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FRol= 7]#3} GCPW %%, FR4 7|#3 CPW % A
Wd%e] OMRON 29149 449] &4, WAl &4, A%
% AlEHOIA YW 54 43 <6GHz

A8 7] A& Abstura CPW xg A 7|9
A Abgtety} =l fLxe CPW 239 olF 5%
;q]xl u]

)Jg]zf 7]_1]—4 )\]g]:r )\]_Q_ULJ/]_ CPW 15} }‘]E]:’ 7]
Al Attty Edlx] G139k CPW 16‘ A vl A 5
OMRON A91x]¢] 4] &4, "AF &4 ﬁz TEL
A A3 < 6GHz

A8 7)1 AuAFe] EdAA 55 wE OMRON A~
91x1¢] DCEECA RF LERS uFd B4 =74 Ay
< 3GHz

A 7] A& Absgy B 2o Aujd 2
HAE ddo A= A3

A E 71ge] A2 Absteta CPW x39 AgE 7199
el Abstetat Edlla] el CPW 2F o o] Foizl
A 52 HAE d'e] 54 vl < 6GHz

ROl E, FR4, A& 7|#e AwidT B4 2L FX 4

I

Jb« L L

Y A5 54 43 ¥ <6GHz
& 53

=]
o]

g W2e] RF MEMS 2914 153 54



A1ZFA £

A1 A AT A

RF (Radio Frequency) MEMSMicro Electro Mechanical
Systems) XA91A& 3t 159 SAC®E Qlsto] FOE FAl
7171l Agst7] flstel 1wk @ ATtep sfdo] o] Fol Rl
322l RF MEMS 291x % WHeole 44 (electrostatic),
ZA2F7] (electromagnetic), 4 (piezoelectric), < (thermoelectric)
Walo] Sty 1 Folld A FE WAL °E T WAl vk
Agolm A|#o] golata AR Aol Fon g Aol £ EER
Ak dutdog Fufg A 77|52 oF 3VelA 5V Apo] H<SHe
el gl s ARtk 2822 RF MEMS A$1x9 9538 s}
E4s FAtEA s Ades EFe ATl dist AL Fast A
FAo]TH[1.1-1.111.

44 F% 4 RF MEMS A9Xx9 % Agy Al
2] % (isolation) = 1.3k (tradeoff) Aol Ald HPPLs=
of nldlat7] witel 5 S Eold s A9

L

ft
(e oft fok

kit
rlr
o\
)
(=
)

9

A FAoth. 548 DC-DC AW

-
offl
ol
nj
i)
kit
ol
A7
ol
rr
Y
2
o
it
o
U U P L)

offt offt it nju

AR W de A7 ASHT Ar(l.1-1.11].

°olF H& T3l ¢ Aes e He MEstaa e
A= ohFst FofellA o]FojR . QItH[1.12-1.17]. HH FE
W49l RF MEMS 2934 78 Ads HFdssE i 84
71714l RF MEMS XA9IXE  T&st7] flaix= 54 DC-DC
AWE 7 Festth webA FoE A 7)17]e A Estr] As RE

MEMS 2¢%9 <% CMOS(Complementary Metal Oxide
Semiconductor) DC—DC ZWE A #3t A% 1 ¢ 74
Holl A3 A o] FoHH1.18—-1.22]. °o]F <o 53 54 11U =
FAEEA ek o 7 AggslsE Ao dg o

1 -"'H.-': 'ki' 1_-]i
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A2H AT T2

1.2.1 RF MEMS £$]X]-CMOS &%

CMOS A A3 2 (Integrated Circuit) 2] UFRES 53 EAo
MEMS 71712 thA3te] MEMSS CMOSE £%3dt= A= 1 ¢
T del AAM o]Fold gtk MEMS-CMOS &3 "W
Z‘l@@(direct) /N s} 7H 4 (indirec) )l o= E/E 5 Sl

WS kel E 3k (monolithic integration) o] 2}l &}

o ‘jo“ﬂ% 0]%F %% (hetero—integration) ©] gt d+T}[1.23,

o e

Y X
OHH

b )

e MEMS #43 CMOS ¥4 <A uwet
Atk MEMS ¥4S WA CMOS #3& o]%d
Pre—CMOS, MEMS—CMOS &42 $Alo ®&st= Intra—
CMOS, CMOS 3%3& WA31 MEMS ¥742 o]0 X&sl= Post—
CMOS, CMOS #4<5 wAsx CMOS BEOL (Back End Of Line)<
o] £3l+= CMOS—BEOL %9 %] (postprocessing of CMOS—BEOL
layers)olty, @ &% #W FolA RF MEMS XA$AE E3st
AdE F WY, post—CMOS® CMOS—-BEOL %9 FAg Wyo=
A&t Post—CMOS #42 CMOS 32=4¢ (foundry) Al#o]
golatth= Aol Utk CMOS AHAI=E AZRS 93 HZH
PJe=dE AAI Fo RF MEMS 295 AZgd MEMS
=g 5 AA&|oF gttt AR MEMS 345 37 $siA=
o] Ak (thermal budget)S &l éllof a1 AnFA o2 400T o)A 500T
olgtelt}, Altk7t CMOS HA g2 FAo =2 sk ¥ S HEHsH
A= &4gol +F MEMS #4< $1s8te] Hasitt. MEMS 71719
ZIAAQ 542 wHe] Heksk Ao uef E‘r Alw HRkshA] grow
JIAAA AE ﬂi% WA =] 5L 17% 7&5 oF3 HXM woltt,
CMOS BEOL ahuko] FZ&bolih AR
F7go] Ha gl Ao WOlﬁ‘r o}xlﬂP MEMS 7171¢] FAY 3+4 S
BEOL CMOS %+ 340l AlFsts A5 AHgdlof 322 MEMS
7171 ZdAlell Algto] Sli= Aol wilolvh[1.25-1.27].

Post—=CMOS %oz AzE RF MEMS 293+ X 11011
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delstd el IBMolA = RF MEMS 2$]% ¢} Resonators FA]o W&
£ e AL Atstgth. MEMS 7171 g E o]l gste] F3%
CMOS back end 378 A& F+ JEF 35 Ao A+
RF MEMS 2$x9] 52z 2ete 40VE A 1 2GHz theoA
A9l E4ol 4dB oz A7) dEe] HEF O FEY 4ol
2 e shrt[1.28].

NTTolA = Abstet—a Attt Jeje] 2=+ o|&sto] 3.3V
ARG A F2s= SPST RF MEMS A5 7|dsich RF
MEMS ~$]x] Alo]€ 3—bit address decoderE CMOS LSI 4o =&
Az & 7 9o W mpo]a 2w A Y (surface micromachining)
3402 RF MEMS A9AE A&atlvt. 7% A wov avs
Ago] oFsta HFo] oFiABZ 4] &Aoo & HolH wmEkA A4
e =9 Hert ArH(1.29].

IM(Institute of Microelectronics) @ Nanyang Technological
Universityol A= CMOS AA3 27 AZd 7|3 9o RF MEMS
A9AE AFstal FR4 78] &7 A5 Akl 1A T
A dlolHel Azst uFs AW fASE 159 54S B0y
WAL oA I3 7FHE %77 AE NMOS/PMOS 2#He] 2H

b o?i O

gk
o] o)lF3ty T AFIV FUFskE 5 CMOS A#e] #7714
Sxo] WE e g

th ool wet 7] olF B ¥ FA A
CMOS &#e] As dstE Eol7] sk st 7iade] & e 38h(1.30].

KTH—-Royal Institute of Technology, Cranfield University 2}
VITAME  200%  ©]ske] MEMS 33°o2 CMOSH 9&FS
#HAigtsh= RF MEMS A9AE d7eksiv. d4d 245 o &3
2] H (cantilever) T-Zolw Itk 3o Hlste] ¥ HAFo] thA
23et % Aol 62VE FobA ole] g H.eko] HQ sttt
782l MEMS 3% &57F 20052 oy CMOS HA3Z7F e
71 91l RF MEMS 29125 A#g Zlo] ofyE = CMOS
HNA 2ol thst 7/iEE MEMS ¥4l 93] flae 9L Favt
ATH1.31].

CMOS BEOL %9 $xg WHoz A|#E RF MEMS 293+
* 1.2°0 AFYsith. 24k CMOS BEOL 59 FA2 Wyo=
AzHE RF MEMS A$*+= &% shunt capacitive %2192 10GHz
olgte] FuFoM= Az FEE EAO] contact WA HT EFX
2oy 10GHz oo didelrs a7t Sr7tdss A 2%

m{m

3 f';rx_-'! 'kl:l' 1_l|



5ol 3] A= Zo] 5AHo|th mekx CMOS BEOL T $*¢
W o7 A 2ZE RF MEMS A9%+= Wy vE 3 (millimeter wave)
e 80 A srstt). National Chung Hsing University oA+

BEOL & ZellA 718 a7 w5 o= CPW A& A== wsi 7H8
G =5 & RF MEMS 291A 9] 71A14 222 st 29149
A7 oF 0.04mrE Zov AT FEE 5ol FA gobr Aol
d estrh[1.32].

Hughes Network Systems, GWU (George Washington
University) 2+ UCSB (university of California, Santa Barbara®l*i
8071 &7kt x5 7H R FHe 94 wAe® FAdh: RF
MEMS A$A5 AFskdch. 29xe ol oF 750m=z  dojA
A= oF 110m= w9 23 5.4GHzolA A9 £49¢] 1.6dB 4=
& #Holt}H[1.33].

University of WaterlooolAl+= F+ 709 shunt capacitive RF
MEMS ~9A5 A4 ddste] dudAs T7hetal 2 A5 2%
545 7= RF MEMS 291A& Ajbeiitt 18]l RF MEMS
2912 o AeEE oF 65m ZHol® AZste] AAE A 7w
RF MEMS A$1A129 74 AR ass daAzv 7222 39
A FHelmE Wt AM T Aol 85VE A™ RF MEMS
A9 2E AE dds7] wiwel WA o] oF 1.2wmfE Y& RF
MEMS 9] A]ef] njsto] & solth[1.34].

[HP, Fraunhofer IZM3} NNFC (National NanoFab Center) |4+
BEOL %9 ¥4d°2% RF MEMS 2$AE AZe o]Fe 3 Zo
S Frleke] o)y @92 A7IAE Tl skelth w71A

107" mbar €8S HA&R e ojw 90GHzolA 0.5dB2
F A &4 54E BYlov 4 Aol 50VE oA ok det
WAl HAZZE olgste 2.5V MY 20MHz 29 Y
St RF MEMS 291A 758 50V &%= sl

=
capacitive o2 WeuEy tjelM gy 540

rir

> g Jo &
fole [k
ok

i

Shunt
-3 10GHz ol8F tidellA 153t 5442 7fAdo] & 3} [1.35].
o]F B3 nEA &3 WAoo gy AHO =3 Ho| MEMS
71719} CMOS 3|2 Z+zte]l Aes HZAS & ¢+ u dF Ao
doaty 22 T #dE & HY ¥ 2US 1HIHA golw
"o Aolgh uEbA o]F T w2 7 HY s A
TFdst=d Ay Mg A AAE g 4 Utk Algrt olF
4 f';rxl ‘TI 1_l|



¥ MEMS—-CMOS & ofe}t & Wb

3 7] A] (multichip package)°l ZH A AFE-¥ 11

A7 Wol o]Fojx  gom HHEete] W2 V]Eo] FHAHo
UTH1.12-1.17]. 8HAIRE o]F Fd= 913 MEMS 3 CMOS FH=
AAst= o] A oln Al A= (RDL, Re—Distribution Layer)ol
daesty AuAFel sl MEMS-CMOS 71719 A%seo] 43 =

=AY s A

Tt -
AojA olF T A

Atk 2Elar #9 (bonding) ¥ 22 F He HIske A
WAshs e W3kt 7 Fo] FAske A olM AWME M B s
29 ¢ &S Autsly paw B4 WElE Hasety 72 H Y

T3t Aea FASeE 22 FositH[1.36]. olF FF WA SZ RF
MEMS 295 HA3| = Agst= A= Motorola, Analog
Devices, OMRON®JA] o] Foj5 o m ztAM|st Y82 1.2.4A4 YFE=
stttk A5 7bA] A RF MEMS A91%2F CMOS &8 WHss &
1.3 Wl gefshalivh[1.23, 1.24].



¥ 1.1 Post—CMOS W20 2 #|Zt¥l RF MEMS A9 %] v]1

IBM (2004) [1.28]

NTT (2006) [1.29]

IM, Nanyang Tech.
Univ. (2006) [1.30]

KTH—-Royal Institute Of
Tech., Cranfield Univ.
VTT (2010) [1.31]

2912 27117
AA 32 373
A3 2 el
= 3 A7)

k) oL 1l
|Actuation Electrodes|}f A
|

Electrostatic
Contact

4dB @ 2GHz
30dB @ 2GHz
40V

Electrostatic

Contact

2.2dB @ 5GHz

49dB @ 5GHz

3.3V

0.04 mm

0.6m CMOS LSI
3bit address decoder

2

3mm

Electrostatic

Shunt capacitive
0.2/0.5dB @ 5/20GHz
7.5/25dB @ 5/20GHz
1 mnr

CMOS IC

CMOS Transistor
0.25mm

Piezoelectric
Contact

0.7dB @ 5GHz
34dB @ 5GHz
62V

0.15mm




¥ 1.2 CMOS BEOL 59 &4 ®yoe= Az¥ RF MEMS A9 Hluw

National Chung Hsing
Univ. (2005) [1.32]

Hughes Network Sys.,
GWU, UCSB
(2008) [1.33]

Univ. of Waterloo
(2010) [1.34]

IHP, Fraunhofer IZM,
NNFC (2010) [1.35]

2912 2717
AA 32 33
A5 2 el
3|2 A7)

Electrostatic

Shunt capacitive
2.2/2.5dB @ 10/40GHz
3.8/4.5dB @ 10/40GHz
17V (Pull—in)

0.35m, 2P4M CMOS

1

Thermoelectric

Shunt capacitive
1.6dB @ 5.4GHz
33dB @ 5.4GHz
25V (Pull—in)
0.4 mr

0.64m, CMOS

1

Electrostatic

Shunt capacitive
0.58/1.4dB@10/20GHz
19/40dB @ 10/20GHz
85V

1.2mn

0.35¢m, 2P4M CMOS

Silicon opening from Backside

Electrostatic

Shunt capacitive
0.1/0.5dB @ 10/90GHz

1/15dB @ 10/90GHz

S0V

0.25/m, BiICMOS

Charge pump




¥ 1.3 RF MEMS ~$1#-CMOS &3 W2 vl

G4 5T

CMOS—-BEOL =¢ °I% &%
Post—CMOS .
<A g
MEMS -3 doatk Ak Yes No No
MEMS 5 T2 7+4 2] A5t Yes Yes No
CMOS HA29l a&4 ALE Yes No No
MEI\_/[S =9 #F $Y(residual stress) No No YVes
Ao 743

Fekst 2¢] oA Yes No No
=g Yes (MEMS 7}s) Yes (A& =} 27} No
TS 3 Vs Medium Low Low
Z7F nfA~3 A Yes No No
3 T ol FF H T o)y H T o)y




1.2.2 AAY, 33 7% %49 RF MEMS 29X

RF MEMS A$1A= 33t d7] Ase o8 7|Adew A%
A= (transmission line) & ON X+ OFF 3t A%1#|o]tf. RF MEMS
299 ANE 7]17] (solid—state device) Bt} alF3bofA] 9423
EAS Hol7] wwel I FF @2 AU o] FoAgttH1.1].
q (electrostatic), A< (thermoelectric), ZA}7] (electromagnetic),
(piezoelectric) W22 RF MEMS A9 AE F%37] 93t x4
P solv Al 1 148 2ok dd WS & B2 v]sto
T% Asto] AN d &4o] WO
ok Axp] BAE s
ol o o W
Aztsh= AL ofHo Ad W
dgo] Ao -5 Hsto] At

o oX
2L

)

A (switching speed) 7}
& 2ol Hlske] AN A3t
T2 wEARE b BEAE VVE
2% Aol goletm vl HAF9t

KR
LN
%

o, 1>

¥ 1.4 RF MEMS A9#] ++& #2d o & Aoy vl

Type  T&ALNV) ISR CTY) 201748 () 7]
A High Low Low Small
(20—-80) (0) (0)
A Low High High Large
(3—5) (5—100) (0—200)
Low High High
A=} Medi
i (3-5) (20-150) (0-100) R
o1 Medium Low Low Med;
i edium
B (3-20) (0) (0)

Ay Axp7] WAl FEola dAgsk= o dAr) o]
g2 AdAA7)7ed dFS Fo] e WItE 2dE 5 e oA
Wale g BAS ol&st &Y 717 AFe] o] witel FA
WAool Folg ARV Agel b Adsitta & & glen FE
Asts w57] &l B2 A7 o] Fo X vk[1.2]. A T WA
RF MEMS £91#9] % Ass 2HF7] flsto] Akbd WHES &



1.5 ekl

NTU (National Taiwan University)olX+= ZF ¥ (residual
stress) S A = Q= Wi (buckle) o  FH-EH
ARkt tH1.8]. T2 A2 &7 Sl gt st o
s8> 34 W3t (variation) ol olEstH 3 =S Alolske
AA 947w NTUS RF MEMS 2A9x A sty
A (reproducibility) #F #2443 (uniformity) ] E¥3s] Q-¥t}.

M3 ES 7)1+ 9 (SAIT, Samsung  Advanced  Institute  of
Technology) ¥ & dstuodE T+ 7HK RE=Z F&ss= F
w3 (stiff) U (membrane) & AQFSI T o] {FASE A E B

= Asteld S okl FE RER FFEA S
(pivot) -2 A$9* ON Hi= OFF %% w A]A(seesaw)
t® s&stA @oH[1.9]. A= 7 Alole] dAetAl 2 FoE A
AR QA Fess @dsley F3 vgE 722 Qlste] A
2l (insertion loss) = o] e Ay=rtt T Fx|o|t},

UNSW (The University of New South Wales) oA -3 4 3}o]
=2 HZ(dimple) AE5S o] €319 Hl (beam) 9] AE# XA (stress) &
=olal  ZE(stiffness) = HE  AES  ol&3ste]  Aojsiqdrh
UNSWellA AlQbeE F-x+= Ao S40] glovy H343 g-3z0]m 4]
&Aool o] e A4 ARt & Holth[1.10].

Fraunhofer ENAS$®} Chemnitz University of Technologys &
¥ H] (high—aspect—ratio) 8] Fd°= ofd&e H(comb) L&
Azt w3 WEFor FHol= A 7 RF MEMS

ARFsFRATH1.11]. AREeE A9 A= AT do|HE AlE-3ho
EAS Hesty fFE Ji#ez doln £+ HIAE
Fest 24 WY Fxe olnl A3 Al wie [fAFsH
Al HAL OE A9A| e Hlgto] & Holth
RF MEMS 2~9#9 &% AYgs ¥3e A7t
MEZL TF2E AHEstAY 7S WRodA "HAS =0l
ARgeRaith S AAE FASEA TE Ade HWEd
zZrobA Al A5 (contact) o FHE WA o] ot 44
T A AdEHE A s el A= WAS A od
o wHo] AAA Hrk RF MEMS A$x9 -3 w3}
FABtHA T AskE W AER ofolt]ort F Qs

N

(T L T

b

[ & oy
o

Z

oL o [
rE ¥@ N do 4
oM Mg S o KON
o 32, 2 il
BEooft =
2
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e

1.5 s 44 % W24 RF MEMS 294 vl

MAAEFIT =4, Fraunhofer ENAS,
9] NTU (2007) [1.8] #Hustw UNSW (2010) [1.10] Chemnitz Univ. of
(2009) [1.9] Tech.(2014) [1.11]
Ground Signal Ground -
> —
O]U]X] - . -
LR =
. -
A5 54 - Au—Au Au—Au
Tx 54 - AIN Si Au Si
T5 At 20 5
\ (10.2~70) (10-12)
(Z2 Agh (13.56, AArEH (4.4)
Al &4 dB 0.21 @5GHz 0.25 @2GHz 0.45 @6GHz 0.6 @5GHz
A% #E% dB 44 @5GHz 50 @2GHz 45 @6GHz 35 @5GHz
WA
mit 0.6 x0.4 1.20x0.92 0.25x0.3 1.2x1.4
(pad #A2])
o (] =
1 28 A 2T ¢



1.2.3 A +% ¥4 9 MEMS 7]7] #+%€& CMOS DC-DC
ZAWY

DC-DC #HE]E= DC(Direct Current) A4S ¢ ##Heol DC
Ao r WMEsh= A FRolth. Fd F& W2lel MEMS 7|7&
T&3st7] St &% DC-DC HWEE I &b 4 del AAA
Aol ghrh 71 Bk AW FE WA MEMS 717 34 §o14,
A WA, st B 5o AHor tiekst MEMS  7]17]elA
TEdoEN A7F @ol olFojH stk ANt AH FE WA
MEMS 71718 F& A¢2> dvrdo=w 74 EEo|w webA F5t
DC-DC zIWE g Z& ndAgS wAste =27t Ad 5 249
MEMS 7171 %<& 98 ZQsit. $948 DC-DC HAWHE
A o2 Astgz (charge pump) WAH FAE (boost) WAO=E
S e 21.67 Zh

¥ 1.6 DC-DC ZHE 59t W up& Aoy vl

Type a8 (%) =9 (uh) R F A} 7]

Ast x> Low Low No Small
(90) (0.01-10)

g High High Y.es Large
(>90) (1-1000) (inductor)

HFAE WA 583 F¥o] Hve ARol oy 9 FF
224 QY E (inductor) & FQ=Z &9 A7|7F AXgE Fo]
wAdolty, At H X (charge pump) WA E%ﬁr =go] Agygo=r
SO MEMS 7]7] F&8°22 Atgsrldde Fashe 9F Fw
232 e g A Pgobx CMOS BH o= ’%@ﬂ} 7t stk Aol
AAdolth[1.37]. wEkd A A= wae CMOS DC-DC #AWE b
Azto]l ThsetrgE A % WA e MEMS  7171ek Aol
A gtatr olgl #sto] dH A= x 1.7 HEsiglom A
ApEFS k&3 2TH[1.38—-1.40].

DALSA Semiconductorold+= 0.8m 374 7]&S o] &3ty F
7HA w21l DC-DC AWEE A &eitt. 5o WA

12 fj«'-i 'kl 1.'
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A3t Pelliconi A3 BEXE A9 o 5V g AHLS 20V =
50VE  edkdt 29 Faes 10MHzolW Y %
& 1

1.

IMEC Dickson 3t AZE =9 Fx= 3o 0.7m 374
71e=g ol&stel DC-DC AWEE A&t dF @& F+F2&= 5V
dg AdS 32vE séhetth 29 F34= 1.875MHzo|tH[1.39].

IHP (Innovations for High Performance)+ Dickson A3} HXE
&9 FFE2E o] 0.25m ¥ VlEs ol&stel Fst A A7)
et Al 7] ®Ae DC-DC AWHE AZstdleh. 25 2070 @2
Dickson A& BZ 2 FAHW z+2 275V, 3.25V, 4.25V 918 A
2 40VE Fet BE Y Fakee 20MHzolth &9 ASke

Z2 7Zt7F 3.67V, 2.67V, 1.34VZ vt DC-DC HAHE| B3}
A 2 HolrH[1.40].

A=7bA Jigd d4d - WA e MEMS 7171 778 CMOS
DC-DC ZWHE 2l&°] 04VelA 3.67VE AY. X3 OFFA]
MEMS 71718 dst7t A #wd=ojof ==z Ajgto] tha 484
Aoz gt webA gEo] #a OFFAl MEMS 717] dgts whE
Alzrel WA = Qe Vlee 7HR A HE Jide] Qs

4ot
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T35 H2Ae MEMS 717] 7-58& CMOS DC—DC ZIHE H|a

DALSA Semiconductor IMEC HP (2013) [1.40]

Inc. (2004) [1.38] (2004) [1.39] 250K0 e 510 Units
T 7= 0.8 0.8 0.7 0.25 0.25 0.25 /m
o= Ast 5.0 5.0 5 4.25 3.25 2.75 \Y
=9 A 20.0 50.0 32 40 40 40 \%
o= 5 16 12 20 20 20 —
3 o At 3 2.8 2.25 1.79 1.84 1.86 \%
= 10 10 1.875 ~20 (%) ~20 (4% ~20 (4% MHz
9 400 400 —~ ~3670 ~2670 ~1340 m
=49 25 50 - - - — 1A
. ~ ~ ~ 75 27 12 "

(+5 L7 (+=" 27 (+9 2217

ks 30K 330K 11840K 300K (% #317], 3= 3 (m®

14



1.2.4 AA F%5 w29 RF MEMS 2¢x]8} DC-DC AHH
olF B

I Fe AE gd s w28 RF MEMS 291219k 348k

DC-DC ZHE Q] o]F T3l tist d++ A5 ¥ 1.8 A skt

Motorola, Analog Devices, OMRON©°|A o]F Z3 HPHOo=Z RF
MEMS /\—JXIQ— /\oL x%o]. .H_L HI—NJ DC-DC 74H%E1E Eﬂo]—-‘;—
AT+7F AU Motorola?l RF MEMS 282+ AA uat
30Velx 60V Ageld FEEHAeH WAL = % Aleletal oF
0.01mf Atk CMOS DC-DC HHE|= sl AL WA o® 2.66VeA
3V Aks g wrobA 30VelA 60V &8 s HASI T Analog
Devices®] RF MEMS 29| %]+&= SP4T(Single Pole Four Throw)o]™
80V oA FEHPer WAL =g Alsty st s FiE
sty oF  0.12mre]™  DMOS (Double—diffused MOS) DC-DC
AMEE At Fx A0 R 3VeA 5V M-S 8 wolx 80VE
%ottt OMRONS] RF MEMS 2~ ¢ %+ SPDT (Single Pole Double
Throw)ol™ %5 et 28V, WAL 712 Aol A9A &
el dhste]l oF 2mr ik FHAst® DC-DC AW H= st
walolm 25Ve|Al 3.5V A ¥ webx 28V FFH A
A SR TH[1.18—1.22].

Motorola2t OMRON A& %]¢ ¢ RF MEMS ~¢x]¢ Ast A
EXMo] A3 & EART 435}t Motorola RF MEMS A9 X+ —
e dFuEs olgd  flolo] EY(wire bonding) ®HAO=E
Azt on 3GHz o8t FaFgolA, éﬂ Ao A £42 0.3dB
olal, A% FElk= 50dB o]ela AR o A &4 1dB
o]3}, Al L= 25dB OI%OI%K}. A3 & A &4& 0.7dB,
A% FEEE 25dB €3t =HJAoH[1.18-1.19]. OMRON RF MEMS
29 X+= F8 TSV(Through Silicon Via)E o]&3&o] ZAgslg o
3GHz o]a} FuaprolA, Ag Ao 44 &4 0.18dB oldf, 4=
32dB o]ielar Ad o A =42 0.25dB olst, 4Al&
30dB o]ieldit. A¥ F Ay &4 0.07dB, A=
2dB Oﬂi}ﬂ‘ﬂt‘r [1.21-1.22].

AT A= E3ko] zHHH A5 A% 2 #71x w2l R
0] o
A

o o
tlo [k

r
fo
M

MroMr A
LR )

S e A Y
e/ o

s

MEMS 2= 9]#] €] 37_‘1‘-4' S A84 9F= T s ik
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o
2
(e
Eﬁ

A S olF Fe Afste WHlde 1A 2d
TSVE o] &% Ag o] Qv golo 92 =, ¢
=4 gfoloZ =9 = AlolE Adste WA
ulE s A AAE = Qe Aol AAleld o
Hlske] wjl A ZHolzt AojA AgE o] A7 wlE
AgrslA] oth, TSVE o]&3 A 4
718 #HEstel Hd AR s s AlolE
Aol FFo o] 7heotn] XZHE =
Aol ARolut ol FEelMd HYFE #FE ¥

FHow WE glo] A F4, fdoly FE vH] 9@
(
P

ol
o

=2
Buorf = ofl rlo

K
Il
TN
I
vool 4 L %0 o o1 rfromd

o

off
T T
ot M rf Rl

Hlgo] AT ZYx E2ge FAY WIE(solder bump) S ©]L5h
el s Ate]E Afats WAow WAL TSVEU A3 9ol
2dnc zZow H=g A= Ato] wjd e Ay TSV vtk
Aol Aotk [1.41-43]. webd AmMAdSy 293 9= olgd
o] E3e RF MEMS A¢Xx9 CMOS DC-DC #AWE?Q o]x
Sl AR Fow oAdH

16 ) iﬂ ‘“._, 1_'.]| 1



X 18 AA =z olF T AHd % W29 RF MEMS A9 v]w

Motorola (2003) [1.18, 1.19]

Analog Devices(2011) [1.20]

OMRON (2013) [1.21, 1.22]

o u] ]

RF =9

4

A<
Al &4

z

Ao s

1,2,4,6 (o]m] A= 4)
< 1dB @ < 3GHz
(<0.3dB &3 )

> 25dB @ < 3GHz
(>50dB &3 #)
30-60V

<0.4dB @ < 6GHz

> 25dB @ < 6GHz

80V

< 0.25dB @ < 3GHz
(<0.18dB &% #)
> 30dB @ < 3GHz
(>32dB &% #)
28V

9= A7 (171) ~0.01mf (pad A&]) ~0.12mr (pad A<2]) ~2mr (F7]1A])
e ¥4 CMOS DMOS (Double —diffused MOS) — (IC, Silicon)
AW Y B4l dst H>= st HZ st HZ

AWy 48 A 2.66—-3V 3-5V 2.5-3.5V

AME =9 A 30-60V 80V 28V

= 3 A7) ~8mr (3|, pad *23}) ~1.5mr (3, pad %) ~2mr (371 A])
3 A glojo] #o glojo] o TSV

17 "’H =



Al 3 A =% 71

MEMS+ Z7]e A3z F5& wWAw HZo= CMOS9
el MEMS ¥dxHt g wAgEHAdT MEMSE  dolA
NEMS (Nanoelectromechanical Systems)”} 9+, 71 Hi Q&=
darolth, wEkA A3t 9 o] MEMSS Al g ojo] ofyetal &
T e MEMSO Bu& AAY7L7] f8iA+= CMOSY NEMSXE.th
2 shE 955 5448 FdsoF st

RE MEMS X292 1253 tfeloa CMOS9 #2 LA H
717180 feby] Wil @S FEe wolbgith. 123l NEMS Vs =
43 RF NEMS 2925 Fdsthd A5t 7H70] Ztopa] 423+

FHE SAS 238 F gV el B2 F5& woigith
PR FogoEx =2 aH dAEHE Fol7] fste]l AHH
Ax7) 7ol digt o7 F7hetal Sl ASelA diF-iEe RF MEMS
294 FE AG2 A 4 =2ECd mEr e Adolth
A7t o]&2H o7 Ad %5 W29 RF MEMS A9A&= 4nH] g9
Foll 7MEAT A9XE FEE] s AskS HAs] 9 329
¥ AdEE mEsop st dARkHo® Fotdlof sk Hstol E4F
Ats ot I EoAY &v HEe AXA @k wEbA RF
MEMS 291219 5 A% 7Fsd wofof RF MEMS XA9AE
Agataat st AAAE AAL ¥ d8S =9 5 Stk RF MEMS
AHAE FEeh7] 913 DC-DC AWEH«= g&Eo] #u wE T
WAas & Hart 9l

A=7kA RE MEMS £91% 7= RF MEMS 29]x]9] %
I 548 fAsted JASeon 7 AYgS WEHEtE Fuld
AAR7171e g8l el w2 Ageldnt. AHEAF el A RE MEMS
29AZ DAGEH 71715 tiAEte] s s ol &8kl flsiAE
aAGE 7171 5 Ak AE® E Aol utotof itk whebx RF
MEMS ~$1% ¢ 758 HA3ste DC-DC AHEE AT £F4S
ARG AR Al AT sttbd AREAF QoA = B AP O ® RF MEMS
29 AE FEEHe Ak Slth

A % 2 RF MEMS 71719 239 DC-DC AHEZE
Agets WA o7 glojo] Egzl TSVE o] g3 wWo] A Eich

A
glolof BH 2 AFIM EAS AT 2doE AET F 3laL

> F
fol

{1

¢

AL ro ofy

¢

‘

o

o
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TSV 335 540 $5stm WHo] o} ggo] etk TUF
2 wAe 3ol gelatdd nFER SHE $5eht obd7A
##HE RF MEMS ~91%¢ DC-DC AWEE Adst= A5 A9t

AFAA Y AT ARG Fgew Az WA AAY FEee
54
EL

-3 L Fu) °] RF MEMS 2A9]x9 RF MEMS A=
SHgAH o7 ON OFF g 4 %l+= DC-DC #WE 18l RF
MEMS 29]%]¢} DC-DC AWE L] 45 WHits HAsbstHA + H&
AT F Sl 7=l digt A57F sk

B =iddAs 6GHz e Fdi& A= sAl77]e A8 7t
Ad 5 W2 RF MEMS 290%9 Ads WsE FHAststdA
A ASE ol g3te] A % WA RF MEMS 29A 58 59
DC-DC AWH e} o]F ATst= AS HxE St
AR Qe A d@e® RF MEMS A$XE5 152
= %% DC-DC #AME 9 RF MEMS A9AE Agtste] Foj&
SA 71719 AlY A RE MEMS A91% F%5 S Apol
ztolg BAGT EHF 29 WAE ol&e olF T WHow

(R T I

=

A}
o)
H

M 2$1x ¢t DC-DC #WE A3 F RF MEMS A9 9]
= dSsta JfdsT. aEa st 155 549 A
£ Xﬂ?}}‘ﬂr ol {ste] v Awjds 71we TR 7=
a EMJJr 52 R 7S AASa ol wWE RF MEMS

—

T AT 54 dstd ATty BAwh 19
% %8 Axdsn AL Bhvlﬁ&ﬂ%%~§%ﬁ?ﬂ
A

AIEH%<%%2:%H%

3

=]

of Auidsat ZH Al 2% RF MEMS
= B

21x18} CMOS DC-DC #HE

Aol Az B TE et
-
=4 dzat. 19 11& A%

,-;';-.! _Clll . 1_l|



Z 3= RF MEMS A% ¢ CMOS DC-DC #AHEE =33
Tolt},

f
o>

/ CMOS DC-DC Converter / RF MEMS Switch

Ho=Ro AujAdEFS o] &3 RF MEMS ~9% 9 CMOS DC-DC
AWE e olF FFel #HF A4E vEH AL HE ol&% RF
MEMS 2A91x¢F AWE 2 o]F Fael g Rdda Ajadold ¥
Azret A¥ag oEn 283 Fdst RAgy AJEGoldS £
ATl A A e 90X 9 A E e diste] AAle AiE tHETh

27%olM= RF MEMS A91x¢ CMOS DC-DC #AWE Al

R
A4 A dZe] 71 AT dF AR WA mE S $EE
54 ®g, ad %5 24 Wl mE Ay &4 Wsh
dIHA (impedance) viF o] wE WRAF &4 WS E AlEOlAE
3t oSt o yolzl MEMS vlAl 3A4S o83 27+S F3t
o=

T3 54 M HE At AlEEolHeR AS
3FME B Ao AlzE we 4F ek & z
2% RF MEMS ~$% ¢ CMOS DC-DC #AWMEHE 28t F
el o]F F3el dig gy AlEHeld d3E o =
Agtet A S-S AASk AQket RF MEMS A $1x ey 4
5]

= <)
1% B F LT 54
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F2ol= 7]y GCPW (grounded coplanar

5o

3} FR4 7]¥3} CPW (coplanar
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=

waveguide) A% A=Z 23O A ujA
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A 2 FolF TFE A

A1 A 78 dAs A= AR

o

3

Azl E

=z = =
T, AF

of
o
~
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lo_.ﬂﬂAuT_
& @ o
Aw,mmé
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e
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ZFog Wo] o]lfy

A A

7ol

(Duroid 5880) % MEMS

L

ol

CPW 191

o7 AEHE

)
&

E]_]_.

A2 (microstrip line) 9 A3 FEA GCPW

AF Hzel e o

sheie.

A%

=
=

CPW$} mlo]la 2 A~EH

ANSYS HFSS =273 (ANSYS

P e)
—]—O_‘—’l:_

K&
USA)

Canonsburg, PA, =

Inc.,

Pt

J|

2.1 A

HFSS A& o]

Eis

_?4

a9 2.1 AwjA
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%21 AMAS AEeol Aol g B4 B 44

Value
Transmission line
G, Signal Gap (ym) 1000
S, Signal Width (um) 50
T, Metal Thickness () 35
Substrate Area (mrf) 3x2

Sweep Parameters

H, Substrate Height (¢m)

Dielectric Constant
(Duroid 5880)
(FR4)
(Silicon)

Conductivity (S/m)
(Silver, Ag)
(Copper, Cu)
(Gold, Au)
(Nickel, Ni)

W, Signal to Ground Gap (¢m)

250, 500, 750, 1000, 1600

61x10°
58x10°
41x10°
15x10°
4-37, (step: 3)

RPN R

e FAs AYE,

250mF-E  1600m7tx]  H3}sl )
s or =i

=] 2

TEolES  FAE Iy sh
A AR 252 FEE
=

£

g
e Aol Fapel 6GHzolAM S Als #g
EXNS g3 229 g AP HAE MR ANFTHE
50imoel ™ AT HA] Abo] 9
FR4 7] ZA$ 26m, A2 7|#2] A$ 60m=z s 505
shlth. Aol Fol = W ymd 508 AIHA

< wRol= 7S 49 19um,

1S 9ste] Al AT AR Afolo] 7+AS 7ol T wWsle] ulef

WA FFo]of s17] wjiFEe] Ag A 2 50m= A3

== |
[



Il GCPW, Duroid(gap: 19um)
771 CPW, Duroid(gap: 19um) |

I GCPW, FR4(gap: 26um)
[ CPW, FR4(gap: 26um)
I GCPW, Silicon(gap: 60um)
HHH CPW, Silicon(gap: 60um)

-80

-90

=100

-110

Isolation (@SGHZ) (dB)

=120
CPW, Silicon(gap: 60um)
GCPW, Silicon(gap: 60um)
CPW, FR4(gap: 26um)
GCPW, FR4(gap: 26um)
CPW, Duroid(gap: 19um)
GCPW, Duroid(gap: 19um)

0

sAst 7|9 TRl diste] 71we] FAF SkETS, GCPWE A%
Bk CPWY A3 BEYxErRg  $5sig 71w FA7L
FAYASE GCPWE A5 w#E=e CPWe Ad FEhe
TARIA = 54E Bl 7198 FA7E gks A9 GCPW e

Fro] o] AAN 7] FAVE FANATE wHe] Jges

£ CPW]

aEe s
Qo] EolEolA 1600m A= GCPWE 2% ¢
AT =gt fAE 1" 2.3 AjASe] ey

RLC H% AA(lumped element) E2% ZA3}o]t},

RF1 (S) L R L R RF2 (S)
—r AN '
Z, c Ciso C J‘ Z,
13
w2

a9 2.3 AujXZFe EeE d%5 AZ9 RLC HE 2AF
RLC H% 24 Ed2 ABCD 34 (matrix) & %dg 4 on

g REE  Av21].

ABCD ¥ A3 #¢k=



A BY_ (1 0\(1 2R+ jw2L +
(C D)_<i(1)C 1)<0 N ]wC150> wC 1) (2.1)

ABCD &g 1<<|]a)C(2R+]a)2L+ = )| s 12R +jwaLl «
1SO

A oI 2 AR mdEF oAtk (R11071Q,

| 1
JjwCiso
L:1071%H, C;5p: 107°F, C: 10" F, w: < 101°rad/sec) )

(4 By=_1 (j‘”c .1) (2.2)

c D joCiso \—w?C? jwC
A% B 55 ABCD dd=2 Yehd o33} 2},

521 = ; (2.3)

B
A+ +CZo+D

RLC A% 249 #2418 nese] 4% Peve b 5402

Hele & et
S21 = 2jwZyCiso (2.4)

R AS Az A%, L2 A% AR JIYgelAs, = AF A=)
HAL AFole] AMAIRL, Com wel® AF AR Apo]o] AsfA A,
Ze  EE REES dydzont ZEld AFE AR Aol
ARANLEA7E Fars NS 2eE 5S40 ¢
AE A= Afel9  fringing ﬂﬂ]*l‘ii—% Ed T AR
71 FAZE gheE, V18 %7 A5, GCPWe| -7t
CPWel Z-¢-Ht} 2,

el AFE ARAM FH Az AV
Sdete] RitE EelE AS Ao AEE = fringing AW A A
gelsty] fl&ll 7 FA, 71E A, A AR WA
7199 @714 WMskE HFSS Z2I9e o] gste] 3
AEYeIA A¥s 29 2.4, 29 2.5, 2% 267 Zon 73§
Az el nFak Az7E A7FE™E 7)o EAsks AV1Ee YER
b a9l #52 Sl Z(top view) H7Igelw 4 e 4
713 A @ (cross section) oA ¥ 7] o]tk

>,
fols
N
—_
)

;I‘ o4
2 ML
= ?E o r?f?

dy 2 e
o I o -

95 ___:rx | _'k.:: - -|--li



E Field[Y_per_m

5.0000e+001
4. 6429e+001
4.2859e+001

3.9288e+001
3.5717e+001
3.2146e+001
2.8576e+001
2.5005e+001
2.143%e+001
1.7864%e+001
1.4293e+001
1.0722e+001
7.1514%e+000
3.5807¢+000
1.0000e-002

(a) (b)
9 2.4 254um FAL FEROE |3 Aujdzel A7|F A EHolA
A7 (a) GCPW (b) CPW

E Field[VY_per_nm

5.0000e+001
4. 6429e+001
4.2859¢+001

3.9288e+001
3.5717e+001
3.2146e+001
2.8576e+001
2.5005e+001
2.1434%e+001
1.7864e+001
1.4293e+001
1.0722e+001
7.1514e+000
3.5807¢+000
1.0000e-002

(a) (b)
a9 2.5 1600m FA9 FRoE 71 AuiAdZ A7 AlEH oA
A7 (a) GCPW (b) CPW

E Field[V_per_m

5.0000e+001

4. 6429e+001

4.2859¢+001
3.9288e+001
3.5717e+001
3.2146e+001
2.8576e+001
2.5005¢+001
2.1434€+001
1.7864€+001
1.4293e+001
1.8722e+001
7.1514e+000
3.5807¢+000
1.0000e-002

(a) (b)
19 2.6 1600mm 572 FR4 715 AujxdZze A7)4d A EgolHd A
(a) GCPW (b) CPW
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254m FAL gk wEolE 7o GCPW AE HZEeA =
A7 go] 5 Hed Al Ady= S I9 24(a)olH g
T AE Hidbe] CPW % XMZoME= 3t d7Fe] #5 Faw
A

1540 dgdEE RS 23 240 A &g 4 vk 1600mm
FAY FAL FEROE ZlHHE 19 2.5(@ 9 GCPW AH A=
7192 19 250m) Y CPW A5 A= 7|49 49 25 73s 53
wEE Wy A7 dEEs Aot v AS 1713
A7z &g = 9tk 1600m F79 F7AL FR4 7@l 19
259 Y FA9 wEolt V¢ AR v st AV AVE
wolw] 7l#e] © & Zol7kx AE7h AYHE AL 1% 2.69
AlEd ol AuelA Rl 4 itk AlEdold HAAE FHsHA
A ASE o] &3 olF FF Al GCPW AF A= FHFF7H

In of

I
e AMAFOR AgITE S48

=
YR 54 BY RS A9 £ Ak

Aupdse dE AR F5 4o uwEhA dAEFH= AlE 9
2o |37t S Aol #4590 7] ATV 2545 A o] 2]
o] ARGl &AS 7as Aoz gAFET) A= Addw AS
AR+ 29 277 #o] RLC HF ax2 2dy s 4 itk

2dT 4 AH[2.1](R:1071Q, L:1071°H, €:107*F, w: < 10'°rad/sec).

(2 +Z%)+ jwZ, (zc +ZL7>

27 M 2-th ¢



o A AR A, LS HAE AR JQYHA = AE AR
A Atol o] AFAE A 2= Y59 LES dudro AE A=z
A, Y™ A, AFAEATE 45 Y 4ol AX= A& & &
Aot aFI oA AEF AR AHFS skin depths sty vt
2o Faog xS ¢ Qlr[2.2].

L
R=Rpc+Rac =7+ (2.6)
Rpcg A HF(DC, Direct Current) A8, RS wH(AC,

Alternating Current) A%, 6§ & skin depth, 0+ 559 AEE, LS
CPW A A=z o], st AH AR & = AH AR FAo|t},
173 AseE 259 2WHS FYste SAo] doer 1 ZolE

PN

-

skin depthe} 39 t}e F2ow ZHFT

8= |— (2.7)
owi

8+ skin depth, o+ FY AE%E, oo 4535, uo
TRt AE AR AR A o5 dEL ¥h|#Esta &
A =5 AEEY Alwdel ¥bE sEE 59 AELET
S/HETS dE AdES ATE st A4S EHo] AT AdE
ofde o+ Ut

a9 2.8 3 O9e Ho T3 6GHzolA A4S &4 SAS
HFSS =Z2I3& o] &3} AlEdold  Hdst Axjolry,

AlEEoldel= A 2% A
GCPW A% FASFT Fe FROIE JHS
AREE 2, 78, =, A ¢o=2 A9
FR= 3 2.1 FE skt

1dellA 8 As Fes SA4E Wl
ol gttt 7]

AlE e el A ApA| 2

¢

g o
aa
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R X L
— = jwZy|2C——
Zo J 0( Zoz>

511 = (2.8)

(2 +Z%)+ jwZ, (zc +ZL7>

Mz QEEx, Ck A% Az
EE gl 85t

=
2
Ze] d¥Exvh ey EES
a

RS AF AR A%, L2 A
HA Abel el AMAI-R L, Zpm 4
0ol H+= xHoA =, AF

A e~ A A WAL

Aol Zold S o 4 qlvH[2.1].

HFSS AlE@old Z2adior Audse duuiag Az &, S,
+ b0m=E A ASAHAH HAL Akl A, W, & 4mellA
3774l 3pm HA 0% WSt Al7|WA I dA Hsle]] mE AR &4
545 sttt AlEHeld ERE] A A= 1 2.13 Zow
e B GCPW AF

Azel fR45 4

2=3
Al 27 A 1A e AE s
KeR =

= = —
HAE 7Y FEe A%

0 T T T T T
0 S TS RN S S ———
g -

-l:l‘ H . I | H H
I 204 e . S — SR — S e .
[T) = . 1 e Y
[1=] :
® : ]
- ; : » : : ;
(7] H H : H H
@ 30 e prreemseaeenee promnrreeeeene . ------------------ P -
2 H H | H H
c *
™
) : : 1 : :
Q A0 Ao oo s S & oo e T -
1’4 : : : : :
-50 . ; . , ; , . ; . , ;
20 30 40 50 60 70 80
Impedance (Ohm)

% 2.9 YIda Wstel e WAl &4 54

st Elel EEe QMEATL 508 Aol AuaFe
: 3

SRz wFo] o] ojdok Wb &4 EAo]

]
™ = =1
g S e 29 20 ARedeld AE B AT £ Ao
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t[2.4-2.7].
PTFE (Polytetrafluoroethylene) ©]

]

o

s

e
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X 2.2 AgE 7| AgE absw, EAdA gz ApjdF

Algdoldel AR =4 B A

Value
Transmission line

G, Signal Gap (ym) 1000
S, Signal Width (um) 50
T, Metal Thickness () 35
Substrate Area (mrf) 3x2
H, Substrate Height (um) 500
Dielectric Constant 11.9
Conductivity (S/m) 58x10°
Permittivity, & (F/m) 8.85x10712
Permeability, # (H/m) 1.26x107°

Sweep Parameters
W, Signal to Ground Gap (¢m) 65, 60, 48.2, 41.04
T_SiOs, SiOy Thickness (xm) 0,1
S_T, Silicon Trench (¢m) 0, 10, 20

As A2 54 d9 ™A (characteristic impedance) & 50522
FABH7] §lste] A& Abstet S o] ERIA] G4 o] bare
ARl 71 FxelM AmAdda HAM Aol HAE 65mE ST
deZ arstet Im S ol E™MA o] O, 10mm, 20mm Zh7tel
tfato] Az ol A Ato]l 1+AE 60, 48.2um, 41.04m= B35k Th

A2 71 Slel AEE AbEees Im FAR sk 540
M= 23 A Atsteto]l S2kg Adelr HedE EJA FxE
GAstol ERA] Fxel osto] 54 MAdH= e @kt

AlEdeld Ay & 2.3 Feed

3 o _17
32 M Z-THT



PO, .- 2 2 T

024 b REtUM 0SS |

E] Bare Insertion

SiO2_Insertion|
e Bare_Return
©  SiO2_Return
©
o

-0.3 1

Insertion Loss (dB)

-0.4

Bare_lsolation
SiO2_Isolation

Isolation & Return Loss (dB)

(a)

e N T T T T 1 T 1 [°
: ; ; i : : L .10
]nsert/on Loss , : ; ; ; ; -20 &
i M S S S A e % D 30 T
@ : H : : i i : ‘.40 3
= 0.2 des RN SO S A S b /.‘.?.ez‘.c_/,_rn,;é_o_ss,_?'so S
(2] : H ; H : ; : : : L .60 c
8 B -
= P ; s ; ; ; ; ; [
= 7 NN, N S U - e
= ! J : : —-90 o3
e
Q [I]TrenchZO SiO2_Insertion _.100 —
g d SiO2_Insertion Q
= 0.4 G- e ST e Trench20_SiO2_Return _'110 =
» i i z 5 o Si02_Return [ 120 =2
o § § i i ® Trench20_Si02_Isolationf I .o o
o__Si02 lsolation =
DS e 2140

0 1 2 3 4 5 6 T 8 9 10

Frequency (GHz)

(b)
a9 211 AE swe A Absle, Edlx 7o HFSS
Agdold A% (a) A Aste FF AT vlm (b) A st
Im 52 2o 20m EAX] F4 A5 v

K
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¥ 2.3 Ay 71#e A Aksty, EdA SLx29 CPW A%
A2 HFSS$ RLC Hs AxF EHel ADS AlE#HolHd Ay} @
6GHz

ADS (RLC lumped

HESS
SiO, [Trench| Gap element model)
(pm) (pm) (pm) Return |Insertion Isolation Return | Insertion Isolation
loss loss (dB) loss loss (dB)
(dB) (dB) (dB) (dB)

0 65 |37.69| 0.04 | 82.81|37.67| 0.04 | 82.82
0 60 |39.63| 0.04 | 84.05|39.73 | 0.04 | 84.07
10 | 48.2 | 40.05| 0.04 | 87.21 | 40.08 | 0.04 | 87.19
20 141.04]41.13| 0.04 | 89.24|41.13| 0.04 | 89.20

;_A;_A;_Ao

4

Al Abstere] §Adee Ao S oF 1/3012=
Al 7] fol Ay Abstes SERSro M dE AR fst
7138 Jgko] At A Absiute] fste] HiAY EAL E R
e Ho) F3954 6GHzolA 37.67dBellA] 39.73dBE ¢F 2.06dB
MAET As B Ee 82.82dBoA 84.07dBE ¢F 1.25dB 7HAlE+=
AE FJdsidit. A &4 542 AgE Asie & A%
A T

71| ERMXE GAshA AL AR FH JHo] HAE AR
Hol XA HH o] 7|#O 79 fringing AWAEH AES FidEe=
a7t Aok 20m Zo]l EdXA ] oste] Hi tdel Ho Fuk
6GHzolA WEAF &4 39.73dBellA 41.13dB= ¢F 1.4dB 7§41 =1
AT BygrE 84.07dBolA 89.20dBE ¢k 5.13dB /WAHEE RS
&2l 5FS T} @“ﬂ =2 BEALS EdA P A FASES T

Fddo= ADS 2z 13 (Keysight Technologies Inc. Santa
Rosa, CA USA)S o] &3tk A9A9 A4y &4, dA} &4 A%
Rax EAY RLC AF & mdgo Ag] &4,

rﬂé filo

rir

AbEA AR
e SAol  dAY wWrkA AT LA #$E HEHoR
Zrobith[2.8—2.10]. 1% 2,128 AdHo] &A% A9 ON A
RLC AT 2z 2d¥ Ayolr 1 249 AT 22 42 FAE
el ettt

7 . =
34 M =T



RF1 (S) Lon Ron RF2 (S)
1 ‘ 1
I CON I CON

a9 2,12 AZAde] A% 4, ON e A 7] A2
Astel Edlx Tz AuAd= RLC A= A4 29

E 2.4 AYE 7|#o AgE Abgur Edx 4o CPW AE
AZ9 RLC T &x Bdo] &G Alg Aol 2735 -9 ON A

Si0, Trench Gap Lon Con
Ron (mQ)

(¢m) (¢m) (¢m) (pH) (fF)
0 0 65 418.31 67.82 20.19
1 0 60 418.31 66.34 18.31
1 10 48.2 418.31 65.47 17.90
1 20 41.04 418.31 64.10 16.95

k2 &
V7t Ron® Loyl ® ZEsG o Als a7 HAAH Ato]e] AAIEA
T

Cono.Z Xdsdt. 2 (2.7 93ty 238 2.109
o] A9 skin depth® 38t 6GHzolA <k 0.85me]tt. CPW
2oM A= ASAHH} HA Apo] gFom Fitetr] wiE
A F el sldsti= %3 skin depth Zlo]e 3s]d3sk=
Az7F Atk A (2.6)° o8k 1™ 2.129 Rove
td 6GHzolA oF 598mQelth. RLC {5 &x By A3

>,

2l 2 foi ofr mm oMr Y

lo oz 2
all

it

0

doox X E o> o2
(¢}

Ao AT ok 418mQo®  FAow A A

kA gk 2h2 F=3] o)t
FAoRE A MY gro] RdE A FgpEo & olfe T4
HAArel Al 118 $F skin depths ¢F 63.6%%Y AF WEo] It
AETS 1337 witolth. AA HAF+ skin depth®oh F7%
FAANAE AF7E &5 ZAolEE AHA AFIF sEes WA
Akl WA I meba A A AAF gEg 9 #E
ZE & & Stk HFSS AlE#HoA A3z RLC HF: &AE
35 ] &)



98 (fitting) 821 HFSS AJ&elo]de] Edlole= AA 3¢ 37}

€]
wEel glome A5rh A% ARE Fao] AgHE A4 wAo)
wred e},

BT AAA Areld A AE ] Luass,

A7} Aojd5% Folrh olel whA AFAMH HAA Ao
By ANAE AR Cee 27 AXNA B 4F 24 20 Cond
A GAA Afolel Wk AAAE A (Con) B¥ oF2} fringing

A
B (Crringing) = E3FAL Q7] wWlEel Cone Hadt 4 o2 yErd
T om AAG FA = 259 2o

Con = Cear + Cfringing (2.9

¥ 2.5 ON AHolA Az 7|39 Agl# Akstur, Eflx] #3209
CPW A& A= X2 AFAEA

SiO; Trench Gap Ccal Con Chringing
(1m) (1m) (fm) (fF) (fF) (fF)
0 0 65 9.5 20.2 10.7
1 0 60 10.3 18.3 8.0
1 10 48.2 12.9 17.9 5.0
1 20 41.04 15.1 17.0 1.9

2ds AR Con et BH AMAREA F2 AN A (Cea) &
2ol 71 AFMAIEH Q] fringing AWNAE (Crringing) 3 0] T
Fringing AIAIE A& 7]l st gayrt 5 o]Fa glojA
Al Atstirs SEFE, EdXA Zolrt oA ViR mdvt
=ol57] "ol ZeokA= As g1 4 Ut

CPW A& AH=e] RF A&7} I7FHSE wel A& 719
A717e tfst HFSS AlE#old d3+= 19 2.133 2t

73 : | TP
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E Field[V_per_m

(a)

E Field[V_per_n
1. 3000¢+005
1.2071e+005
1.1143e+005
1.0214¢+005

P 1 9.2857¢+004

| 8.3572¢+004

7.4286e+004
6.5001¢+004
5.5715e+004
4. 6429¢+004
3. 71444004
2.7858e+004

(b)

E Field[v_per_n

1.3000e+005
1.2071e+00S
1.1143e+005
1.0214e+00S

. 9.2857e+00Y4
8.3572e+004
7.4286e+004

6.5001¢+004
5.5715e+004
4. 6429e+004
3. 7144e+004

2.7858e+004
1.8572e+004
9.2866¢+003
1.0000¢+000

(c)
¥ 2.13 CPW #AFH AR 3z Aa7F JQ7FEHAS w
Ag) & 7)de] "7)el thdk HFSS Al E#eolAd A3 (a) CPW (b) 1m
Ag & aksterst CPW 28 (o) 1w AEE A3 st 20m AEE
EdX 9 CPW %%
o 12 A 2o 8

.l‘\-\:_.,i;"-) BRI MATIC AL INVERSITY



AgZ 7o AglE Akt 1met CPW A% A=z FxghoA
Al g A AurRd AsA s HAA ZA g9
shol Al oF 20 ol ZoloA 1.3X10°V/m o] A7|Z Zet
A7)l dAEE ZS 1% 2.13()lA gl £ gtk dr7)Ee
AZ17v Agdes 713s Sdete AE9 A7 ava & o
Lym T2 Abslee gAshd AlsAd shol A7 A7l 1 Zdolrt
oF 25m= ¥ oA HAA BAE 5 HA7F A=
1.2X10°V/m ©JstZ oFsjA|= AS 78 2.13(b) oA & 5= gl
Lm T Al Abstetat 20m zold] AEFE EWdA FRoAE=
Az s A7 A71E oF 30mE 1 Zol7t o ZdojA i A4
A9 sk A7 A7IE 6.5x10°V/m olEtR oA A
a9 213X FAEd = Uk A Aty Edx] xR
oA 7|} HAE AR JtolR FYshe A EolEa 7|He o
A HOE ASTF AgEE AS AlEHoldo®E gl 7w

o7t AAAFF A e AR 7|HE SHetE e & AT
A AUl HolA 713k Fsto] dskA] ok AETF AgEE oo
Aath EAR Fxed 9ete] WE AR A FEA 7w
1 F3relld 71788 A71I7F keiAlal AF AZE Aves 259

1._‘

14= Az Mol 1mm Aoz EE® AL OFF AHH 9
RLC A= 2% 2d® Azlolw I 2.6 HAE= 22
2] 53t

RF1 (S) Lorr  Rorr Lorr Rorr RF2 (S)
—n AN

c 1
I Corr ISOLATION Corr I

9 2.14 Asdo] 1m FAC R ¥ BF, OFF e He&
718 A Abster, EJIA] 20 AQads RLC J5 &4 29

1o

Azdel 1m HAe® F¥d Afoes Hgd XY AsA
kel AN A QRS Cisoation2E F@A 0T A5 de] A3
A GRS Ropr®t Lops® E@AT 28l A7 HAA
Abol o]l ASPAFIAE Copre E ST

38 M =T



¥ 2.6 AgE 7|#e] A& A3y, Edx 429 CPW A%
A= RLC Az ax R ARk A&do]l 1m Aoz el
7%, OFF A

Si0z [Trench| Gap Rorr Lorr Corr | CrsoLaTiON Ciso_cal
(fm) | (um) (m) | (mQ) | (pH) | (F) (aF) (aF)
0 0 65 [104.58| 16.96 | 10.10 19.19 19.45
1 0 60 [104.58| 16.59 | 9.16 16.60 19.44
1 10 48.2 |104.58| 16.37 | 8.95 11.50 19.09
1 20 | 41.04 |104.58| 16.03 | 8.48 9.20 18.74
A% ARl Im (o AsHo]l B8 A tate] 4%
Az Abelel AFAAHE, Csorations 718= E33k= fringingo] ¢

Aol FEld F Az AWAE A AAEL Cisoca®lehal b
G #H0% T8 ok

26t | MEeEreffd
Ciso_cat = Cpiate + Cfringing =& + ——A (2.10)
2 1H<T>
)

Colate= B E AT Ato] o] AFPAE A Cringing w2l ¥ Al
Abol 9 fringing AMAEL, e A, erors FE F
skin depth, d& 5% Atolo] 1+ t&= 53 79 4

S HkEdth CPW A% ARolA Ase 253 W7

I HAA Aol skin depthE 1# 3 WA oA AP =R
Coie AMAREAE AAkebd ok 0.53aFo|th. RLC HF
Aol A Cisoration® ARt ARl Cppee @l 2ol 3719
yeto]  AEE=  fringing  ZISAIR A otk EEld
HFis B3 Adre] dntow 7pgstd G589
Aol sfidshs Aol A¥He WAFoRE JPYET[2.11].
Aol skin depth®] F el afgatm dstzkyl q 2
Ho 2 asto] fringing AMAEAE 7 Fd AfA A9
ToE SAE £ Qv #EE 7 O ASA AlY f&
steh, EJR], AeF 7| FA9] BlES whdsto
2 AArE ST

QU

(2l

o
fHo
1% o2
ol ol

of

A
o

()
o

&

=
R

2
g

do 2 B N S fob AL g fob
o
1o
i

Oodo = N w41 o> N OB o o> N

Hoox
N
flo
-
1
o
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_ tsub*+(tsub—tTrench)EsittsiozEsioz (2 1 1)
Ereff = 2tsup+tsi :
SubTtSi02

tsw AEZ 7R FA, treat EJA ZO] tgem HEF
Abstar A, e AR FAET, esiooe AEE AbsE
Aot Bare AgEoll A& fringing AMNAEIZ} AA &gt
BFolm Tlds FHsh= AEol T8 ARoER FHEY. AdE
WS Z3a =4 2ol AelWel wer slwe] GFol 4 O
A3 A HolAM  fringing ARMAIEZE s AgE ARSI
&% EdA 20m P A9 Cisorationd  #> 9.20aFo|w
bare® Cisoration #b 19.19aFo]2=® AWE olgtz: Foltbs A&
stol sttt

Ael Awel del® Askes EuAE FATo A 5
Nl 7hsstth= 2l HFSS AlEd#elde Fste] Flsia 24
Az s oz Rdds Fote] dde wAstel Hth HESS
NEdold Az TrEO AGE W @] £ Aol
AT 24 BRdE d3drg Adegagiv. #4 ANy Hs A
28 & HFSS Algdold Ae] vlete] Hgr= "ojd + 3l

SEMEIERCT:

10

l

Hm
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Al 3 % RF MEMS 29X} CMOS DC-DC
HE NER o]F T 54 AEHCIA

A1
H

4 we 75 AY U ¥ AS ReE 549 3
A

RF MEMS A9 x]*

3.1.1 RF MEMS £9X] 7%

A|grsk RE MEMS ~A$x¢] #2529 ddxs= 78 313 2t
AT RE MEMS ~94% 99 2 wA w5 O ol
e s el og ol aEla A W el
rEoR ?“*ﬂﬂ% MEMS 73] 7hs st At °1*ofr7}
e =
=5

2 Journal of Mzcromechamcs and Microengineering|1.2]9l
Folu] ¥ =Fo A A =2e] A 144 9.
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19 3.2% Akd RF MEMS ~$1%9 wwz Sz
HolFETh Ak olxk 5 RF MEMS A4 F32E %
FaAZY TE el 5o A WA e A5 wee A
Atolel AL g, AFH ASAH Abel9 AL G, #4
FAE tg oM 2" 3.2@° JEiY. e HE=E §s
Asgrol ZhellA™, 2o A WA Fsel o7k olFFrb AF
A3 ekt JA A= Abeld A o8 o ofy WFow
wAQIT ol &R A WA A gE A5 o A A=
Abol ] ko] W9 F wlA gk s A3 e A A= A
ARG Z7] fZolrh. 5o A WA FEs vhRl o] Fof W F
A FE ol ek - A DS Abole] kAL o e F WA
TE AFI e AA AT Abo]l A AR AT o i
A e A= s A A= ARl M AE gy el BRI S L
3.2(b) ¢+ B goeas BAHC el go(g9k g, AbOlo] A, go=g-
g ET Ak wkep Q17F ko] Wi ol FF-o £<l(pull-in) HAHET
T8l =W gy reans 00 A SHA "k W9 7 WA gl od
ol Fi A e A= s HA d= Abele] AxHel o)
T2 otd] o R ottt 1y R HUY RF ASAHLS F WA
el g%t olEFe = =& AFel gd ¥ 3.2(0)9k Zel

e Y
A e
offft offt 1o Il o mfu

)
X
-

o

1% actuation moving part 2md aetuation moving part

i
E a N
@ Ca g B
Electrode G S G Electrade [

Substrate
(a)
S

E Silicon dioxide E Gold

L2 reaf ]

A Electrode G G i - Electrode A

Substrate (\
(b) Quartz
—
I ] I Tl 1| L

’

A A Electrode G s G Electrode I A

(©
a9 3.2 19 3194 AA' WEgoR AE A RF MEMS

2929 g B2 £4 (@) TE A b)) R WA TE (0 F WA
T
2 1] - —
43 r .-"'{-;| '.I.I_.r' L.” {f-'-lr' -|]|r_



3.1.2 RF MEMS £9%] &4

@4 (single) 3 o2 F%3E= RF MEMS A9 %9 Ay

& 4 (3.7 2ol vehd 5 9tk

2
F, = ggAV .
2(g—d+;dj
g (3.1)

Fpe A, o © F AS APl 2718 FA%F, A= TE
A= AA |14, Vi gE A, g 7 AT Al e M4, de
TEel o A= Wl a8 e, & AT Afold] dEke BA S
T =AY Ad gl AdElE Astere A5 Abolo /A
=dR2 ARgstd ARt oR g M4, gv bt e BT @ol Anh
ada s Ae AAYS sl oJst A= WSl d7F 0dd
dEoR = 4 St agER 4 GDE tes 4 B.2)8 #Zo
ek 5 Sl

F,= g AV gy AV?

WA AT GFely] wEel wepe] 3

& ke 4
AT F2 £go] A $dE 7 dstel o3 FAHe 2L
= w2

= Tl
ol AgwE ZvbskA @ a19EE e As Rarg
Aorto g ZAEA Yair 19 3.29 Zo] 114SE =& Uyt

A AR FF de A AR 5 ZAY, Fr © 4 (3.3)3 2o

_ g AV? N PN e
2 2
0 2Aai+e) (3.3)

Fore 9%9 2 08 75 348, Fp, S B 3 08 75
A, A 9% 3 WA TE A4S WA, As dRe o

44 J'A! _CI:I_ 1_-_]5



TE A WAt A WAl s o] ¥ 9N olFii= HHHe
ofefjA sk =3 Agstal Wy o= 3 WA A AR 19
3.2(b) ¢k #o] st Aol stk = WA TE Ao = owA
T A, Fpoaets e A (3.4) 9 2rh

FEfznd = FE272 = goAZZZ
28 (3.4)
83 2% 3.2(0) ¢ #Zol CPWE RF A3Ae HFo] 3=
U4 RF Alsdz Aststds d4de] #ck wef dd F5 RF
MEMS £29]x1¢} o]lvt % RF MEMS A9|x¢ AA % 7+43%
AA A= Wddo] Zopd (A=A;+A, g=g,tg), ol& F&oA A

=

[€)

WA FEe AT wmel ¥ w4 TEY AT wWAd pow
(A=A=A/2), 2831 R AA FF 345 F wA 7 14
PO (g=gmg/2), AR he 0% el gtk

2g (3.5)

gyA (\/EV)z

FE72nd :FE272 = )

2g (3.6)
21 (3.5)¢ 4 (3.6)A4 T Aol HAx 29% HAaEE @yt
AdSg sHelsk = gt
A¢ksk RF MEMS A9A:= = ulo] A 2 M A (surface

il
micromachining) HFE O 7 A 2= 9 a1 I = (release) A
A2 (stiction) = WA fsted A2 AZ(dry etch) WHS
o] g3ato] el = Hv}. Azd RF MEMS A A= 1% 3.39 2t}

_]

. &) 8t i



[P S

a9 3.3 AFE A9x9 AR (a) RF MEMS 241% (b) HZ (¢) &
3y (

Value
Pull—in voltage (V) 10
Actuation voltage (V) 20
Isolation @ 2/6GHz (dB) 49.7 / 39.6
Insertion loss @ 2/6GHz (dB) 0.035/0.093
Return loss @ 2/6GHz (dB) 43.3/32.1

AlZ-gk RF MEMS 4912 €] ON/OFF 542 71§ 3.4¢ #Zth

16 Jm -2 gk



_ N —— c ]

"Driving voltage

%

S:gnal from mput to output'
Chi 5.00V (@ 5.00v M 200ms A Chl 4 3.40V

19 3.4 A3 RF MEMS A% 2 ON/OFF 54

T3 2Hz9 10V A 83k AlsE RF MEMS A2$#9 5
Agrow Ql7tegitt. RF MEMS Aﬁxu RF 98 Asz= Fu
100kHze] 6V d= F d=2 As 7tekdlvh. 19 3.43 o] A4
REF MEMS 29]x]:= ON/OFF & Aol gste] dexo=w AsE
Agde 4 gtk AFE RF MEMS A91x9 % Hte 20VE
ot detrEth ot w2 FA o= FE St AAtel AH&E
gepul e el Ag & ASsh ghebujE Alo]o] ol Z|QIgitE o
7HA Zpol7t Q& oy T FollA Antell A ARE-gE A o] A
=3 A& Akt dE Ak A9 xpolrp FQ xfololt

0.5GHzelA 10GHz W 9elA S4sk 49 &4, A5 8%, vhAL
£Ae 3% 3.59 YR

J

47 » ,.H . 1]| afﬂ T



0.0 Y\ 0
— gfnse{ﬂon !E-oss | | Q;“Rérum Loss 0
B o AR, SR NSO SOOI | SN WO b M S ; L 20 8
& A A 4 -
g VI e el %0 £
g 04 3 i ! : I 400:
T 051 ......... ................................. ....... ..-_5005
o L Vv
= %\;-‘*'soﬂg
LI I I I I N O
0.7 — T o

Frequency (GHz)

a4 3.5 AZE RF MEMS 2~91%] 9] 115

1%

=
574

P

el S wAE E4 TFa A ZEEe Algdeld Avel
ozt Abol7t QAT ol= AlEHel el AAE iR dAS YA
Td= At 2 2ake] dste] AAl AR Aol A=
AlEEolde] Aok FEply] watoltt. 53] CPW Az A HAA
Abel HA¥ CPW Ao Bz Befo] Algdoldy AA Az
dap Zrel Apelzb Sl aelar AlF Fells S Aol lon
Aol = A Aol A HA ok A& sl et
%ok AgE A A 5 3 RF MEMS A9AE
kgt RF MEMS ~912] 9} 3% 3. 201%1 Ala, g sttt AlRkEE o) v
A9AS) T A9 gE AR A9A S s A9y v
b

o As 2=
PN
na

o

rlo o

A
o
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I 3.2 AA

-

ol A =

F 4 s WA RF MEMS A~91#] vl

S S =) A [N
NTU T SNU, & =8 (2011 | nhoter BRAS
= yHE s UNSW (2010) [1.10] Chemnitz Univ. of
(2007) [1.8] [1.2]
(2009) [1.9] Tech.(2014) [1.11]
o|u] X —
HE 24 -
Tz 24 - AIN Si Au Si0,—Au—Si0, Si
T% A 20 20 5
\ (10.2~70) (10-12)
(<l #eh (13.56, AAFD (10) (4.4)
e &4 dB  0.21 @5GHz 0.25 @2GHz 0.45 @6GHz 0.11 @6GHz 0.6 @5GHz
AT BE% dB 44 @5GHz 50 @2GHz 45 @6GHz 39.1 @6GHz 35 @5GHz
™ 2]
[ 0.6x0.4 1.20x0.92 0.25x0.3 0.6x0.9 1.2x1.4
(pad A 2])
) i-3 1
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3.1.3 RF MEMS A9$|x] 29

Alket RF MEMS 2~91%1¢] ON¥ OFF ZHl9 A5 &% 2ds
ADS Z2I3& o] &ste] HFSS Algdold Aol thaste] "ttt
RF MEMS A9X9 HE Hi&o ON AHe e &2z 2dn
BAE= 9 360 AU, OFF AH HF: 2z 2dx
RAEE 78 3.79 BdEAL

RFIN (S) (Rcontact) L R Rcontact)  RF OUT (S)

E T A% N AAAY MWV

(a)

(b)
79 3.6 ON AreeA ¢ RF MEMS A¢ %9 AEzd FE nd

() A5 22 22, (b) EAE.

RF IN (S) Cotcnar L R Cotra RF OUT (S)
71 W\ A T
Y|
Tew d 25
= = CISOLATION

(a)
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(b)

() A5 22 22, (b) EAE.

RLC A5 &A% RF MEMS ~9A& Rddsts 44 4%
fate sasit AsA, H45 FiE, AZE FEe A
o AY ddz 2A" ik AFA HS delA ZAsks
S Ager 2ddy sl FelHo] 3l 7 Az T F
# Atolof Al WHAISH= fringing B AEH &
itk ON AelelA Agker meEle F = AdHt H=H
Ay JAYH, F fringing AWAHZ FAHMSG. 74 AT
G S ATS FA mQ, HAF FEY A
el AYE = 9 pH, fringing ASAIE FiE

=

& Age et ALY A4 20V A A 4% wo] o
1 3.1

g

<

CoL Er pg 0% T oft
o T dlo

Ei&l&oﬁ

o o B ¢ ofdooll X e

H
eNY=  #Askst £d @t= Faslv(3.1-3.2].  OFF

L

=

254 Arole] = aF ATAEZF F7HE ST
RF MEMS £9]x] 2] AA2] ON AH o A5 2z 2y} BA s+

a9 3.8° xdsGla, OFF AHe As 24 ERd¥ RAEE 137

3.9 x&3ITE ON e A5 &2 22 9 3.69 EHe] DC
S

T5 A = FES ¥ mdlz Fel oF FuFet Ui
JF Axy Fiol nddo] ¥IEATE Loyt RN o RoUT RFIN ON,
Coutrrvons RF IN XE JZol i 3 ®WA FF o]sF9,



LN RFIN ons RINRFIN onn CiNREIN onne RFIN EZE - F29 jF = WA
T& °1F%2, Liv rrouT ons RinrrOUT ons CinrrouT onts RF OUT EE
28 R F WA 5 o859, LourrrouT.on, Rout_rrouT_on,
CoutrrouToniz RF OUT XZE J9 o A WHAl 5 o]l&F9
AYHE, A, AMAE AT Chpone HHF SZH I HA] Afo] 9]
iy 5 WA s olsFe A Aol ASiAY Aol
Rspring_inon®t  Lspring inon- W 2ZHE] A&y Yy Aol
Coutpon = 2 AT A Abole] &% R WA -5 o|&H
AA Abelel AAIE AEOIH. Rspring out on™  Lspring outonvs 23
~xe el A AYE AdEolth Cpaponts DC_ACT =9} FA]
Atole] ASATE Aot

OFF AHe HF &2 2 I3 3.89 ON AH 9 HF &2a
Edlo] A% A= RF ASAI A= F2 Abolg AsiAlY ARow
s AL FEE RE 2154 Ato] o] AFNAE 7 F7hE vk A 914] €]
=94 Fele adE §ASHEA ON AHeelx OFF AH=E
olFetE AgH Yy & FS ON At FdstA fAstHA

AMAE AT ghell s ek
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RSpring_in LSpring_in RSpring_out LSpring_out DC ACT
AMA—A WP ——

CInpon’-JE Cout_p_on % Cpad_p_on T

IJOUT_RFIN L L L
IN_RFIN IN_RFOUT OUT_RFOUT

Rour_rev
= Rin rev Rin rroUT Rour rrour

,I: P CIN_RFIN_on CIN_RFOUT_on 7.\ ]_ COUT_RFOUT_on

Cour_RFIN on

RF IN (S) (Rcontact) L R (Reonract) RF OUT (S)
AAA% Y AAAY% WV
f-|-: CON CON :-r
(a)

53 M= =



2] O-] = 1 A] = 74 = =
as a =, a-
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L OUT_RFIN

Rour rev

COUT_RFIN_off

T

RF IN (S)

RSpring_in LSpring_in RSpring_out LSpring_out DC ACT
J_ NN—Y M J_ NN——Y M J_ i
CIn _p_offT COut - p_off T CPad_p_off T
@
L
LIN_RFIN LIN_RFOUT LOUT_RFOUT
RIN_RFIN RIN_RFOUT ROUT_RFOUT
— CinreN o Cin_rrouT_oft ?.\ :l_ Cour_rrout_ofr
Crionar R Coignar RF OUT (S)
vl AYAAY A
TCOFF J 1 COFFT
= = Cisoration = =
(a)
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(b)
1% 3.9 OFF Ag oA ¢ RF MEMS A91x el (3) A= 22 29 (b) 72
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%=7] #% 98 == AT RLC H=E
Pk 27 w2 A29A9 4 BEe A9

b

=23 =3 gholl 2715}k
ekt A5 a2 FAE AAde &M S0 =2 A5
EAYE AFste] DC ZEOA RF XE o2 Agsry, &% 4l
RS WAL B4 Y] &4l A REEe 2 uFu 540
AHHoz JFo] oz 7 WA HF A ;e AAsALh
IJ8lal DC XE°|A RF XE SAE AAste WdFo Axdd
wite] = wA E ol s A gk AAsHinh e o s
ofF A WA FF olFH, fringing, 1E® ZWAEH] AT & =
ARt & 3.3 ARME A9A HF A axst GE
geleteltt,

¥ 3.3 RF MEMS 299 HF &3 249 4

Lumped Elements Value Lumped Elements Value

(Reonract (mQ)) (21.3) |L (pH) 473.8
R (mQ) 960.0 | Con (fF) 76.7
Csienar (@F) 9.8 Corr (fF) 57.4
CrsoLation (fF) 1.3 — —
Rour_rrn () 8.1 Rin rev(m Q) 647.2
Lout_rei (nH) 8.2 Lin_rriv (nH) 21.9
CouT_rFIN_on (fF) 3.8 Cin_rFIN_on (fF) 3.2
Cout_rrIN_ofi (aF) 152.7 Cin_rr_oft (aF) 160.4
Rin_rrout (MQ) 649.7 Rout_rrout (Q) 8.1
Lin_rrour (nH) 16.2 | Lour_rrour (nH) 8.0
Cin_rrOUT_on (fF) 3.1 Cout_rrOUT_on (fF) 4.0
Cin_rrouT_ofi (aF) 113.9 Cout_rrouT_oit (@F) 86.5
Repring_in () 1.0 | Repring_out (€ 1.4
Lspring in (NH) 1.4 Lspring out (DH) 378.3
Crnp_on (PF) 3.5 Cout_p_on (PF) 4.4
Crn_p_ott (fF) 561.1 Cout_p_ort (fF) 637.9
Cpad_p_on (fF) 69.0 | Cpad_p_orr (fF) 1.3

AT 22 Ed 10GHz W74 #fa8 2s 1% 3.109
3
_=
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® RLC_Insertion
il © HFSS_Insertion
{|[ @ JRLC_Retum
© HFSS_Retun Q.| .60
® RLC_lsolation
: : ; : : iLo HFSS-IsoIation i
oI+ —+-70
1 2 3 4 5 6 7 8 9 10

Insertion Loss (dB)
Isolation & Return Loss (dB)

(a)

DC to RF (dB)

-80 — 1t r 1 1t r T r T T*r T 7 I LA
1 2 3 4 5 6 7 8 9 10
Frequency (GHz)
(b)

79 3.10 HFSS AlEdolA 3 RLC A% 2xF 29 A3} vlw
(a) 253 54, (b) ON AHelA e DC to RF 54 (HFSS_: HFSS
Al B o], RLC_: HEF 24 d)

58 S B8 i)
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#3404 Hg aA B Hx ree
o

Hd =+
HESS Algdlold 218 dAjsh= e &ded o+ vk

¥ 3.4 HFSS AlEdolAY AT 4x Ede]l ADS AlE#HolA
A3 @ 6GHz

HFSS ADS (Lumped Element Model)
Value (dB) Value (dB)
Insertion Loss 0.07 | Insertion Loss 0.08
Return Loss 31.63 | Return Loss 31.75
[solation 46.09 | Isolation 45.96
DC to RF (ON) 56.60 | DC to RF(ON) 54.98

% 3.10% X 34F Fstel Hx o9 Ho F342l 6GHzE
&3st 10GHz t9elA] RLC 5 L4 EPS HFSS AlE#HolA
o] & o]FofTial
e g A exr sk A9l A = TR 7IAH
REYAS Zol7l Sk vl e wow Mow HAR Fxe=
el wgEA ooty wield. aEa agvE g A5l
g2 ZFAste] A didel A9l A77F 3] nlste] A
AR AT 24 Uz Be d4ds wgstr] ol ¥xth. RF MEMS
2 = A& 180mX 20um, 15 AxE FFo] HALe
400m < 5¢m, W A2y FFEo] WAL 290mX5m, 9F 3
T% olERo WAL 600mx870m, A Hx A
1800 < 1450mol k. 10GHzS 345 30molth. A$x9 7H3
BES DC XESA RF ¥E REH 10GHz AN3F9 349
1/15¢] #jgst= ZAololth. o] A% ¥ Az =9 2359
Apol= ok 24% AL T

% 2L R

~|
o
o
oX,
o
ne
B
ol
o
)
4
ﬂ
b
rd
>~
=l
ol

T
i
A,

3

¢

2

ox 12 N o X

o

ol

DC XE°JA RF XEZS A% HzZE 508 wWAe] Ho e
A AZ7F okt A9A 29 dFolr] wEel aFat Aw e 9%
Wk, 3 9 oAy e ¢ Qlee AeEiol @tk DC ZECA
RF XE®°] 542 0914 10GHz thelellA 50dB o’del ¢35 4%
e 54% 7Fd Zo R gelsigion wgbad RF MEMS 294
ded 5 e AWEY FEo| 93 gE Avs addor Add
Aow A 4 v
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A 2 A AA 94 RF MEMS A9x +%£ A3 g%
H}lAl 2ok CMOS DC-DC AWE"

3.2.1 CMOS DC-DC AHE Tz

a3 3.112 Aerst AWE FZFE yehdth YR Ao 4749
AW E7 HEE dAdEo] QoA 4xd EHo] 7bsdty H) 4719
AA &% (capacitive) RF MEMS A9XE HAalznow FE3
Sl th

Voltage RF MEMS
Step up Block DlstrlbL_Jtlon Switch
Logic
- [ A
| |
Vin : DC-DC Converter 1 ! : SW1 |
|
| | + |
| | | | |
| : i '
! DC-DC Converter 2 : | SW2 |
| |
i i Voltage Level : :
: ! Shifter | :
| T |
L-| DC-DC Converter 3 i — SW3 i
I | I | I
| | | |
| | | |
| DC-DC Converter 4 : 1 SWw4 |
| | ! |
o o ) I—
Clock Channel Selection 1,2,3,4

79 3.11 Z4d €%3 RF MEMS A9% F%& dst g2 v 9
DC-DC AW E 7jzks

Tx2 gk Aok #w Wy (Voltage level shifter) & ©]-&3s}o
3.3V As® 4] BES #AWE £¥& AEA0E ON3} OFF &
AE=E: st HE EYdel  13.8pF  Fob AWAHE

l

TR Mo dRE2 [
Devicel1.37] A A%+

F8}3] =X -SDUEEK Jouma]s SD(Semiconductor &
Wgolm E =79 A= AA =2 A .1%1?‘} 5
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Abgst o AA £33 RF MEMS A9+ 1pF AWM EHZE ZdE
aFlth sk AFe APz Adste] HA QA whet 0.6M2, 1.8M,

oMoz Aelste] ARgst ¢ QIvE St H UFe CMOS 7%
Zo ARE AFy AgGAEwoz U= S WF F rE
A Ao

3.2.2 CMOS DC-DC AWEH EA

A wrow AW AA3 HAek vEee] 10MHz 29 Fa¢s
¢l7}ste] 3.3V d¥S& Agkst RF MEMS A9x2] <1 #Agkel 10V
o]0 7 Zekalglth o)Al A DC-DC AWEY =¥ AFZE
Adgstmz e Ao =vle] wet &9 e A= A€
wob A grol AW ¥ ALS ¥ 5 Yn AFow sEE AR
AF7L Dol £24HE A8 2RSS 9 5 ks AHo] doy ye

[e)

H4S AAATE @Al Ak 98 AL (V)< H#(floating)
AAE ] FHE HaE olgste]  Fobshe WAeln &Y
A (Vo) S FF AFMAIEl &Folvk MOSFET 54 weh §le
AR (Vi) Beh Hol 207k AA = Aol 5Ao|th[3.3-3.5]. #
AfeldE WA &9 SAHS mestel L7pF RH ARAEHE
AHE-3HSATH

o ol5 4 e =Y AT (Rl o8 Hash

c
C+Cpar

AVsi:age = Vclock ( ) — Routlout (3.7)

1
Rout = Rswiten + fc_C (3.8)

Ce F AFGANEZL, G U @ oA 714 AdAIRA,
Rz &9 &9 AR, Raiers EWASE] 29A S ON Aot
Rows 1S} Rowir®l  SEsh= W]AEF A &Fo]t}b[3.3-3.5]. &
N EWAAEH A9A ON AHFgLE ok 7.6keolal 7|4
AFARAE F4] fFolnR 28 AF oF 25UE et 4 Vs
°F 1.56V7} ®th

nfe s HAE dFstd AA Y AYS osy 2o

61 sﬂ-ﬁﬂjr



SRR RS

Vout = Vaa + nAVsage (3.9

.|_4

70 @& AY dFdshd 3.3V Y AdS oF 14.2VE HtE
S Akt 7 ok AR FxelA DC-DC AWMHe &8 A9
ok Agke] dee whel of B AYgoeR 23 JbestEE AA A4
0|5 4 Vauelt 8 AW Vours 0BT &5 o Sl

AWE Q] EH oA FHS A¥H oz ON/OFF3: Het o
715 ARgSSlth A HE Wl ARGSE nHge=R
slsl= 2 MOSFET wE ko= 119t 48 (stress)o] ZHzm=

MOSFET 225 o] &33lth. 0.7m CMOS A9/ A et
Spectre® 3|Z A|EHOCIHE o] &sto] Algeoldst Ay x4
oﬂ g DC-DC ZWEIE] Z¥o] RF MEMS A91X| <

Q‘- 740 ﬂo]o]_oﬂq.(:lm 3.12).

L
o
o
o

-
—

E R

EEE

2 T oox ™ rk&‘
~|

o oot R
2

o rx

w o

Output

Peak to peak ripple: 124mV|

/ Channel Selection Signal ‘

0'5'10'15'20'25 30735
(ns)

79 3.12 1.8MQ H3F Ao tist DC-DC AHE =8 X AE A&

old Ax(Ad Ael AF 3.3V, 1.0us LE5/U" A7)

Ad AWEE 29 3139 gow AA P At A
E sl 2.8 x 2.1mrfo] t}.
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Load

(a)

a9 313448 5% DC-DC AWE (a)dolokx, (b)Alze A

— -1 O

Aelshelth. AvE = 7+ B8l Aol thske] 11.3+0.1V, 12.4+0.1V,

A8 AR 2o tidle] 8.61mW,

14.1£0.2V =9
7.82mW, 7.52m <1 Z& &Ittt

_|1m r
oX,
o L+
}n:
38,
o
H 4

3 3.5 st AFel wE DC-DC HHE =9 54 2%

A o e ]

¥ 3.59] ¥3 AT wE DC-DC AWE =¥ =4 Ay

Output Input Power
Voltage (V) Current (mA) Consumption (mV)
0.6M2  11.3 2.61 8.61
1.8MQ 12.4 2.37 7.82
9MQ 14.1 2.28 7.52

=9 Z7F A7 (rise time) S H 30usolv o]i= AlEHo]A A}
30us et dAe L 1% 3.148F ok

g 2 A= )e




- e

Peak to peak npple 115mV

(@ soov }Poom H:o:um ][’_.— 7 OJOV]
gevoo0o00s fliok g sis

738 3.14 1.8MQ H3 Ado| 3t DC-DC AWE =8 A =4 A

% 3.6 F3F Aol wE DC-DC WY ZFE Al&E#HIA #h
& ulm getdh 4% P29 A% TAE AEelA
Hlwshd 0.6MQ HF3F Ao AF 91mvel 94mWV=E Hl=% AS
HASHAT. 18U W Fok Aol e EAE AFelold gt
s [e)

¥ 3.6 FoF Aol wE DC-DC WE & Aladeld @t

Post Simulation (mV) Measure (mV)
0.6M2 91 94
1.8MQ 124 115
9MQ 172 118
ol 1% 3.159 714 A& w3 DC-DC AHEH EHo
pd=z AgEc, 0.6Me] HFsb Aol Ae ol Adde] st
oJFo] ¢l wbdo] 1.8MQ, 9MQ 3t A3 A B8 AH o e}
a5 ot 718 AIAIH, 718 AZ Aol Holw o] AEE9]
2] Z A7l gFo] 7] wZoltt.
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i:)un:)
DC-DC
Converter

ic
—_— —
Rpar ‘ IR sl::cdyslulsl 0.6MQ
M -
| Rpar , $12MQ Liggpr-L1pF
Ic. par.1 | :‘C03f1
3 7.2MQ
( pF) 'C pdrzl par2
B (3pF) s —— =
a9 3.15 71 AEE 1Ee D
71 ARAE . A
A=

F 2 Upump) 2

A
=~ M
R

2
w5 1#se] DC-DC #WEe &
E 3.7 Ao vhs Aow mddnt
#® 3.7 Fot AFe] wE DC-DC AME =9 AF AL 43
iR steadyst. (MA) iC (UA) iC,par (UA) ipump (UA)
0.6MQ 18.8 13.9 0 32.7
1.8MQ 6.89 17.0 3.45 27.3
OMQ 1.57 17.5 7.08 26.2
i = Jout (3.10)
R,steadystate Rout .
= AVpye X Croaa X fc (3.11)
lc,par = AVout X Cpar X fC (3.12)
lpump = 1R steadystate + iC + lc par (313)
Vnuzg 78]}2:.]' }B]_F/Hoﬂ}\i %E—:} ﬁ?ﬂL, IRsteadystate% 78]}2:,]' Lﬂ]oﬂ}\i
To}xllsl- Rnu[% %6H —%—;—E—% ﬁ%, 4V0uﬁo_: Z—]}\]- }\]-EHO{I}\JI EE—:}
&, fo= A 9EYY Y TR, dcpat

HE 7148 AR E
65
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s2= AR, GCaue M= VA ﬂﬂwﬁ*, Croar= H-3tell del=
ANANE L T, o= F3F ANAIH Z=2= AfFolth[3.6].

Pad 40| HoolA &2 Ao diste] 714 AFAIE | 526
T Fot AWAHE sE2A HERE EAE Agfoldi} Fddt
AollA 2 &S AT 4 Atk 0.6M2, 1.8M2, 9MQ -3} A& A
2+ZF 94nV, 138wV, 166mVol o] EAE AlE#old Autel FAFET,

4AQd oA &9 Hdstol B dXA sk A AztE He 54 A
vl el Ade] Ad A8 Alge mep Aex o g ON/OFF H&= A&
% 3.16¢0A4 Flsksitt.

T1¥ 3.16 1.8MQ F-aF A g g DC-DC WY 44 58 At

Al#E CMOS DC-DC WE gk Aw7k4 Al#rd MEMS 717
TEE DC-DC #AWE 9 54 % 3.8¢ nlw, Fasich. A==
CMOS DC-DC HE F#e 2Ze] B #of MHoR Hf{FF

PR+ Ut e FAsA,
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% 3.8 44 F= W29 MEMS 7]7] +%€ CMOS DC-DC #AHE
DALSA IMEC | sNU, 2 =% (2009) [1.37] IHP (2013) [1.40]
Semiconductor Inc. (2004)
(2004) [1.38] [1.39] 0.6MR 1.8MQ IMQ 250kQ 1MQ 5MQ Units
3A 7% 0.8 0.8 0.7 0.7 0.7 0.7 0.25 0.25 0.25 (m
MR 5.0 5.0 5 3.3 3.3 3.3 4.25 3.25 2.75 \
=9 det 20.0 50.0 32 11.3 12.4 14.1 40 40 40 vV
S 5 16 12 7 7 7 20 20 20 -
sk ko] S A 3 2.8 2.25 1.14 1.3 1.54 1.79 1.84 1.86 \
~20 ~20 ~20
e Fu 10 10 1.875 10 10 10 MHz
T & ES NG E SRS 5
=9 dtel & 400 400 - 94 115 118 ~3670 ~2670 ~1340 v
=9 A7 25 50 - 32.7 27.3 26.2 - - - LA
8.61 7.82 7.52 75 27 12
ENCREE - - - Wy
(28 sk x3h (8 2x7) x3h
A 30K 330K 11840K SBB0K 300K 2
s (A 7AWE, 287 A= E3) | (P 2R, 30 A= 2F) -

67



Al 3 2 AujAds 2A

MEMS &F#o] 7}&3t v A3 (resistivity)©] 10000Qcm ©]AF2l
TAY AYELS AuAdE THow HAAFsty AE ARE & w49
Al Absteta A Edx 23] CPWE AAS Y. A9A=

215 9}E] = (particle) 258 H.33}17] ¢35Fe] BCB(BenzoCycloButene)

5L W7)A EAZ KA AFE AeidE EZHO EA
FXE= ¥ 3.9 9 #Zow ANE#HOH mde 9 3.173
29218 AuiAE 4 AeHA 2ok AL FAY(Sn 42.0/Bi

Value
Transmission line (CPW, Au)
S, Signal Width (um) 115
G, Signal Gap (ym) 27
T, Metal Thickness () 3
Conductivity (S/m) 41x10°

Substrate (Si)
Dielectric Constant
H, Substrate Height (¢m)

11.9(S1), 4 (SiOy)
500

Trench, Substrate Trench (im) 50

Tsioz, SiOy Thickness (um) 1

Substrate Area (mrf) 3x3
Bump (Solder, Sn 42.0/Bi 58.0)

BH, Bump Height (¢m) 100

Conductivity (S/m) 25.6x10°
PKG (BCB)

Dielectric Constant 2.6

PH, PKG Height (m) 100

Area (m) 2x2
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A 1m FAL A abkstdto]l glom
B W A27F ok Asd FelE 50m
otk 153 Alsi= RF1¥ RF2

23to] Adxzx RF MEMS A9A % %

Fsto] <Ql7bE

L

>,

RFI(S)

(I) 1 2 (mm)
9 3.17 AgE EdA9 CPW A% AR X3 AujdE
HFSS Al&Edo]d ndl

;

Al XS HESS AlEH ol d3+= ADS 53+ 7}53F touchstone,
SnP Fdz W3S o] A$A RLC AT A mdy Aghshod
7143 A ARe| mE o]F T3 Al T3 54 WHEE gl

A4 A% BF 54 ¥ L BY

A 2925 AF A5 AlEdeld Ay 1™ 3.18%
2ot
o ] =1
& 5 A =dl s



)
1 ]nsertlon Loss : : : 2
R e e s S
T 5 ' i | 5 5 : S— o
® |
n (=
o —
:
5 o
E __________________________ H H H ) w
s | ® SW(RLC)_Insertion loss - -50 g
[ ot 0.8 ot NS © SW_Si_SiO2_Tr_CPW_lInsertion los =
- . ® SW(RLC)_Return loss (]
: O SW_Si_Si02_Tr_CPW_Return loss |- -60 3
0.9 A """""" SW(RLC)_lsolation n
1 : = : © SW_Si_Si02_Tr_CPW_lsolation =
-1.0 T T T T T T T 1T 1T 1T T 1 -70
1 2 3 4 5 6 7 8 9 10
Frequency (GHz)
(a)
0 ' l ' I. : ! 1
TS N A —— e — —
] g ® SW(RLC)_DC to RF
[© ]SW_Si_Si02_Tr_CPW_DC to RF
B e e e ; : :
R s T S S S
=, : .
T R I
e . i s z i | § z ]
(o} & B O oig i i ; : i
b L SR e e ettt SLELTEE S FitT g SEPFRILL LI SEEL SELTEITTRETS A B CEELTEELEELS: feemeeeneend B -
A ‘b..:QQQ:OOO:OO?O 00;00.@..-
2l DCz‘o '"/'?"F" I ]
_70— ---------------------------------------------------------------------------------------------------------------------- —
-80 T T T T T T
1.0 1.5 2.0 2.5 3.0
Frequency (GHz)
(b)
% 3.18 AfIAS CPW A& Edx Apjdsas 2% A

54 vl AlEdeld A3 (@) i v 54, (b) ON el 2l D

RF

=
=

o

EA(SW(RLC)_: A3 A, SW_Si_SiO2_Tr_CPW_: A3 %)
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AMAZ A F A ST WA S S0 AsEn AF
veE E4e AE: 4ee HASth ® 3108 B o
6GHz ol F3hseln 173 S4< vengch

% 3.10 29179 CPW el EdA AuaSs 48 45 54

Hlw AlEdolAd A3 < 6GHz

a3 A a3 =
(914D (291 =] e A A S
Insertion loss (dB) <0.08 <0.20
Return loss (dB) > 31.75 > 29.25
Isolation (dB) > 45.96 > 45.41
DC to RF (dB)
< 3Gy > 55.10 > 46.13

6GHz thedold AFel £42 0.08dB ©]slelA 0.20dBo]stz <k
0.12dB, REA} &A412 31.75dB ©]/ellA 29.25dB o]t o =2 oF 2.5dB,
2% FEEE 45.96dB o]dellA 45.41dB oldox ¢k 0.55dB
Aslstlth. RF MEMS A% %8 DC-DC ZWE < ¢ Fa+
T AMHz olstel 2z Zg o] 93t st%Y (harmonic) &S 1dshd
3GHz W97k#] 54& R AL 2wyt Qlth. DC XE|A RF

YEE EgFdoz REHo] glorg As Rk EAHS HYoOH
E42 3GHz el 55.10dBo] el 46.13dBoldo 2 oF 8.97dB
A3} H9r}t olw] DC XE+= AE HAz7) oy el dudA HAsh
el S Hetafof 3t

7 ) ] i
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Al 4 F olF TF AMAT 24

el Ae WHael g3 dFS HAIS st ey dF A=
Hale] ok JEFs FelstdA AEAAS Frsy] 98 A4S HY
93 TS olgsgith AEHeE AW T WA A% HF
OMRON RF MEMS XA9A& A4ttt A7ds OMRON F2> o]v|

ol a5 3§ ATelA AHSEHATH4.1-4.3]. OMRON &
4GHz W97bx] RLC H% AA(umped component) Ed#o] A5+
HROo[4.1] 2 ol tder= FrHHoE A5 dQsith
aE)al AWE Y 5 kel A F8 g Zo] A9AY ATl F&=
geS wotaly] QElAE DC EEA RF XERS 153 EA0
et A7 Zesit 18 4.1 OMRON FHE& 10GHz the7hA]
RLC A% Atz RAgs Aoty 44" OMRON ~<9]x]:= SPDT

21AolM RF_COM @Atz Ql#®d A% 7k RF1 %= RF2] d5Hh

1% 4.1°]4 RF2 A% sidsls A X+ 4 OFF Ado]1 RF1
Az fgstE A9 ON = OFFE e Atdloln Iat AA

W gk o]l A9A RE A4 AR FES vOF Aot

AE AR T HS FE9 Zo] gHos d4de 78S A%
AYH AEow nagshy AF due AF AR Abo] EE A FH¥
A% AR Afoleh o] Holx B P2 Az mdy & 4 Qo)
dolel AE AolA HFH A g2 Ho 1500mQeoly o= I3t
At Agolar 0.5mVv DC AElolAl 0.5mA, 3 A %14 (hot switch),
10° T2 xelM 12571 AE, 25070 HFel diste] FdHo=w
T100mQ WA FE& madgof wkdsiitt[4.4]. OMRON RF MEMS

-

1A 2del RLC HF & @2 3% 4.19 Zvh RLC Hs 24
gl 290A9 25 esklt4.5-4.6].

>
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OFF

V1_DC_ACT
iCsicnaL Lre Rrr CSIGNALE T
et it — l CacT_onoff @
- clNT_om‘off CINT_om’ofr =
}: : ON RACT
..................... C'SOLATDNF\\J Rcontact Lre Rgr RCDNTACTE
........ e e e § RF1 (S)
I CRF_com_on!off ICRF_om‘off@
RF_ coM(S) Lrrc Rrec C L Ry C
& ( l AT . SIG}IEIAL RF RF ?IGNAL . RF2 (S)
@ I Crec cRF_com_offI ICRF_off @
1 CisoLaTion i
CINT_off Cint ot T é
= Cacrof V2_DC_ACT
3 Racr
i
1% 4.1 OMRON RF MEMS £9]A21& RLC AT 422 24U A3}
] -7l
.-':l-\,._g - 5 1_.“
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¥ 4.1 OMRON RF MEMS A% RLC Az AxF B2 AJ3k

Lumped Lumped

Elements Value Elements Value
Rcontact (mQ) 97.0 | Lgr (pH) 854.6
Rgr (MmQ) 661.8 Crr_com_on/ort (fF)  298.1/249.6
Csignar (fF) 1.0 CrE_on/ori (IF) 298.1/249.6
CrsoLation (fF) 7.4 Rrpe (mQ) 866.5
Crrc (fF) 243.2 Lrrce (nH) 1.1
CINT_on/ott (fF) 23.7/6.9 | Cacr_onjorr (fF) 20.0/6.2
Racr (kQ) 10.0 - -

=74 Aot Ry daE o] &3 iyl 54 AEdold AvE
O™ 4.2, ¥ 4.300 e AL 3 4.2 Fsksivh

0.0 -

-0.5

- wh
o o
| |

g
o
i 1

.
g
(2

fS‘Ofc? ffc;)/? [ ® |RLC_Insertion

: : ; © Meas_Insertionf---------
¢ RLC_Return
©  Meas_Return
® RLC_Isolation i
O_Meas_Isdlation}......... - -70

Insertion Loss (dB)

Isolation & Return Loss (dB)

Frequency (GHz)

19 4.2 OMRON RF MEMS A$ %9 49l &4 vka} =24 A5
2 EARLC: A= 22 2d AJEHo|A Zk Meas_: =4 zh)

6GHz ol x =4 Adyet AT 4ax 29 AlgEgold Ay
Z}7y A9l &4 0.54dB ©)stsl 0.36dB ©ls), ®HAF £48 15,86dB
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o]y 15.04dB ©]7, A& FEEE= 34.89dB o|AF 33.56dB
olAboldtt, a9 4.2°] #EoN A A HF: 2z Ede

AEHOIH AR 04 10GHz teeln L3t S0l fAbe 2e
sd 4+ glow wmebd wedel Agas] olfoiztis AL
shel ekt

DC ZEOA RF TEZO B4 24 Avg wda Ase i
kol 7t QlSler. 1 o]fr= DC XEe°|A RF XER?O H=EE HAF

Az7b ofym ojmAom JdudA wiHd Hdz7E ol ] ujwolt.
0ol 10GHz theleld DC XEojA RF XE=R9S EAL 20dB
ool o As #E SAs 7 Zor glegion uhehbA
AWME S 29 gZ A¥o] RF MEMS ~A9A ] F+ 9&FL nng

Ao oAgd & Ut

b4

0 | ! { | | | | | |

m :

) E

T o

m 3

O : : : :

- 0"t

QO © | | ® |[RLC_DC to RF

@ | i ! O Meas_DCto RFf
B0 e —— .
F0 b .......................................... il
'80 I I 1 | I I 1 1 |

0 1 2 3 4 5 6 7 8 9 10

Frequency (GHz)

19 4.3 OMRON RF MEMS ~$#¢] DC to RF 54 RLC_: H=F

A el Al 5ol Zk Meas_: 74 3b)
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¥ 4.2 OMRON RF MEMS 2~$%#° RLC HF 4&A 249

AlgEold At 574 A3 vl < 6GHz

Simulation Measurement

(RLC Model)

Insertion loss (dB) < 0.36 < 0.54
Return loss (dB) > 15.04 > 15.86
Isolation (dB) > 33.56 > 34.89
DC to RF (dB)
< 3Gz > 27.54 > 37.72

OMRON RF MEMS A91x¢ G5 A 34F1.7VE 3.3V
A2 FE53517] galx= 59 DC-DC AWE 7 I3t OMRON

HuAe] a2 A% FF5FE02 AUYHE AN HAE E]]
ZAHEE Atstth[4.6]. AT FAE w22 § 0] %Oﬂi =5 o]
Atk= o] Qo F Fu AxEA QAYHE QR sto] 7|7}
Ath= Aol woltt. del Ax WA &3 F¥Ho| AuFow
o1t MEMS 7]7] FE8&o7 ALs7)d= E=Es CMOS

TR AAE Ay F FF 2AE HeR oA Yol &Yt
7bestth= Aol AAolvH[1.37]. wekA CMOS 4 7HsAE
w#83to] Dickson s HAZ wAe DC-DC AWHEES o] 43l
OMRON RF MEMS A9AE T35Sl th Dickson sl H>X wk2] 9
DC-DC AWM Eol AR&3t A8 2 & 4.3 2o

A% w9 Dickson st HAZE AHE 489l IMHz =¢

[—

FIFE o|g3ste] 3.3V dHS oF 34VE 5% T 4+ AEF ADS
IFIHES o|gsle] AT AT AWME Q] AlEH oA A9
Haa AL 10%o0A4 90%=2 =% =7} Al7t(rise time) ©<F

200ps, 47 7JHl (steady state) oA &7 He HAS 35.7VolH

Z2 ¥3 % 33 (peak to peak) 74.3wolw H FHEFLS
13.6mv*o]3tt. Dickson A3k HZO] &2 thy FAoZE o4fd
T Aom ADS AlEdClA A3t FARSE FEl ¥4 F v oF
35mvelth[4.7-4.8].

V= Jout 4.1)

fRLCL
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Vs =8 A FE Ve 9 AYeE 35V, fo
FaFE 1IMHz, R W38 AFo® RF MEMS 2~$1%¢ DC
A 10ke, G 73k ARAEAE 100nFo| T

Bl
(m

¥ 4.3 OMRON RF MEMS A¢x %€ Dickson #3d 3
WA o]l DC-DC AWE AL 48 H 55

[H

Part Name | Manufacture Model Specifications
Number
Forward voltage: 0.90V,
Average Forward Current: 2A,
Diode Fairchild ES2D | Reverse recovery time: 20ns,
Max reverse voltage: 200V,
18pF
GRM188R 100+ 10nF, <50V,
Capacitor Murata 71H104K Capacitance change rate:
A93 +15.0%
MUX Texas SN74HC1| Propagation delay: <160ns
Instruments 57 when C.=50pF

T3 EA 9SS F Aujd=o EEd 95 HIle
ME nFH 54 wa e AetdnAd 45 4o FHE
CPW=E nysti AmAs A5 Az HF 22 Rd" S Agergitt.
SEln ANEE A% H2e AF 2 v

g =
As 424 Bds ABCD #H= Wd 5 Adste] o|F 3 §F RF
MEMS 29319 153 545 248k Auds ds A=) A<

A AAELS quasi—static TEM EEoA A& HAEo] FHhes 74 3o
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EEHAT. A AF A, Reps A7 A wi{ A39
gow xdHM 24 (2.6) % Zoh wEolE 73 FR4 713, AEE 9
éﬂ%éﬁﬁ1¥17M-”ﬂqulﬁﬂﬂﬂ%éﬁE¥?i7@&
ra 4 das AdAd A e 2ol 89 TH4.9-4.10].
1 K (k) K(kgy
eerr cow = 143 ersu = D (002 (4.2)
14l 1) KU KGesi) | (ersiop—ersi) K(ko) K(ksioy)
Eeff_cPw_sisio, = 1+ > (&rsi — 1) K (ko) K (L 5 K(ko) K(Li0,)

(4.3)

Eeff_CPW_Si_Si0,_Trench =

1
1+ E(Ersi -1)

K(k(’)) K(ksi) (ertrench—&rsi) K(ko) K(ktrench) +

K(ko) K(kL)) 2 K (ko) K (Kirench)
(ersio, —Zemench) 2 Elzi; i EI;ZZS (4.4)
Carr = 420 22 (4.5)
Cepw = €er_cpw Cair (4.6)
(4.7)

Cepw _si_sio, = €eff_cpw _si_sio, Cair

CCPW_Si_SiOZ _Trench — Eeff_CPW_Si_SiOZ _Trench Cair (4 . 8 )
Ccpw or CPW_Si_SiO or CPW_Si_SiOp _Trench tl
CRDL = > + 0 ; (4 . 9)

K (ko), K (), K (kgup), K (k). K Cesi), K (k) K (Ksio, ), K (Ksi0, ),
K(ktrench)vK(k{“rench) l‘f X_ﬂ 1% %X_] ]ﬂ.%] 14_‘?—0]1:!51 Ersub 'E
TEO|E, FR49 #2 @ 7| FA AT, o AFY FAE,
A2 B AE, e, £ AT Absimte] 4 A4
AeE EdAY 3 Aot Ay E=dAe 3
13 e 18 el Cats BE SAA7F Qs e
E:]E‘)‘]-X] ?zjs_% _]/\ }\_]Ev/] % ﬂﬁHA]]ﬂi, CCPW, CCPW_Si_SiOZ,

ﬂJ

o
Ersi ©

41 o
N
ull!
HFNH
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Cepw_si_sioz_Trenche 1A 7F Ql&

AE Azl T AWAEL, Crp % A7

wed A Mo ARNEL 1= AE =

Aol Az A Abolel 1174, 12 1A Zeolo]tt. C. P. Wend]
tH4.1

Conformal mapping W2 2 A4 =%

0 ! ! ! ' F7E0 ol 7k
ko'ko'ksub'ksub’kSi’kSi’kSiOz’kSioz'ktrench:ktrenc 7y 7h& v ¥k g

S
ko S+2w (4.10)
sinh L)
ksup = % (4.11)
4hsup
inh S
kSi _ sin (4(h5i+h5ioz)> (1.12)
smh( n(S+2w) >
4(h5i+h5ioz)
sinh "‘.g
Ksio, = M (4.13)
2 Sinh(n(snw))
4hsio,
inh . m
Ko = — (e (4.14)

. S+2W
Smh(#)
4(htrench+hsioz)

1—ks (4.15)
feup = V1= kup (4.16)
kg =1 — k& (4.17)

ksio, = /1—k§i02 (4.18)

kzrench V 1- ktzrench (4 . 1 9)
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ST 234 F, hgy© FR4S} FRoO|= 2 &
Al gl = u

=
hsilf E]E]T’: 7]%9/] Fl‘ﬁﬂ, hSiozllf /\E]E]% é‘ﬁ}_}'iﬂ F"ﬁﬂ’ htrenchl‘f
E

AP =AY FAClY AMAE A Az 35 FAE Lew
& Hyg Agds Lppt

Z 24 299 AYYX, LS T 2
1=

2 -
aHEA] k> CPWO QIYEIA, Lgsol WHE F3 5

l
Lrpr = Lpp//Les = # (4.20)
Z(ZK(kefW)

pov N3 FA-EoIth Al
RF MEMS ~914 5 2xf REle]
A2z A4l Audse] Imm # 71
Cisorations Hdo o2 Bd" W sA0 7 Aikelglial aF &9 A&
gHelskgitk. OMRON RF MEMS ~91x¢] A9 RF_COM X E¢A]
RF1 EE= A= oF 2mmolw A aF &9l A& A8 -
A wEbA 10GHz tidelxd #8¥ AF: A= ARAE
Cisoration® Y EAE oF 107~10%% HAYS S A .
Rbdde] OMRON RE MEMS A91A9] fJudis Folx 4] &
Fololmr AF wElE A=Y AHYAE A, Cisorations OMRON RF
MEMS 29129} ¥ 289 4%, 1 d&°] nvjstnz RaddqA=
Aelatlet. A Se] =24 54 ®ste] wE 159 54 wWstE
glatr]  flete] AP HEZE oAl AmAR JHEEith
RroL re coms LeoLrecom 22> RE MEMS 2A91# €] RF_COM *ES$}
AdE AT A, dyezolw ZkZEe Rep, Lepel 1/20]th
CroL rr coms RF MEMS 29%]2] RF_.COM ¥XE¢9} dd% AujxZ2]
AsAlE 2ol Crprt 2T Rrpirri, Lroorer 2422 RFE MEMS
291212 RF1 XE9} d4¥ AujdFe A, Yrliol
Rror, Lror & 172010 Crprri= RF MEMS A 91%¢] RF1
AdE AujdSe] AsfAA o] Crp ¥t 2t RF MEMS A9
RLC A% &4 2d A& g2 3% 4.13 o 7 1529 Ay
Z10M Z97HA obf el dujdaz AYEHm 19 4.59
vebglom 7h oA s o o] mdH

oy o
%
flo
[
)

¢
.

b do RN
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PP S (4.21)

jwCrpL RF_coM

Z2 = RRDL_RF_COM +ijRDL_RF_COM (422)
3= jwclRFC (4.23)
Z4 = Rppc + jwLgpc (4.24)
5t (4.25)

JWCRF1_com_on/off

Z6 = ZRCONTACT + RRF +j(1)LRF (4.26)

1

jwC
Z6ISO — ISO'LATION
RRp+jwLRE+

(RRr+JwLRF

. +iwC511GNAL) (4.27)

2
- +-
jwCsiGNAL J@CISOLATION

g1 (4.28)

N ijRFl,on/off

Z8 = Rppy rr1 + jwLgpy rF1 (4.29)
79=—" — (4.30)
JwCRDL RF1

¥ | =11
81 'H.-E — -] :.



LroL_rr_com RroL_rr_com
RF.COM(S) | . ! RF1 (S)
z2 .
!5 I CRroL_RF_com RF MEMS Switch
21
RDL_RF_COM
Csienal  Lrr Rrr CsienaL | oFF
Z61S0 | |
i hY 1 E
: Al H
P CisoLaTioN
RF1 (S)

1
a. =



Z1oA Z97kA 9] dae A AAdS 73 4.5 eI

79 4.5 A¥lAZ=3 RF MEMS A9x A3 odajdA g

72 49 FES ABCD ¥dz ¥ 4+ 9lov ZF ABCD
2 A =3 RF MEMS A9% Ag° ABCD g

<} 0)(1 zz)<} 0)(1 24)<} 0)(1 Z6(or6150))<} 0)(1 zg)<
z 1w 1/\z %o 1/\xz o 1 Zz Vo 1/\z

(4.31)

2F5 54 S,3 S8 ABCD B vpehid g} g,

Sy = m (4.32)
_ —A+5-CZ+D
S22 =B _—— (4.33)

A @329 A (4sdel A @D AUsDe Ais
Hsdstel gestd ol 3 F Ad &4, Wb &4 S FEs
A S4s sHeE A4S 4 Atk 74 AAtel= Matlab(The
MathWorks Inc., Natick, MA, USA) Z&713-& o] &3sl3rt.

T AMASES Im FAC AR Atgiete] S A|E
s VIR etv AAR 24 eAeh WskES #0044
el stalet.

-

o

—

33 J'A! _CI:I_ 1_-_]5

1
1



kYA

E 44 AMAZT 244 Wste] wWE RF MEMS A9#] 153}
574 WstE gsty] fs AmdE B4 553 Helg

N
["_|_,
ol

G

Transmission line
Substrate and Dielectric Si(507m) +SiO; (1 m)
Type of Transmission Line CPW
Signal Width 1004m
Signal Line Metal Au(3.2/m)
Sweep Parameters
Substrate Thickness (¢m) 100—-1000, step: 100
Substrate Dielectric Constant 1-14, step: 1
Trench (um) 20—140, step: 10
Total Signal Length (mm) 0.1-1, step: 0.1
Metal Conductivity (X 10°S/m) 15-60, step: 5
Metal Height (ym) 3—14, step: 1
Signal to Ground Width (ym) 1-500, step: 0.0l‘for
Impedance Matching

Lym FAS Ael Abstete] 3| A 7|ds VlFow 77
7132 FAE 100melA 1000m7FA]  100m 9= wWEahdA
7138 4 e 1elA 14704 1 @9 = ¥ste] wE RF MEMS
2912 54 WstE e ol&ste] ¥ 4.63 Zo] FRlsgith
713 Edlx] zZlol= 20mmoll A 140m7FA] 10pm ©$1=2 WH3}shAA
AEAel & ZAolx 0.lmolA 1mmZFA 0.1mm ©+9 2 WH3lo] & RF
MEMS X£91% 54 WstE F245 olgste] 9 473 o
ottt AFAH F59 AEEE 15x10°S/melA 60 x10°S/m7HA]
5x10°S/m 9= WIlstdAd  ATA FEH59 Eol: 3molA
14m7kA 1m S92 Wste] wE RF MEMS 2914 54 ®W3ts
T2A& ol&ste] 17 4.8% Zo] gRladitt. dAF Are =87 54
Hsle] wet JIUAE HEstEE Al AEFES 100m= 1S
Az HA Aol HAES 0.01mE HA HR 2FTo
49.9°14  50.1 Ake] deld 50 H¥dEA WS
Ao CPW  dE AR 54 dyudAs F4
2h[4.10].

2
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Zy = ——tolfo (4.34)

O AT FAE, uo AT FAE, Klo)Kkp)E A 1%
3 Be qpold = 4§ 42 34 PA v 4§ =
ko

Zb7he A (4.10)% 24 (4.15) 9}

O}N
rz
o
%,
ﬂl\J
©
—
=
E]
1o
Y
)
T,
-0,
(@)
(@)
S
E]
©
ol
ol
N
=4
kit
Jhu
Jo td )
g
o
ol
ol
2
o
A

o] 6GHz9 342l 1/100 olatz HF 24 mdeo
1ol §d A 12 P #Ae AesE 799 5
- 153 54 Wsh gl 7wl §Ad AT 142 & AT
7188 FAZE Skl 159 548 ©F 0.13dB olstE d3tE
719l FA7F 100m=z 9Fe A= 1w &H Ak ZUbe) we
IF B5AL oF 0.60dB  olstE  dstHoy e T
1000m=E 7L A5+ 7188 §4d 57t F7hskel wet a5
=& oF 0.73dB olatz dgEct. EFs s|we] FAE gFw

=0T T
§70 A ees AWAZI HE T RE MEMS 29179 150
s4e ¢

= Fshlth

AT ZF Zol7b 0.lmE FE A$E 7189 EdXA zlo|rt
F7HEFE aFs 542 oF 0.01dB olatz /HAHN oY A F
Zol7F 1mzE 7)1 A% 7|#e EdXR Zo|rt = ee= s
EALS oF 0.30dB oldtZ AFHGH EdAS %ol7} 20mE W
A= AsAHe F o)t 57}2_&/;% Abel Azl mbA} Al
0.28dB olat= A3, A5 Tkt 0.22dB °lst /A=A E-IA S
=0|7F 140mR] A+ AT A9 720]7]. 7ol A== Are] &7 HEAF
£Ae ok 027dB oldtw s, A% Feri 0.24dB o3
AdEdd. Fasbd EfAL zlol7h Frbsta AwAd Aolrt
molrlo| web A9l AT Wil &40 JjA H|Fo] A5 Hamo

=
Hoh ZEE EdAE d25% ASA dol: HerE

g3t vl =
A E3 g F RF MEMS M;zu aFy EAL 942519 o)
AT 59 Hol7l 3mE 22 A= AlSAHA F59 Ax

_]

SR de 9 £ oF 02608 ol A, AL 45
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L& 9F 0.25dB o3t dstHElov AEd 459 Folvb 14m=
EoAEd 2% Axmsl Z7kgel wel 4 24 o
oldl /WA, WAL £y Al ByEyxE ¢k 0.06dB ©|3&f
Ark. Asd g9 WERsF 156x10°S/m=z @ Agels
o wol7t Zrhgtel we 4k} AL °F 0.40dB ©l3 A,
PEE ok 0.37dB o3 dstEgont Asa
AEZ7F 60x10°S/mZ ¥ A9ode ATA Eol7t
et A &4 oF 0.20dB olst WA, WhAF £ A
°f 0.21dB ol&t A= Aet. THetE AT =52 7
S7hgel web ]l 49 A wlEe] WA &4
g3 wEHY AET NFH F&He FAet A
AAEH A F RF MEMS A9129] 1153

P b S rlo
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>
i
2
i)
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o
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Insertion Loss vs Thickness and Dielectric Constant of Substrate

Insertion Loss (dB)

0
Thickness(m) E Dielectric Constant

(a)

Return Loss vs Thickness and Dielectric Constant of Substrate

Return Loss (dB)

. 0
Thickness(m) 0 Dielectric Constant

(b)

Isolation vs Thickness and Dielectric Constant of Substrate

EPTIEa

Isolation (dB)

Thickness(m) 0 0

Dielectric Constant

(c)
a% 4.6 AWMAS 71 FAL 3 A5 Wsle] mE
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Insertion Loss vs Trench Height and Signal Length
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Isolation vs Trench Height and Signal Length
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Insertion Loss vs Metal Height and Conductivity
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Return Loss vs Metal Height and Conductivity

(@p) ss07 uInjay

Height(m)

Isolation vs Metal Height and Conductivity

(ap) uoijejos|

Height(m)

19 4.8 Al

gl

()

2~
=4

A3t (a) A Y

5 54

e

89



£
ofN
=1
1o
=i
l
©
I
o)
=
-
i
A
rw
i
A
i
|
)
0
l
2
=
%,
ol
~N
j':L

Fub o wzed A$9 48 3 RF MEMS A9x 1539 EX4S

FHoldy FAor  FRlsglth. AlE#eldel= HFSS$E ADS

2 = ol &t AMjAS AE AERE 620m T AFoR

stn © AF A Zol: 500umE ST ZHF WIEE o]AbA ¢l
=

Az 7Hgsivh & 4.53 o] AT 7, HA, dF A=
Al

Bel, AEA ERE T, A H2 ngsa AMAS 7w
NI A=A Apo] AL WFlale] A B o)Ay A RAL
APk 2 71 AsAS A Apele] 1AL 7 X EC)
AIAAE 50.08 02 shH= Fx]o|th,

Duroid FR4 Silicon
Substrate
Dielectric Constant 2.2 4.4 11.9
Thickness () 507
Area (mr) 3.8%X6.5
Total Signal Length (mm) 1
Trench (um) - - 50 -
SiOs (gm) - - 1 1
Transmission Line
Type CPW
Line Metal Thickness () 3.2(Au)
Signal Width (m) 620
Signal to Ground Width (¢m) 31.51 76.25 | 185.17 | 263.54

10GHz tfdel A2l Al&Edold Axel 421 A4 Ades X
9% 499 2ok 48] £43 Wt £ Aol 54 B4
H g FAoA zol= oy AL dA A A
£ Wb £ B Frels, FRA, AYE A, AT £ow
. ol
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¢ttt AS FeE 54 724 S A= wEolE, FR, AEE
EdXA, AgE +£o=2 o AlEdoldods A, AeE
EdJXA], FR4, wEo|E +£0=2 st Algdo]dd #2418 ztol=
AlgdoldeM s s A]d, FAAAY F L AmASe
TZ7F HEE Wb AN = Al A, AHA 44 L e
A ZE2] FF= HbgEx] 9kgkal quasi—static TEM REEoA A3
Aol Ak 7Hg el 7] gt

4.6 AnAS A A5 AlEeold, 4 Ay de <10GHz

Insertion Return Isolation
loss (dB) loss (dB) (dB)
Switch Only (RLC model) <0.86 > 10.37 > 32.76
Simulation <0.84 >10.21 > 33.21
Du
Formula <1.86 > 6.31 > 26.21
Simulation <0.88 > 10.06 > 33.29
FR4
Formula <1.87 > 6.29 > 26.17
Simulation <1.18 > 7.94 > 34.36
Si+SiOs+Tr
Formula <1.89 > 6.25 > 26.11
Simulation <1.30 > 7.38 > 34.66
Si+Si0,
Formula <1.90 > 6.24 > 26.07
Aoret 2 A HAy Ai= A S 7 AT A
NolA Agde vketstal RF MEMS /\_?472] As A 1y EANS
dSst7]el Agetdct AudS 71 T4, W4, dF A= B,
Ao FFR 574, Az S uAFst e AE dE RF

AlgdloldelA= 2.99dB ©]st,
FANE 6.69dB olato] 9Lt Eqx) slwe] nFs 54
AP Jlwe] nF BARG $5ES Felskgon FRols, FRY,
ARE EQA AW F b S5 1w nFs 54 e
S A% Ed 54 el ARl 2270 o9,
G0l 0.1dB oStz e A& SIStk web slwe] FR7b
Gen ol we £ES 508 YR NS Aol AT 94
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Atele] Ae Folh Qe Ag, AR EAAE Jwew Gt
AudsS 7P st SASE Bl wEROEE VMo E e
A d sl viske] o 2.27dB olete] aFul 54 A3 AYEHSACe
ol olF F Bl ATH FEUYL FAskgy
0.0 T T T T T 0.0 T
-0.2 X i 0.2
0.4 04 R
g 0.6 & 06 ﬁ-\‘\._
E 0.8 % 08
g 10 § -1.0
§ 1.2 = SW_only S 1.2 = SW_only 3
t 1.4 ' Du € e Du
2 & FR4 g 144 A FRa %‘P&
1.8 1.8 — %\%
2.0 — ; 2.0 — ; |
o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10
Frequency (GHz) Frequency (GHz)
(a) (d
0 0 T T
5 s ]
-10 -10 S
g’ 8" Mﬁ
T 20 T 20 /
§ 254 § 25 ; M
- 20 O < 230 4
SLF Do ] Do
& -40 : ;E—AS\OZ-Wr « -40 : ;i‘tsi02+Tr
45 [ o ]si+sio2 45 | & Jsi+sio2
50 N . 50 s
o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10
Frequency (GHz) Frequency (GHz)
(b) (e)
(] 0
-10 -10
20 -20
o -30 & =30 Y
) . i ” -
c -40 c -40
k] 2
% 0 " SW_onl % %0 5{&&@ SW_onl
2 0l « o 2 -so-(fg «ou
§ A FR4 A FR4
®  Si+Si02+Tr ¢ Si+Si02+Tr
70 [ & ]si+sioz 70 [ & ]si+sio2
-80 ————t -80 ————
o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10
Frequency (GHz) Frequency (GHz)
(c) (0
Y 4.9 AuAZE A8 T RF MEMS 29 153 549
Alggeldst 4 A3 Hlw () A &4 (b) v &4 (o) A=
%, (o] AlEdeld A7) (d) A &4 (e) WhAF &4 (D A=

BYE, (1 54 A3
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4.2.2 7193 A4 Az 23S 3 E4 AA

719 AF AR wE olF FF Al 1T é W35

A3t7] 9t FRo)= 7] fol GCPW % A2, FR4 7|3 $e
CPW AF HA2E FAdsta 29x9e olF &3 E—*é—g HFSS 9}
ADS 22 Id& o] gsto] nlustgitt. 11 4.109 e tiste] %
4.7°]  IEulgE  HFSS T2 a3eA AujASs AlEdolA
Aysksict. 18]l HFSS Algdold Ay ADS w3 7bsst
touchstone, SnP U= WS sttt AujdST AlEdoldL A4
Al RF MEMS ~9% % Az WA &dst= 72 40m, Al
25mnel] thstel AT GCPWE A5 AwidS skl HA
el HAE dAdshy] A 78 #E vlok(Via) & HEFSS A& 0]
2do] Wrddt3itt. OMRON RF MEMS A9x9F Aujsz a4
A 2o FAgozr RAHYFITE o]F ADS T Z A
A A Z2] touchstone, SnP ¥ sEje] HFSS AlE#olXA A=
OMRON RF MEMS 2$x% RLC HF 422 »dz Agksto]
AlEdol A zl&etgitt

i

o 2 to hu J

v2(DC)

RFI1(S)

0 10 20 (mm)
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RF2(S)

0 10 20 (mm)

¥ 4,10 AAZe] HFSS AlEdold Rd  (a)Fzol=¢
GCPW %3 (b) FR4$} CPW %3

¥ 4.7 FRol= 71:3 GCPW %%, FR4 7|#3 CPW %39
o]F %3 HFSS AlEdolA 12l g

Duroid+GCPW | FR4+CPW

Substrate area (mm) 40 x 25

Line metal thickness (zm) 35 (Cu) 65 (Cu)
Substrate dielectric constant 2.2 4.4
Substrate thickness (um) 240 1530
Type of transmission line GCPW CPW
Switch signal width (um) 565 960
Switch signal to | Impedance 121 144
ground width matched case

(ym) Real case 370 215

FR4S) FA4ds wREoES fAdsHt A3 CPW AF
AZE GCPW AF Adzng 74 si-5 F3 e el Feofsioh
Algdeld Ay Al e FAs AA V1 FAS fAREE mRolE



719 FAE 240mE FR4 7199 FAE 1530mE  AYsHith
AZH FE 242 9 340l 7hsd 565mst 960molth. °F 50+
Ay A wjHo] = 7% (Impedance matched case)9 F8
W ek oF 56+, °F 59% YA A5 (Real case) ] Az A
Abol el A& A skt

AuldSe] HFSS AlEeeold A9t OMRON RF MEMS 2914

11]
=)
a N
& a
= il
@ =
2 3
S i -
= Du_intg_sim_Insertion o3
8 FR4_intg_sim_Insertion g
c : Du_intg_sim_Retum § : ~: L .60 =
= ! FR4_intg_sim_Return ©
i Du_intg_sim_lsolation | i 70 O
_ g FR4_intg_sim_Isolation | & T R
-20 . i ——————— 71—+ -80
0 1 2 3 4 5 6 7 8 9 10
Frequency (GHz)
(a)
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S -10 <2, ; | - -30 3
§ 121 e S RS o 40
= ' o i i [0
) o Du_intg_sim_Insertion [f---i-------ereiseeeees --50 ~
»n o FR4_intg_sim_Insertion] - (o)
= e Du_intg_sim_Return = J---i----ooeedoeoeenen - -60 =
o FR4_intg_sim_Return - L
¢ Du_intg_sim_lsolation J-..i..occcooiioeiiiee L .70 8
] 5 5 i O _FR4 intg sim_lIsolation] ! L —
20 4—————————7—— 17— 80
0 1 2 3 4 5 6 7 8 9 10
Frequency (GHz)
(b)

a9 411 wEel: 7|#3 GCPW #%L, FR4 7|3 CPW

o w2 o]Fofxl Sl OMRON A& A Ags 7=
Algdgeld & Ay (a) dIEA wWiFH AS (b) s 34
13 dydA F9- Duiintg_: FEo]= 7|3 A FR4_intg : FR4

71 A3

o mlm

Off

I

a9 411@9 Ase o

Aol ¥ 41108 AfE 34 =& vkdst oF 565, oF
59w Il 75}'1‘ 1% + 43 ]
olFAATE FX AL 7&&8}131 24 =
Exol Yo e # 4.801]"1 geg 4 it
] o]Fox = H$ 4.5GHz F-ZollA Fxo] wAyst=
g dnt ol Yy ¥ xE JdudA o] 7=

A7 47 49.6+, 50. 4iolﬂi FR4 71%e] Z9-7F

o
N e 19 2w

N9

7 Jﬂ:—% g sk ok 56, °F 599 WA Ao
d= (RF_COM) ¥ &3 XE(RF1) OUJE% o] FEolE 7%t
A7 247 56.0%, 55.8%°]W FR4 7|#e A7l 27 59.0%

58.920]t}. o] A¢ 6GHz tololx HFEol=9 GCPW %x& 3} FR49L
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CPW %3to

WAL Al 27

BFdT Aol
4.5GHz, 6GHz,
TEOIE 7]¥e

TAE Y EAE
11.19dB ©°]43} 1
35.92dB ©]4¥} 34.89dB ©]7d
91 9lth. FR4 7])%9]
9.5GHzel A
A7t

ol G o2 FAdeErE AL

7y 7}

A= A] Z}

T

rolgie}.
!
o

TX0]

2ol
AR EA
WYl
2L FAZE gk GCPWE #8313
FAZE =% CPW A%

zt 0.68dB ©]&ke} 1.2dB ©]3},
31dB o4, A5 EEvE= 7247t

os) Al 2% Al 149
EAelA ok 1.5GHz,
2e  Fastock

Az =

83 FR4 7IHHT AE ek 540 53 s #Alsgln
ol BF olF uFs SAo] MMHEL @RS ol Aol
FRo] MAse A4 A% AR He RN = Y A9
olfE AZA Folu zbA st RN YuEA FH ol
TSt Aol ol o Wl aFst 54 a@ze] shgelA
9 (peak) 7F FA P ZH ld F At

X 4.8 FERol= 7|#H3¥ GCPW %3, FR4 7|#3 CPW =%3
AwAdS2e] OMRON A9%19 A4 &4, vkxp &4 As F8%
AlEdold Ay < 6GHz

Switch | Duroid+GCPW +Switch FR4+CPW+Switch
only
(RLC Impedance Impedance
Model) matched Real case matched Real case
case case
Insertion
loss (dB) <0.36 <0.47 <0.68 <1.13 <1.20
Return | ys o4l > 1877 >11.19  >13.96| > 10.31
loss (dB)
I(Z(gj‘“o“ >3356  >35.99  >3592 >34.66| >34.89
97 ] 2- ]



TRol=  7|#¥ GCPW %%, FR4 7]#3 CPW Xgo=z
oFo| X AujdFel OMRON ~91x5 A A4 +x9 DC
X Eo|M RF ¥XE EA AlEdolA Aye= 1% 4.12, ¥ 4.99 o}

0 — T T T T T T T T 1
bbbl e DumgemDCGRFY |
sl i S R R R [ |Fr4_intg_sim_DC to RF """
UG T NN S SN YR SO SR SUON WS S S . -
m L | |
2 S s 5 ol
i i : i ; 0000029
w20 i'"""Df'fb'?}?'ﬁ"'E"""“'g'g”é'"g"é"?'?g'%%"""?'.”. """"" i
i : Lo Oig @ ¢ i
L o gge®® |
QO -40 T G T A e e s IRV S 4
Q os® 7
0® H : ;
ol i §
.50 . e i
® :
'60 T I

; ; ; ; i ; i ; ;
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Frequency (GHz)

¥ 412 FRol= 7|#3 GCPW %%, FR4 7|#3 CPW
zgto g o]Fojz AujAdZFe] OMRON A5 =93] At %9
DC XE°A RF ZERS 153 SAS AFEdoAd 3 A
(Du_intg_: F®o]& 7|%+ A% FR4_intg_: FR4 715+ 43

¥ 49 TF=Rolt 7|#3 GCPW %3+, FR4 7|83 CPW
AujAZ=2e] OMRON A9 x¢] DCEEO|A RF XE=ZY 133
Al Edo]A A3 < 3GHz

A BN
ox, 1

Duroid+GCPW FR4+CPW

DC to RF (dB) > 28.61 > 26.91

C XEJA RF XE+ EZoz Hiyo glorvzg As
dE EAS HYon [FEol=9 GCPW %83 FR4¢ CPW %%
Zroll thste] 3GHz thodellA ¢k 28.61dB o4 26.91dB o]l
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2e HAsrh T A4S BE o 26dB ool A% FE 54
| AA9) DC EECA RF TE 435 2g

= <
go 9rs AL Fasddt DC TEE A% Azsb ofueid

A Zzoz Abg" AgE go]HE HA3e]  10000Qcm
oldQl 500m T/ 111 W3 4% AT goldE A
% 4,139 AMlAZ 2dld sty 508 AdIdA FAe ulshe]
EdA S Zolx VAH AEE ;yste] g wAs] 918k
dols  FAL 10%°l Fse 50m7bAel  thEte]l  10mwH$ =
elatint AwA S nFEg 5L AF Al RF MEMS 2994 A%
Az WA dFsti= 72 9mm, M=Z 6mnel] thsle] HESS Al &zo]A
L2 skl EdA f59F #A glo] A Absiube
FAE 1mel™ A A2 CPW F%22 U3tk Bare 9o]¥ 7}
obd atslut djo)vE MAT o= A VR F&5 dF AR
Aae gy F&5 FHA AYA 2RSS 9% YA TS
a#H s 7] wEo|th A
wo]7] 93 x| Tudly] Ao AyE y|do] & wEHIow
Bare ¢1°]¥ 71#od: EHH 342 1T 4 vk EAA 50m
A9 6GHzollA 53} 5A4o] 7bg e AS * 5}-o]
gom EAA Qe A9 wmshd 44 £4E 0.026dB, WAL
A& 1.3dB, A& ¥ EE 2.57dB AAE AL o
<2 1

A

EdA 50m fFol wEk F 50 i & =
7d-F-(Impedance matched case) 2} 74 2xQ1 7|43 AF a9
T D kA Wgk, 54 AR T =4 a8 AR FAd HEe
5 Woid) & W HReal case)o U AlEHOIAS
s om  zAAgE Algdeld  IEtrHE % 4113 g

AS 22 mda dgste] ADS AlE#HolA A3y A= 1Y
4,143 2t} OMRON RF MEMS A9x ¢} Aujxs A4 25d4
Rk AL FAgoezn ndIHstt. MEMS 342 48 PCB
R Astrz AE AedT HA Afolo] AL Htghe
AA gkl LAFsESI T
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6 (mm)

— Jrench

'

S kgt 2

Tx9 CPW

X 4.10 AEE 71#e] AYE Attty Edx fxe CPW 2%
Auj Sl HFSS AlE# oA detng W A3 @ 6GHz

Signal Signal to ] ]
Trench ] Insertion Return Isolation
Width Ground
(ym) loss (dB) | loss (dB) (dB)
(¢m) Gap (¢m)
0 300/62 0.152 17.19 50.84
10 281/49 0.140 17.32 51.48
20 264/40 0.140 17.47 52.10
620/115
30 252/33 0.129 18.41 52.44
40 237/30 0.130 18.27 52.91
50 222/27 0.126 18.49 53.41
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3411 A= 7198 A& Absiey CPwW 23, A& 7139

A2 Abstutyl Bz Fx9E CPW 239 olF B3 HFSS
A EgolA ukelu] E
Si+Si0y Si+SiOs+Tr
Substrate Area (mm) 9x6
. Impedance 3
Line Metal |matched case
hick
thickness (zm) Real case 39
Substrate Dielectric Constant 11.9
Impedance
Substrate matched case 200
Thick
ickness (im) Real case 507
Type of Transmission Line CPW
Impedance
Signal ~ Width |matched case 620/115
(sm) Real case 619.5/114.5
Signal to Impﬁdzme 300/62 999/27
Ground  Width [Ratched case
(ym) Real case 299.5/61.5 221.5/26.5
Impedance
hed - 50
Trench (um) matched case
Real case - 49.5
Impedance _
Thermal Tape matched case
() Real case 7x6x0.b
Impedance _
Measurement matched case
Chuck
Real case Metal(Iron, 7 x 6 x 1.5)
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(7] 10 i ©  Si_SiO2_intg_sim_Insertion : L o)
£ q64dC i i e Si_SiO2_Tr_intg_sim_Return ... .. | 60 =
o é : § ©  Si_SiO2_intg_sim_Return i)
A8 b Si_SiO2_Tr_intg_sim_lIsolation} i L .70 8
] Si_SiO2_intg_sim_Isolation Rl
-20 — -80
0 1 2 3 4 5 6 7 8 9 10
Frequency (GHz)
(a)
—
11]
T
e
—_—
m 8
RS o
o
-l
()]
2 [ =
_5 i o
- 14 i H : : : o3
Qo "7 . ® Si_SiO2_Tr_intg_sim_Insertion e
2 19 i g o Si_SiO2_intg_sim_Insertion o
L e S """""" ¢ Si_Si02_Tr_intg_sim_Return |80 %5
* ' ' i O  Si_SiO2_intg_sim_Return i o
B i Si_Si02_Tr_intg_sim_lsolation {70 ¢
] Si_SiO02_intg_sim_lsolation - e
0 1 2 3 4 5 6 7 8 9 10
Frequency (GHz)

(b)
I9 4.14 AEE 7|#e AgE Abdea CPW O ExE, AgE
71 A Ay Edx S CPW 2goz  o]Fox
Aol OMRON A$AE ZHH AFst F+x2& AlgdolAd 3t
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A3 (@) 9¥EAs wWiF A (b)) AL FAEE FEH AT
TAE uEE d9EA A (SiSiO2.intg: AEE 7]
Absbekmt 719k, SiSIO2_Tr_ intg s A& 7|¢e AuE Abshd

Egﬂx] 26]—

MEMS 74 48 PCB 34l wgte] Agstnz Az Holn

Aol 0.5m &b ofufellA FAEHAT sHARE MEMS 74 2t
ok olyel 54 $AY AL FAY WHEY s WYdstd FHlo]
A= AE gRlsdith. 549 A A" ekt s fst 4
Hlo] > (thermal tape), ¥&5 o2 o]Fox ZHE Z(chuck), ¥
ML g, £0.5m 78 22k oF 507m T A2 dlols A,
oF 3.2um FAIZ Ta¥ HAF AZE Wrgst HFSS AlEdold Ao
W= ok 50.0£1.0% X wio] Hi= As it AeE
71 e wiEske 9EE s7] Wil A& FAdE AREsioF skt
A FAge HEE st BYolA o] st [4.12-4.13].
T AAE Adwol Mz Yy ARy A 3RS S
d¢lo] Ay, F EE RF_COM, RFlel tiate] A 74 FEo]
A 1 F 7 e %ol RF1A st 7 skl
MZ= W 4159 ol EYE silow Zzhel A= 34129
2th4.14]




AEE 1/200 3¢ 1.28x10'S/mE 7}4¥3tal skin  depthel
s2e Aol tieg A s aesklti4.15, 4.16]. A2 FAdd
Mo LA w5 Fd Aol Fad AWAIE Alo]] 17
°F 100mE 7Fdstd  ZAsfAly By WA = AA W4
0.45x0.7mre] °F 22.8~65.2%° s3It &%

R Fus /\/—
dEv] RF_COM ¥%l 9% ¥x F35+ 6.8GHz, RF1 &5
A s 4.0
A2 4 e 11.9 O]EE %Zg Al Ao S BA o R
7

el Eiqo] wsk: e AT o LA Y (RF_COM

¢ ZERFDY 9uds vhyel FelE @] Az Ash
T2 A9 27 49.8%, 49.6%01v A slwe] Ael: bshea)

[e]
©
Edx F29 A7 Z47F 4918, 49.0&0|}

A 7189 299X AR F 6GHz Tl SAE
413904 Felg 4= 9low AT 7)o A akstek Fx9 CPW
Zstap Ao A Abstey Edx el CPW 23] A= 4]
Z}7} 3.88dB ©]skel 3.86dB o]df, WhAF &4 7H7F 11.84dB
2.31dB o], Als #¥E=+& 7H7 28.39dB o4 33.46dB
Jom Wb &4 BAY Ase A 28 A 4d AFAY

52

o

o oX
o
—

ol x) &9t Abel &4 EA L ok 0.02dB, HHAF &4 EA LS ok 0.47dB,
Mg % 5L oF 5.07dB A& Atguty EfNA] 27 {23
2L sk

3 4.13 A= 7198 A& Atk CPW 23, A& 739
Al Absteta Edlx gtz CPW 28 AEdEe OMRON
29A 2] 4]l &2l HkAF &4 AlE el AlEEelAd A < 6GHz

Si+Si0y
+Trench
+CPW+Switch

Switch only Si+Si0y
(RLC Model) | +CPW+Switch

Insertion loss

(dB) <0.36 < 3.88 < 3.86
Return loss

(dB) > 15.04 >11.84 >12.31
Isolation (dB) > 33.56 > 28.39 > 33.46
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e 71 A S E-RA el whE OMRON ~91%]€] DC
ZEM RF XE 54 AlEolAd A= 19 4.16, & 4,143 2
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| * éi_SiOZ:_Tr_int:g_sim_;)C to R:F

10 | T S [ © |si_sio2_intg_sim_DC to RF I“‘
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a) gy o |
o
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0.0 0.5 1.0 1.5 2.0 2.5 3.0

Frequency (GHz)

O 416 AP e AelE Absey CPwWooxg, A
Z1el Al Abstutyt EdA Sxe9k CPW =Fo= o] Foixl
AejdSol OMRON A9x& EFHH AFsH Fxol tiste] DC
ZEOA RF ZERS 153 =4 AEHolHA A (SiLSiOZ2_intg:
Al 7] Al Abstetat CPW 2%, Si_SiO2_Tr_intg_: A&
71 A& Absteta ERA 23

¥ 4.14 AgE 71 QXS EdAA G5 E OMRON
2 $1x ] DCEEC|A RF XE=RO 3153 54 AlEHoA Ay <
3GHz

Si+Si0, Si+Si0z+Tr

DC to RF (dB) > 26.30 > 26.86
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3GHz thellA ok 26.30dB ©]/47} 26.86dB o]l A& =helst
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E 415 Al 7o A& Attt EdA] g xo] Aujd 2
HAE S|l HFSS AlEeolde] Agst 274 3 4]
Si+Si0, Si+Si0.,+Tr
Substrate Area (mr) 4x4
H, Substrate Height (um) 500
Dielectric Constant 11.9(S1), 4 (SiOy)

Transmission line

G, Signal Gap (um) 1000

S_T, Silicon Trench (ym) 50
T_SiOs, SiO, Thickness (m) 1

S, Signal Width (gm) 620

S_P, Probe Width (xm) 115

T, Metal Thickness () 3 (Aw
W_P, Probe Signal to Ground Gap (ym) 62 27
W, Signal to Ground Gap (¢m) 300 222

HAE delefa A d=e] Al
e arlE ndste] Y&y XE
AT AE A2 A AE 50—%
71%E] ym A Abshe 23 2 A JAA Aol HAE
AN Z2BH dete] 42z 300m, 62m=z Sk A
71%E] 1 A Arster F3F o] % 50mm o] Al EdA 3
ste] AEel HA Alo] HAE AsAy ZzB M dste] bz}
222um, 27 m= 333t}

Lym A Abstate] Sakd AeElolA 50m zlo] A EA
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Frequency (GHz)

I9 418 AYFE U] Ay Atsiuby CPW o 2§, AEE
7o) AglE Aty Edlx] GFx9 CPW Z2goR olFoix
A HAE d" AlEdgold Ay (SiiSio2_: AT 7|9
Ag# Akt xe SiSi02_Tr: AgE 7w AgE Asiuba

Edx z3H

F 416 A 7] A Atsiets CPW 29, A2 79
== A

e Ay Edlx gzl CPW 2o o]Fojxl AujAdZol
HAE sl Ajgedold A3 vl < 6GHz

Si+5Si102 Si+Si02+Tr
Insertion loss (dB) <0.11 <0.10
Return loss (dB) >23.92 > 27.59
Isolation (dB) > 30.08 > 33.65

HAF &418 23.92dBolA] 27.59dBE ¢k 3.7dB /A= A9
AL 0.1
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Al 5 olF T AWMAT AF

= AgelA AT 7 Tl 2E rE 9 4 2 =S
wejste] ALHAY web dE Az FF, a5 dxwe Eol,
71l GRS T T, As Aol do]l ey EdUR zol=
ZF A S ebg AR zfel7k glem ol aFuh 54l ol 9l

FEol= 7% 99 GCPW A% A= A2} FR4 713 $9 CPW
& AR AR e FEE ol&sin. 7z 7] e uibo]
(Copper Clad Laminate) %o] glovw g EFoS2 FAE
3tk o]%& 7% 2= (DFR, Dry Film photoResist) 3 78] 54
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T 2789 mtAaE ARESEe] 41X 8] Hat 507m TS v A o]
10000Qcm o4l A3 Ay dols o AFsrgict. A
71 fell 1m FAY A Abste S22 PECVD (Plasma
Enhanced Chemical Vapor Deposition) & ©]&33th & WAao=g
vox ®H AF HERE IR AAT S AH(E—gun
evaporator) & ©]&3sto] A3 (adhesion) U A= F(s
AR AE/5(Cr/Aws 22 30mm,  300mm  FEREAT o] %

A (THB-11IN) & 9m FAZ S23 F Abd 302 A5 A=
44 Fas HEdeEsith ol ¥ Eu WASE oF 3m F9
e Az2E FPe0th. =5 ntaaz A HEAE AAS &
w4 A4 WS ol&st AH Bl A= Tor AT AFd =
s AZskelah A v A4 A A7 vpaEaE AREE 0.3m
A9 AgE  AEeS PECVD HWHAo® EZEu. ol &
A (AZP4620)E 6m FAZ =X 3 F AE A48 P

i

Al Atsiere] Azy mpAagw AREE AFAE AR E9=RHO,
plasma) 2 A7 F ICP W2Aloex A& 7|8 50m A2kt
Al AZb wpaaz AREst AelE Abste 0.3mE BOE §-9ofA
T2 A7 Ao w AAsHH A 7|we] AgE Atsire] EdA
T2 HAE A27F g d

Al 2 A AR A L S EY
5.2.1 7|&3} AF A= =%

FEol= 7|#3 GCPW % A= Zgo Awidz 9o, FR4
7183 CPW As Az x93 AmAdS flol OMRON RF MEMS
2948 4 @ DC-DC AWEE AZst A= 19 527 ot
A S e HE FAY@LFSOLDER TLF-204—-105S—2, Sn
96.5/Ag 3.0/Cu 0.5, ==A: 216~2200)= col&stq ™A
Agstoit.
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Converter Switch

(b)
a9 5.2 AWMAZST 71EE olgste] HAWE AYAE oF
Z3otsl A3 (a) FEoOI= 7|9y GCPW A4 A2 (b) FR4 7|%+3}
PW % A=z

@)

AA 71 A7)

rir

90.5x36.5mr=2 Fdsttt. AWE el ¢
Tl Ay FELS lm ©olg] FES 0.5mE ST wEOlE
713 FR4 7|88 Z+z ok 05 &X(02)9 °F 17.5m FA9F <k
129 ok 35m FAY Fyg=E go Q= 7]#H(Copper Clad
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e BE Aow T 4% A= TAL 27 o 30m, o 60m7
Hieh T AsE wAe] ekl 7@ A AR o] 5m T
YAH 003m FA9 & =2 Utk A% ARE ¥ 519
Jelatoch

% 5.1 wEolE 7|#¥ GCPW x%, FR4 7|#3 CPW %39
o

Duroid+GCPW | FR4+CPW
Converter type 12 ;iﬁ;?ﬁﬁ;ilgifge
Substrate area (mr) 90.5 x 36.5
Converter line width (mm) Clock/Power: 1, else: 0.5
29-4-0.03 60—4-0.03
Line metal thickness (¢m) (Cu—Ni—Auw | (Cu—Ni—Auw
+5 11
Type of converter line GCPW Single
Substrate dielectric constant 2.2 4.4
Substrate thickness (um) 254+17.8 1530+ 153
Type of transmission line GCPW CPW
Switch signal width (um) 565+5 960*5
Switch signal to ground width (um) 370*+15 215+4

AN s A B eA dAdsE eabeE ¥
2] Wslo A9 @abe} T3 WsloA 9 extw EFHTh

T2 Wgle] wE exk= 7| FA, FE
Arel Z3 A Abeld] b4, FAF FeolA Atk wEo
7132 FA 3= £7%, FR4 7189 T A=
Aol FwEol= 7|3} FR4 7|%e] A s o] = 718 FHEH(laminated
copper) T8 @xk= ZH7F 18+£2met 30Et5moltt. 78 2w &4
gl oAb FEolZ slwe] diste] oF 11+2m¢ FR4 7)ol
ojete] oF 30E5m olth. weEbA FE w3 olF HjAe A=
Zkzk ok 29%4m, °F 60E10m FA7F HATk. 8 AstE WA EH]
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Aote] Eash YA o 4L 1m FAY YA R o]Fo A3 =
Ew9 7= oF 0.03m=E AiF oz thE S50l HEo] gRobA
QA= FAE FEolth. AFoM= H® g di¥] £5um &b
skt AE Amel HA Abold AN HE U] 385m
el Hol oF —30me @27k dodom Ht kel 370m thR] £15m
el x7F itk Elan 094 10GHz tiddelA 7 73
TG oF 156% He=2 Hs)si

TZ W] wE exe AF AxRY dd, dAF
=H (sidewalD), oA AL + ot AF A2 &
AREE 3 5 (DFR) 54 gsto] AF: A= dHE
obgHH T Z2 Altteld Rofoln HE MR SHof=
ol gt ==ro] Wit

AA A A AAA TS o] gt YA
Aol Aet dyds FA e gste] Fxio] wHAgh: Hij o]
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oate] AuEA RAG] WA ol
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i
okl
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Eao] wAske g4 zde] FAWT AA A AvEA WL
o AR 24 A Q) £, WA £4, 25 BYE 546
Aol WARE RS FH ool @E Juns e Fo
dololeh. webd MAS bsd g7 st 24 oxE 2A4F
Qo WFo] HoA S5 nFo B el s,

.

4

FRol= 7|#e FHANTFRYG 7] wiEe Ayl J|#wo=w  z

TSR gFst Fukgo A o] WSk Agko] itk FR4

719 WhAL £ EAoA oF 1.5GHz, 3.2GHz, 5.5GHz, 8GHzelA
el

=
Aol Mg e AT £ Utk AR Fa Fuers

N

A EHold At 004 1.5GHz FE =ol7F 9ot ¥ FEoA
Xl wAsE Ao AR5 AlEHolA A FH A FA
T Aol kA AFE T Aol exbeo) At WA g YA
THS HigdslA ke 1y dAE AERo R A EHolAS a3 Ao
71Q1skth, FRol= 7|2 FAdFTE 2 FA7F gfoer GCPWE
Ag3slR 7] W o A or FAAFI A3 FAV FASY CPW
HAE AR5 L3 FR4 7|9Eg 449 &43 A5 Bs 549
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e e L A

# Du_intg_Measure
<+ Du_intg_Simulation
o FR4_intg_Measure

20 FR4_intg_Simulation

Isolation (dB)

Frequency (GHz)
(c)

5.3 WEol= 7|#3 GCPW =%, FR4 7|#3 CPW
o] Folx A ZFeo] OMRON A8} AWEZS o]F £
ﬂlﬂ T =4 A3s AEdHeld A¥ Pl (Duintg

A%, FR4_intg_: FR4 713 A3 () A4 &2 )

(T S ok N
R oE oot
2 lo |o M
MM R oot

>
=
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° &
rz
%01’ u:
M
A
ki

=74 At Al EYold AxE F 529 v, Fstr. 6GHz
e ae] nFa A4S AdrEy FRol=et GCPW £33} FR4¢9}
CPW %9 A=z 4] £42 ZHzt 1.24dB ©l38tst 3.32dB ©] 3},
WAL A8 747t 8.66dB ol H 4.75dB ol AF EyxE 747
36.48dB ©]4¥ 33.15dB oo @  FRo|=7} FR4KTF $53
B AlEdol AR dAS T oRl WA EAeA thAa Zpolrt
v A1 AFst ¥ QAo mE Il EA o] 7]Q1gh

115 M E2-}



% 5.2 FRol= 7%y GCPW %%, FR4 7|#3 CPW %%
A Z2] OMRON A9 kel &4, vk} &4, 25 2yx
AlEdeold 9 54 A3 < 6GHz

Duroid+GCPW FR4+CPW

Sim. Meas. Sim. Meas.
Insertion loss (dB) <0.68 <1.24 <1.20 <3.32
Return loss (dB) >11.19 >8.66 | >10.31 > 4.75
Isolation (dB) > 35.92 > 36.48 | > 34.89 > 33.15

5.2.2 7|& 7x W7

A2 7)ge] AelE Arslent CPW 23, AeE 7w Az
Abgtubal ERQlA] 29k CPW 2Fox o]Fofxl AMAZ  fel

OMRON RF MEMS A9 A& A|#3t Ayte= 19 5.49 2o}

RF_.COM

(a)

O¥ 5.4 AdE AmAds 1 9l

OMRON

2R =

=

o]

3t A3t (a) AP 7o) A Abstea CPW A% AR 2%
(b) AglZ 7]#e AglZ Atsiga Edlx] Fxz2 CPW dAF: A=
ZEFgo =R o]Fof AwjAZT 2T

AA 71F A7)E IxemE EAR fFo #A glo] =AUt}
A A2 FHe 3.2um FAY 2 55 3402 FAHAOH zpA S
TX= % 5.37 ok
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%53 A Jlwe delE wsu CPW 2, del@ 7w
=

A2 Abstety EA] 29l CPW 239 o]F &3 A4 vl
Si+Si0Os Si+Si0.+Tr

Substrate area (mr) 9 x 6

Line metal thickness (um) 3.2(Aw £0.1

Substrate dielectric constant 11.9

Substrate thickness (um) 507*1.4

Type of transmission line CPW

Switch signal width (um) 620/115 £0.5

Silicon dioxide thickness (ym) 1.0 £0.02

Silicon trench depth (zm) 0 57/50 £0.5

Switch signal to ground width (¢/m) | 300/62 *£0.5 | 222/27 0.5

A Qs AR QoA B exkE Aestd o
ol Fx9f ke gk ext2 EFE 4 Qluh A 7|#Ee] T
Q2= AA gkl 500um 71 ®2 +5.6umol A +8.4mo|th ASHOZ
A 3 v ¥ Ay AA #Q 3m 7IFl®E +0.1melA

= # divl £0.5m b7k ST AE
Azek FA Aol AR AA g ol £0.5m A7
HAs Gl Al Atster 3 A= AA #] 1w div] £0.02m
Qx7y sl EdA] ﬂﬁ'%@]ﬁk‘éﬂ % 50mm oi¥] 27m
Zol FHEo| = +05m QA7 WAL 222m 9 ElA =
+6.5moll A +7.5me =7t %@&%W.M% 27y dEe] F
ztole] mE AZbEo] b 7] wiFolm 27um %o el tfs}o]
50 HXE Ao IH 222m F WEe] o]z} oF 57m=
o) Aol

AE Az FA
olatel HEF A=
AE AR FHole
z5 AZstzl 98
=Hol scallope] ¥4

ol AR Z3A(THB-111N) 57
FefA R ghe Afthels RLekol v
o)t mro] AT ERIA
Z A7 A AREEE ICP A7kl 9late]
Hgoell s A FAY
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A G2k Zpo] wFEo] dulds HAgo] vyl A5 A2F
5.2.1901= &4 Aol 93t AT} 59F 07 A FAgFo]
3ol Fo ot AT A2 FHANHE FF AUt
+0.5me] Wz #Folr Juld A= ok 50.0+1.0% olUo]lmE FA 9
TQ f2lo] old AL A EHoIAS T FHL AYIEL ddE
5ol §ste] ARk Fdd WEe S=231bA REE S8

oy o] AT wEtd JdHdErE Fe AgE st Yo A&
Ty W (LFSOLDER TLF-401-11, Sn 42.0/Bi 58.0, “+=74:
139C)E o]&3ste olF TS AYgsAdt. AT AL FA

;

MI= FHo]l WAty o= uFy EAM IS sk
AAAS A4 #A2d 4.2.3004 AEH)AS T3l skt

a9 5.5°0 AeE AwiAdS OMRON ~91x Ao § 153t
54 34 2945 Jerddo A Aust oxE Whgske] xsgst
AlEE ol Adel FARSHAl wxle] WSt AS g & Q.
T3 diedl 6GHz olwellA EdX] 3o gsto] 449 &43 HhAL
& 540 $5ds 545 Fsto] glsgith

)
Z
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c
e
t T H H H H H .
g e & Si_SiO2_Tr_intg_Measurement [~ T T
c -8—_ ________ ¢ Si_SiO2_Tr_intg_Simulaton § ]
] o Si_Si02_intg_Measurement ; ; |
94 | < |Si_Si02_intg_Simulation USRS SRS S i
N7 T T T
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@
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-
E : : : : : :
S 5 3 { ® Si_Si02_Tr_intg_Measurement
@ 50 e | & Si_SiO2_Tr_intg_Simulation |- .
12 ] | © Si_SiO2_intg_Measurement
60 S | | © |si_si02_intg_Simulaton | ]
-70 I | | | I I I I I
0 1 2 3 4 5 6 7 8 9 10
Frequency (GHz)
(b)

m
=
c
9
7
o
] _ . . | 3 3 | | |
2 60 don il e Si_SiO2_Tr_intg_Measurement | | i
| || & Si_SiO2_Tr_intg_Simulation |
70? i| © Si_SiO2_intg_Measurement
R il & Si_SiO2_intg_Simulation T
B
0 1 2 3 4 5 6 7 8 9 10
Frequency (GHz)
(c)
I4d 55 AgZ 7Iwe AgE Abgwa CPw =2, A&

119 S




ZIgke] A ArghEa EdA] Gz CPW o 2ge s olfold
A el OMRON 290215 A2 F 545 Aast Algdold A3
H) W (Si_SiO2_intg: AalZ  7|#eo] Ag = A3utn CPW %2,
Si_SiO2_Tr_intg_: A& 7] Az Absteta Edlx Fx9)
CPW 3D (a) A% &4 (b) ®kAF &4 (o) A3 Fe%

L

Hm

=74 Az} AFedold Asbe E 540 i, Felsch 6GHz
melola Aele 7we] A Asets CPW 2 @a Aele 7w
Ael@ Al Edx T CPW 2@ #Az 4 &4 747
3.45dB ©J&le} 3.13dB ©]3&}, HHA}F £A4Le ZFZE 7.58dB o]t

8.96dB °ol4, A% ®#x= Z+7F 20.63dB °o|A¥ 20.67dB oo ®
Aol Aol dXAeATE AlEdHeld ARst FX AdelA
o] 7 b= o fr= A AW AL FAREY ¥E, AMAdET A
Lxp, 718 FA ek aea 574 @A 7J1E

E 5.4 AYE Ve AYE Absed CPW 29, A2 7]
Al absieba Edlx] Fxek CPW 23 A Fe] OMRON
291A e A B4 wkp B4 AR EEE 54 A <6GHz

Si+Si0, Si+SiO,+Tr
Sim. Meas. Sim. Meas.
Insertion loss (dB) < 3.88 <3.45 < 3.86 <3.13
Return loss (dB) >11.84 >7.58 | >12.31 > 8.96
Isolation (dB) > 28.39 > 20.63 | >33.46 > 20.67

EAA] F5 w}—E— OMRON %1% DC
S EoX RF XE EA =4 Ax= 19 5.6, % 559 7}
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® Si S|02 Tr mtg Measurement

101 77777777777777 & Si_Si02_Tr_intg_Simulation | |

L S o Si_SiOZ2_intg_Measurement  J]

D0 oo Si_SiO2_intg_Simulation | i

a | - |

o S R 5.5.0.0.0.5@.@.99.??..?.‘.?..?f

o 3 | .6\

o T OrE ..U.Q.Q.o.o.o.o.o.s.e..a.@..@.i.@ ...........

Q 40 - R :
a | .8

P D R R N

T T T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Frequency (GHz)

I" 5.6 A 7188 A absiwst Cpw x=F, AEE
Z1e] A Atstedt EfA] ek CPW 2fo R o]Foixl
A dgel OMRON A91AE A# & DC £ECA RF £EZ
I BA S5 At AlEdeld A¥ v (Si_SiO2_intg: A
719 Ay Attty CPW 2%, SiSiO2_Tr_intg @ Ag& 73]
de Atsteat ERlA] 23

% 5.5 A 7 AEjAFe E
219 DCEEoA RF XERS 153 54

=)
AN o

o wE OMRON
%

29 A3} < 3GHz
Si+SiO, Si+SiOg+Tr
Sim. Meas. Sim. Meas.
DC to RF (dB) > 26.30 > 32.80 | > 26.86 > 33.61

DC XE°|A RF XEE EZAOR v‘i—alﬂﬂ Aorw A%
Tl 548 ®lon EAAVL 9l Bes e 3 1

3GHz thelellA ok 32.80dB ©]43} 33.61dB ©]4<l 2= .
EfA F4el wel oF 0.81dBe] 54 JiAdS #ladit + A4S
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5 oF 32dB o]/ 4% ¥ E 54& HolEE RF MEMS A9

AH41e] DC ¥ EojA RF XE 23 A & +

gt Al gl AIHy 6~7dB & A7 e

437 X 4.200A4 %k o]l 29X RLC HAFs A 2E

FESAM RF XE=RS 153 54 gyt 54 gk 1+9] Aol 7

olF febetd AL dAse= AES FAssith DC XE= A
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e

a% 5.7 AT Asve] A AT swe =AH 7ol
WE A 54 AFS A HAE AR Ag A

HAE 98l 7|3 A7)+ 4x4mzE EAX {5
dsirt. AE ARZE Hd 3.2um FAY F OEF FHoE
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3 5.6 AeF Ve AeE Atstya EJA 2] Auiid o
HAE Sle] Az 4

Si+510;  [Si+Si10,+Tr

Substrate Area (mr) 4x4
H, Substrate Height (um) 507+1.4
Dielectric Constant 11.9(S1), 4 (Si0Oy)

Transmission line

G, Signal Gap (um) 1000 *=0.5

S_T, Silicon Trench (ym) 0 57/50 £0.5
T_SiOs, SiO, Thickness (m) 1.0 £0.02

S, Signal Width (gm) 620 0.5

S_P, Probe Width (xm) 115 0.5

T, Metal Thickness (um) 3.2(Aw) *0.1
W_P, Probe Signal to Ground Gap (ym) 62 £0.5 27 £0.5
W, Signal to Ground Gap (¢m) 300 £0.5 | 222 £0.5

HAE AE A el wds oxt AuE AudEs
13t slols] AbelA] o] AAHGonE A HT. HAE A
239 54 24 A9E 29 587 2.
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a4 58 AgE 7w AyE Aswy CPW oz, AYE
7o AyE Abstea EfA gxe CPW 2@ e o Fofxl
Aujdsel HAE Hd AF § 54 Aol AlEdold Ay Wl
(Si_Si02_: Ael& 7o A& Atster =%, SiSiO2_Tr_: A&
Z1#e] AdelE Astea EJA 23 () A &4 (b)) WAE EA (o)

AT FY=

2y dode Hd Fo4 6GHE ¥R 0-10GHz thF2e
oM AFl E4, M £, AE el Sl EaX Pzt
& 2% FaAstdth HAE AENE 2027 £FAA %)
of A AMAFR 29K AT 5

Ao rrt Edx G5
Ql
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> oA 4y =
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I
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H] 3,
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Oft
38

22.48dB ©o)A+y} 24.30dB o] o Al E#H o)Ay AeEA o] x| &t

5.7 A 7le] A Asep CPW =%, A 7]t
Arstekat EqA] e} CPW x@go® o] Folxl Aujdsol

>
[
(M e Rk

€] Ao 54 vl < 6GHz
Si+SiOq Si+SiO.+Tr
Sim. Meas. Sim. Meas.
Insertion loss (dB) <0.11 <0.23 <0.10 <0.18
Return loss (dB) > 23.92 >17.40 | > 27.59 > 19.06
Isolation (dB) > 30.08 > 2248 | > 33.65 > 24.30

2 =M o)F T AWMAZTOR ATH FEo|=, FR4, Mg &
N AL Awe EAS Aoetd % 5.89 2t}

A ERF A7 diste] AntAow AlgHE TAE AAst
Nwe] WAL RS9l FRAGNE AMEEZ oF B FOEA
90.5x36.5mi ollem Aoz ol AV|e} F&a il st
AWE S As 9xemz Atk Aot 50m o]

EA Fzxe ot uFI 54 A TS
X

= A
ZI#e] d AEE FEst dEFEd 3
S AL FAGS AT dE AR BYS wEROIEE
GCPW, FR4¢ A& CPWE A3t dAF5 A2 352
FREol=9 FR47F T, Ag2e Folglon Fre 747 AU R

29um, 60w, 3.2mo]Pct. AZ9 Adyd
59+, AgIL oF 500l o]F &3 A$F RF MEMS 2942
EAS vlwsd ¥ 593 o] FaE
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3 5.8 7Eo|E, FR4, Ael& 7% Aujds =4 % 4 A

Duroid FR4 Silicon
Substrate
Dielectric Constant 2.2 4.4 11.9
Thickness () 254 1530 507
Area (mr) 90.5%X36.5 9X6
Trench (ym) - - - 50
Si02 (¢m) - - 1 1
Transmission Line
Type GCPW CPW CPW CPW
Line Metal Thickness (um) | 29(Cuw) | 60(Cu) 3.2(Au)
Signal Width (gm) 565 960 620/115
Signal to Ground Width (ym) 370 215 300/62 | 222/27
Note on 965 Sn 42.0/Bi 58.0
/Ag 3.0/Cu 0.5

59 °oF T A% 54 A3 Hg <6GHz

Insertion | Return [solation [()dCB)tO RE

loss (dB) |loss (dB) | (dB) <3Gy
Switch Only <0.54 > 15.86 > 34.89 > 37.72
Du+GCPW <1.24 > 8.66 > 36.48 -
FR4+CPW <3.32 > 4.75 > 33.15 -

Si+SiOs+Tr+CPW <3.13 > 8.96 > 20.67 > 33.61

Si+Si0,+CPW <3.45 > 7.58 > 20.63 > 32.80

©, AgF EdX, FR4, HyE A=
&2 AEE EdA, FRolE, A8, FR4 £AR

i FolE, FR4, A& EA, g £o0=
3t A5 geld 4 9lgltl. DC to RF EA4& 3GHz o]al thodof A
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A6FE
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71l fA At FESE, 71w FAV gFeaE, 71 sh
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AT FA Apele]l ERIA] Fxef fsto] 7]she] o] FHAshe
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olF &Y wTEolESL GCPW AF A= x=3 AujdZe]
173 Ao 7HE et As AR 9 SAor gl 6GHz
el A% %, RF MEMS A91%¢] 49 &4 0.7dB 243}, "}
AL 72dB 493, AF EYEE 1.59dB MAES skt
VAT A 71 Akttt EQX L gl CPW 328] A &3
AL FAEgE ol&d olF FF ¥ 6GHz tigelr RF MEMS
22 A &4 2.59dB, WHAF =42 8.28dB, Al wElEis
14.22dB 93} #& MEMS ¥4doz Az A% & Z4L 53l
gt olF FF F AT SACA Fxlo] dAstE Ae
golatgon Fxlol 1S FRol=¢l FR4 AujAZorE= A5
ol A Ak} AT A Aol 14A L] »A et o dIHA
FAgtol Fddolm Al AwjAFTAAME AL FAg WA
LA FEel o dIda FAe] FARISdS gRls ittt whebA
NS 2 e AE AR AZFT FAAM T oAE
Folal Fddg HZAgAY FEEs Folv ZoE AA TteEE
gt A9X 9 AL FAGS ALdst AuAS 54 A5 fg
HAE #61e] 153 54 53S &3 A% A2 7182 50m
zlolo] EA R F-xo 9&te] 6GHz thdolA 4l £4L8 0.05dB,
WAL =S 166dB, AE HExEE 1.82dB MA &3t eSS
skl 3kl ok

DC ¥E|A RF *xE° 153 542 RF MEMS £91#] 758
DC-DC ZWH<e =9 F359 DC XE& dAF A=E7F ofd
A A FAF AdUYdS 1yt 3GHz 1Y 545 Flstslth. DC

MEMS 29218 DC XZE°|A RF XEZC 153 54L& 33.61dB
oFow A AEG oF 4.11dB °ls 43} H& &kl olE F3l
~91Ae AWE Y 29 P& A w8 $ES AT 5 30

ARk o]F FF WAoE A& RF MEMS 291x¢] 53
S4E U olF % WAHoE AfE RF MEMS £9%9 153
543 % 6.1 vl At EHA 29 02 golo] 249
ARG sk TSV 29 WA fAeE 59k 5AS Hols
e A 9 4L skl #elsaitt. 123 Motorola, OMRON RF

eR
MEMS 29129 7% A= 3GHz, ¥ +=#29 RF MEMS 29129
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T 6.1 AQHsE o]F =3+ WAl o] RF MEMS A9 X 153 EA Hw
Motorola (2003) OMRON (2013) SNU(2016), SNU(2016),
[1.18,1.19] [1.21, 1.22]

TEolE GCPW A ZEJA CPW

.
.
.
.
|
SEE :
RF =9 1,2,4,6 (o]v] A= 4) 2 : 2 (OMRON = $1X)) 2 (OMRON = $]A))
el < 1dB @ < 3GHz <0.25dB @ <3GHz | <124dB@<6GHz  <3.13dB @ < 6GHz
(<0.3dB 3 #) (<0.18dB &% #) | (<0.54dB E& 1) (<0.54dB £ )
N w2508 @ <3GH: >30dB @ < 3GHz 1 >36.48dB @ <6GHz > 20.67dB @ < 6GHz
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Abstract

A Study on a Hetero—Integration
of RF MEMS Switch
and CMOS DC—-DC Converter

Yeonsu Jang
School of Electrical Engineering & Computer Science

The Graduate School

Seoul National University

The Hetero—Integration of a radio frequency
microelectromechanical system (RF MEMS) switch and step up
complementary metal—oxide semiconductor (CMOS) DC-DC
converter is examined in this study. The RF MEMS switch has
previously been researched and developed for mobile
communication devices because of its excellent RF performance at
high frequencies. If the step—up CMOS DC—-DC converter and RF
MEMS switch with high operation voltage were to be integrated, the
user would be able to drive the RF MEMS switch with a low voltage.
Therefore, the hetero—integration of an RF MEMS switch and DC—
DC converter with a Re—Distribution Layer (RDL) for optimization
of each chip was examined in this work.

This paper consists of four sections. First, the RF characteristics
of the RDL for the hetero—integration of the RF MEMS switch and
CMOS DC-DC converter were analyzed. Second, the RF MEMS
switch, the CMOS DC—-DC converter, and their hetero—integration
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were proposed. Third, the design of the RDL was suggested for the
hetero—integration of commercial chips. Fourth, the fabrication and
measurement of hetero—integrated commercial chips were
presented.

The RF characteristics of the RDL were analyzed; these
characteristics depend on three dielectric constants of substrate,
five substrate thicknesses, two transmission line types, four
transmission line metals, eleven port impedances, and silicon
dioxide and trench structures. The RF characteristics of RDL were
improved, with a lower dielectric constant and reduced thickness of
substrate. The isolation of the grounded coplanar waveguide
(GCPW) transmission line was much better than that of the CPW
transmission line. The insertion loss improved with the increase in
the conductivity of the metal transmission line. The return loss was
improved by impedance matching. The insertion loss was improved
by the trench structure of the substrate and the deposition of the
silicon dioxide by MEMS fabrication. The RLC lumped element
model was suggested to analyze the improvement of the return loss
and insertion loss at the target band frequency of 6GHz.

A low voltage operated high isolation RF MEMS switch and CMOS
DC—DC converter, which were developed in the laboratory, were
introduced, and their modeling and simulation for the hetero—
integration of the RF MEMS switch and the CMOS DC-DC
converter was analyzed.

The RF characteristics of the hetero—integration were verified by
using commercial chips and flip—chip bonding. Commercial chips
and flip—chip bonding were selected to minimize the variations in
the chips’ characteristics, to verify the effect of substrates and

transmission lines, and to ensure reproducibility. The RLC lumped
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model of the selected OMRON RF MEMS switch was fitted to the
measurement results from DC to 10GHz. The cascaded Dickson
charge pump was used to actuate the OMRON RF MEMS switch.
The RF characteristics of the hetero—integrated RF MEMS switch,
which depend on the physical changes of the RDL, were verified by
RLC lumped element modeling of RDL. The physical changes of
RDL include the thickness of substrate, dielectric constant of
substrate, trench depth of substrate, total signal length, conductivity
of signal metal, and height of metal line. The RLC lumped element
model was derived using conformal mapping techniques. A quasi—
static TEM mode of propagation along a transmission line was
assumed. The ABCD matrix was used to calculate the RF
characteristics of the flip—chip boned RF MEMS switch on the RDL.
Duroid, FR4, and silicon were considered as substrates for the
RDL. The RF characteristics of Duroid with a 56& impedance
GCPW transmission line and that of FR4 with a 59 impedance
CPW transmission line were simulated and compared. From DC to
6GHz, the RF characteristics of Duroid were superior to those of
FR4, where the insertion loss was lower by 2.08dB, the return loss
was higher by 3.91dB, and the isolation was higher by 3.33dB.
Using the MEMS process for improving the RF characteristics of
the RDL, silicon dioxide was deposited on a high resistivity silicon
wafer. Silicon trenches with a depth of 50um were then formed
around the transmission lines. Low temperature solder bumps were
used to bond the chips onto the RDL. The resonances in the RF
characteristics were caused by voids in the low temperature solder
bumps. From DC to 6GHz, the RF characteristics of the flip—chip
bonded RF MEMS switch on a 50um trenched CPW were superior to
those of the flip—chip bonded RF MEMS switch on a non—trenched
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CPW, where the insertion loss was lower by 0.32dB, the return loss
was higher by 1.38dB, and the isolation was higher by 0.04dB. From
DC to 3GHz, the DC—port to RF—port characteristics showed an
isolation of more than 32dB for both trenched and non—trenched
CPW. From DC to 6GHz, the RF characteristics showed a 50um
trenched CPW test pattern for the RDL without the RF MEMS
switch and solder bump, which were better than those of the non—
trenched CPW test pattern, where the insertion loss was lower by
0.05dB, the return loss was higher by 1.66dB, and the isolation was
higher by 1.82dB.

In this paper, a methodology for the hetero—integration of an RF
MEMS switch and a CMOS DC—-DC converter by RDL was proposed.
The hetero—integration of an RF MEMS switch and a DC—DC
converter was verified using commercial chips and Duroid, FR4, and
high resistivity silicon substrate. The RF characteristics of the
hetero—integrated RF MEMS switch with trenched high resistivity
silicon substrate RDL were improved, compared to those of the
hetero—integrated RF MEMS switch with non—trenched high

resistivity silicon substrate.

Keywords : RF MEMS switch, Hetero—Integration, Re—Distribution
Layer (RDL), Trench, Transmission line, DC—DC Converter
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