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6CRG WCUVKPI %GTCOKEL
VGORGTCVWTG (WGN %GNN

$ODLQ 6 7TKRUH
ODWHULDOV &HQWUH OLQH:
805 &156
% 3 (YU\ &HGH]
YUDQFH

+PVTQFWEVKQP

YGPGTCN
7KH REMHFWLYH Rl WKLV ERRN WRDB$S0U D) \BRS G HRWDLL B DKVR ZW F
VKDSLQJ WHFKQLTXH WR IDEULFDWH KLJK WHPSHUDWXUH IXHO
FHOOV 62)& IRU BROLG 2[LGH )WHR®M &HWD® PR &) EXHAJ RO DUH V
REMHFWVY PDGH RI WKLQ DFWLYWRASRPHYWAQ GLQOIG URKQRU R QV

| —P SRURXV FDWKRGH WR —P G HQWR X\O HDRY/RIGRIO \ W
W\SLFDOO\ WKDW DUH RSHUDWHG DW KLJK WHPSHUDWXUH IUR!
DUH VXSSRVHG WR ODVW VRPH KUV XQGHU R[LGL]JLQJ DWPF

UHGXFLQJ DWPRVSKHUH RQ WKHLRQRRRYWNVGRI KKK IWE®ISHM W X
UHPDLQV WKH PDMRU EUDNH DJDLQVW WKHLU UDSLG GHYHORSP
FRVW DQG VLPSOH VKDSLQJ SURFENWRPEXWXLRANM®SFSRPSQ L AR
LPSOHPHQW LI LW DLPV DW SUROGEFLUQU FRVKLQWHWL @D \HWU LW F
KLIJK WHPSHUDWXUH IXHO FHOOVDVAKHQ B SIHUMDXELUHM W R D WV IRSH F
FOHDUO\ HDFK VWHS Rl WKH SURFHR®Q WRR W KWK HL § DR UWLQWH B X |
YLD WKH GU\LQJ VWHS 7KH SUHVHQW WHRD/VRILQU D D G5 ERFXVYW
RI WKH EL RU WUL OD\HUV FRPSRQHQWYV RIH6R Q& PIMEL R&Y)\& \R QD K
WR FLUFXPYHQW WKH GLIILFX®ODVNVHHW MHFHUD® LG FROWWMB QW LV V.
UHJDUGLQJ DTXHRXV DQG RUJDQNF WKDS\H HFDFK LQUH SWR IV KRH

LPSRUWDQW EXW WKDW WKH IRUPXODWLR @G URR GXKERVVOX UUY HV E
HYLGHQFH WKDW WKLV SURFHV\PRGRROWPY WERGE ARPIBKNHHI BAL P
WDNH LQWR DFFRXQW DOO WKH PHFKDQLMVR\WKWXIEWIGHB B WLR Q Q
ERRN FKDSWHU LV LOOXVWUDWHG E\RBEDSKWWURIR[ WSO HIVE D QFE
<6= EDVHG 62)& DQG %&< EDVHG 3&)&LEXW DWWRABRR WR UHI
WV\SH Rl KLJK WHPSHUDWXUH IXHO PHOIOQQR¥DAHVE EHZA F 8 QR
LQWHQVLYH UHVHDUFK LQ D (XUR/SHIDQVKRD WRKIDW XLRQ WRE®BI\ FD
FDVWLQJ DQG FR VLQWHULQJ DUH LPSUDFVURFHVYNHYD QS K KDK
SUHIHUDEOH WKDQ D VLQJOH SURFHVYV
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*KIJ 6GORGTCVWTG (WGN % GNNU EQPVGZYV

6ROLG 2[LGH )XHO &HOOV DUH SQRMVMWHP 8 RZKLUF K HDQUHHU B XVULU H G
RQ DQLRQLF VROLG FRQGXFWRUWDEL&L]HER VWOF RQULW U LB 6
UHFHQWO\ RQ SURWRQLF FRQGXFWRUV 3&)& LQ ZKLFK WKH HO
EDULXP FHUDWH %&< RU JLUFRQDWH %=< VHH )LJ DQG
<6= EDVHG 62)& LV XVXDOO\ KLJK ! f& LQ RUGHU WR UHDFK
SHUIRUPDQFH 7KLV SUHVHQWY VLIJQLILFDQWKD&2 IMD@MED&BRYV FK
GLUHFWHEHGLQJ HWF« EXW DOVR VHYXDUH PR IIDQ O X U M IRH UFFRAPFEE
VRSKLVWLFDWHG JODVV VHDOVXUEKQHPDREBQQUQNQY® E E TGFLON. IQH «
GLIILFXOWLHV FDQ EH VLIQLILFEHUWOWLQIPNAPBKHG WX UHKHVRUH
f& f& EXW WKHQ WKH ORVV RI FRQGXFWLYLW\ XVWREHDWH(
FRPSHQVDWHG HLWKHU E\ FKDQJLQJ LW K L HVOIHFIW WHRO WWHHJ LIDD WF
GUDVWLFDOO\ GLPLQLVKLQJ WKH HOHFWURO\WH WKLFNQHVYV

SOFC

H,+ 0 —H,O +2e-| o [1/20,+2e'— O*

H, |
anode cathode
)LJ 62)& ZDWHU DW WKH DQRGH VLGH
PCFC
(5 , ®
e
02
H,—= 2H" + 2¢ 1/20, + 2H" + 2 —H,0
H.O
H, 2
e bund S pr—
anode cathode
)LJ 3&4)& ZDWHU DW WKH FDWKRGH VLGH

3&)&V DUH TXLWH FUHGLEOH DO@WHK @HW VYRINW ¥MKHR ¥WMWDIWA R G
WKDQ 62)& $PRQJ DOO WKH SHUR®QWBGXEFWH LBWDVHG <SWRW.DQV Kk R\
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%DULXP FHUDWH %&< LV ZLG KOO HMHOG RH G URW R@LVF KARIQ G X F
f& XQGHU K\GURJHQ DQG RU ZDWHU FROWPDQLQJ DWRAE® S KH
ZHW K\GURJHQ %XW WKLV FODVV Rl PDWHUVLBKQYKGENSIOML\W\V K
VHQVLWLYLW\ WR KDWHK W HDIQG® REDULW\ FKHPLFDO GHFRPSRVLW
UHVLGXDO R[\JHQ FRQGXFWLRQ XQGHU FHUWBRH® FRIJELWLRD V¥
FHUWDLQ DPRXQW RI EDVLF UHVIQDWFEQSUQRRBRYWW LG HYEBRISPH
VFUXWLQ\ IRU D FRXSOH RI \HDWFR @RA W\ IR I1&BI PQ[HGWFRQGXFW
ZLOO SRWHQWLDOO\ HOLPLQDW MW HD® & LWHKH WSKUHR ESQHHPAH @RH/ RRAL
HOHFWURGHVY LQ ERWK 62)&V DQG 3&)&V VLQFH WRHP DDSRHULR KV ||
FHQWUDO PHPEUDQH PDGH RI D FRPSRVLWH RI WKH WZR W\
ZZZ LGHDO FHOO HX 7KRUHO HW DO D 7KRUHO HW DO E

IDEAL Cell

r°

A 1120, + 26— O%

A
anode cathode
H,0
)LJ ' ($/ &HOO FRQFHSW ZDWHU SURSDAFPMRARQW.Q WKH FHQWU!

&GUKIPU CPF (CDTKECVKQP 2TQEGUUGU

7KH JHQHUDO JHRPHWULHV IRU WKHVH KLJK WHPSHUDWXUH FHO
&HOO EHLQJ MXVW DW WKH SURRI RI WKH FRQFHBWXWWHS DOV
JLYLQJ WKHLU RZQ WZLVW EHWZHHQ WKHVH WZBR RED WIKH GHR/Q J
WHUP SODQDU GHVLJQV SURYLGH D KLJKHU FXUUHQW GHQVLW
DQG - FFKH PDMRU EUDNH WR WKH GHYHORSPHQW RI KLJK V
FRVW RI IDEULFDWLRQ FRPSDUHG WR WKH PDUNHW UHTXLUHPH
FHOO LV D FRPSOH[ TXDVL ' PXD®H GRD\BUHBUNMQWX PR SKHVWLFD'
KDYLQJ GLIIHUHQW PLFURVWUXFWXUHV D@® DRQQBUWILHRRPH WU R Qf-D
SURFHVVLQJ URXWHYV FDQ EH HQYLVLRQHG [E>XOW P WHi & RPPPEH. W
ORZ FRVW VKDSLQJ SURFHVVHV 7KBDVWUBAVEH GWXRYHGWKDWRUH
RI D VOXUU\ WDSH FDVWLQJ DWFLUHH @ S FRW IWQ D JKOLSQRR LL W k
WKH SRZGHU LV SURMHFWHG RQ D WDUJHWDWHVG/ HERHSIRDQ AL R
SURFHVVHV 2WKHU H[FHOOHQW SKRMHSVHVVI3QJ&I'DUIB6ED SU
H[SHQVLYH DQG GLIILFXOW WR VFDOH XS DQG WKHUHIRUH QRW
PDUNHW FRQVM®& B(LWSURJIJUDP FRVW WDUJHW N: E\ 30
WDSH FDVWLQJ DQG VFUHHQ SULQWLQJ KDYH JLYH® BLHXLWHWD W
DO 6\HG HW DO *URVMHDQ % L W W HBKQILSALKL WD DAD
YHU\ IHZ VWXGLHV KDYH EHHQ FDUULHG RXWSVRABVYVRY V&OWW D
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DO +DIVDRXL &RVWD SUHVARW®\ FRRK) WIOCGCGHUHG IRU VKLE
&HOO 3UHVWR HW DO

,GHDOO\ D ORZ FRVW SURFHVY WK®B W XBOOMLIRYDA HFR R RWGE EHQ Y H |
LQ WHUPV RI IDVW GHYHORSPHQWVRLW?2)%\D Q UH B USM HEDAWG LIILF
WKDW DLPV DW REWDLQLQJ IODW ZHOO ERQGHG OD\HUV ZLWK
PLFURVWUXFWXUHY ZLWK QR DSSHDUDQFH RIDBU DHNWVFWYMWEW
XQZDQWHG DOORWURSLF WUDQVIRUPDWLRQV $SDUW IURP SU
GHSRVLWLRQ DQG LI ZH IRFXV RQ WKIH FRIRHHWV B G L WKRH 5QJ
FKDUDFWHULVWLFVY DUH DOO EHLQJ JRYHUQHG XOWLPDWHO\
VLQWHULQJ WHPSHUDWXUH GXUDWLRQ RI WKH WVUKIDWRFHQW LC
OLPLWHG QXPEHU RI OHYHUV WKDWJZHDKD R QIRWVR QJURW R G/LIQH
HYROXWLRQ RI WKH OD\HUV R QHOW KIHWKRHNW HOHHL.(D O DN R UD/OIOIRYZ | R L
HIKLELW DQ DSSURSULDWH JHRPMIWU\ GER WIREXWLR@ WD MWELDO
JUHHQ OD\HUV FKDUDFWHULVWERWPBUPRLQ®M G/ XV KR AVSOHWH EBGRP
SRZGHUV PRUSKRORJ\ WKH ZD\ WKH OD\BRYGMHGH MVRASHKRESWH K
PXOWLOD\HU LV EHLQJ GULHG SWUHR/WWR ¥DYMHUWR D W, @ DVKKH U
GLITIHUHQW SURMHFWYV *URVMHDQ &RVWD HW DO +D I
IRFXV RQ WKH SUREOHPV HQFRXQWHUHG ZKKQER @WD $B ERD VW W@
DQG FR VLQWHULQJ DQG ZLOOV&HWMWYMWHGRFPEHRRHWKH LGHDV

5JCRKPI D[ VCRG ECUVKPI

JGPGTCN EQPUKFGTCVKQPU QP VCRG ECUVKPI

7DSH FDVWLQJ LV D ORZ FRVW GVREWWG SRUWLKKODBOLNFIHOLR Q
XS WR —P 10DW FRPSRQHQWYV IRU KLJK WHPSHUDWXUH [IXHC
YDULHW\ RI FRQWUROOHG PRUSRRYRURHXO DRFPHRNVMIK LSRRV WU .
DV HOHFWURGHYVY DQG HOHFWURO\WHV *UHHDRI GRQ\HZDO FWEH WHR H
VLQWHU WKH PXOWLOD\HU LQ D RQH VWHS RSHURRKH\RQ JB W KWHHW
FRQVHFXWLYH VWHSV WKH ILUWNW QH SRQUAV B Q RED¥E ON KWK IHD U L
VOXUU\ ZLWK WKH SRZGHU XQGHU FRQVLGHUDWLRQ ZKLFK LV ¢
HYHQWXDOO\ VLHYHG WR UHDFK DSSURSULDWH SKDVH FRQW
PRUSKRORJ\

2UJDQLF DQG RU LQRUJDQLF DGGHWIHHAMW LEKLG E HRROAH DIUGHO DES (
SRZGHU WR IRUP WKH VOXUU\ 7KH VOXURRVIWOWENMEGPQAPHBLDOQG
HQVXUH KRPRJHQL]DWLRQ DQG G HMW UXAML RFAMXK HR IV B ODDONRIPRHQY DLW
XQGHU SULPDU\ YDFXXP GHSHQGLQRWRIQVX KGHEVOQWYH® BHSRUHG
RI WKH SURFHVVY 7KH VOXUU\ YWIMWKXHRI WDHDWHHRUWWEH FAIKLFK
JRYHUQHG E\ WKH KHLJKW RI WKH 'RFWRU ED@®& HLDERY H KWMKBIDW
EHWZHHQ WKH JUHHQ DQG WKH VLQWHUHG VDPHOWIWKLRN QWKW
VOXUU\ DQG RQ WKH GHJUHH RI IUHHGRP RI WKH VI\VWHP ZKHQ W
GXULQJ VLOQWHULQJ ZKLFK LQ WXUQ GHSHQGVLRY KRAMWHH WHDX\VH Q(
LQWR DFFRXQW LQ D GLODWRPHWUQDAMXXIYH WIXIHK DBRP SRYIGWM L
IRUPXODWLRQ RI WKH VOXUU\ WHPSHUDWXUH D @QGHGWUD@MIRQ
SDUDPHWHUV OLQNHG WR WKH QDWXUH RI WKHK VW ERDUDMCHS/ W
I ULFWLRQ DQG ZHDU LQKLELWLQJ UDGLDO VKULQNDJH DQG
YHUWLFDO ORQJLWXGLQDO VKULQNDJH
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7KLV PD\ HYHQ EH PRUH HIIHFWLYHI SR VD VOH GK RIQZWRIK W | LWK H
PDLQWDLQ LWV IODWQHVV 7KH GLIIHUHQW ZHW OD\HUV FDQ W
GHGLFDWHG WHFKQLHVBIO LWWVWRHPOAODU PDVNV LI WKHVKROYHQ!
VROYHQW LV ZDWHU WKHQ WKH OD\HUV PXVWSURRWKWRXJ!
VXSHULPSRVLWLRQ VLQFH RWKHUZLVH WKH\WE&R QIRWK HIKEEKQWF
DGMXVWPHQWY FDQ EH FDUULH® RWWRBNW ENWQL W KWV HPW R B WRQ
JRRG ILQDO ERQGLQJ EHWZHHQ WZR OD\HUV UHTXLUWH\WQ WXDW D
OD\HUV RU PXOWLOD\HUV LV DESR $IM\SUHRAHVWSRAU W B (RUHP UWLR
RFFXUULQJ GXULQJ WKH GU\LQJ SURFHVV ZLOO RQO\ ZRUVHQ
HVVHQWLDO WKDW WKH IODWQHVRQEKRRZDLQRWMIUR SIGF &K 8§ HPIGHK
KXPLGLW\ ZLWKGUDZDO LV DERYH EHORZ DQG DORQJ WKH UD
GHQVH VXEVWUDWH WKHQ KXPLGLW\ FDQQRW HVFDSH IURP W]
XVXDOO\ ZDUSHG ZLWK VWURQJ GHIRQPDWRRQ ZQWW KHIG ] HG\ UG
GHIRUPDWLRQ 6DQGZLFKLQJ WKH WDWPSHWWEBDWZHYHGRWM ¥ RQE MQ X'
DQG HQGV XS ZLWK H[WHQVLYH FUDFNLQJ :HWDXGIZKPIGLEJFWR B
OD\HUV RU PXOWLOD\HUV EHWZHKQON MR O/LXIEKWW K R Q/HI\F FORR-E VO D W

calcination morphology /
powder —

binder —

solvent
pore formers —

wetting agents

dispersant —1— s!urry Control of stability, viscosity, rheology
defoamers

plasticizer —
sintering additives

gel former —

A — homogenization
mixing, grinding —

1

L= breaking agglomerates ]

deairing _[+——| Poetycom |

<_I:: co-deposition, supenmposition ]
tape casting conirol of thickness J
L- gel forming (water = solvent) |

substrate for drying, weight 1
drying :

temperature T, durationt —— i 3
control of flatness

|« ™ control of microstructure, flatness l

weight on top of sample —— 1

plateaus for water, binder removal co-sintering

atmosphere ——

heating, cooling rates ——
)LJ JORZFKDUW IRU RUJDQLR RD @I ¥*RRYXVQWBYH FDRWEBXOWLO
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'H KDYH VKRZQ WKXV WKDW WKH GU\LQJ PHFKDRQ VPRI 20V XULH0 D
ZDWHU IDFLOLWDWHG E\ FDSLOODU\ IRUFHV DFWLQJ DFURVV
KRQH\FRPE VXSSRUWYV ZKLFK LQ DGGLWLRQ QHVHY RIITWKIH Y D/PWE
*URVMHDQ &RVWD HW DO

2EYLRXVO\ WKH VLOQWHULQJ VWHZKROWMKHURHAFHP?PRPEREQM R RXKIb
PRUH WLPH DQG WHPSHUDWXUH WKDQ ZKDW LIWKRHWHGGHGH UW Kt
WHPSHUDWXUH DQG GXUDWLRROH OO EH DV OLWWOH DV SRVVL

micrometer screw

green tape

casting direction
Doctor blade parabolic dispenser =>
—y

slurry

substrate (glass...)

)LJ 6FKHPDWLF RI D ODERUDWRU\ WDSH FDVWLQJ VHW XS

e

)LJ 7DSH FDVWLQJ H[SHULPHQWDO VHW XS

yLJ 'U\LQJ RI D <6= OD\HU VD QRS DKPKHG E HVRDHHBRWE VXEVW U
GHWDLO RI WKH FDSLOODU\ PHFK® Q\LWVIPOD FAMWL GX DEQR \GW \. B2 E
KRQH\FRPE VXEVWUDWHYV
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0.1
A
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0 400 800 1200 1600
Temperature (°C)
)LJ 6KULQNDJH FXUYH IRU %&< OHIW VKULQNDJHURP ULJKYV

%DVVDQR HW DO

7KH VLQWHULQJ WHPSHUDWXUH LV XVXDOO\ FKRVHQ DV WR FRU
VLQWHULQJ UDWH HV PPELIRAP %&< LQ )LJ IURP %DVVDQR HW
FDVH D GHQVLW\ KLJKHU WKDQ RI WKH WKHRUHWLFDO GHQ
OLPLWHG JUDLQ FRDUVHQLQJ LI WKH VOXUU\ KDV WKH FKDUDFW
7KLV PD\ EH DGDSWHG LI RQH ZDQWV WR REWWK® [BDSRURKFRL
VLQWHULQJ RI PXOWLOD\HUV 7IKH RAKRW RHH B P RWKM LVPXSSRSIRW BVQ F H
REYLRXVO\ QRW UHDFW ZLWK WKH VDPSOH DQG PXVW QRW S
JHQHUDWH XQZDQWHG IULFWLRQ DQG LQWHUIHUHQFH ZLWK WK]
VKRXOG EH PDGH ZLWK WKH VDPH PDWH UL B PIHWWRKH{V OD \SRZ G@ |
EHG LV XVHG DV D EXIIHU IRU UHDFWLYLW\D¥E X¥R LEH WKD\Q DOQ\GH
IODW

&GVCKNU QP VJG UNWTT[ HQTOWNCVKQP

JRU D JLYHQ SRZGHU RU PL[WXUHQRIE$KDYHBX UWRH JUHMQHWD S H \
WKHLU ILQDO PLFURVWUXFWXUHHQMSBQBGYHBQL RE H QG UKDRPIRIFH C
VWDUWLQJ FHUDPLF SDUWLFOHVDLQWKKIN HMEXHU\W KR UWHIXA U\ IRU
FUXFLDO VWHS IRU WDSH FOMVWHGJS DRFHW \LH/VD\OMK IRY WAHUHHQ S|
FRDWLQJ B5RXJKO\ D JRRG VOXUWKMHVFMEKBDPRRH UDL QKLFHKH HOF
LOQWHUDFWLQJ VR WKDW WK IDZIDUWRPOHMNFRURMKKH | IVEWWHY R DJ
IRUPHG WKDW JUDYLW\ LV QHQ@OIDWE BB RFAFXEN QRQGHEGR PMMKDW W
HQRXJK WR DOORZ IRU DQ HDVKFRUWLIRH JGIG &LWRSHOWRIKDYH D
UHVLVWDQFH WR PDLQWDLQ LWXPEHRPHMW UH VESH BWILXOHWRH W. Q G L
DERYH WKH KLJKHVW SRVVLE®KHVKHIKBWYRVKRIOEBQLWKLEI WKH
WKH KLIKHVW WKH GHQVLW\ RI WKH VLQWHUHG WDSH

*HQHUDOO\ WKH VOXUU\ LV FRPZSRNHBXRI R JDLQWK PR FRSRAQ GV
GLVSHUVDQW SODVWLFL]JHU ORUHR®@LF WODSH RDYWQ®@JLIDQG SR
DJHQWV GHIRDPHUV SRUH IRUBBQVFL FRMHIRHGS VD 6 LR SRZ:
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VKDSHG VLQWHULQJ DGGLWL¥BYWAIWH $Q D DA KHRW NDIFHFRP SR
WKH JUHHQ WDSH DIWHU GU\LQZKG6IQQ RHDMWKHG D WH HDHHPYADYWWHHEG W H F
EHWZHHQ f& DQG f& 1URPNVSIROWKHHY \0 WR JULIV$SKWR SRUHV Z
PXVW QRW DOZD\V EH HOLPLQDWHKG DGXKRHQW WEKRQ VHP WHHQWQI W
DPRXQW RI SRZGHU WR WKH RUJORQWKFARPORRQBVPRQBVKIHRIF RI W/
EH ILQH WXQHG LQ RUGHU W RXRWDX O WD QUK H5 HIQQ/D @/ \P LEFRIGRFHUD L Q
WDSH FDVWLQJ WKH VOXUU\GLWKH QOMG D | MvH U HPIRMHKICQ G YOL QJ G
GHFRPSRVHG DW f& DW WKHHRQWVHW VR IJUWKH WEBEBDPBOVW WBRUR\
WKH UDWLR EHWZHHQ WKH VRONBHSKDXH WD @& OOK M/ DL R UGWIKM O
DGGLWLRQ WR SRUH IRUPHUV DO ERRMWY APDY SN FRYWIL@UF WKHH UD
SKDVH WR WKH OLTXLG RU RUMKHFFRRBANHRO ZRIOD OHB® WR]H LQ
SRURVLW\ ZKLFK FDQ EH H[W WKRHOK KX B DX@WRW\ LRKQFWHDYOH SKD\
$PRQJVW WKH VOXUU\ FKDUDWF\RHMXIMPRVAY LAVKRIUWDEELHO L3ROD U L]L
PXVW WDNH SODFH DW WKH VRIDAVELA QWX Z& RIMHW HQWHGV LMD WIHR Y |
VWDELOLW\ ORUHQR &R Q VIH TWKHQ V& Q H O WKW U Y. B OFKRIQ RW D Q W
GHWHUPLQHV WKH VOXUU\ VWEFHELBLWR ODGI® WHQRHFW K AKRLY C
FKRLFH Rl DOO WKH RWKHU DOBWWQY HRQ WHH RRWKML FRHUFHM WKk
ZKLFK GHSHQGV RQ WKH SDUWLFROHM PDQG WRE DYGLUMHPWXH 9
LOQWHUDFWLRQV ZKLFK SURPRWHQN/R FVFEID IVWIDEQ MLQVG. BRF W/ IDH VO
KDQG WKHUPDO DJLWDWLRQ HBRE ¥UUHR VRUDAMIVF SIURE RAMWHH WLKEH UG |
SDUWLFOHV DQG WKHUHIRUHKH VOKDWN WKH VROE LRILWKRIGWYV S
SUHFLVHO\ WR HQKDQFH WKH LYWH®VIEFMY RTKMKMMARGIGY SRSRU
FKDUDFWHULVWLF LV WKH Y LKW RRSHNAD ZIKQ E W \GRIVWHKIHP LSQUHRE fW V- W
7KH VOXUU\ YLVFRVLW\ YDULHR XIW DR | X\QFEOWLHR@WR § WK M CCLRV Y R O
TXDQWLW\ QHHGYV WR EH SUHFUVHOR PG X VW HGYWRQDRIOWEKHRSR Z
IRU DQ HIILFLHQW GLVVROXWLRQ RI WKH ELQGHU

%Q UKPVGTKPI
FR VLOWHULQJ SDUDPHWHUYV

7R IDEULFDWH VXFK VRSKLVWLFD&REE P 3QVNVORUH U HE KREMBNF WR Q
KDYH LQ YLHZ WKDW WKH ILUVW. R WKHJ IRRPAWRRE R D WIXmHH RVEINUH F W
RUGHU RXWFRPH SDUDPHWHU L VDIQV ¥ DOR € Bl KDYUWR XWK BHPFRPWMB K\ V
WKLV IXQFWLRQ 7KHUHIRUH HMWRRQVUKDFHKLQR WK HS XWJIKHYW SF
HOHFWURFKHPLFDO SURSHUWLR®H DRXY VR @R NWR Q VWKHDRBWGE P L]
PHFKDQLFDO SURSHUWLHV 7KLPLLKWD EHH QRHUQG H G DPKH @ KW H U H
L HXDOLW\ Rl WKH ERQGLQJ DW LQWHUIDFHV FUDFNLQJ«
2EYLRXVO\ GXULQJ FR VLQWHUILYH bR A DW KHWXBI\ WD H VOWH D W P H
E\ D JLYHQ VLQWHULQJ WHPSHUWDWXDW P BXSOMLLHR Q7 R G PHSHFD L Q
LOQWHUFKDQJHDELOLW\ EHWZHH Q@ RVYPEWHUGE QUHW & H B B WK WH HR 1) L F
WHPSHUDWXUH GHSHQGDQW G LGIK® LW &DMR HIRL KIGHJ S/WF WSHUR WL K H |
PHFKDQLVP RFFXUV SKDVH FKDQYHP ISDGIWV VB K /\V WLIRH) € RFKRQ W H
QHFHVVDULO\ D FRPSURPLVH EHWZORZHWWH VK QM H VY MQ D W\GH PASKH U
GLIIHUHQW OD\HUV WDNHQ VHSDED®@ HE®\ VPRIRAVKKARBP®®RBLFHUWL
SOD\LQJ RQ WKH VL &WEWHYL @LMKH PXOWLOD\HULDW HD EW MRZSHHHWOD
WKH ORZHVW DQG WKH KLJKHVYWYVLRW B UQRQ JWH P8 HRID WXKDH) B H |
VLQWHULQJ Rl WKH OHVV UHGDDBWFRRPASRNMHVLRREBID<X&WBPRVHG 62
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EDVHG 3&)&V WKH XVXDOO\ ORQRGW DBG EPRYRBREHEMWHYWOD 1L2 <€
DQG 1L2 %&< ODQWKDQXP VWURQWLKIPQRB QM QR QYW VXPQG R® FRE
DOVR WKRVH ZKLFK PXVW EH KEZLO® BRFRXVLYWEBHGRM\ D WHP
WKDQ WKHLU QRUPDO VLQWHULQRQUHPSWUP W XKD D @& FIRWY DU\
HOHFWURO\WH FDQ UHDFK |XdRUPKQ@DMLR QW RKQH® K AVWIDRGHV P X
FRUUHVSRQGLQJO\ KLJKHU /LTXIR3 6ROHG!I RIDRMHRY «D G\GRLWQRLELW
IRU RYHU GHQVLILFDWLRQ
7KH WKHUPDO WUHDWPHQW PD\ CSDWD BHWWHE@WVXFRRI\G KRHIBMLLQ .
UDWHV SODWHDXV« KHDWLQJ UDHP \RW GHE FIRRIOOKQIW VR OF HD DW
VLQWHULQJ WKH PDWHULDOV DAWHIUM X ¥ WW\KKQ B H® SIEL 6 DWW VR W U
VWUHVV ZLWKLQ WKH FHUDPLMH YKOWHDY @QWW KHP BWE IRIDWKLV D
VHQVLWLYH WR HODVWLF VWUHNYHRWLIDLQ DRYLLVPD WEFRP RW KNHK HGULP
FRHIILFLHQWYV EHWZHHQ OD\HRSN DHHE UISRODHV R D K W DML QUK HDR Q V H W
KDV PRUH WR GR UHVSHFWLYHDWEZRWKRWWHK S ODNWQFOBGMHRVP G X H
EHKDYLRXU ZLWK WHPSHUDWXUH RPEX\ZWWKQ WRIH WARP SOHW B L |
FRPSRXQGV ,W LV KLJKO\ LPSR R\ DR XVKDN\HGIME\ ARPE XARPIS O F
ORZHVW SRVVLEOH WHPSHUDW RUH DAR LW KDMQ &/KUIHIEY BBXDWLR QN k
RSHQ SRURVLW\ WKDW WKH FRBBEX\VWER B DKV RMX\DW BUHBWHEGH LQ
LV REYLRXVO\ KLJKO\ GHWULPHQM\D\O GR URW K BIWLIRRS OHNVIUGW MHV |
OHQJWK Rl DOO WKH SODWHDX\D QD03 MMHVRLYK B WE \WW KHFRPWDWDH V
FRPSRXQGVY FDQ WRWDOO\ GLVDSSHDU
,Q PRVW FDVHV FR VLQWHULQJFEHMDL\DL\WBIWH® B H FREPLSQUR BLV H
DGMXVWHG E\ SOD\LQJ RQ WK HHRPHWU \FRIP SRINH Q¥ LORDQ HOQ/G % L W W H
&RVWD HW DO +DIVDRXL Q HW&ROWD RQ<RRH EDVLV RI WK]
SRODUL]DWLRQ PHFKDQLVPV DWIDXURQFS\DLIRIP R W PIIURU RARRQXIFW D O
,Q VRPH FDVHV FR VLQWRBUQF\DISSIHDOH KXFKODVY LQ 62)&YV
DQG /60 ZKHQ FR VLQWHULQJ DERNYWWLYHf &\ORBEURWMR SKDVHV *
DQG LQ 3&)&V EHWZHHQ %&< VERGEHGL2WKDQFMVKHUH LV D
GLIIXVLRQ RI 1L LQ WKH HOHFWUROKWE PRMKHGLDIQFX®RWWHDYV DUL)
FRQVLGHU FKDQJLQJ WKH PDWHWHDOWQRYU RIPSORFHYWHQJIDQGV F
VLQWHULQJ WUHDWPHQWYV VWIRIWWRHE QRPN UNK B Y ILDEU MFOHV KR QK |
WHPSHUDWXUH DQG ILQLVKLQJRZNVNVW KRIQR/DH XD UMY D KH O $V
VFUHHQ SULQWLQJ RU SODVPD MRUPH® RPODWRSDR L @ADSHI VW Ol
EH DW WKH H[SHQVHV RI FRVD HE RWVMOFRRBWRPDRVHWWRUHD UU\ R
KLJKHU IXQFWLRQDO SURSHUWLHY FDQ EH DFKLHYHG
GLIIHUHQOWLDO VLQWHULQJ NLQHWLF
'HIRUPDWLRQ GXULQJ VLQWHULQJ UPN FRPORWHGE RSIH IIRXRID WHR G
GHIRUPDWLRQ YLVFR SODVWLFHGEXRUW R \WLKRH) @HEY VK FDOWNRY 7 K
WKH ODUJHVW FRQWULEXWLRQ WRVWEUHL RYPIU DFODF I HNR WAKKHVUR Q)
HQHUJ\ DQG FXUYDWXUHV KHQFKHWKRU RB\LMD'S S'H DIUIDG PN RADW H U
GLIITHUHQW VOXUU\ IRUPXODWH@®BHNV OLHD & KWMR VKW UR QD JGIL N HQH W LF
OD\VHUV LV H[WUHPHO\ GLIILFRAW VL /RHFR R B H & UDMHOIRRN WKLV V|
GLIIHUHQWLDO WKLV LV D JPEHW RO QWX\GH VRE® Q G PARBHU RI O
PRUH IDYRXUDEOH VLQFH WKH IGHIRHPDRVWKH EQ RQHHVLBGRGH HC
EH FRPSHQVDWHG E\ WKH GHIRUPDWLRWYKRQF DAKKRFBWMK HEV SQGH. Q.
WKLFNQHVV DQG WR D FHUWDLP®SRYWMDRRRG WRKUHP WVOX ULR R KR
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2EYLRXVO\ RQH PXVW VHHN D VLRXD W WR Q RAKKI HHKD KBFHWRIRBSIHW S X'\
OD\HU XQGHU FRPSUHVVLRQ DV VHHQ LQ )LJ
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*UHHQ WUL OD\l 'LITHUHQWLDO VKU )LQDO WUL OD\HU

)LJ 6FKHPDWLF RI WKH FRPSHRVRW GXQ LR} IWKH & H LIRWARAIDD FU R\

7KH FRPSHQVDWLRQ RI WKH GHVRU FPIDW LERHQ YENUW G | WK XIOGY DR H Y |
UHVXOWV IURP VHYHUDO PHFKDQUWSW PIFWK 8 JVD Q@WGLU LHQUH @ WH | X O
EH GUDZQ IURP WKH REVHUY DWLR® ARIl BAIOHD \IH QW G BBYHLI @ U RS\ H U H
EXW PXFK PRUH HIILFLHQW LV WRUHP P\W GRIQ ONIQQH R/IL FV EM DS HLQL)
DSSURDFK ZKHQ IROORZHG FDHMHOID'SKWMRRP WRX WK BWQRBFXU L
GXULQJ WKH VLQWHULQJ ZKLRKGR UIH FEAOHY WHRQ € H W WH P H O
7KXV ZH KDYH TXDQWLWDWLY HOP B\WMWRHF V8 HG ND Y\HW U RI@IU GH IRW \
WHPSHUDWXUH RULJLQDWLQJ 1H) NLIQHH \® L FI HEBRV@W HIDO DV K98 B Q NITX. ) &
OD\HU DQG D <%& 1L2 3&)& DOREH VOHHHUL QUQHWKQW UDWH RI WK
KLIKHU WKDQ WKDW RI WKH DQREKHW ZKSR Y HWGMORIUP\D@IL\RY GFHD G X U
WLPH :H KDYH DOVR JLYHQ HYWGMJAH ORUJB WAOD B LDIPHMVHU RI
ODUJHU WKH ILQDO GHIRUPDVKHRGH IRRNDIVIHRY) DMVUDQVIRUPV LQW
PXOWLOD\HU LV WRSSHG E\ D RFIXEYWDDWH JZIKW FIKO DWP \7 KOHVZ H L J K W
PXVW EH FDUHIXOO\ WXQHG IRUIPORRILRQ RRO R SOOQDWKGEW L\
HQRXJK WR EORFN WKH YHUW L FD® XGHI RIUP D\W DR |RXWD OULD & WD O
WKLV VXSSRUW LV WRR OL.JKW HRERWWRRD & HIHY H LWHKHH ULDDWSR G RU F
%XW QRWKLQJ LV IUHH Rl FKDHUBRLHID UG LRQIHVEZR@WVYL\YR EGHQV
TXDQWLWDWLYHO\ WKH SHUWLGH®XW PO F WD QMWHWL YD NRQH BRDW |
ZLWK PLFURVWUXFWXUDO LQ|RHPHMQLR/P U H® RMH BHD R VWW K DM/ R L\
WR JDWKHU PLFURVWUXFW X UDWOL R E VB KLYDWILR GI\WAX-LUALHG\ \ALQ W R X
WKH KLJK VLQWHULQJ WHPSH U DPDNHH W K IRH UR BWKHHULY DWKIDRAQ \Z HD | A
VLQWHULQJ WHVWV ,Q WKDW RQVWKRWYHWRXWVA BQW BUWIKESGM R G
DGGLWLRQDO LQWHUIHUHQFHJI WP W H [RIEKVH Q R B W RIGRVH A RRICH@W C
WKH PHFKDQLVPV UHODWHG W REXWKH RBZ |HQFRRXX RVRV SN RLIEVD Q\ F|
PRVW SHUWLQHQW SDUDPHWHU WIRURCEMREG WKKRW VK LW KMKH QL
SRURVLW\ ZKLFK HTXDOV WKHLYWROXPRYUBGHR® WVRKQDR WRHRPDWHUL
D VWDWLVWLFDO VHQVH 7KKUHVBHHG ZRI BLHI 8 UP\DWRIFRQ WHHWFH W
UDWH ZLWK WKH HYROXWLRQ HRIGWE HEQS RULRPV LWWMHUXIZW MG PV H V
&RVWD ' SRURVLW\ LQORUPDWYRQXTD/MHEDEA 6(0 REVHU
SROLVKHG VXUIDFH DIWHU DSSURSQDDWH WHRPHEWHWEHRQ DQ®]
GLUHFWO\ EH REWDLQHG E\ PLFORWRP RSB 8K P HERWID SHWM D UD \
VDPSOHV IRU WKH DQDO\VLV RW HQWWHWRILIKW/H RSUEBIV &/ \Z KINQT M[S O F
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