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IEWAE, A HL-TCHLA L B 5k 1Y B BUR B3
7 (PeLED) W i T 4=ttt SRl 2 5 i BF 5% Ay i 1237271,
20154F, Friendift i 2 P8IA] F IR I Wk il 45 1
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AR AN R0 43 510 0.1%F10.4%. {H 2,
S5 A VIR BUR L4 (OLED)M L, A HL-TCHL
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J7 L, MWang% N it T & &8 45 2Zno/
CH3NH3Pbl s, Cl,a% CHsNH3PbBry/TFB, i i PEI* 5k
SRR 11 20 25 2 PO%E Zn O/ SR 1 ST R AT S M
T 1 5 R A B R R T TSR A T 5
Pel ED#5 5 T8 2 Hi B (1.6F11.9 V) FIE SR (U=
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imidazol-2-yl)phenyl(TPBI)/Lithium fluoride (LiF)/Al.
Hrp, RG22 mCP: CHaNHgPbBrafE S &t 2, MU
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FeARAT], ) R A T4 v Bl
R HDMF, ¥R H20 mg/mL. 25, H100 pLi
CH3NH3PbBrs ¥ ¥k 5 775 L i mCP W # 4T 1R 4,
60°CHEH£30 min)5, 753 mCP: CHzNH3PbBra R 3K {4
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Ho, A ZH R AL B T 4l CHaNH3PbBrs i 4K {4 %
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Figure 1 (Color online) The device structure and the energy-level
diagramsof White PeLED. (a) The device structure of White PeLED and

molecular structure of mCP and CH3NH3PbBr;; (b) the energy-level
diagrams of White PeL ED
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FETEH AR T B AEESEM (JEOL, JSM-7100 F,
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41 CH3NH3PbBr3fi 5 mCP: CH3NH3PbBr3iE 4 i
B UUAAEI TO/PEDOT : PSSHELJIE |, "B AITHY SEM EAE
R E 2@ (b) s, AT LI A 2], FIH—
A T 1 ) 45 B9 4l CHaNH g PbB ol 45 4k A il I o
T2, RIMAE: CHaNH3PbBrfn A SR I 7 1 3 A
FEITO/PEDOT : PSSHLJIE R 1, 1 H. i A JiUke R A2 5
iK2~5 um, A ML, DL 4 CHaNHPhBrafii
EEAE R OCI2 45 B PeLED, 1E#s {4 AR 1L AEAE
RRA TG TE, AU K HFEAE T F-25 0E A5k
R, AN T AR R Y LR (I e S R o
T8, H0 K R AR EE A | A A R A ), B
PF i K OE R BRI AR, %4
CH3NH3PoBrafi il £ ) Pel ED HL £ & JE8CR AR (&
MY, FEAUAH0.1~1 cd/m?), R I JG ik Y
PEHEATHERR IR . 54l CHaNHSPoBralFAR ], — 4 heis
1435 HIMCP: CH3NH3PbBrrsiE 4 5 o1 CHaNH3PbBra i
R BURAR /N CBL A2 <100 nm), T B4 3%, kS
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NH3PbBr; i & 5 (1) SEM R AE 45 R ; (c) %k CHsNHPbBrs i F1
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Figure 2 SEM images and XRD patterns of CH3NH3PbBr; film and
mCP: CH3NH;PbBr; film. (8) SEM image of CHzNH3PbBr;film; (b) SEM
image of mCP: CH3NH3PbBr; film; (c) XRD patterns of CH3NH3PbBrs
film and mCP:CH3NH;PbBr;film
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0T B AR SRR AR AT LAAS B K 4R T, A BT
Fa a3 i PeLED. i FimCPEi 3% CH3NH3PbB o/ ik
e R, AT RURSE LR WS 5, DMEE R
FINAMCP, /N T % A B % CH3NH3PbhBrs ) %
iR, BEMIIER T CHaNHsPhBraft) lii% i %, M43k
JiE Vi 3 PR A B CHaNH PbBraEl i —FE I, i %
P, 753 (1) CHNH3PbBr g i 1A JUk iy 47 5l bk /N (231,
L), mCP: CHsNH3PoBraiR 4 ik H ) CH3NHPbBra
{2 55 67 B 1 45 CHgNH 3 Ph B rgJi6E Hv (74 T /)N T i 350 %5
%45 B 5 SR 1 PIP: CH3NHPhBr3 U HIPEO:
CH3NH3PoBrafis P2 i) 2 i JB 4 45 SR LA — 2. HOR,
mCPYE Jy W e BE R B 28 ) 1z N F i Wom T
OLED B, 7t & 7 B B 7] LIAE R4 ke i
A LA 7 3 58 CHNHgPbBr it fE (] 1Y 25 B, F 1 4

BB R I 0 3 R R X RD A T A2,
& 2(c) /R T 4 CHsNH3PbBrfi 5 mCP: CH3NH;PbBr;
RG220 XRDYAFZE . X B, 4iiCH3NH;PbBrg
[ 5 mCP: CH3NH3PbBriit A I Al AE & A ZE I TO/
PEDOT: PSSHJE . B LIEH], AN 4iCHNH;-
PbBrafliiif = mCP: CH3NHsPbBrsii & 1, 75 15°~40°
JEFE N ARIE B T — e A, B E L R T
K B AILER ] £ CHaNHSPoBra 5 865 k. 53 4k, %f

F4liCHsNH3PbBrafli, 7£14.9°#130.2°H L 1 H B A4
750 43 B % B F CH3NHsPbB a5 2k B 45 5 )
(100) Ifi A1 (200) [fi . 1245 S 5 oAb SCiik P24 3 Y 24
CH3NH3PbBra#5 £k " X RDZE S — 3. [HAFERE N E,
244l CH3NH3PbBrs#3 AmCPJ5, Jf%514.9°F130.2°4k
75 S8 06 P i B B B EORES T . X UAEH, FEmCP:
CH3NH3PbBrsi & B 1, Ji7 56 1 CHaNH3PbBra 5 £k 4
RS AV NN i W a 0] 1Y TS = S L o 1
P B TR B 34 5850 | 78 a5 B O s ) B A3
JIES. AT, XX RDEE SR ik SEM AT 45 AR &

2.2 [XPel EDIHL K K1

H 't PeL EDHL B & 615 an ¥ 3 s, 4 141k 1
Jt:PeLEDTE6 VI T TAER Y SE e . 7EH ik
1T, PEBLEDIJFIYEHZI(R) . 2(G). #%8(B) =%
EIRAME], - H A EBE S TEA T EX, 4R
BTk RS, Hdh, ZOLIEN F380 nmid i 5ot
520 nmAgLot, 43k A TA LN mCPATG
HL-TCHL 24045 4K B CHaNHSPbBrs ) A 4F & 5, 5=
FH B BESHBR (43 9 K ~3.5F1~2.3 eV )W) & 15AR I T
KGN T 780 nm @y £ %, Wl BE Sk H F mCPAI
CH3NH3PbBrs 2 i) By i 5652 & 91 & 5F, (5 H fi ik B
D EHBEERIEYE, OB RO B TAE SR T UESE.

AN, AN & AR AR, WO g
6 = F A o e Bl 2l 2 A4k, XFP AR £k AT L
HHF, R FE S XA R mWET &4&w
ARL303U S S AN (4 V), g R 220
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Figure 3 (Color online) The normalized EL spectra of white PeLED

under different voltage bias of 4, 5, 6, and 7 V. The inset shows the
photograph of white PeLED working under voltage bias of 6 V
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RATERTFaeMa ek g, S#EE TSR, XUl
B, /M ER, B S7OMNBREARE,
FEAEMCPH K EE G, BEE In Hm) T (5, 617
V), #EH e B K B R, A Mtk
Sz, XU, R KRS, B TWE AKX
METY R, EXFENT, NMUFEmMCPH, 7E
CH3NH3PbBr; H F1 mCP/CH3NHPbBrs 7L 1 |, #ii
FTHEAETEARNES. XA, SR ek 6%
R, RIS 2] A OBt T ERAR (K1 4).

2.3 FAX:PeL EDIM L -5 % -HUH: (1 -B V) Ff 1 ith

S|

' Pel ED Y Ha Jiit -5 B2 - HL 1 (1-B- V) R it 2 il
R E M E AR, Horb, e B - (3-V) Rk il
LEa@Miw. TLESR, HYEPeLEDMIZ AiiiA
() PeL ED— #4273 | 5L B — B A5 4, BIAR
TN Fe AR A 2844 B T 0 L R (~2.5 V), BEE I Y
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il B (SCLC) R4 462, B SR I-VER IR — %), (H )2
TEH A T (2~8 V), % F b PeLED K L I % )&
(1072~10% mA/cm?) %51 # 1Y PeL ED I HE 37 %5 JiF (10~
10* mA/cm?)1M472083-271g AR &2 ki EH, DL AN
5] B3 i mCP: CH3NH3PbBrii & I (K 2(b) 1E K
PeLEDI & )2, 7T LA &5t BH 34 % 14 v 1 T vl 97,
M4 T 237 7 1 52 5 03RRI T 1) s S 3R i 6.
FH 't PeL ED Y 5% B - L 1R (B-V) e it £ n 51 4(b) r 7
Zes FR R SR N~3.2 VB RHEE L h, 44
FEJE ML cd/mPiE X R R (), H 22 R R IE A
Pel ED i3 %% H1, JE (Gl % 4 1.6~3 V)20 i & hy
F1Z% H Y PeL EDEE 4 & 5a 71 B B mCPH LT L. 5
J-VERPE 2R, 250t i R A e A R S RS
Bifi 5 O e 8 T3, 1) 5 R S 0 8 B K
MlmEiEH)7.6 VI, S8R RERK, KR
0170 cdim?. Z )5, BRSO E, KA T A A
HAMEREF G El, TREEZH % B

175 F 5
) Y
~ 140 i ./.('(
% 105 F /
E‘ 70} .('/
a W
35k f’f
ok L

CIE y

B 4 (MR A(0) G PeL EDAY LI -2 3 - A IR (1I-B-V)ARPE TR, (@) FERS - )T (3-V)ITZ; (b) Z212- )R (B-V)IIZL; (¢) MEUOLRUR-H

W JE (EL efficiency-J)ih£k; (d) FtPeLEDHICIESE F

Figure 4 (Color online) The current density-brightness-voltage (B-1-V) characteristics of white PeLED. (a) Current density-voltage (J-V) characteristics;
(b) brightness-voltage (B-V) characterigtics; (c) EL efficiency-current density (EL efficiency-J) characteristics; (d) CIE color coordinates of white PeLED
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Jt:PeL ED 1) HEL BUA B RCR - i % (EL efficiency-J)
Frrk M a) iR, nlLIE 2], BEE o
This, fe i ECROERCR R E T I H YR
A F]~107 mAJem?itt, FRIHEEUR ERCRIA R B
K, |KHFEHN~0.15 cd/A. XFPHI:PeLEDAYEL effi-
ciency-JEEfb A%, 515 OLED (i % OLEDRE &
LI B T, FBUR ERICR ST R T ) R B
W KA, H5 Z AiHE I PeLEDZELL. X A LA fi#
Feh, PeLED i+ &= A X Bl % HL R 1) T 5 (2%
R SR T R, X5 EREIT Rk
HIEIE 45 ALY A, FeE, HOGPeLED Y (4 i
“CIE 1931 7S MR A, ME4d)FiR. Y
TERITF IR (4 V), FYEPeLEDLA~380 nmif) i e &
S E(ES, BT FREAMCPLEREE), LI CIER
AR 4 (0,19, 0.17). WAR, BLHTPeLEDW A 15 £ 48
R EE. (HREE B THE (5, 617 V), #iR 1
HAEXMSETY R, —HOambel kL mg, +H%
Wk . RBUh, m R SRR RO ERVE L
T HEEIEX I, AR, Hid, 5 VEFCIE®
A5 F5 4 (0.26, 0.29), F16 VI CIEF AL kR H(0.29, 0.31),
BT VIRFCIE® A5 4(0.32, 0.31), 53] T +4r B4
GRS, Bk, ASCHRGE Y DG PeLED, A

5253k

B MR IG5E BERUR CRCR T TH, 0 LARSEA
BE T Tl B R,
3 i

AR TAERA HLINYF A HL-TEAL A AL S k0 1E
HRA, B IR LI mCP: CHNHPbBrsli & AE Sk % 6
JZ, WA T —FlE B Ok PeLED. R H—# el T
2, TR AR HD AT 45 31 mCP: CH3NHsPbBrs iR 4 i
B T3k B {8 B 0] 55 . SEM I XRD % 1iF 45 5 35 W,
MCP: CH3NH3PoBrailt & I3 51 8 . B wm, l
PLA R B P 7 14 A I L . 1 PeLED A% 44 45
4 >4 I TO/PEDOT : PSSYmCP: CHsNH3PbBro/ TPBI/LiF/AL.
RECREBIE R, A ek, hELE
mMCPHY 5 556 . CHaNH3PbBrafy £ LK T ek A T
THZ IR S YR R H A . #S Y
JRFEHE N~3.2 V, I KFEEEN~170 cd/im? HLEA
MR H~0.15 cd/A. TEERET, W THRFIE
A XA TY R, PeLEDR @ T BAL M 1. 1
7 Vi ERE, CIEfAFRIEF] T(0.32, 0.31). %G
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White PeL ED employing a mixed emission layer composed of
a small organic molecule and an organic-inorganic hybrid
perovskite

XIONG ZiYang, GAO ChunHong , WANG ZhiQiang, MA XingJuan,
XIONG ZuHong & CHEN Ping
MOE Key Laboratory on Luminescence and Real-Time Analysis, School of Physical Science and Technology, South-west University, Chongging

400715, China
* Corresponding authors, E-mail: gch0122@163.com; chenping206@126.com

Organic-inorganic hybrid perovskites are classes of direct-bandgap semiconductors that enjoy outstanding optoelectric
properties and feasible solution processing. Besides being demonstrated as a new class of photovoltaic materials for
next-generation (solar cell with efficiency>20%), the organic-inorganic hybrid perovskites are showing great potential in
lightings and displays because of their high brightness and tunable color across the entire visible range. Since
Chondroudis and Mitzi first reported the room-temperature electroluminescence from organic-inorganic hybrid
perovskites, remarkable progresses have been made in organic-inorganic hybrid perovskite electroluminescent devices
(PeLED), including reducing the grain size of polycrystalline perovskite, improving the morphologies of perovskite film
and bipolar charge injection into the emissive layer. Notably, electroluminescence (EL) efficiencies of organic-inorganic
hybrid perovskites have been recently boosted to 42.9 cd/A by Cho et al. via a nanocrystal pinning method, getting close
to the level of organic light-emitting diodes (OLED). Despite these advantages and the potential described above, the
studies were mostly concerned in “green” PeLED based on CH3NHsPbBr; or CsPbBr; and there are few reports on white
Pel ED. Because white light plays most important role in daily life's lightings and displays, the developments of white
PelLED should have significant values in both scientific research and commercial applications. In this work, a white
PelLED employing a mixed emission layer composed of a small organic molecule of 1,3-bis(9-carbazolyl) benzene (mCP)
and an organic-inorganic hybrid perovskite of CHsNH3PbBr; was newly reported. Thus, the merits of good processability
of organic small molecules and the excellent charge transportation properties of organic-inorganic hybrid perovskites can
be well combined. The white PeLED were fabricated as follows: firstly, uniform and dense mCP: CH;NH3PhBr; crystal
film was prepared through one-step spin-coating techniques, resulting in relatively higher film coverage than that of pure
CH3NH3PbBr3 film. Secondly, white PeLED composed of such mCP: CH3NH3PbBr; mixed film was fabricated with the
structure of ITO/PEDOT : PSSYmCP: CH3NHsPhBr3/tri(1-phenyl-1H-benzo[ d]imidazol-2-yl)phenyl (TPBI)/LiF/Al through
thermal evaporation, where the ITO was functionalized as the anode, the PEDOT : PSS was used as the hole injection
layer, mCP: CH3NH3PbBrswas emissive layer, TPBI was employed as electron transporting layer and hole blocking layer,
and LiF/Al was the electron injection layer/cathode. Under electrical excitation, EL spectra show that the emissions of
white PeLED were composed of RGB lights, i.e., deep-blue light (peak around 380 nm) coming from mCP molecules,
green light (peak around 520 nm) coming from CHsNHsPbBrs; perovskites, and deep-red light (peak around 780 nm)
coming from exciplex between mCP molecules and CH3NH3PbBr; perovskites. The turn-on voltage of white PeLED was
~3.2 V, the maximum luminance was ~170 cd/m?, and the EL efficiency was ~0.15 cd/A. Moreover, the recombination
zone can be effectively broadened with increasing the driving voltage, which tunes the color of white PeLED. At a
driving voltage of 7 V, we got white emission with CIE coordinated at (0.32, 0.31 ), indicating the white light was ideal.
The results indicate that our white PeLED has already met the basical requirements of industry, and may provide a route
for more efficient and stable white PeLED in the future.

organic molecule, organic-inorganic hybrid perovskite, white PeL ED, mixed emission layer

doi: 10.1360/N972016-01050

2787




<<
  /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 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 650
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


