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CRYOGEN FREE PLATFORMS

Mini CFMS Fully automated

measurement environment
e Compact design with minimal footprint
Temperature range
¢ 1.6 Kto 400 K standard
e 300 mK option with *He refrigerator
e 50 mK option with dilution refrigerator
e High Temperature Range: 700 / 1000 K
e milli-Kelvin stability across range

T | ol ST e — -

Magnetic field

e Up to 9 T with mini CFMS

e Up to 18 T with high field CFMS

e \ery low field option with precise control
close to zero field

Benefits of the Cryogen-Free
Measurements System (CFMS)

Shared facility — for all users

e Completely cryogen-free

¢ No special experience required
e \ery long maintenance interval

Very safe and convenient

¢ No liquid cryogen transfers

e No hazard from evaporating gases
e Full protection during power loss

e Fast sample exchange

Modular architecture
e Compatible with all measurement modules
¢ Rapid interchange between modules

Automated control

e Stable field and temperature performance

e Unattended operation

e Fnables complex & long-duration experiments

Through-life support

e Direct support from factory

e Remote system support via the internet
e [nternational service team

e Free software updates

N
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Maximum Operating Magnetic Field

Cooldown Time (Hours)

Typical cooldown times of cryogen-free systems
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Example of the VTl and sample
temperature stability
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Typical cooldown graph of
a cryogen-free system

The sample temperature stability was recorded

at several representative temperatures. At each
temperature, data were recorded continuously for
8 hours. The standard deviation of the measured
temperature from the setpoint is shown in the table.
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The magnetic properties measurement

module comprises a Vibrating Sample
Magnetometer (VSM) for measurements of

DC magnetic moment, and a Susceptometer
for measurements of AC magnetic susceptibility.
A heated sample platform compatible with both
measurements is available.

The electrical properties measurement module
provides a range of techniques using DC or

AC current or voltage sources, and a selection
of sample mounts with different number of
contacts and suitable for different sample
geometries. The temperature range available
with this module can be extended up to

700 K using the heated sample probe, or down
to 300 mK using the ®He insert. Rotating sample
platforms are available.

Cryogenic offers sensitive probes for
measurements of heat capacity, and

a Thermal Transport probe for combined
measurements of thermal conductivity,
thermal EMF (or Seebeck coefficient) and
electrical resistance. These measurements
require thermal and electrical contacts at
opposite sides of the sample, and the probe
is adaptable to different sample geometries.

For users who need ultra-low temperatures
and high magnetic fields, Cryogenic Ltd
manufactures specialised ®He refrigerators and
Dilution refrigerators designed for operation
inside the Cryogen-free measurement system
sample space.
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DC Magnetic Moment

MAGNETIC MEASUREMENTS AC Magnetic Susceptibility

Vibrating Sample Magnetometer (VSM)

The Cryogenic VSM is designhed to measure DC magnetic moment. In order to generate a signal
proportional to the magnetic moment, the sample is set to vibrate in a constant (or slowly varying)
applied field. The signal is detected by a pair of pick-up coils. The coils sense the variation of magnetic
flux due to the sample movement. The pick-up coils are located inside the Variable Temperature Insert
(VTI) within the bore of the superconducting magnet. The signal is detected by a lock-in amplifier.

Heated VSM

e Sample in vacuum
e Sample mounts for parallel or
perpendicular alignment to B
e Miniature, non-magnetic wire-wound
heater at the end of the vibrating rod
e Non-magnetic Pt thermometer
e Temperature range options
® 200 K to 700 K
e 300 K to 1000 K

Typical Typical
measurements samples
e Magnetic hysteresis loops e Bulk samples
e Temperature dependencies e Thin films

® Powders

e | iquids
Performance

VSM frequency: 20Hz
VSM amplitude: 2mm

Measurement 10 to 100 emu

range:

Sample size: <6mm typically

Sensitivity: <2*10% emu/y/Hz

Relative noise: <(2*10° emu + 5*107 emu/T)/\/Hz

Key features

e Magnet able to operate in swept or persistent mode

e Automated gas handling system

e Auto sample position optimisation routine

¢ Pick-up coils located close to the samples for highest
sensitivity

¢ Wide range of vibrator amplitude and frequencies

e Vibrator fitted with optical and moving coil motion
detector for amplitude control

e Computer support to manual sample centring and
calibration procedures

¢ Rigid and thermally stable carbon fibre sample rod

e Combined VSM and AC susceptibility module
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DC Magnetic Moment

MAGNETIC MEASUREMENTS AC Magnetic Susceptibility

AC Magnetic Susceptibility

AC susceptibility measures the response of a sample to oscillating magnetic field. In simple materials
and at low frequencies, the sample’s magnetic moment flows the field synchronously, the measured AC
signal has the same phase as the oscillating field, and the susceptibility measures the derivative of the
magnetic moment, dm/dH. In more complex situations where magnetic dynamics is involved, there is

a phase lag between the susceptibility signal and the field, so that the result can be presented as real
(in-phase) and imaginary (out-of-phase) parts of the susceptibility. The method is particularly useful for
studying magnetic dynamics and phase transitions.
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Real part of AC susceptibility across an
antiferromagnetic phase transition. The peak
width of appox. 0.1 K is clearly resolved.

Typical Typical

measurements samples

* Magnetic phase transitions e Bulk samples

* Magnetic characterisation e Thin films

e Superconducting phase e Powders
transition e | jquids

Performance

Frequency range: 1 Hz to 20 KHz

AC field amplitude: <5mT @ 10 Hz

Sample size: typically <6mm

Phase setting accuracy: 0.1° (Real and Imaginary

Parts)
Sensitivity 107 emu/Gauss

Key features

e Parasitic signals eliminated by moving sample
between pick-up coil centres

e Auto sample position optimisation routine

¢ Wide frequency range with high sensitivity.

e Possibility to interchange between VSM and AC
magnetic susceptibility measurements without
removing the sample

8 WWW.Cryogenic.co.uk



4110‘5 T ¥ T ¥ T T T T T € T ) T

3107} _..'71::' .

oy - [ LT

uy ® v

= P

m L

Q .

= 3 goa T

E 2107} -

- pp1ifl] ;

%107} -

4107 . 1
LT

—_ . by,

2 3x10" | T e

T

S

& 2q07t . 30Hz | -

= .+ B0Hz

= : +  300Hz

Ll N . B00Hz| -

TR 900 Hz
0

60 70 80 90 100 110 120
Temperature (K)

In a spin glass, AC susceptibility is strongly
affected by spin dynamics hence the position of
the phase transition depends on the frequency
of the excitation field.

The data demonstrates a regular frequency
dependence and correct discrimination between x’
and x” (i.e. the phase of the measured signal is set
accurately so that the contributions due to x’ and x”
are separated correctly and are not mixed).
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Temperature dependence of the AC
susceptibility of a superconducting alloy

At low temperatures the sample is in the

Meissner state, with pure diamagnetic response
(real part of the complex susceptibility, is negative,
Re(x)<0) and no dissipation (Im(x)=0).

As the sample approaches the critical
temperature, Tc, The magnetic field starts to
penetrate into the bulk of the sample, causing
movement of magnetic vortices.

This is reflected in the decrease of Re(x) and
simultaneous appearance of a peak in Im(x).
Additional sharper peaks in both Re(x) and Im(x)
in the close vicinity of Tc are associated with the
peak effect (enhanced pinning due to softening
of the vortex lattice).
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ELECTR|CA|_ DC Resistance and Hall Effect

MEASUREMENTS AC Resistance and Hall Effect

Resistivity and Hall Effect (DC & AC)

The Electrical Transport module provides a capability to perform DC resistance measurements and Hall
voltage measurements in samples with resistance in the range from 1 yOhm to 1 MOhm. Cryogenic offers
a selection of sample platforms with different numbers of sample connections and suitable for different
sample sizes. Probe wiring options include twisted pairs, miniature coaxial cables (for high-frequency
measurements) or triaxial lines (for very low current measurements).

We offer a module to conduct AC resistance measurements. The option includes a special sample probe with
micro-coaxial cable wiring, Keithley AC/DC current source and Stanford Research Systems Lock-in amplifier.

Typical DC Typical AC
6 pin sample chip 8 pin sample chip measurements measurements
and probe end and probe end
¢ Resistance & magneto- e Real and imaginary parts of
resistance impedance Z
e Current-Voltage (I-V) e Varying temperature: Z(T)
characteristics e Varying magnetic field: Z(H)
e Critical current e Varying source current: Z(1)
¢ Hall Effect (I-V characteristic)
e |-V curves e Hall voltage (4-terminal
20 pin sample chip Multi sample probe configuration)
and probe end
' Performance
Noise base 1nV /Hz
‘Phk Voltage range DC: 10 nV to 100 V
o AC: 10nVto 1V

V Current range: DC:1nAto1A

AC: 1 pA to 100 mA

AC frequency range 1 mHz to 100 kHz

Measure AC field amplitude Upto5 mT @ 10 Hz
Phase-setting accuracy 0.10 (real & imaginary parts)
Measurement accuracy 0.1% across range: 1Q to TMQ
Sensitivity +10nQ RMS (typical)

Multiple sample mounts Fixed (1, 2 or 5 sample options)

Rotating option

Sample Rotator Additional measurement options

e Capacitance and Dielectric material options

e High resistance option to 20 GQ

e Automated van der Pauw and Hall effect option

e Multi-sample upgrade for higher throughput

¢ 3He probe for the temperature range from
300 mK to 300 K

e Heated sample platform for measurements
between 200 K and 700 K

e Sample rotation options

Key

1. Contact number 1

2. Sample platform

3. Cable to sample platform

4. Direction of positive rotation

5. Sample

10 WWW.Cryogenic.co.uk
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Resistance of short Nb,Sn sample at different
applied magnetic fields

Heated Resistivity Probe

e Temperature range 200 — 700 K
e Sample in vacuum

e Miniature wire-wound heater
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Routine characterisation of semiconductor materials
requires measurement of carrier concentration and
carrier mobility. These parameters are obtained from
the resistivity and Hall coefficient of the material.

Van der Pauw method provides the possibility to
obtain this information using unpatterned thin films
or multilayer structures, in a single experiment. This
method is very efficient as it does not require special
sample preparation, and all the necessary data is
collected in a single sweep of the magnetic field.

To implement the Van der Pauw measurement, the
current needs to be passed in sequence along
each edge and each diagonal of the sample. This
functionality is achieved by using the automatic
scanner card, which is programmatically controlled.
The graph shows an example of 12 datasets for all
possible Van der Pauw configurations, obtained in
a single field ramp.

¢ Non-magnetic Pt thermometer
e Flat sample mount perpendicular to
magnetic field
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THERMAL PROPERTY

MEASUREMENTS

Heat Capacity Measurements
Thermal Transport Measurements

Heat Capacity

AC Calorimeter

The Cryogenic Limited miniature AC calorimeter is
designed to measure the heat capacity of samples
weighing as little as one microgram. The AC technique
offers unsurpassed sensitivity combined with
simplicity of operation.

The sample is mounted on to the calorimeter
membrane using thermally conductive vacuum
grease and placed in a closed cell with low-pressure
exchange gas. The sample mount is then plugged
into the standard probe as show below. The probe is
inserted into the VTI through an airlock.

Performance

Sensor patterned on Si;N,

Membrane
Sample mass: 1 microgram to 200
microgram
Temperature range 3 K to 300 K

Temperature modulation

Frequency: 0.1 to 100 Hz typical
Amplitude: 0.01t00.1K
Sensitivity: 1nd/Kat 10 K

Typical sample size: 0.1x0.1x0.1 mm

. Key features

e Low amplitude of temperature oscillations:

: Ideally suited to investigations of narrow

:  phase transitions.

e Fast measurement: Allowing heat capacity to

:  be recorded as a function of continuously varying
external parameters (temperature or field), through

: aphase transition.

¢ High sensitivity: The calorimeter is manufactured

:  using silicon-nitride membrane technology.

¢ Robustness and durability: Single sensor can be

:  used for many sample replacements.

: o Sample size:

. Under ideal conditions the lateral sample size
matches the size of the miniature heater patterned
on the membrane.

Relaxation Method

The relaxation method is an alternative, and
complementary, way of measuring heat capacity.
It is intrinsically slower, but can be used to study
larger samples. The measurement is performed
using our top-loading vacuum probe. Samples are
mounted in a light-weight aluminium container.
Design of the sample platform is adjusted to the
expected range of heat capacity, so the method
can be used for samples of various sizes by simply
replacing the platform.

Performance

Sample mass: 1 milligram to 200 milligrams

Larger sample size: typically 1mm?3
10nd/Kat2K

3 Kto 300 K

Sensitivity:
Temperature range:

WWW.cryogen

IC.CO.
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TH ERMAL PROPERTY Heat Capacity Measurements

MEASUREMENTS Thermal Transport Measurements

Thermal Transport Measurements

The thermal transport measurement option is used to measure thermal conductivity, thermal EMF
(Seebeck effect) and resistivity simultaneously in a single experimental setup.

The sample platform is mounted inside a cone-sealed inner vacuum chamber (IVC) at the end of a
special measurement probe. Wires entering the IVC are carefully thermally grounded so that the
operation of the probe at low temperatures is not compromised. To measure the thermal conductivity
and thermal EMF, four-point geometry is employed to eliminate sample boundary effects.

Thermal conductivity and thermal EMF are usually measured simultaneously in a single experiment,
using the scanning unit provided with the system. The electrical resistance can be measured during the
same experimental run, i.e. without the need to remove the sample from the probe.

Typical
measurements

e Thermal Conductivity
e Seebeck Coefficient

e Resistivity

Performance

Temperature range: 2 Kto 350 K
Typical sample size: 1*1*10 mm
Range of thermal 1TuW/K to TW/K
conductance 300 K:

Range of thermal 0. TuW/K 10mW/K
conductance 10K:

Range of thermal EMF 1uV/K to 1V/K
measurement:

Absolute accuracy: Better than 5%

14 WWW.Cryogenic.co.uk



3

Copper wire, 0.4 mm diameter
" 40 .
< 1000} e . "
.§ \+ — .
= \ = -
: \ > -
s N = -
2] .
3 ‘ L —— Z 20| . -
S T .
3 £ »
= L 10 . .
= [ o
-1} ]
= "
= ot _
1m s s 3 o pal L L MR | M L I " i L " I " i . i .
10 100 0 S0 100 150 200 250 300
Temperatura (K) Temperature (K)
Thermal conductivity of copper as Thermal EMF of a copel
a function of temperature (copper-nickel alloy) sample

The best results in terms of the measurement accuracy and speed are obtained using a differential
method. The system is set to generate a predefined temperature difference Delta T across the sample,
and measures the required heat power P. The process is repeated for several values of Delta T and the
thermal conductivity is calculated from the slope of P vs Delta T. The measurement procedure is fully
automated. The appearance of the software procedure is shown in the figure.

Thermal EMF veltage vs timse [IF applicabie)

Dela T vs time

Heater power vs Delta T

Hiztogram displaying
e apprcach to e
valoe of Delia T

Inaficates that Delta T bs stable Sample beater povwer
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SHe Insert

UI_TRA I_OW TEM PERATURES Dilution Refrigerator Insert

SHe refrigerator with 300 mK base temperature

Using only the cooling power of the VTl and two internal temperature-controlled sorption pumps, the
sample platform of the Helium-3 Insert can be maintained at any temperature from 300mK to above 300K.
The insert fits inside the CFMS variable temperature space and has a working volume of liquid *He of
approximately 1.5cc. The standard insert features a gold-plated copper sample mounting surface, with a
central tapped hole for mounting of sample sockets. An adaptor is provided to allow the use of standard
resistivity sample mounts.

Performance

e Better than 300 mK base temperature
e Sample in vacuum

e Top-loads directly into the VTI

¢ 3He condensation stage cooled by VTI
e Typically 24 hours hold time

Key features

¢ 3He is permanently sealed within the insert, this
prevents accidental gas loss

e Sample space: 16 mm diameter, 15 mm length

e No mechanical pumps required for probe operation

e A range of sample platforms with different contact
configurations available

e Optional rotation stage

Key

18 Tesla Cryogen-Free Measurement System *He probe
1. Rotating Sample Stage with for electrical transport measurements
20-pin LCC socket 1 . e

2. Exchange Gas Sorption pump hie® = 25812.8 Oh

3. Stainless Steel Conical Seal

4. °He Pot

5. Standard Sample Stage with
6-Pin Plug-in

10000

6. Main Sorption pump

Vi /1. Ohm

o
o
-

Magnetic field, Tesla

Quantum Hall Effect in
GaAs-AlGaAs heterostructure

16 WWW.Cryogenic.co.uk



Dilution Refrigerator with base temperature 50 mK

The Cryogenic Dilution refrigerator is designed to operate within the variable temperature insert. Using
only the cooling power of the VTI the sample platform of the dilution refrigerator can be cooled to
temperatures as low as 50mK. An external, computer-controlled gas handling unit is included to provide
for full automated operation of the DR insert. All necessary electronics are housed in a dedicated rack
incorporating the gas handling unit and pumping system, and is controlled from the main system’s
computer station.

The insert features a gold-plated copper sample mounting surface, with a central tapped hole for
mounting of sample sockets. An adaptor is provided to allow the use of standard sample mounts for
electrical transport measurements.

K
Performance v

1. TurboMolecular Pump
e Base temperature <50 mK

e Cool down time from room temperature to
50 mK within 8 hours

for ®He Circulation
2. Probe Connector Box
3. Still Pumping Line
4. Airlock
............................................................................ 5. Indium Seal for Full Access to

Internal Parts

Key features
6. Inner Vacuum Can (IVC)

e Sample space 12 mm in diameter

e Simple access to sample space through
conical seal

e Standard six-pin sample plug-in mounting

e Three twisted pairs for sample connections
fitted as standard

e Compatible with our standard 25 mm VTI

e Calibrated resistance sensor fitted

e_

to mixing chamber
¢ Additional calibrated thermometers for
different temperature stages
e |ntegrated high vacuum cryopump
controllable with a heater :
e Software for operation/data logging with
Picowatt AVS47B resistance bridge 5 \e
¢ Automated gas handling system

SJn].BJSdLUQ_L MOT elliN




SYSTEM SPECIFICATIONS

Mini CFMS

Magnetic Field

Central field homogeneity
for VSM

Persistent mode decay rate
MiniCFMS dimensions

Total Height (inc.
cryocoolers and VTI)

Cooldown Time

System Continuous
operation

Standard CFMS

Magnetic field

Central field homogeneity
for VSM

Persistent mode decay rate
Outer vacuum can diameter

Total height (inc. cryocooler
and VTI)

Cooldown time

System continuous
operation

3 -9 Tesla

0.1% over 1cm x @ 1cm
cylinder at field centre

10 ppm/hr (optional switch)
660 mm x 400 mm
900 mm

< 12 hours
30,000

10 - 18 Tesla

0.1% over3cmx @ 1 cm
cylinder at field centre

10 ppm/hr (optional switch)
850 mm
1300 mm

24 hours
20,000 hours

Vibrating Sample Magnetometer

Range of the z-axis
translation stage

Vibration amplitude
Vibration frequency
Maximum sample size
Optimum sample size

Noise base (10 sec
averaging)

Dynamic range (standard)
Accuracy and
reproducibility

Noise level

AC Resistance/Hall Effect

Frequency range

Current source range

Voltage measurement range

100 mm

Typically 2 mm
Typically 20 Hz
10 mm

5 mm or smaller

1x10% emu

108
0.5%

2 x 10 emu/\/Hz +
Bx5x 107 emu /T /\JHz

1 mHz - 100 kHz
2 pA - 100 mA
10nV-1V

Cryogen Free Integrated Variable Temperature Insert

Sample Space

Temperature range (with
continuous gas flow in VTI)

with optional inserts
(not available for all
measurements):

Temperature control:
(with Lakeshore series unit)

Typical sample cooldown
time to 1.6 K

Temperature stabilisation
time for a typical
10 K temperature step.

AC Susceptibility

Maximum AC field
Sensitivity at 1KHz
Useful range of frequency

Maximum sample size

Resistivity and Hall Effect

Maximum sample size

Supply current range
v(with 2400)

Resistance measurement
range (DC)

Voltage sensitivity
(with 2182)

Accuracy of resistance
measurement

Specific Heat

Temperature range
Temperature resolution

Frequency of temperature
modulation

Amplitude of temperature
modulation

Sensitivity
Typical sample dimensions

Typical sample mass

25mm

1.6K to 400 K

up to 700 K with heated
sample platform

Down to 0.3 K with Helium-3
insert

5mK@ 10K
10 mK @100 K
50 mK @ 300 K

60 minutes

Set time:
1 minute
10 minutes
15 minutes

Accuracy:
+1K
+0.1K
+0.01K

20 gauss at 100Hz
107 emu at 4K
1 Hz to 20 KHz

5 mm diameter

5mm x 10 mm

1nAto1A
100 nQ to 1 GQ
10 nVto 100 V

< 0.1% 1-10° ohm

3-300K
0.1 Kat50 K
0.1 - 100 Hz typical

0.01-0.1K

1 nJd/K
100 x 200 microns

1 -10 microgram

WWW.Cryogenic.co.
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Thermal Transport

Temperature range

Range of thermal
conductance measurement

Absolute accuracy

Range of thermal EMF
measurement

Absolute accuracy

Typical sample size

700K Furnace

Standard temperature
range

Sample size

1000K Furnace

Required VTI Size

Standard temperature
range

Sample size

Ultra Low Field

Supply current range
Range
Accuracy

Step size

2-350K

1 pW/K — 1W/K at 300 K
0.1 uW/K — 10 mW/K at 10K

Better than 5%
1uV/Kto 1 V/IK

Better than 5%

1x1x10 mm

200 K- 700 K

5 mm

30 mm
300 K- 1000 K

5 mm

+ 500mA
+ 50mT
10-4
1T

Helium-3 Insert

Base temperature
Working temperature range
Outer diameter

3He capacity

Initial Cooldown time

Recondensation time

Performance

Dilution Refrigerator

Base temperature

Cooldown time from room
temperature to 50 mK

Sample space

<300 mK
<300 mK - 325 K
22 mm (to suit 25 mm VTI)

Total ®He gas volume 1.5

STP litres

Working volume in normal
use approx 1.0 STP litres

2 hours from room
temperature sample change
to ®*He condensation
temperature under standard
cryogen-free VTI operating
conditions

25 minutes to condense
90% of *He charge and cool
pot to below 2 K

24 hours at 285 mK with
zero load

12 hours at 340 mK with
25uW load

3 hours at 550 mK with
185uW load

50 mK
8 hours
12 mm diameter

Compatible with standard
6 pin resistivity plug-ins
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