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Abstract

We report a chloroform treatment method to reduce oxygen
vacancies (Vo) and hydroxyl group (-OH) defects in oxide
semiconductor thin film for short channel length thin-film
transistor (TFT). This method is very simple and cost-effective.
The reduction of Vo and -OH group defects after chloroform
treatment is confirmed by XPS measurement. We fabricated short
channel coplanar c-IGTO and amorphous InGaO (a-1GO) TFTs
with/without chloroform treatment. The average V+ shifted from
-9.9 V t0 -0.8 V and the average SS decreased from 0.39 to 0.33
Vdec? for the 0.8 wm c-IGTO TFTs. The positive bias
temperature stress (PBTS) test results are excellent after
treatment.
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1. Introduction

Oxide thin-film transistors (TFTs) have attracted considerable
attention due to their potential applications in low-cost, high-
performance, active-matrix organic light-emitting  diode
(AMOLED) display backplanes.(1,2) Among various oxide
semiconductors, indium gallium oxide (IGO) and indium gallium
tin oxide (IGTO) have the advantages of high mobility and
excellent stability.(3-5) However, the electrical characteristics of
oxide TFTs are significantly affected by defects such as oxygen
vacancies (Vo) and hydroxyl (-OH) group bonding, which can
make it difficult to control the carrier concentration in oxide
TFTs.

To address these issues, various techniques such as thermal
annealing and plasma treatments have been explored to reduce
defects in oxide semiconductor films.(6,7) But they often require
complex processing steps and may increase the cost of
production. Therefore, finding simple and low-cost methods is
crucial.

In this study, we propose a cost-effective method to reduce the
defects in both crystalline IGTO (c-IGTO) and amorphous IGO
(a-1GO) thin films using chloroform, a simple and cheap organic
solvent. The effect of chloroform treatment on c-1IGTO thin films
was evaluated through X-ray photoelectron spectroscopy (XPS)
analysis, which resulted in significant reduction in V, and -OH
group defects. In addition, the chloroform treatment leads to
positive shift of the threshold voltage (VtH) and improve the
positive bias temperature stress (PBTS) of the TFTs.

The chloroform treatment can enhance the electrical
performance and reliability of oxide TFT. Therefore, it can be a
promising method for applications in the manufacturing of low-
cost, and high yield AMOLED displays.
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Figure 1. The fabrication process flow of a coplanar c-
IGTO TFT with chloroform treatment. (a) Deposition of 6
nm amorphous IGTO film by sputtering. After that,
patterning and crystallization process were conducted.
(b) Chloroform treatment by immersing c-IGTO thin film
in Chloroform (99.8 %) for 12 h at RT. (c) Deposition of
100 nm of SiO, and 100 nm of Mo for gate insulator and
top gate, respectively. (d) Self-align process. Patterning
of gate electrode and gate insulator and doping of n+ in
source and drain region. (e) Deposition and patterning of
300 nm of SiO, for interlayer and 200 nm of Mo for
source/drain electrode. (f) Optical image of fabricated c-
IGTO TFT. The channel width and length are 4 and 0.8
um, respectively.

2. Experimental

The IGTO thin films were deposited on a SiO2 buffered glass
substrate using a target of In 78.0 %, Ga 18.5 % and Sn of
3.5 %.(8) The IGO thin films were deposited by reactive
sputtering with In 70 % and Ga 30 % target. For crystallization of
IGTO, the annealing process was conducted at 500 °C for 30 min
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Figure 2. Comparison of XPS (a) In3d and (b) O1s peak
of ¢c-IGTO thin film without and with Chloroform
treatment. Deconvoluted XPS O1s peaks of c-IGTO thin
film (c) without and (d) with Chloroform treatment. Three

Gaussian distributions with peaks at 529.9 + 0.05, 530.9

+0.1, and 531.6 + 0.2 eV, corresponding to metal-oxygen
(M-0O) bonds, oxygen vacancies (V,), and metal-hydroxyl
groups (M-OH), respectively.(8)
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in Oz environment. Amorphous IGO layers were annealed at 350
oC in air after deposition. The XPS (Nexsa, Thermofisher)
analysis were performed on the IGTO thin films after
crystallization and N20 plasma treatment. O1s XPS spectra were
deconvoluted after calibrated with a C 1s peak (284.8 eV).(9)

Fig. 1 shows the fabrication process of coplanar c-IGTO and a-
IGO TFTs. First, a 100 nm SiO: buffer layer was deposited on a
glass substrate by plasma enhanced chemical vapor deposition
(PECVD) at 420 °C. The 6 nm IGTO or 10 nm of IGO layer was
deposited by reactive sputtering and patterned for active island as
shown in Fig. 1(a). The annealing process was carried out and
N20 plasma was conducted.(7) For the chloroform treatment, the
c-IGTO and a-1GO thin films were immersed in the chloroform
solution (99.8 %) for 12 h at room temperature (RT) (Fig. 1(b)).
After immersion the sample in chloroform, it was cleaned in an
isopropyl alcohol with ultra-sonication. Subsequently, 100 nm
SiO2 was deposited by PECVD for gate insulator (GI) and 100
nm Mo was deposited as gate electrode by reactive
sputtering.(Fig. (c)) By the self-aligned process, the gate metal
and Gl layers were etched, and n+ doping with NFs plasma was
carried out for formation of ohmic contact as shown in Fig.
1(d).(10) Fig. 1(e) shows the deposition of 300 nm thick SiO2 by
PECVD for interlayer dielectric, and the via holes formation for
source/drain contacts. Finally, 200 nm of Mo was deposited as
source/drain electrodes. Fig. 1(f) shows the optical image of
fabricated c-1IGTO TFT.

All electrical performances of oxide TFTs were measured by
Agilent 4156C semiconductor parameter analyzer. The threshold
voltage (VtH) was extracted at the gate voltage (Ves)
corresponding to constant drain current (Ios) of W/L*10! A at
drain voltage (Vos) of 0.1 V. The W and L are channel width and
channel length, respectively. The field effect mobility (ure) was
obtained by the (L/(W*Cox*Vbs))*gm max, Where Cox is the
capacitance of the gate dielectric and gm_max is the maximum
transconductance. The sub-threshold swing (SS) was taken as

(dlog(lps)/dVes)™ over the range of 10 pA < Ips < 100 pA, with
Vps =0.1V.

3. Result and Discussion

We conducted the XPS analysis to see the effect of chloroform
treatment on chemical bonding in c-IGTO thin film. Fig. 2(a)
shows the XPS In3d peak comparison of c-IGTO with and
without chloroform treatment. The film with chloroform
treatment shows a shift in the In3d peak toward lower binding
energy. This indicates reduced -OH related defects after
chloroform treatment. (11,12) The comparison of XPS O1s peak
is shown in Fig. 2(b), which also shows the shift in the binding
energy toward lower binding energy. Fig. 2(c) and (d) show the
deconvoluted XPS O1s peak, deconvoluted into metal-oxygen
bonding (M-O), Vo, and metal-hydroxyl group (M-OH).(8)
Through chloroform treatment, M-O bonding increased from
65.6 % to 76.7 %, Vo decreased from 21.5 % to 16.2 %, and M-
OH decreased from 12.9 % to 7.1 %. XPS analysis confirmed that
chloroform treatment effectively reduces Vo and -OH related
defects.

We fabricated the coplanar, c-IGTO and a-IGO TFTs which is
illustrated in Fig. 3(a) and (d), to see the effect of chloroform
treatment. Fig. 3(b) shows the comparison of transfer curves of c-
IGTO TFTs with channel length of 0.8 um, and Fig. 3(c) and
Table 1 show a comparison of statistical data for Vtw, pre, and SS
according to chloroform treatment. Vt shifted positively from -
9.9t0-0.8 V, pre decreased from 19.3 to 15.2 cm?V-1s?, and SS
decreased from 0.39 to 0.33 Vdec™. The positive shift of Vtv and
decrease in SS occur due to the reduction of Vo and -OH related
defects by chloroform treatment, which is consistent with the XPS
analysis results. Fig. 3(e) and (f) show the comparison of transfer
curves and TFT parameter of 2.0 um channel length a-1GO TFTs,
showing similar trend. This suggests that the short channel oxide
TFT can be achieved through chloroform treatment.

Fig. 4(a) shows the hysteresis-free characteristics of the c-1IGTO
TFT with chloroform treatment. The hysteresis was measured by
performing forward sweep followed by backward sweep of Vas.
There is Vrn difference less than 0.025 V when compared by
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Figure 3. Electrical characteristics of coplanar c-IGTO
and a-IGO TFT. (a) Schematic diagram of coplanar
structured c-IGTO TFT. (d) The comparison of transfer
characteristics of c-IGTO with field effect mobility (ure).
(c) Statistical data of 13 c-IGTO TFTs device
performance summary including Vry, pee and SS of TFT
parameters. (d) Schematic diagram of coplanar a-IGO
TFT. (e) The comparison of transfer characteristics of a-
IGO. (f) Statistical data of 7 a-IGO TFT parameters.
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forward and backward sweeps. PBTS tests were performed at Vs
stress of +20 V with Vps of 0 V at 60 °C, as shown in Fig. 4(b)
and (c). After 500 s of bias stress, 0.6 V of V1w shifted positively.
This is caused by an electron trap in the interface defects with
GI.(13) But after 500 s, it showed a stable behavior without
change in VTh. In contrast, the c-IGTO TFT without chloroform
treatment shows the steady positive shift in Vtw due to charge
trapping and defect generation during bias stress.(14) However,
c-IGTO TFT with chloroform treatment can suppress defect
generation.(14)

Table 1. Comparison of average TFT parameters of
coplanar oxide TFTs fabricated with and without
chloroform treatment.

Oxide | Chlor | Chann | Avg. Avg. Avg.
Semic | oform el VTH Mobility SS
onduc | treatm | Width V) (cm?Vis | (Vde
tor ent | /Lengt D) ()]
h
Witho 4/0.8 -9.9 19.3 0.39
c- ut
IGTO ™with | 408 | -08 15.2 0.33
Witho 20/2 -7.0 57.2 0.20
algo |
With 20/2 0.2 15.7 0.18

The development of short channel coplanar oxide TFTs with
excellent reliable electrical performance, highlights that
chloroform treatment method can serve as a superior alternative
to conventional method for reducing defects in oxide
semiconductor layer. Note that chloroform treatment is a cost-
efficient approach. Therefore, chloroform treatment method has
great potential for low-cost, high-performance, and highly
reliable TFTs for AMOLED backplanes.

The development of short channel coplanar oxide TFTs with
excellent reliable electrical performance, highlights that
chloroform treatment method can serve as a superior alternative
to conventional method for reducing defects in oxide
semiconductor layer. Note that chloroform treatment is a cost-
efficient approach. Therefore, chloroform treatment method has
great potential for low-cost, high-performance, and highly
reliable TFTs for AMOLED backplanes.
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Figure 4. Stability test of c-IGTO TFTs with chloroform-
treatment. (a) Hysteresis characteristics of drain current
(IDS). (b) Positive bias temperature stress (PBTS) test
result. For PBTS test, a +20 V of Vgs was applied for 1 h
with Vps =0V at 60 °C. (c) Comparison of V1 shift during
PBTS test with and without chloroform treatment.
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4. Conclusions

We reported a chloroform treatment method, which is a very
simple and cost-effective, to effectively reduce the oxygen
vacancy and -OH related defects in oxide semiconductor thin
films. The effect of chloroform treatment was evaluated by
fabricating short channel coplanar oxide TFT less than 1 um
channel length. The VtH, SS and pre of c-IGTO TFTs shifted
from -9.9 V to -0.8 V, from 0.39 V/dec to 0.33 V/dec and from
19.3 cm?V1s? to 15.2 cm?V-1s, respectively. In addition, the
improved stability in the PBTS test (after 1 h stress, AVtH was
reduced from 0.9 V to 0.6 V) was achieved due to the reduced
defects in c-1GTO thin film. In conclusion, chloroform treatment
would be a good strategy for low-cost, reliable short channel
oxide TFT for AMOLED TFT backplane.
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