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NIST MULTIFUNCTION CALIBRATION SYSTEM

Nile Oldham and Mark Parker
Electronic Instrumentation and Metrology Group
Electricity Division
National Institute of Standards and Technology
Gaithersburg, MD 20899

Abstract - The NIST automated Multifunction Calibration System (MCS) for voltage, current, and
resistance is described. Developed primarily to calibrate digital multimeters and calibrators, the
system can also be used to test thermal converters, and micropotentiometers. Methods for
characterizing the MCS over a wide range of amplitudes at frequencies from dc to 30 MHz are
described.

1. INTRODUCTION

Digital multimeters (DMMs) from a number of manufacturers claim uncertainties and stabilities that
approach those of the laboratory standards used to support them. This is possible because these
DMMs are essentially miniature standards labs with built-in zener references, stable resistors, and
ac-dc transfer standards, all controlled by a central processor that applies corrections and performs
data analysis. In addition to being easier to use than most standards, DMMs are also quite rugged,
able to withstand the mechanical and thermal shocks of transportation from one laboratory to another
with little degradation in performance. These properties make them ideal transport standards to
provide traceability for the five quantities that most DMMs measure (dc voltage, current, and
resistance, and ac voltage and current).

The National Institute of Standards and Technology (NIST) offers calibration services' for dc
voltage, dc resistance, and the ac-dc difference of thermal converters [1-4]. With these three services,
standards laboratories can provide direct NIST traceability for the functions measured by most
DMMs. Based on customer demand, special tests’ for DMMs (all functions) were offered beginning
in 1990 [2-4]. This technical note describes the NIST Multifunction Calibration System (MCS) that
is used to provide special test services for DMMs, multifunction calibrators (the programmable
sources designed to calibrate DMMs), and special tests for low voltage thermal converters, and
micropotentiometers. The MCS is periodically calibrated using reference electrical standards
available at NIST. Results of these system calibrations and of frequently performed self-tests are
analyzed statistically to maintain quality control of the MCS.

'NIST calibration services are well documented and analyzed measurements offered at a fixed cost.

*NIST special tests are generally undocumented measurements that are charged "at cost."
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2. DESCRIPTION OF THE MCS
2.1 MCS Hardware’
A block diagram of the MCS instrumentation is shown in Fig. 1. The basic system is quite simple,

consisting of a controller, a characterized calibrator (to test DMMs), and two characterized DMMs
(to calibrate calibrators and serve as check standards for the system calibrator).

CALIBRATOR

]2

CONTROLLER

‘ DMM

Fig. 1. Simplified diagram of the MCS.

The NIST test facility consists of two such systems which utilize the instruments shown in Table 1:

Table 1
MCS Instrumentation

System 1 System 2

Fluke 5720A Multifunction Calibrator

Wavetek 4808 Multifunction Calibrator

Hewlett Packard 3458 A Digital Multimeter

Hewlett Packard 3458 A Digital Multimeter

Wavetek 4950 Digital Multimeter

Wavetek 4950 Digital Multimeter

PC Controller with GPIB Card PC Controller with GPIB Card

Keithley 7001 Switch System Keithley 7001 Switch System

*Commercial instruments and software are identified in this report to describe the measurement system.
Such identification does not imply recommendation or endorsement by NIST, nor does it imply that the instruments
or software are necessarily the best available for the purpose.
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The system calibrator and DMMs are periodically characterized using the support equipment and

NIST reference standards shown in Table 2 and in Fig. 2.

Table 2
Support Equipment
Function Support Equipment and NIST Reference Standards
DC voltage NIST 10 V Josephson array
(DCV) Wavetek 4911 10 V zener reference
Fluke 752 resistive voltage divider (0.1:1 to 100:1)
DC current NIST standard resistors (0.1 Q to 100 MQ)
(DCI) System DMM (DCV)
DC resistance NIST standard resistors
(DCR) System DMM (RES)
AC voltage System calibrator (DCV)
(ACV) NIST thermal voltage converters (0.1 V to 1 kV, 10 Hz to 100 MHz)
Ballantine 440 and Holt 12 micropotentiometers
(1 mV to 200 mV, 10 Hz to 30 MHz)
Wavetek 4920 ac digital voltmeter (1 mV to 200 mV, 1 Hz to 30 MHz)
NIST DSS-5 Digitally Synthesized Source (1 mV to 7 V, dc to 1 kHz)
Keithley 181 and 182 dc nanovoltmeters
Hewlett Packard 34420A nanovoltmeters
AC current System calibrator (DCI)
(ACI) NIST thermal current converters (2 mA to 20 A, 10 Hz to 100 kHz)
NIST DSS-5
NIST Transconductance Amplifier
NIST ac resistors (0.1 Q to 100 kQ)

Instruments are controlled using a PC (486 or higher) and a National Instruments GPIB-PCIIA
general purpose interface bus (GPIB) interface card.

2.2 MCS Software

The system software, developed in National Instruments LabVIEW™, allows the operator to perform
all of the tests needed to characterize the system calibrator and DMMs, store and edit correction files,
and set up and perform tests of the instrument under test (IUT). Since the instrumentation is
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Fig. 2. Block diagram of MCS support equipment.

controlled through the GPIB, most tests can be completely automated, requiring an operator only to
change connections between the calibrator and DMM for certain functions. Test data are numerically
processed using commercial spreadsheet software. In addition to the software developed at NIST,
the MCS also makes use of commercial software to control the 4950 DMM.

Table 3

A list of the software routines available in the MCS

Title Description
DMM cal Used to calibrate any of the functions on a test DMM using
the MCS calibrator.
Calibrator cal Used to calibrate any of the functions on a test calibrator
using one of the MCS DMMs.
Thermal V/I cal Used to calibrate the ac voltage and current functions of
DMMs and calibrators using thermal converters.
DC V/I cal Used to calibrate the dc voltage and current functions of the

MCS calibrator and DMMs.




DCR Used to calibrate the resistance function of the MCS
calibrator and DMMs.

AC-DC diff Used to determine the ac-dc difference of thermal
voltage/current converters and micropotentiometers.

4950MTS Software that uses a 4950 DMM to test a calibrator, and
store a new set of firmware corrections in Wavetek

calibrators.

3. CHARACTERIZING THE MCS

3.1 DC Voltage (DCV)

A Wavetek 4911 10 V zener reference is part of the MCS equipment used to support the DCV
function of the system calibrator and DMMs. This instrument is periodically compared to the NIST
10 V Josephson array [5]. A control chart with the zener reference corrections is shown in Fig. 3.
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Fig. 3. Control chart with measured and predicted
corrections for the zener reference.

Periodically, special resistive dividers, a Fluke 752, and another similar divider designed at NIST,
are used to compare five calibrator voltages (100 mV, 1V, 10 V, 100 V, and 1 kV) to the 10 V zener
reference. The dc voltage corrections to the calibrator C,,, are related to the calibrator setting S and

the actual calibrator output voltage V_, ., by:

Veoer =81 + C pey ). (1)



A control chart with selected calibrator corrections is shown in Fig. 4. Over long intervals, calibrator
corrections tend to drift linearly with time, so a least-squares fit to the correction time series is
performed and a linear equation is used to predict the calibrator correction between calibrations.

Correction (ppm)

'
N
(4]

1 4 8 12 16 20 24 30 34 38 42
Time (weeks)

¥ 0.1 V (measured) =¥ 0.1 V (regression)

@ 10V (measured) —*— 10 V (regression)

Fig. 4. Control chart with measured and predicted
corrections for the MCS calibrator for DCV.

The system DMMs are calibrated at 10 V directly against the zener reference and at other voltages
using the characterized calibrator. The DMM corrections C,,., are related to the DMM reading Rand
the true voltage V. by:

Vpe =R(1 + CJDCV) . (2)

The system calibrator and DMMs rely on an internal zener voltage reference and timing to generate
and measure voltage. The calibrator uses a scaling technique known as time-division-multiplexing,
while the DMMs employ multislope integrating analog-to-digital converters. Both techniques are
capable of excellent linearity. The linearity of one of the system DMMs has been shown to be better
than 1 part in 10’ of full scale between 1 V to 10 V using the Josephson array [5]. The linearity of
other voltage ranges is measured using a calibrated DMM and resistive divider.

For both the calibrator and DMMs, calibration at full scale and 10% of full scale in each range is
generally adequate to characterize the full range. The system software linearly interpolates between
calibration points to compute calibrator corrections over the full range (>10’ discrete voltages). These
software corrections are applied during the test of a customer's DMM. DMM corrections are
processed in a similar manner and applied during the test of a customer's calibrator.

The uncertainty of DCV measurements performed using the MCS depends on uncertainties computed
during the test (Type A) and uncertainties associated with the calibration of the MCS (Type B). A
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description of these uncertainty types and methods of combining them is given in Section 5 and in
reference [6]. '

The Type B standard uncertainties of the MCS calibrator for DCV are given in Table 4. These figures
include uncertainties associated with the DCV support equipment described in Table 2. The
uncertainties in Table 4 are for the set of points where the MCS is routinely calibrated and monitored
(Calibrated Points) and for all other points within the range (Full Range) where corrections are

interpolated estimates.

Table 4
MCS Type B Standard Uncertainties for DCV
Voltage Range Calibrated Points Full Range
1 mV to 100 mV SpuV/V+1uv 10 uV/V +1 uVvV
100mVtolV 2uV/V+1uV 4 uV/V+1uv
1Vtol0V 1 uV/V+1uv 2uV/V+1puvV
10 to 100 V 2 uV/iv 4 uv/ v
100 Vto 1kV 3 uvV/iv 6 uvV/vV

3.2 DC Current (DCI)

The DCI function of the MCS calibrator and DMMs is periodically calibrated by applying various
calibrator currents to a set of NIST reference, four-terminal resistors and measuring the voltage across
the resistors using a system DMM. The set of reference resistors consists of values between 0.1 Q
and 1 MQ that are maintained in oil and air baths with a temperature control of +0.1°C, and are
periodically calibrated against the NIST resistance standards [7].

To measure the influence of compliance voltage, calibrator currents are measured with the following
burdens:

a. reference resistor only,
b. reference resistor and each system DMM,
0 each system DMM only.

The compliance voltage is measured for each burden and the current differences vs compliance
voltage are plotted. If there is a significant difference, additional burden measurements are made to
cover the expected range of customer's DMM burdens. Linear interpolation between data points is
generally adequate to correct the calibrator current.



