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FABRICATION 

Abstract 

OF REFERENCE STANDARD 1 OHM RESISTORS 
FROM EVANOHM S ALLOY 

Brian J. Pritchard, Robert C. Grime 
CSIRO Division of Applied Physics 
National Measurement Laboratory, 

Lindfield, Australia 2070 

Reference standard 1 0 resistors are now 
being fabricated that have superior 
characteristics to the Thomas type resistor. 

A coil of Evanohm S wire is fabricated 
into a four terminal resistor. A program of 
heat soaking at temperatures below 500 e C for 
varying periods brings the first order 
temperature coefficient and the resistance 
correction at room temperature close to zero. 
Resistance adjustments are made using an 
electrolytic etching technique so that the 
required specifications are achieved. The heat 
treatment program also achieves a low initial 
drift rat e. 

The finished coil is fitted into a mount 
incorporating three hinges that support the 
coil without detracting from its performance 
as a resistor. 

Introduct ion 

A reference standard resistor should 
have a temperature coefficient of zero at room 
temperature and be close to nominal in 
resistance value. 

The value of resistance R as a function 
of temperature T can be expressed by the 
equation:- 

where R 2 2 . 5  is the resistance, and Q and /3 are 
coefficients at 22.5 C. 

The most widely accepted 1R standard 
resistor is the Thomas type resistor. It is 
made from Manganin wire for which /dT is 
zero when T is near 25 C. This property is a 
function of the alloy, and /3 is typically -0.5 
ppm/(K)2. The NML 1R resistors are made 
from Evanohm S for which the temperature a,t 
which dR/dT is zero can be moved by heat 
treatment. For this alloy /3 is typically -0.003 

The new resistors have the following 
characteristics: 

R = R2z.s (1 + Q (T - 22.5) + /3 (T - 22.5)2} 

dR 

PPm/(K ) 2. 

I. A value of d2R/dT2 that is much smaller 

than for Manganin resistors and a dR/dT that 
is zero near 22.5 "C. Thus the value of 
resistance is much less dependent on 
temperature than for Thomas type standard 
resistors. 
2. Low long term drift rate. 
3. Low thermal hysteresis of resistance. 
4. Excellent transportability . 

Fabrication 

The resistive element consists of a coil of 
Evanohm S wire 2.1 mm in diameter, bifilar 
wound to minimise inductive effects. 
Potential connections are made by weldin 
pieces of Evanohm wire to predetermine8 
positions to produce a four terminal resistor 
that is self supporting. The coil is annealed in 
a furnace at 980 "C for 15 minutes and 
quenched in oil. The coil is soft at this 
temperature and so is supported by three 
serrated stainless steel clamps. The 
positioning of these clamps and the pitch of 
the serrations determines the geometry of the 
coil which must be regular to enable the coil 
to be mounted with minimal strain. After the 
anneal no mechanical work is done on the coil 
which might impart strain. 

Before anneal a is about +10 ppm/K. 
To produce a resistor that has a value near 
nominal when Q = 0 the potential terminals 
are placed so that R is about 0.980 R. After 
anneal R is about 0.94 R and a is about +36 
ppm/K. The changes in R and Q during 
anneal are large and can vary by up to 10% of 
these values. The resistors are therefore made 
so that if no adjiistment were made their final 
resistance value would be low by typically 
3000 ppm. 

The remainder of the coil production 
schedule involves heating the coil at various 
temperatures: commencing at 470 " C ,  for 
varying periods of time and measuring the 
resistance of the coil after each period. The 
coil at temperatures below 500 " C  is self 
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supporting and so in order to measure the four 
terminal resistance the coil is mounted on an 
adjustable jig. The resistance measurements 
are made in oil at room temperature. 

The heat treatment increases the value 
of resistance while decreasing the value of a. 

For values of o within 5 ppm/K of 0, AR/Ao is 
about -1550 fl K. As the heat treatment 
progresses and the final value of o is 
approached the resistance is adjusted by an 
electrolytic etching process. During etching 
the value of is an order greater than for 
heat treatment, allowing both R and a to be 
brought to the required values. 

A program of heat treatment 
temperatures and times brings the value of o 
down to zero and also brings the drift rate 
down to a low value. The heat treatment 
program involves heating the coil at a 
particular temperature until a steady value of 
AR/At is obtained, where At is the incremental 
period during which the coil was at the raised 
temperature. Each temperature has a 
corresponding steady state drift rate and this 
steady state drift rate is lower at lower 
temperatures. At 400 'C  the steady state 
drift rate is 400 $/hour while at 200 "C the 
rate is typically 0.005 pfl/hour. The final 
temperature of heat treatment before 
mounting is 100 'C and the period of 
treatment at this temperature is several 
hundred hours. 

Mount isg 

The heat treated coil is mounted in a 
support which consists of three carriers held 
by hinges that itre injection moulded from 
polypropylene. Each carrier consists of two 
brass strips, between which is a pair of 
polyethylene liners which are shaped to be a 
clearance fit to each turn of the coil. Contact 
to the coil is made by diaphrams of silicone 
rubber which is injected between the pairs of 
polyethylene liners. The hinges are fixed to 
an inner cylinder. The mount only allows for 
radial expansion and contraction but resists 
other modes of movement. 

The completed resistor is then heat 
soaked in an oven at 60 " C  for 150 hours 
before characterisation measurements are 
commenced. 
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CuGeMn, a New Material for High 
Precision Cryo-Resistors 

P.Warnecke and E.Braun 
Physikalisch-Technische Bundesanstalt, 
Bundesallee 100, D-3300 Braunschweig, 

Federal Republic of Germany 

Abstract 

The electrical resistance of CuGeMn alloys 
was measured as a function of temperature, I t  
shows maxima at temperatures between 1,s K 
and 9,l K. Since the temperature coefficient 
at the maxima is zero and due to the high 
value of resistivity these alloys are very 
suitable for the construction of cryo- 
resistors, which are operated in liquid he- 
lium and can be used to improve quantum Hall 
measurement systems. 

Introduction 

For the comparison of resistances with very 
low uncertainties cryogenic methods are in 
use. For instance, the comparison of a quan- 
tized Hall resistance of about 6.45 kQ or 
12,9 kQ with an 1 0 resistance standard can 
be done by means of a cryogenic current 
comparator. Often, this measurement is done 
in two steps with an auxiliary resistance of 
100 Q C1,2,33. One serious limitation of the 
obtained -uncertainty is the thermal noise of 
this auxiliary resistance, which is 1,3 
nV/FHz at room temperature. I f  a cryo-re- 
sistor at 4 K could be used for this purpose, 
its thermal noise will be of the same order 
as that of the 1 Q resistance standard at 
room temperature, which is only 0,13 nV/CHz. 

In the past, cryo-resistors were reported 
with a low temperature coefficient, which had 
been constructed as properly designed series 
connections of two different materials with a 
positive and a negative temperature coeffi- 
cient C41. In order to avoid thermoelectric 
effects we looked for an alloy which should 
have an extremum in its R(n-behaviour at 
temperatures in the liquid helium range. Pos- 
sible candidates for this purpose are CuGeMn 
alloys with low concentrations of manganese. 
They are similiar to the commercially 
available alloy ZERANIN C 5 1 ,  which is used 
for resistors operating at room temperature. 
CuGeMn is a material with good mechanical 
properties which allow wire drawing and wel- 
ding without difficulties. In order to 
investigate their properties six alloys with 
different concentration of manganese were fa- 
bricated at the Isabellenhutte C51 I and we 
have hitherto investigated the temperature 
dependence of the resistivity of these al- 

ExDerimental Results 

A l l  alloys had the same concentration of Ge 
( 5 , 3  at%) leading to the same resisitivity at 
4,2 K of about 17 PQcm and a residual re-  
sistance ratio R(4,2K)/R(300K) of 0,89. The 
concentration of manganese varied between 
0,12 and 0,39 at %.  Samples were made from 
each alloy and their resistivity was measured 
between 1.5 K and 300 K. Qualitatively all 
six alloys show the same behaviour of its de- 
pendence on temperature. I t  increases at the 
lowest temperatures, passes the spin glass 

loys. 

cHua2-5/90/0000-0292 SO1.00 ’ 1990 IEEE 

maximum, decreases to the Kondo minimum and 
increases afterwards nearly 1 inear with tem- 
perature. 

Whereas the Kondo minimum, which occurs at 
about 27 K, depends only weakly (a cLN0) on 
the concentration cWn of manganese, the tem- 
perature T,,, at which the maximum in the 
R(T1-dependence occurs, increases linearly 
with increasing concentration of manganese: 

TA, = 

where 26.1 K/atX is obtained experimentally 
for a. 

Since the maxima of the R(n-curves are 
rather sharp peaks, one has to control the 
temperature of the helium bath at T,,, to 
better than 2 5 mK in order to keep relative 
resistance changes smaller than 3x10-.. 

Discussion 

The CuGeMn alloys under investigation have a 
high resistivity at 4.2 K and, depending on 
their concentration of manganese, a tempe- 
rature between 1 K and 9 K can be chosen at 
which the temperature coefficient is zero. 
This is of great importance if a cryo-resi- 
stor of this alloy is to be used in the 
resistance comparison as mentioned before, 
since this auxiliary resistance is used with 
different power consumption. However, the 
maximum of the R ( n  curve is not very broad, 
which has the consequence that the tempe- 
rature of the helium bath has to be coritroled 
precisely. The additional consequence of this 
sharp peaked maximum is. that the design of 
the cryo-resistors has t o  be in such a wily 
that the self heating at different power con- 
sumptions does not exceed the limits whir.h 
are determined by the desired resolution. I f  
these boundary conditions are obeyed, we be- 
lieve that cryo-resistors from these alloys 
are an improvement due to the obtainable ac- 
curacy of the measuring system. A 100 Q cryo- 
resistor is presently constructed and will be 
integrated in our quantum Hall system. 
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Abstract 

24 samples of the so-called Ultra-Zener, an 
integrated circui t  containing a buried Zener junction, 
type no. LTZ 1000, have been tested sin- k c h  1988. 
W i t h  some circuit modification, half of the samples 
have been found to ham an ageing rate of less than 
1.5 @year, and a l l  have ageing less than 4 ppm/ 
Par. 
Introduction 

Tha so-called Ultra-Zener is an integrated 
circuit containing a buried Zener junction, a heater 
and two sensing transistors all in a small area of 
silicon. It has data shaeta (type LTZ 1000) which 
promtse very low noise and a very small change of 
voltage w i t h  time. Tha la t te r  featura is about 
4 timas less than that achievable by certain other 
goOa reference Zeners. 

There is always a demand for better accuracy, 
lower d r i f t  with time, a better t.mperature coef- 
ficient and resistance against thermal shock, and 
l o w  source resistance from a reference element. The 
circui t  suggested by the makers ha0 been modified to 
reduce the controlled temperatun a t  which the Zener 
junction operates and to redua la fraquency noise. 

It is desirad to test a group of 7V Zeners for 
noise a t  the 0.05 ppm levml and voltage rate of 
change w i t h  t i m e  (ageing) a t  the 0.3  &year level. 
This has needed a specially developed measuring 
system, whose readings are t raoablo to  the National 
1OV level. It is equipped w i t h  a masure of "intel- 
ligence* to give confidence in the data produced. 

Development of the Zener C i r c u i t  

The Ultra-Zener is assembled on a small circui t  
board in a slightly modified circuit, Pig.1, to that 
given in the makers data sheet. It is shown in the 
centre of the diagram w i t h  the heater resistor 
between pins 1 and 2, the zener between pins 3 and 4,  
and the two npn transistors. 
right of the Zener together with the resistor R1 

The circui t  to the 

3 0 0 R h r o C  Y *12v r. 
T' 

Fig.1. The Ultra-Zener circuit diagram. 
sensing; tolerance 0.018, 1 pWoc  temperature coefficient 
R4:S = 13:l for 65OC chip and matched to 3 ppm/OC. 

R 1  is for current 
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defines a constant Zener current in the region of 
5mA. The circuit t o  the l e f t  of the Zener controls 
the tenperatwe of the integrated circuit using the 
-2mVPC b a s e d t t e r  temperature coefficient of the 
npn transistor as sensor. The choice of R4 and R5 
as 12k and lkohm define about 45OC for the chip. 
Temperatures defined by other resistor ratios are 
sham in Pig.2. 
to get best rejection of environment temperature. 
Togather w i t h  R1, which dofines the Zener current, 
and the op-amp type LT1013, premium quality tested 
componan ta are wanted so as not to &grade the 
performance of the Zener. 

T e s t s  on Zener Ageing 

ageing and how it varies f i r s t ly  with Zener tempera- 
ture, and secondly w i t h  the Zener either continuously 
powered or normally unpovmred (except for 4 to 8 hours 
on each measurement day). Some results of these tes t s  
are shown in  Pig.2. 

I dfd not have the same value resistor pairs R4 
and R5 for a l l  of the samples tested so some devices 
were run cooler than others. The trend, shown 
dotted i n  Pig.2,  is for the ageing doubling for each 
10% rise i n  temperature and this could be argued to 
be some sort of f i t  to the results. 

about 4 &year were taken off continuous power and 
were only -red one day i n  ten when they are 
maasured. Provided that  they are turned on 4 hours 
before a measurement, negligible change of voltage 
over the next 4 t o  8 hours is found. The much 
laver values for ageing are shown in Pig.2 for the 
devices operated like this. 

The Waasurenent System 

R4 and RS should be i n  one package 

Sorne investigation has started on the device 

A l l  devices are run ContinuDusly a t  the start .  

N e x t  some of the &vices which were ageing a t  

My cowuter-aided measuremsnt system contains 

* \ \+ 
-3[ -4 11.5 I IlK I 

12.5 t lK - R' I R, 

Pig.2: Ageing of 14 samples of LTZ 1000 a t  
various chip teqeraturas: continuous 
operation except for devices denoted by@. 



295 

a t  its heart a high grade voltmeter. It  is simpli- 
s t i c  to use this directly as  t h i s  j u s t  compares the 
Zener under t e s t  w i t h  the reference in the instru- 
ment: i f  noise or a step change is seen, it is not 
certain which Zener has caused it. Instead, a known 
fraction of the voltage of a 1OV standard is derived 
from resistive voltage dividers, and 7.14 or 7.0 V 
are available with dividers made of 7 or 10 resistors 
respectively. 
can be used to  measure the difference between the 
Zener diode and the "divided-down standard" and it 
does so w i t h  a 0.1 uv resolution. The voltmeter 
needs very high input resistance t o  avoid loading 
errors. The 6% decade voltmeter used for 10 years 
has just  been changed to an & decade type, whose 
lower noise and calibration errors, etc., 
should give smaller measurement uncertainty. 

Now the voltmeter an its 0.1V range 

TO ens- reliability and good measurement 
repeatability each divider must be regularly C a l i -  
brated and a l l  the 1OV standards mrut be infer-- 
ared and assigned a value. 
the system comprising a 16/way 4 pole scanner, a 
personal computer and a printex perform in a 3 s u p  
process using the IEEE-488 bus to interconnect the 
System. 

This is what-the rest of 

Step 1. A group of eight 1OV standards contain three 
portable units which are assigned a value traceable 
to  the National standard of voltaga about every 9 
mnths .  Four of the group of 1OV standards, selected 
as being those of lowest noise, are intercompared 
continmusly by the double-differanca method. 
allows any noise t o  be unambiguously traced t o  the 
u n i t  causing it. 

Step 2. 'puo separate resistive dividers across two 
of the 1OV standards are calibrated a t  the start of 
every measurement session and i f  necessary during the 
session to give accurately defined N and 7.142V 
levels. 
about 7.1V. 
Step 3. 
Zener reference and both calibrated dividers are taken 
24 times in sets lasting about half a minute. From 
th is  is calculated a mean voltage for the Zener and 
a standard deviation of each reading set. 
l a t t e r  is typically 0.3 vV on the N level and 
contains contributions from the 1OV standard, the 
divider the Ultra-Zener. 

This 

The nominal output of the Ultra-Zener is 

Lastly the voltago differences between each 

The 

VOLTAGE (T.07 .) 
Fig.3. Measured voltage 
of one sample of the 
Ultra-Zener over a pariod 
of 14 wnths. 

The computer uses a cross-correlation program 
which is actually fed w i t h  the average voltage of 
the two dividers. 
each Zener, the program calculates the mean of the 
group of Zeners being measured. Then the results 
of step 3 of the process are used in reverse to  
calculate back t o  the voltage of each divider tap. 
If  these are not both correct t o  0.5 uV, the measure- 
ment is repeated (or the DVM calibration is checked 
or the dividers recalibrated). This  back check is 
an important component in giving confidence to  the 
measured data. 

After calculating the voltage of 

Rasults 
A l ine f i t  t o  the measUremDnts w i l l  give an 

"ageing" rate, see Fig.). 
errors from a constant voltage or a constant smooth 
change w i l l  indicate the suitabil i ty of the device 
to be used i n  a voltage standard. It is now held 
that no =re than t ppm per year for the rate of 
change of voltage is &sirable. Any errors from a 
smoth rate of change may of course be caused by 
uncertainties in the system or environment. A fu l l  
uncertainty budget for the system has been determined 
as 23 ~v or ' j u s t  under 0.5 ppm a t  the N level. In 
the event, errors of about half of this are inferred 
from the scatter of points from the linear ageing 
trend, Fig.3. 

The largest long-term error is caused by the 
step change every 9 months when the 1OV group is 
traced in value to the National level a t  the 
National Physical Laboratory. 

More importantly, the 

Conclusion 
Initial tes ts  indicate that the Ultra-Zener 

seems to have no serious disadvantages as a voltage 
standard apart from price and soma added circuit  
complexity. "his is a good omen for the performance 
of sevural new commercial instruments which contain 
it. 
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