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Although the current-control mech-
anism allows the output of the current
source to approach zero, the additional
currents consumed by the circuit
(approximately 400 mA) establish the
baseline current. Therefore, you set the
bottom of the potentiometer via R3 to
start at approximately 1 mA. Under nor-
mal operation, a current setting of 1 to
300 mA maintains the setpoint within
0.5% with 3 to 40V compliance. Cur-
rents above 300 mA require 3 to 5V for
compliance. The circuit maintains a 1A
current within 300 mA from 4.9 to 40V
or within 0.001% tolerance (Figure 2).
You could lower the initial regulation
point by one diode junction by remov-
ing D1, whose sole purpose is to prevent
destruction of the active circuitry when
you connect the power supply back-
ward.

The principal sources of error in the
circuit are the amplifier offset, the tol-
erance of the reference voltage, the tol-
erance of R4, and the fact that the cur-
rent includes various branch currents
other than the controlled current in
the sensing resistor. These branch cur-
rents add up to approximately 400 mA,
or roughly five times lower than the
offset-voltage error. You can consider
the error negligible for settings of 10
mA and above. The most important
issue for long-term stability is efficient
heat removal from the current-regulat-
ing transistor, Q1. The transistor needs
an appropriate heat sink; the choice of
heat sink depends on the current
ranges you need.

The element that encounters the
largest voltage drop at a given current
is the hottest. Q1 dissipates VIN–1W for any given input volt-
age when operating at 1A. If you plan to use the load on a
continuous basis, for example at 1A, with a 30V input, Q1
dissipates 29W; R4 consumes 1W. Q1 would thus need a

hefty extruded heat sink. (DI #2171) e
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FIGURE 1

A handful of inexpensive parts builds a precision current sink that provides 1-mA
to 1A sink current over a wide compliance-voltage range.
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FIGURE 2

For compliance voltages above 4.9V, the circuit in Figure 1 provides a rock-solid 1A
sink current, with less than 0.001% variation with voltage.

When probing digital logic levels on a circuit board, locat-
ing the indicator of the logic level near the probe tip is con-
venient, so that you can keep both the indicator and probe
tip constantly in sight. When using a handheld DVM or

oscilloscope probe, you must momentarily look away to read
the logic level. In that instant, the probe can slip and cause
a short circuit. The circuit in Figure 1a implements a simple
handheld logic probe using just a few components. This

Simple logic probe uses bicolor LED
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probe can measure high, low, and high-
impedance logic states, in addition to
indicating switching logic states. This
probe is useful for quick measurements
of dc logic levels. You can use a similar
probe circuit (Figure 1b) for 3V CMOS
logic.

The circuit centers around the
OPA2340 dual rail-to-rail op amp and a
Radio Shack 276-012 bicolor LED. The
forward voltage for the red and green
LEDs are 2 and 2.1V, respectively. Op
amp IC1A derives a buffered 2.5V refer-
ence output from the 5V supply, and R3
limits the current to the LED when it is
on. IC1B buffers and amplifies the
probed logic signal to a 0 to 5V output
level. R4 and R5 set a reference level for
the positive input of IC1B for the case of
a high-impedance level. When a logic
high is present, the green LED lights; a
logic low lights the red LED. When a
high-impedance state is present, the
LED is off.

The output voltage transfer function
of IC1B is

which makes VLED=VB–2.5V. The values
of R6, R7, and R8 are such that VB limits
at the positive or negative power-sup-
ply rail when VPROBE is at the logic fam-
ily’s minimum low or high level,
respectively. Figure 2 shows the volt-
age-transfer function for VB. When VB
limits at the rail voltage, the LED lights

red or green, depending on the probed logic level. When VB
is within 0.5V of the negative rail, the red LED turns on;
when V2 is within 0.4V of the positive rail, the green LED
turns on. If the probe measures a high-impedance state, volt-
age-divider resistors R4 and R5 set the positive input of IC1B,
and the voltage across the LED is approximately 0V.

In Figure 1b, the output of IC1B feeds into IC1A’s inverting
input. For the resistor values in Figure 1b, the transfer func-
tion for IC1A is VA=–VB+3V, thus making VLED=2VB–3V. 
(DI #2162) e
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A simple handheld logic probe uses a rail-to-rail op amp and a bicolor LED (a). A
modified probe circuit works with 3V CMOS logic (b).
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The output of IC1B, VB, limits at
either the positive or negative sup-
ply rail depending on the probe
voltage.
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