v a d v ad a 2 Y v A d
ﬂ”liﬁi"lx‘]ﬁ?ﬂ“lfﬂ'ﬂil!ﬁ\ﬂﬂﬂ’Jﬁﬂ1§ﬁiﬁﬂ§1wwﬂ3£ﬁﬂﬁ!ﬂﬂ°ﬂ

d
WEAANAR NWIHNINT

a a d&' I 1 4! = (Y] a U a
InentinusiluaduniisvesmsanmmunangasilSyaininssumansurduda
a3¥ 13 sn v
unmIngnagmalilaggsins

Umsdnm 2552



FABRICATION OF ACCELERATION SWITCH USING

X-RAY LITHOGRAPHY

Suppakit Promwikorn

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Engineering in Electrical Engineering

Suranaree University of Technology

Academic Year 2009



Y a J 1 an a 2 ¥ v A J
fﬂiﬁﬁNQ"Jﬂ“liﬂll”lll!ix‘liﬂtl'Jﬁﬂ15ﬁiﬁﬂ§1‘i"l‘i"lﬂﬂﬂiﬂﬁl@ﬂ"li

E4

a @ v v Aa a Jd @ 1< 1 %
winanedoma Tuladgsuis euda liiuineninusatuiiiudiunisvesmsanu

amuvangeslsyynmiiudie

AULNTIUMITOUINLINUT

(57. A5.NNA OADNINIAA)

5LHIUNTTUNIT

(0. AT.UUA BUUIIY)

P a a o
NITFUNIT (f]ﬁ]"lifl‘l’lﬂﬁﬂ‘]eﬂ'l“l/lﬂ”luwu‘ﬁ)

v w a o
(571, AT.DUAYY f]fl’J'i’J”I‘LlGD'WQH)

NITINUNTI

a a Ao J d o A
(7. f3.PYNI aﬂJﬂﬂTLNﬂ) (3. U.9. AT.ITNIU VINF)

a [ a 0o w A a 4
59403MIUARNEIWING ANVATINIFIAINTTUANTNT



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.

School of Electrical Engineering Student’s Signature

Academic Year 2009 Advisor’s Signature
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/Milsunsuvesueiadads
#include "SoR_Utils.h"
#include <avr/io.h>
#include <stdio.h>
#include <string.h>
#include <util/delay.h>
#include <stdlib.h>
#include <avr\pgmspace.h>
#include <avr/interrupt.h>
#include <inttypes.h>
#include <compat/deprecated.h>

void int USART1(void);

static int uart]l putchar(char ¢, FILE *stream);

static FILE vart]l str=FDEV_SETUP_STREAM(uartl putchar,

NULL, FDEV_SETUP WRITE);

#define RX BUFSIZE 30

#define BAUDRATE 9600

#define UBRRVAL ((F_CPU/(BAUDRATE*16UL))-1)

int main(void)
{
int USARTI1();
DDRA = (0<<DDAO0);
cbi(PORTA,0);
uvartInit();
rprintfInit(uartSendByte);
transmit();

return 0; }

void int. USART1(void)

/fmuamoasimsdidoya

//Au2A1 UBRR

// SENT to monitor

// MMUAYIDUNA

// initialize the UART (serial port)
// initialize rprintf system

/5enlgflendudadoya
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{
UCSRI1B = 0x18;
UCSRI1C = 0x06;
UBRRI1H = (unsigned char)(UBRRVAL>>R);
UBRRIL = (unsigned char)(UBRRVAL&OXFF);
stdout = &uartl_str; // Set address uart_str to stdout
h
//--- uart putcharl ------------- /!

static int uart]l putchar(char ¢, FILE *stream)

{
if (c=="a")
{
fputs("*ring*\n", stderr);
return O;
}
if (c=="n")
uart]l _putchar(\r', stream);
loop_until bit is set(tUCSR1A, UDRE1);
UDRI1 =¢;
return O;
}

// Send Byte Subroutine

void SendByte(char ¢) { //Subroutine to send a byte to the UART

// Syntax is SendByte(#); where # is any number

while ({(UCSROA & (1<<UDREDO))); // Wait until you are able to send a byte

UDRO =c; // pass the value of the ¢ variable into the UDR , which in turn sends the byte out
the UART

H

void transmit(void){
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int j,Vs,p,start;
unsigned char r[6];
float v1,v2;

int data;

1 I an
ymsuasaueuzasniluavnea

while (1){
ADMUX = 0x40;
ADCSRA= 0xC4;
ADMUX = 0x40;
ADCSRA= 0xC4;
p=ADCW;
Vs=1024;
v1=p*4.863;
v2=v1/Vs;
dtostrf(v2,5,3,r);

start = 1;

if (PINA&(1<<PINAO))==1)

{ r[5]="1%

{ r[5]1="0%

else
SendByte(start);

for (j=0:j<=5:j++)
{
data =r[j];

SendByte(data);

delay ms(500);
}//endfor
}//endwhile

}

/I ADC -->p

// Vs=1024 ; (ADC = 10 bit)

// put str[] into the variable

// Send data byte
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/ Tlsunsuuesuesadisunuquanuianaasudealaind
#include "SoR_Utils.h"

#include <avr/io.h>

#include <stdio.h>

#include <string.h>

#include <util/delay.h>

#include <stdlib.h>

#include <avr\pgmspace.h>

#include <avr/interrupt.h>

#include <inttypes.h>

#include <compat/deprecated.h>

#define RX BUFSIZE 30 // Buffer RX
#include "Lib UART128.c" // Use Module USART ATmegal28
char GetByte(void);

unsigned char toggleAM = 0;
unsigned char toggleBM = 0;
unsigned char toggleTOV = 0;
unsigned int Of T1;
unsigned long int pulse _count=0; // Set Pulse Count
int p, d1, overflow, start_count, dutyl, datal, i, start, wait_1sec=0; // wait time for pulse count
unsigned char r[5];
char buffRX BUFSIZE];
char buffl6];
/**************************** Main Functions ***************************/
int main(void){
USART Init(1, 96); // SENT to monitor
// AUADUN
DDRE = (0<<DDEO0);

cbi(PORTE,0);
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DDRC = 0x00;
PORTC = OxFF;
DDRD = (0<<DDD4); // (ICP1)

DDRE = (0<<DDEO);

DDRE = (1<<DDE3); // SMUAUDIANA (OC3A)
uvartlnit(); // initialize the UART (serial port)
rprintfInit(uartSendByte); // initialize rprintf system

//Set Register

// Clear up-counting Set downcounting
TCCR3A = (1<<COM3A1)|(0<<COM3A0);
TCCR3A |= (1<<COM3B1)|(0<<COM3B0);
// Mode 8: PWM,Phase and Frequency Corect (TOP = ICR3A)
TCCR3B = (1<<WGM33)|(0<<WGM32);
TCCR3A |= (0<<WGM31)|(0<<WGM30);
// clk_TO/1 (From prescaler)
TCCR3B |= (0<<CS32)|(0<<CS31)|(1<<CS30);
TIMSK = (1<<OCIE3A)|(1<<OCIE3B)|(1<<TOIE3);
R R R Cgunter Partt*FFHH kst ks Rk R
overflow=400;
start_count=25536;
TCCRIB = (0<<CS12)|(0<<CS11)|(1<<CS10); // clk_10/1 (From prescaler) error 0.1%

TCCRIB |= (1<<ICNC1)|(1<<ICES1);

TCNT1 = start_count; // Start counter clk I0/1 (From prescaler)
TIMSK = (1<<TICIE1); // Tnput Capture interrupt Enable

TIMSK |= (1<<TOIE1); // T/C1 Overflow interrupt Enable

sei(); // Set I-bit global interrupt enable

//**************************End Counter Part*********************************

receive();

return O;
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}

/I The Receive Subroutine

void receive(void)

{
while(1) {
b=60;
while(b<=150){
delay ms(40);
ICR3 = 0x3ES&0; // Freq = 500 kHz(TOP = ICR3) = 16000
p=PINC;
OCR3A = p*46;
OCR3B =ICR3; // Output Compare Register 3 B
TCNT3 =0; // Clear Timer
sei(); // Set I-bit global interrupt enable
start = GetByte(); /1 SuANT 04
if (start == 1) / lseumneuniined
{
for (1=0;i<=5;i++)
{
UDR =0; //clear UDR
datal = GetByte(); /5 ‘Uelgljfmua
buffli] = datal;
}//end for
}//endif
}//endwhile
} /lendwhile(1)
} //end sub

// Get Byte Subroutine

char GetByte(void) // Subroutine to get a byte from the UART
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{ //Syntax is var= GetByte(); where var is any variable capable of storing a byte

while((UCSROA&(1<<RXCO0)) == 0); // wait until a byte is received

return UDRO; // once a byte is received send back to the program the byte

}

/***************************Generate PWM Part*******************************/
/****************** Timer/counter3 Compare Match A Interrupt********************/
ISR (TIMER3_COMPA _vect)
{
if (toggle AM)
sbi(PORTA,0); // Set bit
else
cbi(PORTA,0); // Clear bit
toggleAM = ltoggleAM;
return;

}

[AERdG R ICGsk sk sccok koo Timer/Counter3 Compare Match B Interrupt */

ISR (TIMER3 _COMPB _vect)

{
if (toggleBM)
sbi(PORTA,1); // Set bit
else
cbi(PORTA,1); // Clear bit

toggleBM = !toggleBM,;
return;

}

/********************************** Timer/Counter3 OVCrﬂOW Interrupt */
ISR (TIMER3_OVF _vect)

{
if (toggleTOV)
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sbi(PORTA,2); // Set bit

else
cbi(PORTA,2); // Clear bit
toggleTOV = ltoggleTOV;
return;

}

/*************************End Generate PWM Part******************************/
/*****************************Counter Part***********************************/

/********************** Timer/Counterl Capture Interrupt *************************/

ISR (TIMER1_CAPT vect)
{

pulse_count++;

}

/*********************** Timer/counterl OVerﬂOW Inten-upt ***********************/

ISR (TIMER1 OVF vect)

{
if (wait_1sec>=400)//@128 16MHz clk_10/1 (From prescaler)
{
if (buff[5] =="'1")

{
printf("\nVoltage = %c%c%c%c%c v Switch : ON  speed = %lu

rpm",buff{0],buff]1],buff[2],buffl3],buff[4],(pulse count*60)/26);
H/endif

else

{
printf("\nVoltage = %c%c%c%c%c v Switch : OFF  speed = %lu

rpm",buff[0],buff]1],buff[2],buff]3],buff[4],(pulse count*60)/26);
}//endelse
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delay ms(1);

pulse_count=0; // Clear pulse count

wait_Isec=0; //Clear wait Is
H
wait_Isect+;
TCNTI1 = start_count; // Start counter clk_IO/1 (From prescaler)
return;

}

//**************************End Counter Part*******************************//
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// TlsunsuvesuesadfuniuguanuEanaaeudo Talsunsy
#include "SoR_Utils.h"

#include <avr/io.h>

#include <stdio.h>

#include <string.h>

#include <util/delay.h>

#include <stdlib.h>

#include <avr\pgmspace.h>

#include <avr/interrupt.h>

#include <inttypes.h>

#include <compat/deprecated.h>

#define RX BUFSIZE 30 // Buffer RX
#include "Lib UART128.c" // Use Module USART ATmegal28
char GetByte(void);

unsigned char toggleAM = 0;
unsigned char toggleBM = 0;
unsigned char toggleTOV = 0;
unsigned int Of T1;
unsigned long int pulse _count=0; /I Set Pulse Count
int p, d1, overflow, start_count, dutyl, datal, i, start, wait_1sec=0; // wait time for pulse count
unsigned char r[5];
char buffRX BUFSIZE];
char buffl6];
/**************************** Main FunCtiOﬂS ***************************/
int main(void){
USART Init(1, 96); // SENT to monitor
// MMuaguna

DDRE = (0<<DDED);
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cbi(PORTE,0);

DDRC = 0x00;

PORTC = OxFF;

DDRD = (0<<DDD4); // (ICP1)

DDRE = (0<<DDEO);

DDRE = (1<<DDE3); // SMUAUDIANA (OC3A)
uvartlnit(); // initialize the UART (serial port)
rprintfInit(uartSendByte); // initialize rprintf system

// Clear up-counting Set downcounting
TCCR3A = (1<<COM3A1)|(0<<COM3A0);
TCCR3A |= (1<<COM3B1)|(0<<COM3B0);
// Mode 8: PWM,Phase and Frequency Corect (TOP = ICR3A)
TCCR3B = (1<<WGM33)|(0<<WGM32);
TCCR3A |= (0<<WGM31)|(0<<WGM30);
// clk_TO/1 (From prescaler)
TCCR3B |= (0<<CS32)|(0<<CS31)|(1<<CS30);

TIMSK = (1<<OCIE3A)|(1<<OCIE3B)|(1<<TOIE3);

//******************End Generate PWM Part********************************

//*************************Counter Part**********************************

overflow=400;
start_count=25536;
TCCRIB = (0<<CS12)|(0<<CS11)|(1<<CS10); // clk_10/1 (From prescaler) error 0.1%

TCCRIB |= (1<<ICNC1)|(1<<ICES1);

TCNT1 = start_count; // Start counter clk I0/1 (From prescaler)
TIMSK = (1<<TICIE1); // Input Capture interrupt Enable

TIMSK |= (1<<TOIE1); // T/C1 Overflow interrupt Enable

sei(); // Set I-bit global interrupt enable

//**************************End Counter Part*********************************

receive();
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return 0;}
// The Receive Subroutine
void receive(void)
{
while(1) {
b=60;
while(b<=150){
delay ms(40);
ICR3 = 0x3ES&0; // Freq = 500 kHz(TOP = ICR3) = 16000
p=PINC;
OCR3A = p*46;
OCR3B =ICR3; // Output Compare Register 3 B
TCNT3 =0; // Clear Timer
sei(); // Set I-bit global interrupt enable
start = GetByte(); /1 SuANT 04
if (start == 1) /fFeumeuniiged
{
for (1=0;i<=5;i++)
{
UDR =0; //clear UDR
datal = GetByte(); /5 ‘Uelgljfmua
buffli] = datal;
}//end for
}//endif
}//endwhile
} /lendwhile(1)
} //end sub
// Get Byte Subroutine

char GetByte(void) // Subroutine to get a byte from the UART
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//Syntax is var= GetByte(); where var is any variable capable of storing a byte

while((UCSROA&(1<<RXCO0)) == 0); // wait until a byte is received

return UDRO; // once a byte is received send back to the program the byte

}

/***************************Generate PWM Part*******************************/
/****************** Timer/counter3 Compare MatCh A Interrupt********************/

ISR (TIMER3_COMPA _vect)

{
if (toggle AM)
sbi(PORTA,0); // Set bit
else
cbi(PORTA,0); // Clear bit

toggleAM = ltoggleAM;
return;

}

/********************************** Timer/counter3 Compare Match B Interrupt */
ISR (TIMER3_COMPB_vect)
{
if (toggleBM)
sbi(PORTA,1); // Set bit
else
cbi(PORTA,1); // Clear bit
toggleBM = !toggleBM,;
return;

}

skeoske sk sk sk sk sk sk sk skokoskokokokokokokokoskokok skokokokoskokoskokokoekokok Timer/Counter3 OVCrﬂOW Interrupt */
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ISR (TIMER3_OVF vect)
{
if (toggleTOV)
sbi(PORTA,2); // Set bit
else
cbi(PORTA,2); // Clear bit
toggleTOV = ltoggleTOV;
return;

}

/*************************End Generate PWM Part**>X<>X<>X<>X<************************/
/******************************Counter Part***********************************/

/********************** Timer/counterl Capture Interrupt *************************/
ISR (TIMER1_CAPT vect)
{

pulse count++;
}
sk Rk kR Timer/Counter] Overflow Interrupt *+## sk kbt tottond o/
ISR (TIMER1_OVF vect)
{
if (wait_1sec>=400)//@128 16MHz clk_10/1 (From prescaler)
{c=1;
while(c<=10) {
delay _ms(10000);
delay ms(3000);
if (buff[5]=="1")
{
printf("\nVoltage = %c%c%c%c%c v Switch : ON speed = %lu rpm
a=%s g b= %d",buff[0],buffl1],buff[2],buff[3],buff[4],v,a,b);
}//endif
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else
{
printf("\nVoltage = %c%c%c%c%c v Switch : OFF speed = %lu rpm

a=%s g b= %d",buff[0],buffl1],buff[2],buff[3],buff[4],v,a,b);
}//endelse
c=c+l1;}

b=b+1;
delay ms(1);
pulse_count=0; // Clear pulse count
wait_Isec=0; // Clear wait 1s
h
wait_Isect+;
TCNTI1 = start_count; // Start counter clk_IO/1 (From prescaler)

return;

}

//**************************End Counter Part*******************************//
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Transfer of Metallic High-Aspect-Ratio Microstructures Using Hard
LIGA Stencil
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Synchrotron radiation in x-ray region has been used in fabrication of high-aspect-ratio microstruc-
tures with LIGA processes. Due to limited access to synchrotron light sources, low-cost methods to
replicate a large number of microstructures from a LIGA fabricated master are desirable. Traditional
methods including hot embossing and injection molding have limitations in replication of metallic
microstructures. Metal electroplating through disposable polymer stencil bonded to a conductive
substrate has also been proposed. However, a large degree of shape-distortion can easily occurs
at narrow regions of polymeric stencil. In this paper, we propose a novel replication method of
metallic microstructures using a reusable hard LIGA stencil with low shape-distortions at narrow
regions.

A hard LIGA stencil is fabricated by coating a thick SU-8 film on a conductive substrate and
patterning this thick film by x-ray lithography. Cavities in the thick film obtained after development
are filled with electroplated nickel. After removal of SU-8 thick film in remover solution followed
by O, /CF; plasma cleaning, the thick nickel plate is detached from the substrate for use as a hard
LIGA stencil. The holes in stencil plate reflect shapes of desired microstructures.

Transfer of microstructures is done in ambient yellow light by dipping a hard LIGA stencil in low-
viscosity SU-8 2002 photoresist. The stencil is suspended in air until excessive photoresist drops
away. The soaked stencil is attached to a conductive substrate and dried in an oven. Cavities sur-
rounded by insulated LIGA stencil are then filled with electroplated metal. Since the hard LIGA
stencil is passivated by unexposed SU-8 2002, it can be released from the substrate and microstruc-
tures by dipping in stirred SU-8 developer. Hard LIGA stencil released by this method can be
reused repeatedly with negligible wear.
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R. Phatthanakun'2, M. Mapato!?, W. Wanburee!2, S. Promwikorn!, N. Chathirat?, P.
Songsiriritthigu]l‘z, P Klysubun2 and N. Chomnawemgl!2
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Recently, SU-8 photoresist has been used in x-ray lithography. Due to its high sensitivity, SU-8
thick film requires much less exposure time than PMMA photoresist. This reduces fabrication cost
of LIGA microstructures and devices significantly. Traditional x-ray mask contains an absorber pat-
tern on a thin graphite support. It can withstand heat accumulated in x-ray mask during long expo-
sure. Unfortunately, graphite sheet is opaque to visible light and mask alignment needed in fabri-
cation of multilayer LIGA microstructures is difficult. Since short exposure time is required by SU-8
photoresist, negligible heat is accumulated in an x-ray mask. Therefore, non-graphite transparent
materials can be used to allow x-ray mask alignment. Although polyimide sheet has been used as
absorber support of an x-ray mask, the membrane is still not transparent enough. Furthermore, a
typical 25 micron-thick polyimide installed on a frame can deform easily. Obviously, absorber sup-
port with more transparency and less deformation is desirable. This paper demonstrates use of a
transparency sheet for a plain paper copier as a transparent support for x-ray absorber that allow
easy alignment for multilayer LIGA devices.

In fabrication of transparent x-ray mask, a sheet of 100 micron-thick transparency film for copier
machine is coated with Ti/Cu plating base followed by electroplating of a thin nickel layer on top
of Cu layer. The film is spin-coated by SU-8 2025 onto nickel layer and a pattern of microstructures
is transferred and developed. Metal absorber is filled in the mold and photoresist is stripped in
SU-8 remover. Etching of Ti/Cu/Ni plating base resulting in a perfectly transparent x-ray mask
membrane. X-ray exposure with the fabricated mask gives a good microstructures. Fabrication of
multilayer polymer microparts is also demonstrated.
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