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It has been reported that tungsten oxide (WO
behaves like a dielectric material when the oxygertial
pressure is high enough, e.g., 0.2 mbar, during the
deposition. [1] Due to the good insulator propertsnd
thermal stability, WQ has been used as the higlgate
dielectric in the transparent MISFET. [1] W@®as also
been used as the gate oxide in ion-sensitive &éfekt
transistors and photochromic devices. [2,3] In 8tigdy,
the dielectric properties of the sputter depositéd, used
in the MOS capacitor was investigated. The light
illumination effect to this kind of device is imgant in
many electronic and optoelectronic applications.e Th
device's electrical properties were investigatedark and
under different light wavelengths' exposure coondii

The WQ thin film was sputter deposited on the
p-type Si (100) wafer. The deposition pressure andegp
were 5 mTorr and 60W, respectively, in the Ar/Q:1)
atmosphere. The sample was treated with a post
deposition annealing (PDA) step under theabhinosphere
at 1006C for 3 min. The ITO film was sputter deposited
and wet etched into the 100 um round dots as the ga
electrodes. The backside of the wafer was deposittd
aluminum to form the ohmic contact. The post metal
annealing was done at 400°C for 5 min under th#&NH
(1/9) atmosphere. The capacitor's capacitanceg®|@-

V), conductance-voltageG¢V), and current density-
voltage (-V) curves, were measured with an Agilent
4284A LCR meter and an Agilent 4155C semiconductor
parameter analyzer, separately. The flat-band gelé-s)
and the interface state densify,) of the capacitor were
extracted from theC-V curve using the NCSU CVC

program and the Lehovec's method, separately. Three

different LEDs, i.e., red at 625 nm, green at 589 and
blue at 470 nm were used for the light exposure
experiment. The power density of the light was dixa
28.4 Win.

The XPS W 4 core level spectra of the WO
film shows two main peaks, i.e., W;4 peak at binding
energy (BE) 35.5 eV and Wi« peak at BE 37.6 eV.
Both of them show that the film is composed of ¥V[@]

Figure 1 shows th€-V hysteresis curves of the
same capacitor under different light exposure dms.
The gate voltageV) was swept from-5 V to +5 V
(forward) and then back te5 V (backward). The curves
were drawn in the smaW, range of-1.5 V to 0 V in
order to provide a clear view of the hysteresis
phenomenon of the light illumination. The forwavis
(Ves, forvard) Shifts to ther+Vg direction with the decrease of
the light wavelength, i.e0.56 V,-0.53 V,-0.52 V, and
-0.47 V in the dark, red, green, and blue light
illumination conditions, separately. There are salve
possible explanations. First, the illumination tigthave
larger photon energie&f,'s) than the band gap of Si, i.e.,
1.1 eV, which caused the generation of electror-(esh)
pairs in the Si substrate [5]. The efficiency ohgeating
thee-h pairs in Si increases with the increase oftpeof
the incident light, i.e., 2.64 eV for the blue ligR.34 eV
for the green light, and 1.98 eV for the red ligh&écond,
the light exposure makes the W@m more conductive
than that in the dark [6] If the conductive film lisss
prone to retain the injected charges than the atisig
film, the Vegfowara Will shift toward the positiveV,
direction. This effect can be more pronounced il
increase of thé&,,. Third, if e-h pairs can be generated in
the WQ, film under the light exposure condition, the
injected charges can be neutralized in the filmr Fo
example, in the forward bias condition, the injectmles

are neutralized by the extra electrons generatethén
WO, film. At the same time, the additional holes are
transferred to the gate electrode. Therefore Mgorward
shifts toward the positiv&/, direction. When the above
effect becomes more pronounced with the decreat®eof
wavelength, the magnitude of theg,sorwarg Shift increases

in the order of red < green < blue [7]. The same
explanation can be applied to th€wgpackwara Shift
phenomenon in the positikg range.

Figure 2 shows thel-V curves of the WQ
sample in the negativ®, range. The leakage current
density increases with the light exposure, which ba
contributed by the generation and transfer of thetq
generated carriers as well as the photoexditgd at the
WO,/Si interface [8]. The magnitude of the leakage
current increases with the wavelength and magnitfde
the ¥, The former may be due to the more effective in
neutralizing the injected holes in the \Wflm under the
short wavelength exposure condition. The lattedus to
the higher charge transfer rate through the,Vlifth at
the large magnitude of the bislg TheC-V hysteresis and
the J-V curves provide complimentary information on the
light exposure effect on the Wa@im.
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Figure 1.C-V hysteresis of the WGample from-5 V to
+5 V to-5 V at 1 MHz under different light illuminations.
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Figure 2.J-V curves of the WQsample under theV,
range.



