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Characterization of thin film transistors using hydrogenated ZnO films and effects of thermal annealing

Sang-Hyuk Lee*, Won Kim®, Hyun-Seok Uhm", Jin-Seok Park”
Dept. of Electronic, Electrical, Control and Instrumentation Engineering, Hanyang University”

Abstract - Effects of thermal annealing on electrical characteristics of
thin film transistors (TFTs) using hydrogenated zinc oxide (ZnO:H) films
as active channel were extensively investigated. The ZnO:H films were
deposited at room temperature by RF sputtering. The device parameters
of the ZnO:H-based TFTs, such as threshold voltage (Vy), subthreshold
swing (S.8.), and on-off current ratio (Ion/Io), were characterized in terms
of the annealing temperature as well as the gas flow ratio of Hy/Ar.
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AAl LCD(liquid crystal display) ¥ OLED(organic light emitting diode)
o] FEaAE AMEHI e W EWX2E(thin film  transistor,
TFT)-O/] %’E}%‘(ﬂtﬁve Iayer)—‘oj T2 iy vAZd AgE
(hydrogenated amorphous  silicon, a-SiH) Bf2to] 7} dg] ARg-EaL Q)
th e, aSiHES FEA Al os] HA olFmrt wau<l
an’/Vy), S R o w$ wigkslm, FAE FEAl wE A
(threshold V()ltage)-ozl ol W 549 B 59 s A
ATk 718 asiHol HlEte] 4bstolA(zine oxide, ZnO) 7HAEAA
el el FFEIEo] xal, KA olFkrt 0] o] E7] wiEel,
aSiHS oiAE TrTe] #4F BERA ¥ old 53 &
(transparent) 2 Z A H(flexible) TlZ~Fdold] B2 &8o] 7|UHE=
vl F 2ol = o]H g ZnO B ZnO 7|WEe] vheFek uiuksel] tfg AT
7} 2] WA Joh1-4). ZnOL thFE Wl o&ke] uidl =
Zho] hgstANt, 83t Sl S &Lt 2al A ol
waA zhdakal i A o] 7hs g 23 " (sputtering) Wl 7 @
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2 AFNA = 23 E Y (sputtering) WHS ©]-83 ZnO wH F32
N W A2 Say) FPAE SRSl Sl ZnoH MRS
AL, #4720 BAF D ARl ME wore] 2 B
St B4 WalE RASAT. Eeh zoH WU BYFOE ALS
& TFIE A495, z00H Hoke] GAel Be sxjel 4714 5
4 WskE AAL 0w RASA,
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TFTY 43502 AHE-% ZnO:H 99> RF(radio frequency, 13.56
MHz) v} LU E 2 (magnetron) 2~HE] 5] Wl ]3] f2(corning 1737)
2 AAGEx10°Qem) A Z 71eSlel ST ZaO:H uHEtY

8 TF 2024 power= 50 W, TFA] ¢4EH> 5 mTorr, 7|3

e, Ar FYFE 30 scem® 47 uAIAA, T4 Tk
03 scem Ao WA U2 H7FSFGATE ZaOH W] F
A= surface profiler(SLOAN Technology, DEKTAIC‘B)% o]g-3lo] =A
stk TFT &zbe] A|&S f18te] €5 Zhthermally evaporated)El
SiO,(300nm, Gate Oxide)/n’-Si(Gate) 715 1ol ZnO:H 45 Wb
50nm FAR F2EFaL, ARRIA Z(photolithography) &gl <J&l] HE
< ¥A38kaL, Al F=(200nm, Source/Drain)S DC 2=HE]T] W20
SN F diftoff S TR AZE TFT 222 10° Torr
2 B 100-500 °C 2=l A 1A Bk AAEE FPEF, e
et A1 7] (semiconductor parameter analyzer, Keithley 420005 Ak
83to] HO(transfer) 2 E % (outpu) S-S S48, TEH AUV,
subthreshold swing(8.8) 2 HFHEH|L./Le) 5 AE3HATH
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a9 1S F4 538 zn0H TFTY A E s8] A &
o Aol HAL Mad gtk 28 19] @i AAT FA]
Aol Ho] BHS ek Iglolth 48 RS @S A%
Hlste] W] $220.1 scem, 03 scem)E H7FSHAl HW g et
2 oF 17V o]t A FQl ¥ 4 gk =3 4
A8 A7 RS B Le/la?t O 0.65x10°01221, 01 scem
2 0.3 scem T425 H7FHH on-current’} 5718 Lo/LeZt A S
£ 104 e 4 9l
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VGS[V]
<8l 1> gxAz| % ZnO:H TFTQ| Zo| EM W3}
(a) 2¥xz| o|H, (b) 300 T U] £
CE 1> dx{zlof = ZnO:H TFT M7|A EM nj2iHIE{Q] H3}
(before: as-fabricated, after: thermal-annealed)

S.S
H, Van [V Too/Lor [V/decade]
[scem]
before after before after before after
0 55.4 332 9.65x10°  5.76x10°  7.11 9.02
0.1 46.8 207 3.48x10°  9.64x10° 670  4.96
0.3 425 205 570x10°  1.73x107  5.12  4.90
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scem ©]3tE WA & HILEE Ao, vAFe] BHFOR A}
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A Qe wh, dAE FAEtA] ke wAA AElel ZnO ubuto]
dxy 227 Aedtd wek AR A x5 JA4sHA Ha, vA
o] gropr] HEA ] EAE HO|HA off-current®] W3H7F LA
Aoz AIRHAT ZnOH 9A dHE £x7t AEdd wE
A7) (grain size)7t AAEA MME] AR FRE HolE Aow
dE )

Zelu 4 A2 zn B O ARbeF 23S FASHEA A W
ol A relaxatmno JogAl i, AAeR 2% Wt wE 4
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EAS HolE AS F2l & = 9tk 300 CT7HA= on-current 5ol
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(a) H2=0 sccm, (b) H2=0.1 sccm, (c) H»=0.3 sccm
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