S600X SQuib MAGNETOMETER

S600X - For better
magnetic measurements

o AC and DC measurements.

. I0"8EMU sensitivity for
total moment.

o Oscillator and extraction
mode.

o MilliTesla field resolution
and setting.

PR ML . Full environmental shielding
built-in.

. Flexible Open LabVIEW®
software.

. Fast 16 bit data acquisition.

o Real data access during
measurement.

. Transverse field.

o 6.5 Tesla superconducting
coil as standard.

. Oven option to 700K.

o Continuous operation from
320K down to 1.5K
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“The Better Choice”




The characteristic
signal of a sample.

The S600X SQUID Magnetometer is a most sensitive instrument

for the measurement of magnetic properties as a function of

magnetic field and temperature. Numerous different experiments

may be performed with this unique instrument.

The state-of-the-art instrument is the product of more than

eight years development and is fully engineered to be robust and

reliable. It is suited for both routine measurement by

non-specialists and, in the right configuration, for the most

advanced research on the magnetic properties of materials.

Great care has been taken to make it as user-friendly as possible. The new LabVIEW software

operates in an open environment that allows the user direct control of all parts of the system with

real-time graphical displays of all the relevant functions. The transparent nature of the operating

system greatly improves the user’s under standing of the experimental set-up, as well as providing

unparalleled control for the most demanding measurements.

The SQUID is the most sensitive
detector of magnetic signals
available, with an input noise
power sensitivity of about 10730
Joules per root Hz. This value of
energy sensitivity is 108 better
than any semiconductor device,
such as an FET, and accounts for
the instrument’s greater sensitivity
and its ability to resolve small
magnetic signals quickly.
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The S600X has several
modes of operation. The most
widely used is the measurement
of total magnetic moment made
by moving the sample through the
pick-up coils. This method is
known as the extraction method.

A second order pick-up coil
in the S600X which is not
sensitive to changesin the
background field is used to detect
the background field. The
characteristic signal is shown on
the left.

For materials that show
magnetic hysteresis it isimportant
that the sample remainsin a
highly uniform field during the
scan. The normal scan length is
set to 4 cms, over which the field
is uniform to 104 but measure-
ments can be made with move-
ments from 2mm up to 130mm.

To make continuous

measurements in a changing
background field, it is possible to
use the system in Oscillating
Mode. Under this condition the
sampl e oscillates up and down by
afew millimeters and the detected
signal from the SQUID appears as
a sine wave whose amplitude is
proportional to the magnetic
moment of the sample.

As the SQUID operates
from afew hundred Hz down to
DC it isaso possible to make AC
measurements and to study time
effects. For instance with the field
at afixed value of say 5 Teslaand
in persistent mode, a sample can
be moved from alow field
external to the magnet into the
central field. The total moment
will be detected by the SQUID
and any relaxation or changein
the total moment will be observed
as afunction of time.



The S600X SQUID magnetometer
consists of two main elements.
The electronics and control
system and the cryogenic unit
described below.

The main cryogenic
element consists of avariable
temperature sample space insert
upon which is mounted the
superconducting magnet with
the SQUID and magnetic
detection coils.

Careful design and
manufacture of the magnet and
detection coils ensures that the
system achieves high performance
in operation. In addition to a
uniform central field, the
magnet has truly persistent
superconducting joints which
provide long term stability of the
magnetic field, allowing sensitive
measurements at high field.

At the top of the insert
there is the sample movement
system, an airlock to facilitate
changing the sample and all the
electrical feed-throughs for the
magnetometer. The sampleis
mounted on along rod with low
magnetic moment which passes
through a helium tight dliding seal
into the sample space. Vertical
translation and rotation of

S600X airlock.

the sample are performed by
stepper motors.

Temperature control of the
sampleis achieved by drawing a
stream of helium gas past the
sample. Liquid helium is drawn
from the main helium reservoir in
the cryostat and after expansion
through an impedance, the gas
passes through a heat exchanger
which alows continuous variation
of its temperature over the range
of 1.5 to 320K. Control of the gas
and sample temperature is
achieved by an advanced
electronic controller which
measures the temperature of the
gas stream to aresolution of 1
milliK over the full range.

The sample space is sealed
at the top with a ball valve and
airlock so that samples can be
changed while the system is cold
without contamination of the cold
space. The air-lock is made of
clear transparent plastic, so that
the condition and position of the
sample can be checked during the
loading procedure just prior to
lowering the sample to the
measurement position.

The cryostat is made from
aluminum and glass fibre. The
major components are machined
from solid, which gives the
S600X its excellent immunity to
vibration and RF interference.
The cryostat has a liquid nitrogen
cooled radiation shield to provide
avery low liquid helium
consumption.
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S600X, VTI, magnet and screen.




A singlerack contains all the
electronics, including the Intel
based compuiter, the pump and
valves for controlling the flow of
helium gas over the sample.

By incorporating all control
systemsinto asinglerack it is
possible to fully integrate the
design and eliminate ground loops
which could disturb the system
performance.

The cryostat is fully shielded
against the earth’s background
field and against locally generated
magnetic and RFI signals. An
outer magnetic shield of mumetal
reduces the background field in
the sample space to about 10
nanoTesla. Inside the cryostat a
shield of superconducting material
is used to further isolate the
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Magnetic moment of a ferrite as a function of temperature.

The major electronic
components are all standard
equipment, making service and
support easier. They include the
LTC10 temperature controller,
SM S80 magnet power source,
SCU500 SQUID electronics and
the helium level gauge. The data
acquisition and control is
provided by National Instrument
cards which are LabVIEW
compatible. Specia signal

experimental space from external
sources of magnetic interference.
The shielding factor from
DC to afew kHz is 108, more
than sufficient to protect the
measurements in all normal
|aboratory environments. The
internal superconducting
shield is placed outside the
superconducting magnet so that

For some material science
applicationsiit is useful to

measure magnetic properties from

very low temperature to well
above room temperature. The
range of the S600X can be
extended with a small internal

oven that allows measurements to

be made with samples at
temperatures up to 700K. The

oven fitsinto the standard sample

space which remains at or below
room temperature.

conditioning and isolating circuits
are used to interface between the
digital cards and the more
sensitive elements of the
instrument.

To supplement computer
control of the system the main
electronic instruments have front
panel indicators and controls.
These allow the operator to make
independent confirmation of their
correct function.

the field does not disturb the
shield, a great improvement over
most other machines. The S600X
has the dual advantage of the
stability of a superconducting
shield and the ability to make
rapid measurements as a function
of field.

S600X with oven installed.



The S600X software runs under
LabVIEW which is the most
convenient and powerful software
for instrument control, data
acquisition and analysis. The
software is easily understood and
logically presented. Control is
performed via virtua instruments
with active click-on features, as
well as pull-down menus. The
menu structure greatly simplifies
routine measurements of material
properties, making the system
very practical for non-specialists.
Our LabVIEW software
operates in an open environment
that allows the user direct control
of al parts of the system with
real-time data display. The
transparency of the operating
system gresatly improves the
user’s control of the experimental
procedure. It makes the
instrument easy to control and

The S600X offers an option to
measure AC susceptibility and
studies of short term time
dependent effects. An additional
set of field coils providing a
uniform field in the pick-up
region can be used to generate an
AC or step function of magnetic
field of afew gauss. Because the
field isuniform it is not directly
coupled to the pick-up cail
except when a magnetic sample
is positioned in the pick-up

coil region.

The LabVIEW software
allows the generation of arbitrary
waveforms up to 1kHz. These
include step function changes
of field to study relaxation

operate as well as providing the
sophisticated user with
unparalleled performance and
flexibility in use.

The opening display
features virtual instruments for
temperature and magnet field as
well as a drop-down menu giving
access to al the main system
procedures. Measurement
sequences can be created for
immediate use or stored and
retrieved for future use.

To enhance the
performance, the operating
procedures are fully configurable.
For example, when changesin
temperature are required it is
possible to set broad limits of
stability for fast measurements
or fine limits where precise
and accurate measurements
are required.

phenomena with time constants of
100 seconds.

The software can measure
the complex AC susceptibility
giving results for both the in-
phase response of the sample
and the quadrature signal. Both
drive and response signals are
handled by fast D/A and A/D 16
bit converters.

To make accurate
measurements of the complex
susceptibility of the sample, it is
important to eliminate the
instrument response time. The
S600X software performs this
function by moving the sample
between the pick-up coils, making
two measurements so that

A LabVIEW development
licence is provided with each
system to allow new measurement
procedures to be developed as
required.

instrument errors are removed
from the results. This feature
increases the sensitivity and
accuracy of both the in-phase and
out-of-phase response. It
represents another example of the
flexibility and sophistication of
the S600X software.
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Many measurements are required
in fields as close to zero field

as practical. Since al
superconducting magnets exhibit
remanence, a small magnetic field
will be left after an excursion to
high field even when thereis no
current in the magnet. Use of a
specia degaussing program
allows the remanent field to be
reduced from its typical normal
value of about 0.7 milliTesla
down to less than 0.1 milliTedla.

Lower fields may be
obtained by using a special
heater option to quench the
superconducting properties of the
coil which reduces the field to
close to the background value
of 1077 Tedla.

For controlled measurements
at the lowest fields it is
convenient to apply a magnetic
field with higher resolution. A
specia option disconnects the
main current source and replaces
it with a precision low current
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Transverse moment window.

supply. Fields up to +0.01 Teda
can

be applied to the sample with a
resolution of 1077 Teda.

At these low fields the
superconducting coil does not
show any measurable hysteresis
or remanence o it is possible
to make precise and reproducible
measurements with confidence.
Such fields are particularly
appropriate to measuring
transition temperatures.

In order to make reliable

The S600X is an exceptionally
sensitive instrument with the
result that strongly magnetised
materials can only be studied if
prepared in minute samples. For
greater convenience Cryogenic
offers a dynamic range extender

Some crystal structures exhibit
anisotropic magnetic
characteristics. To alow theseto
be measured the S600X can be
fitted with asignal detection
circuit, sensitive only to a
magnetic moment perpendicular
to the vertical applied magnetic
field. This transverse moment is
amplified by a second SQUID
circuit. The output is recorded as
the sample is rotated around the
vertical axis by a computer
controlled stepper motor. In this
way the anisotropic moment may
be measured and studied.

measurements of the background
field, Cryogenic provides two
field measurement options. For
Low Field Measurement up to 2
milliTesla a specia fluxgate probe
is used which can measure from
the 1 nanoTesla to the 2 milliTesla
level. To measure high field
profiles, Cryogenic offers a Hall
probe which can measure
magnetic field from 0.1 milliTesla
to 5 Tesa

which reduces the input signa by
afactor of 500, allowing strongly
magnetised materials to be
measured conveniently in the
same instrument as those of very
low magnetic moment.

Special Options:

Cryogenic prides itself in being
able to keep its clients at the
forefront of research using the
most advanced technology. As
such we are always prepared to
consider supplying other special
options. Transverse magnetic field
coils, optical and microwave
illumination of the sample are
some examples of the special
options that can be provided.
Further requests are always
welcome.



DESCRIPTION

S600X

S700X

Field range:

Field stability
long term:

Central field uniformity
over £2cm:

Field set resolution (16 bit)

Standard range:
Low field option:

Remenant field:
Maximum current:

Maximum sample size:

DC magnetisation (1,2 and 3 axes)

Differential sensitivity:

Range of measurement
Standard:
Extended:

AC Susceptibility (1,2 and 3 axes)

Freguency range:
Sensitivity:

Temperature Range
Standard:
Extended:

Temperature calibration
Number of sensors:
Accuracy of calibration:

Temperature stability
At sample:
At sample:
At sample:

Temperature resolution:

+6.5T (65 kGauss)
0.1ppm/hr

0.01%

0.09 milliTedla

07T

~ 0.5 milliTeda (5 Gauss)
75 Amps

<9mm

1x108 EMU in 1T
2x10°7 EMU in 5T

108 to 102 EMU
108to 5 EMU

0.01Hz to S00Hz
1x108 EMU in 1T
1x107 EMU in 6T

1.6K to 300K
200K to 700K

2
0.3%

2mK @ 10K
3mK @ 100K
10mK @ 300K

1 mK all temperatures

Temperature spatial variation in sample region

At 20K:
At 100K:
At 100K:

< 5mK over 4cm long
< 25mK over 4cm long
< 80mK over 12cm long

Rate of temper ature change (inc. stabilisation)

+5K
+100K
+295K

Helium capacity:
L N2 capacity:
Consumption

LHe
LN2

5 mins
20 mins
30 mins

50 litres
40 litres

2-4 litres per day*
6 litres per day

+7.5T (75 kGauss)
0.1ppm/hr

0.01%

0.11 milliTedla

07T

~ 0.7 milliTeda (7 Gauss)
85 Amps

<9mm

1x108 EMU
5-107in 7T

108 to 102 EMU
108to 5 EMU

0.01Hz to S00Hz
1x108 EMU in 1T
3x1077 EMU in 7T

1.6 to 300K
200K to 700K

2
0.3%

2mK @ 10K
3mK @ 100K
10mK @ 300K

1 mK all temperatures
< 5K over 4cm long

< 25mK over 4cm long
< 80mK over 12cm long

5 mins
20 mins
30 mins

50 litres
40 litres

2-4 litres per day*
6 litres per day

* Variation according to use




For further information or a
comprehensive quotation, please
contact our Sales Department:-

Cryogenic Ltd,

Unit 30,

Acton Park Industrial Estate,
The Vale,

London W3 7QE, UK

International Telephone:
(+44) 181 743 6049
International Facsimile:
(+44) 181 749 5315

E-mail: cryogenic@cix.compulink.co.uk
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