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Stability Evaluation of High-Precision Multifunction
Instruments for Traceability Transfer
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Abstract—n the traceability transfer process from the national Analogical Section
standards of the Istituto Elettrotecnico Nazionale “Galileo Fer- ACY Atorat pev
raris” (IEN) to standards of calibration laboratories accredited Hingeo o] an%":g\‘f | AC/IDC Reference
by Servizio di Taratura in Italia (SIT), the use of high-precision 28| oevie Preamplifier| | Converter ;’7
multifunction instruments, in particular digital multimeters %1% acviacll % REEIN
(DMMs), as reference standards turned out to be a good transfer  >|§ JY—— 1 D
H H H H enuator
method. In fact, thel.r use provides swift and less expensive | andDCV [pove® Converter
transfer at an uncertainty level comparable to that one obtained Preamplifier | pCI g
using high-precision individual standards, such as 10 V dc voltage @
standards, standard resistors, or ac/dc transfer standards.
In this paper, it is described how this transfer process is per- m o= | 39‘:_’- a
formed and what results are obtained. __Bﬁ':ﬂj— N anan IR i s%’;t—‘?‘" solation
) -t -~ ion
Index Terms—Calibration, electric measurements, instrument Hi pt r‘ 3 ;] | @
specifications, instrument stability, reference and transfer stan- E 4 Q MSE : )
dards. E ,g UV Converter % | Microprocessor
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. INTRODUCTION Lom—~e — Current ! @ @
: Q Generator ! Momori Logical
. . . .. emories . .
N the last ten years, the introduction of high-precision elec { Circuits
tronic instruments, like digital multimeters (DMMs) and | AN
multifunction calibrators (MFCs), has significantly changed the l} d
traceability transfer process from metrological laboratories t LV
calibration centers (CalLabs) and industrial laboratories, whel [ Keyboard ] [ Monitor ] l 'lf‘feff;‘f: I

these instruments are widely used as reference standards.
This work describes the investigations and systems developed _ _
by IEN, in order to check the metrological characteristics of tHgd: - Block diagram of a DMM. It gives an example of the key components
_ R . employed in high-precision multifunction instruments.
multifunction instruments intended to be used both as reference
and working standards. Investigations have been especially fo-
cused on the evaluation of the medium- and the short-term sgh-internal self-calibration procedures, with the possibility
bility of DMMs and MFCs, usually not specified by manufacof storing the correction factors; remote control (usually by
turers, which enables the use of these instruments in more fleEE488 interface). The block diagram in Fig. 1 shows, as an
fined procedures with accuracy higher than that possible on #xample, the key components of a DMM.
basis of their one-year specifications. The use of this kind of instrument by CalLabs as reference
and working standards some years ago induced IEN to setup a
II. IEN L ABORATORY FOR CALIBRATION OF HigH-PrEcision dedicated laboratory (IENLab) for transferring the traceability
MULTIFUNCTION INSTRUMENTS from the national standards to the CalLab standards [2], [3], and

. - . L for analyzing and developing more accurate calibration proce-
High-precision multifunction instruments are a result o ures

the development of digital and analog electronics. The NeWrhe calibration system of the IENLab consists of a group of

remarkable features of these instruments are: high accuracyrgperence standards (shown in detail in Fig. 2), such as 10 V

many measurement fields itis close to that of the best COMMSEner voltage reference standard, two resistive voltage dividers,

cial standards), given by components such as DCV referenc%e et of standard resistors and shunts, and a programmable ac/dc
resistance networks, ac/dc converters, and analog-to-digital . . .
tage transfer standard, which are periodically calibrated

) X 0
(A/D) converters [1]; several measurement fields, usuaﬁ\slersus the national standards. The system also includes three

ac and dc voltage and current and dc resistance; mlcrOpMI':Cs, used as working instruments, and some other auxiliary

cessor-based control for internal settings and the execution, o te used to extend the traceability.

_ _ . The calibration of the MFCs is periodically performed and
Manuscript received May 26, 1999; revised July 7, 2000. _ consists of an adjustment and a verification process, which con-
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[ IEN National Standards ] MFC used as a Work_ing §tandard. T_he high level of MFC ac-
| curacy requires a calibration uncertainty lower than that which
v would be possible on the basis of the DMM specifications. Usu-
v (IEN | Lab) ACIDC Trarater Standara ally, as advised by the manufacturer, the calibration can be ob-
R‘f(%ifggnﬂoi fgg&g?s ________ Fluke S790A tained using high-precision individual standards (voltage refer-
Tinsley, Fiuke 742A | | [10V Reference Standard Shunts (1mA + 10A) ence standards, standard resistors, ac/dc transfer standards, etc.)
and Guildline v Fluke 7328 v Fluke A40 and A40A periodically calibrated, but this way is expensive and complex.
Resistive Voltage Divider Resistive Voltage Divider A Simpler Way iS given by USing a DMM as reference Standard!
Fluke 720A Fluke 752A but in this case, there is an increase in the MFC uncertainty,
| ] caused by DMM accuracy specifications (one-year specifica-
tions).
Some CallLabs chose the second method, exploiting the
+ ; + DMM as transfer standard. In this case, its medium-term
MFC MFC MFC stability, instead of one-year specifications, intervenes in the
Datron 4808 1f |LEluke 57004 Fluke 57200 transfer process uncertainty that became comparable to that
— — one obtained by mean individual standards. That traceability
h 4 YVY h 4 transfer process is described in Fig. 3, and essentially consists
Muitifunction Transfer Standard DMMSs under MFCs under 3
Wavetek 4950 Calibration Calibration of:
1° step: characterization of the IEN laboratory MFC in a
Fig. 2. IEN traceability chain for calibration of multifunction instrument well-defined set of measurement points, as it is de-
calibration. Reference and working standards of the dedicated IEN laboratory scribed in Section II;

hown in detail. : o
are shown in ceta 2° step: automatic calibration of the DMM (the CalLab

transfer instrument), by means of the IENLab
MFC and performing the calibration procedures
suggested in the instrument handbook, within one
month from the characterization of the MFC on
the same set of measurement points or a subset of
them; the results are automatically corrected by
a program that uses the MFC correction factors
stored in a personal computer;
3° step: calibration of the MFC (the CalLab working in-
strument), by means of the CalLab DMM and
performing the calibration procedures suggested in
the instrument handbook, at the same measurement
points of the DMM calibration, correcting the
results by data of the DMM calibration certificate.
st significant uncertainty components of the trace-
ability transfer process are represented by the uncertainty of the
IENLab reference standards, the medium-term stability of the
characterized MFC and the medium-term stability of the DMM
(related to the transfer from the DMM to the CalLab MFC).

The results of the IEN periodic calibrations and verifications, Atthe presenttime the market offers only two types of DMM,
in addition to other more specific measurements, have been uggfich can operate on all electrical function with the sufficient
[4] to acquire knowledge about the metrological characterifevel of accuracy. Table | gives an example of the results of the
tics of the multifunction instruments, such as their medium- anghceability transfer by means of these DMMs. These data are
short-term stability (i.e., the one-month and the 24-h stabilitybtained from several ILCs, where some travelling instruments
and to improve their capability for the transfer and the maintef the two different types (DMM A is a Datron 1281 and B a
nance of the traceability. In fact, the medium-term stability canewlett-Packard 3458) are directly compared with the IENLab
be exploited for more refined calibration processes that permFC before and after the transportation, in a period of time of
a simpler, easier and less expensive traceability transfer withgout one month. The repeatability of the results is given by
given accuracy, and for a more reliable ILC, in a fast way anfle average and by the maximum difference between the com-
over a wide measurement field. The short-term stability is coparison results versus the IENLab MFC. These data contain the
sidered in the comparison with dc, resistance and ac standatgislium-term stability of both the MFC and the DMM and the
to simplify and improve the measurement processes. contribution of transportation, and they are clearly better (about

) . half order) than the one-year instrument specifications.

A. Medium-Term Stability The validity of this transfer method is also deduced from

The medium-term stability of a MFC and of a DMM is con-data of Table Il, where the uncertainty levels of MFC calibra-
sidered in the case of the traceability transfer to a high-precisiton using the DMM (type A), as reference and transfer stan-

The verification is performed immediately after the adjust-
ment, and it covers a wide set of measurement points (usually
larger than the adjustment point set). This MFC characterization
allows the determination of MFC errors for each verification
point and the calculation of correction factors. These factors are
stored in the personal computer that controls the automatic cali-
bration of other instruments, and the use of these factors reduces
considerably their calibration uncertainty. Moreover, when pos-
sible, the MFC verification is obtained by means of a set of pro-
cedures for automatic adjustment and verification of MFCs from
the associated standards.

The IENLab systems typically calibrate high-stability
DMMs, which are used both for transferring the traceability
and for testing the metrological capabilities of CalLabs by The mo
means of interlaboratory comparisons (ILCs).

Ill. M ETROLOGICAL CHARACTERISTICS OF THE
HIGH-PRECISIONMULTIFUNCTION INSTRUMENTS
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IENLab Reference Standards

rf IENLab MFC

(DMM calibration)

2° step

CalLab DMM

(transfer instrument)

(MFC calibration)

3° step

P CalLab MFC

(working instrument)

J Ll (MFC characterization) | 4° step N

CalLab

IENLab

Uncertainty Components:

¢ reference standard uncertainty;
o circuit and measurement method uncertainty;
* measurement uncertainty.

* 1° step uncertainty;

« circuit and measurement method uncertainty;
* measurement uncertainty;

» MFC medium-term stability

* 2° step uncertainty;

o circuit and measurement method uncertainty;
¢ measurement uncertainty;

« transportation effect;

* DMM medium-term stability

Fig. 3. Representation of the traceability transfer by means of high-precision DMMs, with the uncertainty components of the transfer process.

TABLE |
DATA OBTAINED FROM SEVERAL

INTERLABORATORY COMPARISONS WHERE SOME TRAVELLING INSTRUMENTS

OF DIFFERENTMODELS (DMM A = DATRON 1281AND DMM B = HP
3458) ARE COMPARED AGAINST THE IEN MFC BEFORE AND AFTER
THE TRANSPORTATION IN A PERIOD OF TIME OF ABOUT A MONTH.

TABLE I
THE UNCERTAINTY LEVELS OF MFC CALIBRATION USING THEDMM (AS
REFERENCE ANDTRANSFER STANDARD) AND HIGH-PRECISION INDIVIDUAL
STANDARDS ARE COMPARED. DATA OF CASE 2 AND 3 ARE OBTAINED
CONSIDERING THEDMM ONE-Y EAR SPECIFICATIONS ANDITS SHORT-TERM
STABILITY ; DATA OF CASE 1 ARE TYPICAL ACCREDITATION LEVELS OF A

((*) M EASUREMENT PERFORMED AT 600 V) CalLab,wITH HIGH PRECISIONINDIVIDUAL STANDARDS

o DMM Verification Relative Calibrati MFC 1-year MFC Calibration Accuracy
Calibration | 1"Year Specifications Differences Function Aation | Specifications | Case 1 Case 2 Case 3
Function . DMM A DMM B Point 6 -6 -6 6
Point ovMa | DMM B 09 (09 09 (109)
average max average max

(10%) (10%) (10%) (109 (10%) (10%) 100mV 17 7 9,2 7,1

100mV 7 15 1.7 12 15 2.5 1v 9,2 13 4.6 2.9

W 34 5 0.4 0.8 07 1.1 vpC 10v 84 1,3 45 2.9

vDC 10V 32 42 03 0.4 0.6 13 100V 10 2,1 7 34
100V 6.4 6.3 1.2 2.0 0.7 11 1000V 11,6 4 7,7 4,6

1000V 6.4 16.1 1.2 1.7 0.6 0.8 100mV  1kHz 210 81 134 66

100mV  1kHz 120 90 1.9 3.0 74 15 v 1kHz 92 38 87 36

v 1kHz 80 90 2.7 6.0 12 20 10V 1kHz 92 38 87 36

vac | 10V 1kHz 80 90 29 8.0 1 20 VAC 10V 100 kHz 320 100 716 138

10V 100kHz 700 820 38 82 18 35 100V 1kHz 100 40 96 56

110%00‘\’/ ikkgz 1§<736 220 32 193 2 3289* 1000V 1kHz 94 57 1277 62

zZ .
ImA 29 25 74 12 45 33 110’;‘2 ;g } i g; %g
IDC 10mA 29 25 77 19 34 6.8 IDC

100mA 60 40 22 39 13 18 100mA 80 14 63 23

1A 170 120 10 21 13 23 1A 125 41 174 44

[0mA  1kHz 400 320 29 60 23 4 10mA  1kHz 200 85 406 93

IAC 100mA  1kHz 400 320 34 90 18 28 1AC 100mA  1kHz 400 95 406 123
1A 1kHz 900 1020 36 110 31 49 1A 1kHz 790 95 907 150

100 14 20 10 8.0 K] 17 100 33 8 173 13

100Q 8.6 17 0.7 1.0 1.0 11 10092 20 3 10,1 3,5

OHM 1kQ 6.6 10.5 0.5 0.9 0.6 0.9 OHM 1kQ 15 3 8,5 3,5

10kQ2 6.6 10.5 0.3 0.6 0.4 0.7 10kQ 14 2 8,5 3,5

100k 6.6 105 16 46 0.6 1.0 100kQ 16 65 85 72

dard (Cases 2 and 3), and high-precision individual standar%}]s
(Case 1) are compared. The data of the Case 3 are evaluate
showed in Fig. 3, where the medium-term stability is the m
value of Table I. In the Case 2, the DMM one-year specificg—
tion is considered, instead of the DMM medium-term stability. -
The data of the Casel represent typical uncertainty levels ofa Short-Term Stability

CallLab that uses individual reference standards. For all the fiveThe short-term stability of multifunction instruments, to-
electrical functions, a significant improvement can be observegkther with their high linearity, can remarkably simplify some
in particular for the ac functions, and the Cases 1 and 3 calibration processes in the CalLabs, reducing the number of

how the MFC calibration accuracy using the DMM as
nsfer standard is comparable to that one obtained using a set
high-precision individual standards.
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TABLE Il TABLE IV
DISPERSION OF ASERIES OFTEN MEASUREMENTS ABOUT ONCE AN HOUR, DISPERSION OF ASERIES OFFOUR CALIBRATION PROCESSES INACV BY
PERFORMED WITH TWO DIFFERENT MODELS OF DMMS, WITH AND MEANS OoFac/dc TRANSFERPERFORMED IN ATIME FROM 1 TO 24 h
WITHOUT THE ACTIVATION OF THE AUTO-CALIBRATION PROCESS(DMM
A = DATRON 1281AND DMM B = HP 3458) AC Standard
Function | F Measurement || 1-year Absolute | Dispersion (1c)
D. = unction requency Point Speciﬁcations
ispersion (1) (10%) (109)
DMM A DMMB
Function Meals)m"e:nent Autocalibration Autocalibration 0.1v 53 2.9
om without with without with v 24 0.9
100mv 0.6 14 0.6 0.8 100v 3 1.9
1000V 38 1.3
1v 0.1 0.2 0.1 0.2 Y ) 37
DCV 10V 0.0 0.2 0.1 0.1 iV 24 1'4
100V 0.4 1.0 03 0.1 1Kz ny 27 1'1
1000V 0.3 1.2 0.2 0.2 100V 31 2:3
IV 1kHz | 06 0.8 5.6 43 01V = >3
ACV | 10V 1kHz | 05 1.0 43 3.4 Acv v 51 07
IMHz | 130 60 21 29 20kHz 10v 27 0.9
100V 1kHz 0.8 0.7 5.5 122 100V 3 0.8
1ImA 1.9 1.0 2.7 0.2 1000V 38 9.7
DCI 100mA 0.4 35 6.5 1.9 v 71 1.4
1A 1.3 1.5 2.8 17.7 100kHz 10V 81 2.5
1mA 1kHz 7.9 6.3 9.6 16.4 100V 98 7.3
100mA  1kHz 7.0 4.5 5.8 15.5 1V 260 49
ACL | A kHz | 83 47 162 193 500kHz 10V 400 36
5kHz 6.3 7.1 57.2 63.0 v 900 109
1000 0.1 02 0.7 11 IMFHz 10V 1200 95
OHM 10kQ 0.1 0.2 0.7 0.3
1IMQ 0.1 0.3 0.5 0.4

a MFC. The validity of this comparison method is shown by
data presented in Table IV, where, with the high-precision ac
instruments involved (such as Kelvin-Varley dividers, null d&standard specifications, the results of four MFC calibration
tectors and dedicated bridges) and the performing time. In thigscesses in ACV, performed in a time from 1 to 24 h, are
way, itis possible to increase the number of measurements Willhorted. From them the MFC short-term stability can be
a consequent increase of information about the metrological gguced. It can be observed that only on the higher frequency
pability of this kind of instrument. range (500 kHz and 1MHz) the instrument stability is worse,
To evaluate the short-term stability of DMMs a series of tefyt in general it can be used as a good comparison device for
measurements, about once an hour, was performed with the ostandards. It has to take into account of the possible loading
different types of high-precision DMMs, also evaluating the ineffects caused by different input impedance of the ac standards
ﬂuence Of the auto-calibration proceSS (SELFCAL and ACAbompared, that can introduce Systematic errors [7]
function). It can be deduced, from Table Ill, that the effect of
the auto-calibration does not influence the DMM short-term sta-
bility. This is useful when it needs compensation of drift effects IV. CONCLUSION
caused by temperature. As a general consideration, the high sta-
bility of these multifunction instruments allows comparisons The IEN analysis about the metrological characteristics per-
between high-precision individual standards [5], [6], since tHermed in these years of a significant number of high-precision
comparison uncertainty is essentially the DMM short-term stezultifunction instruments showed their stability characteristics,
bility. such as medium- and short-term stability, can be considered in-
A typical example is given by the comparison of 10 V DCMrinsic of the instrument models. This kind of information is
standards. In this case, the comparison uncertainty is reducedan so easily achievable, because it can be obtained only by
comparison with the one-year instrument stability and the DCW¥alLabs with a very high traceability level and with a long cal-
standard uncertainty that is used as reference. ibration activity on a large number of these instruments, like
The same happens with the resistance standard comparistitesmanufacturers or a national laboratory. So, because of the
in particular in the range from 1@0to 1 M. Instead, for lower very large number of tested and calibrated instruments, the ob-
resistance values there is a worsening due to the reduced DN#hed results may be extended to the whole instrument class,
resolution and stability. Then an indirect method can be appliemhntributing to the definition of better uncertainty levels in the
supplying the series of two resistors by the measurement currasé of these instruments. Then the CalLabs can be confident in
and reading the voltage drop on them separately. For higher eeaploying MFCs and DMMs, in more refined calibration proce-
sistance values, the effects of measurement cables and the eswies without special characterizations, as standards to transfer
ronmental conditions have to be considered. and maintain the traceability at an accuracy level sufficient even
Another application, where the consideration of théorthe calibration of other instruments of the same level. More-
short-term stability may be used, is in the ac standard cowwer, the DMMs can be used as good travelling standards for
parisons. Here the instrument used as comparison deviceniproving the control of the CalLab metrological capabilities.
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