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Why we are interested in designing Attenuator
circutt in MRT Vector Modulator?

*To reduce the amplitude or power of a signal
*To adjust the mput level of the Vector Modulator

*To attenuates the output signal with adjustable attenuation
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To design a printed circuit for the Attenuator
circutt, using commercial ICs and other surface-
mount technology (SMD) components at 300
MHz in order to compensate the inhomogeneous
field distributions inside the Patient’s body.
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Attenuators

*Toreduces the amplitude or power of a signal without appreciable
distortmg 1ts wavetorm.
Types of Attenuators

*P1 Attenuator
o[ Attenuator
*Bridged T Attenuator

(Characteristics of RF Attenuators

*Accuracy of realized attenuation
*Low standing waveratio

Flat tfrequency response
*Repeatability of attenuation
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Attenuators

Voltage Control Attenuator MVA-2000+

Advantages are

*Absolute Max. Supply Voltage(V+) range in between +3v to +5V
*Abgolute Max. Control Voltage (Vcontrol) range 1s between +0V to +12V.
* Broadband, 10-2000 MHz

* Low Ingertion Loss, 1.9dB Type.

« Small phase deviation over attenuation range

* No RF matching network requured

* Low cost of production
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Attenuators

Lin O3 T a T L Lol

Bridged T attenuator Butterworth p1network low pass tilter
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Voltage Control Attenuator
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schematic diagram
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The Vector Modulator standard schematic diagram with integrated
Voltage Control Attenuator (VCA)
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Attenuator and SMD compenents
MVA-2000+

SMD 0805 Epcos 1 pF Capacitors Voltage Variable Attenuator

SMD 0603 Kemet 3.9 nH inductors
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Printed Circuit Test Board
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An assembled PCB of Voltage Control Attenuator
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The Vector Modulatorlayout with integrated
Voltage Control Attenuator (VCA)
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Comparison of 1 stage of the forward, reverse reflection coefficients and
transmission coefficients with Vcontrol from +0V to +3V and Supply Voltage +5V
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Comparison of 1 stage of the forward, reverse reflection coefficients and transmission

coefficients with Vcontrol from +5V to +8V and Supply Voltage +5V
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Comparison of 1 stages of the forward, reverse reflection coefficients and transmission
coefficients with Vcontrol from +9V to +12V and Supply Voltage +5V
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Comparison with the data sheet

MVA-2000+

ATTENUATION Vs. FREQUENCY
OVER CONTROL VOLTAGES @ V+=3V
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Simulation & Test Results <
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Simulation & Test Results

Attenuation

Woltage

Control Atten U ation
W+ (dB)

0-12% g e 521 S0P
0y _33 965 _35 887 38887 _36.162
T 23013 18438 18438 21671
7Y 16629 10623 10623 14179
3y 14 623 8147 8,147 _12 987
Y 14 124 6281 6.281 13317
5\ 15264 5434 5434 13753
G _16.923 4 525 4 575 _15.190
Ty 19927 3625 3625 _17 599
8y 25790 2759 2 759 21883
Gy _34 115 2148 _2 148 _28 B30
10 _46 530 1728 1728 40768
11y 44 190 1601 1 B0 _39.126
12 40230 _1.594 1594 _36.705

The Attenuator PCB results by using network analyzer



UMIVERSITAT

D I B R
EuS SSE Hu ’

Simulation & Test Results <

Comparison S12 and S21 with the data sheet
MVA 2000+

FREQ. ATTENUATION Vs. V CONTROL Vs. V+ T
(MHz) (dB)
@v Control=0V @V Control=1V @v Control=3V @V Control=6V @V Control=12V
@V4=3V | @V4=5V | @Ve=3V | @VemSV | @Ve=3V | @V+=5V | @V4=3V | @V#=5V | @v+=3V | @vessy
10 5555 58.51 16.78 19.71 5.57 8.03 251 433 (.73 .72 |
20 52,61 55.69 16.70 19.66 5,55 8.04 2.49 433 1.71 .71 |
50 47.86 50.94 16,62 19.63 5,54 8.08 2.49 4,35 1,72 1.71
100 4317 | 46.23 16.59 19.58 5.54 8.07 247 438 1.71 1.71
150 40,01 43.10 16.51 19.56 5,51 8.09 248 4.39 1,72 1,71
200 3172 | 4076 16,52 19.54 5,54 8.00 2.49 4,39 1,73 1.73
| 3749 | 1645 | 1949 | 555 | 812 | 251 | 443 | 174 | 173 |
400 31.97 35.07 16,38 1943 5,58 8.18 253 448 .77 1.77
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Comparison of 1 stages of the forward, reverse reflection coefficients and transmission
coefficients with Vcontrol from +0V to +2V and Supply Voltage +5V
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Comparison of 1 stages of the forward, reverse reflection coefficients and transmission
coefficients with Vcontrol from +3V to +6V and Supply Voltage +5V
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Comparison of 1 stages of the forward, reverse reflection coefficients and transmission
coefficients with Vcontrol from +7V to +9V and Supply Voltage +5V
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Comparison of 1 stages of the forward, reverse reflection coefficients and transmission
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coefficients with Vcontrol from +10V to +12V and Supply Voltage +5V
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Phase

Voltage

Control Fhase
W+ (dedree)

0-12Y 311 512 521 k]
0 B3 507 A2 BT T 42877 9476
14 162 047 _A5733 235733 132 760
2V 136,185 _A0.042 40042 136.185
3y 134 742 471300 _41 300 134 742
AN 134 342 A1 890 41 390 134 293
5y 133 932 47 489 42 489 133832
By 133,731 42 484 .42 484 133 781
T 133 679 42 932 42 932 133 679
gy 133 971 A3 104 43 104 140 596
g/ 140 945 A3 772 S 2T 146 376
108 5111 43 768 _43 768 179018
11 174 1671 43 246 .43 248 160 597
124 159 268 43 756 43 256 159 268

The AttenuatorPCB results by using network analyzer
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Comparison with the data sheet MVA 2000+

FREQ. PHASE SHIFT Vs, V CONTROL V. Vs -
(MHz) (deg)
@ Control=0V | @VControl=tV | @V Control=3V | @V Control=6V | @V Controls12V
@V4=3V | @Ve=5V | @V4=3V | @V4=5V | @V4=3V | @V4=SV | @V4=3V | @V4=5V | @V+=3V | @V4sSV
0 | 12664 | 12828 | 17845 | 17007 | 17046 | 17048 | 17006 | 17030 | 17808 | 170,04
0 | 125 | 12013 | 18023 | 18074 | 16131 | 18155 | 18132 | 18160 | 18136 | 18128
50 | 12070 | 12004 | 18374 | 18390 | 18546 | 18563 | 18556 | 18587 | 18565 | 18562
100 | 11761 | 11756 | 16012 | 18893 | 19175 | 19180 | 10201 | 19215 | 10212 | 19242
150 | 11968 | 11878 | 10407 | 19888 | 10786 | 10775 | 10814 | 10630 | 10822 | 10828
200 | 12843 | 12228 | 19007 | 19828 | 20395 | 20072 | 20431 | 20444 | 20453 | 20451
O 0 O _
400 | 14312 | 14057 | 21914 | 21740 | 22802 | 227.39 | 20863 | 22870 | 22898 | 220,00
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Specifications of the Attenuator

* Insertion logs < 0.5 db
* Phase hag the same difference as compared to datesheet

Significantdifferences in (S;) and phase (S,;)

*For phase of S, is the line length are the crucial matters but regardless the size of
the phase variation to compare. Both valuesfit well together.

S, has variationsbut the worst value of the measurement (about-14 dB) fits
well with the datesheet value of -16 dB (however, at another V., Jbecause its
varies with the different Voltage control

* its cruicial for the application butit has to be developed further for different
Vcontrol for its optimize usage in future application
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