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Abstract — High leakage current and threshold voltage shift(AVth) are demerits of a-Si:H TFT. These characteristics
are influenced by gate insulator and active layer film quality, surface roughness, and process conditions. The purpose of
this investigation is to improve off current(l,;) and AV, characteristics. Nitrogen-rich deposition condition was applied
to gate insulator, and hydrogen-rich deposition condition was applied to active layer to reduce electron trap site and

improve film density. I, improved from 1.01 pA to 0.18 pA at 65 °C, and AV, improved from -1.89 V to 1.22 V.
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Liquid crystal display(LCD)= A9} 314]2] Z7Hd<] A7 2]
7] B S vaZdlolel §-8-5F 210 7Pl §For,
2nlo] A2 S nigro 2 itk taZyolo 71 =2
FEZ Aoz FRskal 9lew, #HIol= 3D taZd o9 Z4)
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Fig. 1< 2 230 Agd TFT 7%= YER 1 vt Gate:=
AINd/Mo(2500A), gate insulatori= SiN,(4000A), active layeri= a-Si:H
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Fig. 1. TFT structure.

Table 1. PECVD deposition conditions

Conditions Gate Iflsulator ActiYe-l Activef-Z Passi_vation
(SiN,) (a-Si:H) (n+a-Si:H) (SiN,)

RF power [W] 400 150 300 400

Press. [Torr] 1.2 1.2 1.2 1.2

Temp. [°C] 370 370 370 280

N, [scem] 90 - - 90

NH; [scem] 25 - - 10

SiH, [sccm] 10 10 15 10

H, [sccm] - 30 46 -

PH; [sccm] - - 10 -

2} 2712 Y5 Table 13} 2T} Active layer 52 Aloll& gate

insulator AW oA = a-Si:HS % Z(active-1)3} 12, source$}
drain = Alo]€] A7] 3% A& TYA1717] $13l phosphorus(PyE
dopingdte] & (active-2)T}. €% TFTE 4200-SCS(Keithleyy s
olgsto] 714 54& 4818l
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Fig. 2. I-V characteristics at initial deposition condition.
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Table 2. I-V characteristics at initial deposition condition

Sample No.  Test Condition 1, [MA] L,[pA] V,[V] AV,[V]
25°C 1.63 0.26 1.82 189
#1 65 °C 4.80 1.01 -0.07
Photo current 2.72 67.10 1.32 -

St photo current'= QIS FAHF 544 Ho|al Qi) 129
oM a AR7E 2Rl whet 1,7F =obAA Hal Av,,°l
S77F S Hof, tiAEH|0)9] data A5 WStell W TFTW
9] 3hA Kol W7} g = Qi whebA 3R o] Asiiink
ofzt A& sf=tell &gk 3k crosstalke] 'EAYS 4= itk =&
AV,;7} BASR= 2912 gate insulator(SiN, )41 €] X3} trapping®]]
Z11gttta & 4= Qrh{7]. 12 7oAl gate insulator$} active
layer AlHOlA gate insulator] 8] 573 5212 electron tunneling
o] S| ¥ a1, wbA] flatband voltage shift’| #HA4sH 1t} 2
= AV,7F 715 Y1 gate insulatorS} active layer A4 <]
electron hopping conduction®l] 7]18H= Zlo]H, o]:= SiN 9] 1 &
dell F9-Ertar & 4= Qi st MR Sk Ao Ee
Fig. 18] TFT +Z°llA4] back channel®} passivation A}°]2] back
surface]] =ASR= 3} WX (charge density)’} 5ok A¥shk= 2
&} trapping el o]k Zlojot. = 1, JEle] 7 AFE active
layer®] etching 5~ strip 378 Z°ll 29o] 2ol & = QUIL, back
surface 3 AZ7]e] 23l defect’} WAYSIe] 3} trapping F/do]
3P, back surfaceol] 38} %2] Fo] FAdH o] +EAR[V T
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Fig. 3. Band-bending diagram of a-Si:H TFT.

Table 3. I-V characteristics at various O, ashing time

Sample O, ashing Temp. L, Loy A\ AV,

No. [sec] [°Cl (nA] [PA] V] V]
25 1.63 0.26 1.82

#1 - -1.89
65 4.80 1.01 -0.07
25 236 1.29 1.29

#2 10 -1.45
65 4.99 0.15 -0.15
25 2.08 1.69 1.31

#3 20 -1.49
65 4.53 0.25 -0.18
25 1.97 0.83 1.71

#4 30 -1.41
65 423 0.39 0.30
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Fig. 4. I-V characteristics at various O, ashing time.
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Table 4. PECVD improved deposition conditions

Conditions Gate lpsulator Actiye-l Active.-Z
(SiN,) (a-Si:H) (nt a-Si:H)

RF power [W] 400 150 300
Press. [Torr] 1.2 1.2 12
Temp. [°C] 370 370 370

N, [scecm] 230 - -

NH; [scem] 65 - -
SiH, [sccm] 12 10 15

H, [sccm] - 60 75
PH; [sccm] - - 10

i

=, a0

s Ve

(d)

Fig. 5. Morphology images of gate insulator and active layer. (a) initial gate insulator, rms=1.184 nm, (b) improved gate insulator, rms=0.932
nm, (c) initial active layer, rms=2.039 nm, (d) improved active layer, rms=0.158 nm.
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Table 5. I-V characteristics at improved deposition condition.
Process condition Test L, Ly A AV,
Gate insulator ~ Active layer-1  Active layer-2 O, ashing [sec] Condition [uA] [pA] [V] V]
25 1.29 0.71 2.49 145
#5 improved initial improved - 65 2.94 0.15 1.04
Photo Bias 1.73 16.56 1.32 -
25 1.17 2.67 2.67 _134
#6 improved initial improved 30 65 2.72 1.42 1.33
Photo Bias 1.63 13.11 1.35 -
25 1.46 1.99 2.44 162
#7 improved improved improved - 65 338 0.29 0.83
Photo Bias 2.07 33.01 1.12 -
25 1.29 0.71 221 12
#8 improved improved improved 30 65 2.96 0.13 0.99
Photo Bias 1.39 1.08 1.81 -
insulatori= AV,2] f1Qlo]a}l & 4= Q= wk EAS sk sl 4 AJAE AATOEZN AV, E —-1.89 VA -1.22 VE, loj,fL

nitrogen-rich 52} 34 273} T AA71E /W8] 938 270]
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ol e s It
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Z-g3lo] 715 A3 Table 59 Fig. 6, 70 YeRITH 7] 373
Zz30) dlaliA ZiE Z3i0] 288 8 AEA 1,9 AV, B
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