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Built for Science.  
Designed for People.

 D Removes the need for field reversal

 D Applicable to any magnet type

 D More than 100× faster than previous 
Hall measurements

 D Ideal for measuring low mobility 
materials

A new approach to Hall measurement
The MeasureReady M91 FastHall™ controller is a revolutionary, all-in-one 
instrument that delivers significantly higher levels of precision, speed, and 
convenience to researchers involved in the study of electronic materials.

Featuring Lake Shore’s patented* new FastHall measurement technique, the 
M91 fundamentally changes the way the Hall effect is generated and measured 
by eliminating the need to switch the polarity of the applied magnetic field 
during the measurement. This breakthrough results in faster and more accurate 
measurements, especially when using high field superconducting magnets or 
when measuring very low mobility materials. 

*Protected by US patent number 9797965. Other patents pending.

Conventional Hall

FastHall™

Time (s)1.3 s 114 s

FastHall vs. conventional Hall measurement time of an IGZO sample
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A convenient, single instrument
Traditional Hall effect measurement systems 
(HMS) provide basic electrical measurement 
instrumentation combined with a generic 
switch unit to measure sample resistivity 
and Hall voltages, but must rely on separate 
PC-based software to perform pre- and 
post-processing calculations in order to 
ultimately derive the physical parameters of 
carrier type, carrier concentration, mobility, 
and the Hall coefficient that researchers 
need to know. 

The M91 FastHall controller combines all of 
the necessary HMS functions into a single 
instrument, automating and optimizing 
the measurement process, and directly 
reporting the desired parameters. Adding 
HMS capabilities to any research platform 
has never been easier. 

Fast — ideal for low mobility materials
Hall effect measurement is a key step in characterizing the transport 
properties of novel electronic materials and devices. It is commonly 
performed using the traditional DC field method, requiring little more that a 
stable current source, a voltmeter, a switch and a magnet and is relatively 
straightforward and reliable for simpler materials with higher mobilities. 
However, the difficulty increases and accuracy of measurement decreases 
as material mobilities decrease. This is often the case in promising new 
semiconductor materials such as photovoltaics, thermoelectrics, and 
organics.

For the past several years, AC field techniques using advanced lock-
in amplifiers and longer measurement windows to extract smaller Hall 
voltage signals have been used to explore these materials. But extended 
measurement intervals can also add new forms of error from thermal drift 
effects. And, of course, results take longer to get, sometimes many hours 
for very low mobility materials.

The FastHall technique eliminates both of these issues — it accurately 
measures even extremely low mobility materials in seconds.

Others’ approach FastHall™ approach

Magnet

Sample holder

MeasureReady™ M91

PC/MeasureLINK-MCS software

Magnet

Sample holder

Switch mainframe with matrix card

PC/data collection software

Nanovoltmeter

Current source

Ohmic contact evaluation software

Hall analysis software

Charting software
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Features
 D Hall analysis including calculation 

of derived parameters for van der 
Pauw and Hall bar samples

 D FastHall technology eliminates the 
need for magnetic field reversal for 
van der Pauw samples

 D Traditional DC field Hall 
measurement

 D AC field Hall measurement

 D Manual step-by-step operation for 
full parameter control

 D Automatic optimization of excitation 
values and measurement range

 D Extends mobility range down 
to 0.001 cm2/V s, without using 
AC field techniques

 D High-resistance option enables 
measurement of samples from 
10 MΩ to 200 GΩ

 D Derived parameter calculations with 
propagated errors

 D Operation over simple SCPI 
command interface or in 
conjunction with  
MeasureLINK-MCS software

 D Digital and analog I/O for simplifying 
integration and data gating

 D 3-year standard  
warranty

FastHall™ AC field DC field

Requires current 
reversal YES YES YES

Requires field 
reversal NO AC field (sinusoidal) YES

Can be used 
with 
permanent 
magnets FAST MANUAL

Can be 
used with 
electromagnets

FAST
SLOWER WITH  

LOWER MOBILITIES
SLOWER WITH LARGE 

ELECTROMAGNETS

Can be 
used with 
superconducting 
magnets

FASTER THAN  
DC FIELD SLOW

Measurement 
capability

Lower mobility:
~10-3 cm2/V s

and up

Lower mobility:
~10-3 cm2/V s

and up

Higher mobility:
~1 cm2/V s

and up

FastHall changes the game

✔ ✘

✘

✔

✔ ✔

✔ ✔

✔
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The MeasureReady M91 FastHall controller offers the ultimate in HMS speed, convenience, and accuracy

Powerful
The M91 is capable of running a 
wide array of Hall analysis functions 
including:

 D Resistivity and Hall voltage via

 D Traditional DC Hall analysis 
with current and field reversal. 
Provides error propagated 
derived parameter calculations. 

 D Traditional AC field Hall analysis. 
Provides error propagated 
derived parameter calculations.

 D New FastHall™ analysis for van 
der Pauw samples with no field 
reversal required. Automatic 
excitation value and measure 
range optimization. Provides 
error propagated derived 
parameter calculations.

 D Magnetoresistance measurements

 D Anomalous Hall effect

 D Derived parameters calculated and 
provided by the instrument including 
carrier type and concentration, Hall 
mobility, Hall coefficient, and sheet/
volume resistivity.

Fast
The M91 is extremely fast, reducing 
analysis time in most cases by 100×. 
Most commonly measured materials 
can be analyzed in a few seconds. 
Even extreme high resistance 
(up to 200 GΩ) or low mobility 
(~0.001 cm²/V s) samples can generally 
be analyzed in under 2 min. Previously, 
this capability could take hours to 
complete.

While fast measurements increase 
throughput, it can also be shown that 
shorter measurement times reduce the 
risk of introducing error due to drifting 
sample parameters occurring from 
sample heating or ambient temperature 
changes.

Compatible with most magnet types
The M91 is designed to work with any 
magnet system including

 D Permanent magnets

 D Electromagnets

 D Superconducting magnets

 D Pulsed magnets (pulse Δt ~100 μs)

Simple
Many competitive solutions provide 
the electrical measurements only 
leaving the customer to calculate the 
derived results. The M91 completes all 
measurement sequences automatically 
(even optimizing source and measure 
range settings) and provides all 
calculated parameters, including 
the carrier type and concentration, 
mobility, and the Hall coefficient.

Complete solution
While many “Hall” systems are little 
more than a source, meter and a 
generic switch, the M91 combines 
complete Hall analysis functionality 
into a single instrument. 

The standard M91 integrates:

 D Current source 

 D Synchronous voltage measurement 

 D Multi-position switching

 D High level automated routines for 
ohmic contact check, resistivity, 
Hall voltage, and a full list of derived 
parameters with a single command

 D General purpose analog and digital 
I/O for simple system integration

Add a built in teslameter (future option), 
ideal for automatic field control or 
monitoring magnetic field (M91-T).

Add in the high-resistance option to 
enable measurement of samples up to 
200 GΩ.

Accurate
When used in FastHall mode, the 
field reversal step is eliminated 
thereby removing potential sources of 
measurement bias from field alignment 
errors that would otherwise directly 
impact results. 
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MeasureReady™ M91/M91-T rear panel

q Triaxial sample connectors

w Analog input

e Analog output

r Digital output

t Digital input

y WLAN antenna

u RJ-45 Ethernet interface

i USB communications interface

q a

o

i

u

ytrewd

s

On benchtop In a rack

37° 37°

0°~15°

M91:

Similar 
sources:

See and operate more easily with TiltView™

This unique feature makes seeing the screen and operating the touch interface 
comfortable from any angle, even when mounted in a rack.

Maximum angle of operation comparisonGoes from 0° to a 37° 
viewing angle whether 
mounted in a rack or 
on a benchtop

o USB thumb drive interface

a Line input assembly

s M91-T field control output (future option)

d M91-T field probe connection (future option)
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Measurement applications
Hall voltage
 D Resolution = 1 µV

 D Noise = 0.1 µV (RMS), averaged over 1 power 
line cycle

Resistance/resistivity (four-contact in-line probe and 
van der Pauw)
 D Calculated by instrument

 D Resistance range 100 µΩ to 10 MΩ standard;  
up to 200 GΩ with high-resistance option

Magnetoresistance
 D System provides field control to measure resistance 

as a function of magnetic field; ΔR/Ro data is 
plotted and measured values are saved to file

Hall coefficient
 D Calculated by instrument

 D Derived from Hall voltage, magnetic field, 
and current

Hall mobility
 D Calculated by instrument

 D 10-3 to 106 cm2/V s

Anomalous Hall effect (AHE)
 D System provides field control to measure Hall 

voltage as a function of magnetic field; Hall voltage 
data is plotted as function of magnetic field and 
saved to file

Carrier type/concentration/density
 D Sheet or volume carrier concentration calculated

 D Sheet carrier density ≤1017 cm-2

Options 
GPIB-LAN-CONVERT GPIB to LAN converter

For applications requiring 
IEEE-488 communications, 
this converter plugs into 
the instrument’s LAN port 
and creates a GPIB-compatible 
interface. Note that network timing 
may be affected when using parallel 
to serial converters. Delays vary with the 
amount of data transferred and the converter’s activity as 
messages are received.

Be future-ready with 
With free online software updates, your instrument can 
always have the most current capabilities. And as Lake Shore 
introduces new options in the future, you can purchase and 
download them to your instrument. This allows the controller 
to grow as your measurement needs evolve.
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Questions? Answers?

Visit http://forums.lakeshore.com/  
and become part of the conversation! 


