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ABSTRACT

In order to investigate the effect of tail state on the electrical and the optical properties in amorphous IGZO(a-1GZ0), a-IGZO films
were deposited at room temperature on fused silica substrats using pulsed laser deposition method. The laser pulse energy was used
as the processing parameter. In-situ post annealing was carried out at 150°C right after the film deposition. The O, partial pressure
duringzthe deposition and the post annealing was flsxed ;[0 10mTorr. The carrier mobility of the a-IGZO films had a range from 2 to
18 cm™/Vs at carrier concentrations greater than 10 ° cm™. As the laser energy density increased, the Hall mobility increased. And post
annealing improved the Hall mobility, as well. The optical property was examined using the ultraviolet-visible spectroscopy. The a-
IGZO films that have low Hall mobility exhibited stronger and broader absorption tails in >3.0 eV region. Post annealing reduced the
intensity of the tail-like absorption. The absorption tail in a-IGZO films is an important factor which affects the electrical and the

optical properties.
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Table 1. Table of Deposition Conditions and Results of Hall Measurement of IGZO Films

Pressure Laser energy density . Carrier concentration Mobility
Sample Name (mTorr) a /cmz) Post annealing ( /cm3) (sz V)
LE1 10 0.8 X -2.80E+18 2
LE2 10 2 X -2.00E+18 4
LE4 10 4 X -5.00E+18 10
LE6 10 6 X -4.40E+18 12
LE4A 10 4 O -1.87E+18 18
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1. X-ray diffraction pattern of (a) IGZO target and (b) a-

IGZO film deposited on fused silica substrate at room
temperature. CuK,; radiation was used.
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Fig. 2. The optical transmission spectrum of the films.
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Fig. 3. The optical absorption of the films.

A wkeA] AR Yol A tail state’t EAH3HA  absorption
tailoll €] gt o]z} @AYt Tauc gap VA BT}
qUAE 7H= Bl FAIF7E ke ol s
absorption tailoll €] Ho|2 FEF7t FUlsle 99
Urbach @9jelz} &1, o] 9] FFAFE HlugoR
A g WA Y] absorption taile] 2 o &
Atk ¥AH A 2EE WHEA] IGZOOA tail state® 2.0 eV
ANA 3.7eV AUA] YA FFAFE Eole AR
w7} H9c” Fig. 39419} 7Fo] A4 10 mTorrol| A 5
ZHek ubek LE49} e B-9)7)oA FAA T E LE4A9
FAL U] M F4Ae] WekE etk $E
A F 2.0Ev~4.0eV ZA oUA FAqt)e] FFAF7L
Zastgon, AatolErEe A5ttt AATE AX
2 @3 2AVeE HolA o] YEE 0.8 J/em® (LED),
2J/em® (LE2), 4J/em® (LE4), 6J/em® (LE6)Z W3}AIH
< we] uAgA 1GZ0 ¥E Ex #olA oux Lxrt
5ol whet 2.0 Ev~4.0 eV 37 oY= Jquie] S5
AG7t s FEAEE AR vt 2L o)A
go]A] o] oA F2e s =2 Hstols
TE A vAZ A ueA e FaAF] whe B
At

olglgt STl Wsh= B8 A BFo] absorption tail
o] W3lol] 7|13k 21O &, absorption tail> H]AZ wfuto]
A Aslke olFEE AaATE delelth £ ¥4 A
of &2 #HolA oA Wre} T FA Fo 150°CY
A o] FojA = FEA T 32 Bkt Y] absorption tail
S ZaANA Aslo|FEE AT 919 AAES v}
go g ugd 1GZO ¥et oA <] absorption taile] 2

stolE=e] e AAshe T3 adds & F Uth

&

A 4748 A 45.(2010)



332 HpgEk - A3k -

4.4 E

= E tail state7} ] A 1GZO Hhere] 4717
3'4—6_]—4 %)\goﬂ 1:1]7‘(]}; ks }_/\]_—3}7] -‘?]’3]-04 %—‘Z}- /\]

| Hre=msel & ﬂﬂ ZA W Alo]Er
o l:ﬂ:g].e 1:\;3 .[:]_

&lo1A E‘,Lhﬁ}oﬂ e @7];4, el EANEE B
2517] 91813, 10 mTorr AH2%-9]7], Aol fused silica
713kl A" 1GZO ‘S theksl glo]A] oy Wk
ZAA PLDHOZ ARSI A8 B4 AL g
ol oUx WEs} Z7te4E Aol B}t A5E9
B 7R Felel 8% oldel BRsteg molow

Astols vt &5 T Asstatt. A
0|83} tail stateS ¥4t A3} absorption tail®] Z}E-,—
5 Hatols =t & s B

A7t A714, F8HA %/‘éoﬂ A= dEFS 4
0}71 A5hed, 10mTorr AAAE7), 105614 W2
IGZO vtehs dA sttt 42 3782 HIAE 1GZO
ko] Hslol s RgE ASAIZH L, o= dAlY] H&F
o] 3 el AL A E B3 TFTY A5 T
FA O o] 7hset exwgoltl. Fdxe] A 7}

Al G99 FEIHAEIT AJ55FA ™, absorption tailS
Fdgats o=

H A A [GZO e n-type] AHstE WA &2 A=)
%=of conduction band FZ2] tail state’} & JIFS 7]
At w& Hdetolsx: 549 vE4 1IGZO et 7%,
A7 ‘%LS e HAY, o=
FAG7F 2+A 3 conduction band F-9]
tall state”} Lﬁ\_ﬁ}oﬂﬂ oot A8 os vAg4d 1GZO
it A 2 ouvx] Fuy} ExjE] 374 conduction
band F<29] tail stateE FAEAIAH, A3l T g &A1Y

absorption tail®] 7+4&

£ Fad a0tk BANE AR ke ek 150°C
FAH)E AH vute] 249 b B AslolFEE
7}
.

7} 12 em?/Vs9F 18 em?/Vs©o| 9t

Al sE)A

20 FRer

N
2
©
=
o

Acknowledgment

o] =2 20089 % AFALQ@SAAA LT SedAT
1 &A ] X Pg who} AFE]
A5 (KRF-2008-314-D00174).

REFERENCES

1. K. Nomura, H. Ohta, A. Takagi, T. Kamiya, M. Hirano, and
H. Hosono, “Room-temperature Fabrication of Transparent
Flexible Thin-film Transistors Using Amorphous Oxide
Semiconductors,” Nature, 432 488-92 (2004).

2. E. Fortunato, P. Barquinha, A. Pimentel, L. Pereira, G Gon-
calves, and R. Martins, “Amorphous IZO TTFTs with Sat-
uration Mobilities Exceeding 100 em’/Vs,” Phys. Status
Solidi, 1 R34-8 (2007).

3. H. Q. Chiang, J. F. Wager, R. L. Hoffman, J. Jeong, and D.
A. Keszler, “High Mobility Transparent Thin-film Tran-
sistors with Amorphous Zinc Tin Oxide Channel Layer,”
Appl. Phys. Lett., 86 013503 (2005).

4. H.-H. Hsieh and C.-C. Wu, “Amorphous ZnO Transparent
Thin-film Transistors Fabricated by Fully Lithographic and
Etching Processes,” Appl. Phys. Lett., 91 013502 (2007).

5. Y.-L. Wang, F. Ren, W. Lim, D. P. Norton, S. J. Pearton, 1.
I. Kravchenko, and J. M. Zavada, “Room Temperature
Deposited Indium Zinc Oxide Thin Film Transistors,” Appl.
Phys. Lett., 90 232103 (2007).

6. H. Hosono, “Ionic Amorphous Oxide Semiconductors: Mate-
rial Design, Carrier Transport, and Device Application,” J.
Non-Cryst. Solids, 352 851-58 (2006).

7. H. Hosono, K. Nomura, Y. Ogo, T. Uruga, and T. Kamiya,
“Factors Controlling Electron Transport Properties in Trans-
parent Amorphous Oxide Semiconductors,” J. Non-Cryst.
Solids, 354 2796-800 (2008).

8. R. A. Street, Technology and Application of Amorphous
Silicon, Springer, Berlin, 2000.

9. A.Takagi, K.Nomura, H.Ohta, H.Yanagi, T.Kamiya, M.Hirano,
and H.Hosono, “Growth of Epitaxial ZnO Thin Films on Lat-
tice-matched Buffer Layer: Application of InGaO3(ZnO); Sin-
gle-crystalline Thin Film,” Thin Solid Films, 486 28-32 (2005).



