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2. O|EH HY|3E

2.1. Pt Micro-heater

00|32 3H= MA, HOR ozFX SOM Ol AEEHs FF22 T M=
42 A7el dlHolth. HI7IM0l =0 LE =80l F2 Ha( HIME:106x

100 - mo| FRMEE ABECL D W2 2ES ZHY 4+ 9t YR gas

AML 24717], o2 BE, € X=ZH0 AHEEICH

2.2. Al Antenna

Ote|Lt= §d G99 TA|oE E4sh7| flet Xz, Frdl=E ™AV|o=
HetStALE MOtE 7| M=z Heshs dgs ofth QHILE MIEHof Crefet M= S0

AFEEILE, ERHO|L L+ 80| Foit ER0lsS F MEZ AMESI0] MESHACE

2.3. LASER ablation
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ghitthermal relaxation)0| OiLt:, FOUXZ M=2E 88 U SLAA HMAHsi=

7t&S Eo|Ct.

2 @2 @S0 25 ol jel 950 ddERUeH, 0|z Qg ot M=E

—

Lte BFele +=ZF22 0N 7I5e & AS =0 O|=FICt o[ Q8 LASER ablation

Jle2 x2 Asi, olr, EiETX|, PHEM S CHet

—

Ofoil A ZHEEOX| 2 ALt

Ao

a2 2-12 A3 AFRE LASER ablation &H|Q| B Al EO|C

(1) Laser Source

(2) Beam Delivery
System

(3) Substrate
Mount

12! 2-1. LASER ablation ZH| 7H2x



2.4 Micro heater design
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3.1. Pt Micro-heater manufacture

2 AF0|M AFEE Pt Micro-heater= DC magnetron Sputter2 O|-&3}0] Pl(polyimide)
/o] Ti(Titanium)2 10nm 33X (Deposition)®t 5 Pt & St HHOZ 100nm
SEAMZICE  PtFilm 2| EE 0| 0 7| W0 Tilayer 7} adhesion layer €& Lt

O = CHELIet S|Ee] HAZS ZOISHA St7| {I8ll PI film Of2fof R NEA 7|EHS

AH&3t= polydimethylsiloxane (PDMS)E ME4SIRACE. PDMS = sylgard 184 2 B3 E
10:1 of HZH|Z 410] Vacuum Chamber LHOIA 3 A[ZtO|d AZtA[Z{ KMIZSHCt X =7t
ZH|Z|™ 00|32 S|B9 2|2E MASICH 3|2+& Autodesk AFR| AutoCAD2023 (Auto
CAD, AUTODESK, California, USA)S O|&3RALCt. 21 = LASER ablation 7|=& 0|&3%t

Micro heater 2| pattern 2 A§ZiCt

3.2. Al Antenna

2 AF0M AFEE Al Antenna &= T polydimethylsiloxane (PDMS)E X %t5t=

Ao MEEl A|ZISICE  Slide glass |0l £ PDMS & ZESHY Z3tAlZl = X%
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piece 20 & 15 me| FHE 717 &¢F0l5 =S =QICt O|= LASER marker &H|E
0|-85t0] QtE|L} IfEHOZ |LASER ablation StCh &2 A0A LASER ablation system 2
F8 W2l LASER power, speed, frequency & ZtZf 70%, 270mm/sec, 25KHz 2

ZARSIACE = A7t a™ 3-1 of LIEHE =AMet 20| TAZACE 2 7 AE|LES

_

MITHEQ 20 F &S Ag conductive epoxy & AtEdl HZABICL,

l% PDM5
2 Al foil
: Slide g|355 ——

DIPDMS spin coating on slide glass E:Attach with aluminum foil

‘2 Antenna part

(Plaser patterning and remove the rest @Connecting the alligator clips and antenna

1% 3-1. Al Antenna H|ZHH ==



3.3. LASER ablation
2 AF0ME Bt=A| AXF DiE K[ZH0| LASER system (LASER Marker, Hyosung LASER,
Bucheon, Korea)2 Z-&3}%ILCt.

MZS i Y 7|0 A CAD (Auto CAD2023, AUTODESK, California, USA)E S5l Af
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WES stage 210 7| F10 LASER system Ol M A %5t T{EQ| CAD IS E3i2 =
LASER & ZAPSICE £3| Micro heater X Antenna THE HZ Al HEstn ZEot
I{EE 7| I8 LASER system 2| =82 =0l LASER power, speed, frequency &

ZHEoI0] OF0|32 J[EeL Al HLIE MZAsh=0 Aol =S HUL.

344 mm ’




& 3-2. LASER system

3.4. Wireless power system
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3.5. Measurements
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4.1. Pt Micro-heater manufacture

2205 CEH L 122|1 Ooj|3=2 JHE &0 28S 0|84
2t El OO|A= S|E= 38 41 M = 5 ULk

2 S ARSI Pl 7|2 Q| adhesion layer Q! Ti
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layer 20 M ZZ|QACt HMZH=El pt DES LASER ablation & &80 EHES MZoH
LASER ablation system 2| =2 =0l |ASER power, speed, frequency =S ME2
S +HM ZkZE 2%, 100mm/sec, 10KHz O|Ct LASER power & FO{ZXI A|ZtEQt
72#HO| 3EZE UKo FSZ 100nm 9 2 TLES Moz 2 EHE

2 TOLE LASER speed = HM7AEl =222 &= AFSH. SZ7t b

i

=5 MAH==

=22 0| Eojs1n F=d0| EOTILE Frequency = O[N] Fht+=2 ZO|XME

YdAZI= R FhE LIEMHCE =Y 2 ojMe Y Iz SiMsiH, =

rlo

Fot+S AF8oE O B2 d0jN 5=0| 2dst2z o B2 20| MAECh 2L
power 2ot OEt7HAZ =2 FLt+S AMESHH ZREH 2 €0 sty "2

Fut+E MEioiCt XM= 00|32 3IHe| FH= <2 50um 22 AFESH=E Pl film 2

SO mEt o gF2 FHZ MOl Jtsd A2z T|CHElL.

a2 4-1. Ofo|A2 8|8 HEaH

4.1.1. LASER ablation Variable

00|22 3|HE HMZESH7|9sh Pt EES LASER ablation € #&3t0{ I{EHE AL
Ol LASER ablation system 2| 8 ==l LASER power, speed, frequency & o|E{ X0

_9.0|'6|.7-" M™ 7

= O HA )

=

mjo
rr

Y-S JHCE 24 LASER power = FO{ZTI A|ZHEOH EHO
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YL oX|e ¥2E 100nm 2| Sf2 HES MR X2 ZHZ a4t

LASER speed = MHE =Z2| &= ZFLCL S&7t WMEFE MHAR= =22 Y0l
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mn
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Jeg0| EATICE Frequency £ 20X 2 a2 0|XE ZHAIZ7|= U2
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O =2 HMZ5H7| 2sH LASER 2
=0l LASER power, speed, frequency & ZFdte= ™S AXCL I8 42 &=
SIEHAMZO| EHast power HLCF =2 242l 30%= HAESI0 X2t OO|3Z 5|H <2

2&E Optical microscope S 2 EHEISH RE0|CH

% 4-2. 2 power 2 H|ZT 00|32 $|E{(power:30%) x50
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00|22 3Hol 2 #EH0| 22 EHUX|z Q&) 258 Zgs =l

4-3 2 S|HAZ0| 2Rt speed EL} HE ZfQl 500mm/sec 2 HMZESHY pt 7} S10F

MAER Zotn #Eok =M0] MEAEHS & =+ UL

3% 4-3. W2 speed 2 H|ZTH OH0|3 2 3|E{(500mm/sec)

a3 4-3 oM M2 SHH9 FHY 712 2

B

Mol F=M7F XtO[7F BO| U= 2E&S
optical microscope 2 ZHESIRACt [M2tA LASER 2| speed € =0 100mm/sec E

ZZ5IACt A8 4-4 = S|IHKM A0 29 frequency ELF &2 2@l 50KHz 2 H|Afoh

rot
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% 4-4. =2 frequency 2 Mg 010|322 3|E{(50KHz)

o

BHO| Ef HFPN SAM SIS RO| or A mel =2 Ct. Ih2rA]

o>
mjo
HT

frequency € 10KHz 2 F7tA|7{ OFO|3 2 S|HE HZESIALCE X[FHZ LASER 2
power, speed, frequency & ZtZf 2%, 100mm/sec, 10KHz £ Z=ZH3}0] OO|AE J|HE
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SED 100kV WD 9.7 mm Std.-PC 40.0  HighVac. [G1x80
NOR 6445 Sept. 06 2023

4.3.2. Meander design
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SED 10.0kV WD 9.7 mm Std.-PC40.0  HighVac. [B1x43
NOR 6455 Sept. 06 2023

1% 4-18. meander design (4.15mm X 11mm) SEM view

4.3.2.2. Number of repeated shapes to the same length
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SED 10.0kV WD 9.7 mm Std.-PC 40.0  HighVac. [B1x37
NOR 6454 Sept. 06 2023

13 4-23. 2 3] BHE meander design SEM view

4.3.3. Pulse duration change
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4.4. Flexible Micro Heater Operation

2 o] Oo|A2 3|HE= Pi ZE2 2 10nm 9 Ti A2/ 100nm 2| pt & Z#%tst

-

ot

LASER ablation 7|&& O|&3%}0 Micro heater 2| pattern & M7 HZSIQACE 0|=

AIQEE|LES| ot0f S &t et HZAS 25 PDMS 5= EEOt2HO| FASHACE HZHE

U= MESHACE Al HEILE FAl 7ot X2 PDMS Z[EH0| Al Foil O] AMEEOf
flexible ot £d& ZtEICt. A8 4-25 2 00|32 J|HE &2 fHds = 5 Al

Cte|Lte] ofy 28O Zstn FUHEHTKAE O|8o) XHSAA R 7IHEIE 0[&3)

T
e
mljo
o

0

olot= Jgoltt. O3 4-250(M 00|32 3|HE #&78 Hds FUS Hx

33



ddHez 30| 2 =g & Atk OB 4-26 M Al tE|LIRF O0[22 S|HE
=

MYz NAHSIRACH. Al SFH|LIS| IjEel OHO|3=Z 3|He| I{EE Ag conductive

epoxy & O|&d AZSIZH M = HYS AlZl 2500

% 4-25. HHE S & 0O10|3 2 B|E{Q %5

34



T2l 4-26. HES = 0[0|32 S|E{Q} Al QHE|IL}

5. 2&

PI 7|20 #=Z OHO|3Z JIHE HMHSI0 woet 542 7t dHE MHMEUD,

O0[3 2 3|H 2ol 2|2 CIXtelE Aoy MHE, 1452 00|32 J|EHE S

+

mujn

ARALC} Oto|3E 3|E+£ Pl EE 9 DC magnetron Sputter 2 O[30 10nm 2| Ti
adhesion layer 2 S%F ot & 100nm 2| Pt & SXSIRULCt O|= LASER ablation 7|&2
0| 83t0 Micro heater 2| pattern 2 M ZSHRILCE Al 2HE|Lt= PDMS & 100mmX100mm 2|
slide glass ®| PDMS £ Spin Coating 50| &2t 2, Al foil & EE3}1 LASER ablation

7l&S 0|80t CHE|LIS| pattern & AIZSIRALE. Pt oF Al2|l F/H7F EEf LASER 2| OHF

35



Oj7H =2l LASER speed, power, frequency & ZHE5I0] NESHRICEH Pt 2 B2 speed:
100mm/sec, power: 2%, frequency: 10KHz 0| Al 2| &% speed: 170mm/sec, power: 80%,

frequency:25KHz O|C}.
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Abstract

Micro heaters are key components of microelectronic components and micro sensors such
as gas and humidity sensors. With the increasing adoption of the Internet of Things (loT)
in our daily lives, such as automobiles and home appliances, microelectromechanical
systems (MEMS) and sensors have become key components. This development of MEMS
requires low power and high efficiency of micro heaters. The characteristics of a micro
heater are affected by the heater design, the applied voltage/current, and the type and
amount of heater material. The applied voltage/current depends on the device and is
difficult to control, and Pt (Platinum) is used in most micro heaters due to its high electrical
resistance. However, the design of a low-power, high-efficiency micro heater is not
optimized for the material. We adjusted the structure/design of the heater to improve its
performance. First, we adjusted the width of the single resistor in the form of a simple
straight line from 150 pym to 50 um in increments and adjusted the length of the metal
wire. After finding the optimal proportions, we designed it in the form of a meander, a
popular multi-straight parallel series structure. This optimized structure/design can be used
in sensors and MEMS that require microheaters, and when studying microheaters, an
optimized circuit pattern can make experiments faster and more efficient. The microheater
is made by depositing 10 nm of titanium (Ti) as a culture layer for adhesion to polyimide
(Pi) and then depositing 100 nm of Pt. The fabricated Pt film was then attached to a flexible
substrate, PDMS (Polydimethylsiloxane), and patterned using LASER ablation. This resulted

in a microheater with a flexible and optimized design. The antenna is made of aluminum
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and coated with PDMS (Polydimethylsiloxane) to reduce physical and chemical degradation,
and like the heater, it can be freely deformed. The antenna was also equipped with an
alligator clip for quick and free connection with the micro-heater, and the antenna was
wirelessly driven by NFC (Near Field Communication) and could reach a certain
temperature. The designed microheater is fast, simple, and cost-competitive with the
existing fabrication process using photomasks. The system, which utilizes a wireless
antenna, can be easily operated anywhere, including NFC in future smartphones, and is
expected to be used in smart wireless sensors and biomedical devices. In addition, flexible
antennas and microheaters can be used in dynamic environments and are expected to be
widely applicable to MEMS with complex structures and wireless electronic devices with

curvature.

Keywords: micro-heater; drawing; Design; wireless; MEMS; NFC; PDMS; gas sensor;

wearable; flexible, stretchable
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