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Abstract:

The use of co-sputtered zirconium silicon oxide (ZrxSii-
x02) gate dielectrics to improve gate controllability of
amorphous indium gallium zinc oxide (a-IGZO) thin-film
transistors (TFTs) is proposed and demonstrated. Through
adjusting the sputtering power of the SiOx target with that of
the ZrOz target kept at 100 W, a dielectric constant ranging
from about 28.1 to 7.8 is obtained. Immunity of poly-structure
formation of the ZnrSiixO2 dielectrics at evaluated
temperatures (600 °C) is also examined. Our experimental
results reveal that the Zro.ssSio.1502 gate dielectric prepared at
a power ratio of ZrO2:SiO,=100 W:50 W could lead to a
significantly improved device performance of subthreshold
swing (103 mV/dec) and field effect mobility (33.76 cm?/V's).

1. Introduction

In recent years, amorphous indium gallium zinc oxide
(a-IGZO) thin-film transistor (TFT) has been widely used
for flat-panel displays (FPDs) applications due to its wide
band gap, high mobility, and high uniformity of device
performance compared with conventional Si-based TFTs
[1]. In order to strengthen field effect and reduce gate
leakage current, attempts have been made to seek
alternative high-x dielectrics for o-IGZO TFTs [2].
Comparing with SiO, gate dielectric, nevertheless, high-ik
materials usually have a larger amount of intrinsic defects
which could degrade the device performances [3].
Zirconium dioxide (ZrO,) is one of the most promising
materials, it shows an excellent thermal stability especially
when a suitable composition of silicon is incorporated. It
is reported that Si ingredients could reduce the density of
bulk defects and improve the quality of interface with
IGZO channel layer [4]. In this study, effects of Si
composition in the ZrSi;xO, dielectrics on the
performance of a-IGZO TFTs are examined. The suitable
RF power ratio for the co-sputtering of ZrO, and SiO,
targets at room temperature to maximize the role of Zr,Si;.
<Oy dielectrics in a-IGZO TFTs is investigated. The
hysteresis characteristics of the a-IGZO TFTs with Zr,Si;.
xO2 gate dielectrics are also discussed.

2. Experimental

An 8.5+0.5-nm-EOT Zr,Si;<O, layer as gate
dielectric was deposited on n'-Si substrate by RF co-
sputtering of ZrO, and SiO, targets in Ar ambient at room
temperature. For the deposition of ZrSi; <O, dielectric,
various sputtering power (0, 50, 100, and 150 W) were
used for the SiO, target with the sputtering power for the
ZrO, target was kept at 100 W. Subsequently, a 25-nm-
thick a-IGZO channel layer was deposited using an IGZO
target (In03:Gay03:Zn0O=1:1:1) in Ar ambient by RF
sputtering. Finally, a 25-nm-thick Al-doped ZnO (AZO) as
a buffer layer and a 200-nm-thick Titanium (Ti) metal
electrode as the source and drain (S/D) contact were

deposited by RF sputtering and e-beam evaporation,
respectively. The cross-sectional schematic of the a-IGZO
TFTs with Zr,Si,<O, gate dielectrics is shown in Fig. 1
with a width-to-length ratio of 200 um/20 um.
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Fig. 1 Schematic of the a-IGZO TFTs with ZrxSi1xOa.

3. Results and Discussion

Based on X-ray photoelectron spectroscopy (XPS),
C-V measurement, and spectroscopic ellipsometry (SE),
the k-value, the Si compositions, and the surface roughness
in the ZrSi; 40, films prepared under different sputtering
powers for SiO, were shown in Fig. 2 and Table I,
respectively. The k-value of ZrSi; <O, dielectrics are of
28.1,26.5, 13.4, and 7.8 for the sample prepared with a co-
sputtering power ratio (ZrO, (W):SiO, (W)) of 100:0
(Zr0y), 100:50 (Zro.85S10.1502), 100:100 (Zro 45Si0.5502), and
100:150 (Zro2Sio$0,), respectively. It indicates that the k-
value and Si/(Si+Zr) ratio could be adjusted by the co-
sputtering power ratio. Our results indicate that the
71985810150 film has the smoothest surface (roughness <
1 nm) as compared with the other samples. Accordingly,
suppressed surface scattering and reduced interface trap
density after the a-IGZO channel layer deposition can be
expected. Note that the fabricated o-IGZO TFTs with the
above mentioned four types of gate dielectric are referred
as device A, B, C, and D, respectively.
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Fig. 2 Dielectric constant and Si/(Si+Zr) ratio of ZrxSi1xO2
film as a function of co-sputtering power ratio of ZrOz and

SiOo.
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Table I Si ingredients and Dielectric constant of ZrxSiixO:
films with different co-sputtering power ratios.

Power ratio: Si/(Si+Zr) Dielectric ; Roughness
Zr0y(W):Si0, (W) (%) (nm)
100:0 0 ZrOy 28.1 5.27
100:50 15 Z10.85Si0.1502 26.5 <1
100:100 55 Z10.45Si0.5502 13.4 3.01
100:150 80 Z10.2Si0502 7.8 4.79

Figure 3 shows the XRD analysis of ZrO, and Zr,Si;.
xO2 films without and with PDA for 10 min in O, at 600 °C.
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It is seen that the as-deposited ZrO, layer has a
polycrystalline structure. On the contrary, the Zr,Si;<O:
film remains amorphous state even after intentional post-
deposition annealing (PDA) at 600 °C in O, ambient,
which favors for leakage current reduction. Figure 4 shows
the J-V curve of ZrO, and ZrSii«O; films. With the
incorporation of SiO,, in addition to the stable amorphous
structure, the band gap of Zr,Si; <O, increases as increasing
the SiO; sputtering power, as a result, the leakage current
density is largely suppressed. These results suggest that the
Z1:Si14x0, film should be more appropriate for gate
dielectric than ZrO, films.
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Fig. 3 The XRD analysis of ZrO: and ZrxSi1xO2 films
without and with PDA for 10 min in Oz at 600 °C.
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Fig. 5 The transfer characteristics of the a-IGZO TFTs with

ZrOz and ZrxSi1xO2 gate dielectrics.

Figure 5 shows the transfer characteristics of the o.-
IGZO TFTs with ZrO, and Zr,Si;«O; films. The extracted
device electrical parameters are listed in Table II. It reveals
that a-IGZO TFT with Zr,35Sio.150 (device B) shows the
best electrical performance with highest Iou/Io of 1.96x107,
lowest subthreshold swing (SS) of 103 mV/dec, highest
field-effect mobility (ure) of 33.76 cm*V-s, lowest Dy of
1.90x10" cm?eV-!, lowest hysteresis AViys of 0.30 V. It
suggests that Di at ZrxSi;xO»/IGZO interface can be
effectively suppressed and the gate controllability is
enhanced. Hence a lower SS, higher prg, and higher Loo/Ios
can be obtained from a suitable Si ingredient incorporation.
However, the devices with ZrosSiossO2 and Zry»Sio 02
gate dielectrics show poor performance, probably due to
excessive Si ingredients in ZrSi;«O, lead to rough

surfaces and degrade the quality of the ZrkSi;<O»/IGZO
interface.

Fig. 6 shows the hysteresis characteristics of the o-
IGZO TFTs with ZrO, and ZrgsSi0.1502 gate dielectrics. It
indicates that Device B has the lowest AVyy (0.30 V)
among all prepared devices. It suggests that suppressed
interface trap density and reduced gate leakage current can
be achieved from the ZrSi; <O, dielectric film with a
suitable co-sputtering ZrO; and SiO, [5].
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Fig. 6 The transfer characteristics of the a-IGZO TFTs with
ZrOz and ZrossSio.1s02 gate dielectrics under the forward

(Ves=-1 to 4 V) and reverse (Ves=4 to -1 V) sweeps.

Table I Comparisons of device parameters of o-IGZO TFTs
with ZrOz and ZrxSi1xO2 gate dielectrics.

Device Lo/l V1u SS UFE Di AVhys
o' lofl (V)  (mV/dec) (em¥V's) (ecm2eV) (V)

A 1.03x10° 149 141 27.69 332x10% 074
B 1.96x107  0.96 103 33.76 1.90x10'2  0.30
C 2.00x105 240 213 16.61 6.50x102  0.42
D 3.54x10° - 424 2.81 1.54x10" -
[5] 750<10° 426 310 43 7.00<10% 178
[6] 120x105  -1.0 240 8.4 - -

4. Conclusions

Improved performance of a-IGZO TFTs with Zr,Si;.
xO2 gate dielectrics have been successfully fabricated by
co-sputtering of ZrO, and SiO, target at room temperature.
The x-value of Zr,Si; <O, could be adjusted through the
sputtering power ratio. In addition, the incorporation of Si
in ZrxSi;x0; film could avoid of poly-crystallization even
after PDA at 600 °C. In addition, it is found that the
Zro 85810150, film prepared at a power ratio of
Zr0,:Si0,=100 W:50 W has the lowest roughness, which
could serve best as the gate dielectric to a-IGZO to
suppress surface scattering and interface tap density. Our
experiments show that the ZrogsSio.1sO, gate dielectric
could lead to a significantly improved device performance
with reduced SS (103 mV/dec) and enhanced pre (33.76
cm?/V-s).
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