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Abstract  
 

 We present the new primary standardization system for the AC voltage and current 

quantities at Inmetro. The development is under construction but we have obtained good 

results so far. The two systems are based on the new PMJTC (Planar Multijunction 

Thermal Converters) standards and we intend to achieve uncertainties at least, half of 

the ones related to the old standards that are being used along the last fifteen years. 
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Introduction 

 
The Brazilian National Metrology Institute - Inmetro has to provide traceability in 

all SI units. Inmetro as a BIPM member might prove its metrological competence 
through key-comparisons to support the services stated in the Calibration Measuring 
Capability (CMC) of the BIPM database. The Electrical Metrology Division - Diele is 
responsible for realizing, reproducing, maintaining, and disseminating the electrical 
units. In this way the division is continuously seeking for its reference measurement 
systems improvement. 

For many years the Inmetro's AC voltage standard was the commercial AC-DC 
thermal transfer standards (from 2 mV up to 1000 V and from 10 Hz up to 1 MHz) and 
the AC current standard (from 10 mA up to 20 A and from 40 Hz up to 100 kHz) was a 
set of commercial AC-DC current shunts used together with single junction thermal 
converters (SJTC). Both quantities are traceable to PTB (Physikalisch Technischen 
Bundesanstalt). In those areas we have been offering calibration services to all accre-
dited laboratories, industry labs, research centers that need the traceability in those 
quantities. We are also taking part in many regional (SIM) and BIPM key comparisons. 
But the traceability costs and the high level uncertainties associated to those standardi-
zation system were the motivation to improve a new AC-DC thermal transfer system 
based on Planar Multijunction Thermal Conversors (PMJTC) which allowed us to de-
velop our own primary standards (voltage and current).  
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The new PMJTCs were acquired from IPHT (Jena, Germany) in 2003 and two 180 
Ω conversors were calibrated in 1 V in PTB which ones were used as the basis to begin 
the build-up methodology. As soon as we conclude and establish the voltage values we 
will improve the current system. We develop and assembled at Inmetro the voltage 
range resistors from 5 V up to 500 V (the 1000 V range resistor is a commercial one) 
and the current shunts. We expect to upgrade our calibration service, obtaining lower 
uncertainty levels and being able to participate in key comparison no more as a National 
Metrology Institute (NMI) traceable to other NMI but using our own values. 

In this paper we will present the standards used in the system, the methodology ap-
plied, the automation software that controls the measurements and performs all the con-
cerning evaluations, the status of the development and some results at present. 

 

 

Theory of Operation 
 

AC-DC transfer standards, based on thermal converters (TC), provide the most ac-
curate link between AC and DC voltage and current. The use of TCs as the AC-DC 
transfer standard for voltage and current quantities is already very established and also 
is being used as primary standards for several NMIs for more than 30 years [1-5]. Along 
those decade many development was done beginning with the single-junction thermal 
converters (SJTC) up to the new planar multijunction thermal converters (PMJTC). The 
development of the three dimensional multijunctions (MJTC) by PTB in the early 70´s 
reduced the uncertainties since the thermoelectric effects were decrease by reducing 
temperature gradients along the heater. The increase of accuracy came together with 
high manufacturing costs. 

Further improvements were achieved with new materials and modern technologies 
as the use of thin film heaters and thermocouples on a thin dielectric membrane. These 
improvements lead to PMJTCs that offer very low thermal conductance and, therefore, 
high responsivity of the devices. The PMJTCs provide a long-term stability and a high-
dynamic-frequency range. It is well known that PMJTCs show small AC-DC voltage 
transfer differences in the audiofrequency range [6-10]. 

 
 

Figure 1: The design of one junc-

tion of a thermal converter. 
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A thermal converter is composed by a 

very short and thin resistor wire that oper-

ates as the heater connected to very stable 

wire leads in both ends and a thermo-

couple touching in its middle. The conver-

ter element is enclosed in a vacuum glass 

bulb, to avoid heat losses by convection. 

The principle of equivalence consists of 

measuring with thermocouples the temper-

ature raise produced in the heater when an 

AC and DC current pass through it. This 

physical process is called Joule heat. The 

output voltage of the thermocouple ranges 

from 7 mV to 10 mV according to the type 

of the thermocouple chosen. A schematic 

example of this construction is depicted in 

figure 1. 
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In an ideal device the temperature raise in the heater when one applies a DC current 
is the same as when an AC current is applied. This does not happen in the real word due 
to thermoelectric effects like Thomson and Peltier effect that introduces a systematic 
AC-DC difference. The temperature profiles along the heater in the DC and AC regime 
are different. When a DC current is passing through the heater one can se a temperature 
gradient but on AC current the changes are average out within one period. To minimize 
the errors produced by thermoelectrical effects a series of thermoelements were design 
and that is what we call the multijunctions. 

As the DC voltage is a very well known value (traceable to the Josephson effect) 
one can compare the junction output when an AC voltage of the same magnitude is ap-
plied to the junction. The output is ideally the same. Due to thermoelectric effects and 
low-frequency tracking of the input signal (voltage), reactance and dielectric loss (cur-
rent) the AC-DC difference is a non zero quantity. To establish the AC-DC difference 
avoiding (or minimizing) some error sources a worldwide procedure can be followed: 
measure the multijunction output when the input sequence is applied: AC, DC plus, AC, 
DC minus, AC. 

The AC-DC difference quantity is defined as the relative voltage difference between 
AC and DC input when the output voltage are equivalent. It can be showed in equation 
1. 

    (1) 

 

 

Where:  VAC is the AC signal; 

 VDC is the average from DC plus and DC minus input; 

 UAC and UDC is the AC and DC output voltage. 

 
The general electrical characteristic of a termoconversor is maximum voltage input 

of 2 V or 10 mA. This device can be used both for voltage standard and current stan-
dard. As a voltage standard they have to be used with a series resistor to reduce the in-
put voltage. As current standard they have to be connected to current shunts. 
 

 

Methodology of Standardization 

 
It was determined to begin the standardization process from a known value (voltage 

or current quantities) of a standard calibrated in another NMI then deriving the whole 
ranges applying the step-up procedure.  

The model of the AC-DC transfer difference calibration is based on the difference 
method to measure the AC-DC difference δd where the known standard δs has to be 
added to the transfer difference. The differences of the output voltages of both conver-
ters are measured with one nanovoltmeter and, with a second nanovoltmeter the output 
voltage of the unknown, δx, is measured. 

 

        (2) 
The associated standard measurement uncertainty of the AC-DC transfer difference 

u(δs) at each voltage step in the step-up chain is calculated as follows. 
 

        (3) 
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The best solution of equation 3 is obtained using the least squares method and the 
solution is the vector δ´ that minimizes 

        (4) 

 

        (5) 
 

 

The standard uncertainty The standard uncertainty of the measured difference be-
tween both converters u(δd) is given in equation 6 and u(δs) is given in the NMI certifi-
cate. 

 
        (6) 
 Where: 

uA is the standard deviation (Type A), 
uC is the standard uncertainty of the comparison, 
uM is the standard uncertainty due to the method. 

 

A.  AC Voltage quantity 

The basis of the AC-DC transfer voltage standardization consists of two 180 Ω- hea-
ter resistor PMJTCs at a level of 1V. Those standards were calibrated in PTB in the fre-
quency range from 10 Hz to 1 MHz. A set of five 90 Ω, one 400 Ω and one 900 Ω-
heater resistors PMJTCs used together with range resistors perform the whole voltage 
range from 100 mV up to 1000 V when applying the step-up procedure, see figure 2. 
The range resistors used from 5 V up to 300 V are commercial power film resistors, 
built at Inmetro, and above this voltage the Fluke 1000V range resistors are used. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                       Figure 2: Schematic of the voltage step-up procedure. 

 
To achieve voltages ranges as low as 2 mV, the step-down process utilizes a resis-

tive voltage divider and a commercial voltage transfer standard (Fluke 792A). The be-
ginning of this process is a comparison made at 200mV voltage level between the 90 Ω 
PMJTC and the 200 mV range at Fluke 792A, as can be seen in figure 2. Due to loading 
effects in the Fluke 792A ranges a Holt divider and another Fluke 792A are used. 
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B.  AC Current quantity 

The AC-DC current standards will be established after the conclusion of the AC-DC 
voltage work. The AC-DC current ranges will be established from 5 mA up to 20 A and 
from 10 Hz up to 100 kHz. The step-up procedure will be done using five 90 Ω, one 400 
Ω and one 900 Ω-heater resistors PMJTCs used together with shunts manufactured at 
Inmetro and Inmetro´s old set of standards composed of SJTC and Fluke A40/A40A 
shunts. 

 

 

Automatized System  
 

 Developed in the Labview language the measurement software makes the control 
of the equipments used in the calibration through the GPIB and RS232 interface. 
Among other features it measures the environmental conditions, storages the calibration 
data in a Access database and allows searches in the registration of the accomplished 
measurements. The figure 3 shows a simplified schema of the set-up and remote con-
trols. The software developed is user-frindly and by means of control panels (figures 4 
and 5) the calibration input data, instrument configuration codes, measuremnts status 
and results can be acessed or set. These panels can be divided in four groups briefly de-
scribed below. 

 
Figure 3: Schematics of the measurement 

 
1º panel – standards selection and voltage and frequency point of measurement se-

lection: the user can select which PMJTC will be used as the reference standards and 
DUT (device under test) and also include or modified all information related. The points 
(voltage and frequency) in which the measurement will be performed have to be defined 
too. 

2º panel – Configuration: This one is showed in figure 4. The operator can change 
some calibration parameters as the warm-up waiting time and the time between mea-
surements, number of measurement repetition, the use or not of the sources external 
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guard, the use or not of the Holt divider and the activation of the measurement record. 
The software accesses a database containing many codes to control remotely the sources 
and meters. This database can be changed including codes of new instruments. 

3º panel – Measurements: This one is showed in figure 5. The operator can see all 
set measurement points and the measurement status. A graphic shows the results of all 
measurements done for the current point.  

4º panel – Results: After the measurements conclusion the operator can visualize the 
results for all measurements set including the date and hour and the AC-DC difference 
and standard deviation. If the operator asks for these results in an Excel datasheet form 
the uncertainty measurement can also be evaluated. 
 

 

Figure 4: Configuration panel   Figure 5: Measurement panel 

 

 

Measurements  
 

Measurement results of the step-up procedure shoed good agreement comparing to 
the value of the 180 PMJTC calibrated in PTB. Some results obtained in 1.5 V are given 
in figure 6 and it can be observed good system stability and repetitivity. The uncertainty 
decreased about 03 times compared with the one obtained using the Fluke 792A refer-
ence standard. 

 
 
 

 

 

 

 

 

 

 
Figure 6: First results of the step-up procedure to AC-DC transfer voltage standard.  
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The value written over the arrows represent de AC-DC difference measured and 
their variance (in brackets). 

After the evaluation of the minimum square method the results (AC-DC difference δ 
and the related final uncertainty u(δ)) obtained for of the group of standards at the 1.5 V 
level presented the results showed in table I. 

 

Table I: PMJTCs standards results for 1.5 V and 1 kHz. 

 

Results (in µµµµV/V) 

xi δ δ δ δ     u(δδδδxi)    

90-1 -0,24 2 

180-1 -0,01 2 

180-2 0,02 2 

400-1 -0,42 2 

900-1 -0,61 2 

 

 

Conclusions 
 

The new AC-DC transfer voltage and current standards are in development at Inme-
tro. So far we are obtaining good results and we intend to have all the AC-DC voltage 
values established from 100mV up to 1000V and from 10Hz up to 1MHz until the be-
ginning of 2009. When the procedure to build-down to 2mV will be performed. We 
hope to take part in a bilateral comparison in 2009 and if we get good results we can 
update our CMC at BIPM database. Afterward the AC-DC current quantities will be es-
tablished.  

With this work we are expecting final uncertainty reductions and parity during inter-
laboratorial comparison.  
 

Inmetro is also making investments in an AC Programmable Josephson System 
(ACPJVS). Hopefully, we’ll get this system until the end of 2009. It will be capable of 
generating up to 10 V DC and AC signals. We intend to make comparisons between our 
PMJTC voltage standard system and our ACPJVS in order to check the measurement 
results consistency of both systems, leading to more reliable and with lower uncertain-
ties AC measurement results. 
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