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Tesla Dynamic Coils

* Work for about 20 years in the field of MR scanners

* Philips Healthcare
e RadboudUMC
* Tesla Dynamic Coils

e Based in Zaltbommel
* We develop and built RF coils, peripheral electronics, cables

: ’ ’ ’ /\
mechanical for MRI scanners @

* |ISO 13485:2016 certified

Tesla Dynamlc Coils




Topics

= Nuclear magnetic resonance
® Scanner
= RF coils

= Components and designs
= Static magnetic field distortion
= Transmit (receive) coils
= Receive coils
= Testing
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Nuclear magnetic resonance

. . A
" Frequency is determined by: | == axis of precession

(defines magnetic dipole)

= Magnetic field strength
= Gyromagnetic ratio
= Nuclei: 1H, 31p 13C, ...

= Ranges between 30 MHz and 300
MHz

= MRI: Magnetic Resonance Imaging
medical application

{———— axis of spin



MR Scanner

= Magnet

= RF coils

" Gradient coils
= Patient table
= Patient

Sponsored by:
hcyncn sess

Tesla Dynamic Coils

assingan
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= Magnet

= RF coils

" Gradient coils
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MR Scanner
MRI Scanner Components

= Magnet (BO) pienglog i
= 0 Hz L 3
* 3-7Tesla 1.
= RF coils (B1+) o A
= 30-300 MHz e Il s
= Max. 50 uT Control s
= Max. 35 kW peak = Gdent | S
= Max. 250W average ¥ 3
= Gradient coils rr—
= 1 —5kHz 1 N
u 200 mT/m L Image Recansinction Compuiar C
= 200 T/m/s

Tesla Dynamic Coils

Image from Gruber B, Froeling M, Leiner T, Klomp DW.. RF coils: A practical guide for nonphysicists. ] Magn Reson Imaging. 2018 Jun
13;48(3):590-604. doi: 10.1002/jmri.26187. Epub ahead of print. PMID: 29897651; PMCID: PMC6175221.
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MR Scanner
MRI Scanner Components

= Magnet (BO)

= 0 Hz

" 3—7Tesla Main Magnet
= RF coils (B1+)

= 30-300 MHz

m 27 puT to max. 50 uT P

Max. 35 kW peak
Max. 250W average

® Gradient coils puse Secuence |, = /-C\

Elecironics Amplifiers

m 1 —-5kHz
= 200 mT/m
= 200 T/m/s

* Image Recansinction Computar

Tesla Dynamic Coils

Image from Gruber B, Froeling M, Leiner T, Klomp DW.. RF coils: A practical guide for nonphysicists. ] Magn Reson Imaging. 2018 Jun
13;48(3):590-604. doi: 10.1002/jmri.26187. Epub ahead of print. PMID: 29897651; PMCID: PMC6175221.
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MR Scanner
MRI Scanner Components

= Magnet (BO)

= 0 Hz

" 3—7Tesla Main Magnet
= RF coils (B1+)

= 30 —-300 MHz

m 27 uT to max. 50 uT i

Max. 35 kW peak
Max. 250W average

Elecironics Amplifiers

= ] -5kHz
= 200 mT/m
= 200 T/m/s

* Image Recansinction Computar

Tesla Dynamic Coils

Image from Gruber B, Froeling M, Leiner T, Klomp DW.. RF coils: A practical guide for nonphysicists. ] Magn Reson Imaging. 2018 Jun
13;48(3):590-604. doi: 10.1002/jmri.26187. Epub ahead of print. PMID: 29897651; PMCID: PMC6175221.
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Nuclear magnetic resonance

" Transmit and/or receive on frequency of interest

https://www.youtube.com/watch?v=0YBU
SOrHOIw

°0 06
o000
o606

>
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MR Scanner

= Combine RF pulses
and gradient fields

= Right timing
" [mage/spectrum
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gge 180°
RF in ——/\ “ﬁl‘
Slice-select :
gradient |
Phase-encoding : E
gradient =1}
Frequency{fi-g\coding L] \; f A
gradient : f :P_Ts_.i
Signal out E*-TE,: = :
2
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MR Scanner

NAA

Tesla Dynamic Coils
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RF coils
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RF coils

Receive coil :_.; /\: /\.’

R

Interfacing:

* Filters

* Phase shifters

* PIN diode control
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Transmit coil \.‘ f(

T

Interfacing:

* T switches

* Filters

* PIN diode control

Y A W
Transmit-receive coil —
) N

TIR

Interfacing:

* TR switches

* Filters

* Low noise amplifiers
* PIN diode control

Scanner
back-end

Tesla Dynamic Coils
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Components and designs

= Capacitors " Diodes
[ |nductors = PIN diodes
= RF = Fast diodes
= DC/chokes = ESD suppression
= Traces = RF connectors
= Resistors " BNC
. . = SMA
|
Low Noise Amplifiers . SMEB
= Fuses a N
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Components and designs: BO distortion

= Distortion of main magnetic field in imaging Field Of View
(FOV)

Hair gel

O)

Tesla Dynamic Coils

https://www.ajronline.org/doi/10.2214/ajr.182.2.1820532 https://mriquestions.com/susceptibility-artifact.html
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Components and designs: BO distortion

" Test protocol on MR scanner

M4 screw N connector

O
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Components and designs: BO distortion

" Test protocol on MR scanner

M4 screw N connector

Half ppm distance: 7 mm Half ppm distance: 126 mm

ppm
ppm

(®
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ppm
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Components and designs: BO distortion

" Test protocol on MR scanner

Profile

0.6 -

0.5 4

0.4 1

0.3 4

0.2 1

0.1+

0.0

=0.1'4

—— Screw Set Screw M4x10 Natural Brass CU2/CU3

M4 screw

ppm

0 10 20 30 40 50 60 70 80 90 100110120130140150160170
Location [mm]

Profile

1.5

1.0

0.5 A1

0.0 4

=0.5 4

-1.0

—-1.5 1

—— Connector N Type Right Angle PCB Jack Through Hole Short

N connector

)

0 10 20 30 40 50 60 70 80 90 100110120130140150160170
Location [mm]
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Components and designs: Tx(Rx) coils

" Loading of RF coil

= EM fields couples to
conducting substance
i k_“_J /3\
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Components and designs: Tx(Rx) coils

" Loading of RF coil

" EM fields couples to
conducting substance

Rel

=
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Components and designs: Tx(Rx) coils

" Loading of RF coil

" EM fields couples to
conducting substance

= Quality factor drops

Rel Rpat

=

(®
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Components and designs: Tx(Rx) coils

= Specific absorption rate (SAR)
" E-field
" Great effort put in prediction

—

C
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Components and designs: Tx(Rx) coils

50Q
—_—

Voltage [V]

Current [1]
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Components and designs: Tx(Rx) coils

50Q

oItae[]_> ’—5_\\ ‘ /\
o < _d)/‘ @

Current [1]
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Components and designs: Tx(Rx) coils

* How much B1+/V is generated by a coil

= Measure pick up probe
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Components and designs: Tx(Rx) coils

* How much B1+/V is generated by a coil
= Measure pick up probe
= Circuit simulation

acfrequency: 1e+08
(Coili: 12.495/-5.2319°

—=T =T
R2 Feed Coil
R=50 Oh z
m ! ] §
E==T -
iCm n @
5 5 5 5 5 T
Num=1 C3 Vem
+ Vi 7=50 Ohm T=C=19.1p
=250 e acfrequency: 16+08
1| Feed.i: 25086/ 1.6341°

-1

Bem 4e078.6e078.8e07 9e07 9.2e07.4e07.6e07.8e07 1e081.02e0804e0806£080808.1e08.12e08 1408 160818208 2208 = T
acfrequency
Tesla Dynamic Coils
acfrequency

acfrequency: 1.0648e+08
Feed.:0.079156 /12.437°
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Components and designs: Tx(Rx) coils

* How much B1+/V is generated by a coil
= Measure pick up probe

® Circuit simulation

= Tissue does change the EM field

o 2mr?l

Current [I]

By
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Components and designs: Tx(Rx) coils

" How much B1+/V is generated by a coil
= Measure pick up probe

® Circuit simulation

= FM field simulation
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Components and designs: Tx(Rx) coils

" How much B1+/V is generated by a coil
= Measure pick up probe

® Circuit simulation

= FM field simulation
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Components and designs: Tx(Rx) coils

" How much B1+/V is generated by a coil
= Measure pick up probe
= Circuit simulation

= FM field simulation

Antenna 4 Antenna 3 Antenna 2 Antenna 1
|B| Channel 4 |B| Channel 3 |B{| Channel 2 |B{| Channel 1
1 1 1 1
08 ‘08 10.8 08
06 06 06 0.6
04 04 04 04
0.2 02 0.2 0.2
0 0 0 o
Antenna 5 Antenna 6 Antenna 7 Antenna 8
IB| Channel 5 |B}] Channel & |Bl Channel 7 |B} Channel 8

1 1 1
108 108 08
06 06 06
04 04 04
0.2 02 ’ 02
0 0 0
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Components and designs: Tx(Rx) coils

* How much B1+/V is generated by a coil
= Measure pick up probe
= Circuit simulation
= EM field simulation

" Measure on MR scanner

= B1+ map

= Flip angle train @

Tesla Dynamic Coils
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Components and designs: Tx(Rx) coils

= Scale voltage and currents to desired B1+ field
= Or maximum output of the RF power amplifier of the scanner

= Compare scaled values to datasheet

(®
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Components and designs: Rx coils

= Pick up the tiny RF signals

= Positioned close to the patient

= Losses (resistance) result in lower SNR

= Rx coils must be combined with a Tx coll
" They are exposed to high B1 fields
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Components and designs: Rx coils

" During transmit voltage induced

" Induced voltage creates a current

" Current generates own magnetic field
" Disturb original B1 field

50Q

—

Voltage [V] _<

Current [l]
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Components and designs: Rx coils

" During transmit voltage induced

" Induced voltage creates a current

" Current generates own magnetic field
" Disturb original B1 field

(®

Tesla Dynamic Coils

50Q
—

Voltage [V]

Current [l]



Sponsored by:
hcyncn sess

Components and designs: Rx coils

" During transmit voltage induced

" Induced voltage creates a current

" Current generates own magnetic field
" Disturb original B1 field

50Q
—

Vind =2 *m xf A x By

Voltage [V]

Current [l]
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Components and designs: Rx coils

" During transmit voltage induced

" Induced voltage creates a current

" Current generates own magnetic field
" Disturb original B1 field

50Q

Vind =2 *m xf A x By

—_—
Voltage [V]

Current [l]
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Components and designs: Rx coils

" During transmit voltage induced

" Induced voltage creates a current Vind=2xm xf *A x By
" Current generates own magnetic field V.
" Disturb original B1 field l.,i; = ind

Zcoil

ABl [uT] @

Tesla Dynamic Coils

50Q
—

Voltage [V] ) TX
_—/

Current [l]




Components and designs: Rx coils

" During transmit voltage induced

" Induced voltage creates a current Vind=2xm xf *A x By
" Current generates own magnetic field V.

" Disturb original B1 field l.,i; = Zmd

= |ncrease Z col

coil

ABl [uT] @

Tesla Dynamic Coils

ﬂ. i
=0
i e
| Ay €
e K
A =

50Q
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Components and designs: Rx coils

= High Zcoil means low SNR
= Switch the high impedance on and off: detune circuits
= PIN diode biasing

| ¥ |
Zeoi SN e g >
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Components and designs: Rx coils

= High Zcoil means low SNR
= Switch the high impedance on and off: detune circuits
= PIN diode biasing

Zeoi B0 o e




Sponsored by:
hcyncn sess

Components and designs: Rx coils

= High Zcoil means low SNR
= Switch the high impedance on and off: detune circuits
= PIN diode biasing
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Components and designs: Rx coils

m I\/Iissing specifications Absolute Maximum Ratings' @ 25°C

Parameter Absolute Maximum

" Experience and common

p ra Ctl ce Storage Temperature -65°C to +150°C

" +60dBm CW # 8kW puls

Operating Temperature -65°C to +125°C

Diode Junction Temperature +175°C Continuous

Diode Mounting Temperature | +265°C for 10 seconds

RF C.W. Incident Power + 60 dBm C.W.
Forward D.C. Current +500mA
Reverse D.C. Voltage @ -10pA -1100V

1. Exceeding these limits may cause permanent
damage.
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Components and designs: Testing
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Cables
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summary

= Showed the electromagnetic field environment and application

= Component selection

= Distortion of static magnetic field
= SAR

= High pulse power
= Missing specifications

= Testing
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Tesla Dynamic Coils

https://www.tesladc.nl/

Schimminck 12
5301KR Zaltbommel
The Netherlands

+31 418740060
info@tesladc.nl

Stand #10 Tesla Dynamic Coils

MEDISCHE ELEKTRONICA

Ontwikkelingen, normen en toepassingen

' 6 februari 2024 | Van der Valk Vianen




