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1. INTRODUCTION

This document gives information about surface coils and procedures for readjustment if applicable.

The next chapter gives general information, applicable for all RF-coils. Also for some coils a separate chapter with information about this specific coil and an adjustment check and/or adjustment procedure.

2. GENERAL RF-COILS INFORMATION

2.1. HARDWARE

RF-coils can be divided in three groups:

· Flexible surface coils like R1, C1, C3, TMJ, E1 etc. 

· Rigid surface coils like Quad Head coil, Quad Neck, Q-T/L coil etc 

· Synergy/SENSE coils (more than one receive channel) like Synergy spine, Synergy Flex etc.

2.1.1. FLEXIBLE SURFACE COILS

In these types of surface coils, you can find a coil and a preamplifierboard. Beside the amplification of the received signal, the board has the next functions:

· Tuning of the Coil
The flexible surface coil can be tuned via software. Therefor a varicap is present in every flexible surface coil. By varying the tune voltage, supplied via the Coilint board, the coil can be tuned to the correct frequency. The tune voltage can differ between 0 and 28 volts. 

· Detuning the coil
Detuning of a surfacecoil is necessary when the bodycoil sends a transmit signal or when the receive of the MR signal is done with another coil 

· Select/Deselect circuit
With the select signal the surface coil can be set to ON. 

· Coil identification
All surface coils can be identified by the software. This is done with an Identification resistor that is present in every coil. Every coil has its own specific value. In the preparation phase "Coil identification" a current of 400 ìA will be sent through this ID resistor. The ID voltage that is generated in this way, is lead to an A/D converter. Via a register, the system can identify which coil is connected to the surface coil connector. 

· Malfunction circuit
The malfunction circuit in the surface coil detects whether the surface coil is properly detuned. If this is not the case, the surface coil can be damaged or can cause damage to other electronic units or patients. (getting hot)

2.1.2. RIGID COILS

Rigid coils contain the same functions. Often the functions are present on a Driver or Select board i.s.o. on the preamplifier board.

E.g. The quadrature Headcoil:

It consists of a Driver PCB, a preamplifier board and a mirrorboard.

The Mirror board is used to make the connections with the separate rods. The preamplifier is a separate board mounted on the mirror.

The driver board is used to carry out the necessary functions as described above.

In most of the rigid coils it is done in a similar way.

2.1.3. SYNERGY/SENSE COILS

Synergy/SENSE coils also contain the same functions. Only more than one receive channel (depends on the type of coil) are present

2.2. SURFACE COILS PIN CONNECTIONS PICU

Figure 1 - Surface coil connector PICU
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	Pin 3:
	Coax connection for RF-signal.

	Pin 1:
	+300 Volt (+/- 30 V) for detuning

	Pin 5:
	Current connection for 200 mA or 400 mA (for e.g. Quadrature coils) Specification 200/400 mA +/- 10 %.

	Pin 7:
	This connection has 3 functions:

Tune A Voltage: range (1 - 21 Volt).

Malfunctionline when the coil can not withstand Rf-transmission (U ≤ 0.8 V)

Coilidentification. A current of 400 ìA will give a voltage drop over a resistance (ID-resistance).

	Pin 8:
	Select A line. To switch the coil on/off. In case of two coils in one housing, this line selects the first coil.

	Pin 9:
	Tune B Voltage. Tune line for second coil.

	Pin 10:
	Select B line. To switch the second coil on/off.


The flexible surface coils can be tuned with use of varicaps in the coil. For the rigid coils the tuning is fixed in the coil. 

Coilconnections description

	1. 
	The RF coax for the MR signal. The MR signal induced in the coil is amplified in the coil by an amplifier stage. The amplified MR signal is lead to the Coilinterface board. The Coilinterface board supplies the preamp in the coil with a voltage source of 10 V DC via the same connection line. Each preamps in the coil needs about 15 mA (10 - 20) for correct functioning.

	2. 
	The select lines A and B are two signals under software control to switch the coil ON or OFF. Select is 10.5 V, deselect is < -2.5 V.

	3. 
	The DC current line supplies a 200 or 400 mA current to the coil (@ V < 12 V, I = 0). This current is used to put the pindiodes in conduction (during Tune Receive state of the coil). To detune the coil the pindiodes are blocked by a reverse voltage of 300 V (during RF-transmission or during reception by another (surface)coil.

	4. 
	The tune A line supplies a programmable voltage in the range of 1 - 21 Volts to tune the flexible coil. With use of varicaps the voltage is used to optimise the tuning of the coil (frequency adjustment).

This line also is used for coilidentification and malfunction line. 

During the identification mode a current of 400 ìA is carried through a resistor. The voltage is measured and compared with a value in a register to identify the coil.

Malfunction is detected when the line is lower then 0.8 V. The system checks the level of the line at certain times and holds the system in case of a malfunction. Malfunction of a coil is valid when it can not withstand RF-power.

	5. 
	The second tune voltage line (Tune B) supplies a programmable voltage in the range of 1 - 21 Volts. It is also used for identification for coils with a so-called double identification. See Coilidentification.

	6. 
	300 V is used as reversed voltage for pindiodes to block certain lines.


2.3. SYNERGY/SENSE COILS PIN CONNECTIONS PICU

Figure 2 Synergy/SENSE coil connector PICU
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	Pin 1-8:
	Coax connection for RF-signal.

	Pin 9:
	Screen (0V)

	Pin 10:
	Select A line. To switch the coil on/off. In case of two coils in one housing, this line selects the first coil.

	Pin 11:
	+12V

	Pin 12:
	+300 Volt (+/- 30 V) for detuning

	Pin 13:
	Common ground (0V)

	Pin 14:
	Select B line. To switch the second coil on/off.

	Pin 15:
	Status: +12V. To detect a not connected RF-coil

	Pin 16:
	This connection has 3 functions:

Tune A Voltage: range (1 - 21 Volt).

Malfunctionline when the coil can not withstand Rf-transmission (U ≤ 0.8 V)

Coilidentification. A current of 400 ìA will give a voltage drop over a resistance (ID-resistance).

	Pin 17:
	-5V

	Pin 18:
	Tune B Voltage. Tune line for second coil.


The flexible surface coils can be tuned with use of varicaps in the coil. For Synergy/SENSE coils the tuning is fixed in the coil. 

Coilconnections description:

	1. 
	The RF coax for the MR signal. The MR signal induced in the coil is amplified in the coil by an amplifier stage. The amplified MR signal is lead to the Coilinterface board. The Coilinterface board supplies the preamp in the coil with a voltage source of 10 V DC via the same connection line. Each preamps in the coil needs about 15 mA (10 - 20) for correct functioning.

	2. 
	The select lines A and B are two signals under software control to switch the coil ON or OFF. Select is 10.5 V, deselect is < -2.5 V.

	3. 
	The DC current line supplies a 200 or 400 mA current to the coil (@ V < 12 V, I = 0). This current is used to put the pindiodes in conduction (during Tune Receive state of the coil). To detune the coil the pindiodes are blocked by a reverse voltage of 300 V (during RF-transmission or during reception by another (surface)coil.

	4. 
	The tune A line supplies a programmable voltage in the range of 1 - 21 Volts to tune the flexible coil. With use of varicaps the voltage is used to optimise the tuning of the coil (frequency adjustment).

This line also is used for coilidentification and malfunction line. 

During the identification mode a current of 400 ìA is carried through a resistor. The voltage is measured and compared with a value in a register to identify the coil.

Malfunction is detected when the line is lower then 0.8 V. The system checks the level of the line at certain times and holds the system in case of a malfunction. Malfunction of a coil is valid when it can not withstand RF-power.

	5. 
	The second tune voltage line (Tune B) supplies a programmable voltage in the range of 1 - 21 Volts. It is also used for identification for coils with a so-called double identification. See Coilidentification.

	6. 
	300 V is used as reversed voltage for pindiodes to block certain lines.


3. COIL TYPE RECOGNITION

For coils with two possible versions, the coils of the NT type can be recognized by a special sign (NT in a circle) See Figure 3. Do not confuse the special sign with the coil name, e.g. Headcoil T5-NT, which is a "Standard coil" as long as the special sign is not present on the coil.

On flexible surface coils (R1, C1 etc.) of the NT type, this sign can be found on the connector of the coil. On rigid coils (Quad Head coil, Quad Neck coil etc.) with the NT type, the NT sign is printed on a sticker on the coil. Coils without this NT sign are only available in one version or are "Standard" types.

Figure 3 NT-sign
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In case of doubt, the ID code of a coil can be displayed. Refer to paragraph 4.1.

NOTE

Existing coils, that already fulfil the new requirements, are of the type "NT" but do not have the NT sign on a sticker (e.g. Breast coil). 
Coils with the NT sign are definitely of the type "NT" but coils without the sign can be "Standard" or "NT", depending whether one or two versions of the coil are available. Refer to Table 1 per system type for a coil list. 
3.1. RF-COIL OVERVIEW

Refer to Table 1 for the coils list with coilnumber (also called id-nr) and coil-ID (also called id-code). The list is based on the R9.1 software archive.

Table 1 Coil-list
	Coilnumber
	Coilname
	Type
	0.5T
	1.0T
	1.5T
	3.0T

	
	
	
	Coil-ID
	Coil-ID
	Coil-ID
	Coil-ID

	1
	TR-Headcoil
	NT
	n.a
	n.a.
	n.a.
	73

	2
	Quad Bodycoil
	ST
	2
	n.a.
	2
	n.a.

	2
	Quad Bodycoil
	NT
	n.a.
	2
	2
	2

	3
	Quad C-Spine
	ST
	3
	n.a.
	n.a.
	n.a.

	4
	Quad knee
	ST
	4
	n.a.
	4
	n.a.

	4
	Quad knee
	NT
	n.a.
	4
	4
	n.a.

	5
	H-Head Spectro
	NT
	n.a.
	n.a.
	5
	n.a.

	6
	P-Head Spectro
	NT
	n.a.
	n.a.
	30
	n.a.

	7
	Quad Head
	ST
	7
	n.a.
	7
	n.a.

	7
	Quad Head
	NT
	n.a.
	27
	27
	n.a.

	8
	Neck_quad (part of Quad neck coil) 
	ST
	8
	n.a.
	8
	n.a.

	8
	Neck_quad (part of Quad neck coil)
	NT
	n.a.
	8
	107
	n.a.

	9
	Body wrap around
	ST
	9
	n.a.
	n.a.
	n.a.

	9
	Body wrap around
	NT
	41
	n.a.
	n.a.
	n.a.

	10
	TMJ-left
	ST
	10
	n.a.
	10
	n.a.

	10
	TMJ-left
	NT
	71
	71
	71
	n.a.

	11
	TMJ-right
	ST
	11
	n.a.
	11
	n.a.

	11
	TMJ-right
	NT
	69
	69
	69
	n.a.

	12
	Endo-rectal
	NT
	12
	12
	12
	n.a.

	13
	E1
	ST
	13
	n.a.
	13
	n.a.

	13
	E1
	NT
	68
	68
	68
	n.a.

	14
	T-Spine (part of Q-T/L-spine)
	ST
	14
	n.a.
	n.a.
	n.a.


	14
	T-Spine (part of Q-T/L-spine)
	NT
	n.a.
	14
	n.a.
	n.a.

	15
	Breast (Mamma)
	NT
	15
	15
	15
	n.a.

	16
	R1
	ST
	16
	n.a.
	16
	n.a.

	16
	R1
	NT
	74
	74
	74
	n.a.

	17
	Quad Knee-Foot
	NT
	n.a.
	65
	65
	n.a.

	18
	P6/P60
	NT
	n.a.
	n.a.
	18
	n.a.

	19
	P10/P100
	NT
	n.a.
	n.a.
	19
	n.a.

	20
	P14/P140
	NT
	n.a.
	n.a.
	20
	n.a.

	21
	C1
	ST
	21
	n.a.
	21
	n.a.

	21
	C1
	NT
	34
	34
	34
	n.a.

	23
	C3
	ST
	23
	n.a.
	23
	n.a.

	23
	C3
	NT
	33
	33
	33
	n.a.

	24
	C4
	ST
	24
	n.a.
	24
	n.a.

	24
	C4
	NT
	103
	103
	103
	n.a.

	26
	L_spine (part of Quad T/L-spine)
	ST
	14
	n.a.
	n.a.
	n.a.

	26
	L_spine (part of Quad T/L-spine)
	NT
	n.a.
	14
	n.a.
	n.a.

	27
	Neck_linear (part of Quad neck coil)
	ST
	8
	n.a.
	8
	n.a.

	27
	Neck_linear (part of Quad neck coil)
	NT
	n.a.
	8
	107
	n.a.

	28
	Other 1H
	NT
	n.a.
	n.a.
	28
	n.a.

	31
	Multiconnect (MAI)
	NT
	52
	52
	52
	n.a.

	32
	Synergy Multiconnect (MEDRAD)
	NT
	n.a.
	53
	53
	53

	33
	Synergy/SENSE Flex-S
	NT
	n.a.
	61
	61
	n.a.

	34
	Synergy/SENSE shoulder/Flex-M
	NT
	n.a.
	47
	47
	n.a.

	35
	Synergy/SENSE Cardiac
	NT
	n.a.
	32
	32
	n.a.

	36
	Synergy Spine
	NT
	26
	26
	26
	n.a.

	37
	Synergy/SENSE Body
	NT
	n.a.
	43
	43
	n.a.

	38
	SENSE head
	NT
	n.a.
	n.a.
	66
	66

	39
	Synergy (head) neck coil
	NT
	n.a.
	85/54[1]
	85/54[2]
	n.a.

	40
	Synergy Pediatric
	NT
	n.a.
	n.a.
	75
	n.a.

	41
	Synergy/SENSE Flex-L
	NT
	n.a.
	60
	60
	n.a.

	42
	SENSE Flex Interventional L 
	NT
	n.a.
	n.a.
	130
	n.a.


	43
	SENSE Flex Interventional M
	NT
	n.a.
	n.a.
	136
	n.a.

	44
	Synergy Multiconnect MAI
	NT
	n.a.
	64
	64
	64

	46
	Synergy PV coil
	NT
	n.a.
	n.a.
	50
	n.a.

	48
	Microscopy coil 47 mm
	NT
	n.a.
	n.a.
	48
	n.a.

	49
	Microscopy coil 23 mm
	NT
	n.a.
	n.a.
	49
	n.a.

	51
	SENSE Flex Interventional R
	NT
	n.a.
	n.a.
	143
	n.a.

	52
	Synergy Multiconnect USA-I
	NT
	n.a.
	62
	62
	62

	53
	Synergy Multiconnect MRI-D
	NT
	n.a.
	63
	63
	63

	55
	Other 31P
	NT
	n.a.
	n.a.
	29
	n.a.

	56
	Other MN
	NT
	n.a.
	n.a.
	29
	n.a.

	57
	Other 13C
	NT
	n.a.
	n.a.
	29
	n.a.

	58
	Other decouple
	NT
	n.a.
	n.a.
	31
	n.a.

	59
	TEST1
	NT
	55
	55
	55
	55

	60
	TEST2
	NT
	56
	56
	56
	56

	61
	TEST3
	NT
	57
	57
	57
	57

	63
	SENSE-cardiac-L
	NT
	n.a.
	n.a.
	n.a.
	156

	65
	SENSE-CTL-Spine
	NT
	n.a.
	n.a.
	n.a.
	152

	66
	SENSE-Torso
	NT
	n.a.
	n.a.
	n.a.
	153


4. COIL IDENTIFICATION

For some examinations, two coils can be used. Unfortunately not all combinations are allowed because they will influence each other unwanted. To check for the combinations and to make sure that the selected coils are making a good connection, the coils need to be identifiable.

A circuitry in the coil, by means of a resistor circuit, takes care of the identification.

Figure 4 - ID circuit single identification
[image: image6.png]Figure 4 - ID circuit single identification
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This is done by sending a current of 400 ìA through an identification resistance.

The voltage is measured and lead to an A/D converter. For every coil, a hexadecimal value is reserved.

This current is supplied via the Tune A line. Also the voltage is measured via the Tune A line.

In this way 25 different ID's could be made (1 - 25).

	Coil ID
	Uid
	Rid
	HEX code

	
	[mV]
	Ù
	min
	max

	1
	1140
	2850
	0C
	0E

	2
	1375
	3437
	0F
	11

	3
	1633
	4082
	12
	14

	4
	1891
	4727
	15
	17

	5
	2191
	5477
	18
	1B

	6
	2535
	6337
	1C
	1F

	7
	2879
	7197
	20
	23

	8
	3266
	8165
	24
	28

	9
	3695
	9237
	29
	2D

	10
	4168
	10420
	2E
	33

	11
	4684
	11710
	34
	39

	12
	5242
	13105
	3A
	40

	13
	5887
	14718
	41
	48

	14
	6574
	16435
	49
	50

	15
	7305
	18263
	51
	59

	16
	8121
	20303
	5A
	63

	17
	9023
	22558
	64
	6E

	18
	10012
	25030
	6F
	7A

	19
	11086
	27715
	7B
	87

	20
	12246
	30615
	88
	95

	21
	13535
	33838
	96
	A5

	22
	14953
	37383
	A6
	B6

	23
	16500
	41250
	B7
	C9

	24
	18219
	45548
	CA
	DE

	25
	20109
	50273
	DF
	F5


By developing more new coils, 25 ID codes was not enough to cover all coils. Therefor a double identification was introduced. The ID circuitry for new coils was modified.

Figure 5 - Id circuit double identification
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In the first stage, Tune B signal is low and an ID is measured between 1 and 25. In the second stage the Tune B line is made high and the second stage is measured in the same range (between 1 and 25). The combination of the two stages deliveries the end value. See Table 2.

For coils with an ID ≤ 25 the first and second stage give the same value.

For coils with an ID > 25 the second stage is different from the first. (The ID codes from 1 - 6 are not in the table)

To find the values for the coils with an ID > 25 this table is used.

The first ID is presented vertically, the second is presented horizontal. When both co-ordinates are followed, the ID code is found.

Table 2 COIL-ID matrix
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
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	12
	13
	14
	15
	16
	17
	18
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	22
	23
	24
	25

	1
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3
	
	
	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
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	7
	
	
	
	
	
	
	7
	108
	126
	129
	147
	152
	170
	177
	195
	204
	222
	233
	251
	264
	282
	297
	315
	332
	350

	8
	
	
	
	
	
	
	107
	8
	127
	130
	148
	153
	171
	178
	196
	205
	223
	234
	252
	265
	283
	298
	316
	333
	351

	9
	
	
	
	
	
	
	70
	109
	9
	131
	149
	154
	172
	179
	197
	206
	224
	235
	253
	266
	284
	299
	317
	334
	352

	10
	
	
	
	
	
	
	71
	110
	128
	10
	150
	155
	173
	180
	198
	207
	225
	236
	254
	267
	285
	300
	318
	335
	353

	11
	
	
	
	
	
	
	69
	111
	61
	132
	11
	156
	174
	181
	199
	208
	226
	237
	255
	268
	286
	301
	319
	336
	354

	12
	
	
	
	
	
	
	72
	112
	79
	133
	151
	12
	175
	182
	200
	209
	227
	238
	256
	269
	287
	302
	320
	337
	355

	13
	
	
	
	
	
	
	68
	113
	60
	134
	53
	157
	13
	183
	201
	210
	228
	239
	257
	270
	288
	303
	321
	338
	356

	14
	
	
	
	
	
	
	73
	114
	80
	135
	86
	158
	176
	14
	202
	211
	229
	240
	258
	271
	289
	304
	322
	339
	357

	15
	
	
	
	
	
	
	67
	115
	59
	136
	52
	159
	46
	184
	15
	212
	230
	241
	259
	272
	290
	305
	323
	340
	358

	16
	
	
	
	
	
	
	74
	116
	81
	137
	87
	160
	92
	185
	203
	16
	231
	242
	260
	273
	291
	306
	324
	341
	359

	17
	
	
	
	
	
	
	66
	117
	58
	138
	51
	161
	45
	186
	40
	213
	17
	243
	261
	274
	292
	307
	325
	342
	360

	18
	
	
	
	
	
	
	75
	118
	82
	139
	88
	162
	93
	187
	97
	214
	232
	18
	262
	275
	293
	308
	326
	343
	361

	19
	
	
	
	
	
	
	65
	119
	57
	140
	50
	163
	44
	188
	39
	215
	35
	244
	19
	276
	294
	309
	327
	344
	362

	20
	
	
	
	
	
	
	76
	120
	83
	141
	89
	164
	94
	189
	98
	216
	101
	245
	263
	20
	295
	310
	328
	345
	363

	21
	
	
	
	
	
	
	64
	121
	56
	142
	49
	165
	43
	190
	38
	217
	34
	246
	31
	277
	21
	311
	329
	346
	364

	22
	
	
	
	
	
	
	77
	122
	84
	143
	90
	166
	95
	191
	99
	218
	102
	247
	104
	278
	296
	22
	330
	347
	365

	23
	
	
	
	
	
	
	63
	123
	55
	144
	48
	167
	42
	192
	37
	219
	33
	248
	30
	279
	28
	312
	23
	348
	366

	24
	
	
	
	
	
	
	78
	124
	85
	145
	91
	168
	96
	193
	100
	220
	103
	249
	105
	280
	106
	313
	331
	24
	367

	25
	
	
	
	
	
	
	62
	125
	54
	146
	47
	169
	41
	194
	36
	221
	32
	250
	29
	281
	27
	314
	26
	349
	25


4.1. COIL-ID TEST

	1. 
	Plug the coil connector into the PICU synco or surface coil connector 1 (left).

	2. 
	Login with user TSW.

	3. 
	Enter: TBDAS

	4. 
	Enter: 

RUN TOOLS BCP FRONTEND COILID SYN1 (For Synergy coils)

RUN TOOLS BCP FRONTEND COILID SC1 (For surface coils)

	5. 
	During this test a coil-id measurement is executed.The system responds with the measured COIL-ID.


4.2. COIL-ID PREPARATION PHASE

In the coilidentification preparation phase reads the ID numbers of the coils connected to all the connectors of the system. The presence of coils together in the bore and their use for a function as given by the scan definition is checked to be legal. The hardware condition of the connected coils is checked to be according the specification of the coils.

Error messages are displayed on the console monitor for any mismatch or ambiguous configuration.

The hardware of the coil interface is trained to detect the change of state of the coils current_state. When the built-in diagnostic hardware of the coil detects a malfunction during the scan, the measurement will abort. In order to detect whether a coil has not already a malfunction when the CI phase is executed, the current_state of the coil is read and compared with the current_state the coil should have (according the coil parameter).

Possible errors:

Logfile error Screen error message

	PRCIM01
	Wrong type of coil at connector n

	PRCIM02
	The connector n contains no x-coil

	PRCIM03
	The x-coil is not connected

	PRCIM04
	The x-coil is not in connector n, but in connector m

	PRCIM05
	Multiple x-coil connected

	PRCIM06
	Connector n contains a x-coil in stead of a y-coil

	PRCIM07
	The presence of a x-coil when receiving with a y-coil is not allowed

	PRCIM08
	Specify a connector for the x-coil

	PRCIM16
	The x-coil is not in connector n

	PRCIM18
	Cannot find the x-coil with a default connector

	PRCIM19
	A connector specification needed for the x-coil

	PRCIM20
	No transmission allowed on the x-coil

	PRCIM21
	Coil specification for the x-coil is not resolved

	PRCIM22
	The connector specification for the x-coil is not resolved

	PRCIM23
	The x-coil in connector y shows a malfunction


To be able to identify a coil, for each coil connector a current supply of 400 ìA is present in the Coilint. This current is supplied to the Tune-A line of the coil during the coil-identification phase. An identification resistor (present in every identifiable coil) will give a specific voltage due to the current. The voltage is lead to the DFEC2-RFINT board via the Coilint. The voltage is lead to an A/D converter. The hexadecimal code is compared with a register in the RFINT to identify the coil.

For the bodycoil the identification resistor is present in the Quad body coil Detune Driver (QDD) and can be measured on the BRCTA line. This is described in the QBC documentation.

5. COILINT

5.1. COILINT + AND COILINT-Q (NT SYSTEMS)

The Coilint+/Coilint-Q board is present in the PFEI on top of the Magnet. 

Figure 6 - Coilint+ / Coilint-Q front view
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The Coilint+/Coilint-Q converts the control signals from the TRFINT into control signals for the coils.

The connection between TRFINT and Coilint+/Coilint-Q is done via connector X16. 

Figure 7 - Coilint circuits for Surface coils
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INPUTS:

Via X16 all control signals are supplied to the Coilint+/Coilint-Q.

It contains:

	4 Cosel signals: To select coil connector/coiltype 

	2 Mosel signals: To select Transmit function, receive function, tune etc.

	Tune A: This signal supplies the Tune voltage for tuneable coils, but it will also lead the ID voltage to the TRFINT.

	Tune B: This signal can select the second ID voltage (in case of double identification)


Other input signals for the Coilint+/Coilint-Q from the TRFINT are:

· strobe 

· mode 

· txmode(0) 

· txmode(1) 

· auxchan 

· hicurr 

· transm 

· temdetun

All these signals are used to set the different coils (Surface coils, PU coils, Bodycoil, T/R coil etc.) in a certain state.

The Coilint+/Coilint-Q converts them to suitable signals for each coil or to set the Coilint+/Coilint-Q in the correct state (e.g. receive state for a certain coil).

Other inputs for the Coilint are the receive signals of the different coils:

	X34
	= T/R in

	X36
	= Pickup coil in

	X31
	= QBC in

	X35
	= Aux in

	X32
	= SC1 in

	X33
	= SC2 in


The outputs of the Coilint+/Coilint-Q to the TRFINT which are also present in X16:

	Coilck-N: 
	= Coilinterlock

	Secoer:
	= Selected coil error

	Secost:
	= Selected coil status.


X29 is the receive signal and is lead to the BDAS Transceiver.

X21 - X28 are Synergy/SENSE coil receive signals and are lead to the Synco receivers in the BDAS.

The control signals of the surface coil connectors in the PICU are supplied via (X15) and contains:

300 V, Sel A, Sel B, Tune A, Tune B etc.

5.2. COILINT-MT AND SYNCO-INT (INTERA SYSTEMS)

The Coilint-MT and SYNCO-INT boards are present in the PFEI on top of the Magnet. 

	Figure 8 - COILINT-MT
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	Figure 9 - SYNCO-INT
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Connectors Coilint-MT:
X1 (SC1 Control), X2 (SC2 Control) and X10 (MN-Control) coil control connectors providing:

1. Select A and B - these signals are generated to activate the selected surface coil section in receive mode 

2. VTUNE/ID/malfunction - this line is used for tuning, identification and malfunction of the coil 

3. ID2 select - this line is used to switch the coil to the second identification 

4. Current sources - this line is used for selecting high/low current source to the coil 

5. Power supplies - the +300V is protected against overload by a PTC resistor, an additional +10V is supplied over the RF- coaxes to the coil

RF inputs and outputs:

X3: SC1-IN, Surface Coil 1 RF input (carries 10V DC)

X4: SC2-IN, Surface Coil 2 RF input (carries 10V DC)

X5: QBC-IN, Quad Body Coil RF input (carries 10V DC)

X6: TRC-IN, T/R (head)coil RF input

X7: AUX-IN, provided for e.g. an external directional coupler

X8: PUC-IN, Pick Up Coil RF input

X9: RF-OUT, for additional testing e.g. measuring noise level

Connectors Synco-int:
X1 to X6 are 6 channel inputs for synergy coil 1

X7 to X12 are 6 channel inputs for synergy coil 2

X14 to X19 are the 6 channel RF-outputs to the BDAS for synergy coil 1 or 2

X13 (Syn1 control) and X20 (SYN2 control) are the Synergy coil control connectors providing:

1. Select A and B - these signals select the coil or parts of the coil for reception of acquisition signals and electronic load 

2. ID/malfunction - this line is used for identification of the coil and for coil malfunction detection 

3. ID2 select (former “VTUNE B”) - this line is used to switch the coil to the second identification 

4. Coil presence-n (former “status”) - detects the presence of a coil and whether it is (dis)connected during a scan, in which case an interlock is generated 

5. Power supplies - three voltages are supplied to the coil, being +300V, +12 V and –5V, an additional +10V is supplied over the RF-coaxes to the coil

6. SOFTWARE PARAMETERS

Explanation of Coilparameters:

	1.
	Type
	Body_type, Head type etc. Never change this parameter. It will select other scan parameters en creates unwanted effects

	2.
	id_nr
	the software identification number of the coil, range 1-62 is not always the same as the Coil-ID

	3.
	id_code
	the hardware code by which the coil identifies itself

	4.
	current
	selection of the current supply (200 or 400 mA) set as LOW or HIGH

	5.
	gain
	total receiver gain 1=high 0=low

	6.
	ref_B1
	B1-strength used for calibration of the RF_drive_scale

	7.
	ref_scale
	ref_rf_drive_scale to get ref_b1 with the reference phantom

	8.
	sar
	Absorption rate 

	9.
	tuneable
	Indicates that the coil is tuneable. Values; NO, VCAP, HAND, NOT_VERIFIABLE

	10.
	exclusion
	bitmask to specify with which coils the current coiol can not be combined.

	11.
	matchable
	indicates that the coil is matchable

	12.
	identifiable
	indicates whether the coil is identifiable. Values; YES NO

	13.
	function
	R_A = a receive only coil selected with select_a line (HIGH)

	
	
	R_B = a receive only coil selected with select_b line (HIGH)

	
	
	XR = a Transmit/receive coil select with select_a line (HIGH)

	14.
	nucleus
	Values; H1, P31, C13 etc.

	15.
	current_state
	indicates the correct state of the current supply when the coil is in the receive mode. Current in receive mode YES/NO

	16.
	def_dac_1
	Default value of the Tune DAC 1 (tune start value 1)

	17.
	def_dac_2
	Default value of the Tune DAC 2 (tune start value 2)

	18.
	tune_delay
	Time the coils takes to switch from detuned to tuned.

	19.
	detune_delay
	Time the coil takes to switch from tuned to detuned.

	20.
	allow_offset
	the minimal offset the tune phase must allow for the coil [Hz]

	21.
	max_avg_pow
	This parameter specifies how much RF power may be applied to the coil continuously when this coil is a transmit coil.(only applicable for ACS Transmit/receive coils)

	22.
	malfunction_test
	Whether the coil can deal with the malfunction test as preparation phase.

	23.
	Channel_combi
	active channels when a certain coilname is selected (e.g. Synergy Spine coil)

	24.
	geometry
	values; rectangular , circular

	25.
	self_induction
	the coils selfinduction [ìH]

	26.
	hc_sensitivity

	27.
	electronic_load
	Values; YES/NO (Yes if the coil has an electronic load)

	28.
	max_B1
	the max allowed B1 for the coil

	29.
	Ref_Q
	Q of the coil with the reference phantom

	30.
	x_size
	effective coil size in x-direction

	31.
	y_size

	32.
	z_size

	33.
	re_spec_oc
	relative offcentre distance of the reference point in the specification volume

	34.
	eff_volume
	effective volume of the coil

	35.
	small_coil_type
	Used to select the minimal measurement gradient in combination with fold-over suppression

	36.
	table_movement
	If tabel movement for this coil is not allowed, the value is NO

	37.
	radius
	The radius of the circular receive coil

	38.
	length
	The length of the rectangular receive coil

	39.
	width
	The width of the rectangular receive coil

	40.
	nrof_turns
	The number of coil turns of the circular receive coil

	41.
	fixed_connector
	Yes when the coil can only be plugged into one connector

	42.
	fos_control
	Selects the proper foldover suppression for each coil

	43.
	force_12_bit_pixels
	YES forces 12 bit storage, while NO leaves the option

	44.
	max_table_offset
	Max. allowed difference between optimal and actual position

	45.
	associated with
	This parameter is used when the coil has more then one entry in the coil_archive while it is physically the same coil (e.g. Synergy-spine). (see next parameter)

	46.
	Installname
	name used in Gyrotool Figman (hardware config file)


7. BREASTCOIL INSTALLATION FOR T5-NT AND INTERA 0.5T 

7.1. PRE-REQUISITES FOR INSTALLATION 

Before the installation of the Breast coil can be completed, the following situation is required:

	1. 
	In the coils configuration list of Gyrotool, the coil must be enabled. (See also release bulletin/SIM)


This can be done according next procedure:

· Login Gyrotool 

· select Modify System Configuration 

· select Coil administration 

· Set Mamma Surface coil to YES

	2. 
	The system must be operational annd performing within the required specifications.

	3. 
	The following items must be available:


· Breast Coil 21 Mhz 

· 1 litre bottle phantom 

· holder for 1 litre bottle 

· 30 min. system time

In case of faultfinding in addition to the above mentioned items is needed:

· a second surface coil (example: R1)

7.2. INSTALLATION PROCEDURE

7.2.1. ADJUSTMENTS

The coil must be checked for the correct frequency setting. The frequency can be set by connecting / disconnecting two points on the preamp PCB in the coil. 

Figure 10 - Bottom view Breast Coil
[image: image12.png]



Open the breast coil on the rear side. Two PCB's are visible. The breast coil cable is connected to the driver PCB. From this PCB a cable is connected to the preamp PCB. The three coil conductors are mounted on the preamp PCB (see Figure).

The points X15 and X16 on the preamp PCB must be connected. If not connect these points by replacing the wire. (Figure).

Figure 11 - Preamp PCB Breastcoil
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Close the coil and reinstall all screws.

Put the coil on the patient support table, and move the coil and/or tabletop in such a way that the light visor hits the marker lines on the coil. Let the coil travel to scan plane. Connect the coil to SC1.

Start up the Gyroscan software on the console, and

· select Scan control 

· select <scan utilities> 

· select: service mode + password 

· system tuning + password 

· system tuning tools 

· Expert tools 

· analyse tools 

· manual coil tuning

modify/check:

	Coil id:
	Breast

	Coil connection:
	d

	Tune coil:
	Auto

	Frequency control:
	user_defined

	Central frequency:
	21300000

	Dyn. gain adjust.:
	enabled

	Electronic load :
	no


· press <proceed> 

After some time the tune curve will be visible on the monitor. 

Calculate the absolute resonance frequency of the breast coil:

F(0)breast = 21300000 Hz + offset

Write down the Q and the F(0)breast in the MRL.

7.2.2. IMAGE QUALITY TEST (IQP)

To check the performance, and for reference an IQT scan must be made. This will take approx. 15 min.

The procedure to use the SPT program can be found in the section Acceptance of the SMI. When running this program for the Breast coil, the scan procedure is explained on the screen by the software.

The specifications for the IQT scan are supplied via a spec. file. If this spec-file is not present in the system, it can be loaded from PMS Technet. The procedure to load this data can be found in the MRL of the SMI. (chapter specifications)

7.2.3. MRL 

For Specifications for NT and Intera: refer to the software spec. File or on PMS Technet for the latest versions.

Insert a print-out of the MRL in this document.

7.3. CORRECTIVE MAINTENANCE

For this coil, only one FRU is defined: the cable from the coil to the surface coil connector. When the coil is defective, the fault must be located to either the coil itself, or the cable. When the fault is located in the coil, the complete coil must be replaced. It is not possible to replace a PCB. in the coil.

In case the breast coil seems to be defective, always be sure that the MR system itself is not the cause of the error symptons. Example: in case the 300 Volt is not present, the coil can appear dective.

Identification breast coil:

Rident : 18263 Ohm

Uident : 7305 mV

HEX code (min-max) : 51 - 59 

7.4. NO SCANNING POSSIBLE

In case the coil becomes defective, a malfunction circuit in the coil will prevent scanning. An attempt to make a scan with this coil, will result in a message: 'coil is not connected'.

In case this message appears on the console, but the coil is connected properly, try to start a scan with the coil connected to another surface coil connector.

When the fault situation remains, check the same coil connector using a different coil (f.i. the R1). When this coil can be used without problems, the breast coil is probably defective. 

Open the coil and check the coil cable. Measure the resistance of the conductors (see Figure and table III)

Figure 12 - Connector Lay-out Breast coil
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	Litton pin
	Colour
	Driver X1

	
	
	

	1
	Brown
	A3

	5
	Red
	A1

	8
	Pink
	B2

	9
	Blue
	B1

	10
	Violet
	A2


7.5. LOW SNR / FFU OUT OF SPEC

In case the clinical images are subject to a decrease of S/N, perform an IQT scan, and compare the results with the measured values during the installation of the coil. 

In case all the parameters are within specification the coil is not probably not faulty. However, in case this situation appears on the system, the pindiode for the electrical load must be checked (V1 on the preamp PCB).

Test of V1 on preamp PCB.

Figure 13 - Measuring points Preamp PCB
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Run Manual Coil Tuning and use the same protocol as during installation, which is described in chapter 2.2.1. and 3.2.1. 

Check the Q factor of the coil and compare this with the Q_empty which was measured during installation.

In case the Q_empty is good, continue :

Take the coil out of the magnet bore and put the coil upside down on the patient support. Remove the rear cover of the breast coil.

Use a voltmeter with a high impedance (> 10 MOhm) to measure the voltage on the points A-B (see Figure).

specification: UAB < 0.5 Volt

If UAB < 0.5 Volt the pindiode is good.

WARNING

The voltage measurement must be carried out with great care. In case connections are shorted, the coil can be damaged and must than be replaced.
________________

In case the pindiode V1 is good, the deteriorated clinical images might be caused by a modified protocol or different use. Contact an application specialist to focus on this problem.

In case the IQT scan showed one or more parameters out of spec there is a chance that the coil is defective. However, the fault can also be in the system. Before replacing the coil, check the system performance with an other surface coil. 

NOTE

When experiencing image quality problems, be sure that these are not caused by the MR system itself.
________________

8. ENDO COIL INSTALLATION FOR T5-NT AND INTERA 0.5T

8.1. PRE-REQUISITES FOR INSTALLATION

Before the installation of the ECCA can be completed, the following situation is required:

	1. 
	The coil must be known and set to 'YES' in the coils configuration list. This can be done as follows:


· Login Gyrotool 

· select Modify System Configuration 

· select Coil administration 

· Set Endo Surface coil to YES

See also the Software Release Bulletin/SIM.

	2. 
	The system must be operational and performing within the required specifications.

	3. 
	The following items must be available:


· ECCA + holder 

· standard body phantom 

· 15 minutes system time

8.2. ADJUSTMENTS

The coil is already adjusted in the factory. No adjustments are necessary for installation.

8.3. IMAGE QUALITY TEST (IQP)

The ECCA comprises the following parts:

· RF coil 

· Syringe + valve 

· Preamp box

The RF coil and the syringe + valve are consumable parts. They have a limited life time (50 times or 3 months) and must be replaced after this period.

It is advised to have some of these parts on site available. 

The preamp box is controlled by electronics which can identify failures of the RF coil and the preamp circuit. In case a failure is detected, a malfunction signal is generated, and use of the coil is not possible anymore. 

Identification ECCA:

Rident : 13105 Ohm

Uident : 5242 mV

HEX code (min-max) : 3A - 40 

8.4. NO SCANNING POSSIBLE

In case scanning is not possible at all with the endo-coil, first check the connector from the RF-coil in the preamp box.

When the RF-coil was properly connected to the preamp, try make the same scan, using a different surface coil connector. If the coil still does not work in this connector either,

Check if another surface coil (example: R1 coil) will work when using the same surface coil connector. In case scanning is still not possible, the ECCA is probably not defective. Follow the instructions for faultfinding on system level to reveal this fault.

In case scanning is possible, and the other surface coil can be used without problems, the fault must be in the ECCA itself. 

Check the ECCA again using another RF-coil (consumable). When scanning is possible again, the old RF coil should not be used anymore. Make a new IQT scan as described in the installation procedure to log the status of this RF coil.

When it is still not possible to scan with the ECCA, the preamp or the cable can be defective. Replace the preamp box including the cable by a new one.

Before the new preamp can be used, the installation procedure as described in this manual must be used.

8.5. LOW SNR / FFU OUT OF SPEC

In case the clinical images are subject to a decrease of S/N, perform an IQT scan, and compare the results with the measured values during the installation of the coil. In case all the parameters are within specification, the coil is not faulty.

The deteriorated clinical images might be caused by a modified protocoll or different use. Contact a application specialist to focus on this problem.

In case the IQT scan showed one or more parameters out of spec or a change of measurement results compared to the initial values the coil must be investigated.

First check if the positioning of the RF coil in the holder has been correct. The RF coil must be pushed completely against the bottom of the bracket on the holder. to be sure about the correct distance of the RF coil and the body phantom. Also check if the marker lines on the coil are in the same position with respect to the holder, as in the figure in the chapter 'installation'.

In case this has been done correctly, and the performance is still not correct, follow the same procedure as in paragraph 6.1: 

- connect the ECCA to another surface coil connector.

- use another RF coil on the ECCA preamp and check the performance.

- connect another surface coil (example: R1 coil) to the same surface coil connector and check the performance.

9. ENDO COIL INSTALLATION FOR ACS-NT AND INTERA 1.5T

9.1. PRE-REQUISITES FOR INSTALLATION

Before the installation of the ECCA can be completed, the following situation is required:

	1. 
	The coil must be known and set to 'YES' in the coils configuration list. This can be done as follows:


· Login Gyrotool 

· select Modify System Configuration 

· select Coil administration 

· Set Endo Surface coil to YES

See also the Software Release Bulletin.

	2. 
	The system must be operational and performing within the required specifications.

	3. 
	The following items must be available:


· ECCA + holder 

· standard body phantom 

· 15 minutes system time

9.2. ADJUSTMENTS

The coil is already adjusted in the factory. No adjustments are necessary for installation.

9.3. IMAGE QUALITY TEST (IQP)

To check the performance, and for reference an IQT scan must be made. This will take approx. 15 min.

The procedure to use the SPT program can be found in the section Acceptance of the SMI. When running this program for the Endo coil, the scan procedure is explained on the screen by the software.

The specifications for the IQT scan are supplied via a spec. file. If this spec-file is not present in the system, it can be loaded from PMS Technet. The procedure to load this data can be found in the MRL of the SMI. (chapter specifications)

9.4. MRL

Add a copy of the MRL printout of the Endo coil to this document as a reference.

9.5. CORRECTIVE PROCEDURES

The ECCA comprises the following parts:

· RF coil 

· Syringe + valve 

· Preamp box

The RF coil and the syringe + valve are consumable parts. They have a limited life time (50 times or 3 months) and must be replaced after this period.

It is advised to have some of these parts on site available. 

The preamp box is controlled by electronics which can identify failures of the RF coil and the preamp circuit. In case a failure is detected, a malfunction signal is generated, and use of the coil is not possible anymore. 

Identification ECCA:

Rident : 13105 Ohm / Uident : 5242 mV

HEX code (min-max): 3A - 40 

9.6. NO SCANNING POSSIBLE

In case scanning is not possible at all with the endo-coil, first check the connector from the RF-coil in the preamp box.

When the RF-coil was properly connected to the preamp, try make the same scan, using a different surface coil connector. If the coil still does not work in this connector either,

Check if another surface coil (example: R1 coil) will work when using the same surface coil connector. In case scanning is still not possible, the ECCA is probably not defective. Follow the instructions for faultfinding on system level to reveal this fault.

In case scanning is possible, and the other surface coil can be used without problems, the fault must be in the ECCA itself. 

Check the ECCA again using another RF-coil (consumable). When scanning is possible again, the old RF coil should not be used anymore. Make a new IQT scan as described in the installation procedure to log the status of this RF coil.

When it is still not possible to scan with the ECCA, the preamp or the cable can be defective. Replace the preamp box including the cable by a new one.

Before the new preamp can be used, the installation procedure as described in this manual must be used.

9.7. LOW SNR / FFU OUT OF SPEC

In case the clinical images are subject to a decrease of S/N, perform an IQT scan, and compare the results with the measured values during the installation of the coil. In case all the parameters are within specification, the coil is not faulty.

The deteriorated clinical images might be caused by a modified protocoll or different use. Contact a application specialist to focus on this problem.

In case the IQT scan showed one or more parameters out of spec or a change of measurement results compared to the initial values the coil must be investigated.

First check if the positioning of the RF coil in the holder has been correct. The RF coil must be pushed completely against the bottom of the bracket on the holder. to be sure about the correct distance of the RF coil and the body phantom. Also check if the marker lines on the coil are in the same position with respect to the holder, as in the Figure in the chapter 'installation'.

In case this has been done correctly, and the performance is still not correct, follow the same procedure as in paragraph 5.1: 

· connect the ECCA to another surface coil connector. 

· use another RF coil on the ECCA preamp and check the performance. 

· connect another surface coil (ex R1) to the same surface coil connector and check the performance.

10. QUAD NECK COIL INSTALLATION FOR T5-NT AND INTERA 0.5T

10.1. PRE-REQUISITES FOR INSTALLATION

Before the installation of the QNC can be completed, the following situation is required:

	1. 
	The coil must be enabled (set to YES) in Gyrotool (configuration management).
This must be done for Neck-Quad-coil and for Neck-linear-coil if available.

	2. 
	The system must be operational and performing within the required specifications.

	3. 
	The following items must be available:


· Quad Neck Coil 

· 5 litre bottle phantom 

· holder for 5 litre bottle 

· flux probe 

· flux-probe holder 

· 3600 rotation knob 

· small screwdriver or trimmer screwdriver 

· 2 hours system time

In case of faultfinding in addition to the above mentioned items is needed:

· a second surface coil (example: R1)

10.2. INSTALLATION PROCEDURE

10.2.1. ADAPTION TO LEFT-SIDE CONTROL PANEL

The coil is delivered with the cable at its right-side. To change this, proceed as follows :

· remove the bottom cover 

· remove also the small bottom cover so that the PCB is visible 

· remove the rear cover with 5 screws 

· remove the cable by disconnecting it from the PCB. 

· reinstall the cable via the other side of the coil (holes are already present) 

· remove the metal brackets, and guide the cable through the cable-holders as indicated in Figure

Figure 14 - Cable routing Quad Neck coil
[image: image16]
· mount the metal brackets 

· mount the covers again and take care that the covers are free from the surface of the patients table and that the coil is easy to slide.

10.2.2. ADJUSTMENTS

Put the coil on the patient support. Open the rear cover of the coil, by removing the 4 screws at the innerside of the ring. The ringpanel becomes visible. The trimmers and the jumpers needed in this procedure are all on this panel.

Remove the cover of the system filter box inside the examination room. Disconnect the coax cables on the connectors ZDX2 and ZDX3.

Put the fluxprobe and the holder in the quad neck coil. The holder must be put in the opening in the bottom of the coil, between the lowest and the highest rod. The probe can be rotated 360 degrees in steps of 22.5 degrees, using the 3600 rotation knob.

The coax cable must be lead straight out of the bore, and must be connected to ZDX2 on the system filter box.

NOTE

The adjustments are influenced by the position of the slidable section of the coil. Therefor this must be placed in scanning position.
________________

Connect the quad neck coil to surface coil connector one (SC1). Set the lightvisor on the marker line of the coil, and let the coil move to the isocentre.

The Gyroscan software must be running, and the system must be ready for scanning. Start up the manual coil tuning loop:

· select Scan Control 

· select <scan util> 

· select service mode + password 

· select system tuning + password 

· select system tuning tools 

· select Expert Tools 

· select analyse tools 

· select manual coil tuning

The parameters for this adjustment are now visible and can be modified.

· check/modify:

· coil id : Neck-quad 

· frequency control : user defined 

· Coil connection : SC1 

· Tune Coil : A 

· Freq.control : User Defined 

· central frequency : fill in empty bodycoil freq. (See System MRL) 

· Dyn. Gain Adjust. : Disabled 

· receiver att. : 6 

· transmit att. : 30 dB

· press <proceed>

The adjustment loop is now running. The important values to note are the tune top voltage, and the offset frequency. If an ADC oerflow occurs, the Receiver attenuator can be increased, but make sure that all tune top voltages are meassured with the same gain setting.

a. Horizontal mode
Remove jumper W2. The coil is now set in the horizontal mode. Replace the cover back on the coil. Put the flux probe to the horizontal position.

Figure 15 - Ring PCB seen from rear side
[image: image17]
	Jumper Setting
	Fluxprobe position
	values to determine

	
	
	

	W1 in / W2 out
	horizontal
	U(1) Offset (H)

	W1 in / W2 out
	vertical
	U(2)

	W2 in / W1 out
	vertical
	U(3) Offset (V)

	W2 in / W1 out
	horizontal
	U(4)


Now the frequency offset indicates the shift between the empty body coil frequency and the resonance frequency of the horizontal mode of the quad neck coil.

Adjustment of the resonance frequency of the horizontal mode:
The resonance frequency of the horizontal mode can be adjusted with two trimmers: C126 and C128 (see Figure 15 - Ring PCB seen from rear side). The two trimmers have the same function and contribution in changing the frequency. Turn either of the trimmers (or both if needed) to shift the frequency.

NOTE

The offset frequency is influenced by the cover of the quad neck coil. Therefor it is required to put the cover back, before reading the offset frequency.
________________

When the resonance frequency is within specification, write down the offset frequency 'offset(H) and the tune top voltage 'U(1)'.

Offset(H) = _____________________ kHz

specification: offset(H) < ± 5 kHz
U(1) = _____________________ mV

Rotate the fluxprobe 90 degrees. Read and write down the tune top voltage U(2).

U(2) = _____________________ mV

b. Vertical mode
Put jumper W2 back in its position and remove jumper W1. The quad neck coil is now in vertical mode. Replace the cover back in its position. Put the fluxprobe in vertical position. 

Now the frequency offset indicates the shift between the empty body coil frequency and the resonance frequency of the vertical mode of the quad neck coil.

Adjustment of the resonance frequency of the vertical mode:
The resonance frequency of the vertical mode can be adjusted with two trimmers: C127 and C129 (see Figure 15 - Ring PCB seen from rear side). The two trimmers have the same function and contribution in changing the frequency. Turn either of the trimmers (or both if needed) to shift the frequency.

NOTE

The offset frequency is still influenced by the cover of the quad neck coil. Therefor it is required to put the cover back, before reading the offset frequency.
________________

When the resonance frequency is within specification, write down the offset frequency 'offset(V)' and the tune top voltage 'U(3)'.

Offset(V) = _____________________ kHz

specification: offset(V) < ± 5 kHz
U(3) = _____________________ mV

Rotate the fluxprobe 90 degrees. Read and write down the tune top voltage U(4).

U(4) = _____________________ mV

specification : U(1) > 7 * U(2)
specification : U(3) > 7 * U(4)
Adjustment of the orthogonality (both modes):
If needed, the orthogonality can be adjusted with two trimmers: C106 and C107 (see Figure 15 - Ring PCB seen from rear side). When the capacitance of one trimmer is increased, the capacitance of the other trimmer must be decreased. The angle rotation of the two trimmers must be kept the same.

Increasing the capacitance of the trimmer will be achieved when the overlap of the two surfaces in the trimmer becomes larger. These surfaces can be seen through the trimmer housing see Figure.

Figure 16 - Trimmer capacitance
[image: image18]
Check if the jumper W2 is in and jumper W1 is out. The fluxprobe must be in horizontal position, to read U(4).

Turn the two trimmers C106 and C107 as described above to adjust U(4) to a minimum level. 

When the U(4) is at minimum level, rotate the fluxprobe 90 degrees, and check if the offset frequency is still within the specification.

If not, restart at 'adjustment of the resonance frequency of the horizontal mode'.

If one or more of the specifications are not met, reinstall jumper W2 and start at 'Horizontal mode'.

In case the specifications are met, write down the final values in the MRL, reinstall the jumpers and restore original situation.

10.3. IMAGE QUALITY TEST

The general procedure for Performance measurement of Surface coils in NT and Intera systems is explained in the section Acceptance of the System SMI.

After selecting the QNC coil in this procedure, all details for the measurement will be presented on the screen by the software.

The specifications for the IQT scan are supplied via a spec. file. If this spec-file is not present in the system, it can be loaded from PMS Technet. The procedure to load this data can be found in the MRL of the SMI. (chapter specifications)

10.4. MRL

The latest IQ-specifications can be downloaded from PMS technet (See system SMI section MRL).

10.5. CORRECTIVE MAINTENANCE

For this coil, only one FRU is defined: the cable from the coil to the surface coil connector. When the coil is defective, the fault must be located to either the coil itself, or the cable. When the fault is located in the coil, the complete coil must be replaced. It is not possible to replace a PCB in the coil.

Identification:

Rident : 8165 Ohm

Uident : 3266 mV

HEX code (min-max) : 24 - 28 

software ID:

· quad mode : 8 

· linear mode : 8 (not R1)

10.6. NO SCANNING POSSIBLE

In case the coil becomes defective, a malfunction circuit in the coil will prevent scanning. An attempt to make a scan with this coil, will result in a message: 'coil is not connected'.

When this message appears on the console, but the coil is connected properly, try to start a scan with the coil connected to another surface coil connector.

When the fault situation remains, check the same coil connector using a different coil (f.i. the R1). When this coil can be used without problems, check the presence of the 300 Volt (at pin 1 of the surface coil connector) from the coilint. In case the 300 Volt is present continue investigating the coil.

Open the coil on the bottom side and check the coil cable. Measure the resistance of the conductors (see Figure and Table).

Figure 17 - Connector lay-out Quad Neck coil
[image: image19]
	Litton Pin
	colour
	driver PCB

	
	
	

	1
	brown
	A3

	5
	red
	A1

	8
	pink
	B2

	9
	blue
	B1

	10
	violet
	A2

	coax gnd
	-
	coax gnd

	coax signal
	-
	coax signal


10.7. LOW SNR / FFU OUT OF SPEC

In case the clinical images are subject to a decrease of S/N, perform an IQT scan, and compare the results with the measured values during the installation of the coil. In case all the parameters are within specification, the coil is not faulty.

The deteriorated clinical images might be caused by a modified protocoll or different use. Contact a application specialist to focus on this problem.

In case the IQT scan showed one or more parameters out of spec there is a chance that the coil is defective. However, the fault can also be in the system. Before replacing the coil, check the system performance with an other surface coil. 

NOTE When experiencing image quality problems with the Quad Neck Coil, be sure that these are not caused by the MR system itself.

When the system checks out OK, perform the adjustments for frequency shift and orthogonality as described in the paragraph 'installation procedure'.

In case the coil has to be replaced, always fill out the yellow sticker (delivered with the new coil) and send the sticker back together with the defective coil.

11. QUAD T/L COIL INSTALLATION FOR T5-NT AND INTERA 0.5T SYSTEMS

11.1. PRE-REQUISITES FOR INSTALLATION

Before the installation of the QTL coil can be completed, the following situation is required:

	1. 
	The coil must be enabled (set to YES) in Gyrotool (configuration management).
This must be done for L-spine coil and for T-Spine coil. See Release bulletin. 

	2. 
	The system must be operational and performing within the required specifications.

	3. 
	The following items must be available:


· QTL coil 21 Mhz 

· body phantom 

· fluxprobe 

· fluxprobe holder for QTL coil 

· 3600 rotation knob 

· tweezers (non-magnetic) 

· 3 hours system time

In case of faultfinding in addition to the above mentioned items is needed:

· a second surface coil (example: R1)

11.2. INSTALLATION PROCEDURE

11.2.1. ADJUSTMENTS

The coil must be checked for the correct frequency and orthogonality settings. Since the QTL coil contains two separated quadrature coils (T-spine and moveable L-spine coil), a frequency adjustment must be done four times (twice per coil) and the orthogonality adjustment must be done twice.

IMPORTANT:
During all tests and adjustments of the QTL coil, the L-spine coil must be positioned at the endstop, by pulling the rods to the most outward position. Only in this situation the results are valid.
11.2.2. T-SPINE COIL

	1. 
	Put the QTL coil on the patient support and remove the cap on jumper W1 and W2, see Figure. 

Figure 18 - Position holes A, B1, B2 and position jumpers W1,W2
[image: image20]
The two jumpers are visible now. 

	2. 
	Remove the lower cover from the system filter box and disconnect the cables from ZDX2 and ZDX3. Connect the fluxprobe to ZDX2. 

	3. 
	Mount the fluxprobe in the holder and place the holder on the coil. Take care that the holder rests completely horizontal on the coil. The marker lines on the holder must coincide with the marker lines on the coil, indicating the centre of the T-section of the QTL-coil.

The cable from the flux-probe must leave the magnet bore at the rear, to avoid coupling of the cable with the coil. The cable must be supported by a cushion or packing material to create a distance of at least 10 cm between the cable and the top of the coil. See also Figure.

Figure 19 - Fluxprobe holder on T-Spine section
[image: image21]

	4. 
	Remove jumper W2. Rotate the fluxprobe in horizontal position. Place the centre of the T-section of the QTL-coil (indicated with a marker line on the coil) in the isocentre of the magnet. Connect the coil to Surface coil connector 1 (SC1). 

	5. 
	Start up the manual coil tuning as follows (Gyroscan ASW is running):


	- press
	<scan util>

	- select
	service mode + password

	- select
	system tuning + password

	- select
	system tuning tools

	- select
	Expert Tools

	- select
	analyse tools

	- select
	manual coil tuning


6) check / modify:

	
	coil id
	:
	T-spine

	
	Coil connector
	:
	SC1

	
	Tune coil 
	:
	A

	
	frequency control
	:
	user defined

	
	central frequency
	:
	Fill in Empty bodycoil frequency (See MRL in SMI)

	
	Dynamic Gain 
	:
	Disabled

	
	receiver att.
	:
	6

	
	transmit att.
	:
	30 dB


	7.
	Press <proceed> (2 times)

In case an ADC overflow occurs, the receiver attenuator value can be increased, but make sure that all tune top voltages are measured with the same gain setting.

The adjustment loop is now running. The important values to note are the tune top voltage, and the offset frequency.

	8.
	Write down the tune top voltage U(1) 

	9.
	Rotate the fluxprobe 900 to a vertical position.

The tune top voltage will decrease. 


NOTE

In case the adjustment is 'far off', the tune top voltage can remain relatively high, even when the probe is rotated in vertical position.
________________

This tune top voltage U(2) must be adjusted to a minimum level. This can be done with a mechanical adjustment of the T-spine coil. 

	10.
	Loosen the screw visible in opening A. Now the coil can be moved when a screwdriver is placed between the notch and the copper conductor. This must be done with small movements of the conductor. Adjust the tune top voltage to the minimum value. See also Figure.

Figure 20 - Position holes A, B1, B2 and position jumpers W1,W2
[image: image22]
Figure 21 - View inside opening A
[image: image23]

	11.
	Write down the tune top voltage U(2).

typical: U(1) > 7 * U(2)
specification: U(1) > 4 * U(2)

	12.
	Rotate the flux probe 900 back to the horizontal position. Adjust the offset frequency with trimmer C54 on the bottom of the coil to a minimal value.

Specification: offset frequency < 10 kHz

The adjustment can be done as follows:
Write down (or remind) the frequency offset that must be adjusted and also wether it has to be increased or decreased. Take the coil out of the magnet bore, and turn it upside down, holding the probe + holder in its place. Put the coil back on the patient support. Remove the cap from the opening for trimmer C54. Trimmer C54 can be seen through this opening. At this moment, the offset frequency displayed on the screen will be shifted. Increase or decrease the offset frequency with the needed value with trimmer C54. When this has been done, turn the coil back, and move it to the isocentre of the magnet. Read the (adjusted) offset frequency. Repeat this until the specification is met.

Figure 22 - Position of trimmers C2, C6, C7, C54 and position of jumpers W3, W4
[image: image24]

Write down the tune top voltages U(1) with its offset frequency and tune top voltage U(2). 


For the T-spine coil the adjustment of one coil section has been finished. To adjust the second coil segment the next steps must be performed.

	1. 
	Remove jumper W1 and put jumper W2 back. Rotate the fluxprobe 900 to the vertical position. The coil must be in the isocentre of the magnet bore.

Figure 23 - Position holes A, B1, B2 and position jumpers W1,W2
[image: image25]


	2. 
	Read the offset frequency from the monitor, and note the frequency shift that must be adjusted. Take the coil out of the bore, and turn it upside down. Turn trimmer C2 to compensate for the offset frequency. Put the coil back in normal position in the isocentre to check the adjustment. Repeat until the specification is met. Write down the tune top voltage U(3) and the offset frequency.


Also in this mode the orthogonality must be checked: 

	1. 
	Rotate the fluxprobe 900 to the horizontal position and read the tune top voltage U(4).

specification : U(3) > 4 * U(4)

If the specification is not met, re-adjust the orthogonality: 

	2. 
	Unlock the locking screw and shift the conductor to minimize the tune top voltage U(4) (see Figure).

Figure 24 - View inside opening A
[image: image26]

After adjustment, lock the screw.

	3. 
	Write down the tune top voltage U(4).

When the specification is met, re-check all values as follows: 
Check that jumper W1 is out and jumper W2 is in. Put the fluxprobe in vertical position and read:

- tune top voltage U(3) : _____________ mV
- offset frequency (V) : _____________ Hz

Rotate the flux probe 900 to the horizontal position and read:
- tune top voltage U(4) : _____________ mV

Reinstall jumper W1 and take W2 out.

Read:
- tune top voltage U(1) : _____________ mV
- offset frequency (H) : _____________ Hz

Rotate the flux probe 900 to the vertical position and read:
- tune top voltage U(2) : _____________ mV

Fill in Table I with the measured values in the MRL.
Reinstall jumpers W1 and W2 and reinstall the caps to cover the holes.


11.2.3. L-SPINE COIL

The L-spine coil adjustments are generally identical to the T-spine adjustments. Pull the L-spine coil to the endstop by pulling the rods to the most outward position. (mechanical block)

The adjustment procedure is as follows:

	1. 
	Remove the caps B1 and B2 on top of the QTL coil (see Figure), Remove also the caps covering jumpers W3 and W4 and the trimmers C6 and C7 on the bottom side of the coil, see Figure.

Figure 25 - Position holes A, B1, B2 and position jumpers W1,W2
[image: image27]
Figure 26 - Position of trimmers C2, C6, C7, C54 and position of jumpers W3, W4
[image: image28]

	2. 
	Take jumper W4 (see Figure) out. Position the flux probe holder on the centre line of the L-spine section of the QTL-coil indicated by the line on the rods as shown in Figure. Move the coil to the isocentre of the magnet positioned on the centre line of the L-spine section of the coil (indicated on the rods).

Figure 27 - Fluxprobe holder on L-Spine section
[image: image29]


NOTE

The centre of the L-spine coil is indicated by the line on the rods, visible in the window on each side of the coil. Do not use the indicator on the cover.

________________

3) Startup manual coil tuning as follows (Gyroscan ASW is running):

	- select
	Scan Control

	- select
	<scan util>

	- select
	service mode + password

	- select
	system tuning + password

	- select
	system tuning tools

	- select
	Expert Tools

	- select
	analyse tools

	- select
	manual coil tuning


The parameters for this adjustment are now visible and can be modified.

- check / modify:

	coil id
	:
	L-spine

	Coil connection
	:
	SC1

	Tune Coil
	:
	A

	frequency control
	:
	user defined

	central frequency
	:
	empty body coil frequency

	Dynamic Gain
	:
	Disabled

	receiver att.
	:
	6

	transmit att.
	:
	30 dB

	linear modulator
	:
	100 %


Press <proceed> (twice)

In case an ADC overflow occurs, the receiver attenuator value can be increased, but make sure that all tune top voltages are measured with the same gain setting.

	1. 
	Rotate the fluxprobe in vertical position. Read and log the tune top voltage signal U(1).

	2. 
	Rotate the flux probe in a horizontal position. The tune top voltage will be smaller now. This tune top voltage U(2) must be adjusted to the minimum level. 

Typical: U(1) > 7 * U(2)
Specification: U(1) > 4 * U(2)

Adjusting the tune top voltage is possible with the adjustment screw, when the four locking screws are released. These locking screws can be reached through openings B1 and B2 as shown in Figure and Figure.

Figure 28 - Position holes A, B1, B2 and position jumpers W1,W2
[image: image30]
Figure 29 - Orthogonality adjustment L-spine section
[image: image31]


The L-spine coil must be moved in by approx. 2-3 cm, to get to the second pair of locking screws. The orthogonality adjustment screw is placed in between the two locking screws in opening B1. 

When the orthogonality has been adjusted, the four locking screws must be tightened again.

Read and log the tune top voltage (U2).

	3. 
	Rotate the fluxprobe 900 back in a vertical position. Adjust the tune top position to a minimum offset, use trimmer C6 on the bottom of the coil (see Figure).

Figure 30 - Position of trimmers C2, C6, C7, C54 and position of jumpers W3, W4
[image: image32]


specification: offset(V) < 10 kHz

Write down the offset frequency.

	4. 
	Take jumper W3 out and reinstall jumper W4. Rotate the flux-probe to horizontal position. Use trimmer C7 to adjust the frequency to a minimum offset.

specification: offset(H) < 10 kHz

	5. 
	Read and log the tune top voltage U(3). Rotate the flux-probe in vertical position and read the tune top voltage U(4) again. Adjust U(4) to a minimum value using orthogonality adjustment screw (see Figure).


When the specification is met, re-check all values as follows:

	1. 
	Check that jumper W3 is out and W4 is in.

	2. 
	Set the fluxpfobe in horizontal position and read:

- tune top voltage U(3) :______________mV
- offset frequency (H) :______________Hz

Rotate the fluxprobe to vertical position and read:
- tune top voltage U(4) :______________mV

Reinstall jumper W3, remove jumper W4 and Read:
- tune top voltage U(1) :______________mV
- offset frequency (V) :______________Hz

Rotate the fluxprobe to horizontal position and read:
- tune top voltage U(2) :______________mV

	3. 
	Fill out table II in the MRL.

	4. 
	Reinstall jumpers W3 and W4 and reinstall the caps to cover the holes.

Figure 31 - Position of trimmers C2, C6, C7, C54 and position of jumpers W3, W4
[image: image33]

	5. 
	Restore the original situation.


11.3. IMAGE QUALITY TEST

The procedure for the Image Quality check for the QTL coil and all other optional coils for NT systems is implemented in the Gyroscan NT software.

In the section Acceptance of the SMI a description is present to startup the procedure. 

All necessary details will be presented on the screen after selecting the coil in this procedure.

The specifications for the IQT scans are supplied via a spec. file. If this spec-file is not present in the system, it can be loaded from PMS Technet. The procedure to load this data can be found in the MRL of the SMI. (chapter specifications)

During the procedure for the image quality check, dipswitches have to be set in a defined position. These switches control the electronic load, necessary for the IQ test. Do not forget to set all switches back to OFF when the image quality check has finished.

11.4. MRL

For NT and Intera systems, the specifications are available on PMS Technet.

Add a copy of the MRL printout with the measured values at the end of this document as a reference.

11.5. CORRECTIVE MAINTENANCE

The only part on the coil that can be replaced is the cable. A check on the cable is possible by checking the resistance of the conductors.

In case the QTL coil seems to be defective, always be sure that the MR system itself is not the cause of the error symptons. Example: in case the 300 Volt is not present, the coil can appear dective.

Identification QTL coil:

Rident : 16435 Ohm

Uident : 6574 mV

HEX code (min-max) : 49 - 50

11.6. NO SCANNING POSSIBLE

In case the coil becomes defective, a malfunction circuit in the coil will prevent scanning (and also the manual tuning loop is disabled). An attempt to make a scan with this coil, will result in a message: 'coil is not connected'.

In case this message appears on the console, but the coil is connected properly, try to start a scan with the coil connected to another surface coil connector.

When the fault situation remains, check the same coil connector using a different coil (f.i. the R1). When this coil can be used without problems, the QTL coil is probably defective. 

Figure 32 - Connector lay-out Quad T/L coil
[image: image34]
	Litton pin
	colour
	Driver X1

	
	
	

	1
	brown
	A3

	5
	red
	A1

	7
	yellow
	B3

	8
	pink
	B2

	9
	blue
	B1

	10
	violet
	A2


Open the coil on the bottom side and check the coil cable. Measure the resistance of the conductors (see Figure and table IV)

11.7. LOW SNR / FFU OUT OF SPEC

In case the clinical images are subject to a decrease of S/N, perform the IQT scan for the particular coil section. Compare the results with the measured values during the installation of the coil. 

In case all the parameters are within specification, the coil is probably not faulty. 

In case the IQT scan showed one or more parameters out of spec there is a chance that the coil is defective. However, the fault can also be in the system. Before replacing the coil, check the system performance with an other surface coil. 

NOTE

When experiencing image quality problems, be sure that these are not caused by the MR system itself.
________________

11.8. ORTHOGONALITY CAN NOT BE ADJUSTED

When the specification for the orthogonality can not be met, check the following:

· The flux-probe cable must leave the magnet bore at the rear and the distance between the QTL and the cable must be at least 10 cm. 

· The cables to the tune probes ZDX2 and ZDX3 must both be disconnected at the tune box in the system filter box. 

· The L-spine section must be completely pulled out. 

· The flux-probe holder must be pushed firmly (but carefully) flat on the QTL coil.

12. SERVICE DOCUMENTATION OF OTHER SURFACE AND SYNERGY/SENSE RF-COILS

· installation and service documents of other coils can be found on PMS Technet. 

[1] ID=85 with anterior and posterior coil connected, ID=54 with posterior but without anterior coil connected.

[2] ID=85 with anterior and posterior coil connected, ID=54 with posterior but without anterior coil connected.
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