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Design of 5-bit digital phase shifter in Ka-band using tandem stub

LIU Yue-ling, KANG Xiao-ke, WANG Yong-shuai
(Institute of Electronic Engineering, China Academy of Engineering Physics, Mianyang Sichuan 621900, China)

Abstract: The digital phase shifter is widely used in phased-array radar. The phase shifter was
fabricated using tandem stub for 11.25°,22.5°and 45°, and using 3 dB branch-line coupler type for 90°and
180°. A 5-bit digital phase shifter circuit in Ka-band was presented. The measurement results indicated
that the maximum of the phase error was 6.5°, the minimum of the phase error was 0.2°, the maximum of
insertion loss was 11.8 dB, the minimum of insertion loss was 8.6 dB, and the VSWR was better than 2 in
the frequency band of 30 GHz-31 GHz. The whole volume of the phase shifter was 110 mm X
55 mm x 25 mm.

Key words: Ka-band; digital phase shifter; tandem stub; 3 dB branch-line coupler

UTAER, ORI HARG RN LRI, 7z T TR E S RS RE T, Rl AR MR kR R 2 .
o A 4 2 AR 2 B TR 8 S S AR WL ) T B O o AEDNARG T I, O T AR R I P AR, SR 2 %R
RGP ARRBET TR Z —, ZRPE AR Z BRI ARG IR AR SR . 207 Ul PINGS 2
for LAFCAR BRI O ARG L ol 2 07 B0 25 00 i 2 100 F RIS AR 45 ) 20 6 /MR RS B A 2 ] i 2 R 5 il R B
BFEH/INe /NS (45° K LU )RS AR AR W R B M, N sE )y, (IR, RN,

(ELIE, BUAE A TF 4R T8 A o 57 3R B8 A 28 O v WE ) (0 /N RS B AR 2, 76 22K iR /AR RS HUAi 3 2250074,
PR A 1 G 01 R A8 A A R N A A B i 2 SR RIS , FORBURARES | P ILECAY R RS D, Sy

Bt T A B 1 — %2 00 TR ME o A S0z FH — i — J5 gk 2 8 0t K o —
INAHES 12 R ECE AR A o ’_/J_LE_‘
1 ERGitEE
Zon 6 Zo

N T SEIRAL G IR A R A B R BRAE D AR SCas Y ik R — |I|—\
—JE ML A AR 11.25°,22.5°F 45 HH o0, WKL, 78 f_TCd T—I
PIN AYIE | 0w 3 A LA 4% F R PE BLIT R B 1Y 4 2k

— W —JE B LR R A, A B T B O A M AR At o 2 |_| 0: |_| n
2 FIMECRAE S, B 1R, PR SR C B FAR T &

TN o FFORAAFRT G A — B 4, BT PN 2k L g ¥ S A IEAE Fig.1 Equivalent circuit of tandem stubs phase shifter
1 T 5 MBS LA

WKimBEHEE: 2009-08-25; f&€EHH: 2009-11-13



164 s B 5E B FIRK B84

WX AT LM, B Co=0, FFRESLE TR A SO Yo=Y, tn 6, . WKUBBERASEI S G ~ 0, WHG
SRS B HL KT

0, =tan" (B, /Y,,) (1
MIFRFEM, W To,T 10 FE, 73RN
Y, =Y, tan 6, 2)
S SCER AN AN
Y = jY, tan I:'[anfl(Y03 tand, /¥,)+ ﬁl:l 3)

WAL Y = —iB_, AR 0, . S~ Yoy, Yoo, Yo AP 1 Xt BEBLELHE A 005455 0,,0,,05 AP 1 e iz
WA I ACHE s BRI BRI I AR RSN 28 0 e )

28 W) — T — 5 02 2 AR A R M P L I T P KBl 0 TR ST L o S 1 I
AR AL 55 5) DL R

£ 3 dB #A AR M9 IEANE iz SRR A TR BT 90 180 M B IT(ILIET 2). 1 3 F B2 {55 R, 2 o I 2T
B G, R A B AR 3,4 3 11, 1,2 T2 IS AR 3 3,4 W1 . .
S T O o) S e B o R R PIN A ML SR T 3.4 ST

1 2
DI 22 8] PIN 45 19 TARR A BT
3AEME RN EZZE RN A, W AR BN PRS2 Ag R - \ A

4n
Ap = 2kAl = 7Al (4) \Vi V

T 2 Fo A% i R A I 3 K 5 ke DA A 48 2R 80 0 i 4 ) JREL B 107 L B 3 dB
HPF 3,4 S H WA EE R [ HEAT e R, N 225 T 1) B AR R 5 AL B, A

Fig2. Configuration of branch-line

o coupler phase shifter
iB, = —jyocot71 (5) I 2 S AR B SR
~ N . _ N _ Agl .
ﬁML&ﬁ:W%ﬁﬁﬁﬁﬁmmﬁﬁmE%wﬁﬁwM,Mm&%@%ﬁmﬁﬁmmzii,&@%ﬁ
s

(LEIE SBR[+ AL, SO LR A0 A B 9y B XE R T jB_, BP,

2n
iB_ = —jY,cot — (I+Al) = —j¥,cot (LAL/IJ ©
A 2 4rn

2 WIHAEMIMER
— i — Ja IS AN AR R R A A TT R 1) SR VG S SN R R E B M AR R RE I B RS ARG

T Y R AL A 1 AH BT 32 202 FE BT I 265 9 4 DL IC RIAH B8 B o A0 (BT 8 A Al ] Ansoft HFSS i FL AR 1
BEAT ORS00 = ZED5 B, Bl R ERE BT 50 Q.

3 RO ELE R, (a).(b).(c) 50 B A B ABURE(S,) . A I 2 S e
PFE(S10) o AR S BT RS AL WAL N iEas s sanss - SSSEEEN)
SELF a7 RN =~ DN
—-m-- 1125 AR ST IE ] - - - - - 1125 B M LTI )5 PR R EEED=—aSGERNEm

—K— 22.5°BMIHICIE ] —0— 22.5° B AT ] 5 g [0 P
—V— 45°BAMPITIE ;. —— 45°BAHHIT R A T 00]
-~ Q0CRAIMILIER ; ---l--- 90°FSAIHIT I Il }
—o— 180°FAHHICIE ] ; —+—— 180°FEAHHLIC L [1] -4.00 |
PP 3 0 ELAESLTT A, IR A 2R BT R A T 2 ;
30 GHz~31 GHz B’:Jﬁjﬁﬁfﬁ.‘[%“j\] ’ ﬁfﬁgﬁ%%jg’iﬁd\? 1.2, —5.(;%:00 29.00 30.00 31.00 32.00 33.00
Jf AL /N T-2.5 dB, MIPIRZH AN 3% Mz

(a) simulation results of Sy,



2 XIAKE: BETMHEBEKSFRAMEFHER 165

0 200.00 5
—
~10.00
=
-20.00 [ -
) | L
<2 % 2
- <
“ 30,00 &

4000 |

=50

00 1
2800  29.00 3000 3100 3200  33.00
fHz

(b) simulation results of Sy;

-200.00

2800 2900  30.00 3100 32.00 33.00
fHz

(c) simulation results of the phase shift

Fig.3 Simulation results of phase shifter
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Fig.5 Fabricating circuit of 5-bit phase shifter
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Fig.6 Measure result of phase shift
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