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ABSTRACT We demonstrate that the shorter channel self-aligned top-gate (SA TG) coplanar indium-
gallium-zinc oxide (IGZO) thin-film transistors (TFTs), with negative voltage applied to the back-gate,
exhibit superior characteristics as driving transistors in organic light-emitting diode (OLED) pixels
compared to their longer channel counterparts. The shorter channel IGZO TFTs (with a channel length

(L) of 3 um) biased with a back gate voltage of —

3.5 V showed a larger subthreshold swing (SS =

0.21 V/dec) than the longer channel ones (with L = 5 um, SS = 0.16 V/dec) with a similar threshold
value (Vg = 0.7-0.8 V). A large SS is beneficial for controlling grayscale levels, especially at low gray
levels, when IGZO TFTs are used as driving transistors in OLED pixels. Furthermore, the negatively
back-gate-biased shorter channel SA TG coplanar IGZO TFTs exhibited significantly enhanced electrical
stability compared to the longer channel ones under both positive gate bias and hot carrier stresses. The
findings of this study are expected to be useful in expanding the utility of IGZO TFTs in OLED displays.

INDEX TERMS Self-aligned top-gate coplanar IGZO TFTs, back-gate biasing technique, short channel,

subthreshold swing, electrical stability.

I. INTRODUCTION

OVER the last decade, indium-gallium-zinc oxide (IGZO)
thin-film transistors (TFTs) have become extensively
employed as the backplane in organic light-emitting diode
(OLED) displays [1], [2]. This widespread adoption can be
attributed to the numerous appealing features offered by
IGZO TFTs, such as high field-effect mobilities (upgs), good
large-area uniformity, and low leakage currents [3], [4], [5],
[6]. In OLED displays, IGZO TFTs are mainly employed
in the implementation of pixel and peripheral circuits [7].
For switching transistors in the pixel and peripheral circuits
of OLED displays, it is desirable for TFTs to have a high
current on-off ratio with a small subthreshold swing (SS).
However, for the driving transistors in OLED pixels, a large

SS is advantageous because these transistors are used to
control the gradation of the OLED displays [7], [8]. A
large SS contributes to better grayscale level controllability,
especially at low gray levels where the human eye is
highly sensitive [8]. Generally, IGZO TFTs have smaller SS
values than silicon-based TFTs due to the relatively small
subgap density of states (DOS) near the conduction band
edge [9]. While this is advantageous when using them as
switching transistors in OLED displays, it can be disadvan-
tageous when using them as driving transistors in OLED
pixels.

The SS value of IGZO TFTs can be easily increased
by increasing the subgap DOS within the IGZO, but this
generally leads to deterioration in the electrical stability
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FIGURE 1. Cross-sectional schematic of the fabricated SA TG coplanar
IGZO TFTs.

of the devices. In recent years, several studies have been
conducted to increase the SS values of IGZO TFTs while
maintaining the pupg values and electrical stabilities of the
devices [8], [10]. However, these previous studies have
shown the drawback of complex processes and device
structures, such as fabricating multi-channel TFTs based
on plasma-enhanced atomic layer deposition techniques.
In this study, we demonstrate that the shorter channel
self-aligned top-gate (SA TG) coplanar IGZO TFTs, with
negative voltage applied to the back-gate, can exhibit larger
SS values and significantly better electrical stability than
their longer channel counterparts. The SA TG coplanar
structure is widely utilized in fabricating IGZO TFTs for
AMOLED applications due to its small parasitic capacitance
and excellent process controllability [11], [12]. In this
work, we experimentally confirmed our observations using
commercially available SA TG coplanar IGZO TFTs with
channel lengths (Ls) ranging from 3 to 5 um. Considering
that the back gate biasing technique has already been utilized
in implementing OLED pixel circuits using IGZO TFTs [13],
[14], [15], the results of this study are anticipated to further
enhance the applicability of IGZO TFTs in OLED displays.

Il. EXPERIMENTS

Fig. 1 shows a schematic cross section of the fabricated
SA TG coplanar IGZO TFT. The fabrication process for
the SA TG coplanar IGZO TFT is described as follows.
First, Al layer was deposited and patterned to form the
back gate electrode (i.e., a light shield) on a glass substrate.
Next, a 300-nm-thick SiOy layer was formed using plasma-
enhanced chemical vapor deposition (PECVD) at 350 °C as a
buffer layer. A 30-nm-thick IGZO (In:Ga:Zn = 1:1:1 at %)
was deposited via radio-frequency magnetron sputtering as a
channel layer, and then a 120-nm-thick SiOx gate insulator
was deposited via PECVD at 200 °C, followed by the depo-
sition of a metal (Mo) as a gate electrode. After deposition
and patterning of the Mo gate electrode and SiOy gate
insulator, a SiOx and SiNy layer was sequentially deposited
as an interlayer dielectric (ILD) using PECVD and pattered
to form via holes. The source and drain electrodes of Al
were deposited and patterned on the n*-IGZO source/drain
extension regions, where, the hydrogen diffused from the
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FIGURE 2. (a) Transfer characteristics of the SA TG coplanar IGZO TFTs
with various Ls (W/L =3 um/2, 3, 4, 5 um) measured in the saturation
region (Vpg = 15.1 V). Here, both the source and back gate electrodes
were grounded. Schematic of the electron distribution across the channel
for SA TG coplanar IGZO TFTs with (b) long and (c) short channel.

PECVD-deposited ILD acts as electron donors in IGZO and
forms the source/drain extension regions [16], [17]. Finally,
the TFTs were passivated with a SiO; layer and thermally
annealed at 340 °C to achieve stable and uniform electrical
performances.

1Il. RESULT AND DISCUSSION

Fig. 2(a) depicts the semi-logarithmic scale transfer curves
(Ip-Vgs plot) of the SA TG coplanar IGZO TFTs with
Ls ranging from 2 to 5 um and a constant channel width
(W = 3 um), where Ip represents the drain current,
and Vgs corresponds to the gate-to-source voltage. The
measurements were performed in the saturation region with
a drain-to-source voltage (Vpg) of 15.1 V. Throughout the
measurements, both the source and back gate electrodes
were grounded. Fig. 2(a) shows that the transfer curve shifts
in the negative direction and SS increases as L decreases
from 5 to 3 um. Ip was hardly modulated by Vgs in
the TFT with L = 2 pum. These phenomena are mainly
attributed to the hydrogen diffusion from the n™-IGZO
source/drain extension region to the channel region in the
SA TG coplanar structure IGZO TFT, which results in
higher electron concentration within the channel especially
in short channel SA TG coplanar IGZO TFTs [18], [19].
Figs. 2(b) and (c) compare the schematic of the electron
distribution across the channel for SA TG coplanar IGZO
TFTs with long and short channel, respectively. The increase
in the electron concentration promotes the formation of the
percolation conduction path in IGZO, making it difficult to
turn off the TFT. Moreover, a higher electron concentration
within the channel and a shorter effective channel length
impedes the modulation of Ip by the electric field induced
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TABLE 1. Vry, SS, and pg,r values extracted from the fabricated SA TG
coplanar IGZO TFTs with every L (L=2, 3, 4,5 um).

L [pum] Vru [V] SS [V/dec] usat [cm?/V-s]
2 _ _ _
3 -0.91 0.21 21.01
4 0.59 0.16 13.61
5 0.74 0.16 10.85

by the applied Vgs; which increases the SS value of the
IGZO TFT [19], [20], [21].

Table 1 lists the threshold voltage (Vty), SS, and satu-
ration mobility (usar) values extracted from IGZO TFTs
with every L, where Vg was extracted by using the linear
extrapolation method, and SS was obtained at Ip in the range
of 10711-10~19 A according to the equation:

S = (d(logIp)/dVgs) ™. (1)

usat values were calculated in the saturation region as
follows

2)

MUSAT =

ANENI .
WCt ( Vs ) ’
where Cy is the gate insulator capacitance per unit area.
Fig. 2(a) and Table 1 show that the fabricated SA TG
coplanar IGZO TFTs operate as enhancement-type devices
with Vryg larger than 0 V when L is not smaller than
4 pm, where the enhancement type operation provides
various advantages for circuit implementation in OLED
displays [22].

However, for IGZO TFTs with L = 4 or 5 pum, the SS
value is small at 0.16 V/dec, making it somewhat challenging
to utilize them as driving transistors in OLED pixels. The
larger pusat values in the shorter channel SA TG coplanar
IGZO TFTs in Table 1 are possibly attributed to both the
enhanced electron percolation conduction due to the increase
in channel electron concentration [9], and to a phenomenon
where the pusar value calculated through Eq. (2) exhibits
larger values than the actual values when the effective
channel length is significantly smaller than the drawn channel
length, especially in short channel devices, as observed in
Fig. 2(c) [23].

Fig. 3(a) depicts the transfer characteristics of the short
channel SA TG coplanar IGZO TFT (L = 3 pum) measured
at various back-gate biases (Vpgs). From Fig. 3(a), it is
observed that as Vg becomes more negative, the transfer
curve undergoes a positive shift, and the TFT operates in
the enhancement mode at Vpg = —3.5 V with a positive
Vra of 0.78 V. This is because negative Vpg impedes the
formation of the accumulation layer in IGZO TFTs, thus
necessitating a higher voltage on the top gate to form the
accumulation layer [24], [25]. Table 2 presents the Vry and
SS values extracted from the short channel IGZO TFT (L =
3 pum) with every Vpg. Unlike Vry, no significant change
is observed in SS with respect to the applied Vpg.
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FIGURE 3. (a) Transfer characteristics of the shorter channel SA TG
coplanar IGZO TFT (L = 3 pm) measured at various Vggs. (b) Comparison
of the transfer characteristics measured from the longer channel SA TG
coplanar IGZO TFT (L = 5 um, Vgg = 0 V) and negative back-gate-biased
shorter channel SA TG coplanar IGZO TFT (L = 3 um, Vgg = —3.5 V).

TABLE 2. Vry and SS values extracted from the short channel SA TG
coplanar IGZO TFT (L = 3 xm) with every VBG ranging from —5.5 to 0 V.

Vg [V] Vi [V] 58 [V/dec]
0 -0.91 0.21
-15 -0.19 0.21
-25 0.29 0.21
35 0.78 021
45 1.27 0.21
-5.5 1.75 0.21

Fig. 3(b) compares the transfer characteristics measured
from the longer channel SA TG coplanar IGZO TFT (L =
5 um, Vg = 0 V) and negative back-gate-biased shorter
channel SA TG coplanar IGZO TFT (L = 3 um, Vpg =
—3.5 V). Fig. 3(b) indicates that Vg is similar in both
transfer characteristics; however, the transfer curve measured
from the negative back-gate-biased shorter channel SA TG
coplanar IGZO TFT exhibits larger values for SS and on
current (Ion). The results in Fig. 3(b) clearly demonstrates
that the shorter channel SA TG coplanar IGZO TFTs with
an appropriate negative Vpg can provide more favorable
characteristics when utilized as a driving transistor in OLED
pixels, compared to the longer channel SA TG coplanar
IGZO TFTs.

Figs. 4(a) and (b) compare the time dependencies of the
transfer curves measured at Vps = 15.1 V under positive
bias stress (PBS (Vgs = 20 V, Vps = 0 V) for longer
channel (L = 5 pum, Vgg = 0 V) and negative back-gate-
biased shorter channel (L = 3 um, Vgg = —3.5 V) IGZO
TFTs, respectively. Fig. 5 summarizes the AVty obtained
from both TFTs under different positive bias temperature
stress (PBTS) conditions at 60 °C after a stress time of
60 minutes. The results in Figs. 4 and 5 demonstrate that the
negative back-gate-biased shorter channel IGZO TFT (L = 3
um, Vg = —3.5 V) exhibits superior electrical stability
compared to the longer channel IGZO TFT (Vgs = 20 V,
Vbs = 0 V) under PBTS conditions.
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FIGURE 4. Time dependencies of the transfer curves measured at Vpg =
15.1 V under PBS (Vg = 20 V, Vpg = 0 V) for (a) longer channel (L = 5 pm)
and (b) negative back-gate-biased shorter channel (L = 3 um, Vg =

—3.5 V) SA TG coplanar IGZO TFTs.
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FIGURE 5. AVqy extracted from long-channel (L = 5 xm) and
short-channel (L = 3 xm) SA TG coplanar IGZO TFTs under different PBTS
conditions at 60 °C after a stress time of 60 minutes.
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FIGURE 6. Time dependencies of the transfer curves measured at Vpg =
15.1 V under HCS (Vgs = 5 V, Vpg = 15 V) for (a) longer channel (L = 5 pm)
and (b) negative back-gate-biased shorter channel (L = 3 um, Vgg =

—3.5 V) SA TG coplanar IGZO TFTs.

Figs. 6(a) and (b) compare the time dependencies of the
transfer curves measured at Vps = 15.1 V under hot carrier
stress (HCS (Vgs = 5V, Vpg = 15 V)), demonstrating that
the negative back-gate-biased shorter channel IGZO TFT
(L = 3 um, Vgg = —3.5 V) exhibits superior electrical
stability compared to the longer channel IGZO TFT (L = 5
pum, Vg = 0 V) not only under PBTS but under HCS
conditions. These phenomena are likely attributed to the
more efficient passivation of electrical defects within the
IGZO channel by hydrogen diffusing from the n™-IGZO
source/drain extension region in the shorter channel device.
Hydrogen within IGZO has been reported not only to

act as an electron donor but also to passivate various
VOLUME 12, 2024

defects such as oxygen deficiencies, oxygen interstitials, and
others [26], [27].

IV. CONCLUSION

In this study, we showed that the shorter channel SA TG
coplanar IGZO TFTs, with an appropriately negative Vpg,
can exhibit similar Vry, larger SS and Ipon, as well as
superior electrical stability in comparison to the longer
channel counterparts by comparing the electrical properties
of commercially available SA TG coplanar IGZO TFTs with
Ls ranging from 3 to 5 um. The large SS and superior
electrical stability are beneficial for controlling grayscale
levels when IGZO TFTs are utilized as driving transistors
in OLED pixels.

Although the obtained SS value (0.21 V/dec) is still
somewhat insufficient for use in driving transistors in OLED
pixels, it is expected that SA TG coplanar IGZO TFTs
with sufficiently high SS values can be fabricated through
optimization of the device structure and process based on
the proposed methodology in subsequent research.

REFERENCES

[1] L. Zhang et al., “Strategies for applications of oxide-based thin
film transistors,” Electronics, vol. 11, no. 6, p. 960, Mar. 2022,
doi: 10.3390/electronics11060960.

[2] 1. Hendy, J. Brewer, and S. Muir, “Development of high-performance
IGZO backplanes for displays,” Inf. Display, vol. 38, no. 5, pp. 60-67,
Sep. 2022, doi: 10.1002/msid.1342.

[3] J. Chen et al., “Recent advances in a-IGZO thin film transistor devices:
A short review,” J. Korean Inst. Electr. Electron. Mater. Eng, vol. 36,
no. 5, pp. 463-473, Sep. 2023, doi: 10.4313/JKEM.2023.36.5.5.

[4] 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, Jun. 2009, doi: 10.1109/JDT.2009.2021582.

[5] B. Lu et al., “Amorphous oxide semiconductors: From funda-
mental properties to practical applications,” Current Opinion Solid
State Mater. Sci., vol. 27, no. 4, Aug. 2023, Art. no. 101092,
doi: 10.1016/j.cossms.2023.101092.

[6] C. E. Oh et al., “Effects of oxygen content on output charac-
teristics of IGZO TFTs under high current driving conditions,”
J. Semicond. Technol. Sci., vol. 23, no. 1, pp. 71-78, Feb. 2023,
doi: 10.5573/JSTS.2023.23.1.71.

[7]1 T. Saito et al., “Large subthreshold swing of LTPS TFTs by efficient
annealing method for light emitting diode displays,” Soc. Inf. Display,
vol. 51, no. 1, pp. 1358-1361, Sep. 2020, doi: 10.1002/sdtp.14136.

[8] W. B. Lee, Y. S. Kim, and J. S. Park, “Control of subthreshold swing
using an in situ PEALD nano-laminated IGZO/A1203 multi-channel
structured TFT,” J. Inf. Display, vol. 25, no. 2, pp. 179-185, Apr. 2024,
doi: 10.1080/15980316.2023.2249244.

[9] T. Kamiya and H. Hosono, “Material characteristics and applications
of transparent amorphous oxide semiconductors,” NPG Asia Mater.,
vol. 2, no. 1, pp. 15-22, Jan. 2010, doi: 10.1038/asiamat.2010.5.

[10] S. H. Yoon et al., “Tailoring subthreshold swing in A-IGZO thin-film
transistors for AMOLED displays: Impact of conversion mechanism
on PEALD deposition sequences,” Small Methods, 2024, to be
published.

[11] S. Y. Hong et al., “Study on the lateral carrier diffusion and source-
drain series resistance in self-aligned top-gate coplanar InGaZnO
thin-film transistors,” Sci. Rep., vol. 9, no. 1, pp. 23934-23940,
Apr. 2019, doi: 10.1038/s41598-019-43186-7.

[12] S. H. Ha, D. H. Kang, I. Kang, J. U. Han, M. Mativenga, and J. Jang,
“Channel length dependent bias-stability of self-aligned coplanar
a-IGZO TFTs,” J. Display Technol., vol. 9, no. 12, pp. 985-988,
Dec. 2013, doi: 10.1109/JDT.2013.2272314.

[13] L. Chou, H. Chiu, B. Chen, and Y. Tai, “Dual-gate IGZO
TFT for threshold-voltage compensation in AMOLED pixel cir-
cuit,” Soc. Inf. Display, vol. 43, no. 1, pp. 768-771, Oct. 2012,
doi: 10.1002/5.2168-0159.2012.tb05897 .x.

567


http://dx.doi.org/10.3390/electronics11060960
http://dx.doi.org/10.1002/msid.1342
http://dx.doi.org/10.4313/JKEM.2023.36.5.5
http://dx.doi.org/10.1109/JDT.2009.2021582
http://dx.doi.org/10.1016/j.cossms.2023.101092
http://dx.doi.org/10.5573/JSTS.2023.23.1.71
http://dx.doi.org/10.1002/sdtp.14136
http://dx.doi.org/10.1080/15980316.2023.2249244
http://dx.doi.org/10.1038/asiamat.2010.5
http://dx.doi.org/10.1038/s41598-019-43186-7
http://dx.doi.org/10.1109/JDT.2013.2272314
http://dx.doi.org/10.1002/j.2168-0159.2012.tb05897.x

ELECTRON DEVICES SOCIETY

OH et al.: DEMONSTRATION OF SA TG COPLANAR IGZO TFTs WITH LARGE SUBTHRESHOLD SWING

[14]

[15]

[16]

(17]

(18]

[19]

(20]

568

C. H. Jeon, M. Mativenga, D. Geng, and J. Jang, “AMOLED pixel
circuit using dual gate a-IGZO TFTs for simple scheme and high
speed VTH extraction,” Soc. Inf. Display, vol. 47, no. 1, pp. 65-68,
May 2016, doi: 10.1002/sdtp.10607.

H. W. Kim, Y. C. Kim, and H. J. Lee, “An AMOLED pixel circuit
compensating for variation of sub-threshold swing and threshold
voltage based on double gate a-IGZO TFTs,” Soc. Inf. Display, vol. 54,
no. 1, pp. 1502-1505, Jun. 2023, doi: 10.1002/sdtp.16875.

A. Sato et al.,, “Amorphous In-Ga-Zn-O thin-film transistor with
coplanar homojunction structure,” Thin Solid Films, vol. 518, no. 4,
pp. 1309-1313, Apr. 2009, doi: 10.1016/j.ts£.2009.01.165.

B. D. Ahn, H. S. Shin, G. H. Kim, J. S. Park, and H. J. Kim, “A novel
amorphous InGaZnO thin film transistor structure without source/drain
layer deposition,” Jpn. J. Appl. Phys., vol. 48, no. 3S2, Mar. 2009,
Art. no. 03B019, doi: 10.1143/JJAP.48.03B019.

D. H. Kang, J. U. Han, M. Mativenga, S. H. Ha, and J. Jang,
“Threshold voltage dependence on channel length in amorphous-
indium-gallium- zinc-oxide thin-film transistors,” Appl. Phys. Lett.,
vol. 102, no. 8, Mar. 2013, Art. no. 083508, doi: 10.1063/1.4793996.
Y. Zhang et al., “Sub-100 nm self-aligned top-gate amorphous
InGaZnO thin-film transistors with gate insulator of 4 nm atomic-
layer-deposited AlOx,” IEEE Electron Device Lett., vol. 44, no. 3,
pp. 444-447, Mar. 2023, doi: 10.1109/LED.2023.3237747.

S. H. Bae, H. J. Ryoo, J. H. Yang, Y. H. Kim, C. S. Hwang, and
S. M. Yoon, “Influence of reduction in effective channel length on
device operations of In-Ga-Zn-O thin-film transistors with variations in
channel compositions,” IEEE Trans. Electron Devices, vol. 68, no. 12,
pp. 6159-6165, Dec. 2021, doi: 10.1109/TED.2021.3117188.

[21]

(22]

[23]

[24]

[25]

[26]

[27])

S. H. Noh et al., “Improvement in short-channel effects of the thin-film
transistors using atomic-layer deposited In-Ga-Sn-O channels with
various channel compositions,” IEEE Trans. Electron Devices, vol. 69,
no. 10, pp. 5542-5548, Oct. 2022, doi: 10.1109/TED.2022.3198032.
M. Zhao et al, “Modulation of carrier density in indium-—
gallium—zinc-oxide thin film prepared by high-power impulse
magnetron sputtering,” Vacuum, vol. 207, Jan. 2023, Art. no. 111640,
doi: 10.1016/j.vacuum.2022.111640.

H. W. Kim, E. S. Kim, J. S. Park, J. H. Lim, and B. S. Kim,
“Influence of effective channel length in self-aligned coplanar
amorphous-indium-gallium-zinc-oxide thin-film transistors with dif-
ferent annealing temperatures,” Appl. Phys. Lett., vol. 113, no. 2,
Jul. 2018, Art. no. 022104, doi: 10.1063/1.5027373.

B. Kim et al.,, “New depletion-mode IGZO TFT shift register,”
IEEE Electron Device Lett., vol. 32, no. 2, pp. 158-160, Feb. 2011,
doi: 10.1109/LED.2010.2090939.

X. He et al., “Characteristics of double-gate a-IGZO TFT,” in
Proc. 12th IEEE Int. Conf. Solid-State Integr. Circuit Technol., 2014,
pp. 1-3, doi: 10.1109/ICSICT.2014.7021269.

W. Dou and Y. Tan, “Dual-gate low-voltage transparent electric-
double-layer thin-film transistors with a top gate for threshold voltage
modulation,” RSC Adyv., vol. 10, no. 14, pp. 8093-8096, Feb. 2020,
doi: 10.1039/c9ral0619g.

K. L. Han, H. S. Cho, K. C. Ko, S. Oh, and J. S. Park,
“Comparative study on hydrogen behavior in InGaZnO thin film
transistors with a Si02/SiNx/SiO2 buffer on polyimide and glass sub-
strates,” Electron. Mater. Lett., vol. 14, no. 6, pp. 749-754, Jul. 2018,
doi: 10.1007/s13391-018-0083-5.

VOLUME 12, 2024


http://dx.doi.org/10.1002/sdtp.10607
http://dx.doi.org/10.1002/sdtp.16875
http://dx.doi.org/10.1016/j.tsf.2009.01.165
http://dx.doi.org/10.1143/JJAP.48.03B019
http://dx.doi.org/10.1063/1.4793996
http://dx.doi.org/10.1109/LED.2023.3237747
http://dx.doi.org/10.1109/TED.2021.3117188
http://dx.doi.org/10.1109/TED.2022.3198032
http://dx.doi.org/10.1016/j.vacuum.2022.111640
http://dx.doi.org/10.1063/1.5027373
http://dx.doi.org/10.1109/LED.2010.2090939
http://dx.doi.org/10.1109/ICSICT.2014.7021269
http://dx.doi.org/10.1039/c9ra10619g
http://dx.doi.org/10.1007/s13391-018-0083-5


<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


