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Manufacturing Process for Highly Stable Thermal Imprinting Transparent
Electrode Using IPL Sintering
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This paper shows results of research on transparent electrode manufacturing processes using thermal imprinting and IPL
technique. By using an IPL process instead of the existing heat sintering process, the sheet resistance value was reduced to
about 1/ 10. Additionally, sintering time could be reduced from 1 hour to 1 ms. As a result of measuring the transmittance to
determine the excellence of the transparent electrode produced in this way, it was confirmed that it had a high transmittance
of 94.4% compared to the substrate with a very high bending stability compared to the existing ITO transparent electrode.
These results show that the transparent electrode manufacturing method proposed in this study is very useful.

Manuscript received: September 30, 2024 / Revised: October 16, 2024 / Accepted: October 17, 2024

1. M2 ALY 7|eL BRE 7|4 48T 49 34 HAlo]
Rsl7] el Fsh AP7h el QITHS-10]. shAR
Q2% (Thermal Tmprinting) 714 A0l vle]=& 3k 7] ITO (Indium Tin Oxide) The] BAjel A HHAE BA7}
=LA (Micro Hot-embossing) 7|4 [ 112, G7kad T8} 7)gho] 9L, o] % FEshs g 2 dpelq Saskert. 1T09] 4
U 94k o] AEa Qi el Ahste] 3R uAlE ¢ AEE Sod $4th A5 molAv, £r1Ee] 44
nlo] R TS 7igte] BASH: sl&oltk. SARA V& BUAE] R A5 BelEth. old HRIoR Qs &
© 71 WA 71%o] 7Nk Rl B, UV (Ultrviolet)  1AA%}(Flexible Electronics)oll 21-8517]0] oelge] 91, ol
Ue/itol 22 QIR QA 7143 B hEAQ et FESHs 7|4E d9nUY 34 A8 Saskact.
olZi YA AEYE 4 Ui 714 F shpolch2l. TEA | Blge] 49 felHo] SEsb 100-2000C9)
952218 (Thermal Imprinting)h 2 SARA 714t WIS ZHITIL12] 7H Bl AT Qi 2] 4

2 sjed Bl wlste] Fo| Luiskn AU HEle] BA  che

7hgolsto] & FBL o8 i A Bl AP W J1E AL ol§F TS Hga7Io] ool 9, o]t of
W SRy 76 B S5 eln FAe] offtts 23S shAsHs W T4 Antensed Pulsed Light, IPL) 7]'Ho]
SR 73 Qo s olefd B & Feje FP3 g BSET YrHIAIS). P /WS L uAuEs
A4 FHEE 7B o5t BRERM) BARA J1ES AP WAL e HE A 2AR] 2ag 22 ¥
g PECIEE X

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.024.119&domain=http://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

76/ January 2025 St=EUISE|X| M 423 1S

1) Base Film 2) Press with mold

3) Removing mold 4) Blading with Ag ink

Fig. 1 (Left) Ni mold, (Right) Ni mold electrode pattern (inset) '

Height profile pattern of Ni mold electrode using Alpha step -

Fig. 3 Transparent electrode manufacturing process using thermal
imprinting equipment

Table 1 Imprinting depth depending on substrate type

Pattern depth (um)
substrate
1st 2nd 3rd
PC 7.5+0.2 7.3+0.2 7.4+0.2
PET 4.1+0.1 4.0+0.1 4.2+0.1
PEN 1.5+0.1 1.5+0.1 1.6+0.1

3. Alddut

2 Aol 71

28 (Thermal 3.1 7|% B2 L}E 208

340l it A+ AaE A|Alste gtk theFet Eekay Vv ddzdggt/adads o0&
3to] Z}el®l Zlo]= Alpha Step Profilerg ©]-83lo] =435}
t}. tE Q] E7|H Poly Carbonate (PC), Polyethyelene

ol

=
T NMEE #FaEd 7

2}

Imprinting) 44 4]

2. A Teraphthalate (PET), Polyethylene Naphthalate (PEN) 0]8-5}o]
7+l %)= Z]o]E Alpha Step ProfilerE o]-83}o] =43}t

2.1 == 1= Table 104 Hi= e} Zo] 7]9] Fipof whef 21QlE= %

Az Tl AME-E= HHE3 e -, SUS 7]ate] Yz ol7b "epl= A IS o= Zb 7|Ho] A=

TR =278 2l A2kE 1AL, Fig. 13} Zo] 260 pm = Young’s Modulus/Yield Strengthg}2] 2}o|2, z+z} PC (2.6 GPa/
719] "R mok el (dzo] 8.8, Z 20 um, Fig. 1(A1Q)) Zi)So] & 40 MPa), PET (4 GPa/ 58 MPa), PEN (5 GPa/ 80 MPa)2] 7}

], 10 x 100 mm =719} A= sjd-S P43t (Fig. 1(F) 7FA|AL QLa1[16-20], o]2] Zpo]7} 2kl 2lo]o] ZpolE wHEold
o} olzigt Z}el Zlo] atolz & A= PCE o]83dte] A

2.2 EYXMIO| M= o Z=al5lolr).

A AJZeE gl g (Thermal Imprinting) ZHH] (Fig. 2)2}

Al 53 (Fig. )2 ol&sto] FPA=S Askaiet. ol 3.2 BHEF M=

AREE 2T 90°C, e 21 KgFlem, 9 IHEHEE= FHde ol ARgRE IPL 304 AlY 383 B4

1 mm/s$ict. ARG ERE At Ao R, o] & VA 2o A} 7]

FHHTE Fig 37 go] £ iz} 7o dd=igat ghof| &4fo] 7] oA 2A7E A EE A9 oy

H/E 53 o8-S ol&sto] mAgee FAstaL, J4€ Les 28 4= ok olUA] dies AME 7|3o] &40]

o AsE o] 225 | AEksted). 7HA] Qb= WAl AR =, 2 FollA= 300 VA
otk 1 mse] HAERY 0.977 Jem?2] oYX & gAlste] 2.9

2.3 EHM=| "I} 27k YA 71ge] AR 245 Sk (Fig. 4 3=2)

A5l © b gelel Y Fabe, HEE,  IPLY $.842 SISk 918 150°C ShEeloEe} IPLE
F HAEE sstel BRATY Bod BAS WStk st A% SUATe) WAY g2 s Rolch WA



o
Hl
0z
e
oF
o
foir
>
=
N
N
rH
=
fo

January 2025/77

Trasrmitance (%}
14
L

¥ I P -

L T T T T

bl = L3 b
Waelength (sen)

T
L5

Fig. 4 Manufactured transparent electrode (left) and transmittance
(right)
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Fig. 5 Bending test result
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