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Overview &

e Current status of Ultra High Field
Magnets at Bruker

« 21 T FTMS Magnet — Design and recent
Improvements

e Future Materials for Ultra High Field Magnets
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NMR Magnet Milestones

IRON NIOBIUM/TITANIUM NIOBIUM/TIN 2K OPERATION
MAGRETS b NbTi Nbs Sn (Nb,Ta),Sn (NbHTTS) S
single multi Nb2Sn ,Ta)3Sn
B/T MHz A filament filament NbTi NETi N,\tfg-?in
1500
1G
23.5 1000 900,/{‘
3do| | T | | []
750
P
6001
//.
11.7 500 00—
400~
27V
el
90_~
6
.//
1965 1975 1985 1995 2005 »Date
1960 1970 1980 1990 2000 2010

Magnet systems with full NMR capability (Superconducting in persistent mode)

3 Bruker BioSpin



Milestones of NMR Magnet Technology _{g<ge
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Key Technologies for High Field Magnets B('Eg@ﬂ

* Sub-cooling technology
e Wire technology

e Superconducting joints
e Control of forces

e High current design

e Shielding Technology

e Screening against disturbances
» Refrigeration Technology

950 MHz HR-NMR

15 T FTMS
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M Subcooling Technologya%n

* Long term stable magnet
e Low Helium consumption
e No adjustments necessary

e Easy Helium refills Thermal Barrier

@ Joule-Thompson
Cooling Unit

* Patented technology
e Pioneered by Bruker
e Proven track record
e over 130* systems installed

Superconducting
Magnet Coil

s ~As of December 2007 Bruker BioSpin
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Subcooled/UltraStabilized - > pumped skoger
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e round wire

* rectangular wire

e conductor area = 2 mm?2

e conductor area = 4 mm?23
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Comparison of NbTi and Nb;Sn Conductors  skgier
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UltraShield Technology sk

Inner sections (Blue): main field coils

Outer sections (Red): shielding coils

* Significantly smaller stray fields

e improved screening against
external field perturbations

10 Bruker BioSpin




External Disturbance Suppression B%%ﬂ
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Successful Combination

Thermal Barrier

Joule-Thompson
Cooling Unit

Superconducting
Magnet coil

traShleld UltraStahlllzed
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Bruker UltraShield/UltraStabilized Magnets B%ﬂ

I >
750 800 850 900 950 1000 /MHz
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950 US2 Magnet sk

e Highest available NMR frequency

e Actively shielded magnet

e Same stray field as for 900 US=

e Same cryostat as 900 US2

e Same specs, only frequency is different
e excellent drift performance

e 5 G radially: 3.3 m

14 Bruker BioSpin
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New 800 UltraShield Plus BROKER

- * Most compact 800 MHz magnet

e Siting In single story lab (127)
e Ultra small stray field (1.5 m)
pre-requisite for hyphenated

applications

e Lowest stored energy

ULTRASHIELD™ Iiﬂ s Ly k
H ] =~

BOO PLUS (

e Proven technology

e Unmatched stability

15 Bruker BioSpin



New 800 US Plus fits into single story lab B%ﬂ

x 5 800 UltraShield Plus
_— %o% NEW| ultra-compact

= magnet
o
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imsi I eB0 fe—S4-mm non-shielded =

Introduced in 2001 Introduced in 2006
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Horizontal Bore Magnets nfeGnlr
£35S

e USR = UltraShield Refrigerated
« First refrigerated magnet delivered August 2001 for MRI
e More than 120 “USR* systems delivered to date

e Five magnet versions currently in production for MRI
- 4.7T/40/USR

- 7.0T/30/USR
- 9.4T/20/USR
- 9.4T7/30/USR
- 11.7T/16/USR

e Four magnet versions for FTMS

- 7.0T/11/USR

- 9.4TT/11/USR
- 12.0T/11/USR
- 15.0T/11/USR

17 Bruker BioSpin




USR Features and Benefits

e Advanced refrigeration technology

with pulse tube cooler

* N2-free systems

e Continuous maintenance-free
operation for > 1 year, in between
scheduled service visits for the
refrigerator

* No user intervention or maintenance
needed

Z (m) *5 Gauss Line

50 [ 400MHz AS
' [J 400MHz USR

Pulse tube cold head on magnet

Advanced UltraShield
active-shielding technology
L - Minimal stray fields

18 Bruker BioSpin
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Size Advantages . . . BROKER

94/30 AS 94/30 USR
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. C><)
15 Tesla Refrigerated Superconducting Magnet BpRS8SR

World’s highest
field FTMS

The new 15 tesla
UltraShield refrigerated
magnet recently installed
at KBSI in Ochang, S.
Korea

Photo courtesy of Korea Basic Science
Institute (KBSI)

20 Bruker BioSpin
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ESI-FTMS apex ultra 15 T
Apollo Il Dual ESI/MALDI Source
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Ubiquitin, 8.5 kDa
[M+10H]1%*+ Region

857.47088

857.37075

857.57129 RP > S,OO0,000

327 ppb mass
measurement accuracy

857.67176

857.27059

857.77219
857.17093

857.87264 851'775338728(:

858.6725
857.0710: 857.97349
; ) ) | 858r5731

8570  857.2  857.4  857.6  857.8 8580 858.2 8584 8586 8588 mlz
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Combination of Key Technologies ._ BRGKER

High Field Magnet Technology

+

Horizontal Bore Cryostat Technology

+

Sub-cooling Technology

" Thermal Barrier

~ Joule-Thompson
Cooling Unit
Superconducting
Magnet Coil

Sub-cooled Horizontal Bore Magnets

29 Bruker BioSpin
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Neurospin — 1st Sub-cooled Tomography Magnet a%%n

23

UltraStabilized Magnet

750 MHz Field Strength

25 cm Room Temperature Bore
Drift < 35 Hz/hr

Homogeneity < 2 ppm in 9 cm dsv
Cryogenic consumption:

Helium < 2Itr/ hr
Nitrogen < 3Iltr/ hr

Bruker BioSpin




Neurospin Project, France BROKER

Building structure

Iron Shield

Non-shielded magnet

24 Bruker BioSpin




Magnet Delivery December 2007 B%R

e World‘s Highest Field
Preclinical MRI Scanner

e Compact magnet design

- UltraStabilized'" sub-
cooling technology for
highest field

e In vivo imaging at 17.65 T
corresponding to 750 MHz

BC 176/25

25 Bruker BioSpin



Request for a Highest Field FTMS Magnet skéxer

NHMFL Specifications Challenges

21 T Field Strength + 40% or + 6 T above todays
strongest FTMS field strentgh,

@ 11 cm RT - Bore corresponding to + 250 MHz

Drift < 45 Hz/hr

Compared to
Homogeneity ( £ 5 ppm) Neurospin: + 150 MHz
L = 80 mm

D =50 mm

50 G fringe fieldatz < 1.5m + active shielding compared to
Neurospin magnet
Cryogenic consumption: + Refrigeration to fulfill
Helium holdtime > 60d cryogenic specs
Nitrogen holdtime > 2 wks

26 Bruker BioSpin




e Sub-cooled system with
JT — refrigerator

e 110 mm RT bore
e Dual Stage PTC
e Only 90cm to MC

e 50G Stray field at 1.4m

Big step compared to current max. field strength
and the experience of how fast the max. field
could be increased historically

27 Bruker BioSpin




Properties of 21 T FT-ICR Magnet — Stray Field a%n
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oint
Properties of 21 T FT-ICR Magnet — 50G P
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21 T FTMS Magnet — Axial Field Profile BE.%)%R
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21 T with enlarged homogeneity BRORER
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21 T with enlarged homogeneity =

108 mm / 5 ppm

10 or
120 mm / 10 ppm

20

28 T

-30

-35
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Future Materials for Ultra High Field Magnets — =hGss

For even higher fields, superconductors need to have:

e High critical current I_ at high fields

e High mechanical strength

High Temperature Superconductors HTS

BSCCO Conductors: Bi 2223 and Bi 2212 (1G)

YBCO Coated Conductors (2G)

34 Bruker BioSpin



YBCO coated conductors production route B%ﬂ

Ag depositiin A '

Currents:
up to 575A/cm-w



HTS Challenges B%ﬂ

e Long lengths (min. 2000-4000m)

e Continuous re-produceable conductor quality
e Two dimensional properties

e New solenoid winding technology

e Superconducting joint technology

e Quench protection
e Long term stability

All iIssues must be solved to design a long term
reliable magnet!

36 Bruker BioSpin



100m tape

Critical current per cm width [A/cm]

30 40 50 60 70 80 90

Co-ordinate along tape length [m]

Bruker BioSpin



Angular Ic dependence B
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B(I:I%{E?R
Summary (>

e Bruker has developed advanced high field
magnet technology

e Technology has led to highest field shielded
NMR, FTMS and in vivo MRI magnets

e Technology has excellent track record with
over 250 systems installed

« A21 TFTMS magnet is challenging but within
the scope of Bruker’s technology

e Higher field magnets can be built, once HTC
conductors become reliably available In
sufficient quality and length

39 Bruker BioSpin
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