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Characterizations of Cu/Sn–Zn Solder/Ag Interfaces
on Photovoltaic Ribbon for Silicon Solar Cells

Kuan-Jen Chen, Fei-Yi Hung, Truan-Sheng Lui, Li-Hui Chen, and Yu-Wen Chen

Abstract—Sn-xZn (x = 9, 25, and 50 wt%) alloy solders are ap-
plied in photovoltaic (PV) ribbon and connected with silicon solar
cells. The interfacial microstructures, series resistance, and bond-
ing strength of Sn-xZn PV modules are investigated. Cu5 Zn8 and
AgZn3 intermetallic compounds (IMCs) were found at the inter-
faces. The Zn content in the solder dominates the growth behavior
of IMCs at the interface. The thickness of the Cu5 Zn8 and AgZn3
IMC layer increased with increasing Zn content in the solder, and
thus, the series resistance of the PV module also increased. The
growth of IMCs can enhance the interfacial adhesion strength,
but excess Zn overconsumes the Ag electrode, reducing the bond
strength of the PV module. Applying low-Zn-content Sn-xZn sol-
der to PV ribbon avoids overconsumption of the Ag layer and, thus,
decreases the series resistance and internal stress.

Index Terms—Bonding strength, intermetallic compounds
(IMCs), internal stress, photovoltaic (PV) ribbon, Sn-xZn solder.

I. INTRODUCTION

IN fact, the solar cell fabricating process is harmful to both the
environment and human health because the lead-contained

solders (Sn-37Pb or Sn-36Pb-2Ag) are used on commercially
available photovoltaic (PV) ribbons [1], [2]. Among lead-free
solders, Sn–Ag–Cu (SAC) alloy has good wettability and me-
chanical properties, making it suitable for solar cell intercon-
nections [3]–[5]. The feasibility of using SAC solders in solar
applications was reported in our previous studies [6], [7]. How-
ever, there is still room for improvement in SAC PV ribbon. In
the electronic packaging industry, solder joint reliability is an
important factor that affects the lifetime of electronic devices
[8]. SAC PV ribbon reflowed on Si-based solar cells still requires
using a flux, which is harmful to the environment. SAC solders
containing Ag increase the PV ribbon cost. In addition, Cu6Sn5
and Ag3Sn intermetallic compounds (IMCs) are formed at the
SAC solder/Cu and SAC solder/Ag interfaces [5], [9]. These
interfacial microstructures have high resistance and hardness
and, thus, increase the internal resistance and brittleness at the
interface [10].

In this study, green low-cost Sn-xZn PV ribbons without flux
are reflowed onto silicon solar cells to estimate their feasibility
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Fig. 1. Schematic diagram of peeling force test for a PV module.

for solar module applications. The growth behaviors of IMCs
at the reflowed PV module interfaces (Cu/solder and solder/Ag)
are investigated. In addition, the mechanical properties of the
bonding materials for PV modules are determined using the
peeling force test to estimate the solderability between PV
ribbon and a solar cell.

II. EXPERIMENTAL PROCEDURE

Sn-xZn (x = 9, 25, and 50 wt%) alloy solders were used to
fabricate the PV ribbon in this study. According to the Zn con-
tent in solder, the alloys are designated as Sn-9Zn, Sn-25Zn,
and Sn-50Zn, respectively. A pure Cu ribbon (length: 100 mm;
width: 2 mm; thickness: 0.2 mm) was immersed in the molten
solder for 1 s to form the Sn-xZn PV ribbon. In order to estimate
the suitability of the Sn-xZn alloy solders in the PV ribbon, the
ribbons were soldered onto an Ag electrode on Si solar cells
at 350 °C for 30 s. The microstructures and interfacial char-
acteristics of the Sn-xZn solders were examined using optical
microscopy and high-resolution scanning electron microscopy.
An electron probe microanalyzer (EPMA) was used to analyze
the interfacial region of the reflowed PV ribbons. In series resis-
tance measuring, the positive and negative of dc power supply
were fed to the Ag electrode and Cu ribbon. The measurement
current was increased from 0 to 10 A with an increment of 0.5 A,
and the series resistance of the PV ribbons (Cu/solder/Ag) was
estimated according to Ohm’s law [7]. In addition, the peeling
force test was used to estimate the bond strength between the
PV ribbon and Si solar cell. A schematic diagram of the peeling
force test for the PV module is shown in Fig. 1.

III. RESULTS AND DISCUSSION

A. Microstructure and Interfacial Connection Characteristics

Fig. 2 shows a metallographic image of the Sn-xZn mi-
crostructures and the Sn-xZn/Cu interfacial characteristics. For
the solder microstructures, the alloy matrix corresponds to the
Sn–Zn eutectic phase, and the needle-type structure represents
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Fig. 2. Metallographic images of the microstructures of Sn-xZn alloys and
interfacial characteristics of PV ribbons: (a) Sn-9Zn, (b) Sn-25Zn, and (c) Sn-
50Zn.

the primary Zn-rich phase. The area of the primary Zn-rich
phase increases with increasing Zn content, and thus, the inter-
nal conductivity of the Sn-50Zn alloy was the highest [11]. The
microstructure of the Sn-xZn solder/Cu interface corresponds
to the Zn-rich phase. With an increase in the Zn content in the
solder, the discontinuous Zn-rich phase changes to a continuous
layer structure. Notably, IMC layer forms at the interface be-
tween the continuous Zn-rich layer and Cu ribbon [see Fig. 2(b)
and (c)]. This IMC layer corresponds to the γ-Cu5Zn8 phase,
which is associated with the thermal diffusion reaction of solder
and Cu ribbon [12], [13].

To determine the elemental (Sn, Zn, Cu, and Ag) distribu-
tion in the PV ribbon module, EPMA was used to examine the
interfacial structures of the Sn-50Zn PV ribbon with a reflow
duration of 60 s. As shown in Fig. 3, at the solder/Cu interface,
the IMCs are layer-type γ-Cu5Zn8 ©1 , scallop-type ε-CuZn5 ©2 ,
and island-type ε-AgZn3 ©3 . In addition, the needle-type Zn-rich
structure ©4 grew from the interface between the IMCs and sol-
der. At the solder/Ag paste interface, two IMCs were observed,
namely ε-AgZn3 ©3 and layer-type ζ-AgZn ©5 . The growth
mechanism of IMCs may be associated with reflow-induced
thermal diffusion. The interfacial characteristics of the Sn-50Zn
PV ribbon with various reflow durations were examined (see
Fig. 4). The Sn–Zn eutectic phase is the main compound, with
some Zn-rich phases distributed in the solder matrix. The Zn-
rich phase disappeared with increasing reflow duration because
the Zn-rich phase diffused into CuZn5 or AgZn3 during the
reflow process [13]. For PV ribbon with a reflow duration of
90 s [see Fig. 4(c)], CuZn5 and AgZn IMCs did not form at
the Cu/solder or solder/Ag interface, which is related to ther-
mal diffusion behavior. Briefly, a long reflow duration increases
the thickness of Cu5Zn8 and AgZn3 IMCs, which increases the
internal resistance of the PV ribbon.

The interfacial microstructures of Sn-xZn (x = 9, 25, and
50 wt%) PV ribbons obtained at a reflow duration of 30 s were
examined to clarify the contribution of Zn content in the solder
(see Fig. 5). It is found that the Zn-rich phase decreased with
decreasing Zn content in the solder after reflow. The AgZn3

Fig. 3. EPMA images of the interfacial regions for the Sn-50Zn PV ribbon
with a reflow duration of 60 s.

Fig. 4. Interfacial microstructures of Sn-50Zn PV ribbons with various reflow
durations: (a) 30 s, (b) 60 s, and (c) and 90 s.

Fig. 5. Interfacial microstructures of Sn-xZn PV ribbons at the reflow duration
of 30 s: (a) Sn-9Zn, (b) Sn-25Zn, and (c) and Sn-50Zn.
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Fig. 6. Measurement of Cu5 Zn8 thicknesses at the Cu/solder interface (before
reflow indicates that Cu ribbon was immersed in molten solder to form the PV
ribbon).

Fig. 7. Thicknesses of AgZn3 and Ag paste in the interface between the
Sn-xZn solder and the Ag electrode.

IMC grew at the solder/Cu and solder/Ag interfaces, which is
associated with the fast reaction of solder and the Ag electrode.
Notably, the growth of AgZn3 IMC at the solder/Ag interface
affects the internal resistance and bonding characteristics of the
PV ribbon module [7]. In addition, Cu5Zn8 IMC was only found
at the Cu/Sn-25Zn solder and Cu/Sn-50Zn solder interfaces [see
Fig. 5(b) and (c)], indicating that Zn content dominates the
growth behavior of the Cu5Zn8 phase.

The thickness variations of the Cu5Zn8 IMC layer at the
Cu/solder interface before and after reflowed are summarized
in Fig. 6. For Sn-9Zn PV ribbon, whether before or after reflow,
the Cu5Zn8 IMC layer did not form at the Cu/solder interface.
The content of Zn atoms is insufficient to react with Cu for the
growth of Cu5Zn8 IMC. The growth behavior of the Cu5Zn8
IMC becomes more obvious when the Zn content of the solder
is increased. The reflow-induced thermal energy also promotes
the growth of Cu5Zn8 IMC. Fig. 7 shows the variations in the
Ag electrode and the AgZn3 IMC thicknesses after reflow for
30 s. Compared with the original thickness of the Ag electrode
(∼13 μm), the residual Ag thickness of each PV ribbon de-
creased due to Ag fusing into the solder to form AgZn3 IMC.
The AgZn3 thickness of Sn-9Zn PV ribbon is smaller than that
those of Sn-25Zn and Sn-50Zn PV ribbons, which is attributed to
the lower Zn content in the solder (and thus insufficient number
of Zn atoms to react with Ag). In other words, the Zn content of
the solder affects the consumption behavior of the Ag electrode
at the Ag/Si interface, which dominates the series resistance of
the PV module.

TABLE I
SERIES RESISTANCE OF THE PV RIBBON WITH DIFFERENT ALLOY SOLDERS

Solder Series resistance (Ω)

Sn-9Zn 0.039
Sn-25Zn 0.035
Sn-50Zn 0.043
SAC105 [7] 0.066
SAC305 [7] 0.059

Fig. 8. Peel strength and fracture interfaces of the Sn-xZn PV modules with
different Zn concentration solders.

B. Effect of Intermetallic Compound Growth Behavior on
Series Resistance and Bond Strength of Photovoltaic Ribbons

The interfacial IMCs (Cu5Zn8 and AgZn3) affect the effi-
ciency of PV ribbon on a solar cell. Therefore, the series resis-
tance of reflowed PV ribbons was measured (see Table I). The
Sn-50Zn PV ribbon has the highest series resistance (0.043 Ω),
which is attributed to it having the thickest Cu5Zn8 (4.8 μm)
and AgZn3 (7.0 μm) IMCs. Notably, although Cu5Zn8 IMC did
not form in the Sn-9Zn PV ribbon (see Fig. 6) and its residual
Ag electrode is the thickest (see Fig. 7), its series resistance is
not the lowest. The difference in thickness of Cu5Zn8 IMC and
the residual Ag electrode between the Sn-9Zn and Sn-25Zn PV
ribbon structures is small. In addition, the conductivity of the
Sn-25Zn solder is higher than that of the Sn-9Zn solder. There-
fore, the Sn-25Zn PV ribbon has the lowest series resistance
(0.035 Ω). Compared with SAC PV ribbons [7], the series resis-
tances of all Sn-xZn PV ribbons are lower, which is attributed
to the resistances of Cu5Zn8 and AgZn3 IMCs being lower than
those of Cu6Sn5 and Ag3Sn IMCs [14]. Thus, the Sn-xZn alloy
solder is more suitable for PV ribbon applications.

In order to determine the quality of the PV ribbon connection
to the solar cell, the peeling force test was performed (see Fig. 8).
The width of the Cu ribbon (2 mm) used in this study is nar-
rower than that of commercial Cu ribbon. Therefore, the peeling
force standard for PV ribbon is 100 gf in the present study. The
Sn-9Zn PV ribbon resisted the peeling force (∼153 gf), meeting
the standard, indicating that a thicker residual Ag layer improves
bond strength. Notably, the fracture in the Sn-9Zn PV ribbon
occurred at the Cu/solder interface after the peeling force test
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Fig. 9. Growth mechanism of interfacial IMCs in Sn-xZn PV modules:
(a) Sn-9Zn, (b) Sn-25Zn, and (c) and Sn-50Zn.

(see Fig. 8). In a word, lower-Zn-content solder promotes solar
interconnection during the manufacture process.

Cu5Zn8 IMC did not form at the Cu/solder interface, and the
residual Ag electrode maintained good adhesion strength [see
Fig. 9(a)]. The bond strength of the Cu/solder interface is lower
than that of the Ag/Si interface. For Sn-25Zn and Sn-50Zn PV
ribbons, fracture did not occur at the Cu/solder interface because
Zn and Cu are sufficiently interdiffused to form Cu5Zn8 IMC at
the Cu/solder interface, enhancing the interfacial bond strength
[see Fig. 9(a) and (b)]. In addition, the higher-Zn-content solder
promotes Ag consumption and the formation of AgZn3 IMC
at the solder/Ag interface. Therefore, the bond strength of the
Ag/Si interface decreased due to the different coefficients of
thermal expansion, which caused internal stress at the interface
between AgZn3 IMC and the Ag layer [15]. Briefly, the Zn
content in the Sn-xZn solder affects the growth behavior of
IMCs at the interface, which dominate the bond strength of the
PV ribbon.

IV. CONCLUSION

In Sn-xZn alloy solder, the Zn-rich phase dominates the in-
ternal conductivity of the solder. For the fabricated PV ribbon,
Cu5Zn8 and AgZn3 IMCs were found at the Cu/solder and
solder/Ag interfaces, respectively, due to thermal diffusion be-
havior. The reflow duration should not be excessive as it would
increase IMC thickness. High-Zn-content solder promotes the
growth of IMCs and the consumption of the Ag electrode, and
thus, the series resistance of the Sn-50Zn PV ribbon structure
was the highest.

The IMC resistances (Cu5Zn8 and AgZn3 ) for Sn-xZn PV
ribbons are lower than those (Cu6Sn5 and Ag3Sn) for SAC
PV ribbons. The series resistances of all Sn-xZn PV ribbons
are thus lower than those of SAC PV ribbons. Considering the
reflow yield rate, lower Zn-content solder can restrain the growth
of AgZn3 IMC to reduce the internal stress at the interface,
leading to good PV ribbon bond quality (∼153 gf) in module
manufacture. The Sn-9Zn solder has potential for PV ribbon
applications.

REFERENCES

[1] D. R. Frear, “Microstructural evolution during thermomechanical fa-
tigue of 62Sn-36Pb-2Ag and 60Sn-40Pb solder joints,” IEEE Trans.
Compon., Hybrids Manuf. Technol., vol. 13, no. 4, pp. 718–726,
Aug. 1990.

[2] Y. T. Chiu, K. L. Lin, and Y. S. Lai, “Orientation transformation of
Pb rains in 5Sn-95Pb/63Sn-37Pb composite flip-chip solder joints dur-
ing electromigration test,” J. Mater. Res., vol. 23, no. 7, pp. 1877–1881,
Jul. 2008.

[3] H. A. A. M. Amin, D. A. Shnawah, S. M. Said, M. F. M. Sabri, and
H. Arof, “Effect of Ag content and the minor alloying element Fe on
the electrical resistivity of Sn-Ag-Cu solder alloy,” J. Alloy. Compounds,
vol. 599, no. 25, pp. 114–120, Jun. 2014.

[4] H. J. Ji, Q. Wang, M. Y. Li, and C. Q. Wang, “Ultrafine-grain and
isotropic Cu/SAC305/Cu solder interconnects fabricated by high-intensity
ultrasound-assisted solidification,” J. Electron. Mater., vol. 43, no. 7,
pp. 2467–2478, Apr. 2014.

[5] C. Y. Yu, J. Lee, W. L. Chen, and J. G. Duh, “Enhancement of the
impact toughness in Sn-Ag-Cu/Cu solder joints via modifying the mi-
crostructure of solder alloy,” Mater. Lett., vol. 119, no. 15, pp. 20–23,
Mar. 2008.

[6] K. J. Chen, F. Y. Hung, T. S. Lui, L. H. Chen, D. W. Qiu, and T. L.
Chou, “Effects of electrical current on microstructure and interface prop-
erties of Sn-Ag-Cu/Ag photovoltaic ribbons,” Mater. Trans., vol. 54, no. 7,
pp. 1155–1159, Jun. 2013.

[7] K. J. Chen, F. Y. Hung, T. S. Lui, L. H. Chen, D. W. Qiu, and
T. L. Chou, “Microstructure and electrical mechanism of Sn-xAg-Cu PV-
ribbon for solar cells,” Microelectron. Eng., vol. 116, no. 25, pp. 33–39,
Oct. 2014.

[8] J. H. L. Pang, D. Y. R. Chong, and T. H. Low, “Thermal cycling analysis of
flip-chip solder joint reliability,” IEEE Trans. Compon., Packag., Technol.,
vol. 24, no. 4, pp. 705–712, Dec. 2001.

[9] M. L. Huang, F. Yang, N. Zhao, and Y. C. Yang, “Synchrotron radiation
real-time in situ study on dissolution and precipitation of Ag3 Sn plates in
sub-50 μm Sn-Ag-Cu solder bumps,” J. Alloy. Comp., vol. 602, no. 25,
pp. 281–284, Mar. 2014.

[10] W. R. Osorio, L. C. Peixoto, L. R. Garcia, A. Garcia, and J. E. Spinelli,
“The effects of microstructure and Ag3 Sn and Cu6 Sn5 intermetallics on
the electrochemical behavior of Sn-Ag and Sn-Cu solder alloys,” Int. J.
Electrochem. Sci., vol. 7, pp. 6436–6452, Jul. 2012.

[11] G. A. Lan, T. S. Lui, and L. H. Chen, “The role of eutectic phase
and acicular primary crystallized Zn phase on electrification-fusion in-
duced fracture of Sn-xZn solder alloys,” Mater. Trans., vol. 52, no. 11,
pp. 2111–2118, 2011.

[12] K. L. Lin and C. L. Shih, “Wetting interaction between Sn-Zn-Ag solders
and Cu,” J. Electron. Mater., vol. 32, no. 2, pp. 95–100, 2003.

[13] C. S. Lee and F. S. Shieu, “Growth of intermetallic compounds in the
Sn-9Zn/Cu joint,” J. Electron. Mater., vol. 35, no. 8, pp. 1660–1664,
Mar. 2006.

[14] P. L. Rossiter, The Electrical Resistivity of Metals and Alloys. London,
U.K.: Arnold, 1977.

[15] T. C. Chang, M. H. Hon, and M. C. Wang, “Adhesion strength of the Sn-
9Zn-xAg/Cu interface,” J. Electron. Mater., vol. 32, no. 6, pp. 516–522,
Jan. 2003.

Authors’ photographs and biographies not available at the time of publication.



<<
  /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
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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

  /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


