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Condition
Target frequency 2~ 18 GHz
Insertion loss <0.5dB
[solation > 20 dB

Power handling

10 W, 10° cycles

Switching speed

15 ps

Actuation voltage

<50V
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Fixed parameter

Restoring force, pull-in voltage

Design parameter

Initial gap, electrode area, spring constant

Dimension selection
FEM simulation, dynamic analysis
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AAE Rbdete] Adrteks Agel wE 2k dse 1" 2.26%

Zo] o5 & Qlh ¢F 15 W dgo] QI7F Hug: HFHFEY
2527} FEHEQ softening point?l 700 K& @A o} 148 3 £o]

Ve & ZOoE T

1000 - ] —e— Actuation voltage 50 V, gap after contact 0.2 ym
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A 3 % 10 W F RF MEMS 2$%]9] Az

3.1 10 W & RF MEMS A¢x]9 A& 33

3.1.1 & frel71ee] Az 34
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3 3.1 AZ 5214 Negative tone 374 =71

Step

AZ 5214 Negative tone

Low spin

Spin coating

500 rpm / 5 sec

High spin 4000 rpm / 35 sec
Soft—bake 95 ° C @ Hot plate / 2 min 30 sec
1%exposure Low vacuum contact / 25 mW/s 5 sec

PEB (Post Exposure Bake)

95 ° C @ Hot plate / 3 min 30 sec

2"exposure

Flood exposure / 25 mW/s 18 sec

Develop

6:1 AZ 300 MIF igmersion / 2 min

Resulting Thickness

1.4 ~ 1.6 um
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AR SEakA] ok F&o] FAEE ZE Yol Frh 12y ISR
THB 111N #H3A= 712802 fre)7]a flelx gaego] #4 odof
HAAX7] Aed 110 £o 12 e 4% 3023t 4 AHHE s
A2 S wolxak skglvk. AAIgE JSR THB 111NC] AR WS

3 3.2¢0] YERSIH

¥ 3.2 JSR THB 111N Negative tone 574 =7

Step JSR THB 111N Negative tone
Low spin 300 rpm / 10 sec
Spin coating
High spin 2000 rpm / 40 sec
Soft—bake 110 ° C @ Hot plate / 4 min 30 sec
Exposure Hard contact / 25 mW/s 20 sec
Develop DVL—-2000 igmersion / bmin 30 sec
Resulting Thickness 9~ 10 uym

ZASR THB 111N) 5 A4 479l STR-10002
ol gato] AATUT. olu TelE Tol el M B& g A7
el A% 2 AAZE HA FAR 8OTE 7FE STR—-1000 §-fef oF

SAZE &t gol w2 Fol a3 AHe dorA wEs] AlA sk
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(a) A&/LI% Hjo|o{ & 2telo| x|zt 2t (b) & HEo| o AT (c) CPW M& M2o| Mej=2 Zat

% 3.2 CPW AEA9 A2 3 Az

AE CPW floll AFAH Ae]l& o]ojF7] st F5 v (air
bridge) & Attt & Aol kst SPDTe CPWAHH #Holxl
o] AsAE /M AS Aol ReA Bt TR s s
#dol s\ FHo] ARAES F7] dulMe AR

ol FA AlelE olo] oM A5l ArAE el & Javt

At % oal A%e 98 3 um A9 HAFE FHekw ANE
24 5 52 g4t 52 AL Be dHdY @k g4F0 B2

Az4330 FBAE ol &stdla v ¥dS d8 A5 v (@F = =
200 nm : 2000 nm) ANFTE FAAFT del & FF sAvh EE
AHEEL Az 4330 EAIE ofAdlEC sl HA AAYE HE wrd
SAZTORE o] 8H FAE KT HIE WonF Mok AA F
THAl AA Hojop Frk E2 AR FEA AA F MSE Tom

AFH Foh ABE F4 A2 A4 A74E o g3te] AAW A
Fol Q& T A #4 A4S Hne CPWE F4se Fo 2



ol WAty S8l ol Azto] Thsd EetznbE ol &ste] AES
AAs}, AF 9 A4 A Zbe+= Oxford jit9 Plasmalab 80 Plus
AH| S o] &3ttt A7He 0.075 torr?] E97]olA A4 (0,) 20 scem,
A2 (Cl) 20 scemE  FY8HH 5 &b FEk=vhE ]l7bsko
AgstR o, Zep=ns PAsE RF 182 150 WE 223 v (E
3.3). AokT AA & FFoEE H§7
O ES o]&3te] AAT AF RAFH o8 FFriezt A5l

ol BAL w4 @ 5 gomz EuEnE olgw A

do
ot
ol
o
ol
o
)
)
=
=
o
=)

Alzro g2 A A B Ao = Plasma ashings 3 S
AASRL 1 21S 3.5 e ol F&l A&E CPW ¢
duld ARPE ¥ 3.3 YeERgle. A A9 o &

Fdso] Qo AlE Aol nfojoj o] ME Glo] # AoHo IS

¥ 3.3 A% AAS 9% a4 Azt 24

Dry etching Condition
Gas [sccm] 0,1 20/ Clyt 20
Degree of vacuum [torr] 0.075
RF power [W] 150
Process time [min] 5
Etch rate [A/min] > 40
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3 3.4 AZ 4330 Positive tone ¥4 x=3

Step

AZ 4330 Positive tone

Low spin

Spin coating

500 rpm / 5 sec

High spin 4000 rpm / 35 sec
Soft—bake 110 ° C @ Hot plate / 60 sec
Exposure Hard contact / 28 mW/s 20 sec

Develop AZ 300 MIF izmersion / 3min 30 sec

Resulting Thickness

3.6 ~3.8 ym
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¥ 3.5 S AAE 93 Plasma ashing

Dry etching Condition
Gas [sccm] 700
RF power [W] 800
Process time [min] 2
Etch rate [A/min] > 40

n’
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o]Fo]A fluorocarbon AGQ =
Agl&Zel A 27zks 23 DRIE 234 o A&y e= 2z x|

Al (inhibiter) 24 =2 27ts & Al7]7] 913 AY Reads g

Spectrurm 1 0

t 100pm : Electron Image 1

Spectrum 14

0 2 4 5 g 10 12 14 16 18 20
Full Scale 924 ctz Curzor: 0.000 ket
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olgdA P& AFEL AAEFT HAsE AYIx AEEH]
B35 FAstA wHEd DRIE AuES olg&dx A74L o
Agsteigte AAZE HA gtk w3 o] EHS HEZEY Itk
HEAEA A7 gdo] migA] okt 2 AFeAE old EHES
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G HAAE M o] FHEWE fel Se fIEE ¥
g ES BEA7E 9ES dlFo] FHw 29 AFES AASH
#rh. 29 3.14% EKC 265 Ag A% fre7]e 9] CPWE vl sh
Adoltt, HlwE {8t A9A FxAE AAsSL vt oE
Al AREEC AR AAYE S 4 F Atk old AAE

91ek EKC 265 AH3 =31& % 3.6° HeEhlddt
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(b)
1% 3. 14 ECK 265 A7 (a) A (b) & CPW Hlu
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FH

3.6 FFE AAE Y3 EKC 265 AFE =4

Step AZ 4330 Positive tone
EKC 265 65 ° C/ 30 min

IPA Room temperature / 5 min

QDR Room temperature / 10 min
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3 3.7 AF Aztet AA Ao Wl

Parameters Design Fabrication
Electrode area [,umz] 160 x 120 161 x 119
Initial gap [ #m] 1.5 1.45
Gap after contact[ zm] 0.2 0.26
Membrane thickness [ zm] 70 71
Spring thickness (t) [ m] 20 19.5
Spring width (w) [ zm] 4 3.9
I 10 11.0
Spring length ]2 100 101.2
[ £ m]
e I, 75 74.3
I, 15 14.2
Spring constant 1102.2 1047.3
%2l voltage [V]
46.2 43.3
(Calculation)
Restoring force [mN]
1.1 1.05
(Calculation)
Contact force at 50 V [mN]
10.6 6.2

(Calculation)
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Ags woFH Ao J599 HA5Ho] AXA Ho Aol HA
ol Al Hed dAs gtk olstE e sbA ok AR el Atk o]

% Z<t(actuation voltage)olgtar 3far o]uf
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=4" AgsS H= AT (contact resistance) ©|8tal sk}, A dlo]

off % NE £do] Fol 57] WEe] WA 29149

100 -
—o— Samplet| ,/
80 4 —o— Sample2),”
—4&— Sample3 1.5+
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601 ¢ 1.0-
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45 48 51 54 57 60 63

Contact resistance, Q

Actuation voltage, V

I8 4.2 7} Aste] W A= A3 s}

1.6 V3lth AfE A9A AFE olgsto] tha] Aldbet EQl A
43.3 V2 A Fa@gd 1.6 VY vAg ZolE Bk o=

AAgel & AHEeS ddvldnal = 5 Uk 5 Y A9A
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Abstract

Study on SCS RF MEMS switch

for High Power Application

Hwang Sung—Hyun
Dept. of Electrical and Computer Engineering

The Graduate School

Seoul National University

The RADAR system which is the most important part of defense
system has been improving from brick type to tile type in order to
be integrated highly and small size. A circulator need to be replaced
with new device because it takes possession of the largest space in
TRM. A RF MEMS switch is proposed as alternate device of
circulator. The RF MEMS switch should guarantee 107 cycles of life
time with high power over 10 W as well as high RF performances in
order to be applied to LADR system. Thus the purpose of this study
is design and development of the RF MEMS switch with high power
handling.

The proposed RF MEMS switch has restoring force over 1 mN for
high power handling, actuation voltage under 50 V to be applied to
TRM and optimized structure. The designed dimensions are verified
by the FEM simulator. The designed switch has high isolation over
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25 dB by the optimized structure. The switch’'s temperature rising
by RF power is analyzed by thermal analyses in order to design that
the switch overcomes 10 W of RF power. From the analyses, the
generated heats in RF mems switch are minimized and the contact
structure is designed to resist heat. Making contact material inside
the cavity in the silicon structure reduces the gap between
electrodes after the switch is contact state although the thickness
of contact material is increased to sub—micron. As a result, the
designed switch is expected to have an extremely high contact
force with nearly 10 mN. This result means that the switch has
lower contact resistance under 1 Q so it decreases the temperature
rising by power and insertion losses of the switch even if the switch
employ ruthenium for contact material which has high softening
point and withstand heat.

In order to realize the proposed switch the fabrication processes
must be established including photo lithography, etch process and
so on. The proposed switch use fabrication method of anodic
bonding to transfer the structure made on silicon wafer to glass
wafer where the transmission lines and bias lines are defined. The
dimensions of contact parts including contact metal’s thickness are
highly effective on the switch’s characteristics such as contact
force and actuation voltage because the dimensions decide the gap
between the switch’s electrodes after on state. If the contact
material is formed by electroplating, the thickness of the material is
ununiformed. To solve this problem CMP process using thick SiO,

mold for electroplating is proposed. The SiOZ2 layer is sufficiently
i .
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hard that it does not broken by CMP process. The thickness of the
contact material is controlled by thickness of the SiO? layer. By the
proposed method the uniformity for the material’'s thickness is
improved. Post etch residues (PER) generated during the release
process using deep—RIE must be removed because they disturb
switch’s contact or short between electrodes so that the switch
shows actuation fail. In this study, the generation mechanism and
material composition of the PER is analyzed. The EKC 265 which is
commercially available is employed to remove the PER. The EKC
265 has nucleophiles so that it can break cohesion between noble
metal and PERs.

The fabricated switch is inspected by using SEM. The fabricated
switch’s dimensions are well matched to designed values. It shows
that the proposed fabrication process is well established.

The fabricated switch’s performances in terms of electrostatic
actuation, RF characteristics and life time are measured and
analyzed to showing possibility for application to TRM. The
measured #¢! voltage of the switch is 41.6 V and there is no
change in contact resistance over 50 V. At this time the contact
resistance of the switch is 0.4 Q. The switch shows that the
insertion losses are smaller than 0.4 dB and the return losses are
higher than 25 dB until 18 GHz. When the switch is off—state the
isolations of the switch are lower than —25 dB until 18 GHz. The
measured RF results are similar to the simulation results. The life
time of the switch is evaluated by cold switching test with 10 W RF

power. The switch tolerates the test over 1.2 x 10 cycles. After
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the test, the switch do not shows structural deformation, increase of
the contact resistance and degradation of the RF performances in
terms of insertion loss and return loss. The results mean that the

fabricated switch can handle RF power over 10 W.

Keywords : high power, 10 W, RF MEMS switch, life time, TRM
Student Number : 2010—-30235
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