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Abstract: The purpose of this paper is to help those who research and develop solar cells in university laboratories and industrial
sites understand the most basic and important quantum efficiency measurement and analysis method in analyzing solar cell
performance. Starting with the definition of quantum efficiency, we calculate the theoretical current density according to the
band gap of the solar cell material from the solar spectrum, along with a detailed introduction to the measurement and analysis
methods, and measure and analyze the theoretical current density and quantum efficiency. We discuss in depth how to analyze
the performance of solar cells through Quantum efficiency measurement and analysis of solar cells is a very useful method that
can give intuition to solar cell performance analysis as it can analyze solar cells according to depth (front emitter, bulk, rear
surface). Students and researchers who study solar cells with a deep understanding of theoretical current density and quantum
efficiency measurement analysis are expected to use it as a basis for analyzing solar cell performance.
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Fig. 1. Solar cell structure (a) BSF solar cell and (b) PERC solar cell.
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Fig. 6. Absorption coefficient and absorption depth of the various materials [6,7].
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‘ Spectral irradiance (W-m2-nm!) |

x wavelength interval

‘ Power density (W m?) |

W=J/sec
Power density (J'm?-sec’)
1 1eV=1.6 x10? J ; 17=6.25x101eV

‘ Power density (eV-m?-sec!) |
l / Energy of one photon at given A

‘ Photon flux at given A (# - m? - sec’!) |

x charge of photon (1.6 x10-" C), I = dQ/dt (C/sec)

‘ Current density at given A (A m?)

l Unit conversion of area

‘ Current density at given A (mA- cm2) |

l Sum of current densities of all wavelengths

‘ Total current density (mA- cm?) |

Fig. 8. Theoretical current density calculation procedure.

S 71 4 9100 WAL, £7 52 nefs) HRY =
Chat loss &40l 288 4 ik T3t upgof o2 A
FUSE U0 Y] 2o, 2ers] QRS FS 9
SEL R ERE PR ERE R RE RS

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 4, pp. 351-361, July 2023: Kim et al.

AN 2 9tk kA o] 259l ARUE A4t )
ME B4 Wehe 55 ol Yo ARUEs} Py
A2 e BATA AL 2 oY) TR F o
e 2212 2 4 ok,

2. UNES EH Y BN
2.1 ¥XES 5H B3|

278 ol 9ol7t ul sl hheof
shsta, Che Auls ol oAl AF

o

O 2 Light source@ Xe lamp 72 "iAiito]

t}. e 2318 15 Monochrometerg &
SA] shte] o = Hghe| 1 beam splitterof ©Jsf
L o] monitor celltt £A5H= EJYAR 2 AX}sH
C}. Reflecting mirror= substrate holder?] EjJA
Rlof Fo] YA 4 A== J 25 WL test device
HYHR 22 golHE AR
Integration spherew= QrojlA] A=k vie} ZHo] kAL
L& &745t= B50|H, bias light= tandem Ej YA
A2 &8 o AF85H= bias lighto]T} (2.1.2 tandem
EIYAA] QE 54 F=x).

o =X
JE -1 O

=
=
=2
o
3

N

Light source

Chopper

I Reference cell

N

Electronics

.......

Chopper Monochrometer

sphere

......

Integrating

Monitor cell
Opposite side of the
beam splitter

Reflecting
mirror

Beam splitter

Fig. 9. QE schematic diagram and configuration of QE measuring device.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 4, pp. 351-361, July 2023: Kim et al. 357

Test deviced] M| £7dd Hlo|H= o5 A& o[-&sto| ®m QE= Ag=feh QF e ¥il Sl ZE UO|RES
QE to|E| S At&gict. reference® AR&5to], AA| EJYAX|9] 5% tlolH
o QE < Altetnt. vt oz de| e dRiRl=

__100%:A-ciIrp(A) = o
QE(/D = m (4) 300~1,200 nm ‘:Hr]oﬂ}\i = 01'7] UHT':Oﬂ H\HE 7130]
- 22 e E to] 55 AMESHAITE, 1,200 nm ©]%2]
hi=3FIL G, e dE A PO M, e= AT gupay 29 oA Gewt o] WA 7io] AFL T}

9] A&t electron charge), Iyony (1) = monitor-

. . . 0| @ E & Al8s5lir}t. Reference UHo] Q@ E o] E|+= Of
celle] A=, CVyon (A= monitor-cell®] calibration © = gzjry, Reference r}o] . T 7} v 8150} 7]1E O
value (W/A) la_ﬂ ITD (A)% test deviceo1]/\1 él—\é ]E—i—ﬂ' D]_g 7é]jo_ K‘] EﬂO] Ei Oﬂ Oﬂ 317]_ grAg o}q
| Afolnt woba] 57144l calibrationo] Wa st chi] A4

geet glolg & o]-&ste] QES F73Hok

0Of

et

220 EX2 MRUZ I QE §F HI0[H

B ofA ATsh viet Zo] QE= AR 2] Zlolo T
549 A & 4 ok AR A0 48, ¥
Wf =g, SiNy iAol d 5o ¥ & 4 Aot 1™
& Y 112 A2|2 A 28 5=0] & QFE §4=
2T v s \ HolFEch ®W YMEET QE ol 9¥S £ 4L &
Eaf ¥ \ Holl mhe 54 $Aol oY) BB 07| Mt IQES
% sl —=— Silicon photo diode -\ o _H":@l e o
E .| ! dopg g oM QEZE 2A dastes & 4 At 9ot
g | \ & EZ EH gt uiet ol Bf AR o oA A
S 201 \ o] F457] glFol iFAA] O] JEIE Bof&ETt
S — e . AYuHE 0 2 £ 557} FIEAAE Ve SRR,
200 400 600 800 1000 1200 Ek g} =2 A2 nE(emitter)o]A] carrier &
Wivelengthi(nm) 7t £71511L, =2 carrierd =% oA = carrier 7H9]
Fig. 10. Reference diode and QE data. 2= Yl carrier9] 550 WS W=t o]2fgt
standard process add-oq
ol f:f,'}ﬁ:; 1) ’ laser doping
. e Ay
s | Fe ™ Mot furnace
- W e . T
2y ge >

N3
ARC , n”

40 |

Base Resistivity 0.5Q-cm

Thickness 300um SiN,

20 | 4)

Internal Quantum Efficiency (%)

B
by
a)
m
)
m

ok azth l metallization

200 400 600 800 1000 1200 5)
Wavelength (nm) g

Fig. 11. QE according to surface doping density and selective emitter structure [10].




358

1=3
£y

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 4, pp. 351-361, July 2023: Kim et al.

oz Q3] £7] =& =™k (heavy doping,

60~70 ©/sq)2] ENQAR oA A4alH We EHEE
(shallow doping, ~150 Q/sq)& tﬂfz}s}gigtq, o

=1
EXA
=0

2%

o

Ho oX |4 ox Jl rlo rlo rlo
tlo ot 2L mjo

0.5

EQE

0.2

0.1p

0.0

of
K1
u
i
ofl
rulo
.

diffusion furnace

H1

ok of
of

H1

il

H1

ol

o

<

o

— rr

it
rlo
cfor
4>
)
4>
hu
ro,
=OI:‘14
o?.l
rud

%:Eoﬂkl voc = o-‘-‘]’ Eﬁélgl %‘—f% QE

S 9x|5}7] j,]oH AER A Eﬂg(selective emitter)
o] Mg 1 k. N £ T M A3

O O 0ot v“u

5=

o 2 WL of >1L

ox,

oft

ok
z
2l

ad

=)
ne
o

N
N

ol
ol
8 o
o
rlo
f1
of
off
H1

ok
cE
o
o,
ofo -
1
=]
s}

N
rlr
>
E —
ki
1z
I:l
A‘é
O
rﬁ
Ra)
J_
_|
)
2
_a
rlu
Q
£t

E
=
= utu} EﬂokH x| Q] 7

SEEE DEREL

bz
N
rlr
4 r
o)
I=]
2
o
>
E

0.4

03F

—&— 250nm Jsc:6.49544 mA/c
[ e 350nm Jsc:7.84759 mA/em’
[ —A— 450nm Jsc:7.97506 mA/cm’
—¥— 550nm Jsc:8.24183 mA/cm’

550 600 650 700 750 800

Wavelength (nm)

Fig. 12. Long-wavelength QE according to the thickness of silicon
thin-film solar cells.

n
<

-
=
T

—— Sample A
—B- sample B

Total transmittance (%)
S 8 =

=

800 900 1000 1100

Wavelength(nm)

Quantum Efficiency (%)

100

80

60

40

2
carrier9] o]=o] o]%7] HH—E"‘O]E}
23 12004 FA7F Z7tsho] ahet Fubat o o)A Q)
QE E4Jo] WX =Y, £77F 350 nm o] Aol A= 7}

6}% 457} 71-/\0}0 E A o]Lq] ]L ulato o

QE gt rI 1 74] Abgl 7¢ nlrﬂo1]/\14 ]EE‘ ﬁ%%‘i

o
off
=O|l:':
)
% =
)
32
_11
i
= o
)
o
,ﬂ
= r{m
2
ol
el
)
2

75 Wal g £l Ul L Zht olz ¢

S HOA fojm 29 LH¥ YIAZE EH(EG e 32
sample B9} 732, ~900 nm7tX]+= QE Zto] sample A
o u] 2%t 3he wolct, 1 o] 5.0] AHupaolA] A o
QEe] Afo|7} 57keHE 2 4 SIck. ol Au Gl
A9 Y5 grAbo] ogt g-E4-9] S7F= QIS QEZF 7N
ME]9lee ojn|sic},

Hofl AAIE oA HE QE &7 W2 QE Ho]Ejet o] &
Aol Mg A e BAstel, 4@ £719) 7}
Hof| oJst A7 o] |t ST g FAoA &

M 2 9§88 54 Witk o2 ARy
= AR wEolA At Sol, BepAlE TAshe

—— Sample A
—@ Sample B

20 L L L 2 L
700 800 900 1000 1100

Wavelength (nm)

Fig. 13. Transmittance and QE due to difference of internal reflection at rear side.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 4, pp. 351-361, July 2023: Kim et al. 359

A9 AFE = A4tol 7HsstH, o] & E-&5tH By ol QE 542 &4l 7hssttt. A, st Bl AR o] A
R 9] 3FarA 9l lossof tigt &4 o] 7Hs-5htt [12,13]. + mismatch?} 1S 4%, 217o] EGAX| o A,
e A 55 2485t & F45 AolshAY Y, £

2.3 Tandem ENZFX|2| QE &3 + 7, otF AR Y AW L& 59 ¥ehE Fo
UkAL, &it 52 Alofshe & e g ez 4, st

B Tandem EjQRIA] = 8l 70| T}2 & 7] o] Ako] Ef TR A 7E et

FRA S A E AZdsto], AR B PR cpg(e B YA A=l B FHA]9] -2, 300~1,200 nm77tA]
oux]) TS E45HT, 5FE EjYR A= AmAH(e g oAl 75X T, tandem EfGFRHA|C] 759,
oquA]) F& E4std a8 & 42 WY as FlollM gt uiet ol 4, sHE HYRAIF AR =
S Zrfststs B YRR Lxolc} A7) v]AA /0] AZE 9] 7] "ol ZH2e] BRI o] QES 5745
AXA uruk Ala] 23} 2k whot tandem Ej YA K| 7} A A 714 2o 2 HERAVE A2 R A4
=2 QoL 5o AXA Ala] = Ef QAR g]o] 7] wiwoll 4, st& Bl YA A shute] QEE 57
o] 5 §HAS 2Es17] ¢35t weto 2 perovskite/Si g o= 54 6}7<l U= HGAA ol FZ ZANSH B
FRIR]of o5t o Lo} RAR7F 20| 2 Y- (currentZF £3FE| o] F|O)7f &=,

tandem, GaAs/Si tandem
o]
AN

ol st AlaE L

B
t}. £3] perovskite/Si Aol 2| X7t Bl AJE)shH Bl = RHEofof OJD}.
&t o] 2 501, a-Si:H (Eg=1.7~1.8)/nc-Si(Eg=1.12)2] 4

tandem B R A= Ui 2|t ERSAA] FA7 14 &
g} Q-celle YAt A8 ZH2 AL FX6tL Qe %, a-SiH BigAIA| 2] QES 542 ™, ne-Si BfgA
Zxolct, A9 AR7T A7t WS Yo(RA)e] Fe A
B Tandem EJYAX| (D& 7)= A} 518 ORI R| 7} A1 SHAA] F7dslof stct. Si B AA] F4 Alof= B =
2 dZAgo] gl Lxo|T} A, sHE EjYRA|L 2tz HIPH(RA) FE ZARHOR gt dvbA o2 uiAgy
o] Aa}o] date 5}7| WEo| AaHA|7F Al 8 A AL o EHE o]&3to] mAlRITH QES 575t = H
o] olth 1 & 2 9jt}. Agto] AP A AN A AMaL 2 AR F A FE LA A2 4 SR &
A SHA}, 3HE & A2 37]7F AFe B kA 1] )of| 2]5) A = HGAR o] Mol 57tsto, Adste] 582 Walist
steict mhebA] tandem EJQFRIR]of| A] A, 3HEL Efj ok o, efi=¢ QE @2 27 gt
xlo] M27} & t]o] ZHS 7HR| WA =Ust 7HS 7HR| A Triple junction, quadruple junctionEj & x| et 7+
sH=(X& A, current matching) Z10] -2 = Q 5} o] EfFAXI7} 374 o] F o= o] Fofxl BRI 4
t}h. A== ojAst7] YAl tandem EJ YR A] A& S ZP7Fo] AR o] gt e S A, o 5t
. A} s ElobAIK] o] Raket A2 7k Zxjo] m g 5t 2 4dE 2 E5fA triple junction 3¢, YHA] & 7}

500 550 600 650 700 750
_I.ight absorbed in the top cell

High bandgap Bottom cell

Low bandgap Bottom cell

Fig. 14. Tandem solar cell structure and light absorption.



360

—

Ag
ZnO:Al

Intrinsic pc-Si:H (1.1eV)

- 1®

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 4, pp. 351-361, July 2023: Kim et al.

1]
F
£ ¥

1

ozl
n-type 0.6l
Intrinsic a-Si:H
1.7-1.8¢
p-type A
:For ZnO:

0.5 |

0.4

0.3 |-

0.2 |-

Quantum Efficiency

Glass 01

T T

0.0

a-Si:H
Top cell

A

Hc-SitH ]
Bottom cell

1 L e 1 L

o] B4R X2, quadruple junction2 U A] A 7] 9]
BRI AFE ZeMA|A FAsfof st

vara

w
(V]
rhu

N
==}
9
=
ol
—_

L)
R
od
=

o X

fin)

o 30

ofm 2,

0%

oX.

& oS A ¥o

ol
oX
o
ol
ol

g3
o

o
fo
rok
2
E u

o
=il

o S U
il
X
=

=

)
)
=
g >
1o K

¢

o
i
2ol

)

)
[
ol
—_
rr

(O ] = A )
I

2o o

rt rlo

> mo @

o o

obuat, QE

>
B
r o

=2
2

1o 1 rlorju of
r_‘njl_, }")1 o4
it £ ol
[ AT
o mlo rok

ki

o0 rr

r2

2

0o

2

ra

o

=

~

e

o 1x
10 of ofm

N

N

ol

o

k-1
Kul
o O
o
A
>w

- Jl){l
ol

-

w
i)

Ju

2,

_I

n

1T o
[m)
=

=2

1o
ol

B L mo L2 T Al o O

P
=
fol

2 z7sfof sfuf, QF
QE 5743 £Aj0] ot
AR Fpro] 351 282

ofm
ol
=1
N
N
olr
ol
ok
=
oX
4

400

500 600 700 800 900 1000 1100
Wavelength (nm)

Fig. 15. a-Si:H/uc-Si tandem solar cell structure, light irradiation picture and QE data for QE measurement [14].

ORCID
Youngkuk Kim https://orcid.org/0000-0002-7130-0794
Junsin Yi https://orcid.org/0000-0002-6196-0035
zAe| 2
& A9 AL SHALEMOTIE)S} h=oy|A]7]=

B7H(KETEP)Y] RS

ol 233 A7 YU

(N0.20213030010240, 20203040010320).

(1]

(2]

(3]

(4]

(5]

6]

REFERENCES

C. C. Farrell, A. 1. Osman, R. Doherty, M. Saad, X. Zhang, A.
Murphy, J. Harrison, A.S.M. Vennard, V. Kumaravel, A. H. Al-
Muhtaseb, and D. W. Rooney, Renewable Sustainable Energy Rev.,
128, 109911 (2020). [DOL: https://doi.org/10.1016/j.rser.2020.
109911]

T. Dullweber and J. Schmidt, JEEE J. Photovoltaics, 6, 1366 (2016).
[DOI: https://doi.org/10.1109/JPHOTOV.2016.2571627)

C. Honsberg and S. Bowden, Quantum Efficiency, https://www.
pveducation.org/pvedrom/solar-cell-operation/quantum-efficiency
(2019).

C. Honsberg and S. Bowden, Spectral Response, https://www.
pveducation.org/pvedrom/solar-cell-operation/spectral-response (2019).
C. Honsberg and S. Bowden, Absorption Coefficient, https://www.
pveducation.org/pvedrom/pn-junctions/absorption-coefficient (2019).
https://www.pveducation.org/pvedrom/pn-junctions/absorption-
coefficient



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 4, pp. 351-361, July 2023: Kim et al.

[7]

(8]

(9]

[10]

(11]

C. Honsberg and S. Bowden, Absorption Depth, https://www.
pveducation.org/pvedrom/pn-junctions/absorption-depth_ (2019).

C. Honsberg and S. Bowden, Standard Solar Spectra, https://www.
pveducation.org/pvcdrom/appendices/standard-solar-spectra (2019).
Grid Modernization, Reference Air Mass 1.5 Spectra, https:/www.
nrel.gov/grid/solar-resource/spectra-am1.5. html (2019).

T. C.Roder, S. J. Eisele, P. Grabitz, C. Wagner, G. Kulushich, J. R.
Kohler, and J. H. Werner, Prog. Photovoltaics: Res. Appl., 18, 505
(2010). [DOI: https://doi.org/10.1002/pip.1007]

Y. Kim, S. Jung, M. Ju, K. Ryu, J. Park, H. Choi, D. Yang, Y. Lee,
and J. Yi, Sol. Energy, 85, 1085 (2011). [DOI: https://doi.org/10.
1016/j.solener.2011.03.001]

(12]

[13]

[14]

361

G. Chen, C. Han, L. Yan, Y. Li, Y. Zhao, and X. Zhang, J.
Semicond., 40, 122701 (2019). [DOI: http://doi.org/10.1088/1674-
4926/40/12/122701]

M. Kéhler, M. Pomaska, P. Procel, R. Santbergen, A. Zamchiy, B.
Macco, A. Lambertz, W. Duan, P. Cao, B. Klingebiel, S. Li, A.
Eberst, M. Luysberg, K. Qiu, O. Isabella, F. Finger, T. Kirchartz, U.
Rau, and K. Ding, Nat. Energy, 6,529 (2021). [DOI: https://doi.org/
10.1038/s41560-021-00806-9]

J. Lee, Thesis Ph.D, High Efficiency Multi-Junction Solar Cells
Employing Amorphous and Nanocrystalline Silicon Thin-films, p.
165-166, Sungkyunkwan University, Korea (2008).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


