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+HWH UR M RQ EWIQRFWHE\F YR YIHFOL QR LE® VRIGID QL F

VSDFRUYIILFDQOGW WBERHVROWY FHOO
%R[XKDBFIH\X *B&RHQJIMEXHIBKDEXL QJIPERQJ PKHGLHUU\ FDXSRUW

6WDMAH/DERUDWRU\ RI 5SHOLDELOLW\ DQG ,QWHOOLJHQFH RI (OHFWULFDO (TXLSP
8QLYHUVLW\ RI THFKQRORJ\ 7LDQMLQ &KLQD

E&EKLPLH 3DULV7HFK 36/ 5HVHDUFK 8QLYHUVLW)\ 3156V , GBS LWXB GH 5HIPKHBFKW (
) 3DULV )UDQFH

FODFDR ,QVWLWXWH Rl ODWHULDOV 6FLHQFH DQG (QJLQHHULQJ 0,06( ODFDX 8QL
&KLQD

PRRUUHVSRQGLOD I BXWERRYIJAKHERWLHEX \FODXSRUWH#FKLPLHSDULVWH

$EVWUDFW

7KH RSWLFDO SURSHUWLHV DQG VWDELEEWR YRH G B WD DGKKFC
GLPHQVLRQM™H MEDAMKIHURY VN I WBHE RICDRPBRQ G D FIDIKWH VLJIQLILI
HQHUODOHMAEF QROGLDWLYH UHFRPELQD W LFROQQ DS HARR YWNDEY & | L O
PDFURVBBBLEWHWOHOWLDO WHRH LB KR RSRMRSHWIMIBHRK JK WKHR U
FDXOGDWLR@ @B GHONZHPWIQRZWW KDAMD UER[\CDBBRRE Xl EXW\ULF
EDVHG FBWBERPDQ LQWH UWRKWHAFKY MREHD OR Y V 8 U R GLXWIRDY X
VHFRQBUIDUWQ JE\R 3WWWH D W FSHDQW L Y, DWW BIGAS WKW \E ULRDGS HQ V. W K H
DEVRUSSARRRXOG DQGXPISSLQJ OD\HU RQ WRBDR/IHG FSIHU B YR
FRQVWUXFW ' ' KHMHIS®WEPMRXGERHEBRY VNLWH | .ODRYERIGOLVAWN |
ZLWEKWUHPRIDOWUDS Y MDEDVEHS @ DQ&E KN UJH F D U UDLQIGR RV IEAL LOPLHW
UHWLQO®VI ILFLHQW BRIOBY \FNHEXWBP 3L RW® BERILF L HQF®; DR | 9
‘H VKRZ MHKEWSWUHDWHG GHYLFHYPRRQISHR BRIRRS MREGHE F 3@ GG
DPPRQLXP YDO#OYLFWUFHBWHG R QKN HYRHB[HKR EHYK IWMXOEG H U
KLJK KXPL6ERYWD@ERXW FRMGLOQWKRYVZRUN JLYHV D KLQW WKD\
RQ$%$WUHDMPNBWWIRE BWKALHY HOHFWULFDO SURSHUWLHYV D |
DV KLJKO\ VWDEOH SHURYVNLWH VRODU FHOOV

.H\ZRUGWDPPRQLXP EXWYUHEDWFKEFDO LQVWARMWHDRMNM XQFWLRQ
SDVVLYDHWRRYNLWH VRODU FHOO
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'QWURGXFWLRQ

2UJDQQRUJDQLF KDOYREBDYHBREWNHWHWHLYHG WUHPHQGR:
VFLHQWLVWY ZRUNLQJ RIX B D@/H W KB OR BN QS GRS ® GH U
FRQYHUVLRQV®LMERR Y F SO W K RIX UIKF BEQWPH. JQLWHG WKRU SDV
SKRWRYROW DVIHFK D IO \DHHY R IR VEK PDLQ WR EMURIHUG\RRPELQDWL
ORVVHV EDQG DOLJQPE@BREWY ULH GHVIWRE B/ILG HW\ DRY GJ N @DW V VR U V

7KH LQVWREDBBWR RRNLWHMRWKHRQLF QDWXUH DQG)UWRRVHUC
W KYH. H Z S R IVORAHU \ V@/HDI®! MK (GHLIR H Q V L'R G BIO R WADNUBHY HBSQAHSDUHG E
VRO XBADOMWVRHIG W HRX QKWRH FU\VW DO H\ QWIR@QSIDREYMVD QG D Q
SURPRWLR®\G ZLOO UGINXDMBHEQRU FU\WWDO T XEDROLQ\G D H LHWV \
YDULRXV IRUPV RI LQKMBELVQMVAFHGRY FRRERBEG@WOQ Y DRDB HG HRHPWE
DQG \RWUDWRIHOMH\WPLQWKHA DO LQHYLWDEO\ OLPRLQG WKMD BSIKG
SHUIRUPDQFH

BWUXFWXUDO HQJLQHHULQJ DQG LQWHUIDFH HQJLQHHULC
GHIHBQY® HQKDQFH WKH VWDEGWUWFVRX UDHOU REQUINIW HOWDL € I HAE
SHUR WRNEDVGHE OB\RGISA U V$LS% ¢ DQG ':-RRREVRQASWYS Ry
VKRZ KLJKHU HQYLURQPHQWDO VWDELODWV H N/AEDK \RU RD QLLKEHF
ORQJ DON\O FKDLQV ZKLOH LW LQHYLWDEO\ VDFUL,QWHW M KH
HQJLQHHULQJ E\ GHSRVLWLQJ D KABHKR IBXR¥EICD FRARIQIOUF
SKHQHWK\ODPPRQRIE PHRQLXP YDO$I L FROWIRE WKEHURYVNLW
VXUIDFRRWEBLQDWH WKH GDQJOLQJERR GV 'RIQWSIHURNLING WH V
KDV EHHQ UHJDHBWGY®BAR [PQ VLD D WBIGWBW LORQURERPHEWRB DWL
GHQVLW)\ RJQGH LHFMWAODDEHABMWWARQYV DUH PDLQO\ GHSRVLWHG
ORGLPHQVLRQDO OD\HUV WKURXJK VWURQJ K\GURJBGRQBERQG
HITHFWV OHDGLQJ WR UHGXFHG GHIHFW GHQVLW\ DQ@RLPSU
HIILFLHQWO\SPRI®&LIYNLKHHY RUJDQLF DPPRQLXP LRQV DUH LQ
3E, RQ WKHLB/R RI FU\VW DWNHLQGOQRW LWV R KH PRAMWHIRIGIL D O
IRXRIOG)LUVW GXULQJ WKH ILOP G H $IRMLWIWRD KSHU REWPHRIIHWAH F
WKH FKHPLFDO OLQNLQIED R UG HM) GINWKBIH K RIOPOKIM bi D QW B B B WJ
IXQFWLR QD OLlZKHR/XS ¥ D WE R QWRF® QMKRIZW K RRIXWE BQF HDIPE W R L
IDFLOLWDWH WKH IRUPDWLRQ RI XQLIRURDMKIRQRW 6P§ BDW K LC
GHQVLMAWGHRQ WKH VXUIDFH ZKLFRSXWXMEXRADXFM BAK HD @ HRFUR
RI SHURYLWNUWH.]JHG FDWLRQVGEP® QRURQDRZV WUIRSF VIRXEMLD R Q
DEVRWEHQ ILOPV XQDIIHF\H & KN @ RIRYWRBIMO EQ Bl U X Q

7KH SKRWSRYR®RKDLEH W BODRE K A HOHSRGFDYO/ NLWHY DUE\JUHD
WKH PFHRMPN\LWKH DGGLW L2KH KR @MHADQCHSRAW H QML DIOKH SUHSDUD
SHURYVNLWH PXW MRIPD.QN GZ E YSIRURIGFWINEKRH DLV MGRIDUHIGH FDW LR Q
$9$ KDV EHHQ HP SBF\HH@GBIYDH® WR WDLORU WKH BEWRNE® WV \
UHVXOWLQJ LQ DQ URIUIRY® GRBKDEIPSGHB OHL HW DO VKRZH
FU\WWBON YWUHE\JVBEH @G WKH JUDLQ ERXQGDULHV DQG V
GHFRPSFOQ & LRQLF FRXO0GVEHRQQKQBUWWDEGO PMHWWDQGDUGV R
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TXDOL{FDWLRQ WHYRAHGMOE EDVHGKFDWLRQLF DGGLWLYHV V\
LQFRUSRUDW @ & CFEHRYW K HW H F G L\PW Q @ LIRID R UBARIIPLWO R J DO N
FKDLRXU DON\O JURXSVLIO@VWEH ERWWOHQHFN O I$8% Ve RGH & K H
ORGLPHRQIHURY VNIWHR G X FY QG W WRKDPD ON\O FKDLQ ZLOO L
LQKLELW WKH ORQJLWXGLQDO WUDQVSRUW RI FDUULHUV ZKL
$98 $%$LVODPLOQREZGWKKDOM\O 1LOQRXEB®H FDUWER{EQG RQH DPL
IXQFWLRQDKH JWIRRKSWHU DON\OQHM KE OKDQUWKVZUDOQVEHU EHW
SURGXFIBGPMRZ/LRQDO SHURYVNLWH

,Q WKLVZBAGHXHORS D QHEZQEREHPWIFE®S3 DWQQWHWM®ELBO
VRO XWMRERD L'QFDSSL RQOMRISHL[HG FEWVRGVS HUR YARMX AW '
KHWHURNXQ FW-BREROW WUDWH WKH 1RO OR ZL%Q¥F P)XOOM UPOD ER
GLPHQVLRQDO FDSSLQJ OD\HU ZLWK KLJKHU VXUIDFH SRWH
DOLJQPHQW @O RNAGYFUR JH QFPRQBH IRHMWHIEHQ &22+IJDA R SIW
RI $%$DQGRQV IURRPEDKHGED2+ LYWSFDOFW DV D VXLWDEOF
GRQRU DEEWS®RRIJEQLERDFR RWIKHWJI D KLHUDH PN RFDDGIXFW |
GHQVLW\ Rl GHYHEWS VW R BVEHSH U R YV RIE U MWD, &/QU H VIX@RE D QH
JUDLQEVWHE HK\G UDRMDLARHQ VDWLRQ UHDFWKRWQ \RWUIPLBR B RIPE
DGYD@RIDGHSIDNMW L DXL RGI U U HESWEERZQGE L P HRW WU R QAJ0N W B D F L |
OD\HU

5HVXOWY DQG GLVFXVVLRQ

7TKHSHURYSKRWR DPWADN\H S UHB® WBHEA DV\S LEQWW H S FRILVOL Q J
WHFKQQIREQQHRPQ WGKRWSBIWHDBULG FU\WWDOOL]DWLRQ RI '
X V X GIOX @ RD\OLQ BIGIVE QW K 05 K QMAWNADRIM SHURYVNLWH OD\HU ZC
W U H D WHIBRBW L\VR O X WLREE RY VR QYRS ULRS \ Q 33 @ R R IOREWD Q QHD O
DW R&WR IDE U ISPOSVE B IBIRE L P H Q \SLHRUIRDYERS S 0@ HULI X UH6LPLOD U
WR WKH SREXGBEFRQW FDQERQ\® PPRRK JURKEDDQ &I IRXU D
JURX)SVXUEHSURYLGHV WKH ZRUNL$Qd$ P8 FWR B LS/HPU RNEV@\KWMH 6 S
FDUERQ\O FRPPEX GWEKR GAFRRUGBELWHAWEDS ZMWWMIKWVBI SRV LWR Y H |
IRUMZLYV DVDGEEOWVLYDWH GHIWRMDMRDLM DABOPH QRYHO RUJDQLF
FDWLRBS$SFRXOG KRIOFS MXRSVHURMWKUWXJK WKH FDWLRQV H[FKD
VLWX UHDFWLRQLEBWHKPHEQWHIGHZ (0 PRE ORI W QORI $PRGLILHG
SHURYN.OIPWH 8VXDOO\ WKHIEWDUHWBKRE RMOKH FRQWURO SHUF
JLIXUH ,QWURXGIE%$PDUNFE&DQWH/KUIDFH P R YUISKKRIGIR W\ L W X
IRURDRQ RBE%$$03G6 o SHURYR/QI WKH YKHSPRBMOREGEDLQ PROHFX
FDQ HIIHFWLYHO\ UHFU\VWRPOWKHURMRUH SBYXRYWRLWHKH GHK\
UHDFWLRQ RI DPLQR DFLGYPRBONXDIHDO BRRIBIKE BWIRIR DFLGV
DFKHPLFDO UHDFWLR©2DQKHW KHAD WHRGXEGHFXOHV ZLOO IXUW
SHURYVNLWH WKHUGEWDOV UHFU\V\U QRO DD DAV URHWK KBROEHIDKH F \
WIHO KHLIKW VEBY RXIUMRZHP HDVXURHRGY PHDQV VTXBRIH 50BP YD
DQG QP IRU WK %KRPRMALROHGQSHURYVNLWH ILOPV UHVSH
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V X U |IDDAHNV WK B'LRHURYVNLWH FKDQJHG ZIIWRR DD O RAUNK/ WROIDB B L
XQLIRUP DQG GH QMW HBRIWEEYRIDHRD WP HIXW H6 X SS R IQWR QBDW LR Q
WKH DYHUDJH JUDLQ VL]H JUDGXDOO\$%$RUEZR PZL \WKPW PKIHF R Q F
LQFUGIDWH Q VL] \PWOLWERM &/ KH GHRGEDQMERWYLRQ UHDFWLRQ R
$%$ ZKLFK SURPRWHV WKH UHFU\VWDORTAHPWUWR Q VS WKFHF R QF
UHDEKRHIP/ WKH ILORDRRYIBBHG ZLWI$ BIRHWVIAY K 36 o ILOP
SURGXFLQJ @ G\W A UHRDAUHDIOU  WRKODQUVCSFRANELIYXOW K FRABRD G X FW L Y L
RI' SHURYVKRR®WLPL]JHG ' FDSSLQJWD\NXSHILREYDODHGE UHG:
ORVV RI LQWHB\DFHBROP EKMW MORBIFHEGFRQG FU\WWDO JURZWK
ZKLPISSHDWFWNLDO IDFWR W IUQFLH\Y FAL G Bl KLLIKYV

- UD\ SKRWRHOHFWUR @ MB M K Wil RNEDRIS L R BERRXWMU RE6 H Q G
PRGLISHGRYMMNMMR GHWHUPLQH WKH FKHPXBED G BRPISRBHL W L R (
BXSSRIWDNRQPDIWLROSHRW KRGV \HHOLNE LWV FRQ WP IDEXRR\RSKH UL F
$%$ FROQWDEQUER[\O DPLGHRBERG \DLABNOR YR/WIDMH F FRPSRQHQ
0$ 7KHFWLYH ELRBEDIM.UVW FRQILUP HIZQ E Y WWKHKIHDE §HDSH F W L
PRGLISHIGR YN PW I && 2 &2 DQG+&ERQG WIKBIR®O V SHDNV IURP
VSHFWUD DUH URRPSRIEHMRDWKE& 2'WRRWKHD UER[\O FRASWDLQF
)XUWKHUPRUH WKH ;36 VSHBWGD,RIG1 D\) GBRNWGVKKREDVVLYL
GLG RAWHW RULJLQDO VARONGHMRXEHMIAWKBLHU WUDQVIRUP)
VSHFWURVFRYLJXBHE6XOSRUWLQJ MKRIDVPDWMKIRDY WKH & 2 YLEL
DERXW KDIFW VKLIW HE@DWR QXPEHKU SURYLQJ WKH VWRRRON LR
DQG$%$PRGLISHIGRY VNLWHDIQDORMLIEHH URY V N ID/IQM KHO-PSDUH G
SHUR YWHILHVUH QWRW LR ¥\DOXHY QDUH UHSRUWH® Q®J X6 H
6XSSRUWRQPDWIHR/GHFWH YAHRDWURO FOOSIHDKREZW D f LQGLFI
SUHVREFFHVYV DQG3EQUHWERWHSDUHG FRQW U RKWSHHW R § WNILRAGHK
PIP/ $%S$ZLWKDQQHDOLQJ WHPFEHIW \REVHGHFGE BEEHLGIUDFWLR
SHDN LQWHY W D\W L$OJ$ WRODMMED F W Z W\R KI B BPR® IKPHH Q VELHRUDFDYO/ N L W
) X U VPRHEBF KD U D FW H U LRLVPL K I$I4HPNR G WS HIGR YIV. OPWRIWHKNH SUHVHQ
RI' FRPSR QHQMWYH

7KB99LDEVRUSYHRUX U IBYHDO \§ %3 VW RAGKLH L X Q KLIRG@E H V
OLJKW DER R VEBIQFHY N HWHR GEEE D LUKWVEKLWK VOLJIJKWKHH[S
DEVROEMDWYHVWLGV FZHS BEVWXV VLGS HYD DORKOWLIXQFWLRQDC
H[SRVHG FDUERQW IBQEWLR QDO JURXSV $%9$R D& HUG WIRQ SWDRIHA
WUDGLWLRGDWDRIGY IRU E DWW DFIFIDWXFQSURYHG WHIR GIDQHE R
LOQWHUDF®AR Q0BG o SHURYVNLWHYV ELWRRSD BB Y3E,
ZLWHK$0S$3E, DQG$9$ 0$3E, FRPSRPBGW O O)H & EVAHIO F X O)D WAL R V
6 DFTDEOHEXSSRUMWRQBDWRBSY% $0$3E, ZREVIDWIHIQLILFDQW WH
IRWZR22+ DWRIP¥%$WR DJJXHQXDMKH FDVHOBRIE%ZKHURWKH
F K DWIPP D LD KRB VWJI KRMO RIEMVW D Q FH E&DVE Z HDHADR W Y HR %6 $LAIRE R X W

c ,W LVHDYBEGLVWD FPHUERDEER[\O L QXMHMLIESHWVLRIBES LV

VLPLODU LQ V#MABOBWKUHEXWMRLW KDV D ORQJHU DON\O FKDLQ
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7KH FDUERJER[\O LQWHUDFWLRQ FDQ PDNH QXKD QVHUEXF W B B H C
RI WKH SHUR YH'VONHLRWWU R ® L F )E D XQBHY WUORRZW XW KH FRQGXFWLRQ
YDOHQFH EDQG HGJH Rl ' SHURSRZELIMHGSAR P $ BDE) H & KR Y Bo@G H Q
EDQG HGBW%RO$3E LV FORVH WR WKH FRQGMBWICRI) EDWQIGV HE K
HQHUJ\ RI WKH YDOHQFH EDQICRBERE W V LFEDXIVDLCR QG X7HK KV R WKRHD
$%$PROHFXOH ZRWGKFWKGJIHY WKH EDQG VWUXFQXUBRRL QX M

EDQGJDS DQG LPSURYLQJIXBHK WXEERRWIMAIRWYL R Q

+
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6FKHPH RI WKH SHURYVNLWG®V HY®RHW B BVBMIEHQWE BB ARA H V V
6FKHPDWLF FU\V WD RRGIXN EWX SH BRRYVNLWH WR FRQMWUKENMZ L P'DKHW |

JLIXUHD

RI WKHRQWUROPDRJG$%$SPRGLEBIHGS$ 0% 3E, % U SHURY V N,BW H 8IHFFRV U D
R " SHURYVNLWHR IMOEKBRWGHWHFWLRQ $)0 KHLWHKRRQMQANRU OL@G W
$%P$PRGLILHG SHURLY VN ILISDMW WO FRQ B O BRBIA/ $%$PRGLILHG SHURYVNL)

‘H WKHQ SY6ESDWWMEHYLFH VWU FBHUIRY VNRWHI7$SEN R
JLIXUHDQG BV FDQ EH VHHQ VHRW LRIQH 6FQU RPD $ bb SVPIRIBW | MHKCH
SHURYVNLWHW BDQE KDRQIHDWUGHUHG JUDLQV ZKLOH WKH WU
JUDLQV ZKLFK LV FRQVLVWHQW ZLWK WKH VXUIDFH 6(0 DQD
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LQFOXGLQJ JODWSHURY VANQAHH SV ILQYR $X FRXQWHU HOHFWURG!|
DUH HYHQO\ GLVWULEXWHGHRBKEEKQPM 7\ KMULEBPMLW KRH KQIK HU
$%SPRGLILFDWLRQ RQ WKH SKRWRYROWDLF SHUIRUPDQFH ZF
F R QQ\LLI D W\SLFDO PL[HG WKUHH FDWLRQV &V)
&V )$ 0% 3E, %U DQG D GPXHERP$S SUHFXUVARWNK\VSRHOP DV L
DGGLWIKYH SKRWRYROWDLRNRKKBHNDLHFAVANU DWW L BYQ DEDN\WY MW® W IQV \@ E
GLVWULEXW LRV WD PX @ FW LIRA%S RR QVRHH) W HD S\RIURMD Bl X6 UAH
DQGJIJXBH6XSSRUWLQJ . TKHRUPDDWRWWVLFDO JUDSK IURMY HD@EL
WKDWPWKHS$%SPRGLILFDWLRQDIFRN.GEHHWBHUWRSURGXFLELOLW

$V IRU WKH &V)$ SUBHRPXHIGHR UWLIKLWH\Y A B G- ROLFBEIRYWRXG H[RLELW
EHVWRI& ( ZKLO R A KHDDIOXHUHDVHG WR DQG IRUPJP/
PJP/ DQG PPISWS$PRGLILHGWERYWRIRSHGDQG DV WKH FRQFF
UHD&EKRJP/DQG PIJ UHVSHFSM YANOLOOXVWUDWH GS KBRRWR YWRKGHWH
SHUIRUPBPQIQFKHGI URP WWSHFPOUWJHQW ROIWBI M MHVWEW\BWHFXUVRL
V\VWHP 3B2SHGLFH LQFUHDVHBFIURPYF P$ FP)) W R

IR F o/ F P$ FP )) 7KH LQWHJUDO SKRWRFXUUH

UHVSRRQMHIH 68X SSRQVWIPIDMWERBGLQJ QP RI WKH &\WE)B VIHUG F X
FROQWURDOHPRBGLIAGRY DUH r@g&PP$ FP UHVSHFWLYHO\ 7KI
SKRWRFXUUHQWYV D UHXBHRI@\QW V/&E& QW 1AW § OWKWEH 7TKH EHVW FH
SKRWRYROWDLF SDUDPHWHUYV ZLWK D EOZ)WSKRMXWL SAXIHIIN RVHK
LPSURYHG IURP 9 WR 9 ZKLFK FDQ EH DVVRFLDWHG Z|
FU\V W D Q\sExténs&MeWreported in the literatmePSC devices]-V curves of the control PSCs
present strondhysteresis behavior. The hysteresis can be related to the electricahdoiesd
instability at the perovskite/sprOMeTAD interface, linked to the electrochemical reactivity of the
perovskite layer. In our case, theABA* based lowdimensional cappindayer can effectively
passivate the Aite vacancy on the surface of 3D perovskite, improve the energy band structure of the
interface, inhibit théhalideion migration at the same tim@and thus reduce the hysteresis effect of
devices.)LIXBHVKRZH WKN D EdsORQB B &( IRU WKH FREMRIRIELB)IGC
SUHF XUVVREDPVIB@ VW HNeWakiEnubn\Wower point (MPRJLWK D ELDV YROWDJ
DQG 9 UHVSHFWLYHO\ $IWHU FRQWLQXRXV LOOXRP)XDWL
SUHFXWVRBLCPVBEBYLFH KHOGWDDWRNHDG\ P$ FADQG P$ FP
UHVSHFWLYHO\ UHVXXWDMDWEJI3ZRQ BAXBE VWHPROWDQHRXVO\ WK
GHYLFH H[KLELWHG D ORZHU OHDNDJH FX)WUNXQM GMISRSFR WW HQ(
LQIRUPDWLRQ

,Q WKH PHMHQWQVFR IRXQG WKDWPW RH $SFRPWR G R OVHDE&GL W L R C

&V )$ 0% 3E, %U EDVHG BR&UYG DFKLHYHG SKRWRYROWDLF
9R F OV F P$ FPp) DQG 9RF OV F P$ FP
)) DWKRZQLJXUH 6XSSRUWLQJ ,DKRV PI)VGLLREGBAHNVNVRLK D W

XQLYHUWWOHBR\WPWMQW DIJHQW IRU ORZ GLPHQVLRQDO PRGLIL
LPSURYHBBQWORd LQYGIHWVSHQGHQW RI WKH FRPSRQHRBWNVWKHIH
WHVWEBE&RWKRHFHOMWBWFED Q F K PRIR VIKXHP 3 U RFRAIAREBISF DHQ G$9$
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PRGLIEWGS 0% 3E, %U EDVGIBYLFHFRIHBYHELHQFLH\D ®G
UHVSHBWLDMHDBKH FRPSDULVRQ I$QGIDR/D IV HAS VKD WR G L | L

EHWWHU SKRWRYROW BRF DSHEOER |$ D DVKERABRKIAMIGAVA * exhibit W K H
VDPH WHUPLQDO IXQFWLRQDO 4MBAX XV VFOKER @ ONDQ G&-KCPLLQD |
AVA* $V DQ RUJDQLF VSDGHRHBNVRRQ QRRRGRAMADWDRE\O FKDI
FRQGXFLYH WR FKDUJH FDUULHU@OWDDBYVVHWENW ZSHWR@ RWROQJ D
RI SKRWRYROWDLF SHUIRUPDQFH RI GHYLFHYV

,Q WKH DERWM/ UZEMWHBWWHHB RQ WKH LQFUHDVHG JUDLQ
SHUIRURMRQPRIOORZLQJ DVSHFWV $V D@ YD LIORQ DFW B GXFEG H
PROHFXOHV E\ GHK\GUDWLRQ FRQGHOQVD3WISR QP RIHDIFWWLHRQ &
DHPOLQJ DIWHU VSLQ FRDWLQJ RQ WKH SHURYVNLWNWKHUIDF
VHFRQGDU\ FU\WWDOOL]DWLRQ RI SWK R YWHFAR\QHS DLLD\PMI R DB KWF
LV D W\SLFDO 2VZDOG ULSHQLQJ HIIHFW FDXVHG E\ WKH SU|
DPPRQLXP $PORAD Q HIIHK MY EGHEBKD WHF R P E LIDW VBHRIR Y VNLWH FL
VXUIDFH ZKLFWR.\3(®R$PADDEIS DQG 7+0%F) SUHYLRXV YDWIGL H\
RUJDQLF DPPRQLXP VDOWV DV D VSDFHU FDQ EH LQVHUWHG L
OD\HUHG VWUXFW X UHH FHOYWE B XOK D V8 XWHQ R W VW& B § W XDIHN K W |
KLIKYRQOXH 7KH UHFU\WWDOOL]JHG ' SHURYVNLWH RQ WKH VX
VLWH FDWLR% $PROYQREWHGLPHQVLRQDO SHURY VB EWHODOKRU
UHFRPELQDWLRQ EHWZHHQ SHURYVNLWH KROH W U IRV S\WRKHW
SHURYVNLWH VXUIDFH Z$®® @HKDFKVFO®LUBRWOIHDLWIRP WKH VL
'5' GLIIUDFWLRQ SWDWKREZ$%$ KDWD QHZ RUJDQLF DPPRQLXP V
DQG LQHYLWDEO\ LQ V&GMPH QNQRQDW IS QHRYORZWH RQ WKH VX

7KH SORW RI WoKHYNBOOW WKBOOLIJKW LQWHQVLW\ SURYLG
UHFRPELQDWLRRXBURGH\LYHEHRA FHYLGXHHHV R WD Q SM\®BWHQ J
WKH IROORZLQJ IRUPXOD

8L J@ AHJ E?KJOP=JP

ZKHQHV WKH LGHDOLMW\VFWRHKH L% RIDGWY P @ QWRRHP\HVEIREZEDA K H

DEVROXWH WHP8KH D\@WHH VL QBRI PRIGIKIWH G K36 &V H[KLELWHG
Q FRPSDUHG WR WKH FRQWURO GHYLFH Q L QLOXG IHRD \
FDUULHU UHFRPELQDWLRQ)LZKH LZAHIMHS D QX BIHGS HE WIKDH GDUN
FKDUJH WUDQVIHU DQG UHFRP E LIKHWRR®L SLLHRGF 16 VA5t YD @ PIRHK EIL
RI D YDOXH KLJK HPb DWKOUQHE FIRQWAWKR O GHYLFH SURYLQJ WK
RI UHFRPELQDWLRQ UDWH 7KH DERYH HOHFWULFDO SURSHUYV
UHFRPELQDWLRQ D$WEBUZKQWK RGEH@HIILEFLDO IRU KLIK FKDUJ
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JLIXUH &URVMFWLR@DOLPDJIJRI WKH DXOGRQWURO B®& PEGLILHG
&V )$ 0% 3E, % U EDVI3bGHYLFHMW( GLVWULEXWLRQ RI WKH 36&V ZLWHK
RI $%$IURP PJ P/ WR GRPUSRFBDBXUYHV RHIEHSGEWR QL F HYQZAL W K REX0/%

7TKH9 FXUYH RI WHKH WILHKHAWEHYLFH LV REWDLQHG IURBHWK® D&WXYH DX

ORJDULWKPREFYSHORWY RLIKWINDXMHQW BEWRWWROW N*] RI WKHEBRBRQWURC
PRGLILHGH3OLEF H
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)6 | | |
7TDEOBKRWRYROWDLF FKBRY PEMWHLFIHWAWW S B Y SROQEBHA B2 BAM B M /BRI W U G

)6 DQG UHY\WHRD/HV 56

.HOYLQ SUREH IRUBH PAFMRS/F AR GS U RIYH.GIPIHDI B H VWOKRH-D O
VXUIDFH SRWHQWILDRCP VWRDQW RROW J% R\DAARDI WD L QK HOHDHEF H V
EHWZH R QFW R MFIRSS/ERMEP SO H VXKH DFFHD V X UMKSURYULBOBWLYH ZR
WK3He SURPRWILGX HDSRV VL E LXDISHQRIL D @P® R Q TULBINIS® $E R X Q C
PRGLILFD®MWR®H AHD Q LYJXORKIRY WKH &3' LQ WKH SHURYVNLWH
IURP a P9 WR a P9 GXH WR WKH DEXQGDQW HOHFWUR
$%$ *LYHQ WKDW WKH ZRUN IXQFWLRQ RI WIKW HP W MADIO AML K LY
FRUUHVSRQGY WR D ODUJHU ZRUN IXQFWLRQ G JHWMLQ BIF HE H
SRWHQWLDO WE HWWLHLG HRMW BV E B/Q'GD BEHIQPWQRQ H[WUDFWL
WUDQVSRUWDWLR®R IFEWVOKRXXWKHHW & B'U P L ZHKQ FHKRIO YAWHIHH RXL O G
SRWHQWIWDHHY ZLWK WKIRUPBSIRREGIGGLHG 36&V $QRWKHU LQVI
&3' ZLWKLQ WKHHLOUWOHQYLRR XRIGWK LHY 7KH SURSHUWLHV RI J
HOHFWURQLF SURSHUWLHYV DW JUDLQ ERXQGDULHS%DULI\ W
SHURYVNLW$HSCRYBORQBUNKWDO BEREAUBHMIWDOOLUHZEWK QBB
WHQG LIFDIXWRHESHDWR YWB\NMBVRDX® G\DRUFU\DW B @ $1H SHURYVNLWH
SURANVVYL P DOBEUWRN D O O L] DMG EQ IUFAFIRP § DK H RE BIIUH/FDHEDWM
ED GG Q GILPIDE X Q GIWX S S R VSHIGR MARWH FRDUUHH U V H S/MWDIMW SRQ |
WM [SOMMKH K%dKHU

7KH PRGLILHG ILORWHYKEEWW SRR W B30 SRHIDNH V@ HWERHEL W \
WKDQ WKH &R UROW 1$Q6$ MK@WFFHSW KROHV E HXRWHK HBFERES
WKH 3/ZPH/DHHGVKLIVSRGPRGLWKHS ILOP FRQILUPLQJ WKH QDU
$%$PRGLILHG ILOPV %HVLGHV WKH FRUUH YISIKQMTIIKH G B 3V CAXOL
FDOFXODWHG 3/ GHFD\ H[FERY@AD QMMOV HOW STRIKBDIEG W6 S SR UW L Q
,QIRUPDWHR@®@YHUDJH GHBRPASWLBRY $2 $2 RI WKH FRQWUR
PRGLILWEMUH QWQG QVUHVSHRFWHYHBAX UHVXOW URWGHDIONG W
SHURYIVSHPWHE VWR @MY HWLPH GHFD\ LIQLWHMNG QR IBE RBIRYA/M R 8 D
FDSSLQJ ODVB [E HNKAMKIDMDZWLFK FRXOG HITHFWLYHO\ VXSSUHV)
DW WKH LOQWHUIDFH DQ\8HSU RRBWHV VK R@\RHVQBHQEG WUDQVSR

-9 SUR S HUMOLHRR\QUIR QG H Y WREIR2 6 Q BHURY VN LW N VB & SZRERU H
WKHQ HPWBRNN®/ LPDWH WKMD WOIHGE WQ RIQVIWBIDHE QVKFH,W YRD V
PHDVXUHPYIQGV RQ WKHRURXORZLQJ

85i 28
ZKHQHV WKWWABU GHHLVLWKH HOHFWVY RVK HKWKUHANQHVUIRBWKH S
LV WKH YDFEXXP SBIUWMWKWMLYHWDWQGH & LHOGHKEFYY Y DB XHR\WQ \RW D\
PRGLILHG DQG WKHZWRRHDYRIOME&GE YLEBVY )LIJXUH UHVSHFWLY
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UHYHDOLQJ WKH O@#&&ZHU W UPS RAH /KIHWVR R G IFIR PI&SDG H EL WHR
FPIRU MW QRO

JLIXUH3)O LPDRHDFRQWUR O$D(IE RG L IS HHIGR Y V NL W&B | FOXRV ®UDAHY LQ D D
E G 6WHDWDWH 3/ FXUYHV RI VBKIS RVHWRYGE NRLQV BIDWR WR\EA2WBLRWR-H
UHVROYHG 3WRXUYHWRRNVNLWH ILOPV GHB R WLVENMGY REP\IHRE WK H7 H G B EW |
RQO\ GHY WKW UZKRRZUWBQBHURYVNLWHGQ &PKH $XD U N

Y7 VLPXODWLRQV ZHUH SHUIRUPHG WR $%¥%H\DW HID \WR ZV
GLPHQVLRQDO VXUIDFH FRQWDFW HQKDQ FHRGVWRIDM@M \HW KRl .\
ZHFRQVWE N BWRGIREV)$3DQG$%$3E,SHURYVNLXEYHTNHQW[NG WK
SRVLRILWRHIDQMRBURNKEB 3 HAMGKNIH) JHUKR I | X EWWHRQ WRW U X F W X
7KH YDOHQFH DQG FRIGHK FRAPIRFBERIG D QG 3 EF R Q BMLMREDY
UHVSHFWIXW®&\ 7KH FKDUJRD ODABDIGRGSWRKW ' ' LQXWINHEBK
W EDEQVWULEXWHG WR, O KMHSERIY G Q 7 ER3EK [VWUWBPM LQ FKD
LV DOVR SORWW H GQW R JSW\R i (PGAR KOWW K P R | L QW H TK Bl FS. RDL AH.IY
FKDUJH \HO O RPZOp WH B/ XDW PI® FIR® RWKIH WL.R) WHRED W IS 10 IRMMKHHU K L
QHJDWLYH FKDUJH EOXH DUHD ZKVEXSVIIIRDEH DW  WE B VAK S QL
EHWZHHQ VXUIDFH ,+&2 2SHHRIR% ¥ N, VW HDRWWHOVWHUDFWLRQ EHW
&22+7KILWPSHGEWRWRRDQG WKH |IR,UPDFMDLGRRL IRR QR B B Q8D D\
EHWZHHQ )$ RI SH2R ¥ \RNLWEH TKQEXXU)B W VFDISBES S DG HOWLRIFW LR
QHJDWLYH DQG SWRW DMHIW RMKKCHJ BHWHFWLRQ RI KROH WUDQV
GLUHFWHG IURP ' $PSRE VNKIHWH WBHDURZ 9% S$ ' SHURYVNLWH
FROQWULEXWH WR WKH KROH H[W U B E®ERNDH FI/REPREGKH\BW K B 5 & \
FKDUJH FDUULHUVRGHF RE{EH Q QWASKOOWFLH RVWSLRIR BAKH SHURY VN
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DEVRUEPRGH®&B/EKXHGGH GVIWALRIO VWDWHYV 3'26 RB%SHDEAWWHNLIME
SHURYVNLWHXILWDP® YDFDQFDHY QF L H\Q WDHQUGMWWKMW EBO RD'W N LW H
LQGXFH WUDS VWDW HER [KHDVK QWK K \ 8 G DEX) IRWMIR R PIE IVQDMMORGW L
LQ HQHUJ\) D RVUVHIOREK DM $SDV VLY DWLRW KHX\SE WHNMMNSE Y WHDRAPHH\C
ZLWKQWRBGLDWLYH UHH®XREBWMQRHY PRVMTHEG /ENM V X O W V

JLIXUBKDUJH GHQ \FIRV\$GHSITBYNQYDWHG SHURY VNY Y HDWWIDE B QA\WHQ GD

F LQOWHUVW2ZNRD®% $EDVVLYDWHG SHURYVNLYWOH YAEWDHHD QEWRQG )$
LQWHUVWLWLDO

,Q DGGLWLIRIQLWRHRIMKOR YWDELOLW\ LV DQRWKHU :NH\ IHD
GRFXPHQWH G5 b FWRIDEGIGF D S V&0 D ¥ HG 3E, %U SHURYVNLWH |
SODKHGKIWIK UHODWLYH KXPLGLW\ ,PDJH\QLW X HBE/D QY& VWLQJ
BXSSRUWLQJ MXIRIKIDWIWKM FRQWURO ILOPV ZHUH KHDYLO\ G
VWUXFWXUH GISLOKXEDW LIRRQY IMVELR Q W2 IKH WPKRHG [RI\F 1B G QN\WHDIPADGH G
LQWDFW DQG | ORP PIRUWISE FQRKX WKH FRQMWWR G HHIDRRYA/G RE R L
$%$PRGLILHG [KLOEFQW G VR EFEMD Q JHDD I@/BIR QJ VWRHWDKHHRUH W
ILOP WUHDW®I$@WIELILFDQ W\ KH B KIBDQWHYKEDS E LSDLVWRH BAKA/
ILOBNJIXUAG FRQILUP WE RIX\D WR 8 FIR P SFFOAHGZE /M LDQLILFDQW LQ
LQ WEMHDN L QGMH) WLRV L WWX ¥ (CDAWIVK®IHR W K$W$ RBGGILHG ILOJ
H[KLHE®W DSSBUBQRWWHKDI@KH LQFUHDVHG FRQWIVRW DQIOUHH |UF
H VKRDVKLJIJKWWRSKRELWKWSPRGLIVBIBSOHQVRBXELOLW\ RI |
FRPSROR®M WMRS RS HAUKRY S H YWRHR W W RO WHILDQQW RFHU \ V W D O7 IO W W L
HQODZDWGE U FR QRD\FEH DIQIOLH R HI3J RVRK RVBRIKED D QWIRQ BBIKUHE R [\ O
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FDUER[\O LQWIBUYWBEQW LWRS$HUR YXKNILMBKHRWHDAVHU TURPL QIWWR/H UL C
SHURYVNLW H HIEDIWAF WAH B QRGRAHKADQHAH VWDELOLW\

JLIXUHD DQEB6(0 LPDIJHVY RI SHURYVNLWH ILOPV VWRUHG LQ KLJK KXPLC
FDQG;5 SDWWIIBHOR WYDNEHVYHRUH DQG RDIWKUIKWRPDGH W\ “ Y+ IRU
DQG:DIWHU FBQWEPWXUHIBFRQWURD PR EHP R G L IS HHER YIVOPW H

‘H PROQLWRMWKHSKRWRVWDEMWHKHMNRQWURO $B@GPRGLILHG
&V )$ 0% 3E, % U G H Y\Wrkr ageing conditions according to International Summit
on Organic Photovoltaic Stability (ISOS) protocoBUHFLWHKBA\I KW VRDNQQOD LVQHIV X\ V
,626 WHVW UH)JXIOXIW SR Q \ACKHQ F D S¢ X OIDAMHNVGZ H UHD W IR R W SIGH UG
DW URRP WHREBEHRD VOX UKW VREQBRWHIQNERXWPI: FP $V D UHVXO
WKHRQWERKW DOPRVW FRPSOHWHO\ WRIIWDIGIHE ZK LVOKIS % $
PRGLILHGFEBMYDERKHRWIBRI LWV LQLWLDO HKI,LF ISHDQUM LF-XNOHDW W |
36&V FKDQJH VHULRXVO\ DIWHU DERXW K ZKLFK PDYLEHHHPDL
DQG WKH LUUHYHUVLEOH GHJUDGDMERQ QKGW FSHKR BRWYHD E L O
PRGLILHG GHYLFH LQ K IXUWKHU VKRZV WKDW WKH ORZ
HIIHFWIDNAALY D WH GIHEHFWWHG WKH REVHUYHG KLJKWRDKNXBLUG
VWDHEHWKW%$PRGLILHG GHYLFH UHVXOWYV | U®EM QRIQHD ORRIPOSNIC
OD\HQGIRMISURPLVLQJ SUDFWLFDO DSSOLFDWLRQ SURVSHFW
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JLIXUKHLIKW V WIDENIGOAD\WP R VW IRHIK [ S B RW RWKRFO W DR B &(D Y Y/ F-H B8k V
DV D IXQFWLR) ¥REKGNFLDPH/KFODWVHRSD6 BRFREG LILHG 36 &V

&RQFOXVLRQV

,Q FRQFOXWRGGBHERQVW KDMNH G Q WHNEWMW DWLBHURYVNLW
KHWHURWMWQRWYRQYMYES O RMNRYAROWLIXQFWLREDDOWHBPIOQQR BB WG
$%$ $%$DNWBYV BQHFWLY HDIQEQANILQ DEFRIX Q GD U\ S DDIVMLAYMLVE KR Q
LPSURFH\VWDOOLQMM\QWHILPEQD®WHGHIHFW M GKEGRED &/IKIHW HY |
UHFRPELDKARURIMV VLIQLILFDQWRR HOKRQFHGLWK B oKMDIB X H
RI 9:H KDYH DOVRWHKRZOEWKBSBHURYVNLVPHRISUMXHBWURP HC
LQWRH SHURYVNLWH ®PRLW MFHGEQIGI KWSDEMBAW K7 KLY QRYHC
KLHUDUFKLFDO LQWHUIDFH SHXDQBRIPY H UMD WIRALWO R ® | PLHPW k
DQG DPELMMDEOH GBRXOG WKMLFRPPHUFLDO DSSOLFBIMWHR® L
SKRWRIYR O O G

([SHULPBERWLRQ

'Y7 VLPXODWLRQ

$00 QWIMWLSOHYVY FDOFXODWLRZD)Y HHSMHEDBD RIS G VRIQQWHK ID G @ |
IUDPHZRUN RI GHQVLW\ IXQFWLRQDO WKHRU\ "')7 DV LPSOHI
3DFNDJH 9%$63 ZLWK SURMHFWRU DXJPRHOQ W G ZRYWN BW:H DHW
VXUIDFH$ZA3SOVVLYDWLRQ ZHDYKXNWH®\WDLY GDXOHRII HQHUJ\ RI
T 1 T 1 ORQBBERNRWQOQW PHVK IRUGCGIOIRKXAWURQHF LQWHJUDW
JRU WKH SHURYVNLWH VXUIDFH ZH XVH 1 ) VXSHUFHOOV
VWUXFWXUHY ZHUH UHOD[HG XQWLO WKH VWUXFWXUHV ZHUH
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WKH WRWDRYHQHUG\WWR OHVV WKDQ H9

ODWHULDOV

&V 3E,3E&DQIEWUHWKUFKDVHG IURP ;LfDQ 3RO\PHU /LJKW
0$, 05&00%%U $3%, $%$, $9%,ZHUSIXUFKDVHG IURP *UHDWFHOC
'LPHWK\OVXOIR[LGH'LPOHWK\OIRUPDOGHKIGHLVBBURSDQRO .
SXUFKDVHG IURP O0DERULREVFLEBHOR BUHRA2UJO DV S@&H @\O
EXW\ULF DFLG PHWKDQGH V2®IHDS' 3BUSK UFKDVHG IURP /LDRQLC
7HFKQRORJ\$SOWK AWBP LEDEVHG ZLWKRXW IXUWKHU SXULILFDV

'HYLFH )DEULFDWLRQ
7KH )72 JODVV MEXEV\WHDMW IF'O HDDQBI\GY L RMODXQERIQR QL]HG Z D\
DQWEBWKDQRO IRY PQWILUD VR@HE EBWHK W ERQ W U B B I2RRGHNVI B ©
PLOQXWHV WR LPSURYH WKH VXU I BB R2M WRMIDELDCHWEA F 55 & WA WM K
E\ VFIRDW QIUR SO UMIFXUVRU VROXWLRZDV GHSRE VARG
VXEVWVBARIDWWG USP IRU V DQG DQQHDOHG RQ D KRW SO
7KBRV )$ 0% 3E, %U SUHFXUVRU VROXWLRQ ZDV SUHSDUF
IRUPDPLGLQLXP LRGLGH )$, J RI PHWK\ODPPRQLX®GEUR
JRI 3ER6QY RI0O) DQG '062 YROXPNROYWHERW PAHWXUH J RI &\
ZDBUGILROYHG WR PSWIB2 WKDRV&YV, VR@ONLRAMGH® KH SUHY|
SHURYVNLWH N ROIWEKR QLS HIZ &V 3E, %U SUHFXUVRU VROXWLR
FRDWHG RQWR WKKEH WA2DEMR D W USP IRU V DOQGOHG UBR YRl
V EHIRUH WKH HQG RI WKH VSLQQLQJ URRONIDGIW Z DV /CRU LIS
VDPSOH 7KH REDND ID@HGHIDIOORG DW  f& IRU  /PRIQ)X3W HAR O W E
FRQWDLQLQJ GLIIHUHQMW $RMF QW & DMG FRMIBR | & \BE, % U

ILOP DW UsP DQG WKHQ VLQWHUHG DW N &W R RN RUKH W
&V)$ SHURYVNLWH S BWHFXUMR)G WV RROKWNLRNED & USHFXIBARKIGR ARYUL Q
PJ RI )$, PJ RI &V, LQ PIPR[VEUH RIDQ@G RA6'2

YY 7KH®JRIEBEPJ RI 0$&0 PJ RI 3BQG PJ RI 3BWIHGGHG WR
WKH DERYAHXUVRDW REKMHWMLGWHUPHGLDWH DGGLWLYHV WR VWE
7KH 0 &V)$ SHURYVNLW K DSW NFEXIMW RG RROWWHEBDY BRWH IR
DW USP DQG WKHQ —/ Rl FKORUREHQ]HQH ZDV GURSS}
WKH SURMHGDR EQEKH ILOPV ZHUH DQQ I$ DIOHIG \WKRW,8& VR X WPLI
FRQWDQJ GLIIHUHQW FSRQ$ZIDWG DMWSLRIISRBERLOP DW USF
DQG WKHQ VLQWHUHG DW f& IRU PLQ WR JHW DQ RSWLPL
‘H SUHSIMSH@BHR2 7$' EDVH & KRO@WS R UW VR O XN VIRHULLPIP IR |
\SLOR27$%' SRZGHU/ RI WHUXW\OS\ULGLQH RDR®LWKEXW
WULIOXRURPHW KVRDOXWRRQO L QFREIWIRD LWURORKORUREHQ]H
ZDV GHSRWW®WWH G/ RE@ BRI RY V N D\Q\ES G @ BHBW USP IRU DV )LC
QP WKLFN $X HOHFWURGH ZDV GHSRNHWHGDE\ ®HWLLFRD W
)72 6Q3HURYGNLMAR7$' $>GHYLFH72 6Q3HURY GRIWWXHVWUXFWXU I
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GHYEBPMHDOL]HG W H \HWD IHFRRAWUIBRNOH WEUHIRS/ IRW 130/ GLVV@ROYHG
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V DQG VLQWHUHG DW f& IRU IR WX H7 RMW IS B SOCDU B WV RZ(D \
PHQWLRQHG DERYH

'"HYLFH &KDUDFWHUL]DWLRQ

$ -(2) ) HPLVVLRQ VFDQQLQJ HOHFWURQ PLFKRWPREID F 6l
DOQG FUHRAPMWERRQBRORORKMRY WKH SHURYWNDL\WEL NWDAPAW LRQ ;5" SLC
SHURYVNLWH ILOPV ZHUH UHFRUGHG 8DR\ O5LlELUDRNWRERHDNHNU
PRQRFKURPDWIDHUGHRMWM UDGLDWLRQ VRXUFHIOMWVEFNVEQDROQLQIRO

NSILOHQW VFDQQLQJ SUREHIRUFYRVWRS\R 2D SXW IDALG t
WDSSLQJ PRGH $XIKHU HFBQ WBAHW KR R®HD S S (PISHHE& (EQ P ZVW S HF W U
PHDVXXUMIEOHFWURFKHPLFBO(7ZRUNWHWOD VA RIQ G WKH SWRWFIH VWG
XVLQILHZ SURKHDBEVRUSWLRRHDS N BB LD KN VSHFWURPHMW
753/ DQG wwHIM\WH 3/ VIHHFWUDHAHEBMH HPSOR\LQJ WKH )/6 6 HL
6SHFWURPHDWHEMNIOAWLKRQ ZDY HOKHIIAMKKD BD FWIQBPLVWLFV ZHUH
$0 *LUUDGLDWLRQ XVLQJ D 6 W\SH VR6D)U YVQPWOXWRQWAN
/IWG&RXSOHGHAIWKKO B\ GLRHWHEHWOWHYRYHEHH VLOLFRQ FHOO ZD
FDOLEUBPDNLRYWDELOLW\ WHVWMWDQIGY WKLVWERUNSLIJKW SKR)
WHPSHUDWKUH ZKEWWYWWR®DU VLRPOPOUDMNWRULDQMLQ OHLWRQJ &RL
XQGHU WXRHORVEIHI® FREQGLWALIRIKW VRXUFH FRQWDLQV ZDYHOHC
QP ZLWK D FDOLEUDWHG LUUDGEPWLRHHDRLD WHOMLWAORIIFW ULF
DFTXLUHG XVLQJ WKH PHHWWKWOHARQW WVRXOWHFE E\ WKH VRIWZDUH
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SKRWRYROWDLF SRBDPHBDWIBU)YY BEDOBIOPLEZKWKQHQFDSVXODW
FHOO GHYLFHY ZHUH BODFHOWRRWXKHUH ZMHKP DH BIRNXEHU
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([FHSW IRU VSHFLDO HRSKIXVUMNH RXFEKLRY WHKMLFHV PRVW
PHQWLR@REQ DIWGRHFG WKH WKUHBHS FOWLRQ@E& WU SUH FXDWRLG
SHURYVNLWHLVLOWYDLQO\ ESIFDORVYVHWYNU WHH &V WK KLIJKHU )$ UDW
DOQG UHODWLYHOYKILOWWHQOQNLH@R\WPHQWDO KXPLGLW\ VWDELC
HDV\ WR FKDQJH KIDR/IH BAOREBHKNDWVOHRZ Q WKH DLU HQYLURQPHWQW .
RI $%$IXQFWOIRKH SHURQ WVWRIQWKIHDWWUHH FDWBERQ &%, % U
HIKLELWERHYEWBDOODOWLRQ DWW O AMIIRMKWIBDFWHUL]DWLRQ DQG DQ

$FNQRZOHGJPHQWYV

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWLRQDO 1DWXUDO
8 $ 1DWXUH 6FLHQFH )RXQGDWLRQ RI +HEH!
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