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JRUHQVLF HQJLQHHULQJ PHWKRGRORJ
ODLQWHQDQFH 5HSDLU DQG 2YHUKDXO
IRU *DV *HQHUDWRU 7XUELQH &RRO]|

' DUDDLQYG 1 ( OHODQLWLYV

*HOOHQLF 1DY\ +HOOHQLF 1DYDO $FDGHP\ OHFKDQLFV ODWH!I
IDERUDWRU\ +D]JMLNV\ULDNRX $YHQXH 3LUDHXV *

$EVWUDBWHVWLIDWLRQ ZDV FDUULHG RXW RQ D VHW RI FRROLQJ
WXUELQH **7 7KH QHHG IRU WKH DVVHVVPHQW RI WKH GXUDEL
WKH JDV JHQHUDWRU WXUELQH FRPSRQHQW ZDV LGHQWLILHG
PDQXIDFWXUHU IRU WKH HDKHO F RRIGIODF FRDQWH VR 7WH FXUUHQW
IRUHQVLF HQJLQHHULQJ DQG IDLOXUH DQDO\WLVY PHWKRGRORJ\ V
2YHUKDXO 052 SURFHGXUHV RISKQHQWWO)LDEROWWN FRIVXOWYV |
LQYHVWLIJDWLRQ LW ZDV ILQDOO\ GHGXFHG WKDW LQ VSLWH

PDFURVFRSLFDOFRQIGQ WRR@G FHUWDLQ PHWDOOXUJLFDO REVHUY!
HDUO\ FRPSRQHQW UHSODFHPHQW

.H\ZRUGDYV JHQHUDWRU WXUELQH FRROLQJ SODWH FRDWHG QLF!
IRUHQVLF HQJLQHHULQJ PHWKRGRORJ\

,1752'8&7,21

$ VHW RI HLJKW FRROLQJ SODWHV IURP D JDV JHQHUDWRU W
ODWHULDOV /DERUDWRU\ IROORZLQJ D UHFRPPHQGDWLRQ E\ WKF
GXH WR FKDQJHVY WR WKH VSHFLILFDWLRQV 7KH HLJKW FRROLQJ
LV GHSLFWHG VFKHPDWLFDOO\ LQ ILJXUH

), *85( *HQHUDO YLHZ RI WKH HQJLQH OHIW DQG SDUW RI WKH JD

7KH HQJLQH FRQVLVWY RI WKH FRPSUHVVRU FROG VHFWLRQ V
DQG WKH SRZHU WXUELQH SRZHU WXUELQH VHFWLRQ 7TKH JDV
JDV JHQHUDWRU WXUELQH URWRU LWHP LQ ILIXUH WKH VWD.
ILIXUH DQRQG WKH JDV JHQHUDWRU VWDWRU VKRZQ EHWZHHQ W
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JHQHUDWRU WXUELQH URWRUYV DUH EROWHG WR WKH FRPSUHVVL
JDVHV WXUQ WKH JDV JHQHUDWRU WXUELQH URWRU WKH FRPSU
VHOI VXVWDLQLQJ 7KH JDV WXUELQH DQG WKH FRPSUHVVRU UR\
WXUELQH URWDWHYV DW 530 7KH LWHPV DQG WKDW DUH &
FRROLQJ SODWHV WKH GLVN DQG WKH EODGHV 7KHVH DUH GHSL

), *85¢( *DV JHQHUDWRU WXUELQH URWRU SDUWYV )URP OHIW WR ULJKYV
GLVN EODGHV QRW VKRZQ VWDJH IRWBRBOLRRIOSQD VG DWWH VWDJIH
VKRZQ VWDJH DIW FRROLQJ SODWH

$V VHHQ IURP ILJXUH WKHVH WKLQ PDFKLQHG FRROLQJ SODWI|
GLVF LQ RUGHU WR FRQVWUDLQ FRROLQJ DLU WR IROORZ WKH P
VKRUW F\OLQGULFDO ERG\ RI PP KHLIJKW BQOPHWHUFX&XBUVMDD.
IRUZDUG FRROLQJ SODWH FRQWDHQW IHR@Q@WUQKNRXWERQVXPORQJ \
ERG\ VLPLODU WR D WKUHDG 7KH IXO0 VWDJH JDV JHQHUDWRU
ILIXUH
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), *85( 7KH JDV JHQHUDWRU W X WDEIHM SRRM R ZFQWE DMKRIXRG WKH URWR
SODWHYV DUH IL[HG ZLWK GMHANERRWVFRIQOWKKHVORWRRRORU RI WKH

7KH DLP RI WKH FXUUHQW SDSHU LV WR LQYHVWLJDWH ZKHWKH
HDUO\ UHSODFHPHQW RI WKH FRROLQJ SODWHV ZDV DQ DSW |
LQYHVWLIJDWLQJ WKH SRWHQWLDO H[LVWHQFH RI ZHDU FUDFNI
GHJUDGDWLRQ RI WKH SODWHV 7KXV WKH YDOLGLW\ RI WKH |
DVVHVVHG DQG WKH RZQHU RI WKH JDV JHQHUDWRU ZLOO EH FR
DERYH WKH FXUUHQW VWXG\ VHHNV WR HVWDEOLVK D VHW RI |
DVVHVVPHQW PHWKRGRORJ\ IRU WKH XVDELOLW\ RI QRQ IDLOHG F

(;3(5,0(17%/ 352&('85¢(

ODFURVFRSLF LQYHDWLUBWQRMG RSWLFDOO\ E\ QDNHG H\H D
VWHUHRPLFORMFRSWUXFWXUZDVDQBDOLING LQ PRXQWHG FURVV
PDWHULDO REWDLQHG IURP WKH IODQJH Rl WKH GLVN ODQXDO J
JULQGLQJ GHYLFHV DQG VXFFHVVLYH DEUDVLYH SDSHUV XS WR
XVLQJ GLDPRQG DQG VLOLFD VXVSHQVLRQV &OHDQLQJ ZDV SHUI
DLU VWUHDP GU\LQJ (WFKLQJ ZDV SHUIRUPHG XVLRJ&2+P/ +)
HWFKDQW (WFKLQJ WLFH VEDYORBUPSWHN REV HUDMWDINLHRBQRXW X VL
$XV-HQD PHWDOOXUJLFDOG P HMVR WHREWEQUIRUPHG HPSOR\LQJ D |
 QGHQWHF 5RFNZHOO $ +DUGQHVV WHM/DFW RESMSKQE REDM B Y DR
FRQGXFWHG WR FOHDQHG VSHFLPHQV HPSOR\LQJ D -(2/ 6FDQQLQ
IRU RSWLFDO DQG HOHFWURQLF REV HUQYIDWH. R Q HPHHUHNDSODRRD\DMWL L
(QHUJ\ 'LVSHUVLYH ; UD\ 6SHFWURRFRGS \FXB\P DADHIKM@BIOW L W D\
YOXRUHVFHQFH ZDV JHPRSEDRO HRK HRWU F DRI WKIHO PRIDW L QJ XVLQJ 6HLN

9; DQDO\JHRIY GHVWUXFWLYH IOXRUHVFHQW 783 H WUHDWKR G Q%
JHYHO ZDV DOVR FDUULHG RXW RQ WKH FRROLQJ SODWHYV

,19(67,*$7,21

'‘DWD 5HOHYDQW WR &RROLQJ 3ODWHYV +LVW

7KH HQJLQH PDQXIDFWXUHU UHFRPPHQGDWLRQ IRU HDUO\ UHS
SURYLGHG RQ WKH EDVLV RI R0 OX@HHGE FOIO HP RGWORDWHY X O WV
UHFHQWO\ GHYHORSHG E\ WX I$DRD XX DEWXUMHL QDMHQDQFH 5HSD
052 SURFHGXUHV ,W LV ZHOOHCPOAHXIIMNRRSOW KB WHDGA BWURQJC
RYHUDOO FRVW RI WKH HQJLQH PDLQWHQDQFH ZKHUHDV GLVUI
LQIOXHQFH WKH UHOLDELOLW\ RI WKH URWRU SDUWV WKH VDIHW

ODFURVFRSLF REVHUYDWLRQ

$00 GHOLYHUHG SODWHV ZHUH LQ YLVXDOO\ JRRG FRQGLWLR
UHFRPPHQGDWLRQ WR ORRN H[REVNUYBDWOLRRURDBREHG RXW E\ Q
GHOLYHUHG HLJKW FRROLQJ BQDWHYQGLRI GQRWEDBYBODVWLFE C
SHUPDQHQW JOREDO GLVWRUWLRQ 7KH WKUHH PRVW VWUDLQH
RSHUDWLRQ KDG VRPH VDQG GHSRVLWHG RQ WKHLU VXUIDFH
HQYLURQPHQW ZKHUH WKH VSHFLILF JDV JHQHUDWRU ZDV RSHUD
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ILIXUH $IWHU FOHDQLQJ RI WKH VSHFLPHQV LW ZDV UHYHDC
SURWHFWLYH FRDWLQJ $V GHSLFWHG LQ ILJXUH LQ IRXU RXW
ZDV ZRUQ ORVW RU IUDFWXWBIGBWHH SRVW B W& B WEKBWR WKH VXUL
JDVVHYV

-

fe o mias AR 25

H

), *85( D 2EVHUYDWLRQ RI WKH WKRUHXRGEQ FERDBW I( LV VWHRYMH LQ WKUHH
H ,0 RQH SODWH WKH FRDWLQJ KDV EHHQ IUDFWXUHC

JUDFWXUH DQG ORFDO SODVWLF GHIRUPDWLRQ RI D VWUXFWXU
ZDV DOVR LGHQWLILHG DV GHSLFWHG LQ ILJXUH )XUWKHU GH\
HLIKW SODWHV GLG QRW WWDWHD/XH QDWW HWNH®W DOVR FRQILU
GHVWUXFWLYH IOXRUHVFHQW SHQHWUDQW LQVSHFWLRQ
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6(0 OLFURIUDFWRJUDSK\ 6(0 ('6 DQG ;5) DQDO\V
,Q RUGHU WR IXUWKHU H[DPLQH WKH SODWHYV

OLFURVFRS\ ZzDV XVHG )RU WKILWRBHDKIR@RSWRLWHOQOVQHG SODWH

FRROLQJ SODWH ZHUH SUHSDUHG &KHPLFDO DQDO\VLV RI

D F
H[FOXGHG XVLQJ 6(0 ('6 SUHVHRRPISE WLMH FFRVKIFDDLQ WDEOH I

IRU SRWHQWLD

), *85(

D 2EVHUYDWLRQ RI WKH IODDQFM/ RUR® VVBOBKMWHXUBPO HOHPHQ
GHIRUPHG VWUXFWXUDO HOHPHQW

Spectrum 3
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&KHPLFDO FRPSRVLWIFR\Q RQ RIFWKWVIOBQJH FRDWLQJ H[F
(OHPHQW $O0 7L &U &R 1L 1E OR
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Z Z EDO

'"HWDLOHG H[DPLQDWLRQ RI WKH MPIlWVWLRREN RHYRDQHXWDFHYV
FRDWLQJ ORUH VSHFLILFDOO\ WKUHH GLIITHUHQW ]JRQHV RI QR
LGHQWLILHG RQ WKH IODQJH RI WKH SODWH DV VKRZQ LQ ILJXUH

Electron Image 1

E
),*85( D 2EVHUYDWLRQ RI WKH IOWIQUHH B LI[LVWHQWH]RQHV RI QF
ZHDU Rl WKH FRDWLQJ

4XDOLWDWLYH ORFDO FKARURDBRD@MHG\ WXW ROFMKXVLQJ ERWK 6 (
UHYHDOHG WKH H[LVWHQFH RI WKH HOHPHQWY VKRZQ LQ 7DEOH
VKRZQ LQ ILIJXUH

] — LT S W

ull Scale 2057 cts Cursor: 3246 (115cts) ket [ami

)., *85¢( /IRFDO TXDOLWDWLYH FKHPREPWA. QD DO\EO/ (RE BRMROWY E ;5

1RQ XQLIRUP ZHDU DQG H[WHIGHQWLRUBDEG NRQ JWKIHV WKUHDG RI
VSHFLILFDOO\ DW WKH ERWWRP RI WKH WKUHDG ZKLFK LV OHV\
EHWZHHQ WKH FRDWLQJTV PDWUL[ DQG WKH UHLQIRUFLQJ JUDLQ
ZHDU RU FUDFNLQJ ZHUH H[LVWHQW RQ WKH FRDWHG VXUIDFH 2C
WKDW LV PRUH H[SRVHG WR WKHOWXWHJRKQGEGLYPH HOQYPENRQPFP HUR
JUDLQ UHPRYDO IURP WKH FRDWLQJYYV PDWUL[ ZHUH LGHQWLILHG

7KH 6(0 ('6 FKHPLFDO DQDO\WLV UHVXOWY RI WKH FRDWLQJ D\
SUHVHQWHG LQ 7DEOH DQG ILJXUH 1R FUDFNLQJ ZDV LGHQWL
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Electron Image 1 - 300um Electron Image 1

F
)., *85( D $OPRVW LQWDFW FRDWKH WKWUWBKE ERWWRP LRIWHUPHGLI

WKUHDG SUHVHQWLQJ HURVLYH ZHDUOUBDQUWHPRYOU D FNLQLD GG VBOH WIKD

HIWHQVLYH FUDFNLQJ HURVUHWRRHDW IDRE WKH FRDWLQJYV PDWUL]

7$%/( &KHPLFDO FRPSRVLWERDWLIQWIKHVZRKB WLS RI WKH WKU
(OHPHQW $0 : 6L )H 1L
Z Z EDO
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),*85( /RFDO FKHPLFDO DQDO\VLV UNKKOARY @ \FRDWILEQRIDW WKH WLS
OLFURVWUXFWXUDO $QDO\VLYV

6SHFLPHQV IRU PLFURVWUXFWXUDO DQDO\VLY ZHUH SUHSDUHG
WKH SODWH LQ RUGHU WR LQYHVWLIJDWH ZKHWKHU WKH LGHQWLI
KDYH SHQHWUDWHG WKH VXEVWUDWH PDWHULDO 7KH LQYHVWLJCL
WKURXJK WKH VXEVWUDWH QLFNHO VXSHUDOOR\ 6WURQJO\ HURC(
JUDLQV IURP WKH FRDWLQJYYV PDWUL[ ZHUH LGHQWLILHG 7KH P
PHDVXUHG HTXPOZWHRUHDYV WKH PLQLPXP WHKIDAM YRVWH ODRKBWLRQ\
beQpbo\vpLY DOVR UHYHDOHG WKDW WKH PLFURVWUXFWXUH RI
SUHFLSLWDWHYV 1R EORFN\ FDUELGHV ZHUH LGHQWLILHG 7KH KD
WR +5% +9 7KH PLFURVWUXFWXUDO DQDO\VLV UHVXOWYV DU

&DOFXODWLRQV DQG )LQLWH (OHPHQW $QDO

,Q RUGHU WRVKBHFQM/WMLFDO ORFDWLRQV ZLWK UHVSHFW WR PD]
OLQHDU WKHUPR PHFKDQLFDO ILQLWH HOHPHQW PRGHO RI WKH
FRROLQJ SODWH ZDV VHW XS XVLQJ $/*25S FRPPHUFLDO FRGH 7
IODW VKHOOV SODWHV DQLGHEHD®YHG HPR (PMRRG HMOKDWKH WKUHDG
DVVLIQHG ZLWK WKH PHFKDQLFDO SURSHUWLHV RI D W\SLFDO 1
PRGXOXV RI HODVWLFLW\ *3D 3RLVVRQ UDWLR WKHUPDO F
DQG VKHDU PRGXOXV RI HODVWLFLW\ *3D &RDWLQJ JDV SUI
FODPS ORDGYV DQG PDQXIDFWXULQJ SURFHVYVY ZHUH QRW LQFOXG
PRGHO DW WKH KROHV RI WKH IODQJH ZKHUH IL[DWLRQ ZLWK WK
VWUHVV IUHH UHIHUHQFH WHPSHUDWXUH RI WR& PRZRHGLZIDNWI NGV
ORDG FDVHV ZHUH DQDO\]JHG ,Q ORDG FDVH /& WKH FHQWULI
VSHHG RI 530 ZHUH WDNHQ LQWR DFFRXQW ZKHUHDV WKHUPIL
ORDG FDVH /& WKH XQLIRUP WHPSHUDWXUH RI WKH SODWH Z|
I[UHH UHIHUHQFH WHPSHUDWXUH LQ RUGHU WR OHW WKH WKHUPD
FHQWULIXJDO ORDGYV ZHUH QRW DFFRXQWHG IRU LQ WKH DQDO\
VKRZQ LQ ILJXUH 7KH FRPPRQ FRORU FRQWRXU OHJHQG UF
GLVSODFHPHQW RU VWUHVYVY WKH PD[LPXP GLVSODFHPHQW RI WK
PLQLPXP WR PP 7KH PD[LPXP VWUHVV RI WKH OHJHQG UHIHL
PLQLPXP WR 03D
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H

), *85( D 3DUW RI WKH WKUHDG ZEWKOWRMW RQ® B RWWIRDPWLQJ F
VKRZLQJ JUDLQ UHPRYDO DQG HURVIDYHL @B DAUK HL R/ XXENDW N B VEH @IBDW HULDO
OLFURVWUXFWXUH Rl WKH Q@ XENHWBDWHGFRQMWFLSLWDWHYV |

+HUH LW KDV WR EH HPSKDVL]HG WKDW LQ UHDO ZRUOG WKH I
WKH DIW FRROLQJ SODWH DOWKRXJK EHLQJ IL[HG WRJHWKHU Dl
LQFUHDVH DW ELJJHU GHJUHH FRPSDUHG WR WKH FDVH VLPXOD\
WKHUPDO VWUHVV UHVXOWY SUHVHQWHG LQ ILJXUH UHSUHVHC
UHVXOWY LW LV GHGXFHG WKDW WKH FULWLFDO VLWHY IRU RSW
KROHV RI WKH IODQJH ZKHUH WKH IL[IDWLRQV ZLWK WKH EROWYV |
WKH WKUHDG DQG WKH WKUHDG DV ZHOO 1RWLFH WKDW WKH )(:
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JOREDO LQGLFDWLRQ RI VRPH RI WKH FULWLFDO DUHDV ZLWK |
VXSSOHPHQWDU\ LQIRUPDWLRQ WR WKH ODERUDWRU\ LQYHVWLJD

D E F
G H |
), *85( D /& ODJQLWXGH RI GLVSRO¥FBWHRYV BXH WBRQ OLVHV FH

VWUHVV RQ IODW VKHOOV FURVV:RQWHDPBFPQWGLIIDODVMOLWXGH RI GLV
WR WHPSHUDWXUH LQFUHDVH HURYV YV IR@ @D W RMHKGIQWDO V& RUVW V

EHDPV

',6&866,21 &21&/86%2A1 5(&200(1'(" $&7,216

JURP WKH ILQGLQJV RI WKH FXUUHQW LQYHVWLJDWLRQ WKH IRO

T O Tm

7KH SODWHV DUH PDGH IURP D FRDWHG KLJK VWUHQJWK QLF
7KH PLFURVWUXFWXUH Rl WKH QLFNHO PDWUL[ FRQWDLQHG |
2Q WKH FRDWLQJ RI WKH SODWHV QLFNHO DV ORQJ DV DOX
GHWHFWHG

JRXU RXW Rl HLJKW SODWHV H[KLELWHG ZRUQ FRDWLQJ DW
2QH RXW Rl HLJKW SODWHY SUHVHQWHG IUDFWXUHG FRDWLQ
2QH RXW RI HLJKW SODWHV H[KLELWHG ORFDO SODVWLF Gl
HOHPHQWYV

1RQH Rl WKH HLJKW FRROLQJ SODWHV SUHVHQWHG DQ\ FU]
LGHQWLILHG E\ QDNHG H\H RU E\ XVLQJ D W\SLFDO ODERUDWF
1RQGHVWUXFWLYH WHVWLQJ GLG QRW UHYHDO WKH H[LVWH (
WKH SODWHYV
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J /IRFDOL]JHG REVHUYDWLRQ DW DOO ORFDWLRQV RI WKH PRVW
OLFURVFRS\ GLG QRW UHYHDO DQ\ PLFUR FUDFN SURSDJDWLC
WKH SODWHYV

K 7KH PRVW VWUDLQHG SODWH VWDJH IRUZDUG FRROLQJ S
WKH FRDWLQJ RQ LWV IODQJH 7KH ODWWHU LV SUREDEO\ D\
PDFKLQHU\ VHH DOVR ILJXUH (URVLYH ZHDU RI LWV FRDV
(( WHQVLYH FUDFNLQJ RI WKH HURGHG FRDWLQJ DQG FRDWLQJ

L OLFURVWUXFWXUDO DQDO\VLV IURP D VDPSOH RI WKH PRVW
SODWH FRQILUPHG WKH H[LVWHQFH RI VHYHUHO\ ZRUQ HURC(
QRW LGHQWLI\ DQ\ FUDFNV SHQHWUDWLQJ WKURXJK WKH
GHFUHDVH RI WKH FRDWLQJ DW VRPH DUHDV ZDV HTXDO WR

1LFNHO DOOR\V DUH XVHG IRU D ZLGH YDULHW\ RI DSSOLFDWLR
WDNH DGYDQWDJH RI WKH FRUURVLRQ UHVLVWDQFH DQG RU KHE
1ILFNHO VXSHUDOOR\V DUH XVHG LQ WXUELQH FRPSUHVVRU EODG
PLVFHOODQHRXV MHW HQJLQH KDUGZDUH VSDFH VKXWWOH WXU
FRPEXVWLRQ FKDPEHU OLQHUV WQXREDOGN H{RRDXVW WAHOIEPHQWYV V
HWF > @ 1LFNHO LV D YHUVDWLOH HOHPHQW DQG ZLOO D
VROXELOLW\ H[LVWV EHWZHHQV®ROKNH O LDM)GU PRI SN UE W BHHQ LUR
QLFNHO PDNH SRVVLEOH PDQ\ DOOR\ FRPELQDWLRQV 7KH IDFH F
PDWULEDQ EH VWUHQJWKHQHG E\ VROLG VROXWLRQ KDUGHQLQJ
KDUGHQLQJ &REDOW FKURPLXP PRO\EGHQXP WXQJVWHQ WLW
VROXWLRQ KDUGHQHUV LQ QLFNHO $OXPLQXP 1WONDIQLEOGDQG
11E SUHFLSLWDWH IRUPHUV ZKLFK ZKHQ SUHVHQW LQ D KLJK
VWUHQJIJWKHQLQJ RI WKH PDWHULDO 7XQJVWHQ WLWDQLXP QLR
FDUELGH IRUPHUV $OXPLQXPLOBGRFIGIRPLRK® SHRYVWDQFH > @
WHPSHUDWXUH IDLOXUHV QRUPDOO\ LQLWLDWH DW WKH JUDLQ EF
UHGXFH WKH JUDLQ ERXQGDU\ LQWHUIDFHV RU FRPSOHWHO\ HOLF

7KH WHPSHUDWXUH DW WKH HQWUDQFH RI WKH WXUELQH FDQ
WKH VWUXFWXUDO SDUWV IURP GHJUDGDWLRQ ERWK FRPSOH[ F
XVHG +LJK WHPSHUDWXUH FRDWLQJV DUH GHVLJQHG WR LQFUHD
VHUYLFH ,Q JHQHUDO QLFNHO EDVHG DOOR\ FRDWLQJV VKRZ JRF
UHVLVWDQFH 7KH\ KDYH JRREGHZHDG GULIQVLWWQ O\WFWHI DQG PRO\EC
WR WKH DOOR\ 1LFNHO EDVHG FRDWLQJV DUH XVHG LQ DSSOLFD\
R[LGDWLRQ RU KRW FRUURVLRQ U@BVIZYWDGRH UVFUHRDXWUBG W\SH
VLPLODU DSSOLFDWLRQV GLIIXVLRQ FRDWLQJV DQG RYHUOD\ FR
VXUIDFH OD\HU HQULFKHG LQ RRG$URRFPLB JI RIWHPWMIQRY RI D SU
OD\HU ,Q JHQHUDO WKH XVH Rl SURWHFWLYH FRDWLQJV FDQ J
VXSHUDOOR\V IRU RSHUDWLQJ FRQGLWLRQV LQ ZKLFK WKH R[LG
EDVH PDWHULDO LV XQDFFHSWWEGMWLY¥RZHRBWLQUKHWXHPVHOYH
GHJUDGDWLRQ XQGHU HQJLQH RSHUDWLQJ FRQGLWLRQV DQG WK
SURWHFWLYH FRDWLQJ FDQ DIIHFW WKH LQWHJULW\ RI WKH VXEV'

JURP WKH UHVXOWYV SUHVHQWHG DERYH LW LV ILQDOO\ GHGXFH
ZDV GHJUDGHG HURGHG DQG ORVW LQ VHYHUDO DUHDV HI[SR
DJJUHVVLYH JDV HQYLURQPHQW W LV WKXV FRQFOXGHG WKDW
WR EH PDFURVFRSLFDOO\ LQ JRRG FRQGLWLRQ WKH LGHQWLILHG
Rl IDLOXUH DV OLWHUDWXUH LQGLFDWHYV > @
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7KH WHVW SURWRFRO WKDW ZDV DSSOLHG LQ FXUUHQW H[SH
LQYHVWLIJDWLRQ LQ FRPELQDWLRQ ZLWK 1RQ GHVWUXFWLYH ,QV¢
RU GHIHFWV OLFURVWUXFWXUDO DQDO\VLYV FRPELQHG ZLWK OHW|
DQG JOREDO &KHPLFDO $QDO\VLV IRU PDWHULDO FKDUDFWHUL]D\
&KHPLFDO $QDO\VLV IRU LGHQWLILFDWLRQ RI IUDFWRJUDSKLF P
ILQDOO\ )LQLWH (OHPHQW $QDO\VLV IRU EHWWHU XQGHUVWDQGL
WKH DIRUHPHQWLRQHG WHVWV DQG DQDO\WVHV WKDW KDYH EHHQ
EH XVHG LQ RUGHU WR DVVHVV WKH PDLQWHQDQFH UHSDLU DQ¢
FRPSRQHQWYV

$&.12:/('*0(176

7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH PLOLWDU\ DQG FLYL
(OHFWURQLFVY OHGLD )DFWRU\ BIY MWKWMLRRBOIRHQWK HLD LKMHDE LQ F
QRQGHVWUXFWLYH WHVWLQJ DQG 6(0 (‘6 DQDO\WVLV $XWKRUV DO\
PDGH SRVVLEOH E\ WKH DVVLVWDQFH RI WKH PLOLWDU\ SHUVRQQ

5()(5(1&(6

$60 KDQGERRN 9RO 6 XUIDFH (QJLQHHULQJ
$60 KDQGERRN 9RO SURSHUWRWQHVYUDREBV6HOBRWLRQG 6SHFLDO 3XU

$60 KDQGERRN 9RO OHWDOORJUDSK\ DQG OLFURVWUXFWXUHV

$60 KDQGERRN 9RO )DLOXUH $QDO\VLV DQG 3UHYHQWLRQ

76 6LGKX 6 3UDNDVK 5 FRBURVAIRQ BR® SHUIRUPDQFH RI QLFNH

&XUUHQW 6FLHQFH

5 6LYDNXPDU %+LJKRWGPSHUDWXUH FRDWLQJV IRU JDV WXUELQH EC

&RDWLQJV 7THFKQRORJ\

$6 2V\ND $, 5\EQLNRY 6 $ /MRQWLIBY OD®DMVKNOQNR ([SHULHQFH ZLW

FRDWLQJ LQ VWDWLRQDU\ JDV WXUELQHV 6XUIDFH DQG &RDWLQJV 7H

* © *RZDUG 3URJUHVV LQ FRIODMLRUVIRRWVDGXWXNEH DQG &RDWLQJIV 7

+

1 (OLD] * 6KHPHNWDRIOVRQ +RW FRWUERWQHRBRIPGRONQWY (QJLQHHU

$QDO\VLV

0 - 3RPH&RDWLQJIV IRU JDV WXUELQH PDWHULDOV DQG ORQJ WHUP V
+

, *XUUDSSD $ 6DPEDVLYD 5DRRDMEHYPD OREDWQKBQFHG HIILFLHQF\

HQJLQHV 6XUIDFH &RDWLQJV 7THFKQRORJ\ +

5 5DMHQGUDQ OFKMDMWHLKDQNXPDU 7&RF@REDWDREDBRVVHVVPHQW RI J

EODGHVY DQG FRDWLQJV (QJLQHHULQJ )DLOXUH $QDO\VLV +

5 5DMHQGUDQ *DV WXUEL®HHFZR DQLQUNVHY BSQIRVHOXUH $QDO\VLV




