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Design and measurement of RF-MEMS CPW on HRS
LIU Ze-wen, XUAN Yun, LEI Xiao-feng, LI Zhi-jian, LIU Li-tian

(Institute o f Microelectronics of Tsinghua University, Beijing 100084, China)

Abstract: This paper presents the design of RF-MEMS(radio-frequency micro-electro-mechanical sys-
tem) coplanar-waveguide (CPW) on high resistivity silicon (HRS) and its measurement under differ-
ent bias-voltage are presented. The dimension of the CPW is designed with partial-capacitance method
and conformal mapping method. The designed CPW transmission line is realized on 3 inches HRS wa-
fer with a resistivity of 1 000 Q « cm. The substrate and metal layer are insulated by 0. 8 um silicon di-
oxide layer formed by oxygenation. 2.5 um thick electroplated gold is selected as the material of metal
layer. The width of the central signal line is 196 pm and the gap between signal line and ground line is
120 ym. The S-parameters measurement of the designed CPW is performed with 0 V and 38 V bias on
the central signal line by HP 8722ES network analyzer. The characteristic impedance of designed CPW
is extracted using Winkel’s method, and the necessary specific polynomial is also given. The extracted

parameters show that the influence of bias-voltage on characteristic impedance is observable. When
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the bias-voltage on central signal line is transformed from 0 V to 38 V, the change of the real part of

the characteristic impedance is about 1.2 Q,while the image part change is about 0. 8 Q.

Key words: radio-frequency; micro-electro-mcchanical system; coplanar-waveguide; characteristic

impedance

1 31 =

RE-MEMS CJf 5t i B3 7 HLAE R 52) J2
MEMS &5 5 i) 8 2 58 [l 2 — . 3l il
i MEMS £ 5i 45 AR L 7T LUK 25 Fp i K 22
KU I o 2R 4t 5 H A S T oG R B A —
LI RCE I B A R g . i
LR 45 A 2 S B RE-MEMS H % 1) 3k AR 4
T 8 P ) T % 4 45 40 A 0T 2 R L T
AL .

510y S M b, G T U AL kA AR
2R AR A X fE TEM 52X 1 4%
i REPE AT LR Y 2 AH HE B B RE
5 E s S A E AR R M 2R H B AL T TR —
FTE % %6 R B I R W T (R AR AN T
TAESE R b A L g A, B ik G i
FE MEMS R4 1521 32 A H .

H T RE-MEMS 2 %t %) H: 1 i 5 8 5
il B E AT BEL Ak 25 g BEL Ak Al IS o L4 D
I BELRE 1 R A DK 2 5 B0AR R 9 A o 48 #E
SRS = 3 = S o T = O e
MilanovicdE A& T A E T2 78 6 1 i
FRZIH VIR, 3 R s DL
AL BRI T A A A AN G .
Jei 2 S H BT 7 AR BEL A R G 1T S 2 A Al
BRI i JE S ) O R H R R 2
FIAFFERT G 82 T2 2 W B K . SR FH 3 il
AL S5 B BEL A 1R S ST B AR R
TR AT LA K KD 4 IS B AE™ ), i Hx e
SETEWA A R, B 7E & B AE L i
£ RE-MEMS R4t 5& H A B2,

fRZ RF-MEMS #8 4 J& B #2 il /F 78 4k
T T AL 2k By, B s S R 5 X RE-
MEMS H 3¢, 53 fi i MEMS Bt #5 5%F . X

B e LR A T A S w0 MR
JE B I A 2 B 5T I e 3 T i S
M B R

ASCES A g5 T R R o H A
AL A A8 0 305 2 A ey BELAE b g e T g A
B LR BE T Y I AR N B 55 = A 4 Ot
AT I 5 E i 0 TR A 1 50 1 2
Heo RV o A% 48 7 1 F Winkel £ 5
3Ty 7 o B B i 8 5 1 R A B AT L I X
LT I SRR BH BT 32 B R 5 5
AT THHE .

2 HE@mok ekt

i i T R ZE AN A 1 B R

A i o) iz P omz

1 Iy T a5k 7R 2
Fig.1 Structure of CPW

J T AE SRR AR BOR FHE
SR 1) & R A BHE S AR . T 5 R B
BT B A R RN 4 R Y IR B N % R
TSR RR IR BET . R FH 4 1 R vl A A
Bl BN T2 RIEE R 2.5 pm 4
2.
SRR AN S i WO
1 000 Q « cm = BLAEEAE M4 I 78 H 5%



160 2 K TR

%13 &

T o A AL T B 0.8 pm JB Y S AL
JZ.

ST I (4 R 0k B T 2 B 400 1) o
BRI R B 5 3w T A 14 e
DIRASC . R R o0 v 205 AR A A2 4 35 ]
PATHSC S 0 = i RRAE BHL YT . % T AE Rk
SACE b A S S AR
AT LA LR =3 R

Cc=C,+C—¢C, , (D

Horp CopJ2 B3R A 1t b il A1 19 [ RSF 0 &

JEIL P P AR E A C EHIET

<5 e HL AR B JEE R ) BE T B B 4 oK A e

ARG C, J 25 B0 R IR O 0 R A

J2 T B LA A . s PR A AR 3k T
iR efTm ik

—2e, (e, + 1) B

K&
_27teo[ azln( |+ asln(a,+ )}

e

(2)

(3)

C,=2b1eseo[1+0,(bs—k)* ]1n<1—|—b4h1)

(4)
Hrp b=W/(WH+2G), k' = (1 —F)V?
=0.492 54,a,=0.017 09,a,=0.219 18,
a,=0.103 57,b,=0.929,b,=0. 056 4,
by=1.344 5,b,=50.996 9, K 24 5%
E iR
eIz RS LT S B 7E A s
] Hh L e R B B A

C 450 Ilg((kk))+ct ’ (5)

AR 2 3 1 P 5 B AL BT AT LA R 5K
TS

1
Z()icm ’ (6)
Hor o MG I AE B iy 2 ) 9 4% 4% 1

2

ik 2 fros AR b =T AT
B M EERTICR B S 400 pm, AL 2 R

851
30 _‘\ —a— Calculated Z, with different W
75F ‘\ —e— Calculated Z, with different G

A
70F a
oSF
60F e -

g b \A\‘ ot e
50+ /./’ -~ A\‘*A“__‘
45} e
A

40+ /,/’
35F /./’
30 * 1 1 1 1

50 100 150 200

D/ pum

Bl 2 AREE W G RHFREE BT Y 52
Fig. 2 Calculated Zc with different W and G

III

Ca) {5 5 2 I ik 52 5 B2 AS ] 4 2 30 5
@)Short CPW (pad is thicker than signal line)

(b) {555 4R I i fih o505 B AS ] 1) 4 =
@)Long CPW (pad is thicker than signal line)

() 55 2 RN N s fish A3 58 35 AH ) 1) 6 38
(¢)Short CPW (pad is as thick as signal line)

(D55 LA 5 firh e v B2 AH ] 1) 4 38
(d)Long CPW (pad is as thick as signal line)
Bl 3 i BB

Fig. 3 Patterns for measurement



el

X SC L4 m AL RE-MEMS St 9 S350+ & I 5F 5 161

0.8 pm, & JEJZEE R 2.5 pm B, AN[A]
W G 1525 AE B BT (4 B A G=120
W =200 {E NI .

o L P F RS RIE R W=
196 pm,G=120 pm, 575 2 19 #7415 B bt
T 49.17 Q. gl TR AR mIE .y T T
T I 5 R A BE B ) 4 B, 7E R B R
T Winkel $2 H i 5% 00 BB 8 03 ]
A& 3 s
FHorpr Ca) F1 (b)) J2 K BE A [m] Ay 3 1o 38 5, L
155 LA = fioh 5B 98 BE AN TR] 5 (o) A (D)
SRS ETE . HAT 5 4 0 I firh o5 B S8
—% . FH MEMS #Fmin T TZE, 7 3
YT BT BELAE eI SE B izt

3 t@mk o=

I HP 8722ES K 1t W 4% 43 At A X f
Bty S AT T R B I A
RN 5~40 GHz, WM S S50 E
4 R

FEHAH MR L RE-MEMS 2§ 442 B $
R O T s O £ RO ¢ T 1= W |
LI O R 1 1 AR UL () n e 2 RS A X
RF-MEMS J 3¢ #1437 s B A 45 55D K
Gy XS O E S & 0 VR 38 V
L R S O LR TE AT S S8
Kl 5 Fros.

S-Parameter / dB

10 20 30 20
f/GHz
(a) Sn ﬂl Szz

(a)SU and Szg

S-Parameter / dB

10 20 30 40
f/GHz
(b)S,, # S,
(b)S;; and S,;
4 LSRN S 28
Fig.3 Measured S-parameter of CPW

A
st f f 5v !
p |
ol
35 {

m
o
5
— S5: (0V)
—40 — Su (38 V)
B T T —T
f/GHz
()Xt Sy 52 R
(a) Affected S,
00
-021 /"‘/\\
04+ f“/ \
f
0.6 } {
z r
Z -08
“ —1.0Jvf
-12} — Sa(0V)
ial — Sx(38V) \
—16 1 1 1 " 1 " ]
10 20 30 40

f/GHz

(b)Y X Sy B 52 M

(b) Affected S,
B 5 IR AR He A S S 800 5
Fig.5 Influence of bias-voltage on

S-Parameter



162 P

%13 &

4 R AT

4.1 FFEREHIATEREX

AR AF S Z %0, Al LA4R B 2 i
PP RF BT . A% e i S T 3% 2 T X
(TR B RE L BT
(1+S,,)*—S5,
(1_511)2_ %1 '
Hp Z, & RGNS HF ST ERATHY
MR, 2 50 Q. FH I 1 5 B 31 A9 5 AR
BEHTUNIE 6 BT .

Z.=Z, (7

60 -
50 -
40
c 30+ ——Real partor Z,
~ ——Imagqe partor Z,
No20¢
10 +
DA A “
of | AN e,
W oo "
»
-10 L 1 L J
10 20 30 40

f/GHz

Bl 6 LS T5 1 S O FEAE BH B

Fig. 6 Extracted Z. with conventional method

M AT LA S FE/N T 20 GHz B3 %
T PR HCAT B B R A B BT ECE A R A2 .
PRI Ay 3 7 3 1A 75 I A A% a4 R0 T
fink o5, 22 10 34 B ()OS E 2 R L IR AR 2 Y
SR REABRIIRZE .

AT ARAT E HEHR A5, R ] Winkel
SNSRI A — 2 . X ROk
T B A T AN 3 Rt R
(a) . (b) . (o) (D) PUFHEITE B S S50, wt nl
DLfE 0 e s S W RR AR B PT . B TR R
T2 FH I 000 1 T 1) ) £ 50 40 410 Sl o R A% 2
B 3% 2 ) AN a2 s PR s 2 B T, IR G 4 B
(YRR AE BELBT 25 B8 v

TESCHERL L0 RRAERHAT Z. i 2 7 2 -

aZl+bZ +cZ.Ad=0 , (8)

H 4 SCHER 10 ] A9 JEL 3%, 4 = 1 2
(&) A R B B FRA
a=cos h*r,l,[ cos h’r,l,—sin hzrglsjam21 —
4Z§a,,,12 sin h’r,l,sin h*rl,

Z

4Z:a,, sin hr,l,cos hrl,
= — X[1—27, X
sin hr,l,(tan hr,l,sin hr,l,+cos hr,l,) ]
c=Zya,, sin h’r,l, (sin h*rd,—cos h*ril,)
—Zga,,,12 cos h’r.l (tan hr,l,sin hr,l,+
cos hr,l,)* +4Z%a,, sin hr,l,cos hrdsin
(tan hr,l,sin hr,l,+cos hr,l,)
Z,
dZZSa,,,]2 sin h*r.l,(tan hr,l,sin hr,l,+
cos hr,l,)*
Horp 4o J2 i s R v A BE L 4, 2 i RY o
KAKJE L 55 W XA T 7
Bl .

hryl, X

1
1
|
i
1
1
|
1
1
1
1
1
1
1
1
i

fil 5%

BT 1 R A A 4
Fig. 7 Connection between pad and signal

line

A A~ Ay, P @, JEHBE A, 9 T0
B s Qo Ay, A, T @y EFEE A, 1 TT
oy AR 5 il ) T A0 1 a2y A% TR
B ARG SR L R 8 Z, O fil s Ak
MRHIE R BT Z, i R GRS F P .

AT DK fish e 21 fiok 5K s 9 B 4R
Rl WK EE S il 0 BIE S 2 1 R R
YER L, WK B L T REE 1AW
K.

A, LT ER R K E 3 iy



el

P SC 45 - i BELAE | RE-MEMS i & 351 b & F 163

(a) F1 () WU B S, F S, A S >T 1
4 A5 3 (O A (b) AL BT AR I T, A0 Ty
¥ T, =TT, "1 T->A G2 ERFA, .

e A, UL iEms K 3 H
(OMD S HERE S, F1 S, /ES>T 1
i A58 (o (D B A 5 T, f1 Ty
¥ Toe = TiT-1 fE T-> A %% 4453 2 45 (5
A

mp o

ry AT FTEL(9) SR80
“%y (9

de

Hod Ala 3 F (D FI (o) YK EE 22
ro AT R (10) SR AR,

r—acosh‘ " ] , (10)
Zbl

Horr Al B3 T (b) Al (a) B9 K BE 2%
Z TH?JE(HHUE‘UO]

-

Zo TEMHA R G, & 50 Q.

R BT 1A 45t 1 280 T DT R (8) ]
DASige 36 10 95 S 19 R Ak BEL BT . 25 SR An &) 8
F)?/j—‘_\‘!

r,=acos h

a

7Py, ] [1—tan hz(rpl()):l ’

a
mpy,

(1D

——Real part of Z,
—Imaqe part of Z,

Z./Q

5 10 15 20 25 30 35 40
f/GHz
8 JH Winkel J7 24 I 45 BH AT
Fig.8 Extracted Z. with Winkel's method

Fe# a8 FlE 6 Al LK B, ] Winkel
7 1% BRI S R ik BELL AR B b SRS
S 11 LB BB R i BB A0 B o 4

4.2 HREBWENZW

M S BT LLE B BN X S 24k
EI’JE’”[ME/J\ JLF T gL 2], DUt i A
A i FE A5 B 1) S 2 kb 42 B e AR BHL 9
ﬁ#ﬁttiﬁu«n%ﬁﬂg 9FJT/T

9 B T, B U e HE O 2R T B S 1Y
FRAEBH BT 2 A — HE/“HE/J91_7&EHH?E:{JIL
Pt .25 5 W) o TG H 1 FL AT O AT S 2 T S )
LT T B K Y A R AR BE P A 25
Wz 2sft, M4 fE s &iimss VE
Tt A Hs BSE s 8 AE BT 174 552 F 14 R d5e K R
KT 1.2 Qs [6) I 4 Ak B BT Y K2 5B 93 /)
B RIE A KT 0.8 Q.

651
—— Real part of Z, (0V)
—— Real part of Z, (38 V)
60 -
a 55
N
50 j
405770 15 20 25 30 35 40
f/GHz
Ca) X SR 1) 52 Wil
(a)Real part of Z,
107
il %“ﬁgw o "N, MVIN‘J
or V
G 5t
~
N 104§
—— Image part of Z,(0 V)
-15 —— Image part of Z.(38 V)
-20
25 PR S T T U S S SR |
5 10 15 20 25 30 35 40
f/GHz
() X 2 FB A 52 Wi

(b)Image part of Z,
9 55 b BT O R RE AL BE T Y 5

Fig.9 Influence of bias-voltage on Z,



164 p i R W %13 %
T Winkel 25 A2 A9 3R 55 1E B 4T 5
5 % % Perp iy BLACR i 22 0 5L 9 Iz O i e St

P 23 HL 25 325 O £ 72 45 30 36 v BHL
fit B9 RFE-MEMS St i S A2 i e b7 1
B ARG N AN 7] B s 448 D0 L R

AT 96 S 9 P AR BT AT 1 3R B 3R AT T 1
ST Ik EMER 45 2R . A T AN R B
D L Xt 3611 7 5 S 2 RO AR Ak B AT 1 B
M o

Prigit i3 T AT T S SRR, 4
S & Uk :

[1]

[2]

[3]

[4]

[6]

[7]
[8]

[9]

[10]

[11]

[12]

R vH I B RRF L WORIR SR RO RG], o5 45 % T42.1998.6(1):1-7.
ZHOU Z Y,YE X Y.CUI T H.et al. Microtechnology/Nanotechnology and MEMS[ ] ]. Optics
and Precision Engineering ,1998,6(1) :1-7.
RASTOGI A K,HARDIKAR S. Characteristics of CPW with thick metal coating [C]. Infra-
red and Millimeter Waves, 2002. Con ference Digest . Twenty Seventh International Con fer-
ence ,2002; 345-346.
#4335 K Comds R, & f505 R0 36 69 71 SEAUHE BY 30T ML JEat: BHE Rk . 1986 :43-45.
GEPUTA K C, GAGE R, CHADEHA R. Computer aided design of microwave circuit[ M].
Beijing : Science and Technology Press, 1986 43-45. (in Chinese)
MILANOVIC V, GAITAN M, BOWEN E D, et al.
lines in CMOS technology [ ] ].
1997,45(5) : 630-635.
Fb, B 3 3h ARBHAE L R IR SR R e b 3R S AR R PEL) ). Bk R T F AT S 3 KL 2003,
23(3):306-310.
LI W, SHI Y L. Loss performance of CPW with thick polyimide on low-resistivity Si[J]. Re-
search and Progress of SSE ,2003,23(3):306-310. (in Chinese)
REYES A C,EL-GHAZALY S M. Silicon as a microwave substrate, microwave symposium di-
gest[J]. IEEE MTT-S International , 1994,3:1759-1762,
REBEIZ G M. RF MEMS: theory, design, and technology[ M]. John Wiley and Sons, 366-367.
HUANG Y. Calculation of microwave parameters of CPW with a buffer layer [C]. 2002 3™ In-
ternational Con ference on Microwave and Millimeter Wave Technology Proceedings,2002:875-878.
CHUNG H, CHANG W S C. Modeling and optimization of traveling-wave LiNbOjs interfero-
metric modulators[J]. IEEE Journal of Quantum Electronics, 1991.27(3):608-617,
WINKEL T M,DUTTA L S,GRABINSKI H. An accurate determination of the characteristic
impedance of lossy lines on chips based on high frequency S-parameter measurement [ C].
Multi-Chip Module Con ference, 1996. MCMC-96, Proceedings, 1996 IEEE, 1996 190-195.
EISENSTADT W R,Eo0 Y. S-parameter based IC interconnect transmission line characteriza-
tion[J]. IEEE Transactions on Components, Hybrid, Manu facturing Technology, 1992,15;
483-490.
WILLIAMS D F,MARKS R B. Accurate transmission line characterization[ ] ]. IEEE Micro-
wave and Guided Wawve Letters ,1993,3(8) .247-24.

Micromachined microwave transmission

IEEE Transactions on Microwave Theory and Techniques ,

PR T 7« XU 30 ok B 0 B g R 2 o 3 AR RS OB T2 R 0 I 302 BN Bl 122 K

MEMS g$ 48158,



