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SELF-CALIBRATION QUANTUM HALL ACCUBRIDGE® MODEL 6020Q
RATIO/RESISTANCE BRIDGE

e Quantum Hall Applications Including Gallium
Arsenide and Graphene Sample Measurements
° Vcr'

e Self-Calibration of the Binary Wound
Current Comparator (25-Bit) Plus Nanovolt
Detector Reading

e Current Range from 1 pA to 200 mA
e RatioOto14:1

e Resistance Range 0.1 Q to 100 kQ

e 7" Touch Screen with USB

e Best Accuracy < 15 ppb

ACCUBRIDGE® MODEL 6020Q QUANTUM HALL RATIO/RESISTANCE BRIDGE

Since 1994, Measurements International’s (MI) 6010B, and 6010C technology has set the standard for
DC Current Comparator (DCC) Resistance Bridge performance in calibration laboratories globally. The
time has now come to advance this best-in-class series, taking advantage of twenty-first-century
AccuBridge® technology.

Vxx, and Vxy Measurements

AccuBridge®
6020Q

SELF CALIBRATING
RATIO BRIDGE

international

Measurements International’s major technological advantage in resistance measurements is the
development of the first commercially available portable Quantum Hall System, 6800, (figure 1) which
uses AccuBridge® technology as the measurement system operated at ambient temperatures. The
current range is from 1 pA to 200 mA for use as a Quantum Hall Bridge and a Resistance Bridge. The
6020Q features increased ampere-turn (AT) sensitivity with more turns on both the master and slave
windings and a new voltage feedback circuit to improve on the linearity error of the nanovolt amplifier.

Measurements International has world class expertise in both
DCResistance Metrology at NMI’s and ISO 17025 Accreditation
throughout industry. As your accreditation partner and global
support partner, MIL offers leading product knowledge and
applications expertise through coaching, system design, 3
implementation, calibration services, and ongoing expert
support ensuring your competitive advantage.

-4 v v At M|, it’s not only about the equipment and science, it’s
Figure 1-6800 System 516t what you can do and the ease with which you can  Figure 2-6800 Sample
do it.

The AccuBridge® 6020Q (furthermore 6020Q) room temperature Quantum Hall Resistance Bridge can
be used to characterize both GaAs/AlGaAs (Figure 2) or graphene samples by measuring and plotting the
field sweep, the contact resistance (V,,), the longitudinal resistance and dissipation of the | = 2 plateau
(Vxx), and transferring the Hall Resistance (Vxy) to a 1 kQ or 10 kQ standard resistors.
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ACCUBRIDGE® MODEL 6020Q QUANTUM HALL RATIO/RESISTANCE BRIDGE

Enhancements using AccuBridge® technology include a higher ampere-turn sensitivity covering a wider
range of resistance ratio, a current and voltage feedback circuit for increased linearity performance
and a new calibration technique with increased resolution in obtaining even tighter specifications. In
addition to the updated technology, it has the 6010’s dependability, simplified calibration, ease-of-use,
automation, the speed of measurement and worldwide support making the 6020Q the best and only
resistance bridge that offers uncertainty specifications that rival anything available today.

Ll

The 6020Q is a fully automated bridge. Its speed, precision and measurement accuracy accounts for its
preferred status as the primary resistance bridge in most NMls throughout the world. It is designed for
flexibility and ease of use and is perfectly suited for stand-alone resistor calibrations.

The 6020Q has two inputs: R, and R,. The number of inputs can be
expanded to 40 when used in conjunction with the 4200 series Low
Thermal Four-Terminal Matrix Scanners, see figure 3. It is recommended
that the model 4210A 10-Channel Matrix Scanner be ordered for use N LIE
in the Quantum Hall System. Measurements can then be performed
automatically with the software. Delayed or scheduled measurements
can be performed at any time. Automatic current reversal ensures that DC offsets and thermals are
cancelled out the measurement.

See the 4200 data sheet for a complete range of Matrix Scanners.

Figure 3 — 4210A Matrix Scanner

Overview
As a stand-alone device, the 6020Q is capable of performing the sweep check, contact resistance,
longitudinal potential difference (dissipation) and hall resistance
measurements on the Quantum Hall Resistance (QHR) sample. You
can select menu driven functions using the front panel display or 16000

Field sweep for Qohm0303, 1.2 K, 10 uA

T 1 /
over IEEE-488. Also, you can use the 6020Q as a high accuracy DC | £ //—/
resistance ratio bridge for calibrating resistors using either a 1 Q or | § "™ 7
10 kQ standard resistor. For laboratories without a QHR system, the z o /'—/
6020Q can be used to build up from the 1 Q or down from the 10 kQ. 200 |~ —

0
The 6020Q performs the field sweep check measurement (see figure ’ ? ‘ s ! 0

Magnetic Induction (T)

4) by feeding a current, into the source and drain of the sample, and
then reversing it. This enables measurement of potential differences Figure 4 — Sweep Check Measurement
between various points on the sample. These potential differences can

be measured at Hall resistances Vxy (1-2) or Vxy (3-4) and the longitudinal resistance Vxx (1-3) and Vxx
(2-4) on the sample. Vxy (1-2) and Vxy (3-4) should be in close agreement with each other, as should Vxx
(1-3) and Vxx (2-4).
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ACCUBRIDGE® MODEL 6020Q QUANTUM HALL RATIO/RESISTANCE BRIDGE

The 6020Q’s microvolt detector makes contact resistance measurements. It is important to measure
the contact resistance each time the QHR device is cycled to room
temperature and re-cooled as large contact resistances can lead
to errors in the QHR measurement. The 6020Q uses a three-probe
measurement on each of the contacts in turn to measure the contact
resistance. The contact resistance is equal to V,/I = resistance of wire
+ resistance of contact + resistance of 2-DEG.

5: §e5 A AA g/ For an accurate transfer of the QHR value, the longitudinal potential

0 10 noow “ » difference must be measured. You can do this by measuring between
Figure 5 — Dissipation Measurement Vxx (1-3) and Vxx (Z-fl) using the 6(.)20Q’s'Vx.x na?novolt m.ode. Tak'e this
measurement to verify that there is no dissipation (see figure 5) in the

2-DEG. When the 2-DEG is quantized, Vxx should go to 0 and should be < 2 x 102 of Vxy.

For traceable measurements, use the keypad on the touch screen to enter the QHR value and related
uncertainty in the resistor ID standards file and the 1000 Q transfer resistor into the measurand (unknown)
ID file. Enter standard resistors such as the 1 Q or 10 kQ into the standards file after they have been
calibrated. Enter resistors to be calibrated into the measurand (R,) or unknown file. Using the keypad,
enter measurement functions such as current through the unknown resistor, settle time, number of
measurements, and number of statistics into the Programs file.

m B

V, sweeps for MIL 6800A for the i = 2 region, Qohm0303
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mean value(flat region) = 0.009 ppm
\ mean value(flat region) = 0.016 ppm

Dissipation (uV/V)
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Example (for stated specifications)
Maximum Current Reversal Rate = 12 seconds
Maximum Measurement Setting = 50 Measurements
Maximum Statistical Settings = 40 Measurements

The 6020Q is compatible with both the 6800A and 6800B software, as well as both the 4220 and 4210
Matrix Scanners.

When performing resistance measurements, the 6020Q’s low-noise, touch screen display is interactive
with the measurements. You can display data (several measurements at a time), a combination of data
and a graph of the measurements, or just the graph. When a reading is complete, the average value
and uncertainty (based on the number for statistics) are displayed. All uncertainty calculations are 2o
level. For resistance measurements, the Summary screen displays measurement data as well as graphical
information for current measurements, which can be viewed anytime in ratio or ohms.

Windows® Based Operating Software

Measurements International’s software features an Ml report generation, historical analysis and tracks
and corrects for resistor drift rates. Combined with a 9400 Standard Resistor Oil Bath or 9300A Air Bath,
alpha and beta calculations can be performed automatically on resistors under test. All data can be
exported directly to Excel for creating various test patterns or mainframe applications. Resistor baths (oil
or air), instrument controllers, printers, system software, IEEE interface, installation, and training are all
available from Ml.
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Designator [R1  ~| Cal Value 12906.4036 Channel  [Mane *|  Coefl Temp -
Clear All Clear Cal Date 3732017 Type Resistor Themistor  |Mane >
DaftiMonth 0 pom  Serial # NRC_Q1205 Al 0
Measurand Resistors id
ID File Value 12906 4035 D# Beta 0

Flh Save File | EXpanded Unc. (36%) [0 pem  Max | (A)
Unec. Degr. of Fraadom |Infinite P

r—
[oooos0
—

Chub [N_u_na_'z} Mig/Model [NRCC

Auto Update ™

@ swnesra  © wessurand

12906.4035

Program Measuremert File & Dwectory History Duagnesbc
Measurement Setfings Listings Selection Options Setup I formation Check
00:00:00 PPM Ratio Measurements
1.000
Temperature (K}
0.500
Helum Level (%)
@ T T T T 1
H 4 € L] i
MagnetFed M _p 5o
-1.000
| ii Reststor | Oparation |
R[] = Rx[ ]
Type Value Type Value
Max. | (A} Serial # Max. | (A) Serial #
I |
& Is () Ps (W) be () Px (W)
o | I |
Task o1 Element ot [l ndad Unceriainty (35%)
Sl L] - e e
L L[ \ |l L oo

Main Manual

Screen

Program File Sample Load File | Save File Active Program | P1
Elements 1 Programs
Resistors Wait State Attributes

valug (Ohms) | Dev. from Nam |Cal Valug CalDate Dnift/ Month E}ID Unc (95%][ D.of Fregdom | Scanner Ch. j

0.0000 12906.4035 332M7 o Infinite Mone

=

Resistor ID Listing

(@ Standard © Measurand

Value (Ohms)| Serial # Tipe Scanner Ch. -|
None

 Wait For " Wait Until Time

Create Wait State 0000 ~

Wait States Clear Wait
Time [Time il

12906.4035 NRC_Q1205 Resistor

EARRER

e

Reversal Rate ‘

|

Measurement Atributes

Measurements  Clear Mmt

A} 08077 fRe] i1 SRS ,Tj Resistors w0 [Rex Ha[{lll-lrmg Tr s
M1_|mR1sR1s 0000077 & 5—j|
Rx| sR1  Statistics R
-] | |3
Rx As Standard I #AD Readings |4 ZE
Filter [1s t.] L.

M5 -
_Creste Measuremert |  aperaton Mode formal ] | [3] iy

Program Selection & Creation

Accu-6020SW Display
Expanded Unc. (35%) [0 ppm GPIE Mode |11 - r
Unc. Degrees of Freedom [Infinite _~.
I— Settings File Sample
o . — QHR Measuremenis
GPIB Addrass 21 ~ Load File Save File =
Scanners 1 Chub-E4 1 QHR System Meters:
Magnet Fusld Temperature Heilum Lavel
Lakeshore Model 625 Cryocon Model 32 Cryomagnetics Model LM500
F In System  In System F In System
Saial Mumbar ,— Senal Number Senal Number |
GPIB Add 12 - COMM Part 1 =
GPIB Address |10 = i [+ E}

Field Setting (T}

Interval (min) []

Magnetic Constant (T/A} 0 Upper Limit of Acceptable Measurement Uncertainty (ppm) | 0.02
Uninterruptibie Power Supply

APC Smart-UPS
[ In System

s

Temperature, Level, Field and URS Check

Measure (K), (%), (T), (Volts)

Senial Number
COMM Port 2 i

[~ Save Respanses to Filz (UPS.log)
Lowest Acceptable Lin (v} [110.0

fe

Query-Read Delay (sec)

Rack & Rack Settings

Resistor / Vxx History (ppm)
Save Option - Set Manual Readings ——
[ Save Measurements Temperature 7 c o I 1 r T .
B OHR_NRCC Pressure [or kP =
e g Hurmidity fo %R
o et Years
_Bath Te - Eb iwpm, ¥ Show Projection Today
Date I 514 Dev [Uncen_[=] ¥ Show Standard Deviation
Standard Bath 23 LS -
] Resistor Serial Number [ |
[ ]
bl i © ] Today's Calculated Valve [~ |
Laborstory Personnel  [Ree e
[ | [ Load History File |
]
o] =1 Open Saved History File In WorgPad |
Measurement Options History Information
www.mintl.com sales@mintl.com

Data Subject to Change - 2019-11-21

40f7



=280 | 2

e
g4 7R

et Measurements International

'V . : . :
S P Metrology is Our Science, Accuracy is Our Business™

ACCUBRIDGE® MODEL 6020Q QUANTUM HALL RATIO/RESISTANCE BRIDGE

AccuBridge® 6020Q Accessories

Channel Extension
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By using combinations of up to four matrix scanners, you can increase the
number of input channels to almost any number from 10 to 40. Our Automated
Low Thermal Matrix Scanners include the 4210A and 4210B with ten input and
two output channels; 4216A, 4216B with 16 input and two output channels;
and 4220A and 4220B with 20 input and two output channels. Our A-series of
matrix scanners have tellurium copper terminals on their inputs and outputs while our B-series units have four-
wire Teflon cable on their inputs and outputs.

For more information, see our 4200 series model 4210, 4216 and 4220 Automated Low Thermal Matrix Scanners data sheet.
Model 9300 Air Bath

The model 9300 series Air Baths are designed as a convenient and inexpensive way to maintain
the temperature of air resistors in your calibration laboratory. It is large enough to house several
standard air resistors and features an adjustable shelf to permit easy access to the standards. The
shelves are easily removable in order to place a single ESI type SR104 standard in the bath. The
bath is small and rugged and may be moved about easily.

For our complete range of Air Baths, see the 9300 data sheet.
Model 9300A Temperature Controlled Chamber with IEEE-488

The 6020Q is also ideal for verifying the temperature and power coefficient of resistors or shunts
using the MI 9300A Air Bath. Up to four SR104’s or combination thereof can be installed in the bath,
two shelves are provided. The bath can be supplied without IEEE and with IEEE. The IEEE drivers for
this bath are built into the software for automated measurements and calculations of alpha, beta
coefficients and resistor values. A Hi/Lo temperature protection circuit is built into the bath to protect
your resistors.

For our complete range of Air Baths, see the 9300A data sheet.
Model 9400 Oil Bath with IEEE-488

We designed our model 9400 Standard Resistor Oil Bath based on years of customer feedback on
existing resistor oil baths. You control this bath through a touch screen interface. Due to its low
electrical noise, the quiet 9400 can be used with the Cryogenic Current Comparator (CCC) and
QHR standard. Depending on the quantity of resistors in the bath, the stirrer motor speed can be
changed. The IEEE drivers for this bath are built into the software for automated measurements
and calculations of alpha and beta coefficients and resistor values.

For more information, see our 9400 series model 9400 Standard Resistor Oil Bath data sheet.

www.mintl.com sales@mintl.com
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ACCUBRIDGE® MODEL 6020Q QUANTUM HALL RATIO/RESISTANCE BRIDGE

Model 9331 & 9331R Series Air Resistors

Our high accuracy working standard air resistors are used for precision on-site
resistance calibrations for values from 1 mQ to 100 MQ. Our 9331’s are small, light,
and rugged resistance standards that do not require a temperature-controlled oil
or air bath for their specification range. The stability and temperature coefficients
of the 9331’s make them ideal for easy transport and for operation in any working environment within the range
of 18 °Cto 28 °C.

Connections to the model 9331R are made with tellurium copper 5-way binding posts for values to 10 MQ. A
separate ground terminal is included for guarding and the case is hermetically sealed to keep moisture out. The
model 9331 ranges from 0.001 Q to 10 MQ.

For more information, see our model 9331R Reference series Standard Air Resistors and model 9331 Standard Air Resistor data sheets.

Model 9210 Series Standard Oil Resistors

Oil resistors provide better stability and temperature coefficients over air resistors and provide the highest

precision and stability in resistance measurements. Our standard oil resistors include the ¥.1x

9210A Primary 1 Q, 9210A Primary 0.1 Q, and 9210B series from 10 Q to 100 kQ. The 9210A L&
1 Q and 9210A 0.1 Q resistors have a negligible pressure coefficient. '
For more information, see our model 9210A MI-Type Standard and model 9210B Reference Series Standard Oil

Resistors data sheets.

ORDERING INFORMATION
6020Q Resistance Bridge with Software
4210A 10-Channel Matrix Scanner, terminal inputs
42108 10-Channel Matrix Scanner, wire inputs
4216A 16-Channel Matrix Scanner, terminal inputs
4216B 16-Channel Matrix Scanner, wire inputs
4220A 20-Channel Matrix Scanner, terminal inputs
4220B 20-Channel Matrix Scanner, wire inputs
9300A Air Bath
9400 Oil Bath
9210A/ Evanohm Resistor (1 Q and 0.1 Q)
9210B/ Oil Resistors 10 Q, 100 Q, 1 kQ, 10 kQ, 100 kQ
9331R/ Air Resistors 1 Q, 10 Q, 100 Q, 1 kQ, 10 kQ, 100 kQ
J005-Spec 30/100 4-Conductor Teflon Cable, 30 m or 100 m
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ACCUBRIDGE® MODEL 6020Q QUANTUM HALL RATIO/RESISTANCE BRIDGE

0.1 Q to 100 kQ
R, Ratio & Accuracy (ppm)*
'E\|°;e= © orn e selected - 1:1 10:1 14:1
ither R, or R, can be selected as

the standard. 6020Q uncertainties 010 <0.02 = -
in the bridge and software are 10 <0.015 <0.015 <0.015
speciﬁed at the 20 level (95 %) this 100 <0.015 <0.015 <0.015
includes all secondary specifications
such as linearity and noise with a 1000 <0.015 <0.015 <0.015
* 2 °C temperature variance. 1kQ <0.015 <0.015 <0.015

10 kQ <0.02 <0.015 --

100 kQ - <0.05 --

*As a ratio device the accuracy specifications can be improved upon based on your standards and environmental conditions.

Measurement Mode 4-wire

Linearity < 0.005 ppm of full-scale

Operating Conditions 10°Cto 35 °C, 10 % to 90 % RH non-condensing

Test Current Range 1 pA to 200 mA

Test Current Resolution 18-bit

Interface IEEE-488

Display Touch Screen Display (no external keyboard), Resolution 0.001 ppm

Dimensions (W x D x H):
438 x 406 x 267 (mm)

Weight:
19 kg

Shipping Weight:
23 kg

Main Power:
100V, 120V, 220V, 240 V,.— 50/60 Hz
200 VA maximum

Corporate Headquarters Worldwide Offices AP
Measurements International MI-USA
PO Box 2359, 118 Commerce Drive Phone: 407-706-0328

Prescott, Ontario, Canada KOE 1TO  Email: sales@mintl.com

Phone: 613-925-5934
Fax: 613-925-1195
Email: sales@mintl.com

Toll Free: 1-800-324-4988

MI-Europe MiI-India r{’gl.l "
Phone: +(420) 731-440-663 Phone: +(91) 98 10 134 932 ' y
Email: sales@mintl.com Email: sales@MILLP.co.in g
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Mi-China Mi-Japan
Phone: +(86) 10-64459890 Phone: +(81) 72 39 64 660
Email: sales@mintl.com  Email: kaz@mijpn.com
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