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NON MAGNETIC
CONNECTORS

INTRODUCTION

The market for MRI (Magnetic Resonance Imaging)
i5 rapidly evolving. The performance requiremeants
for electro-mechanical components are becaming
increasingly tougher. Until now, industry standard
“non-magnetic” type coaxial connectors have been
unable to meaeat the stringent level of non magnatic
perfarmance reguirad.

In rezponse to this highly demanding market.
RADIALL has developed a new lechnology that
meais the non-magnstic requirements of MRI and
still maintains the same high leval of electrical and
mechanical integrity found in all our coaxial
connectors. These npew products are called
COAXI-CORE, Their magnetic susceptibility is one
hundred times better than standard “non magnetic”
connectors.

s Connection inside the field core
# Minimal distortion of the field
» Field homogeneity preserved

ADVANTAGES

# High signal to noise ratio
» Multi-series technology
» Cuality and repeatability guaranteed
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INTRODUCTION

THE CHALLENGE

MAI medical equipment consists of

# ona magnelor electro-magnet to create anintenses and
homogenous magnetic field (1.5 - 2 Tesla) in the
chambsar where the patient lies.

s "gradient coils” o position into the space the area
under anakysis,

& two high fregquency coils, one transmitimg the
excitation impulsions of the atomic nucleus contained
in the area under analysis, and the other recaliving like a
true signal capior thal constifute the image afler
traatmant,

The guality of the pleture depends above all on the
homogeneaity of the magnetic fleld and on the signal to
noise ratio, To avoikd any perturbation of the field
homogeneity, any aquipment located inside the
magnetic field should be transparent relative to the
field, that means its relative permittivity should be equal
{1 |

The various colls placed |nside the magnetic field
{gradiant colls and RAF oolls) are connected to
electronic feeding or treating equipment that are far
encugh oulslde the flekd 1o prevent from any distortion,

The conneciors 2et on these coils have to be made of
non magnetic materials that show a j, relative
permittivity close to 1, and at the samea time meel the
mechanical characteristics required of any reliable
coaxial connaclor.

THE MAGNETIC MAGNITUDES

The main magnetic magnitudes ane
8 magnelic nduchon (Tesla)

H : magnetic fiekd (A/m)

M ; magnetization [Am]

! magnedc susceplibiily

tp VaCULM magnedic pemmithivity

i maieral redalive permiflvily

In vacuum ;

 B=pH
iwith g = 42107 Him)

In practice, under a Hyy external magnetic field, a material
will get a M magnetization such as !

| M= 3Hag

The magnetic induction that stands inside this matarial is
aqual o ;

B = ity M+ Homs)

(B=po {1+ Hot |
Thus : | B= 4 ¢ Her |
EXAMPLES

s the Earth's magnetic field is about 05 x 1074 T,

& the strength of electromagnets esed in junk yards is
about that of MAI machines 1.5 -20T.

UNIT CONVERSION

There g a second wunit system you can find in older articles,
It is the (&5 sysiem

| Conversion 0G5
| B | 1G=10tT Giouss (5]
1 De=
Ho| e lE Am Oestard (Os)
W 1 G =107 Alm Gauss (G)
I UK wamiga ¥ 44 L e 0N
i HUSISH ue migitos “ﬁﬂh i m-ulg.iilll-:rm

SEEE

£ wath o densiy and Mo mskar messo
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MAGNETIC MATERIALS CHARACTERISTICS

There are four types of materials

- the diamagnetic materials

- the paramagnetic materials

- the superparamagnetic materials
- the ferromagnetic materials

Dia- or para-magnetic materials feature ralher weak
magnetic propartes and ara linear,

The shemes, near the titles illusirate the effect of a
magnetic material (grey dcircle) on the magnetic field flux
lines [red),

% DIAMAGNETISM

The characteriatics of the dismagnatizm are

& The M Magnstizaton is praportional to tha H field

® The vy, susceptibility is indepandent of temperature
® . s negative | M and H are opposite

& 4y, iBaround -10°%, -10-%

M (A/m)

N

I} Yoa

* Hes (Afm)

The magmelizabon cune of @ diamagnelic meslarial

Main diamagneto malerlals an :

= Cadmium

- Stain

- Copper + alloys
- Le=ad

- Gaold

- finc

- Silver

% PARAMAGNETISM

The characeristics of the paramagnetism are
# The M Magnetization is proportional to the H field

® The magnetic susceptibility ypa., i8 proportional to T!
(Curie law)

® pas IS5 positive : M and H have the same sensa

® e IS around (10-2,1078

W (ASm)

0 L

* Ha (A/m)

The magnatization cunse of 8 paramagnatic masnial

Among the most used paramagnstic materials there are ;

= Aluminum

= Palladium

= Chromium
= Platinum

= Manganese

S

"_-\';Zl‘ SUPERPARAMAGNETISM

Superparamagnetic  materials  consist  of  individual
domains of elemants that have ferromagnetic proparties in
bk,

The magneatic susceplibility is bshween that of
ferromagnetic and paramagnetc malterials.

RADIALL ~
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FERROMAGNETISM

With aferromagnetic material, M cannot be linked toH orto B by a simple relation because of the hysteresis phenomeanan,
The magnitude of the susceptibility of ferromagnetic materials is one thousand times greater than that of paramagnetic

materials.
M [Afm)
The magnetization curve of a ferromagnetic material is a
hystarasis cycla. Me = =

T
{0.A) |5 called the frst magnatization cune. Hg -H /’ I
-Hs Hef
The (A Mg -He: B.-Mg Hz) cyclzis called hysteresis curve i
/ e Hoa (i)
Mg

wihen the fisld varies atternatively from Hsg to -Hs, I

This hysteresis curve s charactenzed by the following
thres magnitudes

# the saturation magnetization Mg

s the remanent magnelization Mg, that is the The materials balow show a ferromagnetic behavior |

magnetization inside the material with a nil fiekd. = Cobalt
# the coercive force He to apply to get a nil = lron
magnetization, = Mickel

MATERIAL MAGNETIC BEHAVIORS

Dlarmagnatiam ; o inirnee magnetic moments n damagnatic matarials,

J J- * [] [] .
‘_* " -l J‘ ll ¥ ' ' L
- l - [ ._‘ + .
B j' " J‘ J- 'H B B L ¥ ' * 'M
B=0 B=1T B=1T B=05T
T=0 T=300°K T = 300°K

Paunugrnhrn Somee intrisic magnetic moments without any extemal magnetic lield, in paramagnetic materials.

7 T 1 ~T -
T-f h \“;L At :rr th'I" M -‘111 TTTJ‘;‘ 't {;Tj

F vy B |1yt ot IS LIPSy 37
B=0 B=41T B=1T B=05T
T=0K T=300°K T = 300°K

Ferrarmag netiaem . Soms magnelic domsing that all hewe their magnedic mamesnis pointing inthe same direction. The moments ol 1he domains ang randcm
in unmagnetizad materials, and poing in the sama direstion in magnetizad maternials

Bafore 1 magmedizabon T “magrmelization Aftar 1 ° magnedizztion
8 o A DA e 'Y -
PavAN B L/ PaweN

BE=0 BE=1T E=0 B=0
M=0 T=0K T « T {Curia temparatura) T = Tz (Curle bemparatura)
M = My (Saturation magnatization) M = M, (Remnant magnetization) M=0

RADIALL ~ H
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CONSEQUENCES

DISTURBING MAGNETIZATION

When an exiernal magnetic feld H,s 5 applisd, a
magnetization M appears mside the material, hera the
connecior.

This M magnetization generates a AH disturbing field, that
disturbs the flux lines of the Hey, magnetic fiekd, Thus the
quality ofthe piciure received is poor and many cormections
have to be made,

The AH disturbing field, generated by the connector
depends on :

1 = The distance betwean the connector and the paint
where it is caloulabed

2 - Theconnectordimensions, The larger the connectar
ia, the greater the AH field is

3 = Tha M magnatization of the conneciar, and thus, its
susceplibility

B = g iy Hay
with He = I:1 +'l.r_:l.

The weaker the ¥ magnetic susceplibildy of the
connectar is, the closer to 1 the u, relative permittivity
i5, tha more the material is like vacuum and tha less tha
material perurbs the magnetic feld,

The connector is then transparent relative to the
extarnal magnetic Hekd.

Comversely, the greater the ¥ magnetic susceptibility of
the connector is, the farther from 1 ., &5, and the mosa
magnstic the material is,

The connector distorts the flux lines of the magnstic
field,

DEMAGNETIZING FIELD

Under a Hyy external field, & Hy demagnetizing field
appears inside the connector such as :

Hy=-n.M

n, demagnetizing coefficient, depends on the direction of
the magnetization compared to the connector, (0 <n < 1)

The connector is subject to a tolal fekd
I-I'I = Hu:il + H’J
M = Hy = w.(Hpys + Ha) = % (Hgq = n.M)

I. HHE

The magnetization iz then ; :
LR

Far y=<1, M=y, Haus

The demagnelizing fleld is then negligible retative Lo the
encternal fiekd

Examplas of AMI brain images

Poor spatial resolulbon and ioe signal o neise
T,

Good apatled resodullon and high signal 1o
nmEE ratn

Thanks to RADIALL COAXI-CORE coaxial conneclors, you can improve your spatial resoluton

"/ RADIALL
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THE SOLUTION : THE COAXI-CORE

CONNECTORS
FERFORMANCE MATERIALS
So far, the so-called “non-magnetic’ coaxial The COAXI-CORE bodies and center confacts are

connectors, have been designed by taking the scle
pracaution Lo use only non-magnetic matarials (brass,
gold, silver, bronza, .. }.

Because such "non-magnetic connectors” could not
feature a sufficient level of non-magnetism for MRI, the
solution has been to take the connections the farthest
away from the magnetic field via long coaxial cable
assemblies,

Butthislad to severe signal distortion orloss. Moreover
this solulion was not possible when the application
required thal the connaction took place Inside the
magnatic fiekd. But now, even placed inside the core of
the magnetic field, the COAXI-CORE connectors,
designed and manufactured by RADIALL, preservathe
magnetic field homoganeity |

Indeed :

# They magnetic susceptibility of a COAXI-CORE is
arcund 108, that is over one hundred limes less
than that of a standard non-magnetic connector.

The p, relative permittivity of & COAXI-CORE can ba
comparad to 1

. Magnedic
m“"'.;";'u AHMex, | o scaptiblity
X
ED@B—GE‘IE : £ 5107 - 1D-E
Srardard

- 105 - 02
Hnn-mnpmmrm '

Brags Tlickal connscion - 1074 =10

#  the AHHay relative distortion of a magnetio field of
1,5 T, genaratad by a COAXI-CORE is only 5.10°7
maximum, aladistance of 10mm from the surface of
the connectar |

# The magnetization of a COAXI-CORE is
independeant from temperature and from the
connector position relative to the field. The
distortion is the same whatever temperature and
whatever position of the connecior,

# The COAXI-CORE aliow ahigh signal fo noisa ratio.
They are adapted then to stalic MRI and also
dynamic MRI where no picture averaging is
possible

made of materials specially adapted to
non-magnetism, each rod being selected based on a
direct measuremant with a vibrant magnetomeatear.

Center contacts are gold plated over & copper
underplate and bedies are plated with BBR,
diamagnetic alloy of copper-stain-zine or with GBR,
diamagnetic alloy of copper-stain-zine with a8 gobd
strike

To gel more information about thess two types of high
quality surface plating, please ask for oul BER
application guide {part number D1 030 DE) and our
GEBA leaflet (part numbaer D1 031 DE).

SR CLLLLITY SRRACE 2L T
Apmbeation geide
= BER

I RABIALL |
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PRODUCTION

Manufacturing a COAMI-CORE involves a special
production, ted in an appropriate eanvironment where
fools are allocated and where all precautions are taken
fo awoid any contact with ferromagnetic materials
during the scraw machining and cleaning process.

Their manufacture s directed by a Quality Assurance
Plan whose dooumented rules are sirictly applied
throughoutthe production line, This Cualily Assurance
procedure (PAG-COOTA) guarantees the high level of
non-magnetism  and reproducibility for all  our
COAXI-CORE products

"/ RADIALL
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ADVANTAGES OF COAXI-CORE CONNECTORS

CONNECTION INSIDE THE CORE OF THE
EIELD

COAXI-CORE are the only ones that can
even take place inside the core of the
magnetic field The field distortion they
generate is so small that it mests the drastic
requirements of the MR| type applications.

QUALITY

in order to guarantea that exceptional level of
non-magnetism and its repealability, every
COAXI-CORE is manufactured through a

strictly controlled production, led in an

HIGH SIGNAL TO NOISE RATIO

Since the distance between the equipment
and the magnetic field decreases, fewer

~signal distortions or losses appear. The signal

to ngise ratio rises, so that the sensitivity
improves. Detection of very weak signals is
then possible, Low-contrast anatomic
features are visible

COAXI-CORE are adapted to static MRI and
even to dynamic MRI that forbids picture
averaging, 4

FIELD HOMOGENEITY

appropriate environment according to the

Radiall Quality Assurance Procedure — The picture spatial resolution depends on the
(PAQ-COOTA). magnetic field homogeneity.
MULTI-SERIES TECHNOLOGY Since COAXI-CORE connectors do not

disturb much this field homogensity, the
plcture spatial resolution is good. Adjacent
picture details can be distinguished ather to
another. There are fewar mrraﬂdms to brng
to the picture.

The COAXI-CORE technology is appiicable
to almost all our coaxial connectors series.

ou wish to benefit from our technological advance 7

RaDiALL introduces you s available COAXI-=CORE connectors. Do not hesitate lo consult us to develop any othar
COAXI-CORE modeal.

Sorioa Dascription Part membar
BRCK Straght PCB recaplachs with lhiough-hole pire R110 426 007
SMB Straight plug crinp Wpa fon 2680 and 2,675 cahleg A114 D&2 087
EMB Raght angle plug crmp type for 2,850 and 2,8/75 cablas R114 186 0T
SMB Straaght hikbiesd maound jack of img ype tor 2 850 and 2 875 cables R114 313 087
SMB Ermight PCE male moeplacia with through-hole pins A114 426 097
SMB Rxght angle PEE male receplace wih thrrugh-hala pins R114 6&5 007

Straght FCB feedibrougid sakdet fype loe 2,660 and 2,678 cabios A200 Z20 00T

Straght PCB taedihimdghl sakded Bpe 1o . 047 cabla R280 287 0BT

Linit packaging

"/ RADIALL ’



