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26.5~29.5 GHz 6-Bit Switched-Filter Phase Shifter
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Abstract

This paper presents a 6-bit phase shifter designed and fabricated using a 150-nm GaN HEMT process. The designed phase shifter
operates in the n257 (26.5-29.5 GHz) band of the 5G NR standard, and the structure of a switched-filter phase shifter is used. The
designed phase shifter connects six single-bit phase shifters in series from 180° to 5.625° to change the phase within the phase range
of 360°. An LCL low-pass T-type filter is used to reduce the size of the filter element. The 180° phase shifter mixes low-pass and
high-pass T-type filters. The fabricated phase shifter has an average insertion loss of 8.45 dB and an RMS phase error of less than
4.54° at 26.5-29.5 GHz. Herein, the phase shifter had a low insertion loss per bit and a small RMS phase error.

Key words: 5G NR (n257), GaN pHEMT, Phase Shifter, STPS, T-Type Filter

I.M 2 AXE MZE Fo g n257(26 5~29.5 GHz) 3}
& 9E 5G NR(new radio) EFC.2 o]t} &)
5AH FAGG)e] 3t F&3E AIREEA 3GPP s o] F7helA Mgty %lf.u% AHEAL Z3HI(UE,

M2 @A) E 20295 A&7 AA0E AFAFATY AAE wop FPd AAA-U FH7IE A4 Ao ATt
(2021RIS-004).,
sty A=y 83HDepartment of Electronic Engineering, Chungnam National University)
1: BFA}2 (https:/orcid.org/0000-0003-3736-2753), 2: BFAF2H4 (https:/orcid.org/0000-0002-2698-6942), 3: A1 - BHARE- 334 (https://orcid.org/0000-0001-6616-6503),
4; A - ¥pARE- 31 (htps:/forcid.org/0000-0003-4794-5813), 5: A1 A+ (https://orcid.org/0000-0002-6873-9034), 6: 1A+ (https://orcid.org/0000-0002-3651-4498),
7: BhA}S-1 - (https://orcid.org/0000-0002-3835-2226), 8: BHAFS-91 7 (https://orcid.org/0000-0002-7533-4975), 9: 1. 4(https://orcid.org/0000-0002-5532-7399)
- Manuscript received December 30, 2022 ; Revised January 26, 2023 ; Accepted February 22, 2023. (ID No. 20221230-112)
+ Corresponding Author: Choul-Young Kim (e-mail: cykim@cnu.ac.kr)

240 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



user equipment) F3 o tj3l] WA} MEST 2HE XY
37] 91 eluE g A 2gle] Besitl 34 dolH
15 918 5G Al2" T3 gl gola s 52 HA5 &
*:,"%;]-‘:* H],m oz U}_fl %o] o]-Eﬂ L]_E_ /K}%—q} —‘H
g Al&lo] AEH I Stk g AlAES HE
43l 21& th F-H](SNR, signal-to-noise ratio)
7+ el e Zh=gld W) 28k uhskol| u}
o] S-S e S
dHel71E Ao Ale whet
Fed 360° 9144-S Aojgiet. AlE

o
o

ofr
Qi
¢

-

o X

ol

M

o4
i
Lo

il
&

=
o 2

‘m[ol.g_]r&
iz@

° N
rr
o ‘D’

T
=
29

2

Y

dl

EFU
BN

g @
ofr

oSt [m
o
A0 oX
%
n)
&2
rlo
ro

= ne
=3
m
]
ox
2.0
o
N
N
)
el
ko

ofo
of
4 o>

-
s
v}
=

zQ :E o
N
do
o
2l
©
N
N
L
N
N

e

-3
a8
L m

>~
e

>~
>
rpr
>

_?,]}\]-O

-
N
N
1=
o
QL
N
==
S oo
Z o
~N .
jus)

ol = i
_‘_O’
O>' jg
% o
o =
E 2
rr ox

=
i
18 RO
v}
o

rlo RO 2
ot W
Vg

ik
T
2
HN
_Q
1-9
o
m
HHN'
NI}
C)

Nl n257(265 29.5 GHz) F
2Ho| & xﬂl 7} _,,]AP;Q o]
iqo]y]_': »91x DY o
2 Fshgem, e

Mﬁ}o} : éilﬁﬂ

ne
Ho
ox
2
o
)
il
)
ofo
ol
ol
s
0\
1 m

07| 2

STPS(switched-type phase shifter)= A8 48] ¢lo] ¢
A Aol g I 75 T4 A= 7M. STPS
7b2e) Q1 2AE A% 9 HE ’Eﬁﬂolﬂ—% el

l m
o
o
R
o

4
2 AAdste] FAHT STPSE 180° %
i

N
-~ =

718 7|EOE Ao} HET} Eold ike] 75 7
= @Y HIE o7 E etk 9 1 %6 |E A7
H el E5teloadl S VeRTE 180°%-H
5.625°9] 6719 @ HIE °W7<4°1 71E YAz |
Z8F W99l 36002 6420553 5.625°4 ¢ ZHo| 7}

26.5~29.5 GHz 68 E 291X ZHE $AHHo)7]

IN ouT
O— 1125° H 225° H 180° H 90° H 56252 45 0O

J8 1. 6ME 9akHol7] o) BEiolo 1
Fig. 1. Block diagram of 6-bit phase shifter.
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Fig. 3. Photomicrograph of fabricated phase shifter.
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Table 1. Comparison with other works.

Ref. This work Ref. [5] Ref. [6]
Process 150-nm GaN ]3215(?1\-/?35 22_H?M}¥SOI
Topology STPS VP-APN STPS

Freq. [GHz] 26.5-29.5 24-30 24-29.5
FBW [%)] 10.7 222 20.5
No. of bit 6 2 4
Resolution [°] 5.625 45 225
IL [dB] 8.45+3.35 94+0.15 13.5£2.5
IL per bit [dB] 1.4 45 3.37
Return loss [dB] > 891 > 10 > 7
RMS IL error [dB] <222 <05 N/A
RMS PE [] < 4.54 <5 <5
Area [mm’] 3.45% 0.28 0.15
*With RF and DC pad.
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