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Laser Surface Modification Technology
Applied for the Sensor Device Planar
Thermal Element Fabrication
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With the rapid development of applications in emerging fields such as cloud, communications,
wearable devices, and the Internet of Things industry, sensor components are widely used. The
mixed functional thin film materials have the properties of low sheet resistance (< 100 ohm/square)
and low power consumption; therefore, it’s suitable for the production of the sensor devices. This
article uses the functional thin film materials- transparent conductive oxide, silver nanowire as
network mixed the transparent conductive films and transparent conductive polymer (3,4-cthylene
dioxythiophene, PEDOT; Polystyenesulfonic Acid, PSS; PEDOT: PSS) to fabricate thermal
components for sensor device applications, as a reference for readers to develop sensor device-
related products in the future.
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Molpeceres % A "9 {ifi I KrF #£53 7 5 (248 nm) ~ E48 DPSS ZE 5T (1064 nm) Bl = {5455
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PHEHE BRAKRE M o Hsia AP DIZORIRE BB IR En # il (flexible) 2 MV B EA
FEDVBERT HFE /B AUE - Ribeiro F A fERGYEBE B A S WHKELT (SiNPs) #
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effect transistor, OFET) #&if 52 » R EEAG RN - RE A LERER B GRS
PR (] 8) o # I AT TR AR B B SRR (R BIERA © Lee A (1 532 nm SEAEY
(continuous wave, CW) {E/HFE R K HFLE R %43 R2R (roll to roll) :HAE BIFR B EHLE
FHIFEZ (supercapacitor) * 758 {EIRR K & ZKHRK T BUE B IRIE e 2R G - I E M R IR
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8. iBAE M FAHKIS R 3 3 H754 OLED $2 OFET 45 4% % 42087 o

# (ITO) » E1L#?$% (GZO) » BEE 7 FEE R AR (PEDOT:PSS+AgNW) RHKNE
(modification) ° Ffr{5 FHYEE SRR AIEE 1 Bd3% 2 Fos -

& 1. AR & HE R S R F SR (UV laser) ©

Wavelength (nm) 355
Average output power (watt) 14
Repetition rate range (kHz) ~300
Pulse width (ns) 30
Spatial mode TEM,, (M* < 1.3)
1/¢* beam diameter (mm) 3.5
Machining field (mm?) 60

k) 2. e Lk B = BALA T AR (CO, laser) ©

System specifications

Wavelength (nm) 10,600
Average output power (watt) 5
Repetition rate range (kHz) 1—10
Spatial mode TEM,, (M* < 1.1)
1/¢* beam diameter (mm) 2.4
Machining field (mm?) 50
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BRI (V) BB - AT AR (5) SEFTHERS -

Ne=L_LJS (3)
B 14
N =% )
a
w
N, =—+1 5
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FRER RIS (1) » BDRM{S R E AR (tprocess) » 202 (7) A o A - DR (E I
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TProcess = £ . ( d + lj : l (7)
a \o-ap) ) ¥
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AW AT A 2 B A R : E/L##H (1TO) ~ EfbLFFEE (GZO) » HE ST
TREZFORIRER (PEDOT: PSS+AgNW) HFEEAMEHE BB NG EfRfE - b £
{L#f#H (1TO) BE(LEFER (GZO) RZFE H hEk & DA IR 8% 2% 1T 200 nm B2 HfE
DifE - HEES TIREF KR (PEDOT:PSS+AgNW) #H[H{%LL Heracus® Clevious HY E
(PEDOT:PSS+AgNW) AR LAEX (spin coating) /52 Ml 78 & B RN [ - HEBLE%
P 2R IATE i B [ A A A H 45 3 U 1 U S - BE B 404 (FE-SEM, Hitachi Corp. model
S-4300) + AiE 10 Frs o HLAh - HEEKETTH < B ISR R AU B PR ST A Bl B B &
(Keithley 2400) HE{TZR A FTEER AR EEREH - £ 3 B = IHEGTH M B EE
Féﬂ%fﬁf&ﬁﬁﬂﬁ ST IR = AR AR YN B BT B R AT AN I B — B LRk BB B AT R AR

» FE DA B IR AR R R -

LRI N
'ff.f‘*’ﬂ”ﬁ‘v,,’&‘

(C) x x . = (d) v ses s WD ¢.0mm y (e)
10. =428 F M AT X T FRMENIRET R () ITO FEM B & » (b) ITO# R
MAtER&E o (c) GZO #HBEMAHET & » (d) GZO FEMF £ & ~ () FESHH TR GRS AKX
442 % 1 (Heracus” Clevious HY E (PEDOT:PSS+AgNW)) #1#t % d& % 4%, -
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ITO 200 Sputter
Soda lmrf n’f)lass (1.1 GZO 200 76 Sputter
PEDOT:PSS+AgNW 300 18180 Spin coating

@ 11 Ao Ry T AU BT (A T IR 0 35 5 T e B s B B B T A BT R I B E AR Fh T A
FLAMREGZ R (CHCT P384 series) MEfTETIRAE N RIHRIEFERE N 2R H] - fEE 5T 5=
THI B SRR R o R R A T BEEE 3 mm 53 B3 38 B IR B A T B B0 C A A I - HCHR B
e ERYE SR ER SR 2 mm (UVEES) B 1 mm (CO, FEHT) o 1575 G UI=R 75 i 4
VERERERE I » Hd UV EHIERE 10W - 6 W Bl 2 W - B SR EAERE T4 80 kHz -
CO, BEF I 15% (0.75 W) ~ 40% (2 W) i 60% (3 W) » EFESHRIESEXREEE 1 kHz ° £
T AU BN O I B o IR SRR R A UV B S EEA 1000 mm/s + 500 mm/s 2 100 mmy/
s fm i E NET - CO, HHFAH 200 mm/s ~ 100 mm/s £ 50 mm/s FFfEEE N ETHE -
HIF R ER A S R SE TRE - BHE B B EBEREE By 0.02 mm - BERERBE(INZE R (24
+ 2 °C) ~ B (60 £ 5%) BLRRIREE N (air atmosphere) YEFTEUTH-FRENE - LR E
B2 HGRIE EE R A BT KB 2 - SR E B2 BRI 4 R -

(a) 355nm UV laser (b)
\ / 10600nmco2laser IR
camera
Laser beam irradiation region

355nm UV laser beam size
~2mn

Defocused Cu tape

Power
supply

10600nmco2 laser beam size

~1mn Soda-lime glass Soda-lime glass

B 1. @A Ut (a) k@ BA20 (b) oA &R -

& 4RI RALR ZRAD M 4R E SR T A R A SR = R E A R m R SR e

7\3,\

2 0.75
EETINE (Watt) 6 2
10 3

100 50

THHEE (mm/s) 500 100

1000 200
EHHEPIE (mm) 2 1
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T E DY B SR = e 1 B BT 8 iR (GZO, 1TO, PEDOT:PSS+AgNW) 433 UV
EETEL CO, EHIUERT/A B EETE - A1E 12(a-c) FiR © £ GZO AR S IkE =
FRER AL EE BT BEAT /MR Bt — S bk BB BT SRR B 1% - HEHE B ERIFEERE - £
ITO M RO E SR &b%ﬁ%éﬁi@ﬂ%ﬁ%&E’“:’%nﬂ:ﬁm%?%i%ﬁﬂﬂz%{ﬁ » HEEHHR
BERIFGEE - (EEEHRIRE S EE/NEES 10 W BEHRFEE 100 mm/s 2
T HEEERERYIEERE -

(a-1) (a-2)
GZO films of UV laser treated GZO films of CO> laser treated
Orignal sheet reS|stance 0.766 (kOhm/[J)

o
o
N
N
o
o
@
"

“Orignal sheet resistance: 0.766 (kOhm/L])
0 Laser power: 60%

» Laser power: 40%

Laser power: 15%

0.072
O Laser power: 10 w
0.067 A Laser power: 6 w
Laser power: 2 w

<)

o

N
T

Sheet resistance (kOhm/[J)

Sheet resistance (kOhm/OJ)

L T ! L L
0.062 $ 4 0.06 § s
0.057 1 ; B
‘ . ¥ 1
0.052 - A d L 1 0.05 = - = = :
0 200 400 600 800 1000 0 50 100 1500 200 250
Annealing speed (mm/s) Annealing speed (mm/s)
. (b-1) _ (b-2)
ITO films of UV laser treated ITO films of CO; laser treated
—~ i 0 Laser power: 10 w —~ =
g 03 . Laser power: 6 w o 0.023
§ » Laser power: 2 w _g 0,022 Orignal sheet resistance: 0.022 (kOhm/[J)
O 0.022 prmmemmmmcc e e e ———
=< 02t 3 1 Laser power: 60%
o) © a L 1 40%
5} 3 b aser power:
§ S 0.021 , Laser power: 15%
7] 3 =
g o1t % : * i £
= ) . o 0.02 &
5 Orignal sheet resistance: 0.022 (kOhm/[) 5 1] ®
o . R e R | i o i H
» 0 : L L £ L & 0.019 4 3 - . J
0 200 400 600 800 1000 0 50 100 1500 200 250
Annealing speed (mm/s) Annealing speed (mm/s)
(c-1) i (c-2)
PEDOT: PSS films of CO; laser treated
—~ PEDOT: PSS films of UV laser treated & 1000 t:zg[ Sgaz: jgj
O = A - 40% -
€ o E so00f % Laser power: 15% ¥
5 40 O Laser power: 10 w g
< I ~ Laser power: 6 w o 600F ®
o 30r ; o L
8 L . > Laser power: 2w S L]
E 20k ) s - ® 400[ -
'§ 10 r Orignal sheet resistance: 18.18 (kOhm/[J) § 200 F i &
= I ¢ " ] E Orignal sheet resistance: 18.18 (kOhm/[J)
Q 0 " 1 " I L n 1 " 1 5 %) 0 E = . —
) 0 200 400 600 800 1000 0 50 100 1500 200 250
Annealing speed (mm/s) Annealing speed (mm/s)

B 12. =4 & & 2T B2 (GZO, ITO, PEDOT:PSS+AgNW) % 514 UV F 4t CO, T4 &%

WA/ % B RIEAL Y (a-1) GZO FREAE ] UV FHBE » (a-2) GZO H AL CO, FH &

B~ (b-1)ITO B4 UV F4 2 H ~ (b-2) ITO G BE4E 1 CO, FH B E ~ (c-1) PEDOT:PSS+
AgNW #5545 Al UV F42CE © (c-2) PEDOT:PSS+AgNW i 4¢ Al CO, F4BH °

£ PEDOT:PSS+AgNW {5 FH A= PO Ikl i AR SR S0 6 38 B BRI MR By — SR (LR ER 5
HEITIER - AR IRE SR IOEES - DRHEEH IR 6 W HL fF A 100 mm/s
500 mm/s BT ﬁﬁﬁﬁﬁmﬁ’\%ﬂﬁ‘ﬁ [0 FERLIMR I B — E iR & - HEE S 3RIAIL
BRHEBRESSRGERE  E2mRRNEEENEENEREATER - & 5 HICHE
EﬂL B =HEETTiEH @H%}ﬁﬁ?;’%fﬁﬂﬁﬁa% PHER BTN TR -
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RS BEEARKEEEZTHRBRYT 5H -

3 i
EE R K

EHIHER W) FHEE (mm/s) O FHIPERE W) FEEE (mm/s)

G 2 1000 2 100
kS EliES
5.3 ohm/square 5.4 ohm/square
BHIIER (W) EE (mm/s)  BHIIER W) RHEEE (mns)
o 10 500 3 100
kS LGES
18 ohm/square 19 ohm/square
EHR W)  fAEEE (mms) EHDER W) RREEE (mo/s)
PEDOT:PSS+AgNW 10 200 . >0
EAEES CEIEES
1712 ohm/square 179640 ohm/square

13 Ao FH 3B 5T 2= 1 2B 2 1% i AR R FH 3R 2 — 7 1 AU 20T (R e 7 8 B0 AR R
HLERR E e BRI R 0.5 A RIFZ THCEREER AR 10 V> 20 V 8L 30 V < FEEEE
EREECETT 60 # (- REUERFER 0.05 7)) BR&E - R E AU » & H b s) &R &
JEAE 30 V IF - b =S EEEAGTAMR - Hrh GZO HIEHEA T 160 °C BFAREE (&
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TEEIREEEN T - IR T 35 °C (18 13(c)) o Hoii - ok 82 R T A [ R (R R BB RH (B e 25
B} FEEFERZAF  WHER 8) i
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GZO film of UV laser treated @ 2w,1000 mm/s
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