
Accurate and stable tempera-
ture control is necessary for ef-

fectively using many thermally sensi-
tive components and sensors, such as
semiconductor lasers and optical de-
tectors. An industry has grown up in
response to provide thermal-control
devices, such as TECs (thermoelec-
tric coolers), temperature sensors, and
both monolithic and hybrid applica-
tion-specific driver ICs, to facilitate
the associated designs. This availabil-
ity eases the implementation of high-
performance thermostasis electronics
with good dynamic behavior, because
it allows you to assemble feedback
loops with flexible and sophisticated
control characteristics—PID (pro-

portional-integral-differential) feed-
back loops, for example—with noth-
ing more than appropriate choices of
shunt resistance and capacitance. Un-
fortunately, achieving good static sta-
bility is sometimes more difficult be-
cause the thermal properties of a sys-
tem, rather than the electronics, often
cause limited temperature-control-
loop static stability.

Every thermal-control system in-
curs nonzero thermal impedances in
the heat-transfer paths between the
source of heating, cooling, or both.
These paths include the thermal load,
which is the object of thermostasis;
the temperature sensor—the therm-
istor, for example; and the ambient

temperature. If the ratios of these im-
pedances don’t balance well, which,
unfortunately, is usually the case, then
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Precision temperature controller
has thermal-gradient compensation

Figure 1 This circuit partially cancels the effects of thermal gradients in the load’s thermal impedances. It works by provid-
ing an adjustable positive- or negative-feedback path from the TEC-drive level that couples changes in ambient tempera-
ture into compensating changes in the thermistor setpoint.
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70 Programmable current source
requires no power supply

72 Pulse-width modulator has
digital control

74 Microcontroller controls
analog phase shifter

74 Composite instrumentation
amplifier challenges single-chip
device for bandwidth, offset,
and noise

�What are your design problems
and solutions? Publish them here
and receive $150! Send your
Design Ideas to edndesignideas@
reedbusiness.com.

W Stephen Woodward, Chapel Hill, NC

edn080601di_id  69edn080601di_id  69 5/28/2008  12:39:13 PM5/28/2008  12:39:13 PM



70  EDN |  JUNE 12, 2008

Engineering labs are usually
equipped with various power

supplies, voltmeters, function genera-
tors, and oscilloscopes. One piece of
equipment missing from many such
labs, however, is a current source.
This omission is unfortunate, because
a current source is useful for creating
I-V (current-versus-voltage) curves,
charging and discharging batteries,
preloading power supplies, and many
other applications.

The circuit in Figure 1 is an easy-
to-build, easy-to-use, low-cost current
source. It comprises three sections of
BCD (binary-coded-decimal) switch-
es, a three-terminal adjustable regu-
lator, a handful of 1%-tolerant resis-
tors, and a National Semiconductor
(www.national.com) LM317 three-
terminal adjustable regulator. All
newer National Semiconductor reg-
ulators are of the low-dropout type,
which is unsuitable for this applica-
tion. The switches short their four
outputs to a common terminal based

designideas
even perfect thermostasis of
the sensor doesn’t equate to
adequate stability of the load’s
temperature (Figure 1).

For example, if Z1/Z2 is great-
er than Z3/Z4, where Z is the
impedance, then rising ambi-
ent temperatures will cause the
temperature of the load to rise,
whereas falling ambient tem-
peratures will cool the load.
By contrast, if Z1/Z2 is less than
Z3/Z4, then rising ambient tem-
peratures will cause the tem-
perature of the load to fall and
vice versa (Figure 2). Reduc-
ing the parasitic impedances
with tighter thermal coupling
and better insulation can re-
duce but seldom eliminate the
gradient and magnitude of the error.

The circuit in Figure 1 provides a
different solution: an electronic work-
around to at least partially cancel the
effects of thermal gradients in the im-
pedances. It works by providing an ad-
justable positive- or negative-feedback
path from the TEC-drive level that

couples changes in ambient tempera-
ture and, therefore, in TEC drive into
compensating changes in the thermis-
tor-setpoint temperature. The imple-
mentation in Figure 1 uses a popu-
lar hybrid TEC controller. Two signal
nodes that track TEC drive, COOL_
LIMIT and HEAT_LIMIT, are inputs

to an adjustable bridge circuit
that comprises RT1, RT2, the
potentiometer, and associat-
ed circuitry. With correct ad-
justment of RT1 and RT2, a test
determined that the thermis-
tor setpoint must move either
with or in opposition to ambi-
ent temperature, so that net
stability of the load results. A
version of this concept flew
as part of two tunable-diode
laser spectrometers in the
science package of the 1999
Mars Polar Lander (Refer-
ence 1).EDN
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Programmable current source
requires no power supply
John Guy, National Semiconductor, Santa Clara, CA
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Figure 2 The TEC’s maximum-drive heat- and cool-cur-
rent ratings determine the selection of current-sam-
pling resistors RC and RH.
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Figure 1 This programmable current source uses BCD switches to set the
current limit.
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