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Appendix A

Simulation Results

A.1 AC Analysis results

Table A.1 AC Analysis results for the Directional Coupler

X--Trace 1::[$1] Y--Trace 1::[$1]
Frequency(Hz) Phase(deg)

1. 1 1.899076353
2. 1.258925412 1.508693791
3. 1.584893192 1.198500238
4, 1.995262315 0.952053752
5. 2.511886432 0.756268776
6. 3.16227766 0.600738408
7. 3.981071706 0.477189796
8. 5.011872336 0.379048391
9. 6.309573445 0.301090244
10. 7.943282347 0.239165022
11. 10 0.189975594
12. 12.58925412 0.15090275

13. 15.84893192 0.119865874
14, 19.95262315 0.095212215
15. 25.11886432 0.075628915
16. 31.6227766 0.06007311

17. 39.81071706 0.047716409
18. 50.11872336 0.037900775
19. 63.09573445 0.030103493
20. 79.43282347 0.02390933

21. 100 0.018988426
22. 125.8925412 0.015078725
23. 158.4893192 0.011972021
24, 199.5262315 0.00950287

25. 251.1886432 0.007539782
26. 316.227766 0.005978215
27. 398.1071706 0.004735009
28. 501.1872336 0.00374396

29. 630.9573445 0.00295229

30. 794.3282347 0.002317841
31. 1000 0.001806825
32. 1258.925412 0.001392029
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X--Trace 1::[$1]

Y--Trace 1::[$1]

Frequency(Hz) Phase(deg)

33. 1584.893192 0.001051363

34. 1995.262315 0.000766687

35. 2511.886432 0.000522839

36. 3162.27766 0.000306835

37. 3981.071706 0.000107171

38. 5011.872336 -8.67866E-05
39. 6309.573445 -0.000285365
40, 7943.282347 -0.000499141
41, 10000 -0.000739498
42, 12589.25412 -0.001019235
43. 15848.93192 -0.001353251
44, 19952.62315 -0.001759332
45, 25118.86432 -0.002259104
46. 31622.7766 -0.002879182
47, 39810.71706 -0.003652586
48, 50118.72336 -0.004620505
49. 63095.73445 -0.005834481
50. 79432.82347 -0.007359166
51. 100000 -0.009275752
52. 125892.5412 -0.011686306
53. 158489.3192 -0.014719199
54. 199526.2315 -0.018535943
55. 251188.6432 -0.023339792
56. 316227.766 -0.029386571
57. 398107.1706 -0.036998291
58. 501187.2336 -0.046580303
59. 630957.3445 -0.058642883
60. 794328.2347 -0.073828404
61. 1000000 -0.092945545
62. 1258925.412 -0.11701235

63. 1584893.192 -0.14731044

64. 1995262.315 -0.185453251
65. 2511886.432 -0.233471928
66. 3162277.66 -0.293923446
67. 3981071.706 -0.370026682
68. 5011872.336 -0.465833634
69. 6309573.445 -0.586444829
70. 7943282.347 -0.738280169
71. 10000000 -0.92941929

72. 12589254.12 -1.170028778
73. 15848931.92 -1.472897499
74. 19952623.15 -1.854105524
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X--Trace 1::[$1]

Y--Trace 1::[$1]

Frequency(Hz) Phase(deg)

75. 25118864.32 -2.333856311
76. 31622776.6 -2.937504573
77. 39810717.06 -3.696811086
78. 50118723.36 -4.651445024
79. 63095734.45 -5.850723548
80. 79432823.47 -7.355507232
81. 100000000 -9.240023906
82. 125892541.2 -11.59311997
83. 158489319.2 -14.51798201
84. 199526231.5 -18.12875538
85. 251188643.2 -22.54207897
86. 316227766 -27.86276002
87. 398107170.6 -34.1695898
88. 501187233.6 -41.53061568
89. 630957344.5 -50.16627708
90. 794328234.7 -61.53882079
91. 1000000000 72.71439854
92. 1258925412 -58.97507873
93. 1584893192 -75.20449723
94. 1995262315 -97.41786854
95. 2511886432 168.6507796
96. 3162277660 122.7661766
97. 3981071706 111.3937634
98. 5011872336 105.6248266
99. 6309573445 101.8901645
100. 7943282347 99.221348

A.2 Results of Phase Shifter Circuit (Capacitive Load)

Table A.2 Phase shift versus control voltage for the Capacitive Load circuit

Control Voltage Phase Shift Angle
V) (deg)

1, 0 -130.016
2. 0.1 -129.838
3. 0.2 -129.441
4, 0.3 -129.06

5. 0.4 -128.071
6. 0.5 -126.373
7. 0.6 -124.472
8. 0.7 -122.524
9. 0.8 -120.587
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Control Voltage

Phase Shift Angle

V) (deg)
10. 0.9 -118.675
11. 1 -116.804
12. 1.1 -114.968
13. 1.2 -113.198
14. 1.3 -111.473
15. 1.4 -109.798
16. 1.5 -108.181
17. 1.6 -106.614
18. 1.7 -105.083
19. 1.8 -103.638
20. 1.9 -102.23
21. 2 -100.852
22. 2.1 -99.556
23. 2.2 -98.296
24. 2.3 -97.079
25. 2.4 -95.907
26. 2.5 -94.777
27. 2.6 -93.676
28. 2.7 -92.633
29. 2.8 -91.625
30. 2.9 -90.652
31. 3 -89.713
32. 3.1 -88.807
33. 3.2 -87.934
34. 3.3 -87.091
35. 3.4 -86.278
36. 3.5 -85.493
37. 3.6 -84.735
38. 3.7 -83.984
39. 3.8 -83.282
40. 3.9 -82.602
41. 4 -81.944
42. 4.1 -81.306
43. 4.2 -80.689
44, 4.3 -80.092
45. 4.4 -79.513
46. 4.5 -78.952
47. 4.6 -78.409
48. 4.7 -77.882
49, 4.8 -77.371
50. 4.9 -76.876
51, 5 -76.395
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52. 5.1 -75.928
53. 5.2 -75.475
o4, 5.3 -75.035
55. 5.4 -74.608
56. 9.5 -74.192
o7, 5.6 -73.788
58. 5.7 -73.396
59. 5.8 -73.013
60. 5.9 -72.642
61. 6 -72.28

62. 6.4 -70.924
63. 6.6 -70.297
64. 7 -69.113
65. 7.4 -68.06

66. 7.6 -67.569
67. 8 -66.649
68. 8.5 -65.604
69. 9 -64.662
/0. 9.5 -63.807
/1. 10 -63.03

72. 10.5 -62.319
/3. 11 -61.668
74. 115 -61.068
75. 12 -60.515
76. 12.5 -60.305
/7. 13 -59.527
/8. 13.5 -59.084
79. 14 -58.671
80. 15 -57.923
81. 16 -57.264
82. 17 -56.678
83. 18 -56.155
84. 20 -55.259
85. 22 -54.521
86. 24 -53.902
87. 26 -53.376
88. 30 -52.529
89. 32 -52.183
90. 35 -51.737
91. 40 -51.138
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A.3 Results of Phase Shifter Circuit (Dual Capacitive Load)

Table A.3 Phase shift versus control voltage for the Dual Capacitive Load circuit

Control Voltage | Phase Shift Angle
(V) (deg)

1. 0 147.439
2. 0.1 146.529
3. 0.2 145.585
4. 0.3 144.653
5. 0.4 144.06

6. 0.5 143.786
7. 0.6 143.603
8. 0.7 143.443
9. 0.8 143.284
10. 0.9 143.116
11. 1 142,935
12. 1.1 142.737
13. 1.2 142,521
14, 1.3 142.288
15. 1.4 142.034
16. 1.5 141.762
17. 1.6 141.468
18. 1.7 141.159
19. 1.8 140.829
20. 1.9 140.48

21. 2 140.108
22. 2.1 139.727
23. 2.2 139.327
24, 2.3 138.91

25. 2.4 138.478
26. 2.5 138.031
27. 2.6 137.57

28. 2.7 137.096
29. 2.8 136.61

30. 2.9 136.102
31. 3 135.598
32. 3.1 135.084
33. 3.2 134.561
34, 3.3 134.031
35. 3.4 133.493
36. 3.5 132.95

37. 3.6 132.403
38. 3.7 131.851
39. 3.8 131.297
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Control Voltage

Phase Shift Angle

(v) (deg)

40. 3.9 130.741
41. 4 130.185
42. 4.1 129.627
43. 4.2 129.071
44, 4.3 128.516
45, 4.4 127.963
46. 4.5 127.413
47. 4.6 126.866
48. 4.7 126.323
49. 4.8 125.784
50. 4.9 125.251
o1, 5 124.723
52, 5.1 124.201
53. 5.2 123.685
54, 5.3 123.176
55. 5.4 122.674
56. 9.5 122.157
S7. 5.6 121.672
58. 5.7 121.194
59. 5.8 120.723
60. 5.9 120.261
61. 6 119.806
62. 6.4 118.069
63. 6.6 117.251
64. / 115.713
65. 7.4 114.304
66. 7.6 113.646
67. 8 112.419
68. 8.5 111.043
69. 9 109.81

/0. 9.5 108.733
/1. 10 107.774
12. 10.5 106.922
73. 11 106.166
74. 115 105.492
75. 12 104.892
76. 12.5 104.349
7. 13 103.873
78. 13.5 103.444
79. 14 103.059
80. 15 102.397
81. 16 101.855
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82. 17 101.409
83. 18 101.038
84. 20 100.464
85. 22 100.057
86. 24 99.759
87. 26 99.536
88. 30 99.24
89. 32 99.141
90. 35 99.032
91. 40 98.919

A.4 Simulation results using resonating loads of 15 nH:

Table A.4 Phase shift versus control voltage using 15 nH inductors

1. 0 10.269
2. 0.5 09.193
3. 1.5 07.848
4. 2.0 07.103
S. 2.5 06.375
6. 3.0 05.699
7. 3.5 05.094
8. 4.5 04.117
9. 6.0 03.152
10. 11 02.034
11. 15 01.862

A.5 Simulation results using resonating loads of 10 nH:

Table A.5 Phase shift versus control voltage using 10 nH inductors

1. 0 33.761
2. 0.1 33.168
3. 0.2 32.570
4. 0.3 31.984
5. 0.4 31.539
6. 0.5 31.221
7. 0.6 30.936
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8. 0.7 30.655
9. 0.8 30.370
10. 0.9 30.077
11. 1 29.776
12. 1.2 29.155
13. 1.4 28.507
14, 1.6 27.842
15. 1.8 27.168
16. 2 26.493
17. 2.2 25.824
18. 2.4 25.168
19. 2.6 24.528
20. 2.8 23.909
21, 3 23.315
22. 3.2 22.746
23. 3.4 22.204
24, 3.6 21.690
25. 3.8 21.204
26. 4 20.746
21, 4.5 19.718
28. 5 18.843
29. 5.5 18.104
30. 6 17.481
31. 6.5 16.956
32. / 16.513
33. 7.5 16.139
34. 9 15.322
35. 10 14.900
36. 15 14.119
37. 16 14.047
38. 17 13.800

A.6 Simulation results using resonating loads of 6.8 nH:

Table A.6 Phase shift versus control voltage using 6.8 nH inductors

1. 0 62.202
2. 0.1 61.271
3. 0.2 60.328
4. 0.3 59.400
5. 0.4 58.691

77



6 0.5 58.180
7. 0.6 57.720
8. 0.7 57.267
9. 0.8 56.807
10. 0.9 56.336
11. 1 55.851
12. 1.2 54.849
13. 1.4 53.802
14. 1.6 52.723
15. 1.8 51.624
16. 2 50.519
17. 2.2 49.419
18. 2.4 48.335
19. 2.6 47.274
20. 2.8 46.244
21. 3 45.250
22. 3.2 44.297
23. 3.4 43.387
24, 3.6 42.522
25. 3.8 41.703
26. 4 40.929
21, 4.5 39.188
28. 5 37.705
29. 5.5 36.450
30. 6 35.391
31. 6.5 34.499
32. / 33.746
33. 7.5 33.109
34, 9 31.721
35. 10 31.098
36. 15 29.663
37, 16 29.539

A.7 Simulation results using resonating loads of 3.3 nH:

Table A.7 Phase shift versus control voltage using 3.3nH inductors

1. 0 106.518
2. 0.1 105.339
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3 0.2 104.133
4. 0.3 102.941
S. 0.4 102.079
6 0.5 101.518
7 0.6 101.038
8. 0.7 100.571
9. 0.8 100.097
10. 0.9 99.607
11. 1 99.095
12. 1.2 98.014
13. 1.4 97.281
14. 1.6 95.594
15. 1.8 94.277
16. 2 92.905
17. 2.2 91.493
18. 2.4 90.054
19. 2.6 88.602
20. 2.8 87.151
21. 3 85.712
22. 3.2 84.297
23. 3.4 82.913
24, 3.6 81.570
25. 3.8 80.272
26. 4 79.025
21, 4.5 76.143
28. S) 73.611
29. 9.5 71.417
30. 6 69.534
31. 6.5 67.925
32. / 66.554
33. 7.5 65.386
34, 9 62.810
35. 10 61.645
36. 15 58.933
37, 16 58.698
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Appendix B

Components Specification

B.1 MMBF5460LT1 Specifications

2 Source

3
Gate

1 Drain

>

S0T-23 (TO-236)
CASE 318
STYLE 10

Figure B.1 Symbol and package for MMBF5460LT1

Table B.1 Maximum Ratings for MMBF5460LT1:

Rating Symbol Value Unit

Drain-Gate Voltage Ve 40 Ve
Reverse Gate-Source Voltage Vesr 40 Ve
Forward Gate Current lae 10 MAy.
Table B.2 Thermal Characteristics for MMBF5460LT1:

Characteristic Symbol Max Unit
Total Device Dissipation FR-5 board, Po 225 mw
(Note 1) Ta= 25°C 1.8 mW/°C
Thermal Resistance, Junction-to-Ambient Roia 556
Junction and storage Temperature Ty, Tetg -55 to +150




B.2 AWS5522 Specifications

The AWS5522 is a single pole, double throw (SPDT) RF switch developed to meet the
stringent requirements of GSM and CDMA systems. Manufactured in ANADIGICS’s state-
of-the-art pHEMT process, the device uses patent-pending circuit topologies to provide the
low insertion loss, high port-to-port isolation and high linearity needed to enhance the
performance of wireless handset radios. The AWS5522 is offered both as an MMIC die and
in a 12-lead 3mm x 3mm package.

Vsl Va2
NC RFC VS2

RFC
[ —W——"A —W—-_1] 1 1 10

N
oL

V2
Figure B.2 Block Diagram of the AWS5522 chip and Packaged Device Pin Layout

GND| 3 7| oND

D_D R NC|1: ':; (9| Ne
RF20

Table B.3 Pin Description

Pin Name Description
2 Rfl RF port, pathl
4 V1 Control voltage, RF path 1
6 V2 Control voltage, RF path 2
8 Rf2 RF port, path 2
10 VS2 Common port bias Voltage (logic high)
11 RFC RF common port
3,7 GND Ground
1,5,9,12 NC No connection
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Table B.4 AWS5522 Specifications

Package D1

Frequency (GHz) 2.5

Isolation (dB) 25-27

P1dB (dBm) -

IP3 (dBm) -

Control Voltage Operation Positive to +2.5V
Insertion loss (dB) 0.8dB

Type SPAT

Table B.5 Switch Control Truth Table:

+25t0+3.5V 0to +0.2V ON OFF

0to +0.2V +25t0+3.5V OFF ON

Table B.6 Absolute Minimum and Maximum Ratings:

Common Port Bias Voltage (Vs) -0.2 +8.0 V | AtVS1 or VS2
Control Voltages (V1,V5>) -0.2 +8.0 \Y

RF Input Power (Pn) - 10 W | atRF1, RF2and RFC
Storage Temperature -65 +150 °C

Table B.7 Operating Ranges:

RF Frequency (f) 0.5 2.5 GHz
Common Port Bias Voltage (Vs) - - - Applied at either
VS1 port or VS2
Control Voltages (V1,V5 0 +0.2 V | RF path OFF state
+2.5 +3.5 RF path ON state
Ambient Temperature -30 +85 °C




B.3 TWP2233 Specifications:

The TWP2233 isa SPDT RF switch, which has a fast switching speed of 12ns. It can
work within the frequency range from 5MHz to 2 GHz, and it is driven by TTL logic. The
specifications for the chip are summarized in table B.8.

Table B.8 Summary of TWP2233 Specifications

Frequency 5-2000 MHz 5-2000 MHz
Insertion Loss (dB) 1.5 2.0 Max
Isolation 43 40 Min
VSWR 1.25:1 1.75:1 Max
Dc Vdc +5.0 +5.0
Bias mA 0.01 0.05 Max
Switching speed (nsec) 12 20 Max
L0
( CTL RF + )
Iy)
TWP2233

RF1 RF2 )

Figure B.3 TWP2233 Pin Layout
Table B.9 Truth Table for operation of TWP2233:

0 ON OFF
1 OFF ON
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B.4 TWH5017 Specifications:

The TWHS5017 is a SP5ST RF switch, which is reflective in the “OFF” state. It can
work within the frequency range from 10MHz to 3 GHz, and it is driven by TTL logic. The

specifications for the chip is summarized in table

Table B.10 Summary of TWH5017Specifications

Frequency 10-3000 MHz 10-3000 MHz
Insertion Loss (dB)
10-100 MHz 1.0 15 Max
100-1500 MHz 1.2 1.6 Max
1500-3000 MHz 1.4 2.4 Max
Isolation (dB)
10-100 MHz 70 60 Min
100-1500 MHz 45 35 Min
1500-3000 MHz 35 30 Min
VSWR “ON” 1.3:1 1.6:1 Max
Switching speed (usec) 2.0 3.0 Max
e
RF5 RF1
+5V Gnd
RF4 RF2
Clz_f“(}nd RF3

Figure B.4 TWH5017 Pin Layout
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Table B.11Truth Table for operation of TWH5017:

0 0 0 RF1
1 0 0 RF2
0 1 0 RF3
1 1 0 RF4
0 0 1 RFS
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