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Bendability of ZnO TFT on flexible substrate using transfer printing
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AT FAA7I 2R (flexible electronic device)oll Tt 3t
1 < FARANRAE A Zepe THS
AR BRE g Aok AAe fUIAER da
E5E 2" Ve T 2L ZHH JES o]&dtd &
A 7)o ZHYS= 7lEo] Atk EA4E Rogers T1E[1]
oA At oz AIE AAE 7delA] wojulo
A7)l K71 transfer printing 7]1%©] ATh Transfer
printing 7152 71&9 A& &7t 2Ea = o 71A
FRE YR AT F de B xR Aoy
Si0, & AME7F v brittle 3F7] Wl wWRlelu 1%
HEP o mg- FHoFetrke wide] Ak o3 ©s S
s17] $sted wavy € [2]e]Y mesh design[3] = 4 -&3}¢
stretchability & 7Nt & =2o] tgdsA A=xa gl
53] #H<toll Zno,1GZ0 T3} 22 AtstE WAl E o83
T TFT 9o 7ol & #4E Fi . o] A=
Zno ¢} &2 Frl=9 A4 SAol ALz e &8
bottleneck ©] =31 A TF Wavy & o]} mesh design = %8
3lo] Qg o] th3k stretchability ¢+ Wo] AP FH o
v, At SAo® mg T3 w354 (bendability)
of Wi E o2 B2 A7t AEA Kk webA
H =EFo|AxE transfer printing 71&E® AFE £ zZno
TFT 7} Z2 7]l F2E A0S wf 235k bendability
54 2 A2E5Ad dald ATE P
2.ZnOTFT & HZf 3 MA}

B Ao e £9 TFT & Aztslr] 93 Q524
Zno, Si0,, ITO & 717t AT, AA™, d5o= A8}
Ak, BSOS 2= organic etchant 24-E] A5 B S8}
7] 98k EollA A etching 2 4= % germanium

o}é\rﬂ

(Ge)S A&l W5 o g SU-8S AR Fig.

1 2 PET 9ol #AH znO TFT ¢ 7jgf=elt}h. ZnO TFT
S Ayl fdE AEE 71w Yol FAFTA Ge
Buffer layer & A}-8-%+= Si0, & 22z} 300 nm, 450 nm 2]
T2 e-beam evaporator = 52 3+ T o Ak} A7
Gate A= ITO £ sputtering 3-4-& ©]&3Fo] 100 nm
Az FHsa, ddAdezHn Sio, E PECVD +4%
o]-g3te] 100 nm FAE S SHGivh AT o MAT
ZnO = 100 nm F7Z sputtering 348 S o] &3lo] 3
st om 350ColA o 1 A7t FeF annealing 3T
Source/drain A=C 2 ITO = sputtering 3483 o] &3}
o] 100 nm FAIZ F32F 31914l passivation layer 21 SU-8
S spin coater & AFE3}e] 1 um Z Y3 Al #fo] kg
¥ ZnO TFT array ¢ =17]+& 7.25%6.95 mm o] & & 90 7}
o] TFT = o] oA girh

AAF T2 A AR AL FHE ARESte] 118
Atk £ 719 ARRE Figo] F& PET S A}
&3tk PET 9] 7] 20%20 mm o] aL, 7|3 188 4m
olth. Stamp ¢ AHEZi= PDMS & AHE-3}$lal, PET 7]
#3} ZnO TFT 2 adhesive = NOA(norland 63) UV 7 3}#]
=AMkt Fig. 2 = PET 713 Yol AALE zZnO TFT
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Fig. 1 Cross section of ZnO TFT on PET substrate

Fig. 2 Transferred ZnO TFT on PET substrate
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ZnO TFT €] bending test = #HA] #1238} bending test 744
£ o] &3lo] X3 glrt. FHlo] #3TS o]FEE 0.01
mm/s, ©]% A2 0.001 mm 7+4] 758k fatigue A H o] 7}
3lth Fig. 3 oA 2 AFE 93te] 2] A|=E hending
test A0 2 HolFa Qo)

ZnO TFT &) =742 4 point probe station ZH] & ©]-&3}¢]
gate, source, drain =& Z}7} contact 3} 3L source meter S
o]-&3le] HHAFE 271k tl. ZnO TFT ¢ transfer curve
2 =43}7] 9% gate voltage ¥ -20~30V, drain voltage =
5V & <17}sFsit}. ZnO TFT 2] bending radius ¢ strain 3t
21 (1), @A AsER o™ Rogers TLE[4] oA A FH
T2 AHESSA T

Rnom T (1)
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Fig. 4 = ZnO TFT ¢ Z} bending radius &
£ =743l data o]t} ZnO TFT 9] bending test radius 40 mm
E AFO R 30, 20, 15, 12 mm & F 33} 3L bending radius
40~15 mm 7}A] 2 W3tE Holx| &kt ¥} bending
radius 7} 12 mm 2 5 9& w on/off ratio 7} 10° 0.2 71438}
o, 11 mm A bridge ° crack o] A7]HA 337} dt
A Yk. ZnO TFT <] bendability = bending radius 12 mm,
normal strain 0.78%°1 4 <t A A=A 3} flexibility & X
o1 Y& & S k. X3 bending radius 20 mm ol A
HhE52 3132 A 9 (fatigue test) S 2133k A3} 2000 3o ut
5 /\13401]/‘1 ZnO TFT 7} st A o2 F4ate AE 1
T AAT

H = transfer curve

Fig. 3 Bending machine
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Fig. 4 Transfer curve of ZnO TFT at each bending radius
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ZnO TFT ¢] 33 & Bending radius 11 mm ol 4] bridge ©I
APo] A7|wHA B3} ). Transfer curve 71 bending radius
HE & AolE Holx] ZFFd = EFeta @A IId
o]+ ZnO TFT 2] 8 A # <2 SiO,, ITO, ZnO 7} brittle 3+
EZol7] wjEolgtal wekech Fig. 5+ ¥ ¥ ZnO TFT 9
g7 ® ¥4 bridge FiEo] 2 A AHE JER R
21t} Si0, & o] Fo 7l pridge ol 4 ®HAYE A o] ITO A=
o8 HdHo] ITO d=9 :’1;2112 OHLO}‘C Ao wkd
t}. Fig. 6 2 ZnO TFT 9] bridge &9 3 E¥x =2 93
7] 1% S 4814 Atoltl. Maximum stress = bridge
pad o] ¥ FioA FJFAow HATSE & £ Ut oY
gk bridge FEje] oA =Y HAE Folr] A=
bridge 2} = A2] interconnect F-&-oll fillet 32 9] F3 A7
7} Hastvhal AekEn

Fig. 5 Cracks occurred at the bridges(Microscope Image)

Fig. 6 Simulated maximum stress point around cracks area
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B Ao A= transfer printing 1< 2 AZE FH Zno
TFT 7} &7 7] B2E0S o 23 bendability
54 9 g2E5Ad disiA A5 $7383813 Tt ZnO TFT 9
712 542 bending radius 40~12 mm 7}#] & W3S ®
olx] 9kar ¢t AXE HWTh T3k 2000 3|9 fatigue
test o] M= HH o8 AFFE BT Bending radius 11
mm ol A bridge -rl"%«] Si0, & IAo 7 <3l ITO A=9
J‘ME 592 S Eoto] A E AT bridge H-
ol HAsA< stress7} GATHE o ¢ AT AF o]y
Sk bridge -2 A WS Fol7] Hoﬁ/ﬂt fillet 3 2] 9]
Tz7F dasitia ddEh
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