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Abstract 
 Reduction of Source/Drain (S/D) parasitic resistance with sup-

pressing effective channel length (Leff) shortening after high tem-
perature process is key to realize for integrating high performance 
short channel InGaZnO Thin-Film-Transistors (TFT) to 3D-LSIs. 
In order to achieve this requirement, we propose a stacked 
source/drain electrode structure of a metal thin film and In-Sn-O 
(ITO). By inserting the metal thin film between InGaZnO channel 
and ITO electrode, about 11 times improvement of on-current, Ion 
(Id @Vg = 20V, Vd = 50 mV) was achieved. Moreover, Leff shorten-
ing were also suppressed even after 360oC annealing.  
 (Keywords: InGaZnO, stacked S/D electrode structure) 
Introduction 

Recently, InGaZnO TFT has much attracted attention as high 
performance BEOL transistors for 3D-LSIs, because InGaZnO TFT 
can be fabricated below 400 oC process and show a mobility of 
around 10 cm2/Vs[1-3]. On the other hands, InGaZnO TFT, espe-
cially for short channel device, suffers from the Leff shortening 
caused by the formation of the oxygen vacancies in InGaZnO 
channel, generated by the reduction reaction between S/D electrode 
and InGaZnO [4, 5]. Previously, we have reported the suppression 
effect of the channel shortening effect by using ITO S/D electrode 
[6]. However, the InGaZnO TFT with ITO electrode exhibits Ion 
degradation compared to the InGaZnO TFT with Ti electrode, due 
to the higher contact resistance (Rcontact) at the InGaZnO/ITO inter-
face. In order to suppress this Ion degradation, we have been pro-
posed the stacked S/D electrode structure of InGaZnO/W thin 
film/ITO and successfully demonstrate the Ion improvement with 
suppressing Leff shortening.  
TFT fabrication 
    Figure 1 shows the concept of proposed stacked S/D electrode 
structure. By inserting the W thin film at the InGaZnO/ITO inter-
face, carrier concentrations of InGaZnO near the ITO are increased 
due to the formation of the oxygen vacancies in InGaZnO channel 
generated by the reduction reaction between W and InGaZnO. As a 
result, the width of the depletion layer between ITO and InGaZnO 
is thinned and Rcontact of InGaZnO/ITO is expected to be decreased, 
accordingly, Rpara also decreases. Since the inserted W is thin 
enough, the reduction reaction of InGaZnO restricted only near the 
S/D electrode. Therefore, Leff shortening can be effectively sup-
pressed. We fabricated the TFTs as shown in Fig. 2. A 40nm-SiO2 
was used as a gate insulator and a 15nm-thick InGaZnO was used 
as a channel. A 30nm-thick ITO was used as the S/D electrode. 
Here, W thin film was inserted between InGaZnO and ITO. The 
channel lengths, Lg were prepared in the range from 0.8m to 
5.0m, and the channel widths, W were 1.4m and 2.4m, respec-
tively. Figure 3 shows the cross sectional transmission electron 
microscope (TEM) images of the S/D structure. About 2nm W was 
clearly observed between InGaZnO and ITO with W/ITO electrode 
sample.  
Experimental results and discussions 

Figure 4 shows the Id-Vg characteristics of InGaZnO TFTs. The 
TFT with W/ITO electrode obtained 11 times higher Ion than that of 
the TFT with ITO electrode. Figure 5 shows the Id-Vd characteris-
tics of InGaZnO TFTs. The Id-Vd curves showed Schottky like be-
havior with ITO electrode case. On the other hands, with W/ITO 
electrode case, Id-Vd curves exhibited better ohmic characteristics 
at the low Vd conditions. Figure 6 shows the on-resistance (Ron) 
-gate length (Lg) plot. The parasitic resistance (Rpara) of InGaZnO 
TFTs was extracted from the Ron-Lg plot. The intersection of the 
extrapolated line and Y-axis corresponds to Rpara. Figure 7 shows 
the gate overdrive voltage (Vg - Vth) dependence of Rpara of 
InGaZnO TFTs. Rpara of the TFT with W/ITO electrode were de-
creased about 94 % compared to Rpara of the TFT with ITO elec-
trode. These results indicate that good ohmic contact is formed 

between InGaZnO and ITO by inserting W at the InGaZnO/ITO 
interface. In order to understand the mechanism of this Ion im-
provement of the TFT with W/ITO electrode, X-ray photoelectron 
spectroscopy (XPS) analysis was carried out. For XPS analysis, the 
multilayer of InGaZnO/ITO and InGaZnO/W/ITO were deposited 
on a thermal oxidized Si wafer with the same thickness and condi-
tion of the TFT devices. Figure 8 shows the In and Ga spectra of 
InGaZnO at the InGaZnO/ITO interface. With ITO electrode case, 
only one peak originated from the metal oxide (In-O, Ga-O) was 
observed. Contrary, with W/ITO electrode case, two peaks origi-
nated from the metal oxide and the oxygen deficiency were ob-
served. These results indicate that the oxygen vacancies were 
formed in InGaZnO by the reduction reaction between W and 
InGaZnO. From the electrical characteristics and XPS analysis, we 
propose the following model of the Ion improvement of the TFT 
with W/ITO electrode. The carrier concentrations of InGaZnO near 
ITO are increased by the reduction reaction of W and InGaZnO. As 
a result, the width of the depletion layer between InGaZnO/ITO is 
thinned and tunneling electron increased, hence Rpara of InGaZnO 
TFT is decreased. Therefore, the TFT with W/ITO electrode exhib-
its higher Ion than that of the TFT with ITO electrode. Figure 9 
shows the Id-Vd characteristics of InGaZnO TFTs after 360oC an-
nealing. About 7 times higher Id (@Vg-Vth=6V) was obtained with 
the W/ITO electrode TFT compared to the ITO electrode TFT. The 
Ion improvement obtained by using W/ITO electrode was effective 
even after high temperature annealing. Moreover, in order to eval-
uate the Leff of the InGaZnO TFTs after high temperature annealing, 
scanning spreading resistance microscopy (SSRM) measurements 
were performed. SSRM can visualize the resistance distribution in 
InGaZnO channel. For SSRM measurement, 100nm-thick 
InGaZnO was deposited on a thermally oxidized Si wafer. Then a 
200nm-thick interlayer SiO2 was deposited and patterned by RIE 
process. After that, a 100nm-thick ITO or W/ITO electrode was 
deposited. In order to evaluate Leff shortening at accelerated test 
conditions, these samples were annealed at 400oC for 1h in N2 
ambient. Figure 10 shows the resistance distribution measured by 
SSRM. In the case of Leff of InGaZnO TFT becomes shorter, the 
low-resistivity region extending to the lateral direction in InGaZnO 
channel from the S/D electrode is observed as shown in Fig. 
10(a)[6]. In the case of (b) ITO, (c) W/ITO electrode, the uniform 
high resistance distribution to the lateral direction in InGaZnO 
channel was observed. This result indicates that W thin film in-
serted at the InGaZnO/ITO interface is not expanding the low re-
sistivity region in InGaZnO channel even after 400oC annealing. 
Figure 11 shows the relationship between Rpara and L (L is de-
fined as the half length of the difference between Lg and Leff) after 
360 oC annealing. Here, L is extracted from the Loverlap depend-
ence of Id-Vg characteristics of the InGaZnO TFTs [6]. The L was 
extended over 100nm after 360oC annealing with metal electrode 
such as Ti or W case. Contrary, the TFTs with W/ITO electrode 
could suppress the extension of the L less than 40nm even after 
360oC annealing. In addition, by using W/ITO electrode, Rpara was 
decreased about 85% compared to the TFT with ITO electrode. 
Conclusions 

Improvement of the parasitic resistance with suppressing 
channel shortening effect for InGaZnO TFT has been demonstrated 
by using stacked S/D electrode of W thin film/ITO. The TFT with 
W/ITO electrode exhibits about 94% reductions of the parasitic 
resistance and about 11 times increase of the on-current compared 
to the ITO electrode TFT. Moreover, the low-resistivity region in 
InGaZnO channel was suppressed less than 40nm after 360oC an-
nealing. These results indicate that the proposed stacked S/D elec-
trode structure is effective for improving the parasitic resistance 
with suppressing channel shortening for InGaZnO TFT even after 
high temperature annealing. 
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Fig.1 Concept of improving drain current for  

InGaZnO TFT.  

 
Fig.2 The schematic of fabricated 
InGaZnO TFTs. 

 
Fig.3 TEM images at the (a) 
InGaZnO/ITO, (b) InGaZnO/W/ITO in-
terface. About 2nm-thick W was inserted 
between InGaZnO and ITO. 

 
Fig.10 Resistance distribution of InGaZnO TFT with (a) Ti, (b) ITO, (c) W/ITO 
electrode after 400oC annealing measured by SSRM.  

 
Fig.11 Relationship between Rpara and L of InGaZnO 
TFTs with various electrodes after 360oC annealing.  

 
Fig.6 Ron-Lg plot of InGaZnO TFTs. 

 
Fig.4 Id-Vg characteristics of 
InGaZnO TFTs.  

 
Fig.5 Id-Vd characteristics of InGaZnO TFTs 
with (a) ITO, (b) W/ITO electrode. 

 
Fig.7 The gate overdrive voltage depend-
ence of the parasitic resistance of 
InGaZnO TFT before annealing, extracted 
by Ron-Lg plot.  

 
Fig.8 (a) In, (b) Ga spectra of InGaZnO at the 
InGaZnO/ITO interface measured by XPS.  

 
Fig.9 Id-Vd characteristics of InGaZnO 
TFTs after 360oC annealing.  
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