
Power op amps have a real need for ac-
tive output-current limiting. Most pow-

er-amplifier designs rely on the voltage
drop across a user-supplied sense resistor
to turn on an internal transistor. This
method has several drawbacks, notably, an
inability to change the current-limit point
under program control. The current-limit
circuit in Figure 1 allows you to establish
the setpoint by applying a voltage to one
of the amplifier’s pins. With this design, it
is possible to set the current-limit point
with the output of a DAC, possibly under
the control of an embedded mC.

The OPA547 is a true op amp; thus, it
does not need a connection to power
ground. The current-limit-setting voltage
for this IC uses the negative supply as a
reference. For single-supply applications
in which the negative supply is ground,
this referencing technique pre-
sents no problem, but for cir-
cuits that use a negative supply
below ground potential, you need a differ-
ent technique. The circuit in Figure 1
shifts the reference potential for the con-
trol signal from ground to the negative
supply. For simplicity, Figure 1 shows the
OPA547 as an inverting amplifier, but you

can use any op-amp application circuit.
The circuit uses an OPA340 for reference
shifting because it is capable of rail-to-rail
operation on both input and output.

To understand the operation of the ref-
erence-shifting circuit, first recognize that
the R

3
-to-R

4
voltage divider sets the volt-

age at IC
2
’s Pin 3. Thus, the intermediate

voltage (V
i
), as measured from the nega-

tive supply, is given by

To find the voltage at IC
2
’s pin 2, note

that the current through R
3

equals the
sum of the currents in R

1
and R

5
, leading

to the following expression:

As long as op amp IC
2

operates in the
linear region, the voltage at Pin 2 equals
the voltage at Pin 3, so the value of V

i
in

each of the expressions is equal. When
you substitute the first term into the sec-
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Voltage reference sets current limit
Joe Engle, Burr-Brown Corp, Tucson, AZ

You can use a difference amplifier with wide common-mode range to control a power amplifier’s
current limit.
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ond, set R
1

equal to R
2
, and combine

terms, the resulting expression is

In Figure 1, V
1

connects to ground, and
you obtain unity gain by setting the coef-
ficient of V

C
in Equation 3 to 1. If you

expand and combine terms, the expres-
sion becomes

To change the scalar relationship
between the controlling voltage applied to
the power op amp, simply set the coeffi-
cient term to the desired value and solve
Equation 3. To determine the resistor val-
ues, consider the worst-case common-
mode voltage that IC

2
can encounter.

OPA547 allows a maximum supply differ-
ential of 60V. In an extreme case, the pos-
itive supply of the OPA547 connects to
ground and the current-limit set voltage is
+5V. Equation 1 becomes

which reduces to R
3
=12R

4
. Applying this

ratio to Equation 4 and setting R
3

equal to
R

1
produces R

1
=11R

5
. Selecting from a list

of standard 1% resistor values yields the
values in Figure 1. Note that the stage
operates with a common-mode voltage
that equals the negative supply. Errors in
the resistor values can produce a signifi-
cant offset shift. With this circuit, it is pos-
sible to set the current limit of the power
op amp to a known, repeatable value
under program control. (DI #2270).

The adxl202 dual-axis micromachined
accelerometer from Analog Devices

(Norwood, MA) is appropriate for high-
resolution applications. In these applica-
tions, you sometimes need to know the am-
bient temperature for control purposes or
for circuit-drift compensation. The scheme
in Figure 1 offers a novel way to convey
temperature information to the system mC
without the need for an A/D converter or
any additional I/O pins. The ADXL202 de-
livers two PWM signals that are propor-
tional to the acceleration in its X and Y
axes. Current in the R

SET
resistor sets the pe-

riod of the PWM signals.
You can use a thermistor in series with

or instead of the R
SET

resistor to
vary the PWM period with tem-
perature. However, because of
the grossly nonlinear response of thermis-
tors, the PWM period is also grossly non-
linear with temperature. In addition, the
thermistor’s poor sensitivity at high tem-
peratures may be unacceptable. Although
R

SET
normally connects to ground, you

can connect it to any noise-free voltage
source ranging from 0 to approximately
1.2V (at which voltage the internal cur-
rent source runs out of compliance). By
connecting R

SET
to the V

OUT
pin of a

TMP36 temperature sensor, the PWM-

period set current varies fairly linearly
(within ±58C) with temperature from –20
to +408C. Therefore, the PWM period
varies linearly with temperature. You can
easily extract temperature information
from the PWM signal, because you nor-

mally measure the period to determine
duty cycle. (DI #2271).
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An accelerometer can do double duty, by supplying both acceleration and temperature information.

Accelerometer output gives temperature info
Harvey Weinberg, Analog Devices Inc, Cambridge, MA
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