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Voltage reference sets current limit

Joe Engle, Burr-Brown Corp, Tucson, AZ

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 uC.

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

Figu

Voltage reference sets current limi ....... 129

Accelerometer output gives

(€MPEIALUTE INfO ..o, 130
Voltage comparator forms

pulse demodulator...................oocc... 132
Watchdog-reset catcher aids
embedded-system debugging .............. 132
Easily display bit-map images

on Small-graphic LCDS ......o.covveereee. 134
CMOS inverter VCO tunes octave

to UHF 138
Pushbutton or logic controls

1onvolatile DAC ..o 140

www.ednmag.com

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 -to-R, voltage divider sets the volt-
age at IC;’s Pin 3. Thus, the intermediate
voltage (V), as measured from the nega-

To find the voltage at IC,’s pin 2, note
that the current through R, equals the
sum of the currents in R and R, leading
to the following expression:

Vi=Vi _Vi—Vo Vi @)
R, R, R;

tive supply, is given by As long as op amp IC, operates in the
linear region, the voltage at Pin 2 equals
V.=V Ry 1) the voltage at Pin 3, so the value of V, in
e R;+Ry each of the expressions is equal. When
you substitute the first term into the sec-
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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, equal to R, and combine
terms, the resulting expression is

Ri#J R, @

Vo =V¢ @"' ®&Vi-  (3)
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In Figure 1, V| connects to ground, and
you obtain unity gain by setting the coef-
ficient of V. in Equation 3 to 1. If you
expand and combine terms, the expres-
sion becomes

Ry _R;

1+— 4
R, R, (4)

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, 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
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which reduces to R;=12R,. Applying this
ratio to Equation 4 and setting R, equal to
R, produces R =11R.. 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).
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