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High-Power CMOS 1-Channel Beamforming Transmitter for
6G Upper-Mid Band Communications
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Abstract

This study presents a CMOS 1-channel beamforming front-end IC for 6G upper midband communications. The proposed chip consists
of a variable gain phase shifter (VGPS) for gain and phase control and a power amplifier (PA) for high output power. The VGPS
consists of an IQ generator, two vector generators, and a vector-summing circuit. The chip is fabricated using a 65-nm CMOS process,
and its core area, excluding the pads, was 0.79 mm?. To achieve a high linear output power, a cold-FET-based linearizer is implemented
in the drive stage. The proposed 1-channel beamforming chip achieved a gain of 26.8 dB, Pigs of 23 dBm, rms phase error of 0.8°,
AM-AM distortion of 0.9 dB, and AM-PM distortion of 1.7° at 15.1 GHz. The 3 dB bandwidth ranges from 14.1 to 18.2 GHz.

Key words: 6G Upper-Mid Band, Beamforming, Power Amplifier, Phase Shifter, Variable Gain

Fo] A= AWM/ RFAMY AP g AFA G A LS wol 3% A7U(RS-2023-00211916).
FE o= IDECYA EDA Toold Ao} =3)alisUth,

Fo] =g AR(HY|&HGEFAT)Y AL HRFAVGH7HY - S AARAAICTY A AN AL
RS-2024-00436837).

" These authors contributed equally to this work.
Ao gty 25424 3755 82K Department of Intelligent Electronics and Computer Engineering, Chonnam National University)
*Ag ) 8w M2 83 (Department of Electronic Engineering, Chonnam National University)
#8127 22 2 A 7 (Electronics and Telecommunications Research Institute)
1: AV} (https:/orcid.org/0009-0003-5501-2690), 2: 41AF3H (https://orcid.org/0009-0007-1227-987X),
3: A AL (https://orcid.org/0009-0005-7639-2666), 4: HAIAF Al 214 (https://orcid.org/0009-0005-0916-0208),
5: A7 (https://orcid.org/0000-0002-2100-3492), 6: A7+ (https:/orcid.org/0000-0002-5400-9292) 7: A7 (https:/orcid.org/0000-0003-0907-7541)
8: 1 %(https://orcid.org/0000-0002-9959-9660), 9: .5(https://orcid.org/0000-0001-7743-4112)
- Manuscript received June 17, 2025 ; Revised July 10, 2025 ; Accepted August 18, 2025. (ID No. 20250617-058)
+ Corresponding Author: SeungChan Lee (e-mail: sclee@jnu.ac.kr) and Jin-Seok Park (e-mail: jinseok131@jnu.ac.kr)

fjo

wro} g F SJ(IITP-2025-

818 (© 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.



I.M 2
x}xw 6G BAL 2% tﬂ o|H Zd%, E/‘ﬂxl?i, x4
[e)

?LH—’ °‘E‘r £-3] upper-mid band EH A2 1% 5G Fuk4
Htp 22 A5E AgstEAt 227 H I mmWave) o
AETHE Avp £4o] Aol 2] Tl ForEA 2
T8-S B 9tk 6G upper-mid Band W 9] R F3}
= AAATEA 3] 2 (WRC-23) 3|29 44~4.8 GHz,
7.125~8.5 GHz, 14.8~15.35 GHz 3714 & ITHPG B
Mo wds HA YolA 84 o B2 HEHvE

=5
) . o
At 91, E2 ALELE FHE 4 JE 15 GHz
[e]
|

L oF
>
> r
it}

° o
-
ol
ofr
ol
N

CERER=E IS

5% 988 pAS) A1 5

N
—
)

sith CMOS 714¥He] PA

= JAE7E =7] Wi, 9E AlL"s Aol o
S Ak AL 7159 CMOS PAE 28 o] ¥
o} 71Z4E 43 3}3HE PAL} combined PA7} 712 2
Sttt kAR S5HE PAS ARESIE F BEC] A
28} 7bA o] AA F71skAL, combined PAE A3l 7
$ ES BT} & Afo] 22 thid WzH Ico HA5
7] gtk wEA £ =Rl HEY AlLES 9%
Y=Y A FE719 7 OlE RN E JAS F
R .

2 RMS phase errors gH 3}
124 45e 2R B

39 12 B EReA A 1Y WEY $40
o TRt oS3} 94 4L 93 b o) Ay

o719 1ZEE $¢ 3 stage PAR TAET

21 B3| 2E

% 2% Altste= PAC] power stage®] 3|ZEo|th.

6G Upper-Mid Band ©] 55414 7&8 CMOS 1a1d WxH FHalt

VG-PS

s
|DAC e~ sPl |l Bias Circuit |

J8 1. Alkele 14E HEY SAE A=
Fig. 1. Block-diagram of the 1-channel beamforming trans-

mutter.
vc"‘W\T PA_VDD
o — —
DA_VDD L
DA_OUT_N £ M,l
E3

E3
DA_OUT_P le
[+3

Va “‘TT el

| My : 768 um / 60nm, Ms.s: 480 um / 60nm, CSnue : 146 F , CGpue : 350 fFI

J8 2. Aljtste A5 %7 power stage 3| 2=
Fig. 2. Proposed power amplifier power stage schematic.

power stage= cascode 3= A7 31%1 37, common source
(CS) TFH71= Alado] 276 52 A9 245 F8
5}7] 918l MGTR(multi-gate transistor) *5 2 A A 3} 2
M, 52 S =017] 93l CS neutralized SHAEE
AT 3 CG cross coupled cape *}ﬁﬁﬁ B
S22)E FH3T CS AESE719] 0.6 V| =2 bias
E AHESHHE 2 99 g9l A gain compress10n°] doji}
3, 03 VO B2 biasg AHE-3HH gain expansion©] Yot
t}. MGTR CS $%7]9] 7z E&:HA2~H| 712F 03V, 0.6
As FETOEMN oY T FHAQ 5L 043}
2 el CS Z%7] thH] P, = 1 dB 7§48

1% 32 A3k PAY] gain, drive stage®] 3] Z o]t}
7} Stagew R CS 5%7] FXE AASASH power
stage 9} PIZH7IA| R F&F PAAL-S E017] $18) CS neutra-

aan va

Gain stage Drive stage

[ My.s : 384 um / 60nm, CSpye : 120 F | L Mo.10: 960 um / 60 nm, CSnse : 120 fF |

J8 3. Astste xﬁ?%% 19] gain, drive stage 3] 212
Fig. 3. Schematics of gain and drive stage amplifier.

819



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 8, August. 2025.

lized ANAIEHE AFESIATE B3 =2 A3 288 $18)
drive stagedl Cold-Fet 714ke] A&3}715 A& oH,

~
oflt

22 718 0|5 fIYHO[7| 7=

=Rl A AR 7hd oS 40171 veotor 4

871, 1Q S A7, 91443t ©]5& Aloldk= DAC, 12
AR 29AE TP 1Q A47)= RCRL &
£ &3l vector 4343719 1Q 44971 Abol o] AR~ Bt
g A3y B A S Fuag ol =3 Gilbert
cell 739 vector AJJ71= 17 B ©]5 staee]l A4 glo]
F AfF7F A ARHES AASHU, o8 F
sl 9733 ol5o] vt eEtE Y AFHAT} A o]
o] B 9 A wE 9 LA AMEHAT
M &¢ 2 54 24

2 =aolA ARbeke 1AE WET $21%E 65 nm

CMOS T8 L= Al 19 4+ AL

A Je H ARzlelt slEE A9 o] A7+ 0.79
mm’o|th. AA 2HAHE 696 mWol™, Z+Z} PA 634

mW, DA 7 mW, GA 45 mW, PS 10 mWolt}. 19 5+

S-parameters =74 239} 15 GHzol A S48 134 WX

9 1C9] WFEO]D} 15.1 GHzel A 26.8 dBY] ©o]5< 7}

AW, 3dB Y Z-& 14.1~182 GHzolth AAEE T &
35 /gl 1—3— o] &3l A7t AgHy ol HIYL
o, o]& £ 42 RMS 9% ak= 0.8°0]t} o] 5 =&

o W peak-to-peak Y4 L3H= 1.9°, PAEE 33 %o]H,
ol AlE# el Aoltt
19 62 15 GHzolAd =43 AM-AM Distortion}

460 um

1Q gen Vector gen

J8 4. Atete 142 W2 frontend IC 3 AR
Fig. 4. Proposed 1-channel beamforming front-end ic chip
photograph.

820

Y _ggg-: 0.9 GHz 1 T
—
&> — S M P <~ *] pd . * e \
T ':8;{ /-7 3dB BW NS 181 300 o \e
2 by 1 A . )
2 15]----s2,1) /2 14.1-18.2 GHz R X
2 (4 o, . * \
® 10 A 812 \
£ 4 ° | ol |
5 -
s 4 bl . ] %0
° |
& Pz 5 o |
o *7 S 14 g
" " d 16 200 . A 120
18 AN M s ! o o Y4
u 3 18 N %
10 12 14 18 20 20 210 N 150
Frequency(GHz) 180
(@) (b)

J8 5. (a) S-parameters 447} (b) 15 GHzol Al S 3
1A M2y 1] 3YE

Fig. 5. (a) Measured results of the S-parameters (b) Me-
asured static vector Constellation of 1-channel
beamforming IC at 15 GHz.

o' _s
: g.
s c
£ 5,
s’ £
k3 s,
s 5,
< E'o
T [t 3y R
S === Simulation
2 Smulaon whout jur i J=2= Simulation_without Inr ]
e (‘)’ulpust Po\'ﬂ“er(c;lssm)zn ® s Onutpust Poxer(d‘ém)zn 2
(@) (b)
O 6. 15 GHzolA 4 (a) AM-AM ¢13, (b) AM-PM
QH_T_V.
=

Fig. 6. Measured (a) AM-AM distortion and (b) AM-PM
distortion at 15 GHz.

BE1.4% &
Table 1. Performance summary and comparison table.
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Ref. work [7] (8] 9] [10]
Tech 65 nm | 65 nm | 65 nm | 65 nm | 28 nm
CMOS | CMOS | CMOS | CMOS | CMOS
. 2-way
Architecture | 1-way combine l-way | l-way | l-way
Freq (GHz) 15 13~15 10 28~30 60
3 dB BW
(Giz) 14.1~182{123~15.6 - - 57~63.3
Supply (V) 2.2 122 1/1.8 1.8 -
Peak gain
24 |26~273 - 25.6 20
(dB)
OP, g (dBm)| 23 [22.7-229| 21 15 10.8
RMS phase | ¢ - - 27 | 276
error (degree)
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