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1.8-GHz Six-Port-Based Impedance Modulator Using CMOS Technology
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Abstract

This paper presents a 1.8 GHz six-port-based impedance modulator using CMOS technology, which can select an arbitrary load
impedance with switch control. The proposed 1.8-GHz impedance modulator comprises a Wilkinson power divider, three quadrature
hybrid couplers, and four SP3T switches for each load impedance selection. The measured insertion loss of —13 dB and the input/output
return losses of >10 dB are achieved in the range of 1.4~2.2 GHz. The low drop output regulator for a stable 3.3 V DC power and
the serial peripheral interface(SPI) for an easy digital control are integrated. The chip size, including the pads, is 1.7x1.8 mm’.

Key words: Load Impedance, Wilkinson Power Divider, Quadrature Hybrid Coupler, Correlator, CMOS, MIMO

I.M & ESPAR(Electronically Steerable Parasitic Array Radiator)<}
Rafo] W22 MYshE /1% 44 MIMO A2H

o] 10 % Holg Afo] AFHE T4 B4 A o] AL YT Bl ESPARE T SHIUE ARE-3}
2~§l ] MIMO(Multiple Input Multiple Output) 7lee] d JAbEE il tA Y ASE R A RF A
AL Y SR gh <tey fol] ojet FUs ) wzgth o] 7led A3k S ok e 7H
T RF 3|25 AEa}7] wzoll A2 A2de] A Al 5 FH 3ol g ey daH s wishyh A
717k AAN AL, AEERE7F AA oUA] 5&o] Hobd ¢ SHA A E o QMR WX Ao E AAst] ol
Qe A BAAL ol g £AIE sk Hlal o] itk Fato x| E Wt e AY =Tt

r§ AT A 7]531 7t 4E B AGEAALEY AG71E AN (10053023, 0TS Tt RF MEMS 2241 937]1€ 7ldhe] 214

S ol SAHAG

Bedsty A X}J—GLJJr(Department of Electronic Engineering, Kwangwoon University)
- Manuscript received March 6, 2018 ; Revised March 28, 2018 ; Accepted April 19, 2018. (ID No. 20180306-029)
+ Corresponding Author: Jeong-Geun Kim (e-mail: junggun@kw.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved. 383



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 5, May 2018.

=2 o HEHYE
2EYS Agety] Wiol AL 7 3 ASERE 3
of &olsttt. el o] 719 FHS 3 6-XE
718 AHEE 72 AF7E AP Qe
TFEE 712 FHET] FRo g AdgY b
Al 2E LEO RS 7 glo] Mz OPf]E‘r
Z7 % ATHT Q) 6-ZE WZ7|e AL 94E€E
RF A 50] the] 291 Aoz 5 gud S W3
A JgE Aol g 9 3 A7 246k, =94
A5 = QAM(Quadrature Amphtude Modulatlon) aEﬂi o

=402 2939 7} el
]_

o>

F—.V-‘fl'NFEo
Jﬁfil-N

n o
>
o,
:L
L
u
=
=)
aQ
oo}
N
=3
o
>,
o
)
g
a
2
2
_r;
&

X
CEb EAAZHE THE Fa 9u9aT pashs

FZE Aotets =50 Wy ojyE 2
ZEL WME L9 G2 B AHE 7EY AT
H3l JHEUXE Aojstr] 3 npojoj 2 FAF A}
Ae| gJs) PCBY| 3] 271 F+AE S A717F AR TE &4
=AU =

B =822 pCB 7]¥ WZ7)9 2] CMOS ¥4 9]
£3}o] 1.8 GHz oM 294 A& Eaf H3} U=
HAE 7S ¢ 9= 2489 6-ZE 7]uke] 9ujd A
W7o 3 Aol
.18 GHz 6-XE 7|HtO AuEHA HET| A

18 1> CMOS 5782 ©]-&3 1.8 GHz 6-2E 7|wHe)
A2 Wz EEEE EAST A9k 1.8 GHz 6
TE 7wk} e s wxr]= e g Eul7)(Wil-
kinson power divider), 37 9] 90° sto] E.E]E #Z#(quad-
rature hybrid coupler), 12]3. Z-7te] A2 thE F3) AT
A2 AeS 913k 47]9] SP3T 29X EZ FAE < itk
471 8] SP3T 2920 F-3f Ad-& wix|8tal, MUXE ©]
2aa] Zt7be] Bah APE WA 5 YRS AT 33
Vel Mg Al AdFES 18 LDO(Low Drop Output)
ddlolel ok U 3|29 Ao}z 1SS SPI(Se-
rial Peripheral Interface)E& A3Ith 6-XE Y
Wz7]e 1.8 GHz A7 P =™, A7), 3719
90° sto]He] & #AZ & (quadrature hybrid coupler)E 53
A57t 2953, 1 89 A 5= SP3T 299 3}
At g g 29 ofs QAM FEjel HNE thE &9

384

DATA IN
LATCH EN
CLK
DATA OUT

Shift

Iz
|
|

Register :

Digital
Control Circuit

s -
w
<

3
Lbo

SEEEAC
External ||||||||||||

SW Control Shift X12
© Register b

320w @ w1150

ouT

Coupler s0
® —w 1150

c\: fme 320
e 150

Power divider

320 e

L]
610 o] :/.

12 1. 1.8 GHz 6-XE 7]ute] ¢ud A 7] EE2%
Fig. 1. Block diagram of the 1.8 GHz six-port based im-
pedance modulator.
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Fig. 5. Microphotograph of the 1.8 GHz six-port based
impedance modulator using CMOS technology.
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Fig. 9. Measured constellation of the 1.8 GHz six-port based
impedance modulator.
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