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Effect of thickness of a-Si remain on TFT characteristics
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Abstract: The effects of different a-Si remain thickness of channel on the electrical properties of TFT
were studied under dark and photo test environments. The thickness of a-Si remain in channel was
changed by adjusting the etching time. Futhermore, the stable region and the critical point of radical
change of electrical were found through this experiment. The experimental results show that the elec-
trical characteristics of TFT devices are relatively stable and fluctuate slightly when the thickness of
a-Si remain is between 30% and 48% in dark environment. When the remaining thickness is less than
30% ., the TFT characteristics become worse, I,, becomes smaller, V, becomes larger, and the mob-
ility decreases consequently. Unlike dark condition, I is the chief consideration under photo circum-
stance. When the thickness of a-Si remain is less than 43% , photo I is relatively low (less than spec
20 pA), and the trend of change is relatively slow. But when the residual thickness is more than 43 % ,
photo Iy increases by 25%, and the trend of change is steep. In conclusion, when the thickness of

a-Si remain is between 30% and 43%, the electrical characteristics of TFT are better and relatively
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stable regardless of test conditions.
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Tab.1 a-Si remain corresponding to etching time

FeSh  ZIfhiE] /s Ave/nm Max/nm  Min/nm
Testl 52 46.4 58.7 32.6
Test2 48 54.2 63.7 40.8
Test3 44 64.6 76.3 47.6
Testd 40 71.1 85.9 51.4
Test5 37 83.2 99.1 63.0
Test6 34 95.0 104.1 74.9
Test7 31 105.6 119.4 86.8
Test8 28 114.4 130.0 95.9
Test9 24 128.2 141.6 111.9
Test10 20 147.0 160.8 133.8
Testll 16 154.2 166.4 139.7
Testl2 12 171.7 182.0 160.2
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Tab.2 Corresponding electrical characteristic date of different a-Si remain
- a-Si T4 .y i TAER L/ 3/ pA E*Zi%:i/ ) I /T
JEJE / nm M/ V tA (em» V71es™h)

Testl 46.4 21 4.85 0.94 3.13 0.39 2.99E+05
Test2 54.2 25 1.58 1.26 3.66 0.52 3.44E+05
Test3 64.6 30 1.11 1.54 4.05 0.62 3.81E+05
Test4 71.1 33 1.04 1.57 4.14 0.63 3.79E+05
Test5 83.2 38 0.83 1.68 4.38 0.65 3.83E+05
Test6 95.0 43 0.76 1.69 4.34 0.64 3.89E+05
Test7 105.6 48 0.73 1.73 4.47 0.66 3.87TE+05
Test8 114.4 51 0.62 1.75 4.96 0.66 3.54E+05
Test9 128.2 57 0.59 1.68 5.78 0.63 2.90E+05
Testl0 147.0 63 0.60 1.82 5.55 0.68 3.28E+05
Testll 154.2 67 0.53 1.77 6.96 0.66 2.55E+05
Testl2 171.7 73 0.72 1.86 7.42 0.72 2.51E+05
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Fig.2 Relationship of a-Si remain and TFT characteristic

Ve V,=15 V B TFT 7€ T4 B %5 5 5 IR
WL 3 TAERR (1,0 . TFT £E 4 F IF & /Y it
E) Y B T R T B R B T W E R T —
FEME . 25 AR

10,=6C ia Vo N iow / T trame » )
Hrp Cha NE R P Z R BB, V., X
Al 70 LAY LR S N o K R B T rrae 7 1L
TR BB B[] L 6 R R B0 A .

WE 2(b) R, T, BEE a-Si F 4% 1 3% 0 i
SRSy NS R R Y =3 9 S A N 154
H AR 260 25 )22 L T Ak 11 3 1 s [R] R i KR
Ji 3 A VR 1 T S R A HL

VEEIR L (T V,=—8 V I (4 I % H
Wo BUIRHLG T K2 TET (9 o 5 435 A ok
fiX. T8/ T—E Ml . 2R AKR .

1o =<C s Vo / (T trame N ey M (2)
H N HRBTEEE M &5,

WE 2 iR, IsH R L& a-Si Fl 4 &
OBDIINITE: DS O R S 3 =Y =958 b1 I TRy
FL A7 )22 B I T T T S [ EL AT 1 5 ) 45 9 TE 1Y
(ENGEEN S E R WA N ES T =) 1

BRI T () S 78 BT LR 25 1R F B9 A B8
o, WE 2D IR, BiE a-SiF 4y 5 1 e 1
ek TR . O A G2 R R AR, 2% 1 2 1)
FLrf J2 5 T IR 2 ) fL fep )25 3 30 R B 8, X 7 T
215 0] Ha, o7 J2 1) 5% 1 16 K, 3 A8 R R AIK

ST OSE B R R, 7 B T G
L

I,./1,4=10", (3)
mE 2Ce) i, FFRE R A a-Si F 4y it )5



650 W5 B

o5 34 4

() 14 in SE 38 KR e e a0

ZE LR A AR AN S B I R 5 a-Si
AEJEELE 65~ 105 nm 22 [a] R ) 43 J5 3 70 F
TE 30 % ~48% Z A B, TFT 2% 14 1Y o 22 4 1 kb
WA WA BN s MR AR R FE AT 30008, TFT
FREAr 25, TAEH A /N PR R K (B Fif
FE AR /N FFOC HL U LB/ 5 T AR IR R T 48 %%
B i L SRR, F G LR b s/ . P G YA I a-Si
HIRIAEE S TFT $vEs i AH e,
3.2 FE(Photo) X T4 MR 4 R

R TR TET &8 4 76 SC B TAE i 3R 5%
HA G B X TFT B9 W H 5 i 5k, 8k
STk B 52 RS A 25 A BRSOk B SO
PRI, b 7 B B8 8 5 B (BMD 4 i A6 Ot
HEHRSERRXT TET s I 8 J2& A7 76 52 T, 73X
L IREL T ARG Z)2 8 B HL i
AF e AR EE . H IR L OERE 5 000 ed/m”,

WE 3 7R, TET 2 3K 10 38 78 57 2t IS
BT B O A 2R T B H 28 X6 LT 1) T AR
D7 R 31, 23 7wy AR 7 01 B8 31 DT 1 25 5
HLV . PR B AR 2R 7 X TFT 2% 14 19 s HL 3 5%
M 2 A1 BH 5 1)
1E-04
1E-05
1E-06
1E-07
1B-08}
1B-09}
1E-10} |
1E-11 Jeit
1E-12
B3} s TE%R@ rrrrrrrrrrrr rrrrrrrrrrrrrrrrrrrrrr
B0 -20‘.0 -10.0 o}) 1o‘io 200 300

VIV

g

IJA

B3 SRR PR TFT 526 B W 1Y 52 i
Fig.3  Effect of photogenerated carriers on TFT

switching current

Z * X #:

35.00

30.00 A‘/'
25.00 /./

20.00 /

15.00

10.00 7 8 /

ol 2

0.00

Photo /,5/pA

40 60 80 100 120 140 160 180
a-Si Remain/nm

Bl 4 aSi FIRMBIES I Lo H KR

Fig.4 Relationship of a-Si remain and photo I

M 4 a-Si 4 B S 5 S I8 B R (Photo
IO WRRALLE M, BEE a-Si %4 IR 1y 3 fm
JEHR T3 R L 7E a-Si F A /T 95 nm LI,
I T o A, [ A2 AR #4588 925 KT 95 nm
BF, 6B T 8K, [ B A8 fb 8 #BE I . MO ]
175 8 a-Si P A MR ZHEHIZE 95 nm LN (a-
Si AR 43 % LN, 783X K [RISE B 1o /D,
[F] Fof 28 A A5 2%

HIEALE a-Si FRIEES TFT FEA 5 H
R R . a-Si PR EREAE 30 % ~43 %036 Fl NI,
TFT Fpk CREF RGBS ) 847, A8 a3
%, TAEM WA, AT AP 58 78 i 5 e Pl O R IS
RO BRI R 5 B/ AT LA & TFT 19 o R
FRREPE s JF I R B/ A R TR S 2
TRRK, BRI TFT 097 M E ., a-Si #4
JERE/NT 309 B, TET k22, JF )8 | R K
TAEH P BB TN JF S /N s a-St R AR R
KT 43 Yot . BRI AN I U F R R, & R
TFT & F i,

[1] IBARAKI N, FUKUDA K, TAKATA H. The effect of interface states on amorphous-silicon transistors [J].
IEEE Transactions on Electron Devicess 1989, 36(12): 2971-2972.

(2] Rk, 405 3k.a-Si TFT WEFFESH0CS A IRZ 095 LN (1], B 4 & F 4 51 50 5 3t J& . 2004,24(1) : 20-25.
SONG Y, ZOU X C. The subthreshold characterization parameter and active layer thickness effect over a-Si TFT
[J]. Research & Progress of SSE. 2004, 24(1): 20-25. (in Chinese)

(3] WA #EkT. 24 . FARZZMTZMMAN TFT-LCD G M m )] & &5 25,2013,28(5):720-725.
LIT S, XIE Z Y, L1J, et al. Effect of active layer etch conditions improvement on TFT-LCD quality [J]. Chinese



e P33, 45 < a-SiR AR E X TET 44k 19 2 i 651

[4]

[6]

Jowrnal of Liquid Crystals and Displays, 2013, 28(5): 720-725. (in Chinese)

Rk AR E LA E o F A TR AR SRR R R RS (T ] R F R, 1997,25(2) :53-56.

ZHANG S Q, XU C Y, ZOU X C, et al. The study of the characteristics of a-Si ¢+ H TFT with thin active layer
structure [ J 1. Acta Electronica Sinica s 1997, 25(2): 53-56. (in Chinese)

B 5, e R R Fa-SUREEX TFT FF R s [ ] 3R 27, 2011,22(7) . 23-28,

YAN F L, SHEN S F, HOU Z, et al. Effect of a-silicon thickness on TFT characteristic [J]. Adwvanced Display ,
2011, 22(7): 23-28. (in Chinese)

B ER.TFT-LCD &2 5 &+ [M].db 5t fF Tolk i AAt 2011,

MA Q G. Principle and Design of TFT-LCD [M]. Beijing: Publishing House of Electronics Industry, 2011. (in

Chinese)

EE @I

HH & (1986 —) , B, ERISVT N , 2%+, 2012 F 5 /RIE B T K2R 2= 2=, EEMNEHE TFT T
ZHEARBWIGE . E-mail: tianmaokun@ boe.com.cn



