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Design and Fabrication of 5-Bit Broadband MMIC Phase Shifter
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Abstract

5-bit broadband MMIC phase shifter has been designed and fabricated. For the broadband performance, 11.25°,
22.5°, 45° and 90° bit have been designed with Lange coupler and 180° bit has been implemented by using
shorted coupled line with Lange coupler and z-network of transmission line. Due to Lange coupler with large
size, the Lange couplers have been folded for circuit size reduction. Low loss PIN diode has been utilized as
a switch for cach bit. Fabricated 5-bit broadband phase shifter shows the measured results that RMS phase error
of 5 major phases is 3.5°, maximum insertion loss is 12.5 dB, and maximum input and output return loss are
7 dB and 10 dB, respectively. The size of fabricated phase shifter is 6.5X5.3 mm’.
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28 1. Folded Lange 7 &8 1%
Fig. 1. Structure of folded Lange coupler.
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Fig. 2. Comparison of simulation result between
conventional Lange coupler and folded Lan-

ge coupler.
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Fig. 3. Schematic of reflection structure.
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Fig. 4. Structure of 180° phase shift section.
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Fig. 5. Configuration of 5-bit phase shifter.

< A% 2 HolA zZhzhe) wAbE A E7) @k
AA 24L& 24 "ok olu reactive H-&ko] Q)
AR AIY Co 715 H8+8 AAsA 53, PIN
ojl2EZ THH 29X E ON AHE Fd, 5 7
o AAE L] F3A CotCi0] F-3ko) JALE Al 57}
A o 2 AR HMEAAA g E &
%i A3 9ol dsts A "o 94 Wss
AEE &2 AHE-E PIN tho] 2 =% ON 4
: siA] 15 mAS) ARE <7k OFF A
14 A —15 VO Mg <l7hgith

il

:Lrlr_kt

"J:m rlr

e £ X



SETHEBSHGE H 135 F 258 20025 2R

23

304

T T T 1 1 1
20 25 30 35 40 45 S50 55 60
freq, GHz
(a) A ¥4
(a) Phase shift.

——

|

[

!

|

I

|

o |

T 1 1 | | I 1 I

20 25 30 35 40 45 50 55 60
freq, GHz
(b) A&

(b) Insertion loss.

40 ]

1T 1T 0 T 1
20 25 30 35 40 45 50 55 60
freq, GHz

() JETAEL

(c) Input return loss.

.
AN e

/

v
\

<
40

20 25 10 3 4D 4 50 55 60
freq, GHz

(d) EHAtEA

(d) Output return loss.

38 6. 2 570 4ol digh AEgeld A

Fig. 6. Simulation characteristics of 5 major phase.
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T8 7. Az A4 w919 A4 (6.5%5.3 mm?)
Fig. 7. A photograph of the fabricated phase shi-
fer (6.5%5.3 mm”).

Ho AIEHS 12 dB, /&Y wAbEA S 7tz 7
dB¢} 10 dB, Z18)3 F2 5719 914 wWeld) o3t
RMS A% 244+ 3.5° 8% gt

Szt dAAAE wushd 1 |,

FA VAL AUEY T SN A 2
HE 2E A4S @ 5 Ak AW AUEN 54
o e RASAY | dB ol Aol Ha
AR S W79 S MO dele A
A AF o8 £43) PIN chol ool o3 &

ol o]

Az A7 4 9ok Aol oF &4 14

EAER TS, PIN to] oo 9

7hH F3bo] AFE-E PIN tho] 129} 180° bito] A
&9 F 7H °l SPDTé] *1 ““&‘Hﬁ} g PIN E}Ol

H30 908 volol s £0E AN 7 AL
$9 4 g7] Wie] o A% £40 47T
e 91 W79 s 4AE 94
A719) B3 AdEel AARRTY 23 A
He e AdsnE 438 e LGS B

Aok
N2 8

5-bit Fhe} MMIC 9141 9]7]1 & PIN to] Qv
TAE ol&std AA, AgstHh 2~6 GHzo %
A F2a}7] YA Lange A& A3
reflection 7325 7|20 2 &9 0w, 71 reactive
$aE 2RO A U 2= pEe PR
Aok T3 180° bito] QA Zo)7] YA A
#e] AM23 shorted coupled line 29 A4AMS
o]-8& r-network 7ZE FHs}gth ot 5o

5-Bit Fheg MMIC 14 #

$171 A 9 Agt

statoo |
| stat01
| stat02 |
| stat03
f

{

snml
@ statd8
. - statlg
§ 04 ~ ' slamj
£ .15 .
\
BA——r= y - ——- ——
10 20 30 40 50 60 70
Freq (GHz)
2) 49&4
(a) Insertion loss.
° Fut State MS11 f
';g\
P
" d |
_ y
g e { .
= S ; |
8 b sy < } !
& IV [
Vo y 1
. N | .
I |
4 { J
- T T T ¥ )
1ce 2CHz e 4G GHe GHr CHz
Frequency
b) 18 w4y
(b) Input return loss.
o (I
] Full State MS22 ‘ K
Y
® . 2 '
~ - e
i s
% o ‘ l
i o R [
A , i
‘
/ |
04— T T T T r oo
1GHz 2GHz IGHz 4GHz SGHz 6GHz TCHz

Frequency (1GHz - 7 GHz )

(c) 9 ¥4
(c) Output return

loss.

(d) $14 ¥4
(d) Phase shift,

I8 8. AE 94 w7l
Fig. 8. Measured results of
shifter.

3454

the fabricated phase



SRTHABERNE H138 F2K 20025 28

3712 Zo)7] Y& %lded Lange AZHE A
stk

AE 9 Wer e EAAREE Ao AYSE
A 12 dB, A o - &8 whAEA 77+ 7 dBgH 10
dB, 57} FL 914e] ¥ RMS 94 23 35° &
LeRy Aok

A7), AZE YA A7E S AA 71e% A
2 71&2 BEol W Jx9 2~6 GHz oY 5-bit
MMIC 94 #9712, Axdse] ¢4 2379
AN 2eol g AL 2AA H 2L 7hEsith

222

[1] Christopher Moye, Glenn Sakamoto, and
Michael Brand, "A Compact Broadand, Six-Bit
MMIC Phasor with Integrated Digital Drivers",
IEEE MTT-S, pp. 457-460, 1990.

[2] D. C. Boire, G. St. Onge, C. Barratt, G. B. No-
mris, and A. Moysenko," 4:1 Bandwidth Digital
Five Bit MMIC Phase Shifters", IEEE Micro-
wave and Millimeter- Wave Monolithic Circuits
Symposivm, pp. 69-73, 1989,

[3] E. Rogeaux, V. Grognet, J. L. Cazaux, F. Cop-

1999 29: MgWR 27138
2 (F3A

2001 29: MEUEL A7AF
Bt (44D

2001d 29 ~&A): WAVICS INC.

i
! .
\{‘ o FYaRd
; A [Z #AEo MMIC AA, RF

T dad
MEMS

128

pel, M. Geen, and G. Gatti, "Standard MMICs
for space application: A broadband high resolu-
tion phase shifter", 24th European Microwave
Conference, pp.1483-1488, 1994.

[4] Mohsen Shokrani and Vik J. Kapoor, "InGaAs
Microwave Switch Transistors for Phase Shifter
Circuits", IEEE Trans. Microwave Theory Tech.,
vol. 42, pp.772-778, 1994.

[5] Robert Coasts, James Klein, Sam D. Pritchett,
and David Zimmermann, "A Low Loss Monoli-
thic Five-Bit PIN Diode Phase Shifter", /EEE
MTT-S, pp.915-918, 1990.

[6] Hideki Takasu, Fumio Sasaki, Mitsuo Kawano,
and Susumu Kamihashi, "Ka-Baad Low Loss
and High Power Handling GaAs PIN Diode
MMIC Phase Shifter for Reflected-Type Phased
Array Systems", [EEE MTT-S, pp.467-470,
1999.

[7] D. C. Boire, J. E. Degenford, and M. Cohn, "A
4.5 to 18 GHz Phase Shifter," JEEE MTT-S, pp.
601-604, 198S.

(8] L. D. Robertson, MMIC Design, The Institution
of Electrical Engineering, 1995.

o
i

LI

19904 29 Nglsty AAZEH (F8Ah

1992d 29: Agthsty Az et (FEA A

1992 29 ~1999d 29: M8y A7|FER
(8

19974 39 ~2000 119: LG Ax7&8 Ad9+4

2000 129 ~ @A WAVICS INC. Add79

[Z FAEol] MMIC ¥ Module A2



1994 29): MNPt A2} (R

1996\ 29: A-EA Y& 3—11]..615:},,}( =4 VS PAN)

19963 39 ~&A): NeAYy ety ARzeta
EAEE

20019 89 ~ @A) WAVICS INC. A9d+4

[F F4d¥-o MMIC Module

7 &

19903 290 KAIST 7] 9 353 (35huhap

19901 39 ~1991'3 74: University of Minnesota, Re-
search Associate

1991 8¥~2001d 8¢Y: LG AA71%Y RF 24 H
A+

2001 8¢ ~ A WAVICS INC. thit o]A}

{&F A EoH MMIC 7}

38 s

=2 A A o8ks] =52 2000-11-5-13 FZ

19854 29 AT £t

(o] 3Ah
1987 29 FAietw E28ts
(el Ah

1987 39~ WA Aot
oAt
[# BBy zIFRYAIR

2 A4

5-Bit Fohe] MMIC 144 W7 AA 9 A4

B>
FN

<

1988 29: A-gAPuery Ay
Y - &3} (38

o T 19909 29 MEAHT ST AR
g EENCS TR

= W 19909 29~ WA FuTEdra
ol . AREER

[F B4lEol S5 kel A2 ¢ ARg £
23 41

43 %

1978+ 24:
3 (#QM)

1987+ 84 FEtidL WA
3 (B4

19941 39: Auburn University
Electrical Eng. (3-82HAh)

1980 89 ~&A): Zurapsd

gojsta AAEe

1998 391~ Al ZRAAT AohFAS AW 24
[F B2l Aotk R A o] 4A, gy 2 2

2FAEA AA 2 AN

o oF 3
St A A 8 s =84 2000-11-5-13 =z



