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Fabrication and Transfer of Laser Induced Graphene (LIG) Electrode
for Flexible Substrate-based Electrochemical Sensor Applicatins

28
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(Jeong Dae Kim - Taeheon Kim - Jungho Pak)

Abstract — This paper describes the fabrication process of laser induced graphene (LIG) and its transfer method on to a flexible
and stretchable PDMS substrate. By irradiating CO, laser on a polyimide(PI) film surface, a localized high temperature is created,
resulting in a three-dimensional porous graphene network structure with good conductivity. This LIG electrode is relatively easy
to fabricate and since it is very weak the LIG electrode was transferred to a flexible PDMS substrate to increase the sturdiness
as well as possible use in flexible applications. Sheet resistance, thickness, and electrochemical activity of the fabricated in-situ
LIG electrodes have been examined and compared with the LIG electrodes after transferring to PDMS elastomer. The properties of
the LIG electrodes were also examined depending on the CO; laser power. As the irradiated laser power increased, the LIG
electrode resistance decreases and the LIG electrode thickness increased. At 4.8 W of laser power, the average sheet resistance
and thickness of the fabricated LIG electrodes were approximately 31.7 Q/00 and 6267 pm, respectively. Moreover, the
electrochemical activity of the fabricated LIG electrode at 4.8 W of laser power showed a high oxidation current of 28.2 A after

transferring to PDMS.
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FOF (-50°C~200°ColANZE OPEsitia A QUrh11]. =g
PDMSE ¥E(Young's modulus)t Q& HE E(tensile strain)
0] 22} 0.36~0.87 MPa, >200%% £ AEH9 EFS 7Y
[12], HIEH fEE gHo: 52 FZ(conformal contact)O]
7Fsstol =247 gHe wet gA HEEo] dseh 5H HEO
7¥soitH13]. wWekkl ol PDMSQ APER QlsiA]l thHE
718k R014 Qe FXF 4K € 7HssItHIl.
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thed] PD alEAb] sk E EYoZ HES miE 2=
HolREE RAGIA HolXS ZolUXIE o]g5t0] PI BHE
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0| AlA[26], HR] AEAFX[27] 9 S&Eoo] thet ¢+
7h EEEAL.

Lin et. al[24]2 ZgjonE IS FHo| 98 uky 0)49
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LIG7} B9ty AWallt). Eah sp’” Bkt ARb= golRl =
Ab Al BHlERE ol 95 sp*t B4 PAIE W, MEAo
SHATEITHY BT} [24, 29]
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e LIG A3g |9 71w 78] mr)gkst dikol & &3517]
A5l Pl W20 gAY LIG A=ES PDMSS 22 BHEESHE
(elastomer) 7|¥OZ FAFCH, O]= PDMSS} LIG F=9]
2% HIE01A 28 RS =) LIG =9 ukt H £S48 |
A = AACE

I 1 Pl WOl A LIG A= AME £ @shs 29 g5t
AR (a) ThE/EHAE LIG A=, (b) % P EE

Fig. 1 Optical photos of the LIG electrode damages observed
after fabrication or during usage. (a) Damaged LIG
electrode or disconnected LIG electrode line (b)
Damaged PI film

J82g2 2 =FolAE 125 um FA9 48 Pl EIsoflex
) EHA| CO, HIOIRE ZAKSHO] LIG A3e 4%t =, PDMS
Z18to] LIG AZS AARIOH, LIG A=29 FA A 59| He}
E2A43517] Qo "AF Az WAE gt FAE 58510 BA
SIQICE TSt PDMSE FAME LIG A=29] Algl-8t9] vre ojRE
S015H7) &l o8 AM-AF EF (cyclic voltammetry, CV) Q2
A7)gke A Ag 7HsHdE 7iHs] AESHT
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2.1 LIG A= A&

J8 2= PI UE JWo] LIG A= AzFE Q8 AF 28
BALOILE. COp, IOIAl Z=AM EHI(UNIVERSAL#, LS3.50)00
125 um 749 PI @52 ZY(loading)dtal, 9 cm/secQ] #O]
A A7 £, 1000 PPI(pulse per inch)Q F#+= A FHO|EES
A™ & Pl FE Mo HORE XAt LIG A=E gdst

=, WIS 3WolA 48 WKl 03 WA S7IIAAN &8 &
ZonE "d& W Tst A9 LIG A= 451t &
ot 3 A=A A7k vt £8g flsl LIG A= AlE Al #
=, AU, 7I1EF=E dEdsiRion, &4 AEE A9
HEe 500 um, A=) F4e 2mmo|H, A= &Y
o] JA FEE B0 @ 5 U=E AY[I9 HWEQ o

207} EE=5 AASH] e daiIrt

@) (b) ¥ (c) l

J¥ 2 PI 98 ¥Mo LIG A3 Al&sk: 248 ZA%; (a) PI
E 718, (o) PL EE mHo| "= 3fE Hol& FAL (o)
Pl €& HWHo| 44 LIG 8= (d) Pl E& zHol A%
H LIG "= AR

Fig. 2 Illustration of LIG electrode fabrication on a PI film.
(a) PI film substrate, (b) Laser irradiation of electrode

pattern, (c) LIG electrode fabricated on PI film (d)
Optical photo of PI film LIG electrode.
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@) (b) () C)

<

I8 3 LIG A=9] PDMS 7|1#OZ9] FAF IE HAE; (a)
LIG A= <lol PDMS FE, (b) PDMS &%, (c) PDMS
off MAFE LIG A= T%, (d) PDMSOl|l FAME LIG A=
9] AR

Fig. 3 A schematic illustration of the PDMS transfer process
of the fabricated LIG electrode. (a) PDMS coating on
the fabricated LIG electrode, (b) Detaching PDMS film
from the LIG substrate. (¢) Illustration of a transferred
LIG electrode on a PDMS substrate, and (d) An optical
photo of a LIG electrode after transfer.
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2.2 PDMSO] LIG A= AAF € ETF AEH HAE 237/ AR, & A &8 2 AR

% 32 PDMS |7 Zejone €8 #HY LIG A Zrjone  FWHol 4% LG A= F/E FE-SEM
= DAL HEY BALE HOFM, FA| (Sylgard 184A)9t &3St (QUANTA FEG 250, FEDO2 ZH3I%1l, PDMS FA7|Eo=
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g9 PDMS €< 60 mm (FZ) X 15 mm (02| HEZ] [ Ag 2 HAG gl F= ggs 245
ol BEsE LIG A= o] 5ol 80C dryovenoll Al 2A17F St % 4= PI 2E Qo LIG &A= AEre 617] el ARgE &l
ASIAFAl, A3HE PDMS 7|l Zgjojnt "HEE &£07 OlA moll mE LIG A=9) HYT T4 /S 5] Q& &

moltiol ©F 2mm FAQ PDMS 71T LIG AZ2E ®AleI St FE-SEM ARRIOILE. # 1€ &df =HolA 1ol 712 ¢l
C} 48 W9 #olR TIYE AEE LIG A=E PDMS 7|@oz af g% LIG A=9] FA7 E7letal 4.8 WolA Azkst A=

FAF &, 1000 3] WY (bending)AlA LIG AZS SIS ), O] FAZ 7V FAS AE & & A&, o= HolA Tt
2UFOR LA 2= Ag 0ok, 10008 WY Hit S718E PlI 0] W= oA I oluXIZE E715t0] AlEt
S0 WAEZe 247 322 Q/0, 36.8 /002 EAFL0] HF = LIG A=9 g1t AV E7lle ACE muErnt LIG &
ol Eg5 E8g HAT 2ol FA7F STk BAA QZRE M2 =9 WAg

Zrol dhilg] A0l Wi M= FAQ 7P HAE fe

4313 um -

S e o el

O8 4 AF 3Fol AF8E 2olAl utlo] mE LIG A= 54 £8& QI8 FE-SEM AR (a) LIG ™=t PI &9 UHAH 25, (b) 3.0
W, () 33 W, (d) 36 W, (e) 39 W, () 42 W, (g) 45 W, (h) 48 W

Fig. 4 FE-SEM photos of the fabricated LIG electrodes depending on the laser power for measuring the LIG electrode thickness
results; (a) cross section view of LIG electrode and PI film, (b) 3.0 W, (c) 3.3 W, (d) 36 W, (e) 39 W, (f) 42 W, (g 45
W, (h) 4.8 W

E 1 LG &= A% = PDMSEY FAF At 29 LIG A= XE WAg 9 "= 7

Table 1 Resistance, sheet resistance, and thickness of the LIG electrode fabricated on the polyimide film and those of the LIG
electrode after transferring to PDMS substrate

Bt & 24 %

AW RBQ) wREQ/D) A (um) RBQ) wAE(Q/0) 7] (um)
3.0 650 32.5 29.68 1140 57 46.45
3.3 530 26.5 37.37 864 432 50.49
3.6 510 2565 42.22 796 39.0 53.33
3.9 490 24.5 42.76 704 35.2 57.37
4.2 450 22.5 42.78 689 34.5 60.67
45 420 21.0 43.13 667 334 61.33
4.8 350 175 44.52 634 31.7 62.67
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53.33 um

100-um 3.3 W

100um | 42 W - ===

39 5 AE

| 61.33 um 62.67 um

Ao AFRE #o]A] Toll wHE PDMS Z]¥o| FAME LIG A= T/ Z8E Qs Zesind A a) LIG &=1

PDMSS] ©HH H5, (b) 3.0 W, (¢) 33 W, (d) 36 W, () 39 W, () 42 W, (2 45 W, (h) 48 W.
Fig. 5 Optical microscope photos of the transffered LIG electrodes to PDMS substrate depending on the laser power for
measuring the LIG electrode thickness results; (a) cross section view of LIG electrode and PDMS, (b) 3.0 W, (c) 3.3 W,

(d 36 W, (e) 39 W, (f) 42 W, (g 45 W, (n) 48 W.
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o] FA7F 71 FE7] o] WAE o] M WA S35
ALt

R= p% (1)
_ P
= Thickness @

T8 4= PI 95 {0l LIG A=E AzEE o ASE oA
o7 AEE LIG A=S PDMS 7]To] ®AKE £9] LIG A=
Aol ol gske nREA E85h] Qs Leendoes
He FYst Aot} 771A oA T= AESt LG AEg
212 R017]2 PDMSZ FAlS & EYst thH ARIOERYH &
Aot LIG A= FAE I8 59 AR Qoo 8 A2 BAIFAL,
O] FES E 10] LJEMtL = A 58 21 83 DAL
A B2 A Ag SUSA HolA mY 7o) weF FARE
"= FA7E S71ee EQIsial, ™A Mofl Hls) ™A & LIG
AF9] F=A7 =HA ESEEe SIsIh ol FAE sk
AHESE &t PDMSE LIG ™= 3ZHo| FESHH, H& PDMS7}
Pl 25 W UFd Gz tayd $x9 LG A3 otog
FEL, o] HEE PDMSY #&(swelling) $14t0] @AstoZ
A PDMS A=9] Y&E ZZ(void)o] ARA] ®AF MO LIG &=
Hr} B8 S-EACtal HEECh
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o] PDMS ®A} Mt £9] WAS 7t

Fig. 6 Sheet resistance values of the fabricated LIG
electrodes at various laser power before and after
transferring to PDMS substrate.

24 PDMSZ9 LIG A= FAF A3t &9 Ag 24

CIXE HEINE 7| (Digital Multimeter)E AFE35H0] FAF A1}
o] LIG A= 21919 Mgte FHsidal, S8E NEgtezs
WAEgE AASIACE PDMS {0171%0 LIG A= ZAF &
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ZolA TYE 3 WOl 48 WE 0.3 WA STIAIZIHA] A&kt
=9 HAEge oA w7t E7HESE dioke As
12 So AT 4 At} o= HolAQ 1wy S7IE Qs &
OlHEY] 78 Q4 & 440t 40 HEo] UIE A4AEHD
RO HIg0] E7Islo] LIG A=9 WAg 7ol Zaol

S Fria TTHECH22]. PDMSE ®AME LIGS] MA S
101 A 7I1S3=d "AF 29 HRIEgto] [AF "ECEH 9
280 =A LERSTE ol FAF J" Al g4%E= LIG =9 3D
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RSt LIG A=9 Ak A8 7hsd golg fls ZHs
XEl(potentiostat, Gamryt)2=Z w8 AY-FAFH (Cyclic
Voltammetry, CV)E O|83lAl H7|515He E4Eg Al A
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(Sigma Aldrich Co. USA)?} 1 MO KNOs; (Sigma Aldrich Co.
USA)E A€ ferrivyanide 8RS A oM [30], AYA =1t
AUEATCZE LIG A=g 0l8stl, 7IEdae &8
Ag/AgCl A=g ARESIQICE Esh ETJoln= HOJZ 0]&5}10]
A= oWt LEAA o8 JY-AFHY AVEY AWHe=
-04VOlA 0.8V, A FAF HEE 100 mV/secE SEHATE

8 72 ferricyanide 89S AMESIO] BolA] T¥E Eelst
o AES LIG A=Y ¢ JAY-AF% 54 4yt J=j=ojth
LIG ®A=9] ABEFE oA w7t S7ighol wet AskdR
7t A8 S7kelE], ol ElolA w7t it wet AlE
Y= =9 FAV S76tal Ag gto] WotRA ARy &
Zhetoha et Tk 8 72 &3 #lolA ok SVt

Before Transfer
120 -
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Vnh:;e(\’)
0 1 1 1 1 1 1 1
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Laser Power (W)

I8 7 tE oA mZ MRS "AF & LIG A39 &8
RNG-[F S8EA0} 4135 AF Hlu

Fig. 7 Results of cyclic voltammetry measurement of LIG
electrode with different laser power and comparison
of oxidation current
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I8 8 UE oA mlZ AAs "AF 2 LIG A=9) «g A
O-HE 57 Fiel A BT il
Fig. 8 Results of cyclic voltammetry measurement of after
transfer of LIG electrode with different laser power
and comparison of oxidation current
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