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Low-cost current
monitor tracks
high dc currents

Susanne Nell, Breitenfurt, Austria

current for overload detection
and protection, designers frequently

use either a current—shunt resistorora

toroidal core and Hall-effect magnetic-
field sensor. Both methods suffer from

drawbacks. For example, measuring -
20A with a 10-m() resistor dissipates

4W of power as waste heat. The Hall-

effect sensor delivers accurate measure-
ments and wastes little power, but it’s |
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To measure high levels of direct
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Figure 1 This representative magnetization (BH) curve shows that, as current
through an inductor's winding increases, so does magnetizing-field strength,
H. When magnetic-flux density, B, can no longer increase, the core’s magnetic
material has reached saturation.
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an expensive approach to simple cur-
rent monitoring.

This Design Idea describes an inex-
pensive, low-power current-measure-
ment circuit that’s useful for measure-
ments of modest accuracy. As a bonus,
a filter inductor in a dc/dc converter's
input line can double as a current sen-
sor for the measurement circuit. A rep-
resentative ferrite core’s permeability
decreases as the core nears saturation
(Figure 1). The curve’s shape and val-
ues depend on the core material’s char-
acreristics and wherher the core in-
cludes an air gap.

The core’s permeability depends on
the magnetic-flux level in the ferrite
material, which in turn depends on
the amount of current flowing through
the core’s windings. This circuit uses
a simple LC oscillator to measure the
core’s permeability. A primary winding

A FILTER INDUCTOR

IN ADC/DC CON-
VERTER’S INPUT LINE
CAN DOUBLE AS A
CURRENT SENSOR FOR
THE MEASUREMENT
CIRCUIT.

comprising one or more turns wound
on the core carries the measurement
current. A multiturn secondary wind-
ing on the core forms an inductor, L,
that determines the oscillator’s reso-
nant frequency.

In theory, any LC oscillator circuit
will serve in this application, but, in
practice, the current-measurement
winding presents a low impedance that
damps the LC-tank circuit and causes
start-up and stability problems in some
oscillator circuits. Of a variety of test-
ed oscillator circuits, the design in Fig-
ure 2 offers the best performance. A
number of factors affect the core’s per-
meability, which in turn impacts the
circuit’s frequency stability and lim-
its its applications to current-overload
detection and low-accuracy current
measurements.

Figure 3 illustrates the circuit’s out-
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Figure 2 Varying the direct current flowing through the single-turn primary

winding alters T,'s secondary winding
oscillator’s output frequency.

45

‘s induciance, which in turn varies the

40

35

30

OUTPUT o5
FREQUENCY

= SIEMENS

(kHz) 20

15

== FONOX
« VAKUUMSCHMELZE

10

0 1 2 3 4 b

6 7 8 9 10 11

DC PRIMARY CURRENT (A)

Figure 3 Current-versus-output-frequency plots for three manufacturers' toroi-
dal cores show the influence of the cores’ characteristics on frequency linear-

ity and relative sensitivity.

put-frequency-versus-current charac-
teristics for three vendors’ ferrite cores
of identical dimensions and number of
secondary turns. For best linearity, use
a low-hysteresis core material. Cores of
virtually any dimensions and materials
work in the circuit but require optimi-
zation of the number of turns on the
oscillator tank and primary windings.
Increase the core’s air gap, if present,
when the current you apply to the core

causes saturation before reaching the
overload value. For improved perfor-
mance and linear measurements, use
the circuit in a closed-loop configura-
tion (Reference 1).5¢
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