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A Study on the Design of X-Band 4-Bit Phase Shifter Using GaAs MESFETs
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ABSTRACT

In this paper a X-band 4-bit phase shifter is designed and fabricated appling loaded line types to 22.5° phase bit and 45° phase
bit and also switched line types to 90° phase bit and 180° phase bit respectively on microstrip substrate using packaged GaAs
MESFETS as switch devices and the GaAs MESFET switch modeling techniques and design techniques for each phase bit are
represented. On this basis the switch model parameters are extracted, a 4-bit digital phase shifter circuit is constructed on
microstrip substrate, and 16step phase shifts and insertion losses are measured.
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I.1 Loaded Line Phase Shifter 2|2
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E 1. 339 S-seE (Vg=0, Vds=0)

S11 S12 S21 S22
Freq(GHz)
mag | phase | mag | phase | mag | phase | mag | phase
8.0 0.840 [177.410( 0.240| 13.850{ 0.250 | 14.000f 0.710 | 76.120
9.0 0.830 |151.450| 0.260 | -2.340| 0.270 | -2.310] 0.710 | 64.390
10.0 0.830 (128.990{ 0.270 [-16.900 | 0.270 |-16.8701 0.720 | 54.170
11.0 0.830 |115.9207 0.270 |-26.730| 0.270 {-26.760{ 0.710 |45.710
12.0 0.830 |[107.580| 0.280 [-35.260 | 0.280 [-35.240| 0.690 | 37.550
13.0 0.810 | 93.450| 0.300 [-46.720 | 0.300 |-46.760| 0.690 | 29.160
B 2. 71029 ALY S-HelviE (Vg=0, Vds=0)
Si1 S12 S21 S22
Freq(GHz)
mag phase mag phase | mag | phase mag phase
8.0 0.828 |171.057] 0.231| 8.196| 0.231 8.196| 0.686 | 76.342
9.0 0.821 |151.675] 0.252 | -3.326 | 0.252 | -3.326| 0.693 | 65.962
10.0 0.818 1134.283| 0.269 |-14.283 | 0.269 |-14.283] 0.699 | 55.583
11.0 0.818 |118.752| 0.285 [-24.727 | 0.285 |-24.727| 0.702 | 45.856
12.0 0.819 |104.859| 0.299 -34.761 | 0.299 |-34.761{ 0.703 | 35.802
13.0 0.821 | 92.353} 0.313 |-44.517 | 0.313 {-44.517| 0.702 | 25.505
B 3. 3% S-wavE (Vg=-5, Vds=0)
S11 S12 S21 S22
Freq(GHz)
mag phase mag phase mag phase mag phase
8.0 0.940 |[-101.430| 0.210 | -19.340f 0.210 [ -19.360| 0.940 |-112.720
9.0 0.930 [-114.560| 0.220 | -35.440) 0.220 | -35.500( 0.920 |-132.170
10.0 0.910 ([-133.580| 0.220 | -55.640] 0.220 | -55.650( 0.920 |-151.480
11.0 0.910 [-152.740( 0.180 | -76.590{ 0.180 | -76.640( 0.930 |-170.190
12.0 0.940 [-166.080| 0.130 | -92.050] 0.130 | -92.100| 0.930 | 171.590
13.0 0.950 [-177.560] 0.110 {-104.330] 0.110 |-104.350| 0.940 | 154.310
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B 4. 7829 AL S-seblE (Vg=-5, Vds=0)

S11 S12 S21 S22
Freq(GHz)

mag phase | mag phase | mag | phase | mag phase
8.0 0.947 | -99.912 | 0.198 | -19.822} 0.198 | -19.822| 0.947 |-115.851
9.0 0.937 |-115.957 | 0.202 | -36.946] 0.202 | -36.946 | 0.940 |-134.134
10.0 0.929 |-132.929 | 0.194 | -54.643| 0.194 | -54.643| 0.935 |-152.972
11.0 0.923 |-150.654 | 0.173 | -72.602| 0.173 | -72.602| 0.933 |[-172.019
12.0 0.920 |-168.832 | 0.139 | -90.394| 0.139 | -90.394| 0.933 | 169.089
13.0 0.918 | 172.938 ] 0.096 |-107.341} 0.096 |-107.341| 0.933 | 150.663
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I 2 Switched Line Phase Shifter &2
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Bl v, v, {8 F,
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1+ ve U+ vy 2 _
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1+ Y3 1+ Yz = 8L,
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B
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.\ T et B Ly S = |5 ] e 4(8). (VNN Zoy3h ZorrB A
81 2ugond dF 4 gtk ez Al Hol
1-i Zy(cot B2, — tan——é—] ) £ 40=(0,-0,)2 FA 1 AglENE A (10) .28
(9) B 73R}
°f 99 odd 2= S=dd Yo A1&4 a(dB) = 20log | Su® |
20logyo | Sy | 10
1349

www.dbpia.co.kr



206

HEHE SR CE '95-5 Vol.20 No.5

. 4-bit digital phase shifter
MA 2 HE

4-¥1E tixg phase shifterd A= 22.5 44
HE 9} 45° 94 HEo A loaded line 32E
T8 90" 94 ¥Eg 180° A4 W EG ddiM=
switched line 322 FA3Aon mo]laz 2EY
1Yol FEYE o AY&dE A n QGAE
Zol7) H8l dd A3 WMEESY FE£AY ¢ME 24
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.1 et 24 BlE 2|2 M
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Ztzh Al
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Hd2g 5000l d& xHEyx MESFETS off4d
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Il. 1.2 4-bit phase shifter Al
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a0l differential phase shifts 337.5°
v\_\/31 5® .
W292.5

270°

280 —_— 247.5°
% 225'
‘;\-I‘—”\——\\_\—_——i"znz__s'

180
167.5°

150 135°
' 112.5°
90"
(1.1}
[ 67.5"

aop . 45 R
22.8°

I n "
10 .4 10.58 104 107

9s o0 Teq Y}
Frequency GHz

3% 5 239 1644 differential phase shift

E 5 379 RMS si424

freq.(CHz) 10.00 | 10.05 | 10.10| 10.15| 10.20{ 10.25 | 10.30

10.35

RMS Phase Error(Deg.) | 13.4 | 11.1 11.6 12.7 10.2 | 11.0 13.4

18.2

freq.(GHz) 10.40 | 10.45 | 10.50 { 10.55| 10.60| 10.65 | 10.70

RMS Phase Error(Deg.) | 19.3 | 20.7 21.4 19.5 12.3| 9.3 16.2
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& dlolola AYGE 8FFA Gyl WEe) slolaz
2E¥Y M2y DCHSte F#3te A4 DCHoz

RMS #4248 JUgd,
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10.35GHz9A 12 3 dBY

AE 4-E

B4 e
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FAFS

AeEdE A EA
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AdE A AAAEEe] B2 YA "ok a¥4e F
7 0.7874mm B FH& 2.339 3MAF LX-0310-
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2 HE, 45°93 HE 180" 94 vlE 38 £oz
et
V. d8dn 9 45

2¥5% 10GHzoM 10.70GHzE AN 33€E 4
3astel zolg H] HAeoln Eie Yahdsle] xolg

22.5°814 WES 45794 viEd dislide 28.1°%
41.7°9 #i3ast 3FEARL 90° HE WES 180°
A4 HE e 67.0°¢ 167.6°9 $139zst
2zt 245U Ad RMS 94e3E 10.5GHze
A 21.4°8 vEtden &3 F34 A doeda 3a
¢ gz 548 9

V.24 E

MESFETx2#& 293 712438 ¥ Vg=0V ¢
Vg=-5VeM 9 S-mellel& Atgstd E712lze 7
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