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Abstract: This application note describes the use of a current-sense amplifier along with an optocoupler
to extend the operating voltage range up to 1,000 volts for high-voltage applications. The circuit relies on
the optocoupler's isolation barrier to separate the high-side and grounded side of the 1,000V system. Op
amps are used to eliminate photodiode non-linearity and drift and provide an accurate output voltage
proportional to the load on the 1kV supply.

The task of sensing DC current at high voltage is often problematic. Most high-side current-sensing ICs
available off-the-shelf are good to 30V or 40V. Newer offerings (such as the MAX4080/4081) can sense
up to 76V. For higher voltages, a current-sense amp can be combined with an optocoupler. The high-
side voltage is limited only by the optocoupler's stand-off voltage (Figure 1).
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Figure 1. The ground-referenced output voltage VouT = IsqunT (4.80V/A) is proportional to the high-side
load current. As configured, the circuit measures load currents to 1A.

A precision, high-side current-sense amplifier (U1l) and a high-linearity analog optocoupler (U3) extend
the high-side working voltage to 1000VDC. U3 supports a continuous 1000VDC. Its UL rating is
5000VRMs for one minute, and its transient surge rating is 8000VDC for 10s. (Follow all proper safety
precautions when working with high voltage.)

The circuit has a floating section and a grounded section, each requiring a local low-voltage supply. The
floating section detects load current and drives the high-voltage side of the optocoupler. The grounded
section monitors the optocoupler's low-voltage side, and outputs a voltage proportional to the high-side
load current. The chosen optocoupler has a feedback photodiode on the high-voltage side that virtually
eliminates the LED's nonlinearity and drift characteristics. In addition, its two closely matched
photodiodes ensure a linear transfer function across the isolation barrier.

During operation, the load current passes through shunt R1 and produces a small voltage. This voltage
is monitored by U1, which outputs a proportional current of 10mA/V. This proportional output current is
routed through R2, which produces a voltage proportional to the main load current. The rest of the circuit
generates a copy of the voltage across R2, but on the low-voltage side of the optocoupler. U2 monitors
the voltage across R2 and drives the optocoupler's LED via Q1. Light generated by the LED impinges
equally on the high-side and low-side photodiodes. U4 monitors the low-side photodiode and outputs a
voltage proportional to the high-side load current. A graph shows the output voltage as a function of
shunt current (Figure 2).
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Figure 2. In Figure 1, the output voltage vs. shunt current is linear.

If R3 and R5 are equal, the overall transfer function is:

Vour
e = (1] 8 (R 1) (B2
SHUNT

Three parameters let you modify the circuit to monitor other maximum load currents, and output a
different voltage range. The maximum U1 output current is 1.5mA, so the maximum allowed shunt
voltage is 150mV. Also, the maximum allowed photodiode current is 50pA. Choose an R1 value that
produces 150mV at the maximum load current to be monitored. Then choose an R2 value that produces
the desired corresponding maximum output voltage at 1.5mA. Match R3 and R5, choosing a value that
allows less than 50pA through the photodiode at the maximum desired output voltage:

R3 2 (VouTt max)/(50 x 10-6)

The circuit OUTPUT then faithfully reproduces the voltage across R2. The MAX4162 op-amp was
chosen for its low input bias current (1pA), rail-to-rail input and output swings, and its ability to operate
from a single 9V battery. With R1 = 150mQ and R2 = 3.32kQ as shown, the output voltage for IsquNnT =
1A calculates to 4.80V using the transfer function above. Experimental results at IsqunT = 1.00A give
VouT = 4.84V, with an error less than 1%.

A similar version of this article appeared in the March 01, 2001 issue of EDN magazine.

Related Parts

MAX4080 76V, High-Side, Current-Sense Amplifiers with Voltage Free Samples
Output

MAX4162 SOT23, Micropower, Single-Supply, Rail-to-Rail I/0 Op Free Samples
Amps
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MAX4172 Low-Cost, Precision, High-Side Current-Sense Amplifier Free Samples

More Information

For Technical Support: http://www.maximintegrated.com/support

For Samples: http://www.maximintegrated.com/samples

Other Questions and Comments: http://www.maximintegrated.com/contact

Application Note 1867: http://www.maximintegrated.com/an1867
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