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Realization of Microlens Array on Flat Encapsulant
Layer for Enhancing Light Efficiency of COB-LEDs

Xingjian Yu, Linyi Xiang, Shuling Zhou, Naiqi Pei, and Xiaobing Luo , Fellow, IEEE

Abstract— The conventional chip-on-board light-emitting
diodes (COB-LEDs) with flat encapsulant layer present low light
efficiency due to the total internal reflection (TIR) happens at
the encapsulant-air interface. In this study, microlens array was
realized on the flat encapsulant layer of COB-LEDs to diminish
the TIR at the encapsulant-air interface. The microlens array was
fabricated by selectively exposing the UV glue film in UV-light
through a pre-designed photomask. Micro-pillars form after
the UV-light exposure and microlens array forms spontaneously
due to the wetting process of uncured UV glue on the micro-
pillars. The geometry of the microlens array was experimentally
optimized, and the light efficiency enhancement of COB-LEDs by
the microlens array was analyzed. The results show that optimal
geometry of microlens array with curvature of ∼41◦ and base
diameter of ∼87 µm can be realized by adjusting the UV-light
exposure time as >40 s and UV glue film thickness as >80 µm.
Compared to the traditional flat encapsulant layer, the microlens
array with optimal geometry increases the light efficiency of blue
and ∼5000 K white COB-LEDs by 50.9% and 9.31%.

Index Terms— Chip-on-board light-emitting diodes, microlens
array, total internal reflection, light efficiency.

I. INTRODUCTION

WHITE light-emitting diodes (LEDs) have many advan-
tages over the conventional light sources, and have

been the mainstream light source in 21st century[1]. In white
LED packaging, the phosphor/silicone encapsulant layer plays
an important role in light conversion, correlated color tem-
perature (CCT) manipulation and oxygen/moisture protec-
tion [2]–[4]. However, serious total internal reflection (TIR)
happens at the chip-encapsulant and encapsulant-air interfaces
due to the refractive index difference of LED chip (∼2.5),
encapsulant (1.4∼1.7) and air (=1), which decreases the light
efficiency of LEDs significantly.

In the past decades, microlens arrays [5]–[13] were fab-
ricated on the LED chips by photolithography [5]–[8] and
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Fig. 1. Schematic diagram of the light propagation in (a) single chip LEDs
with overall hemispherical lens and (b) COB-LEDs with flat encapsulant layer.

nano-microspheres deposition [12], [13] to diminish the TIR
at the chip-encapsulant interface. However, the TIR at the
encapsulant-air interface was rarely studied because most of
the previous studies are focus on the design of single chip
LEDs. For single chip LEDs shown in Fig. 1(a), an overall
hemispherical lens is fasten above the encapsulant layer to
guide the light to emit out from the encapsulant-air interface
directly. Therefore, the TIR at the encapsulant-air interface
of single chip LEDs can be ignored. However, with the
increasing packaging demand of high power and compact size,
the single chip LEDs no longer meet the requirement. Under
this background, the chip-on-board LEDs (COB-LEDs) with
dozens to hundreds of LED chips shown as Fig. 1(b) are
becoming more and more popular in recent years. Compared
to the single chip LEDs, the size of the COB-LEDs with
same output power can be reduced by dozen times. However,
the substrate area of COB-LEDs is dozen times of that of
the single chip LEDs. Therefore, it is impossible to use
overall lens in COB-LEDs packaging because it consumes too
much silicone to fill in the encapsulant-lens gap and increases
the module’s size significantly. As a results, the commercial
COB-LEDs present flat encapsluant-air interface shown as
Fig. 1(b), which induces serious TIR with critical incident
angles of θc < 46◦ due to the refractive index difference of
the encapsulant and air [14]–[18].

Few methods were proposed to diminish the TIR at
encapsulant-air interface of COB-LEDs, including introducing
patterned substrate [14], using scattering materials [15] and
designing dome-shaped encapsulant layer [16]–[18]. These
methods enhance the light efficiency of blue and white
COB-LEDs by >40% and >10%. Besides, the dome-shaped
encapsulant layers were proved to have higher light efficiency
enhancement than other methods because it guides the light to
emit out from the encapsulant-air interface directly. However,
the reported dome-shaped encapsulant layers with millimeter
size are only suitable for COB-LEDs with sparse chip distribu-
tion in row or column. Therefore, more works needs to be done
to solve the TIR at encapsulant-air interface for COB-LEDs
with dense chip distribution.

1041-1135 © 2020 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See https://www.ieee.org/publications/rights/index.html for more information.

Authorized licensed use limited to: Huazhong University of Science and Technology. Downloaded on September 20,2020 at 05:42:55 UTC from IEEE Xplore.  Restrictions apply. 

https://orcid.org/0000-0003-3505-6509


1316 IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 32, NO. 20, OCTOBER 15, 2020

Fig. 2. Fabrication process of microlens array and its application in
COB-LEDs packaging. (a) exposing UV glue film in UV-light through a
photomask for 60 s, (b) removing the photomask for 60 minutes, (c) exposing
the whole UV glue film in the UV-light for 60 s, (d) integrating the silicone
film with microlens array on the encapsulant layer of the COB-LEDs.

Inspired by the prior works of microlens array on the
LED chip, it seems that fabricating microlens array on the
encapsulant layer might be a good way to increase the light
efficiency of COB-LEDs with dense chip distribution. How-
ever, the photolithography and nano-microspheres deposition
methods are not suitable for realizing lens array on the
encapsulant layer due to the complicated wetting and curing
behaviors of the encapsulant [19]. Recently, Zhou and Ren
proposed an method to realize microlens array on the glass
substrate[20] by selectively curing photosensitive monomer
material, which could be an alternative method for realizing
microlens array on the encapsulant layer.

In this study, a simple method [20] was applied to realize
microlens array on the encapsulant layer for enhancing the
light efficiency of COB-LEDs. Compared with the previous
methods [16]–[18], this method is simpler and independent on
the structure and chip distribution of COB-LEDs. The forming
mechanism of the microlens array was verified, and the geome-
try of microlens array was experimentally optimized. The light
efficiency enhancement of COB-LEDs by the microlens arrays
were measured and analyzed.

II. EXPERIMRENTS

Fig. 2 shows the fabrication process of the microlens array
and its application in COB-LEDs packaging, it consists of the
following steps.

a) Preparing a thin silicone film (OE6550A/B, Dow corn-
ing) with thickness of ∼100 μm and coating a thin
layer of transparent UV glue (9308, Leaftop) on the
silicone film. The thickness of the silicone and UV glue
film is adjusted by a coating machine (Weida, AFA-V).
Attaching a photomask with transparent circular pattern
on the silicone film and exposing the UV glue film to
a collimated UV-light with wavelength of 365 nm and
intensity of 15 mW/cm2 for 60 s. Attribute to the pres-
ence of the photomask, the UV glue that exposed to the
UV-light cures (polymerized) to form micro-pillars [20].

b) Removing the UV-light and photomask for 60 minutes.
When the UV-light was just removed, the UV glue film

Fig. 3. Images of (a) structure of the COB-LEDs, (b) photomask, (c) geome-
try of the UV glue film when the UV-light was just removed and (d) geometry
of the microlens array after removing the UV-light for 60 minutes.

has shallow pits at the position of pillars due to the
volume shrink of the UV glue at the polymerization
process [20], [21]. Then the uncured UV glue wets the
cured pillars gradually driven by the capillary force and
forms microlens array spontaneously.

c) Exposing the whole UV glue film to the UV-light for
60 s to cure it and silicone film with microlens array is
obtained.

d) Integrating the silicone film with microlens array on the
encapsulant layer of COB-LEDs.

In the experiments, blue and ∼5000 K white COB-LEDs
with and without microlens array were prepared, and their
light efficiency was measured by an integrating sphere
(ATA-1000, Everfine). For blue LEDs, silicone (OE6550A/B,
Dow corning) was used as the encapsulant. For white
COB-LEDs, yellow phosphor (YAG-O4, Intematix) was mixed
with the silicone with mass concentration of 0.04 g: 1 g to
form the encapsulant. The thickness of the encapsulant was
kept as ∼1 mm.

III. RESULTS AND DISCUSSION

Fig. 3(a) shows the structure of the COB-LEDs used in the
experiments. 4 conventional chips with size of 1 mm×1 mm
are arranged closely with chip spacing of 1.2 mm. Fig. 3(b)
shows the photomask used in the experiments, the diameter
and spacing of the transparent circular pattern are 50 μm
and 100 μm. Fig. 3(c) shows the geometry of the UV glue
film when the UV-light was just removed, shallow pits were
observed on the film. Fig. 3(d) shows the geometry of the
UV glue film after removing the UV-light for 60 minutes,
microlens array was observed on the film.

Fig. 4 shows the geometry of microlens arrays that realized
with UV glue thickness of 50 μm, 100 μm and 200 μm.
It shows microlens array was only achieved at thickness
of 50 μm and 100 μm. Besides, the curvature of microlens
θ with UV glue thickness of 50 μm and 100 μm are ∼32◦
and ∼41◦, and the base diameter of the microlens D with
UV glue thickness of 50 μm and 100 μm are ∼70 μm
and ∼87 μm. The height of the pillar is assumed to be
the main reason for inducing the geometry difference of the
microlens arrays. To verify this assumption, the uncured UV
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Fig. 4. Geometry of microlens arrays with UV glue thickness of (a) 50 μm,
(b) 100 μm and (c) 200 μm.

Fig. 5. Characterization of pillar geometry after first UV-light exposure.
(a) pillar geometry from top view, (b) pillar geometry from oblique view,
(c) pillar height at various UV glue thickness, (d) pillar height at various
exposure time.

glue was washed away after the first UV-light exposure and
the geometry of the pillars was characterized by microscope,
the results are shown in Fig. 5. Fig. 5(a) and Fig. 5(b) show the
geometry of the pillars at UV glue thickness of ∼100 μm.
It shows that pillar array forms after first UV-light exposure
and the height of the pillars was measured ∼95 μm. The
height of the pillars is slightly smaller than the thickness of
UV glue due to the volume shrink of the UV glue at the
polymerization process [20], [21]. Fig. 5(c) shows the pillar
height under UV glue thickness of 50 μm to 200 μm, when
the exposure time was set as 60 s. It shows that the pillar
height rarely changes when the UV glue thickness is larger
than 100 μm, which indicates that ∼100 μm might be the
maximum curing depth of the UV glue by the UV-light source
used in the experiments. Therefore, we measured the pillar
height under exposure time of 20 s to 120 s, when the UV
glue thickness was set as 200 μm. Fig. 5(d) indicates that the
pillar height rarely changes when the exposure time is larger
than 40 s, which indicates that the maximum curing depth by
the UV-light source is ∼100 μm. This is because the intensity
of UV light decreases with its transmission depth in the UV
glue film, and it drops below the critical exposure intensity of
the UV glue at transmission depth of >100 μm. As a result,
the UV glue at thickness of >100 μm cannot be cured by the
UV-light source even increases the exposure time.

For UV glue thickness of 50 μm and 100 μm, the pillars
penetrate the entire film and microlens array forms at the top

Fig. 6. Reliability verification of UV glue. (a) Transmittance of UV glue
before and after exposing in white light for 300 hours, (b) spectra of ∼5000 K
phosphor-converted white LED.

Fig. 7. Light efficiency of COB-LEDs with flat encapsulant layer and with
microlens arrays shown in Fig. 4(a) and Fig. 4(b). (a) Blue COB-LEDs,
(b) ∼5000 K white COB-LEDs.

surface of the film. Because the pillar height at thickness of
100 μm is higher than that of 50 μm, so the curvature and
base diameter of the microlens at thickness of 100 μm are
larger than that of 50 μm due to the stronger capillary effect.
However, for UV glue thickness of 200 μm, it fails to form
microlens array because the pillars are fully immersed in the
uncured UV glue shown as the insert figure of Fig. 5(c).

The microlens arrays were integrated on the encapsulant
layer of COB-LEDs to improve their light efficiency. Firstly,
experiments were conducted to confirm whether the reliability
of the UV glue is satisfied if it directly used as microlens.
As shown in the insert figure of Fig. 6(a), a 1mm glass
substrate with ∼100 μm cured UV glue film was exposed
to white LED light with light spectra shown in Fig. 6(b)
for 300 hours, and the transmittance of the UV glue before
and after white light exposing is shown in Fig. 6(a). The
transmittance of UV glue is defined as the transmittance ratio
of the coated substrate to the uncoated substrate. It shows
that the UV glue presents high transmittance at wavelength
>400 nm, which proves its apply feasibility on LED packaging
because the intensity of the while LEDs spectra is mainly
distributed at wavelength of >400 nm shown as Fig. 6(b).
In addition, the transmittance of UV glue rarely changes after
exposing in white LED light for 300 hours, which indicates
that the reliability of UV glue is satisfied if it directly used as
microlens in LED packaging.

Fig. 7 shows the light efficiency of blue and ∼5000 K
white COB-LEDs with flat encapsulant layer and microlens
arrays shown in Fig. 4(a) and Fig. 4(b) at driving current
of 100 mA to 700 mA. Compared with the flat encapsulant, the
microlens arrays shown in Fig. 4(a) and Fig. 4(b) enhance the
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Fig. 8. Curvature and base diameter of microlens at various UV glue
thickness.

light efficiency of blue COB-LEDs by 41.9% and 50.9%, and
enhance the light efficiency of ∼5000 K white COB-LEDs by
7.09% and 9.31%. The light efficiency enhancement is mea-
sured as the average light efficiency enhancement at different
driving currents. And the light efficiency enhancement at each
driving current is defined as (ηlens -η f lat )/η f lat ×100%, where
ηlens is the light efficiency of COB-LEDs with microlens
array and η f lat is the light efficiency of COB-LEDs without
microlens array (with flat encapsulant layer). As the insert
figure of Fig. 7(a) shows, more light can emit out from the
microlens-air interface for microlens array with higher curva-
ture and larger base diameter. Therefore, the light efficiency of
COB-LEDs with microlens array shown in Fig. 4(b) is higher
than that with microlens array shown in Fig. 4(a).

The results shown in Fig. 7 indicate that the light efficiency
enhancement of COB-LEDs by the microlens array depends
on the curvature and base diameter of the microlens, while
the results in Fig. 4 show the curvature and base diameter of
microlens depends on the UV glue thickness. Therefore, more
experiments were conducted to investigated the dependence
of the curvature/base diameter of microlens and UV glue
thickness, and the results are shown in Fig. 8. It can be seen
that the curvature and base diameter of microlens increase with
the UV glue thickness initially and rarely change when the UV
glue thickness is larger than 80 μm. Therefore, the geometry
of microlens array shown in Fig. 4(b) is optimal in this study.

IV. CONCLUSION

In this study, microlens arrays were realized and applied
to the COB-LEDs packaging. The forming mechanism of
the microlens array was verified, and the geometry of the
microlens was experimentally optimized by adjusting the
UV-light exposure time and the UV glue thickness. The light
efficiency of the COB-LEDs with and without microlens array
was measured and analyzed. The results show that micro-
pillars form after the first UV-light exposure, and microlens
array forms spontaneously due to the wetting process of the
uncured UV glue on the pillars. The geometry of the microlens
array depends on the pillar height. A maximum pillar height
was achieved at UV glue thickness of >100 μm and exposure
time of >40 s, and optimal geometry of microlens array with
curvature of ∼41◦ and base diameter of ∼87 μm was achieved
at pillar height of >80 μm. Compared to the flat encapsulant

layer, the microlens array with optimal geometry increases the
light efficiency of blue and ∼5000 K white COB-LEDs by
50.9% and 9.31%.

REFERENCES

[1] X. Luo, R. Hu, S. Liu, and K. Wang, “Heat and fluid flow in high-
power LED packaging and applications,” Prog. Energy Combustion Sci.,
vol. 56, pp. 1–32, Sep. 2016.

[2] X. Yu, W. Shu, R. Hu, B. Xie, Y. Ma, and X. Luo, “Dynamic phosphor
sedimentation effect on the optical performance of white LEDs,” IEEE
Photon. Technol. Lett., vol. 29, no. 14, pp. 1195–1198, Jul. 15, 2017.

[3] X. Yu, B. Xie, Q. Chen, Y. Ma, R. Wu, and X. Luo, “Thermal
remote phosphor coating for phosphor-converted white-light-emitting
diodes,” IEEE Trans. Compon., Packag., Manuf. Technol., vol. 5, no. 9,
pp. 1253–1257, Sep. 2015.

[4] R. Hu et al., “Near-/mid-field effect of color mixing for single phosphor-
converted light-emitting diode package,” IEEE Photon. Technol. Lett.,
vol. 25, no. 3, pp. 246–249, Feb. 2013.

[5] D. Kim, H. Lee, N. Cho, Y. Sung, and G. Yeom, “Effect of GaN
microlens array on efficiency of GaN-based blue-light-emitting diodes,”
Jpn. J. Appl. Phys., vol. 44, nos. 1–7, pp. 42–45, 2005.

[6] H. W. Choi et al., “GaN micro-light-emitting diode arrays with mono-
lithically integrated sapphire microlenses,” Appl. Phys. Lett., vol. 84,
no. 13, pp. 2253–2255, Mar. 2004.

[7] M. Khizar, Z. Y. Fan, K. H. Kim, J. Y. Lin, and H. X. Jiang, “Nitride
deep-ultraviolet light-emitting diodes with microlens array,” Appl. Phys.
Lett., vol. 86, no. 17, pp. 1–3, 2005.

[8] R. Liang et al., “High light extraction efficiency of deep ultraviolet LEDs
enhanced using nanolens arrays,” IEEE Trans. Electron Devices, vol. 65,
no. 6, pp. 2498–2503, Jun. 2018.

[9] Y. Qu, J. Kim, C. Coburn, and S. R. Forrest, “Efficient, nonintrusive
outcoupling in organic light emitting devices using embedded microlens
arrays,” ACS Photon., vol. 5, no. 6, pp. 2453–2458, Jun. 2018.

[10] F. Galeotti, W. Mróz, G. Scavia, and C. Botta, “Microlens arrays for
light extraction enhancement in organic light-emitting diodes: A facile
approach,” Organic Electron., vol. 14, no. 1, pp. 212–218, Jan. 2013.

[11] E. Wrzesniewski et al., “Enhancing light extraction in top-emitting
organic light-emitting devices using molded transparent polymer
microlens arrays,” Small, vol. 8, no. 17, pp. 2647–2651, Sep. 2012.

[12] Z. Zhu et al., “Improvement of light extraction of LYSO scintillator by
using a combination of self-assembly of nanospheres and atomic layer
deposition,” Opt. Express, vol. 23, no. 6, p. 7085, 2015.

[13] J. Y. Park, G. S. Rama Raju, B. K. Moon, and J. H. Jeong, “Facile
solvothermal synthesis of high refractive index ZrO2 spheres: Estimation
of the enhanced light extraction efficiency,” RSC Adv., vol. 5, no. 100,
pp. 81915–81919, 2015.

[14] Z.-T. Li, Q.-H. Wang, Y. Tang, C. Li, X.-R. Ding, and Z.-H. He,
“Light extraction improvement for LED COB devices by introducing
a patterned leadframe substrate configuration,” IEEE Trans. Electron
Devices, vol. 60, no. 4, pp. 1397–1403, Apr. 2013.

[15] H. Zheng, L. Li, X. Lei, X. Yu, S. Liu, and X. Luo, “Optical per-
formance enhancement for Chip-on-Board packaging LEDs by adding
TiO2/silicone encapsulation layer,” IEEE Electron Device Lett., vol. 35,
no. 10, pp. 1046–1048, Oct. 2014.

[16] X. Yu, B. Xie, B. Shang, W. Shu, and X. Luo, “A facile approach
to fabricate patterned surfaces for enhancing light efficiency of COB-
LEDs,” IEEE Trans. Electron Devices, vol. 64, no. 10, pp. 4149–4155,
Oct. 2017.

[17] X. Yu, R. Hu, R. Wu, B. Xie, X. Zhang, and X. Luo, “Cylindrical
tuber encapsulant layer realization by patterned surface for chip-on-
board light-emitting diodes packaging,” J. Electron. Packag., vol. 141,
no. 3, pp. 1–5, Sep. 2019.

[18] X. Yu, B. Xie, B. Shang, Q. Chen, and X. Luo, “A cylindrical tuber
encapsulant geometry for enhancing optical performance of chip-on-
board packaging light-emitting diodes,” IEEE Photon. J., vol. 8, no. 3,
pp. 1–9, Jun. 2016.

[19] X. J. Yu, R. Hu, L. L. Zhou, H. Wu, and X. B. Luo, “Spreading and
curing behaviors of a thermosetting droplet-silicone on a heated surface,”
J. Harbin Inst. Technol., vol. 26, no. 4, pp. 1–8, 2019.

[20] Z. Zhou and H. Ren, “Polymeric microlens array formed directly on
glass plate,” Opt. Eng., vol. 56, no. 1, Jan. 2017, Art. no. 015106.

[21] X. Yang et al., “Fabrication of UV-curable solvent-free epoxy modified
silicone resin coating with high transparency and low volume shrinkage,”
Prog. Organic Coat., vol. 129, pp. 96–100, Apr. 2019.

Authorized licensed use limited to: Huazhong University of Science and Technology. Downloaded on September 20,2020 at 05:42:55 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Black & White)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /ArborText
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /ComicSansMS
    /ComicSansMS-Bold
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /EstrangeloEdessa
    /EuroSig
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Impact
    /KozGoPr6N-Medium
    /KozGoProVI-Medium
    /KozMinPr6N-Regular
    /KozMinProVI-Regular
    /Latha
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LucidaConsole
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /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
    /Webdings
    /Wingdings-Regular
    /ZapfDingbats
    /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 true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


