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Abstract—The electrical and photosensitive characteristics of
amorphous indium–gallium–zinc–oxide (a-IGZO) thin-film tran-
sistors (TFTs) related to the oxygen vacancies V̈O are discussed.
With the filling of V̈O of ratio from 14 to 8, the electron density
of the a-IGZO channel decreases from 7.5 to 3.8 (×1016 cm−3);
the saturation mobility of the TFT decreases from 3.1 to
1.4 cm2/(V · s); the threshold voltage increases from 7 to 11 V
for the TFT with a lower on-current; and the subthreshold slope
increases from 2.4 to 4.4 V/dec for the TFT with a higher interface
defect density of 4.9 × 1011 cm−2, the worst electrical stability of
ΔVth ∼ 10 V, and a hysteresis-voltage decrease from 3.5 to 2 V.
The photoreaction properties of a-IGZO TFTs are also sensitive
to the oxygen-content-related absorption of the a-IGZO channel.
With the lowest content of oxygen in the channel, the TFT has
the largest photocurrent gain of 50 μA (Vg = 30 V; Vd = 10 V)
and decrease in Vth (|ΔVth| ∼ 5 V) at a high light intensity. The
light-induced change of TFT characteristics is totally reversible
with the time constant for recovery of about 2.5 h.

Index Terms—Absorption, amorphous indium–gallium–zinc–
oxide (a-IGZO) thin-film transistor (TFT), electrical and photo-
sensitive characteristics, oxygen vacancies.

I. INTRODUCTION

THE AMORPHOUS InGaZnO4 (a-IGZO) thin-film tran-
sistor (TFT), due to its superior characteristics such as

high field-effect mobility, low threshold voltage, transparent
and low-temperature deposition, etc., is now studied for large-
area devices such as TFT backplanes in flat-panel displays [1].
As the n-type oxide semiconductor, a well-known mechanism
in a-IGZO for doping is that the oxygen vacancy V̈O generates
two free electrons in the conductor band and works as a shallow
donor. The electron concentration changes with the O content
in the a-IGZO film, which influences the electrical character-
istic of the a-IGZO TFT greatly [2]. For display application,
aside from the stability under the bias/current stress, the light
sensitivity of the a-IGZO TFT, particularly the influence of
irradiation with visible light is of great importance [3]. Due
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to the amorphous structure, a significant contribution of defect
states to the absorption is expected. It is also known that the
absorption depends on the electron concentration of the film [4].
Therefore, it is useful to know how the O content in the a-IGZO
channel affects the light sensitivity of the a-IGZO TFT.

Despite the great progress in the device development [5],
[6], there is a little report of the relation between the channel
composition and the TFT performance, e.g., how V̈O affects
the reliability for optimizing the deposition process of the TFT,
because the developing of other high-stability materials such as
ZrInZnO [7] or HfInZnO [8] TFTs will not only increase the
manufacture cost but also lose the virtues of a-IGZO. Further-
more, the mechanisms of the enhanced reliability are seldom
studied. About the photosensitivity of the a-IGZO TFT, mainly
the effects of the passivation layer [9], the device structure [10],
and the photostability [11] are studied, and the effect of the V̈O

value of a-IGZO is seldom researched for controlling its optical
properties and reducing the deposition process of the TFT. The
recover dynamics of the TFT after photo illumination are rarely
discussed either, which is very important for application in the
display panel.

In this paper, the relation between the content of the V̈O value
of the a-IGZO channel and the electrical and photosensitive
characteristics of the a-IGZO TFT is discussed. In particular,
the mechanism of the electrical-stress reliability and the photo
responsibility of the TFT affected by V̈O are discussed. The
recover dynamics of the TFT after photo illumination are also
discussed.

II. EXPERIMENT

The TFTs of the bottom-gate structure are fabricated on the
substrates of the n-type silicon wafer using the shadow-mask
process. The substrates are cleaned by acetone, methanol, and
deionized water in an ultrasonic bath in turn. A 100-nm-thick
SiO2 layer is thermally oxidized on the substrate in a furnace
(> 1100 ◦C). As the active layer, 40-nm a-IGZO thin films
are deposited by radio-frequency (RF) magnetron sputter using
a InGaZnO7 target at room temperature with a flow rate of
10 sccm for the Ar gas and different flow rates of the O2 gas
(from 0 to 2 sccm) for controlling the oxygen content in the
film, and the sputtering power is 80 W. Then, the source/drain
electrodes of the 40-nm-thick indium tin oxide are deposited
by RF magnetron sputter. The TFT channel is designed with
a width of W = 2 mm and a length of L = 100 μm. After
fabrication, the TFTs are annealed in a N2 atmosphere at
350 ◦C for 1 h to improve the electrical property and reliability.
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Fig. 1. XPS spectra of a-IGZO films.

The oxygen content of a-IGZO films are measured by
X-ray photoemission spectroscopy (XPS; Thermo VG
ESCALab 250). The absorption spectra of a-IGZO films
are measured with a Lambda 900 spectrometer. The sheet
resistivity R of a-IGZO films are measured by the four-probe
method. The electrical properties of the TFT are tested by
a semiconductor parameter analyzer (Keithley SCS 4200).
The measurements of electrical properties for films and TFTs
are made on at least three film samples and six devices with
different oxygen contents. While studying the photoreaction,
the TFTs are exposed to the light of a light-emitting diode with
λ = 425 nm and the power density Pd increased from 1 to
10 mW/cm2. A sequence of electrical characteristics are
recorded and studied with the increasing Pd. All calculation
equations for the TFT are referred from Kagan and Andry [12].

III. ELECTRICAL CHARACTERISTICS

Fig. 1 shows the XPS spectra of O1s in a-IGZO films. The
peaks are clearly resolved into two components centered at
530 and 532 eV. The low-binding-energy component centered
at 530 eV is attributed to O2− ions in a-IGZO. The high-
binding-energy peak located at 532 eV is corresponding to the
existence of weakly bound oxygen species on the films’ surface
such as −CO3, −OH, or adsorbed O2 [13]. It is found that the
peak area of O in the film increases while that of the surface O is
almost constant for the three a-IGZO films. The peak energies
of the surface oxygen and the oxygen in the film for three films
are almost the same, respectively. The calculated atom ratio
from the peak area is listed in Fig. 1. It is found that all the
atom ratios of ZnO, Ga2O3, and In2O3 are the same, i.e.,1:3:9
(calculated by XPS results), while those of the deficient oxygen
decrease from 14 to 10 to 8, indicating the filling of V̈O and
the decrease in the electron concentration, as inferred from the
defect equation of a-IGZO, i.e.,

a-IGZO → 1
2

O2(g) ↑ +V̈O + 2e− (1)

with the rule that stoichiometric a-InGaZnO4 is intrinsic be-
cause the sum of charges is zero.

The measured sheet resistivity R and the calculated electrical
conductivity σ by equation σ = 1/(Rd) for a-IGZO films are
listed in Table I, in which d is the thickness of the film. It is
found that R increases and σ decreases with the increase in
the O content in the a-IGZO film due to the film being closer
to stoichiometric with fewer structural defects. Fig. 2 shows

TABLE I
SUMMARY OF TFT PERFORMANCE PARAMETERS

Fig. 2. Transfer characteristics of a-IGZO TFTs.

the transfer characteristics of a-IGZO TFTs with parameters
summarized in Table I. All data in Table I are showed with
mean values and standard deviation. It is found that the oxygen
content of the a-IGZO channel has significant effects on the
device performance. With the increase in the oxygen content,
the on-current Ion and the saturation mobility μs decrease, and
the threshold voltage Vth and the subthreshold slope S increase.
The electron density Ne in the a-IGZO channel corresponding
to the turn-on voltage Von is estimated as

Ne =
CiVon

qtc
(2)

where Ci is the gate insulator capacitance per unit area, q is the
elementary charge, and tc is the thickness of the channel layer.
In this case, Ci = 12 nF/cm2, and tc = 40 nm. As shown in
Table I, Ne decreases with the increasing O content, and this
is consistent with the XPS results. As for the n-type TFT, Vth

decreases, and μs increases for the high-Ne channel, leading to
high Ion, as referred from the equation of the drain current in
the saturation region (Vd > Vg − Vth), i.e.,

Id =
CiμsW

2L
(Vg − Vth)2. (3)

The interface-state defect densities Ni are calculated by

Ni =
[
lg(e)S
kT/q

− 1

]
Ci

q
(4)

where e is the constant, S is the subthreshold slope, q is the
electron charge, k is the Boltzmann constant, and T is the
temperature.
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Fig. 3. Electrical-stress time evolution of the Id–Vg characteristics for
a-IGZO TFTs.

Fig. 3 shows the positive gate voltage stress (PGVS) induced
shift of the transfer curve. The calculated ΔVth values after a
1500-s stress are listed in Table I. It can be seen that ΔVth

increases and the stability decreases for the TFT with a higher O
content in the channel, which is due to the fact that the TFT has
higher Vth. Generally, the TFT with higher Vth has more defects
at the interface between the channel and the dielectric, as seen
from the calculated Ni, and has worse stability, as discussed in
[14], i.e., the TFT with large positive Vth values corresponds to
the TFT that is strongly influenced by the trapping in interface
states and/or bulk traps in the semiconductor band gap and
therefore has worse stability. The intrinsic cause is that the
TFT with more V̈O in the channel has larger Ne, as shown
in Table I. An increase in Ne is consistent with a shift in
the zero-gate-bias Fermi level toward the conduction band.
As the zero-gate-bias Fermi level shifts toward the conduction
band, a larger fraction of interface traps and/or traps within the
semiconductor are filled, resulting in the reduced trapping in
the gate dielectric and/or at the channel/dielectric interface Ni

and a corresponding increase in the electrical stability, due to
the fact that the phenomenon of a positive ΔVth value with an

Fig. 4. Hysteresis curves for a-IGZO TFTs.

applied PGVS results from the negative charge being trapped
at the insulator/active interface or getting injected into the gate
dielectric.

To gain more insights into the effect of the O content in the
a-IGZO channel, the hysteresis of a-IGZO TFTs were exam-
ined, as shown in Fig. 4. The transfer curves were subjected to
a hysteresis loop under a sweeping Vg from −10 to 30 V with
the same sweep speed. Vth shifts to a more negative voltage
for the hysteresis loop during the return sweep. It is found that
the hysteresis value ΔVh decreases with increasing O content
in a-IGZO. The negative Vth shift indicates that electrons were
detrapped at the channel/dielectric interface or rejected from the
dielectric to the channel. The suppression of the hysteresis for
the a-IGZO film with the higher O content is attributed to an
oxygen excess leading to the decrease in the electron density
and the trap states. In this case, the hysteresis and the stability
of the TFT have no apparent relation.

IV. PHOTOSENSITIVITY

Fig. 5 shows the absorption spectra of a-IGZO films. It is
found that the absorption increases with the decrease in the
O content in the film. The relationship between absorption
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Fig. 5. Absorption spectra of a-IGZO films.

coefficient and the concentration of free electrons can be
written as

a =
Neq

2λ2

8πε0nτm∗c3
(5)

where a, Ne, q, λ, ε0, n, τ, m∗, and c are the absorption
coefficient, the concentration of the free electron, the electron
charge, the absorption wavelength, the dielectric constant in
the vacuum, the refractive index, the relax time, the effective
mass of the free electron, and the optical velocity, respectively
[4]. It can be found that the absorption increases with the
concentration of the free electron, which is consistent with
Fig. 5. The band gap of a-IGZO films are calculated with
(ahv)1/2 ∼ (hv) by the Tauc plot, and the values are from 2.6,
2.8, to 2.9 eV, respectively, showing the band-gap widening
effect for the film with a low electron density. The result shows
that only the photos with energy higher than 2.6 eV exhibited
the photoelectric effect.

Fig. 6 shows the transfer characteristics of a-IGZO TFTs
with an increase in the light power density Pd. While, toward
higher Pd, Vth and, concomitantly, Ion show a clear saturation,
a further increase in Ioff with higher intensities can be seen. The
increasing number of photo-induced carriers as Pd increases
is the most plausible explanation for this trend. There are
different energy levels within the semiconductor optical band
gap, which is the characteristic of different defects such as
deep or shallow states, in the limit; when the incident radiation
has energy higher than the band gap, the photons are readily
absorbed by the semiconductor. A variation of Pd is always
fixed in the same energy level, changing only the number of the
photo-induced charges that can be created within that energy
level. Increasing Pd will allow for more energy states to be
filled and will therefore allow increasing the conductivity of
the channel (increasing the density of states in the volume of the
semiconductor layer, thus increasing Ioff ) and facilitating the
formation of the conduction channel (the charge defect states,
situated near the interface between the semiconductor and the
dielectric), which is the reason for lower Vth and higher Ion as
Pd increases.

The extracted photocurrent gain ΔId, decreasing
Vth (|ΔVth|), and the change of mobility μS are showed
in Fig. 7. It can be found that ΔId and |ΔVth| increase for
the more oxygen-deficient a-IGZO channel and that μS values
are constant during the light illumination. The photocarrier
dynamics are referred from Forbes et al. [15]. During the photo

Fig. 6. Transfer characteristics of a-IGZO TFTs with an increased light power
density.

illumination, the generation of photoelectrons ΔN can be
expressed as

ΔN = βaIτ1

(
1 − e−

t
τ1

)
(6)

where β is the rate of production for photoelectrons, a is the
absorption coefficient of the a-IGZO channel at λ = 425 nm
as shown in Fig. 5, I is the light intensity, τ1 is the life of
photoelectrons, and t is the illumination time of 30 s in the case.
ΔId in the saturation region can be expressed as

ΔId = −CiμsW

L
(Vg − Vth)ΔVth. (7)

Inferred from (5)–(7), with the high electron density Ne in
the a-IGZO channel of the low O content, the a-IGZO channel
has the highest absorption, leading the TFT with high ΔN and,
therefore, large |ΔVth| and ΔId during the photo illumination
and long time to the saturation behavior, which is consistent
with the results in Figs. 5–7 that the TFT with more V̈O in
the channel is more sensitive to light. It can be explained
that the channel has a higher density of electrons with more
V̈O. The absorption due to a low density of electrons can be
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Fig. 7. Effects of light power density on the Ion, Vth, and μs values of
a-IGZO TFTs.

easily bleached out at elevated light intensities (the saturable
absorber). Alternatively, the occupation of a lower density of
traps for charge carriers may reach its saturation value earlier
(at a lower intensity and, thus, a lower charge carrier density).

The light-induced change in the TFT characteristics is totally
reversible. Fig. 8 shows the recover dynamics in the dark after
the photo illumination of the a-IGZO TFT with the channel of
In18Ga6ZnO23. It is found that, after the light is turned off,
the transfer curve shifts to the right in 12 h to the initial dark
state before the light illumination, with a decrease in Id and
an increase in Vth and μs. After the light is turned off, the
photocarriers disappear by

ΔN = βaIτ2e
t

τ2 (8)

where ΔN is the decrease in the electron density Ne in the
channel; t is the recovery time; τ2 is the time constant for the
recovery; and β, α, and I are the same as those in (6). Ne

can be calculated by (1). ΔN as a function of the recovery
time is showed in Fig. 8(b). Using relation ln(ΔN) ∼ t/τ2,
τ2 is calculated from the slope of the fitting line. In this case,
τ2 is about 2.5 h. Different time constants for the recovery
depend on the photoelectron-induced absorption, as shown in
(5) and (8).

Fig. 8. Recover dynamics in the dark of the a-IGZO TFT after photo illu-
mination with an intensity of 10 mW/cm2. (Dark: Initial state before light
illumination; L10: State after light illumination of 10 min; Loff: State of
light-off; R1–R12 h: States of recover after light-off.

The photocurrent decay and the Vth recovery are shown in
Fig. 8(c) and (d). Gorrn et al. [3] has verified that the transient
of the Vth recovery and the decrease in conductivity shows a
similarity. The conductivity is proportional to the density of
free electrons, which can be expressed as (8). Therefore, the
model [see (7) and (8)] is also valid for the photocurrent decay
and the Vth recovery of the TFT, which are governed by the
change of the space charge in the channel near the interface to
the dielectric.
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V. CONCLUSION

In conclusion, it has been found that the oxygen content of
the a-IGZO channel has significant effects on the electrical
and light-sensitivity characteristics of the a-IGZO TFT. For
the a-IGZO with a higher O content of the lower density of
electrons, the electrical and photosensitive characteristics of
the TFT degrade. The photosensitive behavior of a-IGZO TFTs
depends on the absorption of a-IGZO. For the a-IGZO channel
with high absorption, the a-IGZO TFT has large photocurrent
gain and shift of Vth after the light illumination. The light-
induced change in the TFT characteristic is reversible with
the recovery time constant, depending on the photoelectron-
induced absorption.

REFERENCES

[1] M. Ito, M. Kon, C. Miyazaki, N. Ikeda, M. Ishizaki, R. Matsubara,
Y. Ugajin, and N. Sekine, “Amorphous oxide TFT and their applications
in electrophoretic displays,” Phys. Stat. Sol. (A), vol. 205, no. 8, pp. 1885–
1894, Aug. 2008.

[2] K. Nomura, H. Ohta, A. Takag, T. Kamiya, M. Hirano, and H. Hosono,
“Room-temperature fabrication of transparent flexible thin-film transistors
using amorphous oxide semiconductors,” Nature, vol. 432, no. 7016,
pp. 488–492, Nov. 2004.

[3] P. Görrn, M. Lehnhardt, T. Riedl, and W. Kowalsky, “The influence of
visible light on transparent zinc tin oxide thin film transistors,” Appl. Phys.
Lett., vol. 91, no. 19, pp. 193504-1–193504-3, Nov. 2007.

[4] J. K. Yao, Z. X. Fan, Y. X. Jin, Y. A. Zhao, H. B. He, and J. D.
Shao, “Investigation of damage threshold to TiO2 coatings at different
laser wavelength and pulse duration,” Thin Solid Films, vol. 516, no. 6,
pp. 1237–1241, Jan. 2008.

[5] T. Kamiya, K. Nomura, and H. Hosono, “Origins of high mobility and
low operation voltage of amorphous oxide TFTs: Electronic structure,
electron transport, defects and doping,” J. Display Technol., vol. 5, no. 7,
pp. 273–288, Jul. 2009.

[6] T. Kamiya, K. Nomura, and H. Hosono, “Present status of amorphous
In–Ga–Zn–O thin-film transistors,” Sci. Technol. Adv. Mater., vol. 11,
no. 4, p. 044 305, Aug. 2010.

[7] J. S. Park, K. S. Kim, Y. G. Park, Y. G. Mo, H. D. Kim, and J. K. Jeong,
“Novel ZrInZnO thin-film transistor with excellent stability,” Adv. Mater.,
vol. 21, no. 3, pp. 329–333, Jan. 2009.

[8] E. Chong, K. C. Jo, and S. Y. Lee, “High stability of amorphous
hafnium–indium–zinc–oxide thin film transistor,” Appl. Phys. Lett.,
vol. 96, no. 15, pp. 152102-1–152102-3, Apr. 2010.

[9] H. Zan, H. Hsueh, S. Kao, W. Chen, M. Ku, W. Tsai, and C. Tsai, “New
polymer-capped a-IGZO TFT with high sensitivity to visible light for the
development of integrated touch sensor array,” in Proc. SID Dig., 2010,
pp. 1316–1318.

[10] Y. Kamada and S. Fujita, “Photo-leakage current in ZnO TFTs for
transparent electronics,” in Proc. SID Dig., 2010, pp. 1029–1032.

[11] T. Chen, T. Chang, C. Tsai, T. Hsieh, S. Chen, C. Lin, M. Hung, C. Tu,
J. Chang, and P. Chen, “Behaviors of InGaZnO thin film transistor under
illuminated positive gate-bias stress,” Appl. Phys. Lett., vol. 97, no. 11,
pp. 112104-1–112104-3, Sep. 2010.

[12] C. R. Kagan and P. Andry, Thin Film Transistor. New York: CRC Press,
2003.

[13] K. Remashan, D. K. Hwang, S. D. Park, J. W. Bae, G. Y. Yeom, S. J. Park,
and J. H. Jang, “Effect of N2O plasma treatment on the performance of
ZnO TFTs,” Electrochem. Solid-State Lett., vol. 11, no. 3, pp. H55–H58,
Dec. 2008.

[14] H. Q. Chiang, B. R. McFarlane, D. Hong, R. E. Presley, and J. F. Wager,
“Processing effects on the stability of amorphous indium gallium zinc
oxide thin-film transistors,” J. Non-Cryst. Solids, vol. 354, no. 19–25,
pp. 2826–2830, May 2008.

[15] L. Forbes, L. L. Wittmer, and K. W. Loh, “Characteristics of the
indium-doped infrared sensing MOSFET (IRFET),” IEEE Trans. Electron
Devices, vol. 23, no. 12, pp. 1272–1278, Dec. 1976.

Jianke Yao, photograph and biography not available at the time of publication.

Ningsheng Xu, photograph and biography not available at the time of
publication.

Shaozhi Deng, photograph and biography not available at the time of
publication.

Jun Chen, photograph and biography not available at the time of publication.

Juncong She, photograph and biography not available at the time of
publication.

Han-Ping David Shieh, photograph and biography not available at the time of
publication.

Po-Tsun Liu, photograph and biography not available at the time of
publication.

Yi-Pai Huang, photograph and biography not available at the time of
publication.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


