from consumer electronics, such
as ambient-light measurements and ex-
posure control for cameras, to scientific
instruments, such as optical-absorption
spectroscopy, IR (infrared) detection
for thermography, and two-color py-
rometry. For example, in optical spec-
troscopy, a correct intensity measure-
ment of the probe beam is fundamental
during material and device character-
ization. You must eliminate any in-
fluence that dc or very-low-frequency
background light induces. Also, to in-
crease the SNR (signal-to-noise ratio),
you can apply narrowband, phase-sen-
sitive, or lock-in detection techniques
to mechanically chopped or otherwise

modulated probe-light sources.
In this Design Idea, the reference sig-

nal from the light chopper as a square
wave of frequency, fCHOP, modulates the
gain of an op-amp-based inverting am-
plifier (Figure 1). The amplifier input
is a voltage proportional to the photo-
current signal produced by a photodi-
ode, which is irradiated by a modulat-
ed light beam at the same chopper fre-
quency. In this case, because the gain
and input are at the same frequency
content, a dc component, which a low-
pass filter can easily detect, is present
at the amplifier’s output.

Op amps A1A and A1B convert the
photogenerated current into a voltage
including only the ac components. You
can change the value of R1 depending

on the light level you want to detect.
Neglecting A1A’s input capacitance,
the value of C1 strongly depends on the
terminal capacitance of the input pho-
todiode, and you must select the val-
ue to ensure the stability of the tran-
simpedance circuit (Reference 1).

The heart of the system, op amp A1C,
includes photoresistor RPR, which rep-
resents the feedback element that de-
termines the gain of the stage. The val-
ue of RPR depends on the light that D1
emits. A2B, a voltage-to-current con-
verter, drives D1. The converter has
a fixed voltage, VB, and a �V signal
through A2A and A3. A2A determines
the dc value of RPR, whereas A2B and
�RPR change at the same frequency as
the reference signal. The A3 Schmitt
trigger converts any TTL/CMOS lev-
el of the reference signal into a bal-
anced �4.6V square wave attenuated
to �0.5V to generate an LED current
change of approximately 1.8 mA p-p.
For the photoresistor, RPR, and LED el-
ements, a Silonex (www1.silonex.com)
CdS (cadmium-sulfide) NSL-19M51
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The specifications of every TEC in-
clude IMAX, the drive current that results
in maximum net cooling. Plotting heat
transfer versus drive current relative to
IMAX results in a typical parabolic curve
(Figure 1). The left-hand, gray half of
the plot in the figure shows the usual
bipolar TEC’s operating region, which
confines drive current to the range of
�0.5�IMAX�I�IMAX. The right-hand
half shows the region of interest, in
which the same bipolar-temperature
excursion results from unipolar-current
drive: IMAX�I�2.5�IMAX. Operation of
the TEC in this second operating re-
gion thus allows bidirectional tempera-
ture control without the complexity of
bidirectional-current drive.

Figure 2 shows an implementation
of the concept in a high-performance
PID (proportional-integral-derivative)-
feedback loop. The component count
is less than one-fourth that of a com-
parable bipolar-drive design. Feedback
stability is robust, and settling time is
short. The downside is a current draw

as much as 150% higher than that for
a conventional bipolar driver, which
limits the technique to applications in

which power consumption and heat
dissipation aren’t critical priorities and
small TECs are adequate.EDN

Transimpedance synchronous
amplification nulls out
background illumination
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Figure 2 This circuit puts unipolar drive in a PID-feedback loop to stabilize the
temperature of the target device.
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HD44780 LCDs are the most
popular alphanumeric displays

in embedded systems. The only down-
side is that they use six I/O pins in 4-bit
nibble mode and as many as 11 pins in
8-bit mode. Earlier Design Ideas have
described many approaches to saving
or expanding I/O pins (references 1,
2, and 3). In driving an HD44780-
compatible LCD, it would be better to

use a baseline microcontroller instead
of logic chips, because the microcon-
troller is lower cost, uses less board
space, and has programming features.
Microchip (www.microchip.com) has
introduced the smallest PIC10F mi-
crocontroller family, which comes in a
six-pin SOT-23 package.

The circuit in Figure 1 proves useful
for any pin-limited embedded system

that must interface with an HD44780-
compatible display through a one-wire
serial link using an asynchronous, sim-
plified RS-232 protocol at 9600 baud.
It uses a PIC10F202, but any member
of the PIC10F family is suitable, be-
cause the highly optimized source code
in Listing 1, which is available with
the Web version of this Design Idea
at www.edn.com/071203di1, allows
the program code to take fewer than
256 words. It is useless to try higher
baud rates than 9600, because the
PIC10F202 uses an RC internal os-
cillator with 1%-frequency tolerance,
and the LCD requires a delay as long
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cell couples to a red LED and resides
in a black box to ensure the absence of
background light on the optocoupler.

To calibrate the circuit, first discon-
nect or obscure the input photodiode so
that A1A converts no ac signal. Then,
switch S1 to the “measure” position
and adjust RT2 to null any voltage offset

referred to the output voltage. When
the A1B buffer generates the known ap-
proximately 300-mV test voltage and
S1 is in the calibrate position, adjust
RT1 to fix the output voltage at 0V. In
such a case, VB voltage can set the RPR/
RC�RA/RB condition.EDN
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Microcontroller drives
LCD with just one wire
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Figure 1 The reference signal from a light chopper acts as a square wave of frequency and modulates the gain of an
omp-amp-based inverting amplifier.
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