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PITTAYA DEEKLA : DEVELOPMENT OF ELECTROSTATIC
MICROMOTORS. THESIS ADVISOR : NIMIT CHOMNAWANG, Ph.D.,

169 PP.

MEMS/MICROMOTOR/LIGA

This research aims to develop and fabricate a micromotor. Micromotor is a
type of variable capacitance micromotor and comprises 2 parts, stator and rotor.
Movement of rotor relies on the applying voltage between the stator and rotor. Using
electrostatic force driving them, the stator and rotor similarly work in the principle of
parallel plate. In fabrication, micromotor uses UV and x-ray lithography technique in
patterning process. X-ray irradiation exposes on negative photoresist (SU-8) for
pattering construction of the stator and rotor coated by metallic membrane as
electrically conductive base plate. The rotor is coated all dimensions but the stator is
coated just one side and it is stuck on print circuit board (PCB) by using AZ 1512
positive photoresist as adhesive layer. AZ 1512 acts as insulator separating the stator
and PCB. The rotor has a diameter of 882 um and thickness of 300 pum. The ratio of
stator and rotor is 8:12. The driving voltage of 600 V is applied. Overall, this project
is to develop the process and find out resolution of micromotor to be able to rotate

first and then try new method of fabrication including improve more performance of

micromotor.
School of Electrical Engineering Student’s Signature
Academic Year 2009 Advisor’s Signature

Co-advisor’s Signature
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Parameter Symbol Size
Inner radius of the rotor R/ 58 um
Slot radius Rz 250 um
Rotor radius R3 443 um
Inner radius of the stator R4 468 um
Rotor-stator gap G 25
Stator angle 7, 18°
Stator angular space T, 12°
Rotor angular space T; 27°
Rotor angle T, 18°
Thickness h -
Bearing thickness h, -

Stator
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ViU 50 V. A 910D 300 pm #9100 458 pm 1A g (Y 25 pum asnsaaiiansl
anuduiusvesnuy ldihvuyumdeudeuveslsmes fumanes 1daeg i 4.9 naglug)

#i 4.10 Wuanuduiussynhasedavazyuvaeudouves Ismes fuaames s uiu wud
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anuy lihulaeunlaade Tsmesinamsinasuiuaz ingegaognyumasudouminy 18°
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A =

waztinausiiaz 1dNaniiinaoaszozmsnaoun Weuomas Ao U IUADIND
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Relationship between capacitance and angle overlap
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Relationship between torque and angle overlap
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51" 4.10 ﬂ'iW\lﬂ’ﬂiJﬁiJWu‘ﬁ’igﬂ’ﬂﬂui\iﬂﬂﬂﬂi}jmﬁﬂ’mJG]f’f]L!

U

LY d
4.3 FZUUNAINVOINOINDT
A = a A A s ™ v A
INIANEINHANTIUNITIAADUNUDINDIADTYANIA Iﬂﬂﬂ?qﬂllﬁ3%$W%1iﬂ!1ﬁNﬂ1i
@ A o a A A A Yy A = a A
NAIAVDITEVY LUBIARNANITHYUNITONITAADUNTDVUNUITADINIITUIDILIIVANITO
~ PR s o A A A 9 A A
Liﬂﬂulﬂ'HIiJLiJuﬂ‘UENui\? IiJUJuGIﬂ’JﬂJLﬂE]fJWﬁ@LLﬁQUﬂ@WHﬂWiLﬂﬂ@uW mmmaﬂﬂfﬁ
A a = A a A o [} 4 <3 Y 1 (Y
Lu@ﬂﬁnﬂﬂmﬂﬂﬂﬁtﬂﬁEJ‘L!L!JJENHJ'E)Lﬂ@]ﬂﬁm@u@‘lnlﬁu\i"ll’f)ﬂiimfﬂi ANWTAUNFADIULOYAN
a A a J 4 =
Iﬂﬂﬁ1u1iﬂW%1§ﬂ!1§_ﬂW 4.11 “U’LﬂﬂWWﬁHJm@i"UENiJE)m@5ﬂﬁﬂ1ﬂﬂigﬂﬂﬂﬁjﬁﬂ R, ﬁ’t] IAY
3 J A [ dz J A v A J A ]
%u"luﬂmﬂsmai R, 79 5ﬁ3J"]5uﬂaN‘UENI§LGI’EI§ R, 119 iﬁiJ“lJ’ﬂ\iIim’ﬂﬁ 1ae g A9 ITYSUIN

1 o ° a o 3
ﬁgﬁj']\jijlﬁﬂ{ﬂﬂﬁlﬁlﬁﬂg ﬂ15ﬂ1lLUU%1a@QV]1\1ﬂm@ﬁ1ﬁﬁ§lﬁ@ﬂ1ujmﬂ31uﬁ?ﬂ]ﬂ\iu’ﬂl@@{

92017 (Endemano et al., 2003; Mehregany, 1990) 910 X7, = 76 321dn

JO+BO+(C +C,V)sgnf =T, (4.20)
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A a
Ao 115909 (N-m)

=D
-3

Tagy

Ao TumudaNufesvesing (kgm)

a <

~

A ' A a = 4 1 1w -13
A9 AIAINUTIVATIANIUIAU (N-m) (AINIATIFIUNINY 1x10 )

Ao masnusadadsamusai i uilad o wsady (N-m/v?)

0

AWNATIFINAY 1x107)
Ao ANS T (rad/s)
A9 AT UTFIYN (rad/s)

A v
A9 1L53AU (V)

S ~ : .

A 1 9 [ a Qd =
Ao AT IMUYeIdulseansaNuvta (N-m-s)

Stator

517 4.11 narasmnniimes dmiuszuuwaie
e lideae AUz i ey (C +CV)sen 6 fuusudoaniuiinediv
a A 1 a Y aa Y o A A b A .
useda tanyludwsadu vaziinemuassdwiumsmaeu Taef sgnd=11ilo §>0 uag

. A . VA g A gt 4 = v
sgn@ =-119 <0 ﬂWlHJL!‘]JUﬂﬁﬁﬂﬂﬂuﬂluﬂﬂ‘ﬂ?’mNﬂﬁﬂyu WWﬂWﬁ]TiRWﬂTiWHHL‘WﬂQﬂWH

= ° Y dyd ' 1w
wedsazfMrua iy Inmeniia Ny 1
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1 ' J A Y =< a A9 @ Y
@1ammﬁmﬂﬂmuumﬂammaEJsummamgﬂuﬂsmmwmmumimgmjmma 01

Q q

= a 3 Y 9y a o Yo A A A VW
winlvnalsuawnn ddedldussdiannlumsiniaqgaasunivinaminuraguues
F4 1
WIANUTTEZNNMAT99INAKUDINIA Tasdiuegnugs1aueaing (Hibbeler, 2004) &4

Taseadveswomesyamailudnuazginsanszuendsglii 4.12

U

0; =360°

dm

= v 7 o w 4 A
710 4.12 Tnsadi om0 9anIAd 113 U TNNUAAININDY

L)

nnglamsamauns luuudanunesvesingninszuenvyusounnu Idq

AUMIT 4.21) tag (4.22)
J = J‘ r dm 4.21)

dm = pdV = phdA = phrdrdo (4.22)

aunsaeuaums .21) lnyldidudaanms

J :I r’ phdrde (4.23)
Taon J Ao TuudaaNuA oY
R Ao SAlvDIINaY

m Av WIAVBIIAY
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ye Ao ANUARUULYEITAY

A I s 4 o
ﬂTﬂW%1m11ﬂ5ﬂﬁ%1@‘1]0@%@m@5Z’f’]iﬂﬁﬂ?ﬂalllﬂﬂINLNUQﬂ?WNLﬁ@ﬂq@S{ﬂQﬁNﬂ'ﬁ

,oh]l JRRZ rdrdo + 8,0%1]2 JRR3 r'drde
1 2
0 0

J =
| (4.24)
4 4 4 4
=~ on(r k)0 20n (R -k0)o,
= A o oA s
Taon R, Ao SauFuluveelinos
A v A z 4
R,  fosaNdunavedlsmos
A v A J
R, Ao SANUDI 151007
6 A9 YUVOITA R,
6, v YNVOISAN R,
h Ao ANNGY

4
mf.iﬂmammmusaéfmaumﬁuﬂizﬁmmmwﬁﬂ (Coefficient of viscous drag) VD

Jnq (Bart, 1992) A4aUMT

nR
p="% (4.25)
h[)
Taen B Ao ussdveadulszansanunila (N-m-s)
h, AD ANUFIVTI (m)

n Ao MduszanInNUNHAYEIIMANINY 1.82e-5 kg/m-s
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4.4 MIHINAINASVBIANNINAIN
v
‘Hﬁﬂ‘ﬂ1ﬂ1/|iT]JL!,‘]J‘]J‘51’(3@\1‘I/INﬂﬂjG]ﬁWﬁﬁ{ﬂJ@\iﬂﬁﬁyu mﬂﬁmﬂumimwamaw?a
Yo Y aq 1 Y 1 ax o a a 4 . an o
LLﬂﬂiy‘ﬁWﬂ’Jﬂ’J‘ﬁﬂﬁﬁN Q 1aua SFmsdunauFaingey (Analytical method) I5013ATUIN

1398218y (Numerical method) tagnsuAilayn1de SCICOS (Scilab connected object

Y
Aav A

a3 o { Y o . ° o
simulator) (11 T1/5unsudravananedfuszuunaiauea Scilab Tua1uIdeil 1aiimsdanana
14337 laun

441  MIHINANASVBITNNITWAIAMEDTMSANOIUTIINI T
o Py Y as o a a J .

nnaums (4.15) winh ldudilymiae35msd1ueusans 129 (Analytical
method) W NAITUUNONVBUTUTIANIU sgnd = | 1o >0 uag sgnd = -1 1o
. VA G dyy v a 1 a = =
6 <0 anduuinuieaviiuiuianumsnyuuamninamMsnyuiioadiube Taeld
I dy a I a [ 1 I [ a ] 4
Wuvan mentiazliandy 1 MusaNIanaumMsaInauanyuzaunsFeYNUTLIUY

lidhuentiug (Nonhomogeneous equations) (Kreyzig, 1999) A41l
O+ p()0+q(1)0 = r(t) (4.26)

p® uaz q) Humnedd dau o duaumsedlugdiladFudia q Taoi

Aaouna llvesaumsuun hieniusazeglugives
0@t)=06,()+06,(1) (4.27)

Tas 0, o Maewid lvesaumsemiusiindy ¢6 (1) +c,0,()

]
A

=
f
a < ' o
c.c, fomnvgauydldiumniiale q
A
f

6 (1) Ao WANALANIY

Y
v v

aaiuamnsodnglaums (4.20) T iverfionduiss@nsnuaums (4.27) {ELY

- B . Td-(C/,+C\V?)

0+—0= (4.28)
J J
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4 qvi . . sy B v o Td —(C,+C,V?) y
Winldreaomsmuiauiivuala n UNUAIEAIMs Z uag — HNUAY
dauls ¥ 391 daums luudlu

0+Z0=Y (4.29)

[

42
Tumaliia msmidmneuvesaumMsdIna1INIAaLl
Lvirnanasia 1l 6,(r) 1naumsenius 6+ p()f+qHf=0 Jaumsonius

NAeIToINUTUNMIAD
0+720=0 (4.30)

£ A @ X L 3 v A
“NiJTcTiJmi‘W‘KjumaﬂBmzLﬂWW(Polynomml characteristic) Wy A+ za=0 hlﬂwmﬂaﬂﬂ’ﬂ

v o o 2 o &
A=0,—Z faiuaumseniusuNamagaail
0,(t)=c, +c,e” (4.31)

1 o o e . -
2. MIHARAINIZ 0 (1) nnaums Lienwus d+ p(H)d +q(1)0 = r(r) Inamnizas

0,(t)= At
0, (t)=A (4.32)
6,()=0

et wamasaaaums 4.32) unuluaums 4.29) 1218 4 = vz mldldnamasmniziy

Y
=— 4.33
AG) ! (4.33)
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3. namae lvesaumsuun lilenifus 0¢) = 6,(1) + 6, () iiludsaums

z Y
o) =c,+c,e” +f (4.34)

6() = —Ze,e ™ +§ (4.35)

Y ' ° A . 4 A P
NARamagfIna1Mrualiausudn 00) =0 uag 4(0) =0 Wiownannzisudulsmes

[ 1A d' d‘ 9
galunamanasunag 14

0(0)=c, +c,=0 (4.36)
00) = ~Zc, + =0 (4.37)

E Y - 3 o
MINANIMSTN (4.36) 1oz (4.37) 1218 ¢, = = ansolounamasna 1y lag il

0t) = % (e” +Zt-1) (4.38)
0@t = Z(1 —e (4.39)
Z

2 B Td —(C +CV’
NTULNY Z A — uaz Y 41 % Tuaums (4.32) uay (4.33) 3z ldaums

Tisinilu

J 2\, o+ B
04) =—(Td-C,-CV*)(e * +—1-1) (4.40)
B J
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Td-C,—-CV* —

0t = (I-e’) (4.41)

o A a 7 o Y ¥ 2 A o ]

MImuIanFINns 1z i 19 1duFaaunisn (4.40-4.41)  nduaIg

Tsunsuioriwamasanaumsaanandaand B3 lumanuin n. Snualilaseadradly
a s A = a d < [ dy 1w " W -12

weawesinae Tanzins1lmes a1 o (Wudedl ¥ midu 50 v & miny 8.85x10°  F/m
AR 300 pm- oy 1AL 1200 kg/m® R, (1D 58x10° m R, MU 250 um R, 1A
458 ym g IMINY 25 pm 7 WY 1.83x10° Kg/m-s A, tMAU 1 pm C, 1M110U 1x10° N-m
wag C, Ay 1x10" N-m/V

9
v A

a d v 1 4 o 1 [ -
vnmndmesasnarudoduamez ldmaetl  7,1M10 2.418x10" N-m

[ 4

B 11 221 x 10" N-m-s uag i1 J 1100 1.0 x 10" kg-m” uazldnsvuansnnuduiusg

1 3 o [ A
TEUINANULIINDLIA ) @NE‘IJ‘VI 4.13

442  MIHINANABVRITNMINAINAEIDTNMIMUIATIN UV
9 an dy 9 o Yas [ [
MImHamasal183519z 19iand¥u ODE vod SCILAB Tagl¥iTuease-Anad

[ & Y a o Aa o o o @ A,
SUAV 4 (Runge kutta method : RK4) FududTmsmuiandadiavdmsuscuunaindnis

]
=K A

wilad Idsuanuiisvedianieunansiziinnuududigaaz 1dnamsdiuam liuiu

wuly vinaunisi @.20) Sinuadudsaoiuziiu x = 6 naz x, = 0 Sudvuaums

2

aouz 1ailu

X =X,

o Td-Bx,-(C +C V*)sgn(x,)
2
J

(4.42)

NNAUNTN 4.42 mmsaﬁ%ﬁﬂﬂiu,ﬂsmwd’m]"mmwaﬁmmﬂumﬂwmﬂ f.

Taol¥miiwesas q wuReaiutedes 4.4.1 Tananmssiasedegiii 4.14
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Analytical method
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Numerical method
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Relationship between speed and time
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443  MsmAaRagveIaNmINalnaly SCICOS
NAAUMIN (4.42) ansaadaldsunsy scicos Tagldmaiimesaig o

" v W a J v Y = @ A & Yo Y
MfUAWISIReS I dedes 4.4.1 Ugduvudwaaslugii 416 Fanmsunilyniaie

]
adAaA

< o a o <
SCICOS l,ll'Llﬂ'lﬁl!,i'?]}{lilluﬁ']ﬂ']5ﬂ'lu')ml%ﬁ@nm‘ll%ﬂ')ﬁﬂuﬂ'ﬂﬂﬁ%ﬂ?ﬂllﬁ%ﬁ?ﬂﬁ?

/ Td

rad to deg
cHCy
MScope
>
- « -f— Sign -4—
L - . - rad/s to rpm
B

ﬂﬂ 4.16 M3$NA0FEVUNATAAIY SCICOS

910 T15unsN SCICOS ipdravanaszuunaialaiullsznovvsallsunsy
T a 1 =1 1 4 4 1
laun swseda (1) Awsudoaniu  (C,+C,17) M IUNUAANNMOY () ATIA UV
o a = . £ o I @ ~ (=
duilsz@nsnnunia () uaznal (time) FIHaN1331a00uAI3IN 4.17 WuNUwans
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SCICOS method
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Relationship between speed and input voltage
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// Analytical dynamic micromotor

I/
vgh=[50 25 300];
V=vgh(1);
g=vgh(2)*1e-6;
h=vgh(3)*1e-6;

EO0 = 8.85e-12;

Ep = EO*Er;

//tho = 8500;//%%% density Ni
rho = 1200;//%%% density SU8
thetal = 2*%pi;

theta2 = (18*%pi)/180;

Rstator = 0.000468;

Rrotor = Rstator-g;
R1=0.000058;

R2 =0.00025;

R3 = Rrotor;

/ANANIINDS
/599U

1 Jd o o
/52851151905 NUAAINDS
/ANNEA
o

JAMANNGONTUNNT

JAaMueUFUNNT 1M

/ANUHUMUUENNG
/ANURUIUY SU-8
/wvessai Tsmesaulu
/uveesad Tsmosaruuen
/Seivesaanes
/Seiiemanes
/sanlsmesanlu

/5e15Im95 A3 InaNg

I = ((((1/4)*rho)*h)*(R274-R1"4))*thetal+(((2*rho)*h)*(R3/4-R2"4))*theta2;

mass = ((((1/2)*rho)*h)*(R2/2-R1"2))*thetal+(((4*rho)*h)*(R3/2-R2"2))*theta2;

J=1
gap = log((R3+g)/R3);
Td = ((2*(V"2))*Ep)*h)/gap ;

n = 0.0000183;//% viscosity of air (Kg/m.s)

R = Rrotor;
Hb = 0.000001;

B = ((%pi*n)*(R"4))/Hb

. .
/TuuAnURDY

/wsataaola

Jduilszansanuviiavete1ne

/ANUGIUIT

/ANuvTia
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/l//parameter standard R RE RV U193 1U

C1 = 1.000000000D-13; Jeasiinssiadeanuaatl

€2 = 1.000000000D-17; Jansiins liadeaniueaiiidluilefs
//UDAULTIAU

CV = CI1+C2*(V"2);

Total friction = B+CV; /WAsINUTATIAN Y
timel=.1; /31912990
ta=0.0001;

t=0:ta:timel;

x_position=(J/B"2)*(Td-C1-C2*V"2)*( exp(-B/J*t)+B/J*t -1);
x_deg=x_position*180/%pi; /Eunua 1503 (deg)
x_speed1= (Td-C1-C2*V"2)*( 1-exp(-B/J*t) )/B;

x_speed rad sec=x_speedl;

x_speed=(x_speed_rad_sec*180/%pi)*(60/360); /AN i3 I(rpm)

xset('window',1); //ng W\I‘ﬁ 1

subplot(2,1,1);

plot(t,x_speed,style=5);xgrid() /maaansnafuaus, (rpm)
xtitle(" Analytical method"," ","rotor speed (rpm)");

chsteg=0.1; chgrans=1;

subplot(2,1,2);

plot(t,x_deg,style=5); /maaang1NaNUMILHUS (deg)
xgrid()

xtitle(" "," time (s)","Angle (deg)");

chsteg=0.1; chgrans=1;
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/1

// 20091122 numerical.sce

// Numerical dynamic micromotor

/1

vgh=[50 25 300];

V=vgh(1);

g=vgh(2)*1e-6;
h=vgh(3)*1e-6;

EO0 = 8.85e-12;

Er=1;

Ep = EO*Er;

//tho = 8500;//%%% density Ni
rho = 1200;//%%% density SU8
thetal = 2*%pi;

theta2 = (18*%pi)/180;

Rstator = 0.000468;

Rrotor = Rstator-g;
R1=0.000058;

R2 =0.00025;

R3 = Rrotor;

/ANANIINDS
/599U

1 o o
/5285115190 NUAAINDS
/NG
JAamuepuFuNNG

/AN INgo NN N 01 A

/ANUHUMUULNNG
/ANUAUIUY SU-8
/uveesai Tsmesaulu
/uvesad Tsmosaruuen
/Seivesaanesy
JSataames

/e lamesalu

v A 4
/5A0 15105 ATINAN

I = ((((1/4)*rho)*h)*(R274-R1"4))*thetal+(((2*rho)*h)*(R3"4-R2"4))*theta2;

mass = ((((1/2)*rho)*h)*(R2/2-R1"2))*thetal+(((4*rho)*h)*(R3/2-R2"2))*theta2;

J=1
gap = log((R3+g)/R3);
Td = ((2*(V"2))*Ep)*h)/gap ;

n = 0.0000183;//% viscosity of air (Kg/m.s)

R = Rrotor;
Hb = 0.000001;
B = ((%pi*n)*(R"4))/Hb

. .
/TuuAnNURDY

/wsataaole

4
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//parameter standard
C1 =1.000000000D-13;

C2 =1.000000000D-17;

CV = CI1+C2*(V"2);

Total friction = B+CV;

// object function state space variable

function [xdot]=Rotor(t,x);

xdot(1)=x(2);

xdot(2)=1/J*( Td-B*x(2)-CV*sign(x(2)) ) ;

endfunction

// initial
x0(1)=0;x0(2)=0;t0=0;
timel=.1

t=0:0.0001:timel;

[f=mmmmn The ode-command Numerical RK4

x=ode("rk4",x0,t0,t,Rotor) ;

position=x(1,:);
deg=position*180/%pi;

speed_rad_sec=x(2,:);

speed=(speed_rad_sec*180/%pi)*60/360;

subplot(2,1,1);
plot(t,speed,style=5);
xgrid()

/NTINDTINATTIU

1 ~ a = 4
/MAINUTIVATIANTIUIAUY

' A A o A & o
//f"ﬂﬂ\TV]LLiQﬂﬂlﬁﬂﬂﬂ"luimuﬂlﬂuﬂﬂﬂ“ﬂu

//UDUTIAY

/WAsINUTATIAN Y

Jlanguduls aaus

/aansudu

/A0191999W8

//A1009HaAIY RK-4
/Eunna151005 (rad)
Janiialsmes (deg)
//mmﬁa (rad/s)

<
/AU (rpm)

Y ]
/AN INIANUANNS I (rpm)

xtitle("Numerical method","","rotor speed (rpm)");

subplot(2,1,2);
plot(t,deg,style=5);
xgrid()

xtitle(" "," time (s)","Angle (deg)");

/maaang1NaNUMILHUL (deg)

chsteg=0.1; chgrans=1; // Determines 'arrow-density' and limits
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/**************************************************

Micromotor control
Arduino-0016

uMotor 20091015

***************************************************/

int LED ON=13;

int Phasel =3;

int Phase2= 4;

int Phase3 = 5;

int stop=6;

int ADCO0=0;

int dI;

void CW_Step(void);

void CCW_Step(void);

void setup()

{
pinMode(LED_ON, OUTPUT);
pinMode(Phasel, OUTPUT);
pinMode(Phase2, OUTPUT);
pinMode(Phase3, OUTPUT);
pinMode(stop, OUTPUT);
digital Write(LED_ON, HIGH);
// setup motor
digitalWrite(Phasel, LOW);
digital Write(Phase2, LOW);
digitalWrite(Phase3, LOW);
delay(1000);

digitalWrite(Phasel, HIGH);

/maaavana lianuaieu 13
/lanviaunudle 3
/mlanaeaunudigy 4
/mlananuunudlsan s
/MAAIMINYATIHUAIOU 6
//DIUAWDUIADNTD 0
// w5
o o < a
// MARFUH UM
U % I~ a
// TasFunyunIuANEm

Y
/dngumsasanTysunsy

o Y [ J
/ivua’ld LED_ON iluonane
/fviuali Phasel ifluenana

o Y 1< o
/U1 Phase2 1ilueianeg
/fviuali Phase3 ifluondna
/fviuali stop ihuendne

/anamsnianuuea lasuns

/MAnlavgamsiau

/MY9981 1000 319

/MApawlaiianu
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digital Write(Phase2, HIGH);
digital Write(Phase3, HIGH);
delay(1000);
digital Write(Phasel, LOW);
digital Write(Phase2, LOW);
digital Write(Phase3, LOW);
}
void loop()
{
while(1)
{
digital Write(Phasel, LOW);
digital Write(Phase2, LOW);
digital Write(Phase3, LOW);
int speed1=analogRead(ADCO);
if ((speed1>=0)&(speed1<=412))
{
dl=(speedl)*5+1;
CW_Step();
}

else if((speed1>=613)&(speed1<=1023))

{
dI=(1023-speed1)*5+1;
CCW _Step();
}
else
{ digitalWrite(stop, HIGH);
}

MEniangamsiau

mangumsinuvesTilsunsuy

/msudunnilavgaiianu

o I aa
/miasdyanateuzasniuainea

o

/szaudyaueglugig 0-412

/AU WIINNY dl

Mvuandy
/szaudynmeglugig 613-1024

/AUNAWINND dl

Y <
/Ry

/szaudygIueguony

/Iganu
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void CW_Step(void)

{ // step phase 1>>2>>3

}

digital Write(stop, LOW);
digital Write(Phase3, LOW);
digitalWrite(Phasel, HIGH);
delay(dl);

digital Write(Phasel, LOW);
digital Write(Phase2, HIGH);
delay(dl);

digital Write(Phase2, LOW);
digital Write(Phase3, HIGH);

delay(dl);

void CCW_Step(void)

{ //step phase 3>>2>>1

digital Write(stop, LOW);
digital Write(Phasel, LOW);
digitalWrite(Phase3, HIGH);
delay(dl);

digital Write(Phase3, LOW);
digitalWrite(Phase2, HIGH);
delay(dl);

digital Write(Phase2, LOW);
digitalWrite(Phasel, HIGH);

delay(dl);

o I a
/)5 EMATNINFUAANUIRNT

/e 12 3 Kauauanay

o < a
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/il 32 1 B1uauanay




MANHIN A

d' Y S A J v
TJ‘YIf’n’INTlllﬂiiJﬂTiﬂWNW!Nﬂ!!Wi



d' d' Yo aa d =®
i]ﬂ”lif’)ﬂ‘i’lﬂ'ﬂil‘Vlulﬂ‘i'uﬂ]iﬂWNW!Nﬂ!!W‘ﬂuﬂlm%ﬂﬂH]

P. Deekla, R. Phatthanakun, P. Songsiriritthigul, P. Klysubun, and N. Chomnawang,
(2009). Fabrication of High-Aspect-Ratio Complementary Micro Parts Based on
Synchrotron X-ray Lithography and Release Etching of a Conformal Sacrificial Layer.
Proceedings of the International Conference on Science, Technology and Innovation for

Sustainable Well-Being (STISWB 2009), Khon Kaen, Thailand, July 23-24, pp. 227-230.



165

International Conference on Science, Technology and Innovation for Sustainable Well-Being
(STISWRB), 23-24 July 2009, Mahasarakham University, Thailand

Fabrication of High-Aspect-Ratio
Complementary Micro Parts Based on
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Abstract

We present a novel method for fabrication of high-aspect-ratio complementary micro parts using
synchrotron x-ray lithography processes. To demonstrate this new technique, a high-aspect-ratio
metallic cylindrical-shape test structure is fabricated by printing a circular absorber pattern on an x-ray
mask with a diameter of 1450 microns to a 300 micron-thick SU-8 photoresist, developing the
photoresist mold, and filling the mold with electroplated nickel. After removal of the photoresist mold,
another micro part which is a complement of the piston-shape nickel test structure is created by
electrodeposition. Both micro parts are separated by a 10 micron-thick metallic sacrificial layer that
has been conformally coated onto the surface of the first micro part by electroplating. The separation
distance between both complementary micro parts can be adjusted by varying the thickness of the
conformal sacrificial layer. Upon completion of the second micro part electroplating, the coupled
micro parts are simultancously planarized to a desired thickness by mechanical polishing. Finally,
these micro parts are released from each other by wet chemical etching of the sacrificial layer. The
new fabrication method of complementary micro parts reported in this paper can be applied for
realization of micro sensors and actuators as well as various micro-electro-mechanical (MEMS)
devices.

Keywords: Microfabrication, X-ray Lithography, Complementary Micro Parts, Conformal Sacrificial

Layer, Release Etching
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1. Introduction

Micro-Electro-Mechanical Systems (MEMS)
are miniature devices that have been widely
integrated in commercial electronic applications.
With combination of integrated circuit (IC) and
micromachining technologies, high performance
MEMS actuators and sensors are resulted.

STJSWB 2009

Mechanical movements and displacements of
free standing micro mechanisms inside these
actuators and sensors attribute to capability and
performance of many smart products, especially
ones using capacitive sensing or electrostatic
driving forces such as micro-mirrors [1], micro-
valves [2], and micro-motors [3]. Fabrication of
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the free standing micro structures are usually
done by depositing a planar layer of sacrificial
metals or polymers. After it is used as a
temporary support, the sacrificial material is
removed either by wet chemical etching or dry
plasma etching. In some micro sensors and
actuators, high-aspect-ratio mechanisms are
desirable 1n order to obtain high sensitivity or
driving force. Fabrication of these free-standing
mechanisms requires deposition and removal of
conformal sacrificial layer that lies along the
surface of the targeted micro structures. In this
paper, we propose fabrication method of high-
aspect-ratio metallic micro mechanism using an
clectroplated metal as a conformal sacrificial
layer. To demonstrate possible applications of
this new technique, a complementary pair of
high-aspect-ratio piston-cylinder micro parts is
fabricated.

2. Fabrication procedures

The test structures are designed as a piston
enclosed by a cylinder. Upon their completion,
both metallic micro parts are scparated by a
narrow and high-aspect-ratio air gap. The
fabrication procedures can be divided into four
major steps including formation of the first
micro part (piston), deposition of a conformal
sacrificial layer, formation of the enclosing
complementary micro part (cylinder), and
finally their separation. Fig. 1 illustrates the
sequence of these steps. The details of each
procedure are described as follow. We first
fabricate an x-ray mask by tauting a 100 pm-
thick mylar sheet on a circular copper ring. This
mylar membrane is used as a mask blank on
which the x-ray absorber pattern is fabricated.
The absorber made of 20 pm-thick silver layer
with a circular shape of 1450 pm-wide diameter
is used to block x-ray from reaching the sample
resulting in a circular shadow on the sample.

In preparing the sample, a glass substrate is
coated with plating base layers of T1 and Ni by
thermal evaporation. A 500 pm-thick negative
photo-resist 1s then applied on top of the plating
base by reflow casting of dried SU-8 powders as
shown in Fig. 1(a). Subsequently, the mask is
attached onto the sample and exposed to syn-
chrotron x-ray using a scanning end station of
the BL-6 beamline at the Synchrotron Light
Research Institute, Thailand. The x-ray mask
absorber pattern defines a circular shadowed
area straight into the thick photoresist as shown
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in Fig. 1(b). Thereafter, the resist is developed in
a fresh SU-8 developer creating a cylindrical
cavity with a straight side wall perpendicular to
the substrate as depicted in Fig. 1(c). The cavity
is then filled with Ni by electroplating, in a bath
of nickel sulphate, up to the top of the
photoresist mold as shown in Fig. 1(d). The
electroplating mold is removed by stripping in
NMP remover and dry-etching in CF./O; plasma
resulting in a clean metallic piston as shown in
Fig. 1(e). The surfaces of the substrate, piston
side wall and piston top are then covered by a 10
um-thick sacrificial silver layer conformally
coated by electroplating, in a bath of silver
cyanide, as depicted in Fig. 1(f). Hereafter, the
silver coated piston along with the substrate is
used as a metallic mold for formation of the
enclosing complementary Ni cylinder by
electrodeposition as shown in Fig. 1(g).

X-ray irradiation

\AAAAAAAN]
X-ray mask WWZ

(h)
i m B
(i) ()
Ni [0 Glass Ag Osus HETi

Fig. 1: Fabrication sequence of high-aspect-ratio
complementary micro parts.

After mechanical polishing, the piston paired
with complementary cylinder is obtained as
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drawn in Fig. 1(h). The cylinder is then released
from the piston and the substrate by chemical
wet etching of the sacrificial silver layer in a
chemical mixture of 3:1 NH;OH:H-0; as shown
in Fig. 1(i). After release of the piston's comple-
mentary cylinder, the piston is mechanically
detached form the substrate leaving the piston-
cylinder pair of micro parts separated by a 10
pum-wide air-gap as depicted in Fig. 1(j).

3. Results and Discussions

The piston and complementary enclosing
cylinder are fabricated with a procedure des-
cribed in the previous section to demonstrate
possible applications of the new technique.
Although a standard UV lithography can be used
to create such large piston and cylinder but x-ray
lithography will yield a smoother and more
vertical side wall and hence smaller and better
air-gap between complementary micro parts.
For these particular test structures, we start
fabrication by exposing a 300 pm-thick SU-8
photoresist to synchrotron x-ray via a circular
silver absorber with an energy dose of 65 J/em’
at the top surface (electron current of 115 mA
and exposure time of 5 minutes). The polymeric
mold obtained after a 10 minutes development is
shown in Fig. 2(a). The polymeric mold is then
dry-etched in CF,/O; plasma at RF power of 200
W for 20 hours. Approximately 10 pm-thick
silver is then electroplated on the bare surface of
the piston and substrate at a current density of
15 mA/em® for 10 minutes. The conformal
coated piston in which to be used as an
electroplating mold for a formation of the
enclosing cylinder is shown in Fig. 2(b).
Electroforming of the enclosing cylin-der is
done at a current density of 100 mA/em’ for 20
hours. Over-plated nickel above the piston is
polished down until the Ag sacrificial layer
covering the top surface of the piston is
removed. At this point, the Ag sacrificial layer
covering the piston's side wall is revealed as
shown in Fig 3.

To separate the cylinder from the piston
and substrate, the conformal Ag sacrificial
layer is etched in a solution of 3:1 NH,OH:
H-0, for 48 hours. The remaining piston is then
detached from the substrate by a mechanical
force. At this point, if a conductive graphite
substrate were used instead of a metal coated
glass substrate, both micro parts can be
separated from each other after removal of the

STISWB 2009

(b)

Fig. 2: Optical micrograph of the piston, (a) the
300 pm-deep SU-8 electroplating mold and (b)
the nickel piston after removal of the polymeric
mold and conformal coating of Ag sacrificial
layer.

Fig. 3: Scanning electron micrographs of the
piston separated from the enclosed cylinder by a
10 um-thick sacrificial silver layer.
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substrate by mechanical polishing. Fig. 4 shows
the complementary micro parts after separation.

Fig. 4: Optical micrographs of the piston and
complementary cylinder after release of the
conformal Ag sacrificial layer.

The results from this study show that the new
technique is valid. However, better controls of
process parameters are needed. In the future, we
plan to use sputtering as an alternative coating
method instead of electroplating in order to
obtain a thinner conformal sacrificial layer.
More experimental studies on smaller structures
with more sophisticated shapes are desirable to
extend application ranges of this new technique.

4. Conclusions

A novel technique for creation of comple-
mentary micro parts is proposed. A pair of
piston and cylinder test structures is used in this
preliminary study. A nickel piston with a
diameter of 1450 pm and a height of 300 pm is
electroformed in a temporary mold made of SU-
8 resulting from a lithography process using
synchrotron x-ray from the BL-6 beamline at the
Synchrotron Light Research Institute (SLRI),
Thailand. The combined surface of nickel piston
and conductive substrate 1s conformally coated
with a 10 pm-thick Ag by electroplating and
used as a metallic mold for electroforming of the
piston enclosing cylinder. After planarization to
a final thickness, the micro parts are separated
from ecach other and from the substrate. The
released complementary micro parts, separated
by a 10 pm-wide air gap, are finally obtained.
With future improvement, this technique could
be useful in fabrication of many MEMS sensor
and actuator applications.
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