Application note

Replacing analog
null detectors
with precision
multimeters

Historically, analog null detectors or null meters
have been used in electrical metrology to
measure small voltage differences between
two points or to detect a zero current condition
where the voltages at two points are the same.
These might include comparing and measuring
the voltage difference between a standard and
a device under test such as in the comparison
of two primary level standards or between a
primary standard and a secondary calibration
standard by interfacing with the instruments
directly or with the aid of a voltage divider. The
small differences in voltage that are measured
by a null detector allow voltages to be adjusted
on standards so that there is effectively no
voltage difference between two points or two
instruments. The ability to zero voltage, or a null
condition, is essential for electrical metrology.

When precision digital multimeters (DMMs)
became available with resolution and
sensitivities comparable to null detectors,

they were quickly adopted, and null detectors
were set aside. However, depending on the
measurement circuitry characteristics and the
unique characteristics of the DMM, significant
measurement errors can be created. This
application note discusses what to consider when
using a DMM as a null detector. This is especially
important as improvements in new DMMs lessen
some of the effects of these issues. However,

in all cases, they need to be understood and
appropriately considered.

Since the 1960s, commercial voltage and ratio
calibration systems have been available to
calibrate dc voltage from very low levels—on the
order of millivolts--to relatively high values up to
1 kilovolt. A critical component of these systems
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was the analog high impedance voltmeter/null
meter. These instruments were designed with
extremely high input impedance (10 to 100 MQ),
excellent sensitivity (0.1 uV or better) and high
isolation (greater than 1 MQ).

One series instrument, the Fluke 845 Series of
High Impedance Voltmeter Null Detectors, was
designed so that source loading through leakage
was virtually eliminated regardless of power

line, chassis ground, or guard connections. Input
voltages were applied through an input divider
and filter circuit to a photo-chopper-stabilized
amplifier. The input filter minimized the effects
of source noise, and the photo-chopper-stabilized
amplifier reduced the input current to a few
picoamps. The 845AB could be battery operated,
so that it was isolated from line power, had an
analog input for nulling operations, provided a
good measurement response time (5 seconds on
the 1 pv range) and in general was easy to use.

Introduction of precision digital
multimeters

High precision digital multimeters started to
emerge for metrology use in the mid to late
1970s. They became the preferred measurement
tool for dc and low frequency ac electrical
metrology. As a bonus, they were easy to use,
multi-functional, and easy to automate. In
certain applications they easily replaced the null
detectors, yet their dc input amplifiers did not
have the advanced design needed to fully match
the null detector characteristics. In some critical
respects they had serious shortcomings. One key
area was the input bias current of the meter.




Bias current related errors

One of the non-ideal aspects of operational
amplifiers such as those used in the input of a
DMM is input bias current. This is a condition
where current flows from the amplifier through
the input terminals of the DMM. DMMs use
CMOS amplifiers, which minimize this effect, but
a current still exists on the order of picoamps.
In voltage measurements where the voltage
source is being measured, there is some source
impedance in series with the voltage source.

A small bias current through a small source
impedance creates a negligible offset voltage.
While this offset is in series with the voltage
being measured, it has virtually no detrimental
impact because it constitutes just fractions

of nanovolts.

However, with certain measurement
configurations where there is a sizeable source
resistance from the voltage being measured (in
the tens of k ohms), this resulting offset voltage
due to the bias current could cause offset errors
of several microvolts. This offset is directly in
series with the measured voltage and is a serious
error that must be dealt with if a DMM was

to be used for critical measurements in such
applications. Such an error could easily exceed
the voltage measurement being attempted.

However, remember that this bias current
characteristic was not a factor when using a null
detector, so it was never something to be dealt
with. Eliminating such errors requires extra
measurement steps to compensate and remove
these bias current offsets when using a DMM.
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Use of voltage dividers

Electrical metrology uses primary level voltage
standards for establishing traceability and
working level voltage standards to calibrate
working standard voltage sources. Because
the voltage standards today are commonly

at a 10-volt level, and the working standard
voltage sources range from millivolt ranges up
to a kilovolt range, voltage dividers are used
to simplify intercomparing the sources to the
10-volt voltage standards. For example, a 100-
volt source is divided by 10 to create a 10-volt
level for comparing to the 10-volt working
standard. Another example is calibrating a
precision voltmeter at a non-decade voltage,
such as 1.9 volts. To create a precise voltage
for such a test, a 10-volt voltage standard
would be scaled by 0.19 ratio to create a 1.9
volt level for calibrating the meter. From these
example, ratios must both be decade values;
that is, multiples of 10 (1:10, 1:100, 10:1 and
100:1), as well as other variable ratios - such as
from .999999 to 0.000001. There are many such
dividers in common use.

There are fixed ratio standards, such as the
Fluke 752A Reference Divider, and variable ratio
standards, such as the Fluke 720A Kelvin Varley
Divider. These are regularly used to divide one
voltage to match the level of a second voltage
when doing calibrations across the voltages
mentioned above.

The metrologist must confirm or adjust the
dividers to ensure they have the proper ratios for
the intended calibration. These dividers must be
balanced before use. Such balancing requires a
null detector style of measurement to adjust for
and confirm a proper ratio.

Replacing analog null detectors with precision multimeters




Divider balancing errors due to DMM
bias currents

The most commonly used fixed or variable

ratio standards are resistive dividers. When

the dividers are balanced there is always a
resistance between the two balancing points.
This resistance is usually on the order of

25 kOhms to 40 kOhms. So, when you have
maximum bias currents of 50 pA, the divider can
generate undesired offset voltages of several
microvolts. The metrology measurements using
such dividers often measure voltage levels of
zero volts to fractions of microvolts; therefore,
these undesired bias current offsets have a
serious effect.

Fortunately, techniques for eliminating these
errors have been developed and are presented
in white papers by Fluke metrologists. Updated
versions of those original papers are included on
the Fluke website so you can refer to them for
complete details about using a precision DMM in
place of a null detector.

¢ Using the Fluke Calibration 8588A in place of
analog null detector for self-calibration of the
Fluke 720A

¢ Using digital multimeters in place of analog
null detectors for metrological applications

Recommended solutions to bias
current offset voltages

The best way to correct this bias current issue is
to properly select the DMM used for balancing
and null detector measurements. Different
DMMs have different designs and vary in their
bias current situations.

a. Use a newer designed DMM: Since the 1970s
the precision DMM designs have amplifier
circuitry with up to 50 pA of bias currents.

The newest Fluke Calibration Reference
Multimeters (the 8588A and 8558A) have
significantly less bias current, at 20 pA
maximum. This bias current is also adjusted to
be effectively zero pA when they are originally
tested. This virtually removes the bias current
offset problem. Also, because the bias current
changes very little over time, it remains near
this level for an extended period into

the future.
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b. Determine the offset and correct for it: In the

initial balancing process, at the starting point
where the DMM is connected to the divider
and configured for the test, but before any
external voltage source is to be applied, short
the voltage input terminals of the divider and
observe any offsets on the DMM. Any voltages
measured will be the result of bias currents
through the divider's source impedance. If
any offset is indicated, observe if the offset is
relatively noiseless, and it is stable over time.
If it is both stable and not excessively noisy,
then it can be mathematically removed from
the balancing measurements. The observed
offset can be mathematically removed by
doing a measurement offset correction on
the DMM.

. Reject DMMS with unstable bias currents: A

precision DMM can work very well for general
metrology measurements. However, a small
minority of these instruments have excessively
noisy or unstable bias currents. These will not
be able to be used to balance dividers.

. Expect many Fluke Calibration DMMs to

have acceptable bias currents: Most Fluke
Calibration Reference DMMs are adjusted

for minimum bias current when they are
manufactured. As a result, you will see bias
currents at a fraction of their maximum
specification. So, with bias currents that show
to be 5 pA or less no measurable offsets will
show up in the offset test mentioned above.

. Periodically test for bias currents: It should be
noted that a DMM'’s bias current may slowly
change over time. Regularly test the DMM for
its bias current characteristics, or if it is not
frequently used for balancing, then test before
use, to see if the bias current is still acceptable.
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Additional notes on using the
8588A/NULL METER

Multimeter digital displays are harder to use
than conventional analog meters for nulling
operations such as the alignment of the 752A
Reference Divider, multimeters also take longer
to settle due to their capacitance to ground
which must be charged through the relatively
high resistance of the divider.

The 752A, 100:1 divider alignment is probably the
most challenging task for a DMM, this is because
the divider adjustment must be made manually
based on observed deviations in the presence of
a relatively long time constant which is due to the
higher impedance of the divider.

This is where the 8588A/NULL METER comes into
its own, it has a high isolation mains transformer
which achieves a fully settled reading within a
couple of minutes even when aligning the 100:1
ratio of the 752A divider, and a user-friendly
analog meter style display whose response can
be tailed by appropriate selection of aperture
and averaging, a suggested starting point would
be to use 0.5 s integration time coupled with a
rolling average of 4.

Another benefit is that an internal 5 Hz LP filter
is enabled when using this option, significantly
reducing measurement noise to levels
comparable to—or better than—traditional
analog null detectors. With the option installed,
the LF filter is also selectable in the normal DCV
function.
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Conclusion

The Fluke Calibration 8588A Reference
Multimeter is a suitable replacement for analog
null detectors, as was the previous generation
8508A Reference Multimeter. Appropriate
corrections must be made for current emanating
from the meter input terminals. Before any other
digital multimeter is used as a null detector, the
input bias current and other current sources
must be considered to determine the significance
of error generation to the circuit.

-0.000 10 my

T Mull Meter

L1000 nv

10my

100 nv

1000wy 100 Y DO uv

Fluke Calibration. Precision, performance, confidence.™

| Electrical | RF | Temperature | Humidity | Pressure | Flow | Software |

www.fluke.com ©2025 Fluke Calibration.

Printed in U.S.A. 250089-en

Specifications subject to change without notice.

Modification of this document is not
permitted without written permission

from Fluke Calibration.




