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Radio Frequency Coils

RF coils are needed to receive and/or transmit the RF signals used in MRI scanners. Sl 2380 cilile ) 43l el
wrhalal) (i MG g geail) ol A daddlioial) SIS 33 30 <l JLES Sl ) g1/ g Juliad
RF coils system comprises the set of components for transmitting and receiving the radiofrequency waves

involved in exciting the nuclei, selecting slices, applying gradients and in signal acquisition. 22,3 <lila ol Jaidy
Cila i) Gadalg ) pdd) LR g (5 9l B B AS Ll s gl 238 Cila ga JLiad g Jlu Y GligSall (1 de gara o S
BN o Jgandly

RF coils are vital component in the performance of the radiofrequency system. They are one of the most
important components that affect image quality and obtaining clear images of the human body. «aa il clila jad
daaly jya o Jaanlly b gall 3asa o i35 A cligall sl (e Ay Ay sl cilan il Al g1 8 Ugan U gSa ASLl
) e

RF coils for MRI can be categorized into two different categories: Volume coils and
Surface coils. ciilally aaall clile :opillide (il ) edliad) Gl o guailly dualdd) 4Slodl) clas A clile chgieal (e
Aoadad)

1) Volume RF Coils sl aantf cofi Llundl cofas jilf cilils (]
The volume coil is designed to provide a homogeneous RF field inside the coil which ishighly desirable for
transmit, but is less ideal for small region of interest. Jae 853l aaal) Cils aransi SRF sl g4 g Cilall JA3 (uilata
ALAY) Jaa B piuall Abkaiall ddlia (B 4S5 Jua DU ARN A8 G pa

The large field of view of volume coils means that they receive the noise from the wholebody, not just the region
of interest..alaia¥! Jas Allaiall (o Jad (sl g AlaSly anaad) (o sl gudal) AL Ll iy dranal) cililall ) A 401 Qe )
Volume coils need to have the area of examination inside the coil..<ilal) Ja) (asdl) dihia ) asal) cililas gliag

They can be used for transmit and receive, although sometimes for receive only. A& «Juiia) g Juw DU Lgaladia) (Sasg

Ao JLELLST lal) G B asdiiad L e ad )

Most clinical applications volume coil is built to perform whole-body imaging, and

smaller volume coils have been constructed for the head and other extremities. aliza 8 dsaaal) cililal) asaal &
A Gl Y g ol A L gl cilile ¢ LA a8 LaS camad) JalSd 3 guat £1 2 Ay pead) cilidatl)

These coils are requiring a great deal of RF power because of their size, so they areoften driven in
quadrature in order to reduce by two the RF power requirements. 1555 Sl a3 il 48l (ha ) S ) 308 cililal) oda alhats
Lo ghalay LU 33 i) ABUa cilliatia Sl e 5 JS8 Lelaudd o Le GILE Gl clganal

The head coil is a transmit/receive coil; the knee coil is receive only.
aid 48 1) Cila a3 oy ¢ Jlia/Jl ) cila o B le Gl Y Cila
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Figure 9.5: shows two volume coils (a) Head coil (b) Knee coil

2) surface Coils 4wl lilell (1
Surface coils have very high RF sensitivity over a small area of interest. 4ule dsuluay Lahud) cililal) aias
LAY (pa B pihia dala o AL sl 13
As the name already implies, surface coils are placed over or around the surface of the anatomy of
interest to the patient directly such as the temporo-mandibular joint, the orbits or the shoulder. s s
(S Luall Juadall Jia b il ol agy A gkl pha Jea gl (398 Ladand) Clilal) plag aly (Jadlly )
sl & e g
Surface coil consists of single or multi-turn loops of copper wire, s3ia gl 33 da Clla fya Adaud) cilal) ¢ o<
Aodall) U (pa il gal)
They have a high Signal to Noise Ratio (SNR) and allow for very high-resolution imaging because
their small field of view and hence they only detect noise from the region of interest. ) 8Ll dsud ageal
plaiaY) Jaa Adhaiall (o slia gudal) RIS g8 Ml ydua aglay) Jiae OF 155T 4B Mo gualy mand g dille sl gua

The disadvantage is that they loose signal uniformity very quickly when you move away from the
COil..hlall (o 255 Ladic B S Ao jouy LAY Jilal 885 1gSH g qual)

In case of a circular surface coil, the depth penetration is about half its diameter. ghasd) g3 Cilal) Al 2
o kb Chai ) g (3) A gas iy (g il
Surface coils make poor transmit coils because they have poor RF homogeneity, even over their region
of interest. Figure 9.6 shows a few examples of surface coils.
JSAl gy Lgags (AN ddhial) A s lgad Lslodl) cilaa i) Gailad Ciadal 1500 Ay Jluy) clile dadand) clilal) Jaas
Agalald) clatal) e aayy e 9.6

g
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Surface coils Shoulder coil Neck coil Spine coil

Figure 9.6: few examples of surface coils.

Quadrature Coils

The quadrature coil consists of two coils, which are placed at right angles to one another that mean oriented 90
degrees relative to each other. Therefore, the MRI signals received by each, coil is 90 degrees out of phase with
each other. 4l 4a 33 90 Lyl Ol se Legdl Arg Laa (lanil) Laguiand daild L) g5 Lagaag ol cCmila (o (o i) Cillal) ()95
ldny aa 40 90 ey skl z A (s80 Cile JS Wby (Al (aliiall Gl o pall) @i L) Gl My Glrgl) Lagudand
e

The advantage of this design is that they produce V2 more signal than single loop coils. &I & asaaill 134 5 3

Aalal) Aaal cildlal) e JAS) B L) g

.The quadrature coil operates in the circular polarization circularization mode. arxill gy (A Lo Al cilal) Jany

(S A Uaiu)

The quadrature coil can generate three types of images: Real image, Imaginary image,and Magnitude image. Nowadays,
most volume coils are Quadrature coils. Figure 9.7. «ubail) 5 guall g Aiiiial) 5 ) gual) 1 ) gual) (o £ g5 A 2l g5 Lo 3 Cilall (S0
9.7 JS& Ay i cilile (A anal) clile alina ¢ palall cgl A anall i3 guall g

Phased Array Coilg#is jall 4 shaal) ciils

Phased array coils consist of multiple surface coils with small diameter which arecombined (coil elements in

phased array) to record the signal simultaneously and independently, so a greater level can be explored. <lila ¢ ¢S5

g g 85 LAY S (Auda sall 4 ghaal) & Gl jualic) Lgaad Al s jhad cld Basaia Ladau clila (e Al jal) 4 ghiaal)

S (s e LA (e g ((Jiluna JS g

Surface coils have the highest signal-to-noise ratio (SNR) than that delivered by onelarge diameter but have a limited
sensitive area. 4ikis o o gial LSl s 2l g sl Welua gi s (Al elliy 4 e gl gada ) 80 dpesd Aol dpadanad) ciilal) pial
JBagana dbiea

By combining 4 or 6 surface coils it is possible to create a coil with a large sensitivearea.
B S Adlaa Aihia 93 Cila s L&) Saall (e dndan cilile 6 g6 4 O gl BDIA (0
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Pre-Amplifier

\Cquisition Systen

Figure 9.7: QD Body Airay coil Spine Array coil

The QD Body Array coil is a volume coil, while the Spine Array coil is a surface coil. Phased Array coils
produce in average V2 more signal than Quadrature coils. «ils & Sbe cilal) Laiy iana cils & 5 ke cilal)
Lol Cldla ra ST 5 L) B gial) G Al yal) 44 ghicaal) Clila @il |, ab

Today most MRI systems come with Quadrature and phased array coils. uhliall (i M s gail) daii) alina Ll (gl
gl 5o 2 ghasa s A 5 ol

Other Hardware

There is more hardware needed to make an MRI system work. A very important part is the Radio Frequency
(RF) chain, which produces the RF signal transmitted into the patient, and receives the RF signal from the
patient (see figure 9.8). Actually, the receive coil is a part of the RF chain. adai Jauiil 4a DU 8 3¢al) ¢ 2 3al) dllia
Jliadi g o pall ) A ghial) SLaBU) 28 3 B L&) @il Al Ay a1 claa il Aldis g8 133 aga £ omhalBiall G il gaatll
ALl claa il Abds gy 1 JLSELY) Cila day (@i gl B (9.8 JSAN i) (i sall (e SIS 28 53 B L)

Faraday shield!sI_é g

The frequency range used in MRI is the same as used for radio transmissions. That's why MRI scanners are
placed in a Faraday cage to prevent radio waves to enter the scanner room, which may cause artifacts on the MRI
image. Someone once said: “MRI islike watching television with a radio”. ¢=iib susaill & arxdical) 20 al) gas
SIS (el A uphliaal) i b g gealll Cilada g ol cund) 13gdy &I Sl B aadieial) a3 A1) (Uad gl oA (punlalitall
il aada) JB | haliiall (il gl B)gua B il 9l Gy B Laa igaal) malall 438 ) Jedall e gl ) Gl e adal
" 521l g @52 HRLA BaaLiia Ay (puabaliial) (Al gualll' 2B e

To function properly, an MRI scanner needs to sit in a specialized room or chamber

shielded against RF interference.
ASLU clan 3l JAIY L dsase daadia dd 2 of 48 2 @w#\ui\whw\ G AL il ke zliag ‘G.‘A*‘Md"‘-'..
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Without such protection the very weak RF signals that emanate from the patient whenscanned would be
overwhelmed..lg8) %) ok < g duand tie (a jall (ha ol A 130 Adgdal) S 23 510 <l L&) b dlaal) 038 (g

Also, to stop the radio frequencies produced by the scanner from interfering with
equipment outside the cage. .caddll g LS 51 pall Shteal) o J3IL a9 prealal] Lo ey A o] W) S5 peial L] g

MRI Scanner Cutaway

Figure 9.8: MRI Scanner Cutaway

Furthermore, one needs a processor to process the received signal, as well as to controlthe complex
business of scanning. gewall Jueei b aSaill eiis g (Aliiual) 5 LAY dadlaal gllaa ) 5 pal) Zliag S e 3 e

da8al)

By:Muhammad Jabbar Hussain
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