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Aol A7F ARE A 324 9 221 FRE
Aol AR 1 32 F2E 7R FHFeR
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A} 9l 2357} 7hssto] RF $44718 24
& single chipe & F#o| 7153t 19 1& RF
MEMS 7]%0| RF 4<=417]0)) 959 wjo] 7 &
HE BHAgFFA SR 7]£9) board level imple-
mentation 7]4-& o $34& wjelel zjo| WL ol
olct, 249 single chip transceiver7} F& o] EH &
BAAA7|e EUE 248 AHEA dhaly] LHo|
AP, S e a9l BT ol o
A712 ofd) 71 wrale) BAEAIS & 4 ojA o]
oLt §5 Aol ATglo] $U% 247 o]FE
Alhd7| & ARgg 4 ou F3 slube] by g of g
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gt MEMS A9)%|= 7189 Wied| 34202 Azt
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£ A= Aot olefe RF MEMS A9i3]% 441
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wave H¥9] tuning element S22 thfstA AMg
H 4= QoA At o] & WA o]Foix] 1 ik,
A, -2 A9 £47 =& isolation £4 g,l—% 7k
RF MEMS switchE- antenna®| 441 A& /44 Al
7+ A3Hdiversity) switch 7|5 22 ARRS= cellular,
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=22
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FA o] Qi) whetd, A FE7) BEo] ofF 7Y
HE ZZ7) chain0 2 FAE0], AA ZF 27)71 A
4wyt ojje), ZHAE oh$ HMAG RF MEMS
switchS 0|43+ M3 $&7]|+= @Y 5&7| chaintt
S 7T Qlx, YT 39 dudL R 3=}
modett band®]) Tt AA3} impedance & Z=E H
o] Qi}, o]gt wighe JuEA gt 32 Qhofl Al
£40] 2h2 RF MEMS switchE 224 7H53tt,
ZAA 0 2 multi-mode 78-S ¢J3l FET switchS At
83 Aol 50 % 9 A&E ¥& & Ut MEMS
switchE AMgshs ZA9olle 70 %9 888 ¥& +
Qlt} MEMS switch:= A8 4227} A9 ¢l 4= 4
Wl &2 289 Ao taidE, AT Yo ¢l
AAE 2k1 oy, T3 MEMS 2$2]E o] 83 18
ZZ7] 2EL2 ZZ7] chaino] 3R42 Fof glof, 714
2 250l H7] HollA, thE A|Eof sl FHE FA
298 2 & 9,

A7 mm-wave <2} tuning element £ 4] tunable
MEMS capacitor2 ARg7hs shoiA Fake 74 7}
L3} tunable filter, mm-wave load-pull(¥2]2] ¢}
g FAA7NE ALY + 9en, 24F tunable
phase shifter U tunable phased array antenna 2
AENL = 58 7Hs3tct, 53] 4 E Eue
2§ w7 o, 94 B4 Sl ch B4
o2 Abg TRt

RF MEMS switch:= cantilever 2} membrane 2
of 2912153} rotary #1e] 293150] glow o5
tjREo] AA7|gE olgdte FeEE YIE de
fakd o] 421524 Raytheon System Corporation,
Rockwell Science, Michigan tj&} LG Sol|lA 945
z2 5957 9o, DC BHE FH 4 ot 4
4% A A1 wAe ARl 29

AN
L.

Texas Instruments, SamSung5ol|A A& s}l
it 1% 2 ATY 291719} 447 A9149] 7=
2 Felo] el A ok ATY 294K
JelAet o] WMo AT AT WIS
Wajolo} $34 2971 FEHU] 27t Hete
(@Fole A% B0l AW 2 A9 BN
92 g} Eojif capacitor 7} 4= o] capacitance
7t AZ) ¢ QA7IER] ke u (FRole AR W=
2AE R AT o] air gapo] &R EA
capacitance”} o} 21-2) 2| impedance on/off ratio
off gJzted 29 skE Wralojt, whebA §FE 29
o] 79 bias Aol A7FE LSS impedance7}
7ok £2 isolation E4& 42 4 gth. wEhA Hd
£¢ isolation B4& Ze AYXE AEslr] 3t
=2 9488 A= FAAE FAAR ARSITIEA,
FZE AAS T G HAA|S] HHo] £AFA
T2 3= TheFst A7 A Y E L o

RF MEMS £33 A 9] 9] impedance off/on ratio
= o2 FAo) oste] dojd £ o, RF
MEMS 2927} £& AT g 27] YA Fol=
off/on ratio7} 100:1 o)A} ¥ A o] ulgz]s)ct,

Zo[f _ Cun - £dizlenri(‘£0hair+hdielectric . edieleclriceohair
Z, Z h h

on off

dielectric dielectric

=3 38 759 RF MEMS £9jA= 19 3%
Zo] lumped modeld 3t A$*]9] pull down
voltageE #4102 AAE & 4 ¢l=tl ©] model
3% 394 EXe AHE nRE JAHPSF )
ideald} linear springZ parallel plate capacitor®} A
A Qo 2H 3 HFo] 7Ig AY F2 Aol
oJs)A WskstAl == modelojtt, o] 29]2]9] model

S g pressure balance equation ©]-88F] A9

MEMS switch
T g g = 30
RF input T RF outpuk

Transmission Line

@)

fo o B S — s
MEMS
switch

Spring constant, K

Pressure, P

-+
. pplied voltage, V
Capacitor gap, £ -
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(a) Rockwell science

(c) Univ. of Michigan

(b) MIT

(b) STOE Hdztaz
o3t ARJLG)

(a) silicon nitride2
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AR (TN

A7NA P &
NEERS

chanical body
o dele & ¢

o] ZHA0)1L, g= HYo] A92]of QI7FEA] GFtE
te] 2] Fololof, V& el7bel Fetolt), w3t A9)
Ae) gyASE SHolt 4RAZE Young' s
modulus, Possion ratio, 712} 37 residual stress©]] 2]3}
A ARE & AR ol Aol 17t Hell whekA &
Aol 4R7iT0] 1HY 8% AIBOE ol
ol W2} £ 435 xo]e] Fol FjEA 9 24
ol A A =] electrostatic pressure’} Z7131A4 E
o $19] 4 B SR £ B3E Aole] 2143} 2)
7¥eh Adake] BAE Uehd 4= glod, &Fol= 4
2A50] o] B3k 9)3lo] 0|24 He 2y o

A2 27 2

A
— 1

cheat Zo] §= 4 ik

27¢,

Z 2o v= E28E Yo 4 (Electro-
Thermal) & 44, LGolA= AA+-5T4E A
sto] A M5 ARG AFpgst ok 19 4
9t 5= A&E RFMEMS AYAE2] ofjojnf 514
¥} S-gueko] waba 1 Fx7F ookeitt, EloA £
Hie} Zro] RFMEMS A &9 5ol F5xeto]
w2 AL AQstile 7)E8] BieA A%XEY] A
Hop £ & 4 ok A MEMS AR5
FE3} H7 YA e e 2HE-S 5 ofghe
2 Aol 71 a3 4ot} E3] REMEMS A
FE 291%] 2] % microwelding®l] &Js}] & &
A9 7-9-+= chargeol] 2J5to] FAY=}= stiction £A)|
7} 3] sfAdlor & EA)2 o} qlct

tlo

RF MEMS THt8! HI§A(E

RF MEMS 7} 3 AE+= 7]Z£9] PN junction 2]
FYES ©]43H= semiconductor varactore] H|&}o]
tuning range7} 3, £4l0] A3, HeA4ws} AT,
%9} E4o] £7] o] Y| A7} o' LoiH 1 9
ot 71 AgfAIE S B7He wolli= unbiased bias #
FA|E A tuning ratio, quality factor, self-resonant
frequency, “18]3 ¢I7}E RF Al&of thdlo] 4xz}9]
R4 T} & EA4E0] 543 EA #eEot

Unbaised 7oA El20] ghe g-g-Hofo] ety 27

H1 RFMEMS 2AQIXE0} BiTR] A{Xj9| M5 H|m

g4 "ot 9
EZ YA ¥Rt s GaAs FET | RSC Tl HRL Michigan LG Elite
Ho2 Z71w0l | zsEu W) ~ 1 ~ 60 ~ 50 ~2%5 | 15~20 | 5~10
9 2132701tk |Moiaal(dB) [ 22t 6 GHz | 02 | 015at10 GHz| 02 06at22 | ~o0f
S 9 T4 [ #ae @B | 2at2 |32at10 15at10 |40at12 | 20at22 |42 dBats
g=2g/35 W< GHz GHz GHz GHz
SHAEY T2 [emaz(us) | 001 2-5 35-53 20 - 5-10
Z-2 pull down AQIZ| 27| Au metal | 2 Au metal, 22 Sz
voltage & A4S} Xz SEi=
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WY sz

S ksl Aot it saler Lt
2o & 0.1pF o)A $pFEHEe] 8145
o, tuning ratio®] 79+ tiF 100%°]
g9 gro] T,

RF MEMS 713 A5 A|E]2] 7$- 24
EAY 722 dHsd, shiE S
oA Aold) gap 3te] AN

25 HEH A7)E R 69 (@-c)ol

o] T} 3l interdigitized comb -

Zo|A BAe WEE zEste] AGARAE A
7le 28 69 @)olch. 18 6 @)= FHe B3
7 Atolof HLE 27t BHAl EH AA7|He]| &5t
AR Ao] SHRATE et S oA Ho2H 7
A EAE H3} A7) Fx0lH, o] FE= FE0]
= ARATo] A7 B FPAAE fA
e QYR AgHeE FR oA HAT #F4
g7} AR SRS gt 4 "ot wetA A
SHAE AtEA B ol ARHST AT
Atolo]] Zgto] 917k E]7] el air gap ] 1/3X]H7}HA]
ojt}, o|2|gt A7 0T FEr HYPW 129 7}
Y MEMS HAIAEH = o|Z2H 02 50% 9 tuning
rangeS 2 zt=tt 13 6 b))%} )= 18 69
AgE A% FEUNE Fue] QTR 34
ol MG 27t YHTEI YATE WA o183}
gt 1% 72 interdigitated comb structure2 2=
7pH MEMS AWAHZH HAYS A7IsHA =¥ 4A
718o]| 9fate] comb fingerso] FHEHA &2lo]A =

Zo|u} spring®] 2o &
Aol & Aol &gojt, 2]
A HoyxjE= X E MEMS
7b AAIE 7} BHe A 7hA
AujAJe] Eof 5k £/4d0]
453 £22 £ & At 8t
Zgk B A 74 Ao Al E
Hr} 1570l #2 A
S¥oltt, weba 483}
AsA A=y e g
AdE Fole A7t B3

S EEEIC]

wu rle

< o

Micromachined High
Q Inductors and -
rmers

QYE= RF Al 3¢

S AR 2folx]
o e 7|42 AAske AeE el Qg AgHA

oo mEof
overlapping &+ - . _ .
PPINESIE g ) pEMEMS 7 SHAIEISTH HER) 7h HTIAIEISIS] A5 HIm
Hol GetA|A = ,
L o]al= olas Parameters Solid-state RSC U of Colorado HRL U of Cal. at LG
- JEIE O] o° varactors Berkeley Electronics
HAIEAE .
o _ﬂ HAH LSS V‘;ﬁ:“‘e“("\‘,‘) ~4 2-14 ~5 80 -200 5.5 ~6
dshisle P [
.
ojt}, o] Fx capacitance Qa4 v 1.8 0.9 0.035 2.11 0.1
A o2l (PF)
: Tuning 335 200 90 185 16 200
tuning range 2| range (%) i
limit2- glou Qualit 350at0.05 | 34at05 256 at 1 _ 62at 1 210 ac 1
= 7] 94 % Z_}' o] factor GHz GHz GHz GHz GHz
Actuation Hyper abrupt Electro Electro Sliding Electro Electro
comb fingers 2] mechanism junction static thermal motor static piezoel.
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frol sz specsoll RHEE|R| Zeatod discrete 3 21E
E{7} assembly &|o] ARE-EQIch AT QT E =
2 QU FXFT,E 2= Aol £, ol2T &4
& Zre AYE 9 ERAEY AZE 9Jste] 2o
A7 egg ol §st BAME F4A st 71w &
AE £0)7] st 7192 2xF HEAU L3247}
2t 229 7S Ao AZsto] 7| &4
o] GaFe Eole At gol o|FojA e}, E3t
o1 9] conductor lines AF0]9} conductor lines I}
core®] Atolof|A] oF7|&|i= parasiticstt stray #A|E
AE £0]7] Y3} core= airZ2 3} conductor lines
Abo] Egtair2 Sk A 7 o] T A 10T,
AYE ¥ EWAEHY TR AA spiral T
solenoid F2=2 yin| 7] ¢z}l He=
conductor line2] %7, conductor lines& A}o]2]
spacing, effective core area, turn number 59°| Ar},
Tt Hof A= conductor lineo| skin effecto}] Q)
7] 2ol FAE T3 wole 22 Yuly} glo
o 2F skin depth @] 2~3u} 2 3hH wpgRlslch 19 734
8-> %2315 3-D MEMS IS & HofE o5 ¢l
HEE2 3ag4 ol Fo|2= 7] E HAAE
ARESEET T ol fs A7 O)9] B =407
#of| mEmo| A EAo] 27] fiolrt, 18 8 @)=
alumina 2= Z9HE FZo{2} F2]E conductor line
o2 Agasion, b F71E core AHS3AT
T2]& conductor line 2.2 ARSI 1§ 99] @)=
Awe) &A1 Fol7] Slalel TIBE HedoR A7t
53 (b)9} ()= posts L} PDM (plastic deformation

N

FE30| A9 Zho] 71wkl B AU FAL copper
conductor line- 2 0|83t A2kl MEMS ¢ldE| &L
e 20~50 2JQ Fh 7HATE ol R 713 el
AR 1 99 (b) ASE A A F7A Az
MEMS QIEE & Foll4l 1409] Qgte.z 7H &SIt
MEMS 19 Ele} 71 AsjAEl & o] &5 A &
FA 71 AFEH L = off chip ¥ H 9
VCO(Voltage Controlled Oscillator)t} LC 7hH &
7} on chip2 @ & 7hs38tct, I8 102 A7|=g2
2 Za8 S74e T24E ol8elo] AZE solenoid
ypee] EBATOIES Roigt), oS YHsE 24
528 GHz o4 15 GHz tfofoilaf AL8E 4 ol &
24 0.6dB 9] 44T 4= GHZE) &5 2o
o IC ARFAT fAete] 1A5E 2 HAgE
power amplifier U} oscillator 52 #j&to] 7531t

RF &4417]0A & Zagh
FEaALF shtbe HER HE o]
th 7]&9] discrete FEjo] 4
A Y& tf4¥ RF MEMS ¥
Bl A7t @A @ol ;3EL
3=t °|& RF MEMS ZE&5
< 233}, JAE7t 7Hesh
EFHIC 343 384do] QlojA
co-integration®| 7F53lth=
B 27 9l 19 11& RF

SHE{(HE 2|3

(a) alumina coreZ 0|&%t @l

ol5le] A W (b) 7iEtoll =2 air core 2

magnetic)& ©1 &3t} £A15E 7|Bsjo] geow s HEHE FHN SE(LG)
Boz ok £48 2T 7Bl polyimide 1f O AT U= BokRA W=
oxidized porous 7IAE Q] 5731719 coupling &
silicon < $744
ol &l A Wolmo  E3 High QMEMS PIiEHES| 22 iREs
. o o | Parameters | e@acst | zxiotsc KAIST zle-olh LG
O i~ T

oo Az Inductance 46 nH 6 nH 4 nH 35 nH 35nH

. . Quality factor 30 45 47 12 135
planar spiral in-
ductor5¢] A< Solenoid Suspended Suspended Suspended | Suspended

type with [solenoid type| solenoid type |spiral type with] spiral type

iz 5~15 ¢ Q Structure an aluminal| with an air with an air |an air core and| with an air
e 7t oYy, core core core permalloy coils| core
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e

8t air (b} 7|EtYoll =2 aircore (c)

(a) 712

7|2 2ol =L plastic

Al 2

Al 2}
core QUEE (O|Al2t QISE(LG) HES 0|8 aircore
oi=h Qg (Y| -ojch)

712 2ol =2 aircore
1:n Ol0|AZ EMAT
H(LG)

(a) 7I% Yol =2 air
core 111 EHARY
(LG)

(b)

=

L

ol g3l 1, b)e Wr|=gez F2E FAL A
E9o] OB HE capacitive coupling & o83}
a1 ()= A71HQ1 4157} 177 = A7 7
ARo2 227 WL S AL ol8T TS 2
gsto] @3 o]E g 7R, ™ 11 ©)ollA
H0oJ2 FBAR(Film Bulk Acoustic Resonator) HE+=
PCS, IMT2000, A4Ad] F41717]e) 28-S I8t
g A7E 1 glch £3] FBAR IH= SAWIEHE
o} nZut4=t"oj|A] power handling capability7} &
A Zt} YsHA Interdigitated comb structure S 2F
£ SAW ZE & Fuigrt F71gte] WEhA comb
finger 2} metal line 2] Zo] Fo}x]7] wj&o|t}, FBAR
FA7E 71EH o2 ARAT-UHA SRR

FAEn 24 membraned, SMR (solidly

o

coupling coefficient, -2 acoustic velocity, -2 4}
o §782 27 2APL 7Wgiol ek, AIN 3} Zn0

10 0

I RSN 0.
b RS

7h @) We) AEI Qe QA ol
Aufo] Axjetobsti, FA7H 7HASIoRSHAL stress 7H
Hojo su], HEgo| Folo 311, YAAY Al
o= 4794 9l A7t St} B4 WA FABR @
T2 Sl g ATIT) ATYRE HelFw
sict,

bl

—

2 £
YAk Yol A RABA AGE A B4

H2r|42 RF MEMS 7]&0] Bsto] ojopr|& U

mounted resonator)d , 1T I free
standing go] ¢Jt}, Membrane %2 5 717]

L oro
—

9F2. silicon, silicon nitride, silicon

oxide, polymer membrane ¢jof| Az F
A71E Zstm, SMRE L o359
acoustic YFARZ-& 7]l A2kstar I 9]

(a) mi
typ

cromechnical (b) LIGA like metaliic type{LG)  (c) FBAR type(LG)

e(mARZICHE)

of Az F217]
S U3l free

< i mElo] &2 o °5
standing® -2 ¥ E 4. TFBAR TE{| A= g7Ee

A7)7F 22| o Parameters | Westing | Motorola | TFR | Agilent | RSC LG

9= e o|T}. house Elect;omcs

FABR 37| 3

Qo oliled O Resonator | membrane | membrane | SMR | membrane | SMR | membrane

L Yot £2 type

gk =% . .

‘;‘Lxﬂ MRS R | piezoelectric  ZnO Zn0 | AN AN Zn0 | AIN/ZnO

L. acoustic loss, materials

¥ acoustic | Fijter type | Ladder | lattice |ladder| Ladder |ladder | ladder
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Ak, ol 71EEE FollAl AFT Hiet Zo] FA
% o]FEA HEHY 2] ol AnH HHE 2

& Zojtt, E3 RF MEMS 7|&& o]g3lo] 249
single chip transceiver?} F@0] E|H £EA|A27]9]
FUE 24y HEFA GL7] FEol sttt E=F
ches) Agste] AAHEnt ohgl 24 RF MEMS
HEE52 o83t EHH shte] £4A712 o7 717
HHA1S] RMBALE & 4 QlojA] mlatoly f5 =7
of Aaglo]l $YUS 24y TIV|E AT £ QUL
T3 Bt 7|2 off Fub4e band (cellualr,
PCS, IMT2000, wireless LAN 5%...)¢] AR&o| 7F5
A & 4= ok B3 U= AAITL 7Hsste] )
AES YT 8y AR A= 7t Ha,
Aol Sl JAAE (TV, gL, ARHQ1A], oo,
YRG0 AFRAU = ARAE B2 YR
oA FHFAE B8l AN, At TS A A
SAEA] ofa Aoy ©e7|9 key padE Fdh
Hoi7} 7hedte & A F RS AS T 42
Ao = oifHct
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