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Abstract —  We describe the preliminary measurement
conducted to establish a baseline dataset toward a cryogen-free
system for quantized Hall resistance (QHR) standard application.
This paper illustrates the current state-of-the-art cryogenic
system, the quantization verification and ratio measurement
between an established GaAs Hall bar and a graphene-base
quantum Hall array resistance standard (GQHARS). The
technology comparison is carried out with a room temperature
ratio bridge.

Index Terms — Measurement, measurement standards,
measurement techniques, graphene, measurement uncertainty,
precision measurements, uncertainty.

I. INTRODUCTION

Since the redefinition of the International System of Units
(SI), the realization of the ohm is achieved through the integer
of the quantum Hall effect (QHE) expressed in terms of the von
Klitzing constant Ry = h/e?, where h is the Plank constant and
e is the elementary change.

Graphene-based QHE chips are becoming the predominant
choice for realizing the ohm due to their high temperature and
low magnetic flux operability (quantization achievable at a
temperature of 4 K and magnetic field as low as 4 T), compared
to the predecessor GaAs technology [1].

Recent breakthroughs in graphene and sample fabrication [2]
enhanced the technology by improving carrier density stability
in air condition, tuneability, and improved device integration.
Consequently, those advantages enable the realization of
quantum Hall array resistance standard values from 100 Q to
10 kQ.

Fig. 1 Picture of a 7 mm x 7 mm GQHARS sample. The red,
orange, blue, and gray squares highlight the Hall bar, the 100 Q, the
1 kQ and 10 kQ arrays respectively.

Having multiple GQHARS values ameliorates traceability
accuracy when calibrating artifact standards with room
temperature ratio bridges. Moreover, combining the latest
technology with a cryogen-free cryostat enables a cost-effective
and easy-to-use solution for widely adopting the quantum Hall
resistance system.

This work compares an established GaAs-based Hall bar
QHR to a graphene-based chip with a Hall bar and tree
GQHARS, as shown in Fig. 1.

II. MEASUREMENT SETUP

The GaAs heterostructure sample fabricated at the National
Research Council of Canada [3] measures 2 mm x 2 mm. It
manifests quantization at i = 2 plateau at a temperature of 1.3 K
when subjected to magnetic field B of approximately 7.3 T, and
its critical current Ic is 77 pA. The chip has six pins, a source,
a drain, and two sets of Hall contacts. The graphene-based chip,
fabricated by the Research Institutes of Sweden (RISE), is a
7 mm % 7 mm epigraphene grown on silicon carbide (SiC). The
precise details of the microfabrication steps are described
elsewhere [2]. In brief, we used 120 nm thick superconducting
contacts of NbN with a split-contact geometry. [4] The sample
is encapsulated using molecular dopants to control the carrier
density.
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Fig.2  Sweep test for GaAs (blue curve) and graphene (green

curve) samples. The top subplot (a) shows the quantized steps of the
Hall resistance, whereas subplot (b) illustrates the longitudinal
resistance in function of magnetic flux density for only one pair of
contacts.
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Fig.3  Ratio between the GaAs and epigraphene Hall resistances.

The dotted line is the average of the five measurements.

Fig. 1 shows the die layout, consisting of a Hall bar
positioned to the center of the chip, circled in red, and 3
GQHARS of values of 100 Q in orange, 1 kQ in blue, and
10 kQ in gray. All four devices share one common contact point
on the chip. Per design [5], the deviation of the array resistance
from nominal decade values is limited by the number of
element in each array. The approximation is in theory,
~0.2 nQ/Q for 100 Q and ~0.02 nQ/Q about for both 10 kQ and
1 kQ. The two chips are bonded to a TO8 header. The 10 kQ is
not connected for this work, and only two pairs of contacts are
bonded due to limited space in the TOS8 header.

The two chips are installed axially on an immersion probe
and lowered into a 601 dewar equipped with GM 4K
cryocooler, which provides 1.5 W colling power at 4.2 K. The
system can reliquefy up to 201 of liquid helium a day. The
cryostat, a no-loss system, allows continuous operation at a
base temperature of 1.2 K when pumping to its variable
temperature insert, reinjecting the gas into the dewar.

III. MEASUREMENTS

A. Quantization Verification

The quantization is checked for the GaAs device following
the guidelines described in [4]. The plateau’s center i =2 is
measured at 7.5 T (Fig. 2) with a bias current of 77 pA.
Subsequently, the contact resistance and the dissipation are
measured with a value <0.5 Q and <20 nV, respectively.

The GQHARS quantization is not possible through a
procedure. It is instead verified indirectly by measuring the
quantization of the Hall bar. Although the best practices for
graphene-based QHE chips differ slightly, the same step as
GaAs was executed for simplicity and to have commensurate
parameters during sample comparison. With a bias current of
77 nA, comparable values of contact resistance and dissipation
are measured.

B. Gads vs. Graphene Hall resistances

The two technologies’ Hall resistances are compared to
evaluate the DC ratio bridge stability and accuracy. Fig. 3
shows the ratio ruarr between the GaAs Hall device and the
graphene Hall bar normalized to the nominal ratio rn. Each of
he five measurements consisting of 35 readings, of which 25
are averaged. The error bars are the standard deviation of the
mean of the readings. Averaging the five measurements
establishes the bridge offset that is applied, in this case,
53 x 10, as a correction to the subsequent measurements
carried out at a 1:1 ratio.
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Fig.4  Ratio between the GaAs Hall resistance and the QHARS
1 kQ. The dotted line is the average of the measurements.

C. QHARS vs. GaAs Hall resistance

Higher ratio offsets are determined by comparing the
GQHARS against each other or the Hall bar. The bridge
measurement parameters are set identically to the 1:1 ratio. The
bias current is set to 77 pA for Hall resistance, resulting in a
1 mA in the epigraphene 1 kQ. Fig. 4 shows the measured ratio
rm between the 1 kQ GQHARS and the GaAs Hall resistance
normalized to the nominal value r. For this ratio, the averaged
offset is 6 x 10" with a type A uncertainty of 18 x 10

VI. CONCLUSION

We described preliminary comparison measurements
between the epigraphene and the GaAs samples. Using
GQHARS is an excellent tool for improving the calibration
accuracy of standard resistors and DC ratio bridges. We are
planning comprehensive measurements of build-up and build-
down directly via GQHARS and through resistors with its
uncertainty budget. The tests will be part of preparatory work
to demonstrate a cryogen-free tabletop system.
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