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ABSTRACT In this letter, we successfully demonstrated a AIGaN/GaN high-electron mobility transistor
on silicon substrate with high product of maximum oscillation frequency (fax) and gate length (Lg) by
reducing the gate resistance (R) using a thick, high aspect ratio rectangular gate (R-gate) structure with an
L of 265 nm and thickness of 315 nm which was fabricated using a thick polymethyl methacrylate lift-off
process. The maximum drain current is over 1 A/mm, and the peak transconductance is 291 mS/mm.
The values of cutoff frequency and fax are 43.7 GHz and 126.5 GHz at a drain voltage (Vq4) of 12V,
respectively. Ry is extracted through the small-signal model, and the value is given as 0.21 -mm which
is comparable to devices with the T-gate structure. This low Ry results in a high finax and high fax x Lg
product of 33.52 GHz-pwm, comparable to previously reported GaN-on-Si transistors for both R-gate and
T-gate structures.

INDEX TERMS AlGaN/GaN, high-electron mobility transistor (HEMT), silicon substrate, power-gain
cutoff frequency (fmax), rectangular gate, fax X Lg.

I. INTRODUCTION

In order to meet the rapidly growing demand for 5™ gener-
ation communication systems, high performance solid-state
power amplifiers (SSPA) are desperately needed. GaN-based
high-electron-mobility transistors (HEMT) have high elec-
tron saturation velocity, high sheet carrier density, and high
breakdown voltage which allow for wide bandwidth and
high power operation. In the last decade, the GaN-on-SiC
system has achieved remarkable benchmarks such as a record
high cutoff frequency (fr) and a maximum oscillation
frequency (fmax) of 454 GHz and 455 GHz [1], respec-
tively. These characteristics make GaN HEMTs suitable
for use in monolithic microwave integrated circuit (MMIC)
applications. However, the development of commercial GaN-
on-SiC products is hindered by the high cost of SiC
substrates which currently only have a maximum diame-
ter of 6 inches. Therefore, GaN on high resistivity silicon
substrates promise an alternative solution for low-cost and
large-scale production.

Significant efforts have been made to improve the
epitaxial quality of GaN-on-Si, and successful applica-
tions such as power switches have been demonstrated in
recent years [2]-[4]. However, the development of radio
frequency (RF) GaN HEMTs on Si substrates still lags
behind the GaN-on-SiC system. The best reported fr and
fmax for GaN HEMTSs on Si substrates is 250 GHz and
226 GHz, respectively [5], [6].

The physical meaning of fy.x is the highest frequency
at which the device can be regarded as an active device.
Therefore, fax is a critical factor for determining the possi-
ble operation frequency for SSPA applications. The equation
for fax is given as follows:

1 fr
2 2 fr - Coa(Re + Ry) + B7Es

fmux = (1)

where Cgq is gate-to-drain capacitance, R, is gate resis-
tance, Ry is gate-to-source access resistance, and Ry is
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drain-to-source resistance [7]. In order to enhance fiax,
reducing R, is one of the solutions according to Eq. (1).
The T-gate and Gamma-gate structure were developed to
meet the demand for obtaining better current density, linear-
ity, and RF characteristics such as f,x by means of reducing
R;. However, the complex fabrication process, lower yield
rate, and higher cost of T-gate devices motivate us to find
another way of reducing Ry. In this letter, we have demon-
strated an AlGaN/GaN-on-Si HEMT which is characterized
by a robust, high aspect ratio rectangular gate (R-gate) struc-
ture with 265 nm gate length (Lg) and 315 nm thickness.
Using this structure, a low Ry of 0.21 ©-mm can be real-
ized. Based on this result, a high f,x X Lg product can
be obtained comparable to GaN-on-Si devices with a T-gate
structure.

Il. DEVICE FABRICATION

Figure 1(a) exhibits the fabrication process and layer struc-
ture of the AIGaN/GaN HEMTs. The epilayers of the
AlGaN/GaN heterostructure were grown on a high resis-
tivity (=6 kW-cm) silicon (111) substrate by metal-organic
chemical vapor deposition. The heterostructure consists of
a 2.5 nm GaN cap layer, a 20 nm Aly25Gag 75N barrier
layer, a thin AIN interlayer of 1 nm to enhance the carrier
mobility [8], a 300 nm unintentionally doped GaN channel
layer, and a ~2 mm buffer layer. Hall measurements indicate
that the heterostructure has a sheet carrier concentration of
1013 cm™2 with an electron mobility of 2000 cm?/Vs and
a sheet resistance of 280 W/sq. Device fabrication begins
with source and drain Ohmic metallization which is formed
by Ti/Al/Ni/Au deposition followed by rapid thermal anneal-
ing at 875 °C for 40 s in N,. A contact resistance of
0.79 @2-mm was confirmed by transmission line measure-
ments. After the Ohmic metallization, the mesa isolation was
implemented by Cl,/BClz mixed plasma etching. Next, gates
were defined by electron-beam lithography using a thick
polymethyl methacrylate photoresist. In order to reduce Rg,
a thick gate stack (Ni 15 nm/Au 300 nm) was deposited
to form a high aspect R-gate structure. Ti/Au contact pads
were deposited to increase the contact area. Finally, a stan-
dard back-end process was used with deposition of 200 nm
SiN film with a dielectric constant of 7.0 and planarization
of 900 nm polyimide with a dielectric constant of 3.4 to
further reduce the capacitance. After etching some via holes
on the source/drain/gate, we deposited a thick Au pad about
1200 nm thick with a common source GSG probing layout
for RF measurements. The thickness is designed to resist
puncture from the GSG probe and to also be thicker than
the depth of the via holes, which are about 1100 nm deep
which includes the 200 nm SiN and 900 nm polyimide lay-
ers to be etched. The device is characterized with 265 nm
Lg and (2 x 10) um gate width. The source-to-drain dis-
tance is 1.86 um for each device. The Lg and thickness
were measured by scanning electron microscopy as shown
in Figure 1(b).
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FIGURE 1. (a) The fabrication process and schematic layer structure of the
AlGaN/GaN-on-Si HEMT with 265 nm R-gate structure. (b) The scanning
electron microscopy (SEM) image of the rectangular gates.
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FIGURE 2. Common source DC (a) output characteristics and (b) transfer
characteristics of the 265 nm Lg GaN HEMT with 2x10 mm gate width.

1Il. RESULTS AND DISCUSSION

Figure 2(a) shows the output characteristics of the
AlGaN/GaN HEMT. The maximum drain current (Igs) of
1.01A/mm is obtained at Vo =0 V and Vq =6 V, and the
ON-resistance (Ron) is 2.45 Q-mm. These exceptional ON-
state characteristics are attributed to the relatively low sheet
resistance which leads to a low knee voltage of less than
2 V. Figure 2(b) shows the transfer characteristics with a peak
DC transconductance (gy,) of 291 mS/mm at Vq = 6 V. The
threshold voltage (Vi) is —4.52V as extracted by linear
extrapolation. The subthreshold swing (SS) of the device is
199 mV/dec, and the ON/OFF ratio is about ~10° where the
OFF-state current is predominately gate leakage current. This
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FIGURE 3. (a) De-embedded RF small signal at Vg = -3.8 Vand Vg =12 V.
(b) Small-signal equivalent-circuit of GaN HEMT. (c) Smith chart of the
S-parameters.

leakage issue can be further suppressed through a passivation
process since our device is unpassivated.

The S-parameters of the device are measured
at a frequency of 0.04-40 GHz wusing an Agilent
N5225A network analyzer. On-wafer open and short
calibration is implemented to de-embed parasitic capac-
itances and inductances of the metal pad during the
measurement. Figure 3(a) shows the de-embedded small-
signal short-circuit current gain |hy;l, unilateral gain U, and
maximum stable gain (MSG) of the device at a bias point
of V¢ = 12 V and Vg = —3.8 V. After subtracting the
parasitic effects, the de-embedded fr and fax is 43.7 GHz
and 126.5 GHz, respectively, which are extracted by extrap-
olating using the slope of —20 dB/dec. The small-signal
equivalent-circuit is shown in Figure 3(b) based on the
small-signal model [9]. Figure 3(c) exhibits the Smith chart
of the measured and simulated S-parameters which indicates
high consistency between simulated and measured data.
The simulated fr and fpnax is given as 43 and 127 GHz,
respectively, suggesting a deviation of less than 10%.

Figure 4(a) shows the relationship of ft and fy,x versus
Vg at Vg = —3.8 V. The fjnax increases with increasing Vg,
while fr is independent of V4. The gate-to-source capaci-
tance (Cgs) and Cgq which are extracted from the small-signal
model are also shown in Figure 4(b). The value of Cg is
relatively stable when varying V4. Cgq is noticeably lower
in value than Cgs and decreases with increasing Vq4. This is
because with the increase of Vg, the gate-to-drain depletion
region becomes smaller causing Cgq to decrease correspond-
ingly. ft is independent of Vq4 because ft is dominated by the
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FIGURE 4. (a) fr and fmax as a function of V4. (b) ng and Cgs as
a function of V4.

relatively large value of Cgs according to Equation (2) [7]:

8mlo
27 ((Cgs + ng) (1’0 + (RS + Rd) + nggmro(Rs + Rd)))
(2)

On the other hand, fyax is only affected by Cgq. When Cgg
decreases, fax becomes higher with increasing Vg.

Table 1 lists the value of each element in the small-
signal model. Compared to the references with a T-gate
structure [6], [10]-[12], our R-gate device exhibits rela-
tively low gate resistance (Rg). The RF performance is
also comparable to the other T-gate GaN-on-Si devices.
With further reduction of Cgs and Cgq through passiva-
tion, fr and fpx can be expected to increase. Using the
extracted intrinsic gm (gm.int) Of 317 mS/mm, the extrin-
Sic gm (gm,ext) can be calculated through the equation
gm.ext = &m,int/(1 + gm,int X Rs), and the calculated value of
m.ext 18 256.1 mS/mm which is close to the measured DC g,
of 291 mS/mm.

Figure 5 benchmarks the fy,x among reported GaN
HEMTs on Si substrates with T-gate and R-gate structures.
Conventionally, the value of fr scales with Lg, making the
product of fr and Lg an indication of the performance
of RF devices. The value of f,.x, on the other hand, is
able to provide further judgement of RF devices for power
applications. To maintain f,x while scaling Lg, a reliable
gate metal process without sacrificing gate resistance is
needed for realizing the performance of our R-gate devices.
Because of the low R, in our R-gate devices, a high

fr=

483



ELECTRON DEVICES SOCIETY

CHANG et al.: HIGH fmax x L PRODUCT OF AlGaN/GaN HEMTs ON SILICON WITH THICK RECTANGULAR GATE

GaN-on-Si 4
Solid: R-gate
Hollow: T-gate ]

250

200

’PT \ix L, ]
& 150} (OHz-ym)|
= Yo
2 100 b This Work 40
—
50 [5)v 20
mig 1
0 A A A A A 5
0 100 200 300
L. (nm)

FIGURE 5. Benchmark of fmax vs. Lg. The contour lines show the
fmax x Lg product of 40, 20, 10, and 5 GHz-mm respectively. This work
shows a high fmax x Lg product of 33.52 GHz-pm.

TABLE 1. The value of each element in the small-signal equivalent-circuit.

This
Reference [6] [10] [11] [12] work
fr (GHz) 81 100 54 60 437
finax (GHz) 198 206 182 101 126.5
Cygs (fF/mm) 540 734 853 660 911
Ca (fF/mm) 83 92 33 110 122.8
Cys (fF/mm) 150 41 13 40 2332
R; (Q-mm) - 0.3 0.45 3.6 0.54
Rga (Q-mm) - 190 - - 2.24
T, (Q-mm) 40.1 27 900 352 45.7
Zm (MS/mm) 350 627 315 220 317
R, (Q-mm) 0.32 0.66 0.75 0.06 0.21
R, (Q-mm) 0.75 0.48 0.9 0.98 0.75
R4 (Q-mm) 0.82 1.09 1.37 1.03 1.01

fmax 1S obtained and is comparable to the devices with a
T-gate structure. Our R-gate device also has a high fyx
x Lg product over 33.52 GHz-um which is the high-
est among reported GaN-on-Si HEMTs with an R-gate
structure.

With regards to the scaling issue for a high aspect
ratio R-gate with an Lg under 265 nm, a multiple-layer
photoresist is necessary for e-beam lithography to obtain
a shorter Lg [19]. Meanwhile, a short-time and cold devel-
opment technique have also been reported [20] as a useful
method to fabricate a shorter Lg. We are convinced that
the issue of maintaining a high aspect ratio for a sub-
250 nm R-gate could hopefully be solved by using these
techniques.

IV. CONCLUSION

In conclusion, we successfully demonstrated an AIGaN/GaN
HEMT on Si substrate with a high aspect ratio R-gate
structure. The maximum drain current is over 1 A/mm,
and the DC peak gy is 291 mS/mm. Because of the
thick rectangular gate, Ry can be effectively reduced down
to 0.21 Q-mm. A relatively high fp.x of 126.5 GHz
and high fn,x x Lg product of 33.52 GHz-pm were
achieved and are comparable to the devices with a T-gate
structure.

484

REFERENCES

(1]

[2]

(3]

(4]

(5]

(6]

(71

(8]

(91

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

Y. Tang et al., “Ultrahigh-speed GaN high-electron-mobility transistors
with fT /finax of 454/444 GHz,” IEEE Electron Device Lett., vol. 36,
no. 6, pp. 549-551, Jun. 2015, doi: 10.1109/LED.2015.2421311.

A. Able, W. Wegscheider, K. Engl, and J. Zweck, “Growth of
crack-free GaN on Si(l1 1 1) with graded AlGaN buffer layers,”
J. Cryst. Growth., vol. 276, nos. 3-4, pp. 415-418, Apr. 2005,
doi: 10.1016/j.jcrysgro.2004.12.003.

A. Krost and A. Dadgar, “GaN-based devices on Si,” Phys.
Status Solidi A, vol. 194, no. 2, pp. 361-375, Dec. 2002, doi:
10.1002/1521-396X(200212)194:2<361::AID-PSSA361>3.0.CO;2-R.
B. J. Baliga, “Gallium nitride devices for power electronic applica-
tions,” Semicond. Sci. Technol., vol. 28, no. 7, pp. 1-8, Jun. 2013,
doi: 10.1088/0268-1242/28/7/074011.

W. Xing et al., “InAIN/GaN HEMTs on Si with highy of 250 GHz,”
IEEE Electron Device Lett., vol. 39, no. 1, pp. 75-78, Jan. 2018,
doi: 10.1109/LED.2017.2773054.

Y. Murase, K. Asano, 1. Takenaka, Y. Ando, H. Takahashi, and
C. Sasaoka, “T-shaped gate GaN HFETSs on Si with improved break-
down voltage and fy;4x,” IEEE Electron Device Lett., vol. 35, no. 5,
pp. 524-526, May 2014, doi: 10.1109/LED.2014.2308313.

P. J. Tasker and B. Hughes, “Importance of source and drain resis-
tance to the maximum f/sub T/ of millimeter-wave MODFETS,” IEEE
Electron Device Lett., vol. 10, no. 7, pp. 291-293, Jul. 1989.

N. M. Shrestha, Y. Li, and E. Y. Chang, “Simulation study on electrical
characteristic of AIGaN/GaN high electron mobility transistors with
AIN spacer layer,” Jpn. J. Appl. Phys., vol. 53, no. 4S, pp. 1-7,
Feb. 2014, doi: 10.7567/JJAP.53.04EFO08.

Y. A. Khalaf, “Systematic optimization technique for MESFET
modeling,” Ph.D. dissertation, Dept. Elect. Eng., Virginia Polytechn.
Inst. State Univ., Blacksburg, VA, USA, Jul. 2000.

S. Bouzid-Driad et al., “AlGaN/GaN HEMTSs on silicon substrate
with 206-GHz Fpyax,” IEEE Electron Device Lett., vol. 34, no. 1,
pp. 36-38, Jan. 2013, doi: 10.1109/LED.2012.2224313.

S. Huang et al., “High- fy;ax high Johnson’s figure-of-merit 0.2-um
gate AlGaN/GaN HEMTs on silicon substrate with AIN/SiNx pas-
sivation,” IEEE Electron Device Lett., vol. 35, no. 3, pp. 315-317,
Mar. 2014, doi: 10.1109/LED.2013.2296354.

C.-W. Tsou, C.-Y. Lin, Y.-W. Lian, and S. S. H. Hsu, “101-GHz
InAIN/GaN HEMTs on silicon with high Johnson’s figure-of-
merit,” IEEE Trans. Electron Device, vol. 62, no. 8, pp. 2675-2678,
Aug. 2015, doi: 10.1109/TED.2015.2439699.

D. Marti et al., “94-GHz large-signal operation of AlInN/GaN high-
electron-mobility transistors on silicon with regrown ohmic contacts,”
IEEE Electron Device Lett., vol. 36, no. 1, pp. 17-19, Jan. 2015,
doi: 10.1109/LED.2014.2367093.

P. Altuntas et al., “Power performance at 40 GHz of AlGaN/GaN
high-electron mobility transistors grown by molecular beam epitaxy
on Si(111) substrate,” IEEE Electron Device Lett., vol. 36, no. 4,
pp. 303-305, Apr. 2015, doi: 10.1109/LED.2015.2404358.

D. Marti, C. R. Bolognesi , Y. Cordier, M. Chmielowska, and
M. Ramdani, “RF performance of AlIGaN/GaN high-electron-mobility
transistors grown on silicon (110),” Appl. Phys. Exp., vol. 4 no. 6,
pp. 1-3, Jun. 2011, doi: 10.1143/APEX.4.064105.

M.-S. Lee, D. Kim, S. Eom, H.-Y. Cha, and K.-S. Seo, “A compact
30-W AlGaN/GaN HEMTs on silicon substrate with output power
density of 8.1 W/mm at 8 GHz,” IEEE Electron Device Lett., vol. 35,
no. 10, pp. 995-997, Oct. 2014, doi: 10.1109/LED.2014.2343233.

P. D. Christy, Y. Katayama, A. Wakejima, and T. Egawa, “High f7 and
fyrax for 100 nm unpassivated rectangular gate AIGaN/GaN HEMT
on high resistive silicon (111) substrate,” IEEE Electron. Lett., vol. 51,
no. 17, pp. 1366-1368, Aug. 2015, doi: 10.1049/e1.2015.1395.

S. Ganguly et al., “AlGaN/GaN HEMTs on Si by MBE with regrown
contacts and f7 = 153 GHz,” Phys. Status Solidi C, vol. 11, nos. 3-4,
pp. 887-889, Apr. 2014, doi: 10.1002/pssc.201300668.

Y. Todokoro, Y. Takasu, and T. Ohkuma, “Multilayer resist systems
for optical and E-beam lithography,” in Proc. Microlithography Conf.,
Santa Clara, CA, USA, Jun. 1985, pp. 179-187.

L.-C. Chang et al., “A comprehensive model for sub-10 nm electron-
beam patterning through the short-time and cold development,”
Nanotechnology, vol. 28, no. 42, Oct. 2017, Art. no. 425301.

VOLUME 8, 2020


http://dx.doi.org/10.1109/LED.2015.2421311
http://dx.doi.org/10.1016/j.jcrysgro.2004.12.003
http://dx.doi.org/10.1002/1521-396X(200212)194:2<361::AID-PSSA361>3.0.CO;2-R
http://dx.doi.org/10.1088/0268-1242/28/7/074011
http://dx.doi.org/10.1109/LED.2017.2773054
http://dx.doi.org/10.1109/LED.2014.2308313
http://dx.doi.org/10.7567/JJAP.53.04EF08
http://dx.doi.org/10.1109/LED.2012.2224313
http://dx.doi.org/10.1109/LED.2013.2296354
http://dx.doi.org/10.1109/TED.2015.2439699
http://dx.doi.org/10.1109/LED.2014.2367093
http://dx.doi.org/10.1109/LED.2015.2404358
http://dx.doi.org/10.1143/APEX.4.064105
http://dx.doi.org/10.1109/LED.2014.2343233
http://dx.doi.org/10.1049/el.2015.1395
http://dx.doi.org/10.1002/pssc.201300668


<<
  /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
    /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


