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%HFDXVH RI WKH JURZLQJ LQWHUHWW LQ FDUERQ FDUERQ FRPPSRXQG FPDWHULDOV DV DQ H[WUDFWLRQ

JULG PDWHULDO WKH VSXWHU EHKDYLRXU XQGHU [HORQ ERPFPEDUGFHQW ZDV VWXGLHG DQG FRP

SDUHG ZIWK WKDW RI FRQYHQWLRQDO KLIK GHQVIWN\ JUDSKLWH 7KH VSXWWHU \LHOG RI FDUERQ

FDUERQ HLFHHGV WKDW RI JUDSKLWH ZKLFK LV DQ HIIHFW Rl WKH SURQRXQFHG P DFURVFRSLF VXU

IDFH VWUXFWXUH

, QWRGXFWLRQ

7KH SK\VLFR FKHPFPLFD0O EHKDYLRXU RI1 FDUERQ FRPSRVLWH
P DWHULDOV LV DPRQJ RWKHUV RI1 JUHDW UHOHYDQFH IRU VSDFH
FUDIW DSSOLFDWLRQV DV D WKHUFPP D0 VKLHOGLQJ > @ DQG DV DQ LRQ
WKUXVWHUV H[WUDFWLRQ JULG P DWHULDO > @

,Q JULGGHG LRQ WKUXVWHUV JULG HURGLQJ SURFHVVHV D0ZD\V
WDNH SO0DFH 0HDGLQJ WR D JUDGXD00\ GDFDJH RI WKH JULGV DQG
D OLPLWHG OLIHWLPH RI WKH WKUXWHU ,Q DGGLWRQ WR WKH SUL
P DU\ LRQV QHXWUDOV FDQ HVFDSH IURP WKH SODVFPD FKDPEHU
SURYLGLQJ D QHXWUDO GHQVIW\ ZIWKLQ WKH JULG V\WHPF? 3G
GLWLRQDO0ON QHXWUDOV ITURPF? WKH UHVLGXD0 JDV LQ WKH YDFXXP
FKDPEHU PD\ DGG WR WKLV QHXWUDO0O GHQVIW\ ,Q D FKDUJH
HLFKDQJH SURFHVV D SULP DU\ LRQ FROILGHV ZIWK D QHXWUDO
FRQYHUWLQJ WKH LRQ LOQWR D QHXWUDO DQG WKH IRUFPHU QHXWUDO
LQWR DQ VORZ LRQ ,1 WKLV LRQ LV ERUQ ZIWKLQ WKH JULG VAV
WHPFP RU LQ LW YHU\ YLFLQLW\ W PD\ EH DFFHOHUDWHG WRZDUGV
RQH Rl WKH JULGV %HFDXVH RI WKH JDLQHG HQHUJ\ WKH LRQ
LPSDFW ZL100 VSXWWHU VRPH FPDWHULDO IURFP WKH JULG % GH
WDLOHG LQYHVWLIDWLRQ VKRZHG WKDW PRVW RI1 WKH FKDUJH
HLFKDQJH LRQV LPSLQJH RQ WKH LQVLGH RI WKH DFFHOHUDWRU

JULG KROHV ZILGHQLQJ WKH KROHV GXULQJ WKH RSHUDWLRQ > @

3UHVHQWHG DV 3DSHU , (3& DW WKH

&RS\ULIKW

th  QUHUQDILRQDO COHFWULF BURSXOVLRQ &RQIHUHQFH 3DVDGHQD &S5

6LQFH WKH VSXWWHU \LHOG R1 WKH JULG FPDWHULDO GLUHFWO\ LQI0X
HQFHV WKH HURVLRQ UDWH DQG KHQFH WKH JULG OLIHWIPH LW LV
LQGLVSHQVDEOH WR GHWHUPLQH WKH VSXWHU \LHIG LQ GHSHQG
HQFH RQ WKH HQHUJ\ DQG DQJOH RI1 LQFLGHQFH IRU SURPLVLQJ
JULG PPDWHULDOV 7 KH REWDLQHG VSXWHU FKDUDFWHULVWLFV DOORZ
WR DVVHWV WKH DSSOLFDELOLW\ RI1 WKH UHVSHFWLYH JULG F>DWHULDO
D XUWKHUPRUH RQ WKH EDVLV RI WKHVH GDWD WKH JULG HURVLRQ
VLP X0DWLRQ FDQ SUHGLFW UHOLDEOH HURVLRQ UDWH DQG OLIHWLFPH
YDOXHV

ZKH VSXWWHU \LHOG FDQ EH VLPXDWHG HPSOR\LQJ WKH ZH00
NQRZQ IRUPXIDV IURFP %RKGDQVN\ IRU WKH HQHUJ\ GH
SHQGHQFH DQG WKH <DPDPPXUD IRUP XD ZKLFK GHVFULEHV
WKH DQJXODU GHSHQGHQFH RI WKH VSXWWHU \LHOG IRU D GH
WDLOHG GHVFULSWLRQ VHH > @ DQG UHIV FLWHG WKHUHLQ
&RPPRQI\ FDUERQ DQG PRO\NEGHQXPF DUH SUHIHUUHG DV
JULG PPDWHULDO &DUERQ LV ZLGHO\ XVHG EHFDXVH RI LW 0RZ
VSXWHU \LHIG DQG 0RZ WKHUPD0O HLSDQVLRQ FRHIILFLHQW
%HFDXVH RI WKH HLWUDRUGLQDU\ PHFKDQLFD0 DQG WKHUFDO
SURSHUWHV WKH FDUERQ FDUERQ FRPSRVIWH PDWHULD0 &&
LQFUHDVLQJON EHFRPHV LPSRUWDQW IRU LRQ WKUXVWHU JULG
VAWWHPYV SQIRUWXQDWHON XS WR QRZ RQO\ VSDUVH VSXWHU

GDWD DUH DYDLODEOH IRU [HQRQ LQFLGHQW RQ FDUERQ ,Q FDVH

2FWREHU

E\ ,20 3XENVKHG E\ WKH (OHFWULF SRFNHW BURSX0IVLRQ 6RFLHW\ ZIWK SHUPLVVLRQ



Rl && QR DO\ VSXWHU H[SHULHQFHV KDYH EHHQ DFFXPX
ODWHG VR I1DU
,Q RUGHU WR PHHW WKH FRQGLWLRQV RI1 WKUXVWHU DSSOLFDWLRQV

WKH SUHVHQW SDSHU UHSRUW RQ VSXWHU \LHOGV IRU 0RZ HQHU

JhE £ NHO [HORO LRQ LPSDFI RQ && DQG KLIK GHQVLIN
JUDSKIWH ZKLFK LV WSLFD0 IRU LRQ WKUXVWHU RSHUDWLRQ
2 Z1QJ WR LW UHOHYDQFH WR VSXWWHU EHKDYLRXU WKH HYRO0X
WLRQ RI WKH VXUIDFH WRSRJUDSK\ ZDV GHWHUPLQHG E\ 6 CO

WHFKQLTXHV
C [SHULPHQWD0 VHWXS

Z7KH HLSHULPHQW ZHUH SHUIRUPHG ZIWKLQ D 8+9 FKDP
EHU ZKLFK ZDV HYDFXDWHG E\ D WXUER SXPS WR D EDFN
JURXQG SUHWXUH RI 0HWW WKDQ 8 PEDU SV D UHVXON RI
WKH [HQRQ JDV 10RZ WKURXJK WKH VSXWHU LRQ VRXUFH WKH
SURFHW SUHVVXUH LQFUHDVHG XS WR 5 PEDU %HIRUH
WKH HLSHULPHQW WKH FKDPEHU ZDV EDNHG RXW DQG WKH
UHVLGXD0 JDV FRPPSRVIWRQ ZDV SHUFPDQHQW\ FRQWIR0HG
ZIWK WKH DLG RI D PPDVV VSHFWRPHWHU = XULQJ WKH VSXW
WHULQJ SURFHW WKH RI\JHQ SDUWLD0 SUHVWWXUH ZDV DERXW
RUGHUV RI PDJQLWXGH 0RZHU WKDQ WKDW RI WKH LRQ VRXUFH
ZRUNLQJ JDV [HQRQ S8QGHU VXFK FRQGLWRQV DGGLWRQDO
FKHPLFDO HWFKLQJ GRHV SUDFWLFDOO\ QRW RFFXU
7KH [HQRQ LRQ EHDP LV SURGXFHG E\ DQ ,6< 5> LRQ
VRXUFH DV GHYHORSHG LQ RXU LQWWWXWH > @ <5 0RZ GLYHU
JHQFH IRFXVLQJ WZR JULG HLWUDFWLRQ V\VWWHP FFP EHDP
GLDPHWHU ZDV XVHG LQ RUGHU WR DSSO\ D KLIK LRQ FXUUHQW
GHQVLIN\ RQ WKH WDUJHW

ZKH VSXWWHU WDUJHWY ZHUH SODFHG LQ WKH EHDPP FHQWUH DW D
GLWDQFH RI FP IURP WKH DFFHOHUDWRU JULG S5Q DSHUWXUH
LQ IURQW RI WKH WDUJHW UHVWULFWHG WKH LUUDGLDWHG DUHD WR

2

FP 7KH GXUDWLRQ RI WKH VSXWWHU HLSHULPHQWY ZDV

EHWZHHQ RQH KDOI DQG KRXUV 7KH WDUJHWV FRX0G EH
WLOWHG DJIDLQVW WKH EHDP? GLUHFWLRQ 7KH VSXWWHU \LHOG ZDV
HVWLPDWHG IURPFP WKH ZHLIKW O0RVV HPSOR\LQJ D KLIK
SUHFLVLRQ PLFUREDODDQFH ZIWK D SUHFLVLRQ RI J 7\SL
FDOO\ WKH VSHFLILF PDVV 0RVV ZDV 0DUJHU WKDQ PJ K
VR WKDW WKH FKDQJH LQ WDUJHW PDVV FRX0G EH GHWHURPLQHG
ZIWK VXIILFLHQW DFFXUDF\

7KH URXJKQHW RI WKH JUDSKLIWH VDPS0HV ZDV GHWHURPPLQHG
E\ DWRPLF IRUFH PLFURVFRS\ $)O0O LQ FRQWDFW PRGH
%HFDXVH RI1 LUUHJIX0DU WHL[WXUHV WKH $>O PHDVXUHFPHQW
IDLOHG WR ZRUN IRU WKH && VDPS0HV 7KHUHIRUH WKH VXU
IDFH WRSRJUDSK\ Rl && ZDV VWXGLHG E\ VFDQQLQJ HOHFWURQ

PLFURVFRS\ 6 CO
6 SXWHU O DWHULDOV

7KHUH DUH WZR EDVLF PRGLILFDWRQV RI FDUERQ > @ <~ LD

3

PRQG VS’ K\EULGLVDWLRQ KDV D WHWUDKHGUDO DUUDQJHPHQW

Rl WKH FDUERQ DWRPPV DQG WKHUHIRUH IHDWXUHV DQ H[WUHFPH

KDUGQHVWV 7KH JUDSKLWH VS2

K\EULGLVDWLRQ P RGLILFDILRQ
FRQVIW RI OD\HUV RI KH[DJRQD0 SDFNHG FDUERQ DWRPV
7KLV PRGLILFDILRQ SRWHWHV D 0RZ WKHUPD0 HLSDQVLRQ
JRRG FRUURVLIRQ WWDELOIN DQG D 0RZ ZHW0 GHILQHG PDW
GHOVLIN RI 3 FP?

&DUERQ EODFN PPD\ EH IRUPHG EN\ LQFRPSOHIH EXUQLQJ RI
FDUERQ FRQWDLQLQJ VXEWWDQFHV W LV SRONFU\VWDOOLQH ZLWK
YHUN LUUHIXODU VXEVWUXFWXUHY

ZXWWWDQGLQJ SURSHUILHY RI FPPDWHULDOV OLNH KLIK VULIIQHWY
DQG I0H[LELOW\ RYHU 0DUJH DUHDV ZLWK 0RZ VSHFLILE ZHLIKW
DQG KLIK WKHUPPDO WWDELOWN FDQQRW EH UHDFKHG EN\ D KR
PRJHQHRXY PPDWHULD0 ,QWWHDG WKLV PPD\ EH DWDLQHG LQ
FRPSRVIWH PDWHULDOV ZKHUH VIPD0 SDUWLFOHV RI D KDUG
PDWHULD0O DUH HPEHGGHG ZWKLQ D PDWLE ZKLFK GR QRW
UHDFW WR RQH KR RJHQHRXY SKDVH

7KH PHFKDQLFD0 SURSHUILHV DUH GHWHUPLQHG IURP ERWK
FRPSRQHQW 7KH VD SDUWLFOHV PDLQON GHILQH WKH VR
OLGLIN\ DQG WILIIQHW RI WKH FRPSRXQG PPDWHULD0 WKH P DWULL
JLYHV LW HODVWLFLIN DQG WKH WKHUPPDO DQG HOHFWULF FRQGXF
WYL\ D XUWKHUPRUH WKH PDWLLE SURWHFWY WKH 1UDFPHZRUN
DIDLQW GDPPDJH

= KLH JUDSKLUIH GXH WR LIV 0RZ VSXINHU \LHG LV QR= D ZH00
DSSURYHG PPDWHULDO IRU LRQ HLWUDFWLRQ JULGV WKH LQWHUHW

LQ && FRPSRVIWHV LV FRQWLQXRXVO\N JURZLQJ LQ UHFHQW
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DLIXUH 6XUIDFH WRSRJUDSK\ RI WKH &DUERQ &DUERQ

VD S0HV



\HDUV 7KDW LV ZK\ ERWK P DWHULDOV ZHUH FRQVLGHUHG LQ WKLV
VWXG\

7KH JUDSKLIWH VSXWWHU WDUJHWV ZHUH SUHSDUHG IURPFP KLJIK
GHQVLW\ JUDSKIWH 37 &DUERQH Z/RUUDLQH ZIWK D
SXULWN\ EHWHU WKDQ sspP

,Q WKH && PDWHULD0O 6FKXQN _ RKIHQWRIIWHFKQLN *~PE-+
ZKLFK ZDV XVHG LQ WKLV VWXG\ FDUERQ ILEUHV EDVHG RQ
3B SRO\DFUN\OQLWULOH DUH HPEHGGHG LQ D UHLQIRUFHG
DP RUSKRXV FDUERQ PDWIULL 7KH WHWLOH FDUERQ VWUXFWXUHV
FRQVLVWLQJ RI1 DERXW ILLDPHQWY DUH ELD[LD0 ZRYHQ
6DWLQ VHH  ILIXUH 7KHUHIRUH WKH && VXUIDFH
VKRZV D UHJX0DU VWUXFWXUH RI SDUDOHO ILEUH EXQGOHV 7KH
FDUERQ FPDWHULDO0 XQGHUJRHV D 1ILQD0 KLIK WHFPSHUDWXUH
WUHDWFPHQW DERYH & 7KH SXUW\ LV EHWHU WKDQ
SSP 7KH && VDPS0HV ZHUH XVHG DV UHFHLYHG IURP WKH

IDEULFDWLRQ ZIWKRXW DO\ IXUVKHU SURFHVVLQJ

SHVXowvV

1 _RUPDO LQFLGHQFH

DLIXUH GHSLFW WKH HQHUJ\ GHSHQGHQW VSXWWHU \LHOG DW
QRUPD0 LRQ LQFLGHQFH LQ FRPSDULVRQ ZIWK DYDLDEOH H[C
SHULPHQWDO > @ DQG WKHRUHWLFDO GDWD > @ = KLOH WKH
VSXWWHU \LHOG RI JUDSKIWH LV LQ D UDWKHU JRRG DJUHHPHQW
ZIWK WKH UHIHUHQFH GDWD WKH VSXWWHU \LHOG Rl && D0ZD\V
HLFHHGV WKDW RI JUDSKIWH E\ D IDFWRU XS WR 7KLV GLIITHU
HQFH LV KLIJKHU DW 0RZHU LRQ HQHUJ\

7KLV GLIHUHQFH FDQ EH WUDFHG EDFN WR WKH UHJX0DU FPDFUR
VFRSLF VWXFWXUH RI WKH && VDPSOHV S$SSSUR[L[LFPDWHON WKH
VXUIDFH FRQVLW RI1 QXPHURXV SDUD00H0 F\OLQGHUV D>LIXUH
VKRZV WKH DFWXD0 GLWULEXWLRQ RI WKH DQJOH RI1 LQFLGHQFH DW
QRUPD0 LRQ LPSDFW ZIWK WKH FPHDQ DQJOH DFPRXQWLQJ

%\ LQWHJIUDWLQJ WKH DQJX0DU GLVWULEXWLRQ ZIWK WKH WKHRUHWL
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DLIXUH ~ LWWULEXWLRQ RI1 WKH DQJ0H RI1 LQFLGHQFH RQ D

F\OLQGULFD0 VXUIDFH DW QRUFPD0 LQFLGHQFH

FD0 DQJX0DU GHSHQGHQFH RI1 WKH VSXWHU \LHOG VHH > @ WKH
UHVXOWLQJ VSXWHU \LHOG RI WKH -F\0LQGULFD0 VXUIDFH VKRX0G
EH JUHDWHU WKDQ WKDW RI1 D S0DQH VXUIDFH EN\ D IDFWRU RI1

DW HO 7KLV IDFWRU GHFUHDVHV ZIWK JURZLQJ LRQ HQ
HUJ\ XS WR Dw HO LQ D JRRG DJUHHPHQW ZIWK WKH
PHDVXUHG GDWD 7KH REVHUYHG GLIIHUHQFH EHWZHHQ WKH
WZR VDPS0OHV LV VP DOOHU FPDLQON IRU WKUHH UHDVRQV L 7KH
XVHG JUDSKIWH VXUIDFH LV QRW LGHDOO\ SROLVKHG EXW KDV D
VXUIDFH URXJKQHVV RI1 DERXW QF IRU DQ UHSUHVHQWDWLYH

DUHD RI LC Pz

ZKLFK LV TXWWH VLPLIDU WR WKH PLFUR
URXJIKQHW RI WKH && VDPSOHV —+RZHYHU WKH JUDSKLWH
VXUIDFH GRHV QRW SRVVHVW VXFK D SURQRXQFHG PDFUR
VWUXFWXUH DV && LI 7KH && VXUIDFH GRHV QRW UHSUHVHQW
DQ LGHDO FN\NOLQGHU VWUXFWXUH EXW VKRZV I10DW UHJLRQV EH
WZHHQ VRPFPH RI WKH ILEUHV 6HYHUDO ILEUHV DUH GHHSHU HP
EHGGHG LQ WKH PDWLL WKDQ RWKHUV LLL 7KH VXUIDFH
VWUXFWXUH FKDQJHV LW VKDSH GXULQJ VSXWHULQJ DQG WKHUH
IRUH WKH VSXWHU \LHOG ZL00 GR W LQ WKH VDFPH PDQQHU 7KH
ODWWHU DVSHFW Z100 EH GLVFXVVHG QRZ LQ FPRUH GHWDLO

DLIXUH GHPFPRQVWUDWHV ITRU D UHSUHVHQWDWLYH VWUXFWXUH WKH
HYROXWLRQ RI WZR W\SLFD0 IHDWXUHV ZIWK WKH VSXWHU WLFPH LQ
DFFRUGDQFH ZIWK WKH HLSHULHQFHV LQ LRQ EHDPFP HWFKLQJ
> @ DLUVW WKH FN\OLQGULFD0 VWUXFWXUH ZIWK FLUFX0DU FURWV
VHFWLRQ HYROYHV LOQWR D WULDQJX0DU FURVV VHFWLRQ SULVF OLNH
VKDSH VHH ZKWWH DUURZV DW ERWRF RI 1LJXUH DV KDV
EHHQ VLPX0DWHG LQ ILIXUH Y%HWZHHQ WKH ILEUHV D FKDLQ RI
VSLNHV LV JURZLQJ ZIWK D ZLGWK RI P VHH WKH EODFN
DUURZ DW ERWRF RI1 1LJIXUH %HFDXVH RI1 WKH YHU\
REOTXH LQFLGHQFH LQ WKLV WUHQFK WKH VSXWVHU \LHOG WHQGV
WR 1D00 EHORZ W PDILLPXPFP 7KH GLUHFWRQ RI WKH VSXW
WHUHG SDUWLFOHV DW REOTXH LQFLGHQFH LV QRW QRUFPD0 WR WKH
VXUIDFH DW WKLV SRLQW EXW LV WLWHG LQ WKH S0DQH RI LQFL
GHQFH YHFWRU DQG VXUIDFH QRUFPDO > @ 7KHUHIRUH WKH
VSXWHUHG SDUWLFOHV FDQQRW OHDYH WKH VDPSOH ZKHQ VSXW
WHUHG ITURP WKH VORSH RI WKH F\LQGHU DQG DUH GHSRVLWHG
EHWZHHQ WKH ILEUHV 9%RWK HIITHFW WHQG WR VOIRZ GRZQ WKH

HURVLRQ



DLIXUH CYROXWRQ RI WKH && VXUIDFH VWXGLHG E\
6CO 6SXWHU WPH IURP WRS K K K K
K 3DUDPHWHU [HQRQ LRQ HQHUJ\ HO QRUPDO

LQFLGHQFH

DLIXUH GHSLFW LQ WKH ERWRF WKH VXUIDFH DIWHU D

KRXUV VSXWHULQJ 7 KH UHVXOWLQJ VXUIDFH VWUXFWXUH SURYHV
VWDEOH XQWL0 WKH WRS ILEUH OD\HU LV 0DUJHO\ UHPRYHG ZKLFK
GLG QRW RFFXU RQ WKH WLFPH VFDOH RI1 WKH SUHVHQW VWXG\
+RZHYHU WKH DQJX0DU GLVWULEXWLRQ RI QRUFPD0O\ LQFLGHQFH
LRQV ZL00 UHWDLQ RYHU D 0RQJ SHULRG DQG WKH VSXWWHU \LH0G

Z100 UHPDLQ JUHDWHU WKDQ WKDW RI1 JUDSKLWH

depth [arb. u.]

-0.01

-0.02 1 " 1 " 1 " 1 " 1 " 1 "
0.01 0.02 0.03 0.04 0.05 0.06 0.07

lateral [arb. u.]

DLIXUH WRS 6LPXIDWRQ RI WKH HYROXWLRQ RI D F\0LQ
GULFD0 VKDSHG VXUIDFH IR0ORZLQJ WKH - PHWKRG RI FKDU
DFWHULWWILFY ~DSSURDFK E\ SBUQRIG > @ %RWRFP 7KH
VWUXFWXUH RI D && ILEHU DIWHU D  KRXUV VSXWHULQJ DW
QRUPD0 LQFLGHQFH ZIWK HO [HQRQ LRQ HQHUJI\
6CO VKRZLQJ UHVXOWQJ SULVP OLNH VWUXFWXUH DQG

VSLNHV EHWZHHQ ILEHUV

,Q WKH FRXUVH RI WXG\LQJ WKH VXUIDFH HYROXWLRQ WKH
VSXWWHU \LHOG ZDV DOVR GHWHUFPLQHG DW HYHU\ EUHDN RI1 WKH
VSXWHU HLSHULFPHQWY D LIXUH VKRZV WKH VSXWHU \LHOG RI
WKLV VHULHV RI1 HLSHULPHQWY L H WKH VSXWHU \LHOG REWDLQHG
IURFP EUHDN WR EUHDN UHVSHFWLYHO\ LQ FRPSDULVRQ ZIWK
WKH \LHOGV DV GHWHUFPLQHG IURPFP? FRQWLQXRV VSXWHU H[SHUL
PHQW ZIWKRXW EUHDNV 7KH UDWKHU KLIK VSXWHU \LH0G
ZIWKLQ WKH TLUW KRXU LQGLFDWHV D SURQRXQFHG LQIOXHQFH RI1
RI\JHQ DQG ZDWHU ZKLFK LV GHSRVIWHG RQ WKH VDPSO0HV
GXULQJ HLSRVXUH WR WKH DWFPRVSKHUH SBWKRXJK WKH 0D\HU
R1 ZDWHU RQ FDUERQ VKRX0G EH YHU\ WKLQ DQG UHPPRYHG
ZIWKLQ D IHZ PLQXWHV WKH SRURXV VWUXFWXUH RI WKH &&
VDPSOHV DOORZV ZDWHU DQG RI[\JHQ WR LQWUXGH LQ ORZHU
SDUW ZKLFK UHTXLHV PRUH WPH WR JHW UHPRYHG E\
GHVRUSWLRQ ,Q RUGHU WR LPSURYH WKH VSXWHU HLSHULFPHQW
WKH VDPSO0HV ZHUH KHDWHG XS WR & IRU D KDOI KRXU

EHIRUH WKH VSXWHU ERFPEDUGPFPHQW VWDUWHG 7KLV OHDGV WR D
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O-- Sputtered with regular breaks (exposure to air)

% —A— Sputtered with regular breaks (exposure to air) and

12 3 additional sample heating before sputtering

m e A v @ continous sputtering up to resp. time
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) LIXUH 7 IP H GHSHQGHQFH RI WKH VSXWWHU \ LHG@G Z LW

DQG Z IMKRXWDFFHVV WVR DW RVS K HUH

UHP RYDO RI VXUDFH DQG YRXP H FRQWP LQDWRQ Z KLFK
UHVXOW LQ RZ HU VSXWMWHU \ LHG@G IRU WLV SDUWFX®U VKRUW
WP H H[ SHULP HQW VHH |LI XUH 7 KH UHP DLQLQJ GHFUHDVH
RI WKH VSXWWHU \ LHGG GXULQJ WKH ILUVWKRXU LV WIDFHG E DFN
W WH HYRXWRQ RI WKH VXU DFH VWXFWUH DV GLVFXVVHG
DERYH

$ VD FRQVHTXHQFH IRUWH GHWUP LQDWRQ RI VSXWWHU \ LHG
D VS XWWHU WP H RI P RUH WK DQ KRXUV LV UHT XLUHG WR VXS
SUHVV WKH LQIXHQFH RI WH UXQ LQ SKDVH DQG GHVRUSWRQ
$ IWHU WKLV WP H WH P HDVXUHG VS XWWU \ LHGG LV FRQVLGHUHG

DV DQ WP H DYHUDJHG YDXH

2 EQT XH LQFLGHQFH

) LI XUHV VKRZ V WVKH GHSHQGHQFH RI WH VSXWWHU \ LHG R
& & DQG JUDSKIWH RQ WH LRQ EHDP LQFLGHQFH DQJO 1 HL

WHU IRU FDUERQ QRU IRU & & DQJX®U GHSHQGHQW VS X WHU
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) LI X UH $ QJMH RI LQFLGHQFH GHSHQGHQW VS X WWHU \ LHGS

RI & DUERQ & DUERQ DQG * UDSKLW LQ FRP SDULVRQ WR

VIP X®DWG GDW VHH > @

) LI XUH 6 XU DFH VWXFWUH RI & & XQGHU REQTXH LQFL

GHQFH 3 DUDP HWHU [ HQRQ LRQ HQHUJ\ H9 LRQ LQFL
GHQFH SHUSHQGLFX®MU W WH ILEUH GLUHFWRQ VS X WHU

WP H KR XUV

GDW Z IMK [ HQRQ LRQV LV DYDL@DE G VR IDUVWR Z KLFK RQH FDQ
FRP SDUH WK H UHVX QA

,Q FRQWDVWWR WH QRUP DOLQFLGHQFH LQ FDVH RI & & WKH
D] LP XWK DO LQFLGHQFH DQJOH KDV QRZ W EH WNHQ LQWR
DFFRXQW ,Q D@ P HDVXUHP HQW WKH & & VDP SQH Z DV DG
MCVWHG Z LMK UHVS HFWWR WKH EHDP VR WK DWWKH SURMFWRQ
RI WKH LIRQ LP SDFWYHFWURQ WK H WUJ HWLV HLWK HU S DUDGHOWR
WK H F\ QQGHU D[ LV RU S HUS HQGLFX MU WR LW

% HFDXVH RI VWH P DFURVFRSLF VWXFWUH RI & & WH RE
VHUYHG DQJX@U VS XWHU \ LHGS GHSHQGHQFH LV GUIHUHQW WR
WKH WHRUHWFDO VSXWWU \LHG DQG WKDW RI JUDSK LW
37 DV VKRZ Q LQ ILIXUH IMK YDU\ LQJ LRQ EHDP
LQFLGHQFH DQJ Q4 DO/R WK H GLVWILE XWRQ RI WK H WDUJ HWVX Ul DF H
LQFLGHQFH DQJH DQG WKH FKDUDFWHULVWFV RI UHGHS RVLWRQ
DQG VHO VKDGRZ LQJ FKDQJH

7 KH VXUIDFH HYROXWRQ LV VWRQJQ DIIHFWG E\ WH LQFL
GHQFH DQJM VR WKH UHVXONQJ VWEGH VXU DFH VWX FW UH
GHSHQGV RQ WKH VSXWHU FRQGLWRQV ) WIXUH  H[ HP SalLHV
WK H UHVX ONQJ VK DSHV RI VLQJCH ILEUHV IRU YDULRXV LRQ E HDP
LQFLGHQFH DQJV LQ WH FURVV VHFWRQ S®QH ,| WKH
REQTXH LIRQ LP SLQJHP HQWLV GLUHFWHG SDUDGHOWR WK H ILE UH
D[ LV WK H UHVX OMQJ VKDSHV RI WKH I|LEUHV VHH ILJ X UH DUH
VLP LU W' WK DWDWQRUP DOLQFLGHQFH VAJKWY P RGLULHG E\

WKHDGGIWRQ RI WH D] LP XW DQJM™



