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Quantum voltages of an array of YBauO; bicrystal junctions were calibrated against a
programmable Josephson array voltage standard. We demonstrated that steps of the current—voltage
characteristic of an array of bicrystal junctions at voltages of about 9 mV were flat over the current
range of about 8QA to within six parts in 16. The coincidence of quantum voltages on the array

of high-temperature superconductor junctions at 64 K and the reference voltage on the array of
niobium junctions at 4.2 K was measured with an uncertainty of two parts&n\iih the same
uncertainty, we revealed the coincidence of the Josephson coKstati/2e in YBa,Cu;O; and in

metallic superconductors. @002 American Institute of Physic§DOI: 10.1063/1.1458072

Series-connected Josephson junctions with nonhysteretic The second challenge is to demonstrate experimentally
current—voltage I(-V) characteristics are of great interest the metrologically relevant flatness of Shapiro steps that are
for use in the new generation of voltage standardés a  generated on arrays of HTS junctions. There are two reasons
reference the quantum dc voltage, that lead to the final slope of the steps. They are the spread of

the parameters in the array and thermal fluctuations at el-
f evated temperatures. The influence of these effects on the
VJanK—, (1) slope of the step generated on an array of YBa0,
J (YBCO) shunted bicrystal junctions at voltag€; ygco
~10 mV and liquid nitrogen temperatures was recently mea-
generated on a Shapiro step with index =1 was used. sured. It was demonstrated that the step is flat within an
HereN is the number of junctions arfthe irradiation fre-  yncertainty of about one part in 48
quency. The implementation of high temperature supercon- The purpose of this letter is to report a substantial de-
ductor (HTS) junctions in voltage metrology offers new ad- crease in the uncertainty with which the slope of the Shapiro
ditional advantages and a reduction in the price of thestep on the array of bicrystal junctions and the Josephson
cooling equipment. At the current state of HTS junction tech-constant in HTS was established. These results were ob-
nology, shunted bicrystal Josephson junction arrays are ongined by direct calibration of quantum voltages\6fygco
of the best choices for such an applicatioHowever, their yersus a programmable Josephson array voltage standard
use in scientific and industrial metrology faces two Signifi-(JAVS) at the Physikalisch-Technische Bundesanstalt
cant challenges. (PTB).1°

One of them is the universality of the Josephson relation,  spynted bicrystal junctions were fabricated using Au—
Eq. (1. Its in_dependence of experimental conditions is ofygco bilayers depositedn situ on symmetrical yttrium-
fundamental importance for quantum voltage metrology. Theapilized zirconium substrates with a misorientation angle of
accuracy of Eq(1) was the subject of many tests bOthG for 19°, petails of the technology of the HTS junctions were
conventional metallic superconductbmand oxide HTS™® ) hiished earliet! The full series array of 512 junctions,

In the most precise experimehtst was established thd¢;  gach 4um wide, had a length of 6 mm. Special thin-film

is the same in different_types of metallic Josephspn junctionﬁjw_pass filters allowed an independent dc bias and voltage
to at least three parts m_i?) However, the coincidence of easurement of separate parts of the array. For the micro-
the Josephson constant in oxide and metallic superconducfjaye power irradiation, we placed the meander array in a

ors, especially at elevated temperatures, was revealed to hagcowave housing parallel to the feed line, which was made
a much higher uncertainty, within five parts in®10 on a quartz substrate 0.3 mm thick.

The part of the series array containiNg= 136 junctions
3Electronic mail: a.klushin@fz-juelich.de was synchronized by ac bias current in the frequency range
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T A B B B y TABLE I. Summary of experimental results and uncertainties.
10 T=64K }
AV o Uc m Uc zero Uc
b) Run No. (nV) (nV) m (nV) (nV) (nV)
. °F a) ’ 2001-06-06  +0.787 0911 12  0.260 0.63 0.63
E [ 2001-06-07 +0.104 0870 24  0.180 0.90 0.92
= of i 2001-06-08 —0.176 0707 24  0.145 0.10 0.15
2 | 4
= b ]
] § ]
> or ] connected to the output leads of the EM. With this setup two
[ experiments were performed.
10 F 1 We have investigated the flatness of the step generated in
A R S S the HTS array. For that the voltage difference was measured
‘15 <10 05 0.0 0.5 1.0 1.5 with the dc bias being successively varied along the step of

Current (mA) interest. To reduce uncertainties due to the drifts of thermal

FIG. 1. Series array of 136 bicrystal junctiofe without and(b) with  €/€Ctromotive force(emf), every third measurement was
microwave power at frequendy=32.059 18 GHz. made at the center of the step. These measurements were
used to calculate the time-dependent drift of thermal emf and
of 25-40 GHz. As the microwave power source an HpL correctall the data for that drift. Over 3 days 12 mea-
83640 synthesizer phase locked to a rubidium frequenc%urement runs were performed. Each run included 3.0_5.0
standard with a relative frequency stability ok30™ 1! was easurements along the HTS current step. The uncertainty in
used. This technique allowed us to observe metrologicall he measurements, given as the standard deviation of the

relevant steps at voltages from 7 to 10.2 mV fier =1 and ~ Meane which changed from run to run, was limited due to
at 14 mV forn= + 29 ' - null-detector noise and drift of the thermal electromotive

The programmable JAVS at PTB is based Onforc_e”?eunrtwg cfalllli)nrztlons.a measured for voltages from 9 to
a superconductor—insulator—normal metal—insulator—super- Step flainess was sur vottages 1

r L X .
conductor (SINIS) array that is fabricated by reliable 9.4 mV. As an exampld—V characteristics without and with

Nb—AI/AIO,, technology. The SINIS array was cooled by microwave irradiation are shown in Fig. 1. Precision mea-
X . .

liquid helium and operated at microwave frequencies of 70s_u;((a)rger:sato; ttgrip(ier;g(t:jrlecgfrlg:tKof/v;]ri‘c?h ?/\r/raasyarci\?g\?:a%dby

and 73 GHz locked to a 10 MHz time base that traces back tg >~ ) ' :

PTB’s atomic clock. At a microwave power of about 10 mWw, ﬁﬂu'dt rgtrogetn vapong_ugnggl‘?QTgﬁ avferagteh resistance for

large Shapiro steps with widths of more than 1 mA Wereih;?a(e;tejr?sr':ii I?/r(;lstz:\N e/_:I. R waé 1 9er2e c\)/re Asesrr:]oIC\;nmLijr:n

obtained at a bias current of 2 mAThe binary weighted 1 9&c=1c EHN

V array had 8192 junctions in 64 microwave strip line paths.FL)g' 1t(?)2at frv\?quencg of 32&9{?]9 1? Gth and_pg)\cl)vleé Ie\\//el of
To achieve a voltage df ;=9 mV, 62 junctions were set to abou mW, we observed the step\glysco= 9. mv.

the first step(two bits).° The suitability of SINIS junctions It was found that the amplitude of the Shapiro step is

for metrological purposes like Josephson voltage standar mmetrical fom = T‘Ll and tr_us amplitudal, is about 0.25
has been demonstrated previou2ly. <. The step amplitude varied over a range of 7099

For a direct comparison, HTS and niobium arrays Weredependmg on the irradiation frequency in accordance with

set in series opposition and the difference voltaly¥ the uniformity of the microwave blas_ cyrrent dlstr_lbutlon in
_ , the HTS array. The standard uncertainties avey, given as

=V;veco—V,; was measured with an analog EM Nla1 were found to be in th bnanovolt ranae for 90% of
nanovoltmetet® At certain bias current values, a computer 0, Were tound to be € subnanovoft range 1o 00

read 20 data from a Keithley 182 nanovoltmeter that Waéhe measuremer_ltsee F'.g'.?' 'I_'h|s resglt demonsrates that
the current step is flat within six parts in®6ver the current

range of 80uA.

b e ] In the second experiment the precision calibration of
< g V; veco Was performed by the JAVS. For that the voltage
= top E difference AV was measured for two polarities of dc bias
:% 5 E— }/ 9 currents of the arrays. The typical amount of time for taking
= of I T S S, the data of such a singl& measurement was 1 min. Mea-
- 5 E _ | 3 surements of the three different quantized voltages were per-
= ‘ formed over 3 days as shown in Table 1. H&¥ is the
g -10:' : E voltage difference which was measured fort measure-
£ -1sf = ments with standard deviation of the meanu, ., is the
e 50 40 30 20 10 0 10 20 30 40 50 60 70 standard uncertainty of the measurement, while,e,, and

Current (uA) u. are the systematic uncertainties due to nonlinearity of the

null detector for that measurement and the overall uncer-
FIG. 2. High resolution plot of the quantum step induced on the HTS SerieQainty for the comparison, respectively. Additional uncertain-
array at frequency=32.059 18 GHz. The voltage was compensated for byties for direct comparisons arose from Ieakage currents and
the programmable SINIS array with 62 junctionsfat70.340 09 GHz and . . .
V,=9.017 999 mV, Standard deviatiotispe A) are equal to & The line  Offsets of the frequencies. We determined the uncertainty for

serves as a guide only. the frequency as being equal to<20™*°, while the uncer-
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tainty for leakage resistance was estimated to be less thait voltage metrology, but also in modern communication
one part in 180.1* Therefore, these two uncertainties can besystems and low-noise radar, and for the calibration of elec-
neglected. The nonlinearity of the null detector measured irtronic instruments.

our case was aboutX10 3, and led to an increase in the

measurement uncertainty af . This influence of non-
- Contract Nos. 13N7534/1 and 13N7494. The authors would

linearity can be reduced when both polarities are measured ! . .
the same deflection. Although the stability of both our mea—ijllke to thank M. Yu. Kupriyanov for helpful discussions and

. : e suggestions.
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ages(including the thermal voltagg$o the values so that the
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