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Effects of Various Substrates on the Laser Direct Etching
of the Sputtered ZnO Films
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Abstract: Zinc oxidelZnQ) was sputtered on various glass and flexible substrates such as polvethylene
terephthalate(PET) and polycarbonate(PC). A Q-switched Nd:YVO, laser with a wavelength of 1,064 nm
was used for the direct etching of Zn0 films. It was possible to obtain laser etched line patterns on the

n0 films on PC substrate at some specific laser beam conditions. In

the flexible substrates, more

thermal energy of laser beam is expected to be spreaded for the etching process.
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Aak ebed (zine oxide, ZnQ) woba FHejM 9l v}

AN el R AvlAEge] g F@, @
& eEdA WuhE FAHIE RS OFEE A

4 e Fde o agn 44 471 v g
o Ah4gake] el AWzt 2] o W8
e EA4E 474 s %ﬂlﬁ}ﬂr [1]. o8& 54
2 ZnOt A A& ¥ , YA & f2F
delel & 424 F LTEI f\}%hh' 2} [23] A
FAE F2 fEu dEE delwiE swter 3t
= 7|8 feA gEEAAN, FEAE LCD (liquid
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crystal display), #F# A4 OLED (organic light
emitting diode)s} #& FdAE claFdele] wWE
wAeg mO%x fe] ¥ olue}l fale] vl
S 7h gk, 7 E PET (polyethylene terephthalate)
g} PC (polycarbonate)®} #+& izl Z|gel S35
a HErdEa .

ZnO ¥obg AR 2Ate] AS EL& IR Fo=
A2z flEide Zn0 $& ddYyez HEHIEH
4 slejefgich g H4E fHM 7|Eed= EES
Ay FAN &EH 54 HzE @o] AHEES
. el o] A TE #AAEH 2g, A#H x
&, @4 9 AztAe g Sy wga dAe
53 e 77hA e H3g el Pasidss
dde] 2lx [4], 2 2} FelAH w2 A0 EE 2
a2 e ge nr|ES waA7c agm PET
Zlgtzl PC o7labzte itk sl el F3E Zn0
= i 7ol REZ AT G4 AT A}
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Fig. 1. Schematic of laser direct etching system.

#5= SeEddd oFstr] wWE S 7|Ee EER 4D
Hulet 54 Aoz HEHYsr]) oy o
eEFle A2& ded Fde "asid [56] del
A A7 HEEdE ol 85 AFTH SAFE e
AlE 4 da [7-9], $A=E 788 HiAEE F
At 71E AEel oEd, fel 719 flel AHE
f ZnO vtete] A NAYVO, elold ol ol&al
Azbsl A okt [10). & f2lel wlEto] A
o8 @YW AAS (coefficient of thermal expansion,
CTE)?} & ¥z 71#9 ZAfoe F3E vae
A zto] o|¥ ZHole}a oA 4 gl

2 d¥eAME RF vP2HEE AHEE Wy e of
439 #el, PET, PC 71 $ld] ZnO vetg 3%
8hlal, Nd:YVO, (A= 1,064 nm) #lo]4 W& o] &3
of dolA e wE Az Aeg ctelur) &),
telA e Fagst 20 S5 WHA7AAN A
Hzhg F o ASE vw E4Ec

2. &8 9y

2 d¥Hd4= ¢F 1 mm FHAE 714 E= soda-lime
+“&l2k PET, PC7t 7I1dte.s Ab&5 2t zhzhe] 7]
WEE -2 2#E Au o 298§, 1x10°
Torre] ZF 976l of2x g 24 742§ 22
60 scem¥ 15 scem®& FUEHA 5 mTorre] 24
#EE fFAEent o|lF RF magnetron sputtering
WHos AgdA ZnO webe 500 A SFARE &
atah el

a2 18 #Heldq 2y e Algg aeln 4

279 F 805

Zule] kel MIYACHIAME choje s o] a2
#H (a diode pumped solid state) Nd:'YVO; #le]#
(ML-T111A)& AHg-8ted 2t 71¢e] F38 Zn0 &
1 zhakedctk. del# e #FL 1064 nmeolar, Ha #
241 7¢ (pulse duration) T2 ¢F 10 ns® H# =9l
glol# Wle] Ful4& 40 kHz, 60 kHz, 80 kHz=
A7z F¢ delH 20 HEE 100 mmss, 500
mm/s2 WA F|HA ZnO whebg 2] zbElgc). o] &
#zk §{vlA (scanning electron microscope, SEM)-&
ol &5t} Hzhel el FHap 54§ dHEd =
FF HEWekaly] (KLA TENCOR, alpha step 50004
Abg8te] ZnO9l S3E SAE s Aty 2
9 EAE FA8AC].

3. @3 X 1F

£ 18 oge deld ¥ =3d o s
PET, PC 7|¥Hdell A Yelds ZnO2] A zta A g
54& BT gt delAe] 2js uiuto] 4z}
71 18 A delA We] wubg molm A I 4 9l
& g SR A E bl dm, FE£E do
A G2 Q# debe Y §AE WolME 943
detd 29 (thermoelastic stress)S A Alsle]of
ok [11]. &9 A3 F 7HsAE delA We o=z
© dolA e ukl Fupgs) &z e W

E 1e14 mKe] Fa 71wl 8 Zn02 A
o olw @ =d9 oA Wernxe H3 A7ty x]
@wateh o2& Zn02 Al A7t deolA We
vy o =27 siEelet: AE o4 5 gk

Table 1. Patterning results of Zn0 films after laser
direct etching.

Samples  Repetition Scanning speed (mm/'s)
rate (kHz) 100 500
40 None None
Z00/Glass 60 Mone MNone
B0 None None
40 Brake Discontinuous line
OTET g Brake Spot
80 Brake Spot
40 Brake Line
ZnO/PC 60 Brake Line
80 Brake Discontinuous line
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Fig. 2. SEM images of laser direct etched Zn0 films on
{a) PET and (hl PC frequency  and
scanning speed of laser beam is 40 kHz and 100 mm/s,

respectively.

substrate. The

PET Zlg#4el &35 ZnO webe] A$&, 500
mm's B 40 kHze] deo]A ¥ =AM EHaEEHg

A (discontinuous line)2] #eje] 2 ztg RH& Kol
o7t Farh F7rEA 4 Y9H (spot)E A #Hd
28 RoFgnh a2a PC 71geME 40 kHz,
60 kHzel M vteptdl 291 defe] 22bg ZnO whop
o] 80 kHzZ Fup7} F7hghel whel BALH A
o]l o Hzte] I ¢HE & #HAY + QU

PETSt PC 71¥ke] A5, @leol# We] S} 3
Alglel 100 mmf'-;"‘l g LM E & xeA
el ouxe] 23 e] w@o| o]fol#]7] we] 7|
ge] el A g 7|ve] AY = gl v #
Apch 2e oA F WA sn, a2 Qdte] AS
7o) &4EE @4l velwth a9 2(a)sh 2(b)
= 100 mm/s2] &% 40 kHze] ¥ Foa§ 7}
2= dol Ao 23] 2zte PET 7|93}, PC 7|4
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Fig. 3. Surface profiles measured across the laser etched
patterns on PET substrates at a frequency of 40 kH=z
with a scanning speed of (a) 100 mm's and (b} 500
mm/'s,

48 RES Jedia gl AUI-%]T A A 4_"-‘__-1-.
= 719 919 In0E Azd Rger Y vE 4
o), a9 3aelA Ecar| R '1%1?]' dolA
o] 2~y PET 49 ZnO EWE w1 -"']IH. HZ
ela] 7)gte] W o] R Fe EFFE ¥ + AN,
oo we} 7|ihe] E4F e ﬂ*}ﬂ”l’é! A o
vtk & 4 gk #lleld Az #A Fet PETS
PC 7ol HHHE olfe 2z F2 dR9HAs
{coefficient of thermal expansion, CTE)2] #ele] 2]
A Jepdoian dddl ¢ gl Zn0E 5~8 ppm/T
[12], soda-lime &+ 9 ppm/T [13], PET?] ¥
0~80 ppm/T [14], PC?1 ¥ 70 ppm/T 2] HHH
A4E zhz 2hAed], delA slde] == ¢ Zn0
o} s 2] ol FAlo] el rhejAa ol & CTE
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Fig. 4. SEM images of laser direct etched #nQ films on
ta) glass, (b) PET and (c) PC substrate. The frequency
and scanning speed of laser beam iz 40 kHz and 500
mmy's, respectively.

s 7hEle= e 9% 29 (tensile stress)& w4
MAA 7)gke] EM4EHEE #ga g 4 gl [15),
g 29] 40 kHz, 100 mm/se] #eo]3 42 =3
ofq EHEZF 500 mmsE F7MEE W #e. PET
PC 715t f12] 4 ztg ZnO wtebe] A4 07 Apz

Fig. 5. SEM images of laser direct etched Zn0 films on
(al PET and (b) PC The
scanning speed of laser beam is 80 kHz and 500 mm/s,

substrate. frequency  and

respectively,

& a9 4¢lM BeFn gl 9 x4 F3R
A=Az s E4EAW PET, PC 7|#e] &7}
TIHEAA E45A 2SS HAY £ k. 27
Z7hehel w2t F Ao ae]d o] vl A7
o] ZtolAlm, A5 FHHE A9 ko] FojEo
dol Aol 2§ Zlge] w37 JelyA @88 o

TEE =2 T

21}
OF 4 EF EQIE HolA W ZAQME 7@
o] Fiel wal ZnO whote] chiE Azt ZAe 71z
€ e RelFa g a8 @M f2 fe 3

A8 ZnO+= A3 Azhs =] ghska, 4b)dl M PET 9
nOt WAL o] ez Aztg8 s
4(c)el A PC 719 4 ZnOes &9 ez 4zt &
selstqich. o9 A 71 @el wel ZnO uhe] 2z A
7t @etAE AL Z @e dHAE (thermal

1'_.'1'_
conductivity) 8] #te]e| A 7|2ldicin weozg}, g



898 J. KIEEME, Vol. 26, No. 12, pp, 894-898, December 2013 G, T. Oh er al.

=t it Z)jgnc of 784 Zlate] wE
9o 4, deld 4z} A FeolA L= dely
A7F nita )93 vwdte] {2 7R o &4
go] HAuzich wid dAEEY fERcg e x
B 7lge] AS @duA7t F3sHe s ZnOFE
& frele ASRg o g8 de] HAA f9d E
=, ZnO#F E3 HAG=H= deo] delA Az Abee
A4S vHE oldln #FdHD, dAHEEZ W2
PET, PC 7139 Aol Ad 2 zte]  # st of A3
c}.

2y 58 a9 42] 40 kHz, 500 mm/s2] Z3 e A
gZlel e Fu4E 80 kHzE2 F7HA#HE o Jehd
= 479 ZnO%9] A0 F Abzle|) 5(a) PET %
o] ZnO utete 3 Hee] Rgom HZto] A9 ¥
A gsta, 5(b)e] PC 7142 ZnO webd EA&
el Mo gejz Jebwdrh ¥ 4(b), (e 1"
5(a), (b)# vl g o, F357F 80 kHz= &7}
g AdiHez Hzte] 4 <t AE HAH 5
gk, Fuprt S7Hgce 2L 39§ 49 «dvF
& Zhzhe] ze dua|z2 o el yie] Rule #
olm uwabA ol zhzbe] ouz|e] ¢ FolE
olx Az} KAo| Wo|A A Hr}

4.8 &

B ool in-line RF magnetron sputtering '
W o2 soda-lime fels PET, PC 7]1%t Abell ZnO
gpobe Zakg 5 NdYVO, #lel# (A= 1,064 nm)2
23 WA AN ZnO whebg A zbsta o As
# v 43 f@ flel FE Zn0 whed
olm gt HelHe M= HzhE=] @skch 100
mm/s2] & &£%9] #elA 2zt FHAeM i PETH
PC 71%te] =@ dolA W oluAzt FHHUS,
a2 Qlste] ylgho] 45 @abe] vkt 500
mm/se] FElME 7|¢ &4 glol ZnO whupyt 4
zhE|qich, aElm Fnert F7hgel whelk gleiA =
dlo)# wel o=zt Fejfel Hz HAe] Wel
£ #A¥ 4 AU

Al =2

o] =8 2013 dE AR (S3Era4)e A
o8 FaArActe] AYE Wwol s 7| xA+
A1l (No. 2010-0003085, 2012R1A1A2042186),
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