
Testing power supply regulation over a specified
output current range is greatly simplified with the
use of an adjustable electronic load. Load current
can be varied from zero to the full rated value with
the twist of a panel mounted potentiometer or by a
digital interface. This design note will feature the de-
sign of a self biased, constant current adjustable
electronic load which is fully operational with input
voltages down to 2.5V.

Most electronic loads rely on the available load volt-
age to power the control and drive circuits. Since a
majority of supplies have output voltages of 5 volts,
or more, it has been relatively simple to obtain inte-
grated control circuits which operate at those levels.
But the emerging trend towards lower supply volt-

ages, for example 3.3V, 3.0V, 2.7V and even 2.5V
logic ICs has eliminated many popular control ICs
and techniques from consideration. The UC39432
Precision Analog Controller is fully operational from
a supply voltage as low as 2.2V and is usable for
this electronic load application, in additional to nu-
merous others. This IC features a precision 1.3V
reference voltage, a general purpose operational
amplifier and a 100mA open collector NPN transis-
tor. Although primarily intended for optocoupler driv-
ing in a feedback loop, the UC39432 is a
programmable transconductance amplifier and is
adaptable to fulfill many low voltage control require-
ments. Additional information can be obtained from
the device’s datasheet
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Figure 1. Electronic Load Circuit Schematic



The UC39432 error amplifier noninverting input (pin
4) senses the voltage developed across the paral-
leled current sense resistors, R1A and R1B. This
amplitude is level shifted up by two resistors (R7
and R8) to the ICs reference voltage to maintain the
input within its useable common mode range. The
inverting input (pin 6) of the amplifier is connected
to the wiper of the current adjust potentiometer
which programs load current. A 100k ohm series re-
sistor (R9) balances the input impedances while the
8.2k ohm resistor (R11) provides offset to the po-
tentiometer for better resolution. Compensation
uses a 0.1µF capacitor (C2) which turns the ampli-
fier into an integrator for good DC load stability. Both
the input supply voltage to the IC (pin 3) and the
1.3V reference (pin 5) are bypassed with 0.1µF ca-
pacitors (C4 and C1) for noise rejection. 

The power stage of this load consists of a PNP
driver ( Q1) to the NPN power transistors (Q2A and
Q2B) in a Darlington configuration. Very common
D44H11 (10A/80V) TO-220 type NPN transistors
are conservatively utilized. They provide plenty of
flexibility for higher output voltages and higher cur-
rent applications. Heatsinking incorporates two
AAVID Engineering type #E5301 parts and number
#150 spring clips for the TO-220 devices. Specifica-
tions indicate a 65 degree C rise for 10 Watts of

power dissipation without forced air. This is worst
case operation for each transistor with an 8V input
and 4A load current. Emitter ballast resistors (R3A
and R3B) are included to balance the load current
evenly between the NPN transistors. These two de-
vices are held off by 100 ohm base to emitter resis-
tors (R6A and R6B). Series collector resistance
(R2A and R2B) is used to further reduce the tran-
sistor power dissipation while still enabling 2.5V op-
eration at full load. Base drive for both is provided
by a TIP32B (3A/80V) PNP transistor (Q1). Emitter
resistance (R4) is used to reduce the system gain
and R5 holds Q1 off with no base drive. A 1µF ca-
pacitor (C4) between the input supply and the base
increases stability and reduces the potential for a
load surge at power-up.

This general purpose, constant current electronic
load can be easily modified for higher current and
higher voltage applications with few changes. Addi-
tional NPN transistor and heatsink stages can be
paralleled to draw higher currents and to divide the
heat evenly amongst more transistors. The only
other change needed is to the current sense resis-
tor value which should be scaled to develop 1 volt
at full current. Low voltage operation may also war-
rant reducing the value of R4 to provide more base
drive with the same voltage drop.  
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI’s standard warranty. Testing and other quality control techniques are utilized to the extent
TI deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

TI assumes no liability for applications assistance or customer product design. TI does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of TI covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI’s publication of information regarding any third
party’s products or services does not constitute TI’s approval, warranty or endorsement thereof.
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