a & a Y a 4 1 an a = Y =] 4
ANNAH WINUINT . ﬂ'lﬁﬁﬁ%iﬁ')@]“]fﬂ')']i]ﬁ\‘liﬂﬂ')‘ﬁﬂ?ﬁﬁi'ﬁﬂﬁ?ﬂﬂﬂ'}ﬂiﬂﬁlﬂﬂ“ﬁ
(FABRICATION OF ACCELERATION SWITCH USING X-RAY LITHOGRAPY)

sal (= s Aaa o ]
@"Imifmﬂiﬂkﬂ D11TY AT UUA YUUII 117 YU,

Mnsrrianussemnsamiimsiauldaewuuie msiasanusaldedis
4

1 A o I a ¢ A A (Y A Y A A 1 a
@]E)Lu’ilﬂl,m%ﬁﬂﬂiﬂ'ﬂNWHLTJ‘LJZ‘T]G]G]ﬂiJE]ﬂ’J"I?JLi\‘]iJﬂWWHﬂ‘]JﬂTV]E]’E]ﬂll‘]J‘]Jvl,’J NIVTYNNAINY

F4
] Y a 1 a, 1 9 F) Y
AITULIN ﬂi%U’J‘L!ﬂﬁﬁiNt’f’Wl“}fﬂ’HMLiﬂﬁWﬁ18’3% YU ﬂﬁﬁiNIﬂiQﬁiNﬂﬁﬂWﬂiutﬁ@lﬁﬂ

Q

4

9 ) & a 9 Y o 1 & Y, a
MIAITNIATAINIAaMAVUNUAILEEMIATN  Iassadidadinge delaseaiavesadng
Y [ ' ]
aNnusalsznaudie deuuia auaiswazaa Wi dieldsuusedounamaoun lduda
] 3 o < ¢ A @ 1
fuan Trih msldsediondineatielaseadniidonno annsoasnlnseaindadiugs
Y A 9 [} Aav dy Y o ) a J [ Aax
vinalaseadrlinnugndeamiug auateil Idwannnszuiumsad e aInsnNNs 00935
Y 1 Aax I A A ] 1a o o o’/’ M) Ao
laun usmilumsguinifaduminuias luasasuiggsuding allvuiansounquy
P A v ag o Y Y o 4 9
AouMIALaZMUELTI MIRNIBTITDNFAIUY  SU-8 AD9RIUANINAINUIHIIZTY  INOE319
1a J 9 a a 9 ll ﬂ ] 1a Jd 9 o o o & 0 Y9y
uuALaIRunnaale lhauaunuinaInaTagFusIns1Ieen M lvneuulatay
' A ] a o ' <3 IR Y Y
AuLIUaeYeg U IMA Woad waiatAuE ua5 aud lavavesnounIanuNAg
3003 um ©172 2997 pm AUAYTINAI 36 pm ©12 804 um AOUNIAFI 384 um TLETHINTZHIN
9 [} 09/1 d' o 1 1 o d'o/ a 9 A’ o
Aoundanud v 51 um e umamsgaiinunuaniaaseld 9.6 g o
o 1 a o o { [l =) a 1 ra 4
mﬂﬁauﬁ'ﬁwmﬂmmm AIFINNUNANUIT 9.1 g NILVIUMIFUTHANAFIULNNUN
[ 3 o I~ a 4 1 [ 09/'
13 huasaauuidgFudingn nJumsﬁ%’wﬂﬂiqﬁ%ﬁwmmwmmmumﬁﬂwg?{ﬂﬁaz
[V Qs: =R 1 A Y a a 3 9 a [ 9 A
@911 UNTZUIUNTADILDI D UNAANNAANAIA TUIUADUNTATNAINFAIULTI ADIUTY
9 [ ;’f q'.: [} qu = 3 1 9 [
afiagduiaainluinnass dnnluseninszuiumsyulaneale lrlihuazmsana
VA o Y] £ 9 ] o Y a ¥ o
wluWans leadrewaraan Fag0dleszaznannum InnanuTouge 8191115114509
2 v Y2 o & v A o \ S L
Fuauuani1a sevannuniumsadnaiasanusiwugiusesaasuns a suilu
Y 1
mm%’nmuaﬁwﬁmmmummuﬁuig@%m?méjamﬁaﬁaemumg%maﬁuﬁaﬂﬂnﬁu
[ a 4 1 9 9 a =/ v A 4 9 a a 9 1
dauaiaramsIds udenszuumsa lsnsmlidess@mong udrguiinnadae il
1A 4 [ o o 9 1 1a 4 d‘w 9y
uiuwas huas Yagusesiiniruns lideensu ldurduminuwens luasiilsInsead
a a a 4 1 9 = = 9 9 a =4 v A W
unavesaiatause 13 gatanTsadearonszuiumsa lsnailalesidoansia Tean
] a 4 [ [} a 4 4 1
AU T U U UUHUI9 TN LA INANDIAIVULHUINITNUWOOAUA AT UAD
1 a 'd [ = 2 9 a @ 1a o 9 k) F2
uruiAnies huaesnugagaasaien1idu anauiiuials luasdie waraueon uda 14
a 4 1 a
a3InFANTaTvLIA ABUNIANIE 3016 pm 817 3009 pm AMUAUTIAG 41 pm 817 796 pm

Y )
szozvinsznitoumanud il 20 pm g9 368 pm ierthunaTaseadandnama



4

' 9 Y o a Y = dy 9 o 1a

ANuse 1A 5.6 g udnihwmadounsalan 4.4 g Fanszuaumsildszeznaimsanauinumg
1 A A ] 1a -4 o 091’
a3 hudadenarautiosnnszuaumsguilnmamuuinuias luasasuuiagdu
M A ] 1a 4 Y = @ 9y 09/’ Y
0312 ilesnnuruL e lueasgnen1ases Jsansoanams luas ldnsaesdiu
k4
wounu hldanszeznamsanauazaailomimsuandnuesgiusesd Snnenszuiums
9 o [~ ] A a a 9 9 a J [

afwdwdaduaesdiu wonannudaanaialumsadielnseadwaiagnnuse Nawnso

-4 ] 1o & 1 oaj ) [
afriulvilalaeliduiudesadrngadansclminnasuilnlsendanaimsaiadla

dyw 9 a 4 A o Y 2 [ VA Y
Lm%ﬂi%‘UTL!f‘l"li‘LlENﬁﬁﬂﬁﬂﬁiﬁﬁ’mcﬁﬂ’ﬂﬂliflﬂﬂfﬂqﬂ“l/l']\‘l”luclﬂﬁ!,ﬂEJ\iﬂ‘]JﬂTVIfJfJﬂLL‘U‘]JHb

A o

11391 2033y Tl aeilo¥o1inANY

A s

= =1 A =<
MsAnNET 2552 A8 D19150NUT AW




SUPPAKIT PROMWIKORN : FABRICATION OF ACCELERATION
SWITCH USING X-RAY LITHOGRAPY. THESIS ADVISOR :

NIMIT CHOMNAWANG, Ph.D., 117 PP.

MEMS/MICROSWITCH/X-RAY LITHOGRAPHY

Accelerometer has been divided into two types. The first one is the sensor that
measures acceleration continuously, and the other is acceleration switch which
operates at a specific value. Many techniques were used to fabricate an acceleration
switch such as bulk micromachining, surface micromachining on silicon wafer.
Generally, an acceleration switch has a proof mass that is suspended by a fixed-end
spring. A force at a specific acceleration displaces the proof mass from its original
position toward a fixed electrode nearby, resulting in an electrical connection.
However, many disadvantages of micromachining techniques make them difficult to
apply for low cost device. With the advantages of X-ray irradiation such as high
energy and excellent accuracy of pattern transfer, many applications are utilized via
X-ray lithography to produce high aspect ratio microstructures. This thesis
concentrates on fabrication of threshold switches with specific acceleration based on
proof-mass actuation. Two processes to fabricate a suspended proof mass are
proposed. Sacrificial releasing is the first process based on nickel electroplating inside
an X-ray photoresist mold on top of a copper sacrificial layer. Then, the SU-8
photoresist mold is removed by plasma of O,/CF, resulting in a suspended proof mass
and two fixed electrodes on each side. The proof mass of 3003 um x 2997 um is
suspended by a straight beam with a width of 36 um and a length of 804 pum.

The proof mass and electrode are separated by a distance of 51 um and the thickness



of the structure is 384 um. From experimental results, this fabricated switch can be
activated at 9.6 g while the mathematic models predicts an activation at 9.1 g
Disadvantages of this process include long-time releasing of sacrificial layer, SU-8
photoresist mold and damage of the substrate due to long duration of high temperature
plasma etching. To avoid these problems, a novel process is a proposed. In this
technique, the Ni structures of acceleration switch are fabricated on a sacrificial
graphite substrate. After removal of the graphite substrate by mechanical polishing a
slab of SU-8 photoresist with embedded Ni structures of acceleration switch is
obtained. This slab of SU-8 is bonded using silver glue into a PCB substrate where
three anchors made of copper have been pre-fabricated. SU-8 is then removed by
plasma etching resulting in an acceleration switch with a suspended proof mass of
3016 pm x 3009 pum, a straight beam of 41 um wide 796 um long. The gap between
the proof mass and electrode is 20 um and the thickness of acceleration switch is
368 um. This sensor can operate at acceleration of 4.4 g while the mathematic model
predicts a value of 5.6 g. Since the plasma of O,/CF4 can etch SU-8 photoresist from
both upper and lower sides, removal time of SU-8 slab is about the half of that in
previous process. Hence, the substrate is in a lover temperature with a shorter period

of time. No damage on the substrate has been observed.
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