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System information

The components of a SQUID magnetometer (Fig. 2) typically consist of the following: a detection coil,
which senses changes in the external magnetic field and transforms them into an e ectrical current; an
input coil which transforms the resulting current into a magnetic flux in the SQUID sensor; electronics
which transform the applied flux into a room temperature voltage output; and acquisition hardware and
software for acquiring, storing and analyzing data. Both the SQUID amplifier and the detection coils are
superconducting devices. Thus some type of refrigerant (liquid helium or liquid nitrogen) or refrigeration
device (cryocooler) is needed to maintain the SQUID and detection coil in the superconducting state.
Additional signal conditioning electronics may be needed to improve signal-to-noise.
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noise, high dynamic range, excellent linearity, flat phase response and a bandwidth that can
extend from dc to beyond 100 kHz, capabilities that no other single sensor offers.

The type of SQUID sensor and detection coil configuration is dependent on what is to be measured.
Tristan’s SQUID measurement systems make use of either Tristan’s LSQ/20 LTS dc SQUID sensor or the
HTM-8 HTS dc SQUID sensor. Theinput coil for an LTS SQUID is normally fabricated from flexible
superconducting NbTi wire. The inherent anisotropic nature of HTS SQUIDs requires that the input coils
be planar. Typically HTS magnetometers are available only as pure magnetometers.

Another factor to be considered is 1
the detection coil configuration.
Conceptually, the easiest input
circuit to consider for detecting
changes in magnetic fieldsisa pure
magnetometer (Fig. 2). However,
magnetometers are extremely
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shows the relative noise rejection for 1st and 2nd derivative gradiometers. The figure insert shows afirst

Figure 3: Response of gradient coils relative to magnetometer response (1/r2 suppressed)
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order gradiometer, consisting of two coils connected in series but wound in opposite senses, and separated
by a distance “b”, called the gradiometer baseline. A uniform magnetic field (e.g., from a distant
environmental source) would couple equal but opposite quantities of flux into the two cails, resulting in
zero net flux in the gradiometer, or zero signal. However, signa sources that are close to the lower coil
(relative to the baseline, or separation between coils) would couple significantly more flux into the lower
coil than into the upper coil; thiswould result in a net flux in the gradiometer and hence the signal would
be detected.

For objects objects that are close (relative to the gradiometer baseline), the gradiometer acts as a pure
magnetometer, while rejecting more than 99% of the magnetic signals coming from distant objects. In
essence, the gradiometer acts as a*“compensated” magnetometer.

Normally, SQUID magnetometers (and gradiometers) map the axial (BZ) component of the magnetic
field. Obvioudy, using three sensors, it is possible to monitor all three vector components of the magnetic
field. Additional channels of SQUID sensors can be used to provide reference channels for electronic
balancing. Portions of the reference magnetometer responses are summed electronically with the detection
coil(s) output to reject common mode signals from distant noise sources. Electronic balancing can be used
to create an HTS axial gradiometer from two HTS magnetometers.

Tristan and its key personnel have produced a number of measurement systems for a variety of
applications. Some of them are listed here:

e  Tristan has multiple single- and multi-channel SQUID magnetometers for NDE and
palecarcheology use. These are state-of-the-art systems, some with spatial resolutions
approaching 1 pm.

e  Tristan's magnetometer systems are based on its IMAG® line of commercial SQUID
electronics, which have been supplied worldwide to both end users and OEMs.

e Tristan's model DRM-300 geophysica rock magnetometer uses closed cycle
refrigeration to eliminate the need for liquid helium and reduce operating costs. This
technology is available for use on many of Tristan’s products.

e A DC and AC susceptibility variable temperature and field platform. Twelve systems
were made. These systems integrated SQUID magnetometers, sample motion control,
sub-mK thermal control from 2 — 350 K, variable applied fieldsto 17 T and truly user-
friendly automated control software. This product demonstrated Tristan's ability to
produce state-of-the-art complex analysis equipment with minimal user requirements.

e A six-channel system for Vanderbilt University for general-purpose NDE studies.
Comprised of a magnetometer, dewar, electronics, software and multiple magnets, this
system has extremely high sensitivity (10" Tesla) and sub-mm resolution.

e A three-channel Superconducting (SQUID) NDE system for use by a large Japanese steel
company, comprising magnetometer probe, dewar, superconducting magnets, custom
electronics, and custom software. Using a welding robot, this compact system is scanned
over samples.

e A dua-channel magnetometer system for use by a private company to study materials for
nuclear-fuel rod integrity. The package includes a magnetometer probe, dewar, computer
controlled sample scanner, e ectronics and software.

e A compact (12") six-channel high sensitivity susceptometer capable of generating tesla
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fields and operating in both vertical and horizontal orientations. The ultra-compact
system, when attached to the end of a robot arm, is used by a large Japanese nuclear
reactor inspection company for scanning the interior of nuclear pressure vessels.

The first commercial scanning magnetic microscope (SMM-1000) to study small
electronic circuits and material samples. This comprised a dewar, cryogenic sample
handling stage, magnetometer, custom software, vacuum system, and custom electronics.
It is comparable to a SEM in complexity. Nine detection coils were fabricated in a linear
array with 100 pm coil separation. Spatial resolution was at the um level.

A mixed stage (Gifford-McMahon/Joule-Thomson) cryocooler that routinely achieved 2
K.
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1. Laboratory Applications incude measurements of current, voltage, resistance,

magnetization, etc. along with exotic (General Relativity, magnetic monopole) applications.

Current; 10" Ampere/\Hz dc Resistance: 1020,
17 _
Magnetic Fields: 10 TeslaNHz Mutual/Self Inductance: 0
dc Voltage: 10™ Volt _ _ Herry
Magnetic Moment:
10-10 emu

2. Geophysical Applications indude oil ad mineral exploration, pollutant

monitoring, magma flow measurements, rock magnetometry,
magnetic anomaly detection, etc.

Figure a: Tristan HTS SQUID gradiometer in flight

3. NonDestructive Test & Evaluation (NDE)

NDE scanning systems are used for defect detection, corrosion measurement, magnetic microscopy, etc.
Some examples of SQUID NDE include:

Intrinsic currents measurements, such as:

Remnant magnetization

Embedded magnetic sensors (see figure below)
Flaw-induced perturbations

Johnson noise in metals

Eddy currentsin an applied ac field (flaws)

Hysteretic magnetization due to:

e cyclic stress (strain)
e simultaneous dc & ac magnetic fields

Magnetization of paramagnetic, diamagnetic and ferromagnetic materials in dc fields.

SMM-701 magnetic field
scans of an embedded
strain sensor under a 4 cm
thick concrete overcoating.
A: Bare sensor showing
dipole characteristics, B:
sensor under concrete, C:
bare concrete. Image D = B — C is a digital subtraction of B and C showing that it is possible to image objects deep underneath
magnetically complex coverings. The scans cover a 6 cm x 6 cm area.
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Figure b: Tristan non-magnetic dewars Model 607 magnetometer

Figure c: IMAG® Electronics and laboratory probes

Figure d: SMM-701 NDE scanning system Model SMM-770 Scanning SQUID Microscope
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DRM-300 Rock Magnetometer

The Tristan model DRM-300 s a compact and easy 1o use

SQUID megretormeter system for measurement of remnant

magnetization of geophysical samples. The wse of SQUID

technology allows unparalieled sensitivity. Closed cycle

refrigeration eliminates the need to transfer liquid helium Iis

small foolprint minimizes needed laborstory space,
Features:

Three orthogonal detection coils
SQUID detection circuitry

10" Am? Sensitivity

Wide Dynamic Range

Room Temperature Bore
Closed-cycle 4-Kelvin refrigeration

Self-replenishing liquid helium ballast for
Quiet Mode operation

Automated Sample Insertion Stage

Internal Superconducting and mu-metal
Magnetic Shields

Compact size — small footprint
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CRM-300 Rock Magnelcanster {cryocodier comgressar not shown)

Trstan's rmodel ORM 300 Rock Magnetormeter offers
technical enhancements to achisve superior sensitivity and
dynamic rangs without sacrificing reproducibiiity or ease of
use, Quantum Ir Devices
(SQUIDs} are used lo detest and amplify the megnetic
moment of samples placed inlo the sensilive volurme of the
detection coils. The change in detected megnelization is
directly proportional 1o the magnetic moment of the sample
The detection calls In the model DRIM-300 are wound in a
Helmholtz-like configuration la provide a region of uniform
sersilivity al the cenler of each coll sel. There ar lhree
separale detection coil sefs configured to simultansously
meastre the thres orthogonal components (5, By, B.) of the
induced field generated by the sampie when it is inserted
into the sensitive region of the detection colls

A GifordMcMahon closed cycle refrigerator liquefies
gasenus hellum 1o supply the cryogenic environment. The
detection coils, SQUID sensors and superconducting shiekd
are kepl al operating lermperalure by theral conlact lo a
liquid helium baliast reservoir. The clear bore sample tube is
kept at room temperature and perrrits samples as lage as
19 mm dameter (Bger sample sizes avallable on special
order). A cryogenic temperature controlier ensures. milliketvin
stability of the SQUID sensors. The closed cycle cryoccoler
is mounied far from sensors to minimize the field along the
sample path,

For ultimate sensifivity, the DRM-300 can operate with the
cryosoaler tumed off for periods of more than two days, An
optional vibration solation stand allows the system (o
continuously operate without significant vibrationally induced
noise from the cryocooler campressors and valve motors

Furlher reduction of the ambient magnelic field can be
achieved by driving the superconducting nicbium shieid
above fls transion femperature to remove any trapped
magnetic  fieds in the supermonducling  shieid,
demagnelization circull is standard with all DRM-300
systerms.

Options

Further customization and enhancement for the
DRM-300 is possible through the offered options.

+ Vibration isolation system

The DRM-300 & designed to operate with the cryocooler
tumned off {for &s long as 2.3 days). The detection coils,
$QUID sensors and superconducting shiekd are kepl at
operating temperaturs by thermal contact to the liquid
helium ballast reservoir. Additional vibration isolation is
provided if conlinuous operation of the cryocooler is
desired The Vibration lsoiation Stand (Oplion 3V) Is
provided for noise fres data acquisition during cryocoaler
operation. The independently vibration isolated and
‘weighted frame. surmunds the dewar and the mu-metal
shields. It has its own Independent vibration Isolation
footpads which rest directly on the fioor, independent of
the rest of the systemn.

*

External Magnetic Shield options

An optional mu-metal shiskd mounted outsids the devar
is offered for furlher reduction of external noise, Tristan
can also supply megnetically shiekied oS or three-
axis cancaliation colks.

-

Oven and de-gaussing Stage option

On request, Tristan can supply degaussing systems,
microwave heating andior conventional ovens for
sample preparation and handling priof 1o measurement.

Computer control,

system and software
A fully autormated LabView” based control softwars for
dala suquisition and sample handling can be supplied

-

data acquisition

System Specifications

SENSOR: Three Superconducting QUantum
Interflerence  Devices  (SQUIDS)
operating at 4 K

SENSITIVITY: 107" AmaHz (10 emu) white noise

DYNAMIC RANGE:  10° Anv (140 dB), higher ranges
available on special order

CRYDGEN FILLING: Not neeced — Seff-replenishing liquid
helium  baliast for Quiel  Mode
Operation utilizes commercial grade
helium gas cylinders for the process.

HOLD TIME: infinite, 2+ days with cryocoaler off
SHIELDING: Internal superconducting and mu-
rmetal megnetic shields
POWER: 100/120/200/220 Vye: 5080 Hz;
single phase: 1.5 KVA
DIMENSIONS 43 cmoutside diameter
115 cmoverall length
WEIGHT: 77 kg (168 Ib) megnetometer

75 ka (165 Ib) eryocooler cormpressor
SAMPLE DIAMETER: 19 mm diameter (other dameters
available)
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DRM-300 schematic {vibrtion isclation stand not shown)

Model SMM-401 nanoSQUID

The Tristan model SMM-401 is a powerful non-contact,
stanning microscopy for iMaging magnetic field distibutions.
The SMM-401 uses a superconducting SQUID sensor to
provide oulstanding spatial resolution and high sensitivity

Features:

100 um spatial resolution

1.4 pTIWHz field sensitivity

Room temperature sample

25 um gap between sensor and sample

Non-magnetic scanning stage

Low helium consumption
Applications

The SMM-401 is particularly useful in the areas where high

sensilivities, especially at low frequency, are a requirement
including Micropaleontology and Biomagnetism

* s 4 0 0 0

Magnatic image o 3 magnetzed 50 pm-hick jical hi
section taken from the Martian meteoite ALHB4001, 0 3 ine scan trough
ize of 120

o g m Courtesy of F

ot sl

Magnetic microscapy image of & 1 mm by 2 cm by 1 ¢m slice
of martian meteorite ALH84001, overlayed on top of 3 visual
phato of the same slice. The colors give the field intensity,
with red and yellow (blue) corre-sponding to upward
(downward) magnet-ization, The fusion crust on the upper left
side of the sample (visible as a thin black rind in the visual
phatograph) has been remagnetized in the Earth's field, while
the interior of the meteorite retains weaker,
heterogeneous magnetism it acquired on Mars. [Courtesy J.
Kirschvink, Caltech]

The magnetic field of the sample in the model SMM-401 is
detected with a superconducting SQUID sensor, The sensing
coil is mountad on the end of a sappnire rod keeping the
superconducting sensor at liquid helium temperatures, The
SQUID sensor is housed in the vacuum space of a cryostat
behind a thin sapphire window and cooled through a thermal
link to & liquid helium reservoir.

ftgigs
&

Gross section of Mods! SMM-401 SQUID microscope dewar liguid nitrogen
(3) 30 a0 helum (b) VESEels, lever MECNaNS (c), Sauid nGgen-Codled
tadiation shieid (s, Gold finger (), and halaves mechansm (f)

Gareful thermal shielding assures reduction of the heat load
allowing the sample is situated just below the sapphire
windaw at bottom. The sample is scanned in close proximity
to the window by a precision piezoelectric nonmagnetic
scanning stage. High spatial resolution is obtained by directly
detecting the sample's magnetic field (Figure a an the lf)

‘Schematkc representabion of model SMM-401 micioscope.
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The Tristan model SMM-601
Magnetic Scanner is designed to
measure magnetic fields with a
spatial resolution better than 300
pm. It can be used to image
diverse objects such as:

+ subsurface cracks and flaws

embedded magnetic sensors
composite structures
corrosion sites — hidden or
exposed

impurities in metals and
insulators

. s

-

Scan of 1, 3, 5, and 10 mm holes in a steel plate
Besides measuring magnetic
fields, the SMM-601 can also be
configured to detect:

+ induced magnetization

+ aging and stress in
ferromagnetic materials

magnetic susceptibility
eddy currents
magnetic hysteresis
Barkhausen effect
rock magnetometry

TRISTAN
TECHNOLOGIES

+* s s s 0

SQUID Magnetic Scanner

For Non-Destructive Testing

Model SMM-501 Scanning SQUID Microscope with de and ac biasing magnets

« The SMM-601 is a fully featured measurement system that allows the
user (o extract 2 magnetic image of the object being measured over the
entire de — 50 kHz frequency range. The adjustable tail dewar allows
the spacing between the detection coil and sample(s) to be as small as
3mm

* lts low frequency response means large penetration depths (deep
peneiration). Another advaniage of the model SMM-601 is its ability
1o operate in testa fields, This allows it to make susceptibility
measurements on the same sub-mm spatial resolution scale. In
addition, it can operate in ac fields with de — 50 kHz bandwidths for
eddy current measurements.

= The SMM-601 allows computer controlled scans of objects over a
large (15 x 15 m) area with 235 jm stepping capability

The use of a de SQUID sensor gives it unparalleled sensitivity Tts flat
phase response allows both in-phase and quadrature informaticn to be
obtained without distortion. If ultimate sensitivity is needed, larger
detection coils with resolutions exceeding 5 fT/¥Hz are available
Additional detection coils can be supplied 1 give vector information

The SMM-601 requires minimal setup. Automated setup and computer
control makes measurements rapid and repeatable. The use of open
architecture software allows the user to cusiomize nearly all aspects of
operating including image processing

Magnetic field maps of an embedded strain sensor under a 4 cm thick concrete
avercoating. A - bare sensor shawing dipole charactenstics, B - sensor under
conerete, € - bare concrete. Image D= B - C s a digital sublraction of B and C
showing that it is possible to image objects deep undemeath magnetically
complex coverings. The scans cover a 6 om x 6 cm area,

IMAG Electronics

Flux-Locked Loop

Cryogenic

Adjustable

Tail— g SQUID sensor

Power Supply(s)
Magnet(s)—=H
Sample

Non-Magnetic
Stand-off

X-¥ Scanning Table
‘Companents of the Mol SNM-G01 &yston ncluding aplional accessarivs

The standard model SMM-601 is configured to detect electric
curments and to measure remnant magnetic fields. It Includes a
Single-Channel Scanning SQUID Magnetometer Probe, IMAG®
SQUID Blectronics. Cryagenic dewar, Raom Temparature Scanning
Slage, Computer Control and Data Acquisiion Systeim, and Imaging
Software. The model SMM-601 can be supplied with addiional
capabilities to xtend lts measurament capablities.

OPTIONS AND A

Soan Area: Larger scan areas and higher resoluton stepping (25 pm
standard) are available upon requast,

ac Field Capability: This option allows & small ac magnetic field to be
imposed an the sample. The field is vertical (B:) and can have a peak-
to-peak magnitude up 1o 1 oersted. This capabiliy is of paricular
interest when eddy current measurements are desired

Horizontal Field (B, and B,) Shest inducer: A horizantal field sheet
inducer, which can apply an ac magnelic field parallel o the test
surfacs, fo induce a larpe extended eddy current in & desired
orientation, can be used lo image cracks or material loss deep in
conductive (e.g., aluminum) structures.

ac Field Compansation Electronics: When an ac signal is directly
caupled nto the system, the resutant signal (from the field colls) may
be much larger than the signal from the sample. In the case of a
femomagnetic materisls such Bs carbon steel, the induced
magnetization (even with @ small ac field) may be quite large and the
dynaric range of the data acquisition system may not be adequate to
track this large signal while still resolving the small signal from defects
in the metal,

To minimize this, Tristan can supply an ac Compensalion system to
nul the ac signal in the detection coil and extract the induced signal

in the object being measured

SPECIFICATIONS

SENSOR: Low
device (SQUID)

SPATIAL RESOLUTION: Better than 300 ym
SENSITIVITY: 6 x 10 teslaitiz (60 fTHHz) for 3 mm cails.
DISTANCE TO SAMPLE: Adjustable to be less than 5 mm

de - 50 kHz. can be
made al any frequency, Bandwidths above 50 kHz are avalable

CRYOGENIC COOLING: To avoid low frequency noise below 200
Hz, the system uses liquid helium to cool the sensor.

quantum i

Additional Detection Channsls: The model SMM-601s
measurement  capabilities can be extended to multi-channel
capablities. This can mean either vector (B B, and B;) capabilities or
addtional vertical (B:) sites to reduce

time, Noise reduction channels can also be sdded for sites where
environmental nolse is excessive.

do Field Capabllity: This cption consists of a superconducting
magnet that generales a vertical (B,) field an the sample, This sllows
magnetic susceplibiity measurements an insulators, conductors and
ferrous materials to be performed. Available field strengths can be
betwaen O 2nd 10 000 oersted. Ve encourage ine user to discuss his
o her requirements for altemate field strengths

Specifcations sbject o chasge wathout otice

HOLD TIME: Time betwsen refills of liquid helium is
typleally 3 days

SAMPLE SCANMING RANGE: 15 cm x 15 om in %y directions,
larger scan areas avaiable

SCAN STEP SIZE: Adjustable with minimum step size of 25 im

SAMPLE PREPARATION: None required. Samples are measured
al room temperaturs

POWER REQUIREMENTS: 100, 115 or 220 VAC, 50 or 60 Hz
de Fisld Option: greater than 10 gauss with 10 A power supply

[ GIES

Bl1E st, Suita 108
121

250-2789
h cor

The Tristan model SMM-770
Scanning Magnetic Microscope is
designed to measure magnetic
fields above a planar surface with
unparalleled spatial resolutions.

Using a liquid nitrogen SQUID
sensor, it can be used to image
room temperature objects such
as:

+ ftraces on a circuit board or
multi-chip module

+ shorts to ground planes

+ current distributions

+ magnetic inks used in currency

e b i
Magnatic image of dallar bill section

+ insulators, ferrous and non-
ferrous metals to detect cracks,
voids and corrosion

+ nanoparticle distributions

¢ flux-motion in HTS materials
The SMM-770 can also be
configured to detect:

induced magnetization
magnetic susceptibility

eddy currents

magnetic hysteresis
micropaleontology
magnetobioclogic activity

s s s s s o

Scanning Magnetic Microscope

Model SMIM-TT0 Scanning SQUID Microscope with de and ac biesing magnets

= The SMM-770 is a fully featured measurement system that
allows the user to extract a magnetic image of the object being
measured over the entire de — 10 kHz frequency range.

Whether the samples are circuit boards, multi-chip modules,
steel or aluminum plates, composites or even plastics, the SMM-
770 can measure surface and even deeply embedded sources
with a spatial resolution down te 50 pm.

* The use of a High Temperature Superconducting dc SQUID
sensor gives it unparalleled sensitivity with the ability to
measure fields smaller than 20 pTA'Hz. Tristan’s HTS sensors
can also operate in applied magnetic fields up to 1000 cersteds.

*+ The SMM-770 allows computer controlled scans of objects over
a large (15 x 15 cm) area with 25 um stepping capability with
sub-micron stepping available. The user has the ability to
preprogram the scan coordinates.

The SMM-770 requires minimal setup. Automated setup and
computer control makes measurements rapid and repeat-able.
System soft-ware provides the ability to control the critical
system components, acquire data from the SQUID sensor, and
analyze the data to defermine the magnetic properties of the
sample being measured. The use ofopen architecture software
allows the user to customize nearly all aspects of operating including
image processing.

IMAG Electonics

Flus-Locked Loop

Nose
Cancallation
Ekctronics

Wagnst —=
Sarple

Non-Magnetic
Stand-off

X-¥ Scanning Table

ioene
Companents of the Model SMM-770 system including optional accessanes

The Standard SMM-770 is configured to detect electric currents and
1o measure remnant magnetic fiekds. It includes a Single-Channal
Scanning SQUID Magnalomator Probe, IMAG® SQUID Electunics,
Cryogenk dewar, Room Temperature Scanning $tage, Compuler
Control and Data Acquisition System, and Imaging Software. The
SMM-TTD can be supplied with additional capabilities o axland its
measurement capaniles
OPTIONS AND ACCESSORIES

SCAN AREA: Larger scan areas (e.g., 30 cm x 30 cm) and highar
resolution stopping (25 m standard) are available upon request.

Substitution OF HTM-1 SQUID Sensor: For measurements whare
sansitivities significantly below 20 pT/VHz are needed and ultimate
spalial msolulion s not as imporant. Tristan can substitula the
model HTM-1 sensor with a significanlly larger (1 mm) detection coil
with a sensitivity betier than 3 pTHHz, The HTM8 (8 mm coil}
sensor with a sensilivity betier than D.05 pT/\Hz isalso available

Fixed Fieid Capabifity: This oplion consists of a fixed fiekd that
generates a vertical (B,) fiskd on the sampie. This allows magneti
suscaptibility measUTBMENS on NSUBAITS, CoRGUCtDTS and ferous
matarials o ba parformed. Systam nose is dapandent upon fiakd

ac Field Capability: This option allows a small vertical ac magnetic
fiekd 1o be Imposad on the sample. This capabiity i of interest when
oddy cumsnt measuroments aro desied. This option can be usad
simullansously with the de Field Option for added fexibility In
magneiic characterization,

Specifications subfect 1 change wirbont astice

Horizontal Field (B, and B,) Sheet Inducer: A horzontal field
shaal indusar, which can apply an ac magnatic fiald paraliel to tha
test surface, 1o induce a Bige extended eddy current in & desired
orientation, can be used o iMage cracks of materal ks deep In
conductive {e.q., aluminum) structures.

ac Fisld Compensation Electronics: Whan imaging conductive
matanals, i an ac sinal s dimctly couplad into the systm. the
resultant signal (fram ihe fieki coils) may bie much larer than the
signal from the sample. To minimize this, Tristan can supply an ac
C tion system to null the ac signal in the detection coil and
extract the induced signal in the object being measured

SPECIFICATIONS

quantum

SENSOR: High
davice (SQUID) oparating a1 77 K

SPATIAL RESOLUTION: Battar than 50 pm
SENSITIVITY: 2 10 tesial/Hz (20 pTHHz)

OPERATING BANDWIDTH: dc - 10 kHz. Measurements can be
mada at any frequency. Bandwidins above 20 kHz ara avaiable

CRYOGENIC COOLING: To avaid bw frequency noise below 200
Hz. the system usas liquid nitmgen to cool the sensor.

CRYOGENIC HOLD TIME: Tima batwsan refils of liquid nitogen &
typrally 3 days

SAMPLE SCANNING RANGE: 15 cm 3 15 cm in sy directions
SCAN STEP SIZE: Adjustabla wilh minimum stap size of 25 um

SAMPLE PREPARATION: None fequired, Samples are measured
at om tempertuie

POWER REQUIREMENTS: 100, 115 or 220 VAC, 50 or60 Hz

Scanof 1,3, 5, and 10 mm hales in a sleel plate:

6185 Comerstone Court East, Sulle 106
San Diego, CA92121
(858) 550-2700 [fax] 550-2784

hitp:fiwww. tristantech com
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[E] TRISTAN
TECHNOLOGIES

Mineral surveys, magnetotellurics, magnetic

d of induced i and other

magnetic detection methods are important
geophysical tools. Superconducting magneto-
meters and gradiometers offer
advantages over other detectors commonly
used for such measurements.

several

+ Constant Sensitivity from dc to 10 kHz

+ Magnetic Field Resolution of 10" Tesla

* Gradient Resolution of 10™ Tesla/meter

= True dc Response

« Flat Phase Response

* Wide Dynamic Range

Tristan manufactures the most complete line of
ultrasensitive geomagnetic measurement
systems available. From compact single and
three channel magnetometers to 8-channel
tensor arrays, Tristan offers a variety of fully
configured system packages for geophysical
measurements.

The basic geophysical measurement system
offered by Tristan is the model G377 It
measures all three vector components of the
Earth's magnetic field (Bx, By, Bz). The small
size and portability of the model G377 makes it
convenient for field use. It can also be supplied
with different size dewars for airborme (modei
NLD-530 dewar) and borehole (Model NGD-830
dewar) use. Planar Gradiometers can also be
substituted if measurements of magnetic field

Magnetometers for Geophysics

Madei G377 three axis magnetometer system

Tristan offers three basic sensors for geophysical
measurements, the HTM-8 and the higher
sensitivity HTM-168 are magnetometers (B, B,,
B;): the optional HTG-10R measures planar
gradients (dB./dx).

The model G377 can be supplied with fewer
sensors or a mixture of magnetometers and
planar gradiometers if needed. The picture below
shows a single channel planar gradiometer
(HTG-10R sensor) being used in airbome
measurements.

—

gradients are required.

Model 701G sys!ern muumed al end of boom

PESSC—"

[——

Measured sensiivitias of HTV-16 (SM90703)
and HTG-10R (680126} sensars

Tristan offers variants of the model G377. The
Model 703 is identical to the G377, but uses the
smaller 5" diameter Model 530 dewar. The Model
701G uses a single HTG-10R gradiometer in the
Model 530 dewar. Tristan can also offer fast 5
usec reset times for transient measurements, For
even greater sensitivity and dynamic ranges,
Tristan can supply liquid helium versions of the
G377 and its variants.

OPTICNAL DEWARS

Model NGD-820 borehale dewar
Model NGD-1080 dewar with TB77 tensor probe

Model NLD-630 dewar
G

Meodel G377

Operation Principle: 3-Axis 77 kelvin de SQUID
Magnetometer - Measuring the relative change in
magnetic field simukaneously in B,, B, and B,
axes,

Range: 15 pTHHz
Bandwidth: dc to 10 kHz
wider bandwidths available
Slew Rate: > 1 pT/sec (peak-to-peak)
Sensitivity: 50 fT/NHz. HTM8
20 fTNHZ. HTM-16
1 fTimVHz: HTG-10R
Cryogen: Liquid Nitrogen
Volume: 7 liters
Hold time:  2-3 weeks
Power: 120 or 240 Wy, 50 Watts
{12 Volt Battery Supply Optional)
Outputs: Analog, RS-232 or IEEE-488
Visual Alphanumeric display
Controller: 321 mm x 121 mm X 300 mm
(126" wide, 4.8" high. 11.8" deep)
Weight: 3.6 kg (8 Ibs.)
NGD-1030dewar (7 liters) Standard on G377
406 mm high, 250 mm diameter
(16" high, 9.8" diameter)
Weight:  Full - 12.2 kg (27 Ibs.}
Empty - 6.6 kg (14% Ibs.)
NGD-820 dewar (% liter) opticnal
600 mm high, 83 mm diameter
(24" high, 3%" diameter)
Weight:  Full - 35 kg (7% Ibs.)

Empty - 2.7 kg (6 Ibs.)
NLD-530 dewar (1 liter)  Standard on 703
311 mm high, 127 mm diameter
{12%" high, 5" diameter)
Full - 1% kg (5 Ibs.)
Empty - 2V kg (3% Ibs.)

‘Weight:

Contact Tristan for custom systems, or if you
need additional information.

Tristan Technologies, Inc.

6185 Comerstone Court East, Suite 106
San Diego, CA 92121 USA

(858) 560-2700 FAX (858) 550-2799
info@tristantech com

hittp-fivww. tristantech.com
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The Tristan model T877 SQUID
tensor gradiometer is designed to
measure magnetic fields and
gradients for geophysical
measurements.

It is a valuable tool for:
Magnetotellurics

Controlled Source
Measurements

. ®

T877 Tensor Gradiometer

TRISTAN
TECHNOLOGIES

ing and i offer several
advantages over other detectors commonly used for Magnetic Anomaly
Detection, Magnctonlums _magnetic 0c|wuun of |nduwd
polarization, and of
detectors offer constant sensitivity Tmm de 10 tens of kHz (or hlghen
and magnetic field resolution up 1o 10° * WTYHz with magnetic gradient
resolution up to 107 nT/tHz and & dynamic range of 140 dB. These
systems are well suited 1o field use, being lightweight, refiable, fast o
set up. and easy to use.

The T877

magnetometer/gradiometer  offéers  several  important
ges over other mag) It is a vector in
contrast to the proton precession device which responds only ta the
magnitude of the field. With a three-axis vector magnetometer, both the
magnitude and direction of the field can be determined. With eight
sensing elements in a tensor configuration, the complete magnetic field
gradient can be determined. Its performance is not impaired by the
presence of large eradients and — unlike fluxgate devices — SQUID
magnetometers do not saturate. In comparison to large induction coils,
the T§77 is not awkward or cumbersome in deployment and use. The
T877's dc respanse avoids giving undue emphasis to high frequency
phenomena such as the ubiquitous lightening induced sferics.

Because of the superconducting nature of 8QUID magnetometers, they
offer not enly de response, but also Nat frequeney response well past 10
KkHz. Their flat phase response allows for seamless data integration,
unlike conventional magnetometers which suffer from 90° (or higher)
phase shifts

The Tristan Medel T877 is a field-proven
rugged, highly sensitive superconducting
SQUID magnetometer/gradiometer  designed
for meophysical exploration and measurement
With the full tensor configuration, it is possible
10 obtain complete characrerization of magnetic
dipole sources at long range obtaining
localization and classification  information.
This has heen shown theoretically by Wynn'
and demonstrated i the field. Al that is
necessary is knowledge of the magnetic field

Borehole M its

Transient Electromagnetic
Measurements (TEM)

Unexploded Ordinance (UXO)
Magnetic Anomaly Detection

* *

Environmental Waste Detection
Airborne Measurements.
Site Survey Measurements

.« o o o -

(e, Hy, He) and the five unique
field gmdients (FBJ/0x, PH/x, H/z,
AH/0z), The T877 combines eight
individual magnetometers into an array that
yields all necessary field and gradient
components

For airborne operation, Tristan can supply
custom dewars including horizontal or other
customer specified configurations

TET7 sensor heusing
showing cold electronics

T \ynn, ot af, *Advanced Superconducting GradometerMagnstometer Arrays and
Novel Signai Processing Technigue”. iEES Trans on Magnslics. 11.701- 707 1678

TENSOR CONFIGURATION

The magnetic field vector, H, can be expressed in terms of
Cartesian  components (H. Hy. M) For each
component, there are three spatial derivatives along
orthogonal directions, generating nine companents of the
second rank magnetie field gradient tensor This tensor can
be represented by the matrix

OH, 8H, 8H. oH,
& =
oH, 0H, 8H, oH, 6H,
w o = | | E e
o, oM. oH. 8H. aH:
= D = > o

Acearding to Maxwell's equations, only five of these tensor
elements are independent, which is what the SQUID tensor
armay measures

The T877 can be used to create both axial and planar
wradients by electronic subtraction of magnetometer signals.
The figure 1o the right shows the relative orientation of the
magnetometer coils The five needed gradients are formed
by the following relationships between the eight sensors of
the Model T877
Lo oy
H, *;()c + XX,

1

1
,=3H’+}"+Y").
H, :Zlizu"u
X-x

where a, b, and ¢ are the coil-to-coil center spacings.

SYSTEM COMPONENTS
+ Model HTM-8 HTS dc SQUID Magnetometer Sensors (8)
+ Model NGD-1080 Liquid Nitrogen Dewar
Horizantal and borehole dewars available on request
* Model NGI-108 cryogenic insert and cryogenic cables
+ Model iMC-303 IMAG” SQUID Electronics Control Unit
* Model iFL-301-H Flux-Locked Loops (8)
+ Model CC-80 six meter fiber-optic composite cables (8)
+ Manual and accessory pack
for detais on . sae fheir h shoots

Specificaions subject i chongge withuut o bice

SENSOR:

SENSITIVITY:

CRYOGEN:
DEWAR VOLUME:
HOLD TIME:
POWER:

OUTPUTS:

CONTROLLER:

DEWAR:

Gradient of 10cm digmetar, 30mil Cu sphere
1000,

10,00,

£
:
s

oot

[T s ] )
T et rnmdh (175)

Data from Controlled Source Measurement of a 10 om
diameter hollow (30 mil thick) copper sphere showing data from
the five independent tensor gradients. Data was collected at 1
USEC intervals.

SPECIFICATIONS

High temperalure superconducting
quantum interference devica
(SQUIDs) operating at 77 K

OPERATING RANGE: £ 900 nT
BANDWIDTH:

de to 10 kHz (wider bandwidths
avallable)

Better than 50 fTiHz

Better than 80 fMicmyHz

Liquid Nitrogen

7 liters.

nominally 2 waeks

120 of 240 Vg, 50 Watts (12 Voit
Battery Supply Optional}

Analog +3 Volts

RS232 or IEEE-488

Visual Alphanumeric display

321 mm wide, 121 mm high, 300 mm
deep (126" x 4.8 x 11.8")

36 kg (8lbs)

487 mm high, 250 mm diameter (18.4"
high, 10" diameter)

Weight: Full. 15.2 kg (33 1bs.)
Empty 9.6kg (21 lbs)

6185 Camerstone Court East, Suite 106
n Diego, CA 62121
(858) 550-2700 [fax] 550-2789
hittp:/emew, tristantech.com
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of fully configured

on the iIMAG  series of
SAUID components.
These range from basic
single-channel

to instruments for
specific applications.
They include systems
for biomagnetism,

nondestructive testing
of materials, magnetic

of rock magnatism. For
applications that
require applied fields,
Tristan can supply
persistent
superconducting
rmaghets, permanent.
magnet structures
‘with custom-designed
field profile shapes and

for ac fields. Tristan’s
SAUIDs are available in
both high temperature
(HTS) 77 K and low
temperature (LTS)

product data sheets
and application sheets
are available for many
of these complete

Tristan products
representative with
your specific system
needs.

Tristan offers a variety

systemn packages based

magnetometer systems

geophysical exploration,

microscopy and studies

built-in copper magnets

4.2 K versions. Standard

systems. Contact your

SYSTEMS TRISTAN

TECHNOLOGIES

© Laboratory Applications

© Biomagnetic Measurements
© Geophysical Exploration

© Non-Destructive Evaluation
© Magnetic Microscopy

© Custom SQUID Systems

The basic SQUID system consists of an input circuit connected o a SQUID
sensor, a dewar to provide the cryogenic environment, SQUID control elec-
tronics and possibly a data acquisition system (Fig. 1)

Fiur-Locked Loop—m|_ )

[Ammlll Control
Gryogenic Elsctronics.
Dewar — 3
Cryogenic - oo h]
Catde or Prabe

SOUID sensor—3-
Field Sensing Col >

Data
Aegqusiion
System

Fig. 1. Typical magnetometer system

Tristan offers complete systems or individual components, according to
'your needs. Tristan also supplies the basic compenents that can be com-
bined to form the basis of a SQUID measurement system. Specific infor-
mation on individual components can be found on their respective data
sheets.

sQuIDs
Model LSQ/20 LTS de SQUID Sensor
Model HTM-100 HTS Magnetometer
Model HTG-100 HTS Gradiometer
Model HTo-100 HTS miniMAG

PROBES
Model SP Standard Cryogenic Cable
Model RMP External Feedback Probe
Model MFP Multi-Function Probe
NLI series of dewar inserts for HTS SQUID sensors

ELECTRONICS
Model iFL-301-L (LTS Flux-Locked Loop)
Model iFL-301-H (HTS Flux-Locked Loop)
Model iMC-303 Cryogenic Contral Unit
Model RLM ac Impedance Bridge
DEWARS
BMD series for liquid helium (LTS) systems
NLD series for liquid nitrogen (HTS) systems

TRISTAN
LABORATORY

SYSTEMS

Tristan offers the most complste line of SQUID measure-
ment systems available. These systems can be combined
with either user- or Tristan-supplied cryogenics to give you
the mast versatile measurement capabilities possible.

For laboratory applications, the LTS SQUID system can he
configured to measure a wide variety of electromagnetic
signals. HTS SQUIDs are available as pure magnetometers
and planar gradiometers. Typical sensilivities that can be

achieved with Tristan SQUID systems are listed below:
a) Current 10-'2 ampiHz
b) Magnetic Fields: 10715 teslaHz
©) dc Voltage: 1014 volt
d) dc Resistance: 1012 0
&) Inductance: 10-'2 henry
f) Magnetic Moment: 10-19 emu

Model BMS Basic Measuring Systems: The Model BMS-H
is a HTS SQUID system capable of measuring magnetic
fields approaching 30 femioteslarHz (1 T = 10-15 tesla).
Typically, this system is used in conjunction with a NLD series
Dewar. The BMS-H can also be supplied with a planar gradio-
meter coil with a gradient sensitivity better than 100 fT/emy/Hz
or a MINIMAG sensor with spatial resolution <100 pm.

The Model BMS-L is a LTS SQUID sysiem capable of mea-
suring small electric curents with a better than than 7 x
10-1% ampere/Hz. With a simple pickup coll, it also can be
used for the detection of magnetic fields as small as 1 fT.

Model PMS Picovolt Measuring System: This cryogenic
de voltage amplifier with & gain of 109 and a rms noise of
less than 10-13 volts/VHz is used for measurements of very
small voltages and resistances.

Model MPS Multi-Purpose Measurement System: This
system is a low impedance ac bridge system for extremely
sensitive resistance and inductance measurements.
Resolutions of 10-1% ohm and 10-13 henry are readily ob-
tained. The Madel MPS also has the combined capabilities
of the BMS and PMS systems and allows a wide range of
both ac and dc measurements to resolutions approaching
0.001% on single or multiple samples.

Specialty Components: Tristan also provides a number of
additional accessories for use in configuring IMAG SQUID-
based systems. These include variable temperature
cryostats (0.05 K - 800 K), room-temperature and low-tem-
perature X-¥ scanning stages, LTS superconducting motors,
mu-metal magnetic shields, dewars, dewar stands, transfer
fubes and other accessories.

TRISTAN
MAGNETOMETER

SYSTEMS

For measurements of exlernal magnetic fields, Tristan offers
both liquid helium and liquid nitrogen SQUID measurement
systems. Series 600 LTS syslems are designed for the re-
archer who desires ultimat from a low to medi-
um channel count SQUID magnetometer or gradiometer sys-
tem. The series 700 HTS magnetometers offer researchers
interested in HTS (liquid nitrogen) SQUIDs a number of con-
wenient platforms to perform magnetic measurements.

model  type  channals orentation noise
£ us o ok
8B, B, &,
& s 3 oS <A0MAHz
5, o8, dB, a
ws s aed T %Eaes com
sz s - 15 Mz
d8; B, <90 THHz
s BT "% <noMemi
o8, 0B, <30MAHL
weoohs s BEERGE o

With the use of discrete detection circuits, Tristan LTS
SQUID systems can operate in magnelic fields exceeding 9
tesla and sample temperatures ranging from mK to well
above room lemperature. Tristan HTS SQUIDs can operate
in fields that can exceed 0.1 tesla.

TRISTAN CUSTOM
QuiD SYSTEMS

Tristan has supplied a wide variety of unique SQUID-based
Instrumentation for Laboratory, Biomagnetic, Geophysical,
and Non-Destructive Ewaluation (NDE) measurements. If
your needs are unique, contact us to discuss your particular
requirements. Tristan's scientists and engineer's 20+ years
of ience and an questfor refi i
its product line, ensures that Tristan can manufacture the
ideal SQUID system 10 suit your needs.

Spacifications subject Io changs withau notica.

TRISTAN
TECHNOLOGIES
6185 Comerstone Court East, Suite 106, San Diago, CA 92121
Tel: (858) 550-2700 Fax: (856) 5502799 £-mail: info @ istantech com
www: htipsiweeoe risieniech com
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FEATURES

© Easy to Install

© Multiple
Measurement
Capability

© Immersion ar
Vacuum
Operation

Tristan
manufactures three
basic SGUID probes
for general
laboratory use. These
probes are used to
interface the SQAUID
sensors to the
flux-locked loops
and provide the
basic capability

for a variety of
ultrasensitive
measurements

such as:

© Magnetic Fields

and Field Gradients

Static Magnetic

Moment and

Susceptibility

¢ Electric and

Magnetic

Fluctuations

dc Voltage and

Resistance

© Low Frequency ac
Resistance and
Self-inductance

¢ Low Frequency
Mutual
Inductance and
Susceptibility

c

[

CRYOGENIC
anBES for the laboratory

Tristan's cryogenic prabes and cables are the heart of
any SQUID hased measurement system. They provide a flexible trans-
mission line running from room temperature to either 4 K or 77 K with
plug-in connectors at each end. Withaut restrictions of a nigid probe, a
variety of instaliation options are avallable.

In all Tristan probes, construction materials are non-magnetic and care-
fully selected to minimize conduction of heat into the cryogenic bath. All
prabes are shielded against rf interference and other electrical transients
that may affect the SQUID operation. A room temperature O-ring seal al-
lows pumped dewar operation. Probes are available separately for up-
grading older SQUID systems or for expanding the capabilities of a more

racantly purchased system.

The Model SP Cryogenic Gable is the probe of cheice for simple current
and magntic field measurements. Used with the Modal DSQ/20 low tem-
rature (LTS) de SQUID sensor, measurements shown in Fig 1a & 1b are
possible. Used with the Model HTM-100 high temperature (HTS) dc
SQUID sensor, measurement configurations shown in Fig 1b are possitle.

The Model MFP Multi-Function Probe is the most versatile LTS SQUID
probe offered. It combines full picovoltmeter, magnetometer, and ac
use design. The Model MFP can

nridge capabilifies in a compact, easy-t
be used in any nf the configurations shown in Fig, 1

The MFP probe includes
additional room tempera

—HE0D|

ture circuilry Iocated in & :ﬂ'lMuCum
vacuum sealed housing
The longer LSQ/20M SQUID g‘-wm ]

sensor housing accommo

genic terminal | o versos
the resistance | 9
ial inductance stan-

" ;& ‘
'
e E*E O |
e |
makes this the recommend i,
ed probe when A variety of | geRewy o |
applications are raquired. e
The Model RMP is designed —
L
e el 511'6-‘ L
" o

dards required for voliage
and impedance measure-
ments. lts great versatility

for ar mensirements (Fig. 1e
& 1) and canfligwrations re-
quiring external feedback
but not a

andard resistor.

TECHN! L FEATURES

Model SP:

Working Temperature: 0 — 77 K (Sensor dependent)

Model RMP;  Working Temperature: 0 = 7 i (LSQ/20M sensor anly)

Standard Mutual Inductance: 0.6
Input Impedance: capacative at no
Current Leads: rf decoupled floatin

H (nominal)
n-zero frequencies with Z = 1/20 jw
q pair, maximum current 0.5 Amperes

Model MFP:  Working Temperature: 0 — 7 & (LSQ/20M sensor only)
Standard Resistor: 30 2 (nominal)

Standard Mutual Inductance: 0.6

System Voltage
NoisefHz: (V3 £ V107 + 5 %

H (nominal)

10° {nominal)

10 R + 4Kgotamann Fsgurce Tsource

Input Impedance: capacilive at nan-zero frequencies with Z = 1/20 j w

Current Leads: ff decoupled floating pair. maximum current 0.5 Amperes

e

[«—m —|

k

3
—_
_—

TISTAN
TECHNGLOGIES

@

==

i

MEP and BMP
probes

SP probe

Specitcations subjsct ta changs without nofics

TRISTAN
TECHNOLOGIES
go, CA 92121
fo @ lristaniach com
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Features:

¢ Easy Setup

¢ Manual and
Auto-Tuning of All
SQUID Parameters

¢ Multichannel
Capabilities

¢ Single Controlier
for LTS and HTS
sauUiDs

¢ Digital and Analog
Outputs

¢ Fiber-Dptic
Communication
Avoids Inductive
Pickup and Cross-
talk

Tristan’s MAG- SQUID
electronics have been
designed for the user
who wants performance
and flexibility.
Microprocessor-driven
hierarchical front panel
menus allow fast setup
for both LTS and HTS
SAQUID sensors.
Multiple slew rates,
gains and bandwidths
allow the user to fine
tune the measurement
process. Individual
tuning of each channel
gives optimum
performance in
multichannel
configurations. When
you need the best in
SQUID electronics, look
to thg IMAG series to
satisfy your needs.

sQuUID
ELECTRONICS

MULTICHANNEL CONTROLLER

The Model iIMC-303 iMAG SQUID centroller forms the basis of a power-
ful and flexible measurement system. Its three channel capability accom-
modates nearly all laboratory SQUID applications without incurring the
cost or complexity of eight-channel designs. A unique feature of the
Tristan controlier is its ability to simultaneously control both LTS and HTS
devices. For the experienced user, the Tristan Multichannel Goniroller of-
fers complete manual control of all SQUID parameters, including bias lev-
el, modulation amplitude, “skew” level, dc flux level in the SQUID (ofiset),
heater and integrator resel. All parameters are easily adjusted using the
membrane keypad and a convenient menu-driven interface. Users who
want a fully automated system will use the ene-touch tuning capability
that rapidly and reliably optimize the level of all critical parameters.

High-resolution A/D convertors and the standard IEEE-488 bus make the
iMAG controller ideal for use with computerized data acquisition. Use the
rear-panel BNC connectors 1o monitor the high-level analog outputs. A
“fourth channel” input allows you to synchranously digitize your own sig-
nal along with the three SQUID signals using the conlrollers internal A/D
converter. LabView™ software drivers are also available.

FLUX-LOCKED LOOP

IMAG FLLs are offered in both HTS and LTS versions. The LTS version
uses an advanced bias reversal technique that effectively reduces low-
frequency noise in HTS SQUIDs without introducing noise spikes in the
output spectrum. The less-expensive LTS FLL provides slightly higher fre-
quency response.

The Model IFL-301 series iIMAG flux-locked loops (FLLs) provide superi-
or performance under a wide range of operating conditions. The Tristan
design locates the FLL as close as practical to the SQUID sensors and
eliminates the need to run low-level or high-frequency leads aver long dis-
tances. A short cable connects the FLL lo the probe or cryogenic cable,
allowing the compact FLL to be conveniantly mounted near the dewar, but
out of the way of the liquid cryogen transfers. Connection ta the iIMC-303
controller is via a composite cable.

COMPOSITE CABLE

Tristan's advanced dasign provides superior radiolrequency (rfi) rejection
and allows for long cable runs, even in hostile ervironments. It is a sim-
ple matter to locate the FLL inside a shielded room and operate it using
an iIMAG Multichannel Controller located outside the room.

The connection between the controlier and flux-locked loop(s) is via the
CC Series composite cables. Low level de power and the high-level ana-
log output are the only electrical connections required between the FLL
and the Multichannel Contrailer. The high-frequency clock signal and dig-
ital control signals are all supplied via the composite cable's optical fiber.

This cable is offered in both 6 (Model CC-6) and 20 meter (Model CC-20)
lengths. Custom lengths are available.

IMC-303 SQUID CONTROLLER

IMAG Contraller (Model MC-303)

Number of Channels: 3 SQUID channels that interface to
both HTS and LTS Flux Locked-Loops {FLLs). The controller
‘can operate any combination of LTS or HTS SQUIDs simul-
taneously using the appropriate FLLs. An auxiliary channel
is supplied for synchronous data acquisition (see below)

Auxiliary ¥O: One auxiliary analeg input (10 k& imped-
ance, 50 kHz BW) is provided for 16-bit digitizing of a user-
supplied signal for synchroncus acquisition or event trigger-
ing. Maximum outpul signal is 4.5 V FS. Gain is selectable
to be x1, x2, x5, x10, x20 or x50.

User Interface: Interactive user interface via large LCD dis-
play and membrane keypad. Special function keys and
menu-driven software provide friendly operating and setup
environment.

Remote Interfaces: Both IEEE-488 and RS-232 remote
contral interfaces are standard. All control settings may be
input and all instrument dafa may be output via these inter-
faces. Total maximum data rate via the IEEE-488 interface is
16 bits at 20 kHz for a single channel, or 5 kHz for all three
5QUID channels plus the auxiliary channel.

Analog Outputs: 4 analog oulputs (600£2) provided on the
bback panel for the 3 SQUID channels and the auxiliary ana-
log input.

Autotune: Autotuning of all SQUID paramelers is accom-
plished by single button push. All adjustments may alse be
made manually or via the remote interfaces.

FLL Reset: Any channel may be reset manually or auto-
matically at any user selectable output voltage.

Bandwidth & Gain: Selectable bandwidths of 5 Hz, 500 Hz,
5 kHz & 50 kHz. (4-Pole Butterworth response). Selectable
gainsof (1, 2, 5, 10, .., 500) corresponding to full-scale out-
puts ranging from approximately 500 @, to 1 @y,
Master/Slave: Multiple control units (up to 10) can be con-
figured lo operale mare than 3 SQUID sensors. A clock in-
put and output are provided so that a master clock can be
used to drive all FLLs.

Dimensions: 321 mm wide, 121 mm high, 300 mm deep
(12.6" wide, 4.8" high, 11.8" deep); 6.1 kg (13.5 Ibs).
Power Req. 100 to 125, 200 to 240 Volts AC, 50 or 60 Hz
DG power (+12 V) is available as an option. Operating volt-
age should be spacified at time of arder.

Flux Lock-Laop {Model IFL-301)

Two versions of the flux-locked loop are available, one for
HTS sensors and one for LTS sensors. The HTS FLL has a
25 kHz maximum bandwidth {selectable to be 250 Hz from
the IMC-303 cantroller) and uses high-frequency bias rever-
sal to minimize low-frequency neise intrinsic 1o the HTS sen-
sors. This bias reversal does not increase the white noise of
the sensors or add any spikes within the specified bandwidth.
The LTS FLL has a 50 kHz bandwidth (selectable to be 500
Hz from the IMC-303 controller] and uses no bias reversal
since it is not required by the LTS sensors. Wider bandwidths
on both LTS and HTS loops are available on special order,

All FLL funstions are controlled remotely by the iMAG iMC-
303 Controller. The FLLs connect to the iMC-303 via a com-
posite cable. To minimize fi, even when using very long ca-
bles, all high-frequency signals are transmitted by optical
fiber between the FLL and Controller.

Dimensions: 77 mm wide, 77 mm high, 18 mm deep (3" wide,
3" high, 0.6" deep); 180 gm (6 oz}

Specifcations sutject 1o change without netice.

TRISTAN
TECHNOLOGIES

6185 Comerstone Courl East, Suife 106, San Disgo, CA §2121
Tol: (858) 550-2700 Fax: (85) 550-2799 E-mali: info @ristantech com
www: htip:/iwww tristantech com
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FEATURES

® Low Boil-Off

© Close Tail
Spacing

© Standard and
Custom
Designs

@ Complete

Factory Testing

Metallic or

Non-Metallic

Construction

©

Tristan offers both
liquid helium and
liquid nitrogen
dewars for use

in SAUID
magnetometry and
other applications
that require
magnetically
transparent
dewars. Tristan
dewars are bullt in
a variety of sizes
and materials for
both general and
special purpose
applications.

DEWARS .

Tristan takes spacial pride in the innovative de-
sign and construction techniques it has developed. T)
use of SQUID magnetometers for biomagnetic or non-
destructive testing and evalualien (NDE) measurements
requires that magnetic signals from a subject at room
temperature be coupled to a superconducting pickup coil
in the liquid reservoir of the dewar. It is essential to use
nanmagnelic materiais and to have the smallest possible
spacing between the cryogenic reservoir and the oulside
of the dewar, Tristan's development of adjustzble tail de-
wars have allowed tail gaps 1o be less than 2 mm.

BMD Series Liquid Helium Dewars

Tristan's BMD-10 is a fiberglass dewar designed for bio-
magnetism and NDE. The BMD-10M variant is supplied with an
upper aluminum housing 1o reduce weight, construction costs.
and Increase reliabilty. Intended for use with Tristan magne
tometer probes, they provide a spacing of less than 10 mm be-
tween room temperature and the liquid helium. The BMD-10
typically uses 2 liter/day of liquid helium. The larger BMD-14 se-
ries offers longer hold times and room for multi-channel detection coils. Custom
dewars with different size necks, tails, helium reservoirs or in—vacuum detection
coils are available

NLD Series Liquid Nitrogen Dewars

Specifically designed for use with HTS SQUID sensars, Trislan offers a wide as-
sortment of standard dewar designs. These include tailed dewars wilh clase ac-
cess to the sensors , multi-channel dawars, hand-held dewars that operate in any
orisntation and larger dewars with more than 30-day hotd times. Gryogenic inserts
are available to mount the SQUID sensors rigidly in the dewar and provide any
performance features required of the application. Custom dewars with different
size necks, lails, or cryogen reservoirs can be special ordered.

CONSTRUCTION TECHNIQUES
AND MATERIALS

All Tristan dewars incorporate lully lested design concepls and are assembled
with the highest standards of werkmanship. They are laak fested after each phase
of their construction and are cycled between room temperature and liquid nitro-
gen temparature to assure long-term reliability. A complele series of tests is made
at operating temperature including measurements of the equilibrium boil-off rate,
A factory test report is suppliad with each dewar.

The use of supe L and one or more vapx led shielkds totally elimi-
nates the need for liquid nitrogen in the BMD series. Tristan's own computer analy-
sis is used Io calculate the aplimum layer densily of super-insulation In each tem-
perature region and the insulation is carefully applied by hand to maintain this
densily, even in these difficul: regions such as comers, close-spaced lails, or re-
gions where overlap occurs. Also computed are the number and position of the
required vapor-cocled shields and, for custom dewars, the predicted cryogen bail-
off rate.

For dewar applications requiring unusual geomelries, precise lolerances, or exira
strangth, Tristan uses its own fiber-epoxy laminate that is shaped in custom molds
and cured at elevaled lemperature and prassure, When operation in magnetical-
Iy noisy anvironments is anticipated, a nenmagnetic, eddy current shield can be
built info the dewar to attenuate high frequency fiaids.

NLD-310 NLD-510
‘ K
g

m

0.17
liters.
0.99 liters @

Dimanaices in men
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W 254
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»|
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10 liters. ey

14 liters

.
E

< gar
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OPTIONS AND ACCESSORIES

@ Insert for single or muliiple SQUID sensors.

@ Coilin-Vacuum dewars

© Adjustable tail option for lig- |
uid helium and NLD-500 se-
ries dewars. This option can
allow tail spacings less than 2
mm from liguid helium or ni-
irogen to room temperature.

£30° Tilt Option for NLD series 310 & 510 dewars.

Custom designed low-pass (eddy current) filters and i
shields.

[

© Mechanical anchoring of the helium reserveir to the outside
dewar case is available for applications where mechanical
vibrations and relative motion may introduce noise.

L

Liquid helium or nitrogen level gauge.
Flexible metal transfer tubes.

‘Specifcations Suvyect 1o CNangs MENCUT nofice

TRISTAN
TECHNOLOGIES
6785 Comerstons Court East, Suite 106, San Diego, CA 9212:
Tel: (858) 550-2700 Fax: {858) 550-2739 E-mail: info@iristantech com
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de SQUID SENSORS Besides the standard LSQ/20, Tristan can supply LTS sensors with longer 12
niobium shield cans such as that supplied with the MFP and RMP probes
The low=-temperature (LTS SAUIDs run in liquid heli- (see Probe Data Sheet for details). We can also supply the bare sensor
um and are fabricated using a niobiunvaluminum all thinfilm tidayer chip for specialized applications. X
technology that combines durability with high sensitivity. They fealure Tha 2 pH input impadance of the LSQ/20 allows easier matching of input
symmetric integral signal and modulation coils thal eliminate outpul vari- circuits. Unlike asymmetric coil designs, the symmetric coil design of the
Features: ations with varying input loads. The nicbium-shielded package comes LSQ/20 avoids inductive coupling of unwanted signals. Additionally, it
@ All Thin-Film with screw terminals ready 1o accept your custorm input circuit. Tistan can exhibils no sensilivity variations with changing inpul impedances.
Devices also provide thin-film integrated LTS SQUID magnetometers with state-of- Tristan's HTS sensors are the first commereial devices to aperats in both
o Niobium- the-art performance. The Tristan Model LSQ/20 can be used with the ambient and kilogauss enviranments. Step-edge junctions ensure unifarm
Aluminum Tri- Model SP PTYUEB'”C Cable for ultrasensitive measurements of current response independent of sensor orientation, avoiding the Fraunhofer-like
|ayer Process (< 0.7 pAiHz) and magnetic ﬂ_ﬂ‘ﬂ (< 1 fTHHz). In conjunction W‘m‘lhE diffraction behavior seen in many monolithic bicrystal junction devices. 100
for Robust LTS Madel RMP and MFP Cryogenic Probes, it can measure a much wider Tristan's HTS sansors are available in a wida variety of canfigurations.
Devices range of electromagnatic properties in magnafic fieids as high as The standard HTS magnetometer sensor is avallable in a 90° mounting
® YBCO Step- 9 tesla—see Tristan’s Cryogenic Probe data sheet for more information. (Model HTM-80) or in a flexible end piece (Model HTM-100F). The flexi- %
edge and The high-temperature (HTS) SQUIDs run in liquid ble section can be as long as 15 cm without degrading performance, E
Bicrystal nitrogen al 77 K and are offered in magnelometer or gradiometer config- Pickup coil dimensions other than the standard 8 mm x Bmm are also &
Junctions for urations. They feature YBCO pick-up coils patterned on the chip and a awvsilsblo. The HTo-100 MinBMAG has @ 60 m x 50 pm pldaup call and ks 5 >
Robust HTS tough passivation layer for protection from moisture and oxygen. All HTS well suited for magnelic microscopy. The HTM-400's large 16 mm x 16 g
Devices IMAG sensors use a common connector ta attach them to the Model SP mm detection area gives it the highest sensitivity on any available HTS 2
~ . sensor. Tristan's gradiometers are available in either dBy/dx (shown be- i@ SM90703
@ Symmetric Cryogenic Cable; they may be easily inlerchanged to provide alterative low) or dBydz configurations
Modulation pick-up coils and different sensitivity levels. We can guarantee magne- ) {M‘ Iwm
Coils Eliminate tometer performance better than 80 fT/Hz. For customers who need Integral heaters on all Tristan sensors (LTS and HTS) allows normalization )

of the sensar without having ta warm the entire experiment above the erit- 10

Inductive even lower noise levels and performance in magnetic fields, we can pro- ‘ & 0 100
Loading of vide sansors with world-record noise performance; contact us for the lat- ical temperature. If your measuremenis require special configurations or Frequency (Hz)
. higher performance, contact Tristan directly or your Tristan Aol M0
Output est specifications and pricing.
P s preng (SM0703) and HTG-100 gradiometer (G10126.

Tristan offers

several
configurations of 8GR0
Jow-noise SQUID Input coll inductance: 1.8 pH 7

Noise level: < 5% 10 JHz A ; -]
sensors which q

<5 % 108 @ \HZ 1
serve as the heart 1f knee: nominal 0.5 Hz i
of our IMAG SQUID Input coil sensitivity: 0.2 pADa l—‘| .
systems. Temperature range 0-7K con
%

Address your
magnetic sensing
applications with

the latest HTS Sensors
technolagy in both ¥
highrtermperaturg Noise (HTM-100): <90 firvHz -~
{HTo-100) <10 pTHz 127

and low- {HTG-100) <100 fTiem VHz
temperature 1if knee: nominal 10 Hz
superconductivity. Operaling Temperature: 77K

Operating field 0z100mT

TRISTAN
TECHNOLOGIES

6185 Comerstone Court East, Suite 106, San Diego. CA 92121
Tel: (358) 530-2700 Fax: (858) 550-2799 E-mall: info @ristantech.com
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OPTIONS AND ACCESSORIES

Additional  Detostion Channels: The model  SMM-1000s
measurement capabiliies can be extended to  muli-channel
capabilites. Additional vertical (B,) measurement sites can ba instalied
1o reduce measurement time. The standard distance betwsen the colls
s 50 um, Coils may be located 100 um, 150 um, or 200 um apart at no
&xtra charge. Ofther coll dameters and configurations are available a5
options,

Applied Field Capabiiity: This option generates a vertical (8:) de
magretic field on the sample. This alows magnstic susceptibilty
measurements on insulators, conductors and ferrous materials 1o be
performed

Ultra-high Resolution
Scanning Magnetic Microscope

The Tristan model SMM-1000
Scanning Magnetic Microscope
performs micron level non-
destructive analysis of surface
and sub-surface material
properties using an array of small
SQUID magnetometers. It can

Varisble Sample Temperature: The standard measurement
temperature is 4.2 K. The varlable temperature option aliows sample
temperature to be varied between 2K and 100 K.

SMM-1000 sample stage

be used to image diverse objects ) SPECIHCATIONS
such as: System Operation SENSOR: Low T quantum
device (SQUID) operating at 42 K
; o The SMM-1000 achieves micron resolufion by the use of small (14
+ micro-current distributions um) delection cols and naow gap belween the cois and the SPATIAL RESOLUTION: 1 pm for single dipole sources
+ vortex motion in abject(s} being scanned SENSITIVITY: 1 x 10" teslaiiHz (100 pT/NHz)
superconductors The sample is motnted inside an exchang gas can al the lowsr end  OPERATING BANDWIDTH: dc - 10 kHz, Measurements can be
— gk:’;r:ﬁg?'x’;"g’“: T houses ol af e crvogerio parions 01 S made atany ieauency. Bandwidths above 10 kHz e avalabl.
. :;]alj:iro“r;’ ?"g;ﬂ.lllet board or .V SO 1005 Scarviny 0D Mot o gas. Thi lo s piacod on tha samplestage and the o COOLING: To avoid low frequency noise below 200
= The SMM-1000 uses a proprietary integrated circuit that can attached. Then the SN Probe is lowered into the liquid helium  H2. the system uses liquid helium ta cool the sensor
+ weak electric currents in incorporates an array of  Superconducting Q_uan!um dewar. Afier the sample stage has cooled to 4.2 KeWin caypGENIC HOLD TIME: Time between refils of fiquid helium is
semiconductors Interference Devices (SQUIDs) to map the magnetic field measuements can begin. When finished, it s possible 10 Warm Up  yoicaiy 3 days, Longsr hold times available upon request
from small samples. The use of lquid helium SQUIDs the. pilgroscapie, mount. 4 sample; o, ool & back' 16 helliem SAMPLE SCANNING RANGE: 5
i i it termperatise in as litie as two hours -5 mim ¢ § mmin x-y directions.
. m\egrated circuits provides a 100 fold improvement sensitivity over other )
magnetic detectors and allows high-resolution mapping of SAMPLE LIFTOFF: Optical readout. adustable with minimum
+ magnetic domains electric currents and magnetic sources located beneath the aPDnoach af 0.7 s
surface of the sample. SCAN STEP SIZE: Adjustable wilh minimum step size of 0.17 pm
= Itis a fully featured measurement system that allows the user SCANNING TECHNIQUE: Computer controlled raster scan, up to 10
1o extract a magnetic image of the object being measured over mim/min scan rate
the entire de — 10 kHz frequency range. Its flat phase response | POWER REQUIREMENTS: 100, 115 or 220 VAC, 50 of 60 Hz
allows both in-phase and quadrature information to be Lgpidi) Tl il ¢ Mmanilaé ling 16| am Sepmation ait
obtained without distortion. Additional detection channels can Detal of SMM sensor tip shewing nine 14 ym detection calls 01 current 38 jm dsance woils |
be supplied to speed data acquisition rates. System Components g
c\:ine:‘»;;n:lnz :L::: ) hsr; %‘S“mifm“'?ﬁil"i « Trallows computer controlled scans of objects over a large (5 x The standard model SMM-1000 includes a single channel SMM 5 var
Spacing & 10, miron and te Werirsck aacing 816 5 mm) area with 0,17 um stepping capability, The user has the probe (Magnetic Detection Subsystem) and MAG® SQUID “% aar
microns (courtesy UCSD) ability to preprogram the scan coordinates, Elactronics, sample position measurement and control Subsystem, ° enl & P
i ——— ) § iguid helium dewar with vibration Isolation stand, probe warmiup and ch2 %& X o
g magnetic + Automated setup and computer control makes measurements gas-handling station, computer control console, and complete acns
fields, the SMM-1000 can also be rapid and repeatable. System software provides the ability to software package for system control, data acquisiton and data —n A
configured to detect: control the critical system components, acquire data from the analysis. The model SMA-1000 can be suppled wih addional 0 s L e

SQUID sensor, and analyze the data to determine the capabilities to extend Its measurement capabiliies

magnetic properties of the sample being measured. The use of TRISTAN

open architecture software allows the user to modify and TECHNOLOGIES

customize nearly all aspects of operating including image 6185 Comerstone Court East, Suite 106

processing San Diego, CA 92121
TRISTAN (858) [fax] 550-2799
TECHNOLOGIES Sipecifica trones subject ts change withont notice L

+ transient magnetic properties
+ magnetic susceptibility
+ magnetic hysteresis
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