0.18um 2GHz T 4¥ 55 4§ Loap B M 2 A7 5 %

21
B

Study on 0.18um 2GHz CMOS RF Switch Circuit

hrs mrg £1

s

VERRE 4 LA E =



0.18um 2GHz T 4¥ 55 4§ Lop B M 2 A7 5 %

21
B

Study on 0.18um 2GHz CMOS RF Switch Circuit

Moy Ee i& Student: Chungn-Tai Liu
#ﬁ AR Mg 221 Advisor: Dr. Ja-Hao Chen
T
T RE X
AL #m~

Department of Electrical Engineering
Tunghai University
Taichung, Taiwan, R.O.C.
Thesis for Master of Science

June, 2009

VERRE 4 LA E =



RBERZEH IS
+REEERE

EHRIRPZAMRA_ BlYHE BARZHX
P 0. 18um 2GHz Z#HRX 48 F4HER M=
B R

# 3 Study on 0.18um 2GHz CMOS RF Switch

Circuit

BAXRZAGEE  HEBTARGE

EAC

FhERERG B
% A

98 £ 07 A 21 =H




——

gkt
FLACEY E hREREERRE L
PRS- il X
% &

TE kP L EMAE - TR R R TR RITG

0.18um2GHz Z 43\ &3 &R R B 2

CHEI IR RIELR S KB F BRAIIE TR R
Gt W F AR IR P G P AR F LB TR
oS HE R B K B SR S TR H P SRR A A
& RB LR F o A& F 0~ 54~ (insertion loss)iE § ™ 2 #
& f(power handling)ic # M- FE A2 3 L A p A L%
TR MELE AL o A2 3g i * TSMC 0. 18 em 1P6M CMOS
WS eMmBdT @l ¥R ELE »F H Y - WITFQR
B FRESLT e MR AR B I s T WS TR T
B7E S BERT A A RARE B TR M R T
* ADS(Advanced Design System)_Momentum[ 16 ] #4 #73K 3+ 13 B >
VAR AT lAra % A [9]F R 523, ThedE ~ AL o A
OB TX = S ADSHE#E 12 74 K % (Pin-1dB)-27. 390dBm ~ & » #f 4=
(insertion loss)=0.538dB °



Study on 0.18um 2GHz CMOS RF Switch
Circuit
Student : Chungn-Tai Liu Advisor: Dr. Ja-Hao Chen
Department of Electrical Engineering
Tunghai University, Taichung, Taiwan, R.O.C

Abstract

In past years, silicon-base semiconductor process, computer-aided
design tools, and circuit design skills have all made great progress, and it
makes the high integration between digital and analog circuits. However,
it 1s difficult to integrate with radio frequency (RF) circuits, such as RF
filter, RF power amplifier, and RF switch. Among those RF circuits, the
reasons of that RF switch could not be integrated in system are high
insertion loss and low power handling. Those issues occur because the
silicon substrate is conductance material inducing power loss. This work
use TSMC 0.18um 1P6M CMOS process and Micro-electro-mechanical
Systems (MEMS) post-process to integrate with RF switch on a silicon
chip. MEMS post-process 1s used to etch bulk[9]of the inductance device
and transmission line to reduce insertion loss of the switch circuit. Using
ADS(Advanced Design System) Momentum[16] to simulate switch
circuit and the insertion loss would be reduced 23.7%. The TX node of
the switch circuit use ADS Momentum to simulate power handling

P1dB=27.390dBm, insertion loss=0.538dB.
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P-1dB 17dBm | CMOS
IL 0.7dB(LS)0.9 dB(HS)
LS-HS Isolation 30dB (LS)27.5 dB(HS)
[2] Frequency 5G 0.18-pm DET Process
IL 1.4 dB CMOS
Tx- Isolation 15 dB
[3] Frequency 15G 0.13-pm LC impedance
P-1dB 21.5dBm CMOS
IL 1.8 dB
Tx- Isolation 17.8 dB
[5] Frequency 900M | 0.5-um VDB and VSB
P-1dB 17 dBm CMOS levels increases
IL 0.73 dB
Tx- Isolation 41 dB
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Q=TI H A AP P " MG AF L d @4 ER -
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Bdpde s wap 0 % ke TX a0 Fk§ 4 (power handling)[13, 14]
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DS (Advanced Design System)

B

FI# P AR T RS ®
BT RSS 7 L E T 7 e
TX: Power handling=27.390dBm

Insertion loss=0.538dB

[solation=-23. 070dB

Return loss S11=-28. 226dB > S22=-26. 391dB
RX: Power handling=20.210dBm

Insertion loss=0. 630 dB

[solation=-19. 948dB

Return loss S33=-25. 986dB » S22=-23. 967dB
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loss(TX)
[1] 5.8-GHz CMOS TR switches | 0.7dB 17 dBm 5.8GHz 0.18-um p- substrates
with high and low substrate CMOS
resistances in a 0.18-um CMOS
process
[5TA 900-MHz T/R Switch with | 0.73 dB 17 dBm 900MHz | 0.5-um VDB and
a 0.8-dB Insertion Loss CMOS VSB levels
Implemented in a 0.5-um CMOS increases
Process
[10]A High-Linearity, 34dB 28.7 dBm 24GHz 90-nm LC-Tuned
LC-Tuned, 24-GHz T/R Switch CMOS
in 90-nm CMOS
[18] A 15 GHz CMOS RF 2.08 dB 23.62dBm | 15 GHz 0.18 pm LC
Switch Employing Large-Signal SiGe impedance
Impedance Matching BiCMOS
[19] Design and analysis for a 1.1dB 20 dBm 5.8GHz 0.18-um body-floating
miniature CMOS SPDT switch CMOS
using body-floating technique to
improve power performance
[20] 21.5-dBm power-handling | 0.95 dB 21.5dBm 5GHz 0.18-pum DET Process
5-GHz transmit/receive CMOS CMOS
switch realized by voltage
division effect of stacked
transistor configuration with
depletion-layer-extended
transistors (DETSs)
This work 0.538dB 27.390dBm | 2.4G 0.18-um Impedance
CMOS
MEMS
Process
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