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Magnetic precision has a name

What’s cookin’ at Metrolab

IMMW15, Fermilab, 8/21/2007
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PT2026 - All-Digital NMR Teslameter

PT2025 PT2026 (goal)

HEOIEhEE 30-90 MHz 0.05-240 MHz,

to 1 GHz effective
Meas. rate 1, 10 meas/sec < 60 meas/sec
Stability OCXO optional OCXO standard

ple]nplele SN < 1300 ppm/cm <4000 ppm/cm
Tracking rate ENVIEEE 4%/sec

Channels 1 2

UIF Knobs / buttons  Color touch screen
Interfaces RS232, GPIB RS232, USB, E-net

Standards IEEE 488.1, IEEE 488.2, VXI,
488.2 USBTMC, SCPI

Mechanical Ventilation slots Closed case
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The Ugly Reality:

= Qverheating: all-new mechanical design

= pController-DSP interface: minor changes, but much time lost
= Analogue circuitry: noise reduction / optimization

= Firmware development: OS, drivers, tools, support libraries

... and finally ...
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Some Fundamental Problems

Direct Digital Synthesis (DDS)
— Clock feed-through

Harmonics “folded down”
- MANY different frequencies

Continuous-wave NMR
— beat frequencies
— chirp signal
— look like NMR resonances!
How to reject them:
« Change DDS input clock
« Spectral signature
« Fixed-frequency behavior

Longer term: pulsed NMR
— separate transmit from receive
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And Some More: Auto-Tuning

= Tune LC circuit to resonance
frequency — increase SNR >
= PT2025: analog regulator A -
PT2026: digitalg reg%lator QJ
= Trouble: <A .
« Hypersensitivity to DAC | (oo T
» Rapid frequency changes vs.
large RC time constants N T e
- Base line not flat
" Solution: L
« Analog regulator R YT L
« Baseline extraction by DSP fffff T, 777777
= Longer term: pulsed NMR LI R T O

— less sensitive to tuning H iz i @

Time [s]
!
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PT2026: Status Summary

= Mechanics, electronics: OK
= Manufacturing: OK
= Firmware development tools:
« DSP: update OK (very nice!)
» pController: update in work
= Technical:
« Signal search: OK

 Measurement: almost OK
(excellent resolution!)

« Auto-tuning board: in work
* Firmware: in work
« LabVIEW driver: in work

= Estimated delivery: Q2 2008
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Photo: Philips Achieva

Field Mapping: MRI Systems

B, field typically 0.2to 7 T

Permanent-, electro- or
superconducting magnets

Torroidal or C shape
Inhomogeneity in imaging
region: typically < a few ppm
Field shimming:
« Map, analyze, adjust shims
/ shim currents, remap, ...

« R&D, manufacturing,
installation, (service)

Very sensitive measurement
in a factory/field environment
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Magnetic Field Camera (MFC)

= Measures B on surface of sphere

= [nside of sphere known by Maxwell’s equations...

= as long as no currents or magnetic material inside volume...
= and assuming direction of B is known

= Probe array instead of single probe: minutes instead of hours
= Also note (relative) simplicity of jig!
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Mini-MFC Prototype

= Vertical small-bore torroids
= B, field typically > 7 T
=  Superconducting

= Research: NMR/EPR
spectroscopy, animal imaging...
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Mini-MFC: Mechanics & Electronics

150 MHz
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- I ierence I

Mini-MFC: Summary

Frequencies: < 1 GHz
(trials @ 300, 400 MHz)

Range: typically £1%
Resolution: <3 Hz (10 ppb)

Probe array: 16 probes
13.2 mm x 37.5 mm
(near minimal dimensions)

Sample material:
cis-polyisoprene (rubber)
Minimize paramagnetic effects
Motors: piezo-electric

Angular resolution: 0.04°
Complete map: < 5 minutes
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3-Axis Handheld Magnetometer

= THM7025: world’s only
handheld 3-axis
magnetometer

= Ranges: 0.02,0.2,2T

= Auto-ranging or manual

= Precision: 2%

= Temperature-compensated
= Measurement rate: 2.5/sec
* Interface: RS-232

= Designed for MRI safety:
reliably find 5G line

= Increasingly used for mapping,
trouble-shooting
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The Next Generation: THM1176

= Ranges: 0.1, 0.5, 3, 20T
= Auto-ranging or manual
= Precision: 1%
= Temperature-compensated
= Low offset, offset drift
= Measurement rate: < 2000/sec
= |nterface: USBTMC, SCPI
= User Interface:
* Hi-res color touch screen
* Numeric, graphic, or vector
 Hold, Max, Zero

= QOther: PDA apps, WiFi,
Bluetooth, SD/MMC slot
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Optional Configurations

= Direct connection to PC:

« Any USBTMC/488.2
standard class driver
(NI-VISA from ni.com!)

- LabVIEW UIF / API
» Perfect for mapping
= Ruggedized version:

 Water-, shock-, sand-,
dust-, vibration-, altitude-,
heat- and cold-proof (!)

 Rubberized case
e Backlit controls
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Small Probe: a Big Deal

" = Probe:
‘;‘/.I;vlﬁlliglH”H'H:LHII[l‘l-lflll.lbl||‘IIII£III|IIHgH||HH \\\\ 1 14 X 16 X 10 mm3

=  Without cap:
68 x 8 x4 mm?3
screw hole for fixed installation

= Sensor IC:
16.5 x4 x 2 mm?3

= Active volume:
0.15x0.15 x 0.01 mm3 (!)




CTRO/@/5

Magnetic precision has a name

A Quick Plug

www.metrolab.com

Bi-annual Metrolab newsletter
Real information, not just marketing!

me - Metrolab - Mozilla Firefox

Fichier  Ediion  Affichage  Historigue  Marque-pages  Cutls 2

MeTRrolab —

Magnatic precision has 2 name.

Metrolah is the global market leader for precision teslameters, used o measure
high-intensity magnetic fields to a very high dearee of precision

Cambining the reliability of a 20-vear old industrial manufacturer with the responsiveness
of a senice company, Metrolah has won the frust of all leading players in Magnetic
Resonance Imaging, such as General Electric, Philips and Siemens Magnet Technology,
aswell as all majar phirsics laboratories such as the European centre CERN, Fermilah in
the USA and KEKin Japan. Let us infraduce you to your partner far precision magnetic
field measurements

S Maore

Measurement
technologies

Applications in
industry & research

Standard products
& custom solutions

3 Metrolab e-letter - July 2007 - Mozilla Fi

Newslettq
Read the latest
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nur*plews" panf

Fichier  Edition  Affichage Quils
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Historigue  Marque-pages

Wwelcome to the first edition of the Metralab electronic newsletter.

For those who don't knaw us: Metrolab is the world lsader for high

precision magnetic field measurements. Twice a year, we want to

infarm you of our new develapments, to show you solution examples,
"B and tointroduce some of the fascinating projects our customers are

working on. We aim to make this a professional quality publication of

general interest ta anyone working in magnetics

Of caurse the "Unsubscribe” option is always awailable... but 1 hope we

can convince you not to use it!

Philip Keller, Marketing & Product Management

NeuroSpin pushes back the
limits of MRI:

11.7 teslas for
understanding the
human brain!

It's 3 world premiere: the NeuroSpin
cantre at Saclay (France), dedicatzd to
studying the functioning of the human
brain using MRL is aiming to passess
an 11.7 T magnet by 2011, This is
major technalogical challenge that is
mobilising the CEA's finest spacialists
in liaison with companies such as
Siemens, Alstom... and Metrolab,
Here's an update, Read on

PM1055
Permanent magnets
An absolutely unique
| performance-to-size
Denis te Bihan, the injtiator
of the project and scientific
director of NewroSpin.

rati
With Metralab's PH1055

an ultra-compact solutian for
calibrating Hall probes uith a
high level of pracision. With a
side opening wide ensugh to

Hall probe, fluxmeter, NMR...
Field mapping: one size
does not fit all

palm of yeur hand! Read on

@ riew Metrolab Web

Hany researchers,
engineers and technicians
dealing with magnetic field
mapping are not aware of
the variety of technalogies
available, From particle
accelerators to the
automobile industry, the
problems vary widely
depanding on the type of
field rneasured and the
predsion required, .
Fartunately, a suitable, reliable salution can be found for (almast)
all situstions, & brief review of the state of the art Read on

site
® A 'besper’ for

Magnetic Field
Camnera
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Questions?




