
A previous Design Idea describes
an interesting and useful method

for using a moving-coil analog meter to
measure currents in the less-than-1A
range (Reference 1). The design offers
considerable flexibility in the choice of
meter-movement sensitivity and meas-
urement range and simplifies selection
of shunt resistors. Although the design
uses a bipolar meter-driver transistor,
under some circumstances, a MOSFET
transistor represents a better choice.
The original circuit comprises a volt-
age-controller current sink that meas-
ures the bipolar transistor’s emitter cur-
rent, but the transistor’s collector cur-
rent drives the analog meter. A bipo-
lar transistor’s emitter and collector cur-
rents, IE and IC, respectively, are not
identical because base current, IR, adds
to the emitter current.

You can express these current com-
ponents as IE�IC�IB and then as
IC�IE�IB. Whether base current
adversely affects the measurement
accuracy depends on the magnitude of
IB and the magnitude of the common-
emitter current gain, �, because base
current IB�IC/�. When � is greater
than 100, the base current’s contribu-

tion to emitter current is generally neg-
ligible. However, � is sometimes small-
er. For example, the general-purpose
BC182, an NPN silicon transistor, has
a low-current � of only 40 at room tem-
perature. If you were to use a 15-mA-
full-scale meter in the transistor’s col-
lector, full-scale base current IB at min-
imum � would amount to 0.375 mA.

Subtracting base current from collector
current introduces a 2.5% error.

But if you use a moving-coil meter
that requires 150 �A for full-scale
deflection, the measurement error
increases considerably because � de-
creases as collector current decreases.
For the BC182, reducing collector cur-
rent from a few milliamps to 200 �A,
current gain decreases � by a factor of
0.6 and adversely affects the meter
reading’s accuracy.

To solve the problem and improve the
circuit’s accuracy, you can replace the

the heater-sensor time delay ensures
convergence. Therefore, setting loop
gain F low always achieves conver-
gence, and the steady-state error,
TS�T, remains equal to zero.

Figure 3 shows a practical example
of a TBH controller that’s suitable for
managing large thermal loads. Ther-
mistor RT1 senses heater temperature.
The output of error-signal integrator
IC5A ramps negative when T�TS and
ramps positive when TS�T, producing
a control signal that’s applied to com-
parator IC5C, which in turn drives a
solid-state relay, IC3, which is rated for
10A loads.

Comparator IC5D and the reverse-
parallel diodes formed by the collec-
tor-base junctions of Q6 and Q7, and
the CMOS switches of IC1 perform
the TBH zero-crossing convergence
function.

In most temperature-control circuits,
it’s advantageous to apply a reasonably
linear feedforward term that represents
the actual ac voltage applied to the
heater; the need for complete galvan-
ic isolation between the control and
the power-handling circuits compli-
cates this requirement. In this example,
a linear isolation circuit comprising 
a PS2501-2 dual-LED/phototransistor

optoisolator (IC2A and IC2B) and op-
amp IC5B delivers feedback current to
C15 and IC5C that’s proportional to the
averaged ac heater current. As a bonus,
the feedback circuit provides partial
instantaneous compensation for ac-line
voltage fluctuations.EDN
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Figure 1 This updated version of an earlier Design Idea uses a MOSFET to
drive an analog meter display, offering great flexibility in power-supply-current
measurement.
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Developed as a three-terminal
shunt regulator, the popular and

multiple-sourced TL431 IC offers de-
signers many intriguing possibilities
beyond its intended application. Inter-
nally, the TL431 comprises a precision
voltage reference, an operational amp-
lifier, and a shunt transistor (Figure
1a). In a typical voltage-regulator appli-
cation, adding two external resistors,
RA and RB, sets the shunt-regulated
output voltage at the lower end of load
resistor RS (Figure 1b).

In today’s power-supply market, cost
reduction drives most designs, as evi-
denced by Asian manufacturers that
have resorted to shaving pennies off
their power-supply products by using
single-sided pc boards. This Design Idea
shows how a three-terminal shunt reg-

ulator can replace a more expensive
conventional operational amplifier in
a power-converter design.

A switched-mode power supply uses
a galvanically isolated feedback portion
of a PWM circuit (Figure 2). In designs
that omit a voltage amplifier, a shunt
regulator can serve as an inexpensive
op amp. Resistors RI and R set the
power supply’s dc output voltage, and
optocoupler IC2 provides galvanic iso-
lation. Resistor R1 provides bias for the
optocoupler and the TL431, IC1.
Resistor R3 and zener diode D1 estab-
lish a fixed bias voltage to ensure that
bias resistor R1 does not form a feedback
path. Resistors R1 and R2 control the
gain across the optocoupler. In most
designs, the ratio of R2 to R1 is rough-
ly 10-to-1.

Components CP, CZ, and RZ provide
frequency compensation for the control
loop. The optocoupler includes a high-
frequency pole, fP, in its frequency
response, an item that most optocou-
plers’ data sheets omit. You can use a
network analyzer to determine the loca-
tion of the high-frequency pole or esti-
mate that the pole occurs at approxi-
mately 10 kHz. The following equation
describes the compensation network’s
small-signal transfer function:

Note that, under some circum-
stances, adding a bypass capacitor
across diode D1 may be necessary for
output-noise reduction.EDN

BC182 with an N-channel MOSFET,
such as the BSN254 (Figure 1).
Because a MOSFET draws no gate cur-
rent, its drain current, ID, equals its
source current, IS. When you select a
MOSFET for the circuit, note that the
device’s gate-source threshold voltage
should be as low as possible. For exam-
ple, the BSN254 has a room-temper-
ature gate-source threshold-voltage

range of 0.8 to 2V. The remainder of the
circuit design proceeds as in the original
Design Idea; that is, for a maximum volt-
age drop of 1V across R1, you calculate
RSENSE2 as follows: RSENSE2�(1V/IMETER),
where RSENSE is in ohms, 1V represents
the voltage drop across R1, and IMETER is
the full-scale meter reading in amps.
Note that a 1-k� resistor at R1 develops
10V/1A output across sense resistor

RSENSE1. In this application, 100 mA pro-
duces 0.1V across RSENSE1, and the volt-
age across R1 thus corresponds to 1V for
full-scale deflection of the meter.EDN
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Figure 1 Despite the block diagram, the TL431
is internally complex (a), but you need only three
external resistors to use the TL431 in a basic
shunt-regulator circuit (b).

Figure 2 A TL431 replaces a more expensive operational amplifier in
this power supply’s PWM feedback-regulator circuit.
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