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Abstract— Low-temperature (170 °C) Cu/In wafer-level and
chip-level bonding for good thermal budget has been successfully
developed for 3-D integration applications. For the well-bonded
interconnect, Cu2In and Cu7In3 phases with high melting tem-
perature of 388.3 °C and 632.2 °C can be formed, indicating
high thermal stability. In addition, stable low specific contact
resistance of bonded interfaces can be achieved with the values
of approximately 0.3 × 10−8 �-cm2. In addition to excep-
tional electrical characteristics, the results of electrical reliability
assessments including current stressing, temperature cycling,
and unbiased HAST show excellent stability of Cu/In bonds
without obvious deterioration. The low-temperature Cu/In bond-
ing technology presents good bond quality and electrical
performance, and possesses a great potential for future appli-
cations of 3-D interconnects.

Index Terms— 3-D integration, Cu/In bonding, interconnect.

I. INTRODUCTION

THREE-DIMENSIONAL (3-D) integration can provide a
viable solution to allow the extension of Moore’s law

and it has also made a significant progress in the develop-
ment of electronic products with enhanced performance and
functional diversification [1]–[4]. Among the different bonding
technologies in 3-D integration, metal-to-metal bonding with
good electrical connection and sufficient bonding strength
appears to be the mainstream for the development of 3-D
interconnects [5].

Conventional thermal-compression metal bonding requires
high bonding pressure and bonding temperature to achieve
high yields [6] that may lead to bonding misalignment
and thermal damages of devices. Hence, developing a
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low-temperature bonding scheme is significant to meet the low
thermal budget requirement [7].

Diffusion soldering has a great potential for the formation
of thermally and mechanically stable bonds in electronic
applications. Depending on the materials system involved, the
bonding process can be performed at low temperature because
interconnects consist of intermetallic phases with melting
temperature much higher than the fabrication temperature.
To achieve this goal, low-melting-point metals, such as In, can
be considered as the interconnect material to be bonded during
3-D integration process. After bonding, complete consumption
of low-melting-point In is required to avoid reliability issues
in the following processes and in future operations.

In a previous work, Tian et al. [8] studied two identical
Cu/In interconnects bonded at 260 °C, but only material
investigation was reported without any electrical and relia-
bility data. Sakuma et al. reported Cu/Ni/In and Cu/Ni/Au
bonding results. However, the structure was complicated and
no reliability test was evaluated [9]. In this paper, we report
a low-temperature (170 °C) Cu/In bonding with an investi-
gation on the structural quality, electrical characteristics, and
reliability assessment. This bond scheme is simple, using
only Cu and In direct bonding. With the obtained excellent
bonding results and electrical performance, Cu/In bonding can
be recommended as a promising solution for low-temperature
bonding.

II. EXPERIMENT AND INVESTIGATION OF

CU/IN BONDED INTERCONNECTS

Copper interconnects for bonding were prepared on silicon
wafers with 500-nm TEOS by sputtering 300 nm of Cu and
30 nm of Ti layers in a multitarget chamber with approximate
sputtering rates at 0.6 and 0.1 Å/s, respectively. The deposition
process was under the working pressure of 7×10−3 torr with a
base pressure of 1×10−6 torr. Indium interconnects for bond-
ing were prepared by evaporating In and 30 nm of Ti layers
with deposition rates at 1.5–1.8 Å/s for In and 1 Å/s for Ti,
under a base pressure of 2–4 × 10−6 torr. The two different
interconnects were then bonded face to face at 1.91 MPa,
170 °C for 30 min. Both chip-to-chip bonding and wafer-
to-wafer bonding schemes were performed. The formation of
intermetallic phases in the Cu/In bonds, by changing the thick-
ness of In, was studied. The bond quality and the materials of
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Fig. 1. Structural characteristics of Cu/In bonded interconnect. (a) Cross
sectional view of Cu/In bonded structure with the position of EDX spot and
(b) corresponding composition with 680-nm thick In layer.

bonded interconnects were analyzed through scanning acoustic
tomograph (SAT), transmission electron microscope (TEM),
and energy-dispersive X-ray spectrometer (EDX).

The cross sectional views of the Cu/In bonded struc-
tures and the composition profiles with different thicknesses
(680, 400, 270, and 220 nm) of In are shown in Figs. 1–4.
According to EDX analysis, the sample with the largest
amount of In shows that Cu and In are uniformly mixed with
no apparent IMC phases presented, as shown in Fig. 1. With
a smaller amount of In, EDX results in Figs. 2 and 3 show
that Cu2In and Cu7In3 phases are formed in the structure. For
the sample with the least In, no IMC phase is formed in the
structure, as shown in Fig. 4.

To explain the inconsistent results for the four cases
with different thicknesses of In, the reaction mechanism of
Cu/In bonding has been proposed. According to the Cu-In
phase diagram, three intermetallic phases can be formed under
the bond temperature of 170 °C: Cu11In9, η(Cu2In), and
δ(Cu7In3) [10]. The first IMC of Cu11In9 is formed by the
reaction of liquid In and solid Cu. Then, the second Cu-richer
IMC of Cu2In starts to form through the interdiffusion
between solid Cu and Cu11In9. On heating, the Cu7In3 phase
with the richest Cu is formed by consumption of Cu2In and
Cu [8]–[14].

III. CASE STUDIES

For the case of 680-nm In, as shown in Fig. 1(a) and (b), the
absence of IMC is due to excessive In and fast interdiffusion
between In and Cu. During the 30-min bonding, with a large

Fig. 2. Structural characteristics of Cu/In bond. (a) Cross sectional view of
Cu/In bonded structure with the EDX scanning direction and (b) composition
profile obtained by EDX line-scan with 400-nm-thick In layer.

amount of In compared with Cu, the liquid In was not able to
fully react with Cu. Therefore, the first IMC of Cu11In9 did
not form. Instead, Cu and In were uniformly mixed, which
implies that the bonded structure is not preferred and may
cause reliability issues.

For the case of 400-nm In, after liquid In reacted with Cu,
the first IMC of Cu11In9 was formed. During the 30-min
bonding, as the heating process went on, the Cu-richer second
IMC of Cu2In started to form by the diffusion of Cu and
solid Cu11In9 consumption, as shown in Fig. 2(a) and (b).
There was no apparent Cu7In3 detected in this structure
owing to the insufficient time for the formation and growth
of Cu7In3. Because the growth of Cu2In and Cu7In3 at low
temperature requires a large incubation time (longer than
30 min), the reaction was stopped before the appearance of
Cu7In3. In addition, no Cu11In9 phase is detected, indicat-
ing a complete consumption of Cu11In9 for the formation
of Cu2In.

While further decreasing In thickness to 270 nm, the
third IMC with richest Cu of Cu7In3 (m.p. 632.2 °C) can
be formed by the total consumption of Cu2In and reac-
tion with Cu within the 30-min bonding process time. As
shown in Fig. 3(a) and (b), there is no In detected in IMC
and Cu regions. With the good bonding result of Cu7In3
(m.p. 632.2 °C) formation and the absence of In, the almost
defect-free bond structure is preferred for the application of
3-D interconnects.
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Fig. 3. Structural characteristics of Cu/In bond. (a) Cross sectional view of
Cu/In bonded structure with the EDX scanning direction and (b) composition
profile obtained by EDX line-scan with 270-nm-thick In layer.

With the investigation of bond results of 680, 400, and
270 nm In layers, when the thickness of Cu is fixed, the thinner
In layer has the better bond quality. However, for the case
with thinnest In of 220 nm, the results in Fig. 4(a) and (b)
show that Cu atoms have dissolved into liquid In and
formed uneven mixture. The final bonded structure should be
Cu/Cu7In3 in this case based on previous results. To explain
this phenomenon, the surface morphologies and roughness of
220-nm In were investigated prior to bonding. As shown in
Fig. 5(a) and (b), independent small grains on the substrate
are observed, but not a continuous film.

After a small amount of In was deposited on the substrate,
separate clusters formed and grew. However, the distance for
clusters to coalesce was too high during the deposition process.
In addition, according to the previous study [15], due to the
enhanced thermal movement and increased atomic diffusivity
from the increasing temperature, big clusters of In would
split into smaller clusters. Because the surface tension and the
viscosity of In are very high at low bonding temperatures, the
reaction time for the cluster dispersion should be longer [16].
Therefore, during the bonding process, at a temperature of
170 °C, indium melt required more time to spread over a larger
area and uniformly contact with the Cu substrate. However, the
reaction had stopped before the occurrence of IMC. Therefore,
after 30-min bonding, there is only Cu/In mixed region and
unreacted Cu shown in the bonded structure. With the absence

Fig. 4. Structural characteristics of Cu/In bond. (a) Cross sectional view of
Cu/In bonded structure with the position of EDX spot and (b) corresponding
composition with 220-nm-thick In layer.

Fig. 5. Morphology of dewet In prior to bonding. (a) Top view and (b) cross
sectional view.

of IMC, the bonded structure may remelt and cause serious
reliability problems during the following process and electrical
operation.
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Fig. 6. Cu/In wafer bonding result by SAT analysis.

IV. CU/IN BONDING FOR 3-D INTEGRATION

With previous results, owing to its low melting tempera-
ture (156.6 °C), In needs to be completely consumed and
transferred to intermetallic compounds. The usage amount
of In should be kept at minimum. However, when In can-
not form a continuous film on substrate, especially under
the nanometer scale, the high surface roughness of In will
hinder the bonding process and lead to varied formations of
intermetallic compounds. Therefore, although thin In layer is
preferred for Cu7In3 formation, the In layer is still needed to
be thick enough for a continuous film and uniform contact
with Cu.

The quality of In layer depends on the thickness, parameters
during deposition, and substrate material used. Understanding
the morphology of In layer is significant to achieve stable bond
structure with the least amount of In usage. If In can be grown
into a continuous film on substrate with sufficient amount of
Cu for intermetallic compound formation, Cu7In3 phase with
high thermal stability can be formed and is the best candidate
for 3-D integration application.

The SAT analysis of the Cu/In wafer bonding with
270-nm-thick In layer is given in Fig. 6, which demonstrates a
uniform wafer-level bonding integrity without voids. Because
of its high melting temperature of 632.2 °C, the Cu7In3 phase
can survive following CMOS and packaging processes. There-
fore, this low-temperature Cu-In bond design with Cu/Cu7In3
formation can be applied in 3-D integration, such as the wafer-
level lock-n-key scheme. In this scheme, In is designed for
the lock structure with its surface lower than dielectric/SiO2
surface, which can prevent In from possible dispersing during
the heating process, while Cu is designed for the key structure.
As the bonding process proceeds, Cu will diffuse toward In
and react to form the final Cu/Cu7In3 bond.

V. ELECTRICAL CHARACTERISTIC OF

COPPER-/INDIUM-BONDED INTERCONNECT

Specific contact resistance of the Cu-/In-bonded intercon-
nect was measured by fabricating a Kelvin structure with
the bonded area of 100 μm2 (10 μm × 10 μm) [17]. The
measurement result in Fig. 7 suggests a low specific contact
resistance of approximately 0.3 × 10−8 �-cm2 and a stable

Fig. 7. Measured specific contact resistance of Cu-/In-bonded interconnect
under different applied current.

Fig. 8. Electrical characteristic of Cu-/In-bonded interconnect under current
stressing test.

bonded structure with a small deviation of resistance under
different applied current.

The Cu-/In-bonded interconnect was further evaluated by
reliability tests. Fig. 8 also shows the low specific contact
resistance after 1000 cycles of current sweeping between
−0.1 and 0.1 A. In addition, it still presents a small deviation
of resistance within the entire 1000 cycles of current sweeping,
even at a large current density of 105 A/cm2. The good stability
of Cu-/In-bonded interconnect against current stressing is
especially important for multiple operation and commercial
application.

VI. ELECTRICAL RELIABILITY OF

CU-/IN-BONDED INTERCONNECT

To evaluate the thermal reliability of Cu-/In-bonded inter-
connect, temperature cycling test based on the JESD22-A104B
standard was performed under temperature range of −55 to
125 °C with a duration of 15 min/zone [18]. As shown in
Fig. 9, the bonded interconnect shows good stability after
1000 loops of temperature cycling, implying that the structure
possesses good durability against expansion and shrinkage
caused by large temperature variation.
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Fig. 9. Reliability test results of Cu-/In-bonded interconnect under temper-
ature cycling test.

Fig. 10. Reliability test results of Cu-/In-bonded interconnect under un-biased
highly accelerated stress test.

In addition, an unbiased highly accelerated stress test
(unbiased HAST) based on the JESD22A-118 standard with
the conditions of 85% RH and 130 °C was applied to eval-
uate the bonding quality of the interconnect. As shown in
Fig. 10, it demonstrates good bonding quality of Cu/In bonded
interconnect against moisture and corrosion from the obser-
vation of a more stable and lower resistance after 168 h of
operation. The reduction of resistance may be attributed to
the heat provided by the un-biased HAST that simulates the
rearrangement of structures and eliminates the defects at the
bonded interface [19].

According to these results, the Cu-/In-bonded interconnect
is promising in terms of electrical performance and reliability,
and is a possible choice for 3-D integration.

VII. CONCLUSION

In this paper, the scheme of reliable wafer-level and chip-
level Cu-/In-bonded interconnects has been proposed and
successfully demonstrated at 170 °C low temperature. The
detailed study on structural characteristics of intermetallic
phases formed in the Cu/In bonds has been presented in

this paper. By applying the isothermal solidification reaction, it
can form intermetallic compounds, Cu2In and Cu7In3, which
possess high thermal stability. Moreover, the evaluation of
surface morphologies of In thin layer implied that it can
finally form Cu7In3 phase in bonded structure if In grains
have grown into a continuous film prior to bonding. With
the complete consumption of In to react with Cu for inter-
metallic compounds, the Cu-/Cu7In3-bonded interconnect has
shown the potential for future 3-D integration applications.
This Cu-/Cu7In3-bonded interconnect possesses good bonding
quality, high thermal stability, and great reliability under
standard CMOS fabrication process and electrical operation
conditions.

REFERENCES

[1] S. J. Koester, A. M. Young, R. R. Yu, S. Purushothaman, K.-N. Chen,
D. C. La Tulipe, et al., “Wafer-level 3D integration technology,” IBM J.
Res., Dev., vol. 52, no. 6, pp. 583–597, Nov. 2008.

[2] D. Sylvester and C. Hu, “Analytical modeling and characterization
of deep-submicrometer interconnect,” Proc. IEEE, vol. 89, no. 5,
pp. 634–664, May 2001.

[3] A. Rahman and R. Reif, “System-level performance evaluation of three-
dimensional integrated circuits,” IEEE Trans. Very Large Scale Integr.
(VLSI) Syst., vol. 8, no. 6, pp. 671–678, Dec. 2000.

[4] C.-T. Ko and K.-N. Chen, “Wafer-level bonding/stacking technology
for 3D integration,” Microelectron. Rel., vol. 50, no. 4, pp. 481–488,
Apr. 2010.

[5] K. N. Chen and C. S. Tan, “Integration schemes and enabling tech-
nologies for three-dimensional integrated circuits,” IET Comput. Digital
Tech., vol. 5, no. 3, pp. 160–168, May 2011.

[6] Y.-S. Tang, Y.-J. Chang, and K.-N. Chen, “Wafer-level Cu-Cu bonding
technology,” Microelectron. Rel., vol. 52, no. 2, pp. 312–320, Feb. 2012.

[7] C.-T. Ko and K.-N. Chen, “Low temperature bonding technology for
3D integration,” Microelectron. Rel., vol. 52, no. 2, pp. 302–311,
Feb. 2012.

[8] Y. Tian, N. Wang, Y. Li, and C. Wang, “Mechanism of low temperature
Cu-In solid-liquid interdiffusion bonding in 3D package,” in Proc. 13th
ICEPT-HDP, Aug. 2012, pp. 216–218.

[9] K. Sakuma, P. S. Andry, B. Dang, J. Maria, C. K. Tsang, C. Patel, et al.,
“3D chip stacking technology with low-volume lead-free interconnec-
tions,” in Proc. 57th ECTC, Jun. 2007, pp. 627–632.

[10] Z. Bahari, E. Dichi, B. Legendre, and J. Dugué, “The equilibrium
phase diagram of the copper-indium system: A new investigation,”
Thermochim. Acta, vol. 401, no. 2, pp. 131–138, May 2003.

[11] C. L. Yu, S. S. Wang, and T. H. Chuang, “Intermetallic compounds
formed at the interface between liquid indium and copper substrates,”
J. Electron. Mater., vol. 31, no. 5, pp. 488–493, May 2002.

[12] S. Sommadossi, W. Gust, and E. J. Mittemeijer, “Phase characterisation
and kinetic behaviour of diffusion soldered Cu/In/Cu interconnections,”
Mater. Sci. Technol., vol. 19, no. 4, pp. 528–534, Apr. 2003.

[13] S. Sommadossi, L. Litynska, P. Zieba, W. Gust, and E.J. Mittemeijer,
“Transmission electron microscopy investigation of the microstructure
and chemistry of Si/Cu/In/Cu/Si interconnections,” Mater. Chem. Phys.,
vol. 81, nos. 2–3, pp. 566–568, Aug. 2003.

[14] L. Litynska, J. Wojewoda, P. Zieba, M. Faryna, W. Gust, and
E. J. Mittemeijer, “Characterization of interfacial reactions in Cu/In/Cu
joints,” Microchim. Acta, vol. 145, nos. 1–4, pp. 107–110, Apr. 2004.

[15] S.-J. Cheng, X.-F. Bian, J.-X. Zhang, X.-B. Qin, and Z.-H. Wang,
“Correlation of viscosity and structural changes of indium melt,” Mater.
Lett., vol. 57, no. 26–27, pp. 4191–4195, Sep. 2003.

[16] M. A. McClelland and J. S. Sze, “Surface tension and density measure-
ments for indium and uranium using a sessile-drop apparatus with glow
discharge cleaning,” Surf. Sci., vol. 330, no. 3, pp. 313–322, Jun. 1995.

[17] K. N. Chen, A. Fan, and C. S. Tan, “Contact resistance measurement of
bonded copper interconnects for three-dimensional integration technol-
ogy,” IEEE Electron Device Lett., vol. 25, no. 1, pp. 10–12, Jan. 2004.

[18] JEDEC Standard. Arlington, VA, USA. (2005). Temperature Cycling
[Online]. Available: http://www.jedec.org/

[19] K. N. Chen, C. S. Tan, A. Fan, and R. Reif, “Abnormal contact
resistance reduction of bonded copper interconnects in three-dimensional
integration during current stressing,” Appl. Phys. Lett., vol. 86, no. 1,
p. 011903, Jan. 2005.



1136 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 61, NO. 4, APRIL 2014

Yu-San Chien received the M.S. degree in elec-
tronics engineering from the National Chiao Tung
University, Hsinchu, Taiwan, in 2013.

Yan-Pin Huang received the Degree in material
science engineering from the National Chiao Tung
University (NCTU), Hsinchu, Taiwan, where he is
currently pursuing the Ph.D. degree in electronics
engineering.

Ruoh-Ning Tzeng, photograph and biography not available at the time of
publication.

Ming-Shaw Shy, photograph and biography not available at the time of
publication.

Teu-Hua Lin, photograph and biography not available at the time of
publication.

Kou-Hua Chen, photograph and biography not available at the time of
publication.

Chi-Tsung Chiu, photograph and biography not available at the time of
publication.

Ching-Te Chuang (S’78–M’82–SM’91–F’94)
received the Ph.D. degree in electrical engineering
from the University of California, Berkeley, CA,
USA, in 1982.

He is currently a Life Chair Professor with the
Department of Electronics Engineering, National
Chiao Tung University, Hsinchu, Taiwan.

Wei Hwang (F’01–LF’09) received the Ph.D. degree
from the University of Manitoba, Winnipeg, MB,
Canada.

He is currently a Life Chair Professor of Elec-
tronics Engineering with the National Chiao Tung
University, Hsinchu, Taiwan.

Jin-Chern Chiou (M’06) received the M.S. and
Ph.D. degrees in aerospace engineering science from
the University of Colorado, Boulder, CO, USA, in
1986 and 1990, respectively.

He is currently the Professor of the Department
of Electrical and Computer Engineering, National
Chiao Tung University, Hsinchu, Taiwan, and the
Department of Medicine, China Medical University,
Shenyang, China, the Vice Superintendent/Director
of Biomedical Engineering Research and Develop-
ment Center, China Medical University Hospital,

Taichung, Taiwan.

Ho-Ming Tong (F’07) received the Ph.D. degree
in chemical engineering from Columbia University,
New York, NY, USA.

He is currently the Chief Research and Develop-
ment Officer and the General Manager of Group
Research and Development, ASE Group, Kaohsiung,
Taiwan. He served with IBM Thomas J. Watson
Research Center, New York, as a Research Staff
Member, and as a Senior Engineering Manager with
IBM’s East Fishkill Facility.

Kuan-Neng Chen (M’05–SM’11) received the
Ph.D. degree in electrical engineering and computer
science, and the M.S. degree in materials science
and engineering from the Massachusetts Institute of
Technology, Cambridge, MA, USA.

He is currently a Professor with the Department
of Electronics Engineering, National Chiao Tung
University, Hsinchu, Taiwan. He was a Research
Staff Member with the IBM Thomas J. Watson
Research Center, Yorktown Heights, USA.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /sRGB
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /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
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <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 "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


