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Design for an AC-DC isolated distributed MEMS phase shifter
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Abstract: A 5-bit distributed Micro Electro Mechanical System(MEMS) phase shifter is designed. Based
on the analysis of two different loading DC bias ways of traditional distributed MEMS phase shifter, a new
loading DC bias method is put forward to resolve the problems in traditional way. The new method with
simple process can separate AC and DC and avoid the complexity of wiring. Phase shifter’s microwave
performance parameters are obtained and optimized through software ADS. Simulation results show that the
phase shifter’s phase error is less than 3°, the insertion loss less than 0.5 dB, and the return loss more than
23 dB at 35 GHz. The performance has met the requirements. The process flow of five-bit distributed MEMS
phase shifter is introduced, the advantages of simple process for the new loading DC bias method is verified.

Key words: Micro Electro Mechanical System; distributed MEMS phase shifter; process; DC bias

UTAESK, MEMS M2 7E T B A5 A 00 . 5 kw4 2] 1 Y, SESMSREARBHLE . PIN
A FET B AR A LG, BB/ L DREAR AR BUN (AR 5 T8 i AR 35 431 =X MEMSS 1% % £k (Distributed
MEMS Transmission Line, DMTL)# M #F HA T4 . &5 I T IAFES, B RF MEMS SR 7% #4858 o B Ui I
J& DMTL B AR i A &R 4y, X T2 MR AR A R AW . G5 B 2 Mkt orik, —Jk 0w s ik B
kR N SRS R, R E I P, 52 e R AR TR AE MEMS AR B R P L
2 A Bk AR S A, 5 EEOEW T L U S A b R T BRI B AR, SRS T A R R T T G a1
X2 M ARSI RZEER TIARE S & B R0y m 8, J5—F 77 XX TP S (Coplanar Waveguide, CPW)
FIRFEREPLA REm , ARSCAA T —FH 0 BRI EL NIk, EMRESEHRRENEE TZEMES,
JEHS I T T AWM. Eidg5iit M ADS 5 5L, it A RS AH 45 R B0 10 R 4 A9 Sk M g

1 TiEREE

DMTL % tH#% FE A T 46 B #1276 6 1w 3 AL S 2k b R 2k MEMS & @ #F, il i fF MEMS M Fl1% i 28 2 [0

Wi BEHE: 2010-09-14; 1EEHE: 2010-11-07
HEEME: PE TR R & RS T IR B B1(2008A0403016,2010A0302013)
* J@{EEE: & # email:gaoyang@caep.ac.cn




4533 RNEE . XHRBENS /A MEMS 11t 385

i HL R E MEMSS B 9 = B, MEMS #r 5 (& i 4k MEMS bridge

22 6 B PR 2 A B i 155 G B P AR A, T T L - |
s A SRR, ML G DMTL B AR 2 el 1 ffor . i S
iob A JEE 3 M T R R B 4 A S, T AR 5 A A e

PR B A 2 o |

) gjn_. 1;;5" _V-i _H_ Fig.1 Typical structure diagram of DMTL phase shifter

1 ST 534 MEMS (&2 B At a2t 15

BRI ER T B TR S BN B B0, IR E B IRAL S ARG R . ELR R B i 0 MEMS A1
AR E EARSy, H Y W RS MR R PERE o

one switch
2.1 Bk e, it gy s,
A DMTL BAH#S &K 2 i, o5 A3
ARFFE AT FIRAY B, 43002« 11.25°07 . 22.5°07 , 45°
57, 90°i Al 180°0; . HALFEAHAFLL 11.25° K253,
AT SE 32 M A . B R 11.25°0 ff AR spot weld <— et line W

B ’ Bt AE P Rl O Fig.2 Structure diagram of 5-bit DMTL phase shifter

PR BLRE ORI, ROy 119, RN P2 Tif DMTL B A2 45K 1 R P
h=500 pm, MRAEFAHE O PERERE R ZR, S et , WP R HCE B R Z [ i JE B [ BE s=781 pm, CPW f&%i
LAR T4 W=143 um, [ G=80 um. MEMS & J& #1956 &% & w=30 um, & & h=2 um, t=1 pum,

2.2 E iﬁﬁ E gél: #‘] iﬁ 'H' bridge (Jﬁ — ] offset line
3 A5 R A8 A — (O (P 5 LR A R R PR B R L R T S - s

FR]Bit fi pe A4 5 J7 245 K 10 58 0 00 A B A1 48 S B, R — AR

D S B T e, s MR RS AN 2 TR, SR 3 R

B UETE CPW B ML | A K — 2 B A 24 T2 | B 5 M

LR . B EGAEA G R Z L, 5 HF R A B % @
R 2 LR LR U MO TR, TSRS 2R 0B A iteee ot ne

XA R AL LKA )Z ), 2 RELT, 5140 |
i, IMTTAESLM,

& 3 o DMTL A 2% 5 1K (a) A (b)#BAC 36 73X Fopr i it 5
K, FETZEIEAE X B 3(a) a2 0e 22 A e fh, T
ISP A SR . T 3(b) i B R A R R R,
Iﬁiﬂmﬁﬁﬁ,%EMI%ﬁOE%%ﬁ%Mﬁﬁ%WﬁE%, s
XA Gk BE R A 2, A8 0 LS A A i 2k 4 E . 3 DMTL AR 2

] SizN,

(b)

3 RUKMERES R
3.1 BEHFE#ESR
9 T A5 R A RS IO PR RE S B, A R ST RS R A Y A e O A 2R AR B R 1 o R 0 0 2 4 R R A

R 2k — 3., 7 DA BL A B 36 4 7  ow ow

B BN (0 S0 PR B T 4 T . SR O 2 M T L) 7 A — B I
A FFIBE AT, USRI 2 WAL — AL
—RARMSEN CLR BRI, 76 CLR BRI, 5 (i b6 25 F 0 IR 2 L

BN Al (up A1 down Z) AN, &5 4B B R (w/2)+s, s A
B IR . up A8 T 587 HFSS {5t S, 248, A5
I ) Sy ZSEUERME up BT AYHLZ, HUEHTH FHAE T DL - : - , o

i R . X . ig.4 Equivalent circuit model of single micro-bridge
Wi o down ASHFAS CLR AR S HFSS ffi KLl Sy B A, Aikih P 4 H R O S B



386

EFEREE5E®RTFIE

HUBE FIHL A E, down &5 F MEMS 324 8 I Bt BH REAR 4 A LC I IR MR M B9 S S8R I, fRJa#

39k C,=10.8 fF, C,=45.8 fF, )& L=51 pH, R=0.07 Q.

an
EE
o
o}
m

0 T
32 FEERSIT §$~4-*_ :
R ADS 5 BL, & Je AR 20 A O 1 o AR AN LA CLR 2 T 03] = e
B 5 DN FEARFE ARG B L B, D BN 5 DN IEAR RS MG B9 S B8k gaﬁ
FUMIRS . 00 SR 2 B0 AT 1 BB AR 28 10 Pk REFE L 75 % 10 B 580 =054
RV 5 L0 BUA BT, SRIGRE 5 AN B0 2, 7511 32 M ARASIR T T s 3 35 30 35 a0 4
B B GO JE O B MO SRS AL, IR R A () phase shifiers inseaton, oss of 32 states

M Ehn, F Z PR AL L S8, W R A 2 R BUE o i, 15 i
EE R, i iiie, BASEMSE . &80 E 0 & 5 e iE
$=322 um, CPW &£ #i £k {5 5 4k 5% W=140 pm, [8] #f G=100 um.MEMS
B E N w=30 um, &E h=1.7 um, t=1 um,

B 5 SR EAS I, DMTL BAI# 0 EEEES 8. MW
HERAF: 75 45 GHz LT, BARZFWHABFES/NT 0.5 dB,
B ALK T 23 dB; BEMI R 1E 34 GHz~38 GHz MBS (4% TR 4f

return loss/dB

g0

I I I T T
10 15 20 25 30

T I
35 40 45

R, RS IR 2278 TP A% 35 GHz 4b Ry —2°~+3° (b) phase shifier’s ot logs of 32 sttes
400
4 T Zigit DR P ———= —
TL I BB A SRR L R B O T T g 20
SRR, JRECRES Z . il MEMS B AHAR N T T 2 5 G 8 Rl
1) ) 2 il 2% 0T Bl ) MEMS MR 454, 8825002 th CPW B i 4k 0 E s e e
Y 32 SO R B Y, D SEBLAAR 45K, L 500 wm JEE Y T B 340 345 350 355 360 365 37.0 375 38.0
S BB O 112 T BCHL BRI T 38 A T L L2 () phas hifir'sphase it of 32 siates
MEMS #AH % 1 SIS0 T 2R, gl 6 i .
D) SRR R, R R OEHLA TR L S B Ik e 3 |
AR ALUTERESZ B, AT AR AR AT R A R E
&l 6(a)i s e =
2) K Si0, A Ab)ZE o R A B 13 o 1 b 2% 78 K DT AR (Plasma g <] =
Enhanced Chemical Vapor Deposition, PECVD)T. 2 7 /& B ik 4 s | c o |
FER TR 1 pm JRIY Si0, Zah = (A 6(b)), H K92 FR RS IR FE 34|.0 34|.5 35|.0 355 36|.O 3;6.5 3I7.0 I3I7.5I 3I8|.0

A A A, TR L T By 1 AR T R T e R & R 2 vk

f/GHz

(d) phase shifter’s phase deviation of 32 states

AT 15 B 5K 40 ek i A4 RE AN 42 8 J2 22 1] A AU ik 2R B DT .

3) MR BT B B eIk T Cr/AuL7E Si0, )2 Fk S —2 1 um 5-bit DMTL phase shifter
JE Y Cr/Au 4 8 J2 (1A 6(c)). 560620t AL 28 1 P 7R Au 15 IR R R R S AR
JE& R il Aus SR Cr S PhIE I Cr; feJa 25 OB AAL S 26 19 DB (181 6(d))™

4) Hl s BAACFEL AN TT)Z . KM PECVD T3 EM 0.2 pm JE ) SisN, B ZE (N 6(e)), IR FH RV B T
Z| 1 (Reactive Ton Etching, RIE) T.Z.ZIM SisN, LA Z, JERIZE MEMS #f1E N fE5 & ALk &S A
SisNg HLA B2 450 (N 6(f)) -

5) #il g imE L. BOARERMAEZE EIRE 4R cu, WE 6(e)fin, X MmMELNEE, RFHEMER Cu
TE Wi B 2L T, aniEl 6(h) T o

6) BEVRIEFE A 1.7 pm B BEW HEHGHE )2, 5 SR ST T Ak 2 AR (o 406 4 )2 36 T O 3 - 2 (A 1 6() BT 7 ) o

7) il MEMS Hr4 X . 7E44E 2 20 ik A 9 T (N 6G)), RIS HE SR ALVE RS, IR 6(k).

8) il & MEMS #f. 7EHi4E)Z [7E0E 1 um ERFHRES &2 AN 6(1), JCZIIBFMETE, BiEZ0h Au B K
MEMS #4544 (41 & 6(m)).

9) BEHUATIE)Z o R EE FRBUYEZ , AR 0 BUiEZ)G , MrES S RESS, 454 AN
&l 6(n)).

Fig.5 Simulation results for main performance of
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Fig.6 Process of single structure of DMTL phase shifter
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