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+200V DIFFERENCE AMPLIFIER WITH
COMMON-MODE VOLTAGE MONITOR

By Art Gass and R. Mark Sttt (602) 746-7445

The INA117 is a monoalithic difference amplifier with the
unique ability to accept up to 200V common-mode input
signals while operating on standard +15V power supplies.
Using on-chip high-voltage resistor dividers, the INA117
rejects common-mode signals up to £200V and translates a
OV to +10V differential input signa to a OV to £10V
ground-referenced output signal .

In some applications it is also necessary to monitor the
common-mode level of the input signal. A common-mode
level monitor can be implemented with the addition of an
external op amp or two. Even though standard signal level
op amps are used, the circuit remains protected for momen-
tary common-mode or differential overloads up to +500V.

If precision is not required, the circuit shown in Figure 1 can
be used to monitor the common-mode voltage with a maxi-
mum error of about +5V. This implementation actually
monitors the common-mode level of the INA117 nonin-
verting input (pin 3). The circuit works by measuring the
current in reference pins 1 and 5, which are normally
connected to ground. Amplifier A, forces the reference pins
to a virtual ground through feedback resistors R, + R,. The
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FIGURE 1. INA117 with V, Common-Mode Voltage
Monitor.
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normal operation of the INA117 is unaffected since its
reference pins are connected to virtual ground. Resistors R,
and R, in the INA117 form avoltage divider so that the top
of R, is at V /20. Feedback of the op amp in the INA117
forces the voltage of its inverting input to be equal to its
noninverting input so that the top of resistor R, isalso at V./
20. The common mode level of V , istherefore related to the
current flowing out of pins 1 and 5.

= (V,/20)/(R, || R)

1+5

If
R6+ R7 = R4" Rs

then
A, o = —V,/20.
Where
l,,, = total current flowing out of INA117 pins 1 and 5 [A]
R, || R, = parallel combination of R, and R, [Q]
R, I R, = (R R)/(R,+R,), nominally 10.27kQ
A o,r = A output voltage [V]

The signal is scaled by 1/20 so the output of A, does not
exceed its maximum of +10V with common-mode inputs of
+200V. If smaller maximum common-mode voltages are to
be monitored, the value of R, + R, can be increased for more
gain.

Although the resistor ratios in the INA117 are accurately
laser trimmed, the absolute resistor values can vary by as
much as +25%. For better accuracy, the circuit must be
calibrated. To calibrate the gain, short pins 2 and 3 of the
INA117 to ground, offset adjust A, for OV at its output,
connect pins 2 and 3 to a known V___ (such as +10V or
+100V), and adjust R, for an A, output of -V __/20.

By definition, the true common-mode input voltage of the
INA117 is (V,+ V,)/2. The actual common-mode voltage
can be monitored with the addition of a second op amp as
shown in Figure 2. The second op amp is connected to sum
the —V_/20 output of A, at again of —1V/V withtheV -V,
output of the INA117 at a gain of —1/40V/V to produce an
output of V , /20.
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Calibrate the Figure 2 circuit as before, adjusting R, for an
A, output of V__/20. Then, ground pin 3 of the INA117,
connect pin 2 to +10V and trim R, for 0.025V at the output
of A, If resistors R, R,, and R, accurately ratio match,
adjustment of R, is unnecessary.

Of course, if connection of additional components to the
INA117 inputs is acceptable, the circuits shown in Figures

3 and 4 can be used to monitor the common-mode input
voltage. With these circuits, calibration is not required if

accuracy commensurate with the tolerance of R, R, and R

8

is acceptable. As before, either R, or R, can be omitted to
monitor the common-mode voltage of just oneinput. If R or
R, is omitted, double the value of R,.
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FIGURE 3. External CMV Monitor, Inverting.
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FIGURE 4. External CMV Monitor, Noninverting.



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.
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