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Abstract

This paper presents a 6-bit phase shifter operating in the 11~13 GHz band. The designed phase shifter is fabricated using a 130-nm
SOI process to validate its performance. For fine phase adjustment, the phase shifter employs six single-bit phase shifters ranging from
5.625° to 180°. To expand the bandwidth and minimize the phase and gain errors, the 90° bit uses low-pass and high-pass filters.
Additionally, the 180° bit uses a transformer-based switch structure. The fabricated phase shifter measures 0.87x0.4 mm?, with a return
loss of more than 10 dB, an average insertion loss of 6.41 dB, RMS phase errors ranging from 3.19° to 4.13°, and RMS gain errors
between 0.52 dB and 0.56 dB.
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Fig. 1. Schematic of designed 6-bit switch-type phase shifter.

676

O

1

X~

ZEs 24 9 ANAEE A4
el el Qi

Folo] Wahg a7
D 80° 5|z E 2
s 5 A9 E%HZ]iEi% £ 99}

o f
Ho

}mﬁ‘nz{om

o mu 12 &

[
12 o
QL
£
e
e,
r>
fol

N

)
g
i
~,

il
of
)
)

(3

=
U
1Y
et
kS
o
=
o
&
o
o ku ®
Hd
4
offl

wo, off
>

i fof S >
= o,
<

o
N
N
2 ton

N
o
Ho
x oX
N
N
&

o
i)

19 2= 180° HIES] 914§ o5
spolty, 119 2004 227} EA)3
Al Al A o= 1% Bt g IEH%
Y27t 22 wskr)e] A, 12 Al 2
192 4AE 4 9 Hlﬂ% g0l 7
AHE 27 2 s71e) B, 718
7 Ak sk, o] & e 9] of
FEkelo] 4713, ME OE Y- A
ted vltf g do] vehdth 90° HIES AAE
= 119 39 A9 32 1y F3
Erzontl A9 2 v 53} I E 747 99} ol
AR AFEE90° HIE= T AR 4 A o] —45°
Sf +45° T RS EE WA H>
LAE 29 F Ak F AR A% Z]Odo] —45°9}
+45°°l‘jfé 72l wep g 917 A1<do] 0°9F 90°7t H
5 olith A9 8 v T} BHAE=T 728 1 7

Fll‘ l.o

l i\
X

£

érlrél-o
Hoeg RO o

ox

o
oy

E
¥
i i F{
o
~
S V= R 2

3

0 r—>1:
e

o M\
o
N
1o
=

:i o)
mg, o,
o

R )

il
-,

: m[ru

>
k]
ox

ofr

&, o

S

s
ot OLD

ok

off

<]
N

&,
a
M
[
i)/

ol
O

Z7F 3k AY F3 e 2718 Eo17] el 7 T
ZE AR Y F3 Hd = IYE wEel

4 ! : 2
—— PE Meas.
—_ --=- PESim. .
2 2 —— GE Meas. Q
S b s S
S gFr—lt 0 i
wi o P =
P S ‘s
" -~ (L)
a N
< .2 b °
o ~ o
° h 32
S s
{

~ 4 i H i 2

9 10 11 12 13 14

Frequency (GHz)
J8 2 1800 MIES 4 2 o5 0% A B 34
23
Fig. 2. Simulation and measurement results of phase and
gain errors for the 180° bit.
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phase shifter.
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Fig. 4. Photomicrograph of fabricated phase shifter.
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Table 1. Comparison with other works.

Ref. This work Ref. [5] Ref. [6]
Process 130-nm SOI |250-nm GaAs | 130-nm BiCMOS
Topology STPS STPS STPS
Freq. [GHz] 11~13 6~18 14~18
No. of bit 6 6 6
Resolution [°] 5.625 5.625 5.625
Return loss [dB] >10.8 >13 >13
IL [dB] <178 <9.6 <15
RMS GE [dB] <0.56 <0.46 <0.6
RMS PE [°] <4.13 <37 <6
Area [mm’] 0.348 9.28 2.16
FoM 0.21 0.16 0.027

IL,, . (lin.) X Resolution (bits)
RMSphaseerror (deg.) x RMSgain error (lin.)
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