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Abstract: The conduction behavior and electron concentration change in a-IGZO thin-films according to the RTA

(rapid thermal annealing) were studied. The electrical characteristics of TFTs (thin-film-transistors) annealed by

different temperatures were measured. The sheet resistance, electron concentration, and oxygen vacancy of a-IGZO

film were measured by the four-point-probe-measurement, hall-effect-measurement, and XPS analysis. The RTA

process increased the driving current of IGZO TFTs but the Vyy shifted to the negative direction at the same time.

When the RTA temperature is higher than 250°C, the leakage current at off-state increased significantly. This is

attributed to the increase of oxygen vacancy resulting in the increase of electron concentration. We demonstrate that

the RTA is a promising process to adjust the Vry of TFT because the RTA process can easily modify the electron

concentration and control the conductivity of IGZO film with short process time.
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NAA|ZATH 1 olo] RF AME]Y dhd (SAFA0911,
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30 sccm@ of2Z 9 slojA 70 nm  THQ
a-IGZ0 (a-IGZO target, In;,03:Gaz05:Zn0O=1:1:1
mole%) w92 FAGHICH £4 §& dA2] (post
deposition anneal, PDA)S HsiA] HA 400°Ce] &
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Back Gate

Fig. 1. Schematic structure of bottom gate a-IGZO thin film

transistor.

o] Alelg Fustore ol gslgirt. uleh EaA]

wu
e
ofo
gh
)
A
o
_O'E
4t

lo

=
!

i)
ro

|

p~

[>

2}

o L2

Qrlsgch. 4 5 AAelS ANsHAl e A
9] a-1GZO (as-dep)z A|Ad B2 EMX|AEHE=
1,654.1 mV/dec9 SS (subthreshold swing), -4.5
Vol BEA] MH(Vrm), 22|32 2.3x1079] on/off HAF
2 7AW g5 Ao 93t s|AHZAA HYo]
13.2 V& 10t £x] 23 878 542 wolrh o
W, HUAZ o] gsto] 400°CoIA 308 o] Al
7] XS AAISHH 227.9 mV/dec?] SS -0.2 VY
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Fig. 2. Electrical characteristics of a-IGZO TFTs according to

annealing conditions: (a) Ip-Vg transfer curves at Vp=10 V and
(b) drain leakage current (Ip) at Vg=0 V. The measurements
of transfer curves were performed in double-sweep mode, i.e.,

Vg is swept up and then back down at Vp=10 V.
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Table 1. Electrical parameters of a-IGZO TFTs according to
annealing conditions.

Vru HrE SS Di N,
2 Ion/off 2 1 3 1
[V] [cm7/Vs] [mV/dec] [em~ eV ][cm~eV ]

as-dep  -4.5 4.0 1654.0 2.3x107 6.0x10" 8.5x10"

CTA 9 11 17
. -0.2 15.1 2279  1.9x10° 8.0x10" 1.1x10
400°C
RTA 9 12 17
. -6.7 11.2 288.0  2.1x10° 1.6x10~ 2.3x10
150°C
RTA 9 12 17
. -21.0 11.7 368.1  2.1x10° 1.3x10° 1.9x10
200°C
RTA
B N/A N/A N/A N/A N/A N/A
250°C
RTA
B N/A N/A N/A N/A N/A N/A
300°C
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Fig. 3. Sheet resistance of a-IGZO TFTs for various annealing
conditions from 4 point probe measurement.

o714 gt Ash ket BEU A2,

G Tl 3 Aole A
a-1GZO A'd 59| Ao
B 10]4 B upeh o
oro 4-1GZO ufaf E
Vi

% ¥ LWOﬂH Eies

(a)
o
T w0f T—e
o
E
=
<)
= 10°F L
b=
2 \
b ®.
wn
] \.
@
X 10"k
'l 1 1 '} '}
CTA RTA RTA RTA RTA
1400 1150 /200 1250 1300

Annealing method/ Temperature (°C)

10"

— (b)

& e

o /

s *

o 10" /

—

w

i s

= [ ]

@

[E]

c 1w

o 10"k

o

-

5 o—"®

5

o

[-4]

m 10‘0 1 1 ' i 1
CTA RTA RTA RTA RTA
1400 1150 1200 1250 1300

Annealing method/ Temperature (°C)

Fig. 4. Hall-effect measurement results: (a) resistivity and (b)
electron concentration of a-IGZO TFTs for various annealing

conditions.
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Fig. 5. Ols XPS spectra for a-IGZO layers annealed by (a)
CTA 400°C and (b) RTA 300°C. The peaks A at the lower
binding energy(~529.7 eV) and B at the higher binding energy
(~530.9 eV) denote the oxygen lattices without oxygen vacancy

and with oxygen vacancy, respectively.
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