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The project goals

1.

S -

Realisation of impedance units (ohm, farad, henry) in the
revised Sl traceable to fundamental constants

. Shortening primary traceability chain of calibrations at

stakeholder sites

Strengthening calibration facilities at smaller NMls, calibration
centres, industry

Electrical quantum standards for all metrology institutes
Fabrication of robust graphene-based quantum standards
Development of cryo-cooler system for all-in-one operation
Effective knowledge transfer
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The project implementation

WP1: Graphene devices for AC-QHE
applications

WP2: Digital- and Josephson impedance
bridges for the realisation of capacitance

WP3: Graphene AC-QHR with digital and
Josephson impedance bridges

WP4: Creating impact




The devices: epigraphene on SiC
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The devices: stability and reliability

W
" Finland
[ ! !

ngpdom i, Py
4 T
S | e ey T
Germany >y Ukraing o LR e F
; e J Kazakhstan e -~
Ftwe:_fi.‘ég{ﬁ i-'." ! Iy iy 1_.'4 | Mongolia 3 7
B TP R < oy | [
Spain d \"‘;_],_4 ﬁ.:;»-r L \“'r'{'ov'*;
Whis Ll .\.:‘:"/':5:‘- China Sauth Korea
Lk, gy Alabonsan
¥ { N ,-. EP!I‘!EI!I&:'; I.E.-"\. =
\I\Algu'la | Lbya Egypt S iy
- P Saudi Arabia india 1 GF 5 o
- - _ Thailand

KRISS

Korea Research Institute of Standards and Science

\VAm CZECH
M | veTroLOGY
INSTITUTE

PTB, 6 July 2020
CMl, 11 Oct. 2020
KRISS, 11 Nov. 2020
PTB, 30 March 2021
PTB, 29 Sep. 2021

PTB, 6 July 2020
CMI, 11 Oct. 2020
KRISS, 11 Nov. 2020
PTB, 30 March 2021
PTB, 29 Sep. 2021

6 8 10
B/T

12

20

15

10~



Cryogenic environments
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Josephson digital bridges
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Josephson digital bridges
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Electronic digital bridges
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Electronic digital bridges
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Assessment of digital impedance bridges

EURAMET Project #1501
Technical assessment of novel digital
impedance bridges
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All the uncertainties are reported with a coverage factor k = 1. 1k ® i
Quantity f/Hz PTB INRIM-POLITO J Unit B ° il
2
0
G/G-1 1233 2.506(7) 2.731(111) —0.225(114) uF/F £ o ° .
G/G -1 2466 3.265(9) 3.202(221)  —0.027(221) pF/F Al ¢ s |
Ry/Ry —1 1233 —21.633(9)  —21.564(102) —0.069(103) pQ/Q
Ra/Ry —1 2466 —21.808(11) —21.772(108) —0.036(109) pQ2/Q2 2F o -
27fR1C1 — 1 1233 10.311(9) 10.322(121) —0.011(121) pQ/Q
Rqur/Ry — 1 1233 —7.734(9) —7.773(102)  0.039(103) pQ/Q 3r T
1/(27fRqurC2) —1 1233 0.266(9) 0.129(137)  0.137(116) pQ/Q ale o
27r.fR1C2 -1 1233 7.504(9) 7.620(118) —0.116(118) pQ2/Q2 A B c D E F G H |
Triangle 1233 0.036(16) 0.024(194) 0.012(195) uQ/Q Comparison Quantity
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Outlook specialised cryostats Josephson + QHE

e NRIM In the same Cryostat
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Contents

EMPIR Joint Research Project
18SIB07 GIQS
Graphene Impedance Quantum Standard

Good Practice Guide

Graphene-based AC-QHE
realization of the farad

EMPIR H -5

The EMPIR inifialive is co-funded by the Eurapean Union's Horizan 2020
research and innowalian programma and the EMPIR Participating Stales

List of Figures

List of Tables

1

The Sl and the quantum Hall effect

1.1 Units of electricalimpedance . ... ........ ... ... .. ...
1.2 ThequantumHalleffect .. ... ... ... ... ... ... ... ... ... ...
1.3 Realization of impedance units . . . . ... ... L.

Graphene

2.1 The quantum Hall effectingraphene . . .. ... ... ... . ... ... ...

2.2 Fabrication of graphenesamples . . . ... ........... . ........
221 Graphenegrowth . . . .. .. ... ..o
2.2.2 Devicefabrication . .. ... ... ... .. ... o L.

2.3 Characterization . . . ... . ... .. ... . ...
2.3.1 Room-temperature resistances and cooldown procedure . . . . . . . ..
2.3.2 Magnetotransport properties, Hall measurements. . . . . ... ... ..
2.3.3 Contact resistance measurements . . ... . ... ... .. ... ...,
2.3.4 Precision dc quantum Hall measurements . . . .. ............
2.3.5 Evaluation of the longitudinal resistivity and the s-parameter . . . . . . .
2.3.6 Final precision device validation .. ... .................

Cryogenic environment

3.1 Temperature and field requirements . . . . . ... ... .. L.

3.2 Shieldingand coaxiality ... ........... ... .. .. ... ... .. ...

3.3 Cryoprobesandcabling . . . ... ... .. i

34 Sampleholder . .. .. ... ...
341 EUROMETholder . . . ... ...,
342 TO-8shieldedholder . . . . ... .. ... ... . ... . ... ...

Digital impedance bridges

4.1 Digitalbridges . ... ... ... ..

4.2 Digitally-assistedbridges . . . .. ... ... .. L L

4.3 Electronic fully-digital bridges . . . . .. ... ... ... L.

4.4 Josephsonbridges . . . .. . ...
441 Programmable Josephson Bridges . . .. ... ... ... ... .. ...
4.4.2 Dual Josephson Impedance Bridge (DJIB) . . . .. ......... ...

Maintaining a capacitance scale with the AC QHE in graphene

5.1 Calibration and traceability . . . . . . .. ... ... .. .. L L

5.2 Traceabilitychains . . . ... ... ... ...

5.3 Traditional traceability chain . . . . . . ... ... L
5.3.1 GlQStraceabilitychains . . . .. ................... ...

5.4 Capacitance artifactstandards . . . .. ... ... .. ... L L

18SIB07 GIGS Good Practice Guide 4
Version 0.0 (May &, 2022}

16

40 pages

83 references

ISBN: 978-88-945324-3-2
Published on ArXiV



17

BIPM news [oct 2021]

Bureau
1 International des SIGNIN ® |

* Poids et

4 Mesures

“The transition from the actual GaAs-based QHR reference to a compact graphene-based reference,
allowing relaxed operational conditions, is now underway at the BIPM and is planned to be effective in
a few years’ time.”

@ ABOUT Us COORDINATION LIAISON TECHNICAL/SCIENTIFIC PUBLICATIONS & EVENTS (

Preparing for the transition from a
GaAs to a graphene-based quantum
Hall resistance reference at the BIPM
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Check the website...

()

PROJECT INFORMATION & COMMUNICATION VIDEOS STAKEHOLDER AREA

MNews & Events

Download

Scientific publications

Design and development of a coaxial cryogenic probe for precision measurements of the quantum Hall effectin
the AC regime, M. Marzano et al., ACTA IMEKO 10{2021)

Graphene quantum Hall effect devices for ac and dc electrical metrology, Kruskopf et al., IEEE TEM 68 (2021)

A four-terminal-pair Josephson impedance bridge combined with a graphene quantized Hall resistance, Bauer
et al., Meas. Sci. Technol. (2021))

Afully digital bridge towards the realization of the farad from the quantum Hall effect, M. Marzano et al.,
Metrologia (2020)

Silicon Carbide Stacking-Order-Induced Doping Variation in Epitaxial Graphene, D. Momeni Pakdehi, Adv. Funct.
Mater. (2020)

Realization of 5h/e2 with graphene quantum Hall resistance array, J. Park et al., Appl. Phys. Lett. (2020)
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Download O .
o B Gi0s Newsletter no.3 (2021-04) 3 MB
L3
. GIQS Mewsletter no.2 (2020-12) 1 MB
L
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e
. Summary of the GIQS project (2020-02) 504 KB
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... and our social channels!

B YouTube
Linked [}

ResearchGate

Thanks to:
- the people of the consortium!

- the collaborators and stakeholders!

GIQS Graphene Impedance Quantum Standard

(@gigsgrapheneimpedancequant5493 56 subscribers 15 videos

The EMPIR 18SIB07 GIQS "Graphene Impedance quantum standard” isan ... >

HOME VIDEOS PLAYLISTS CHANNELS ABOUT

Popular

AC measurements of QHE devices at METAS Transportation chamber for the delivery -based quantum
90 graphene samples standard at the Czech Metrology Institute

66 views » 1 year ago

226 views + 1 yea

176 viws + 1 year ago

20

Graphene growth and graphene devices in
PTB's cleanroom facility

200 views + 1year aga

Charge cariier denity conirol, device stabilny:
phalo-chemical gating

rarszznsens

Graphene-based Hall devices for electrical
quantum resistance metrology

Progress of PTB's 4TP Josephson
Impedance Bridge within the GIQS project
00 views - 1 yearago

A coaxial probe for quantum Hall effect
measurements in the AC regime

166 views - 1 year ago 76 views - 1 year ago

Thank you!

—A new probe for ACQHE  © =

SiC surface dependent polarization doping

100 views - 2 yea
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