)LQDO /DE 5HSRUW 1026 7UDQVLVWRU
%\ %DKDU $VIJKDUL -HUHP\ &KRH -RQDWKDQ ODGDMLDQ
*URXS
(&( %



$EVWUDFW

$IWHU D IXOO TXDUWHU RI SUDFWLFLQJ WKH WHFKQLTXHV LQ
GHYLFHV LQFOXGLQJ DSSO\LQJ SKRWRUHVLVW RSWLFDO OLW
IDPLOLDUL]LQJ RXUVHOYHV ZLWK WKH HTXLSPHQW DQG WRRC
SURFHVV ZH ZHUH JLYHQ WKH WDVN RI PDNLQJ RXU RZQ 026)
DFTXLUHG RYHU WKH FRXUVH RI WKH TXDUWHU DUH ERWK DS
IDEULFDWLRQ LV D UDSLGO\ DGYDQFLQJ DUHD RI VWXG\ LQ H!

JRU RXU ILQQDO SURMHFW ZH VWDUWHG E\ JURZLQJ D OD\HU F
WR HDFK VDPSOH ZLWK SKRWRUHVLVW ‘H WKHQ HWFKHG WKFE
SKRWRUHVLVW DQG GHSRVLWHG RXU SKRVSKRUXV WR EH GU
SKRVSKRUXV JODVV WKDW IRUPHG RQ RXU FKLSV ZH JUHZ DC
GULYLQJ LQ RXU GRSDQWYV 'H DSSOLHG WKH VHFRQG PDVN R
H[SRVHG R[LGH IRUPLQJ PRUH IHDWXUHV IRU RXU GHYLFH :F
GULYLQJ LQ RXU GRSDQWYV DQG WKHQ DSSOLHG PDVN $JDL
DQG UHPRYHG RXU SKRWRUHVLVW FUHDWLQJ WKH ILQDO VLC
PDVN ZzDV DSSOLHG WKLV RQH IRU WKH PHWDO GHSRVLW DQC(
HOQOWLUH DUHD RI DOO RXU VDPSOHV DQG WKHQ UHPRYHG WK
GHSRVLWHG RYHU LW ZKLFK ZH GLGQYW ZDQW DV SDUW RI R
IDEULFDWLRQ SURFHVV RI WKH ODE WDNLQJ URXJKO\ D ZHHN
ZRUNLQJ 026)(7 LI LW GLGQYTW GLVSOD\ WKH FKDUDFWHULVWL
WHVWLQJ PDFKLQH WR YLHZ WKH ,9 FXUYHV WKDW RXU GHYLF
FDUULHG RXW FRUUHFWO\ DQG WKH FKLS ZDV IXQFWLRQLQJ L
DOVR PDGH UHVLVWRUV DQG FDSDFLWRUV IRU XV WR WHVW
IDEULFDWHG SURSHUO\

OHV )L
o+

SRR E

2

HIHHHHHI'

4 _

il
il
£l
i

YLIXUH )LJIX



7KDQNIX0OO\ DOO Rl WKH FRPSRQHQWVY Rl WKH FKLS ZRUNHG

WKH FKLSV WKDW ZH PDGH SHUIRUPHG WKH ZD\ LW ZDV VXS
RXU SURMHFW WKDW ZH KDG ZRUNHG RQ VR WHGLRXVO\ SHUI
ZDV D JUHDW OHDUQLQJ H[SHULHQFH 6HTXHQWLDOO\ JRLQJ )
VHPLFRQGXFWRU UHDOO\ KHOSHG WR IRUP WKH FRQFHSWV W



SURFHGXUH

2YHU WKH ODVW WZR ZHHNV ZH ZRUNHG LQ WKH FOHDQ URRP
SURSHUO\ ZRUNLQJ 026)(7 GHYLFH 7KLV LQYROYHG PXOWLSO
ZRUNHG ZLWK YDULRXV SURFHVVHVY LQFOXGLQJ R[LGDWLRQ
DQG OLIW RII DORQJ ZLWK PXOWLSOH GLIIHUHQW ZDIHU FOHD
ZRUNLQJ GHYLFH

Y- = /" Lithography using Mask-1 for opening the diffusion i
\ l windows = o ; :
Wafer cleaning and growth of oxide for diffusion mask | o Ace-Is0-DI cleaning Phosphorous predepesition, drive-in and field oxide
o prepare wafers  Spin photoresist on and soft bake v growth
-Is0-| i i Expose using Mask 1 # Ace-so-Ul cleaning
:;ﬁz,—}ﬁg aL:fanlng Gat GRbL —¥ : Dezemn pan%ms ———# e Predeposition for 30 mins @ 95.0 °C ’
» Grow about 5000 Angstroms of wet oxide « Microscope verification and O, plasma descum ’ “EdtCh off U:i PhUSDfW{UUSf ﬁ-lasts IT HF fDIf 5 mlﬂutzs‘
» Oxide thickness verification « Etch the oxide in buffered HF » Measure the resistivily of the test sample (no oxide)
\ ) > - ; | @ Grow 2000 A of wet oxide and verify the thickness
9 / « Strip off the photo resist and Ace-Iso-Dl cleaning

v

Vo N
/ Lift-Off lithography using Mask-4, Metallization and Sintering — -
s S\andarq cleaning with toluene soak and spi‘n photoresist on | / Contact lithography using Mask-3 and etching \

o Mask alignment and expose the samples using Mask-3 « Standard cleaning and spin pholoresist on
o Develop patterns

. 2 : » Mask alignment and expose the samples using Mask-2 (gate oxide mask)
o Etch off the native oxide in 50:1 DI H20:HF for 15 seconds :gss;:gg;m:m:m expose the samples using Mask-3 © Develop patterns

o Evaporate 3000 A of Aluminum « Etching the contact windows 1 e Microscope verification and 02 plasma descum
o If not, sinter the contacts on the strip annealer ) o Grow 400 A to 500 A dry oxide

Gate Lithography using Mask-2 and gate oxide growth
» Ace-Iso-Dl cleaning and spin photoresist on

‘\\.,

Y)LIXUH

'D\  :DIHU FOHDQLQJ DQG JURZWK RI R[LGH IRU GLIIXVLRQ P
$IWHU SURSHUO\ JRZQLQJ XS LQ FOHDQ URRP DWWLUH ZH XV
S W\SH | VLOLFRQ ZDIHUV RI RKP FP LOWR LQGLYLGXI
FOHDQHG HDFK VDPSOH XVLQJ SURSHU ZDIHU FOHDQLQJ E\ L¥F
LVRSURS\O DOFRKRO ,62 EHIRUMXWR GWKWKHPDWHRFBGG LL
FOHDQ ZH PHDVXUHG WKH UHVLVWLYLW\ XVLQJ WKH IRXU SR
WKH UHVLVWLYLW\ PHDVXUHPHQW WKDW ZH ZDQWHG %HIRUH
SLUDQKD FOHDQ XVLQJ D PL[WXUP @®RE KVCURBLEGIBEURHIEGH +
PLQXWHV :H WKHQ FOHDQHG RXU ZDIHUV ZLWK +) DQG ', ZD
RI R[LGH WKDW PLJKW KDYH IRUPHG GXH WR WKH SHUR[LGH

SUHSDUDWRU\ SURFHGXUHVY LQFOXGLQJ SUHKHDWLQJ WKH IX
VIAVWHP Z1IMWWK 1H WKHQ U HIDODEHEKWKIODFLQJ RXU ZDIHUV LQ)
ZDV D GHOLFDWH SURFHGXUH ILUVW ZH SXW WKHP RQ WKH V
ERDW TXDUW] HOHSKDQW WKDW ZH SXVKHG LQWR WKH IXUQ
PLOQXWH GU\ R[LGDWLRQ IROORZHG E\ DQ KU PLQXWH ZHW
WKHDXQG WXUQLQJ RQ WKH SURFHVV VZLWFK DQG ILQLVKLQJ
‘H WRRN WKH ZDIHUV RXW RI WKH IXUQDFH DQG DIWHU OHWW
WKLFNQHVV ®RDWKHZEMK DQ $SSOLHG ODWHULDOV HOOLSVRP}
DQDO\]HU WR JHW DQ LQLWLDO OD\HU WKLFNQHVV RI c



YDULDWLRQV LQ WKH WKLFNQHVVHYV LV EHFDXVH RI WKH WHP

FKLS LQ WKH IXUQDFH

6DPSOH 6DPSOH
i = — = —
— msgss A A . aie i;ssA
6DPSOH 6DPSOH
1; - . - fwm?ﬁ*~ - =

s23tA | P -y e i 5235 A

'D\ ILWKRJUDSK\ XVLQJ ODVN IRU RSHQLQJ WKH GLIIXVLRQ
$IWHU GD\ ZH KDG DERXWH VWDRWHHBWZEWX VWDQGDUG $FH
GHK\GUDWLRQ EDNLQJ IRU PLOQXWHYV DQG SODFLQJ ZDIHUV
IRU PLQXWHYVY 7KHQ ZH VSXQ SKRWRUHVLVW RQ DQG VRIW E
HISRVH GLIIXVLRQ UHJLRQV DQG H[SRVHG XQGHU 89 OLJKW IF
D WLPH XVLQ@J$= ', +GHYHORSHU IRU VHFRQGV IRU 6DPSOH

VHFRQGV IR DOO RWKHU VDPSOHY DQG WKHQ H[DPLQH XQG



J)LIXUH 6DPSOH ODVN 3RVW 'HYHORSPHQW

%HIRUH ZH HWFK RIl R[ILEGBDYROEBUNRKXPHGETKRHQ ZH HWFKHG R
WKH HWFKLQJ UDWH DQG FDOFXODWH KRZ ORQJ GRHV LW WD
RYHU HWFKLQJ %HIRUH HWFKLQJ ZH LPPHUVHG WKH ZDIHU L
SODFHG LW LQ +) 7KLV SUHYHQWY EXEEOH IRUPDWLRQ DQG F+

Sample 3.2, pre-HF dip Sample 3.2, after HF dip 1st try

14000 14000

12000 17000

10000 10000
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g s

T, 6000 B 6000
3 =

Z 4000 L 4000
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2000 2000

o 0

0 50 100 150 200 250 300 350 400 450 9 100 200 300 400 500 00
2000 2000
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Sample 3.2, after 6 min etch

18000 |
16000 ¢
14000 :
12000
10000 |
8000 |
6000 |
4000 |
2000 |

0 I
2000 O

¥ [Angstroms]

1000 200 300 ALK 50X G
X [um]

J)LIXUH 'HNWDN OHDVXUHPHQW 6DPSOH 3UH (WFKLQJ $1W
(FKLQJ



$V VKRZQ LQ ILIJXUH ZH VWDUWHG DW D GLIITHUHQFH RI

PLOQXWH WKH GLIITHUHQW LV 7KLY PHDQV ZH)RWFKHG RI

c6LDQG RYHUHWFKLQJ ZKLFK PHDQV ZH VKRXOG HWFK
IRU PLOQXWHYV 7KH ILQDO GLIITHUHQFH VKRZQ E\ WKH "HNWDN
ZH HWFKHG RII c 6L2

7R YHULI\ WKDW ZH KDYHQHWFKIBGH\RUIUBDOG WEBIPRQ ZH H[DPLQF
PLFURVFRSH WR FRPSDUH WKH FRORU ZLWK WKDW RI D SXUH

LU UL

FNRNEREEEERER |

AT

J)LIXUH 6DPSOH DQG 6DPSOH $IWHU (WFKL

‘H WKHQ UHPRYHG SKRWRUHVLVW E\ GLSSLQJ LQ DFHWRQH |
E\ D PLOXWH LQ DFHWRQH LQ D VRQLF EDWK WKHQ DQRWKHU
WKH SURFHGXUH IRU HYHU\ SKRWRUHVLVW UHPRYDO

'D\  3KRVSKRUXV SUHGHSRVLWLRQ GULYH LQ DQG ILHOG R]!
JRU SKRVSKRUXV SUHGHSRVLWLRQ ZH ZLOO EH XVLQJ WKH 3
VROLG VRXUFHV 3UHSDUH WKH ZDIHUV IRU WKH SUHGHSRVLYV
FOHDQLQJ SURFHGXUH DQG 3LUDQKD &0HDQ LQFOXGLQJ D W
IRU SUH GHSRVLWLRQ DW f& LQVWHDG RI  PLQV SUH GHSE
SURFHVV KDQGRXW VHH ILIXUH



J)LIXUH %RE +LOO ORDGLQJ VDPSOHV LQWR WKH St

$IWHU OHWWLQJ VDPSOHV WR FRRA WHPRYHGNKH 'SKRVSKRUR

IRUPHG RQ WKH VXUIDFH RI WKH VXEVWUDWH GXULQJ WKH GL

ZDIWHU LQWR +)'lRY PLQXWHV DQG WR VHH LI ZDWHU EHDC

VXUIDFH LV K\GURSKRELF DQG WKHQ GLSKUQJFAMKWY\ QYR F

VXUH WR VHH ZDWHU EHDGV $IWHU UHPRYLQJ IRKH SKRVSKR!

PLOQXWHVY DQG EORYVGUAKH.WKHHW UHVLVWDQFH RQ WKH WHV!
FP

Sample 3.1, after phosphorus predep
Se00 Sample 3.2, after phosphorus predep
3000

2500

¥ [Angstroms]
v 20D o=
2 2 8 E
¥ [Angstroms]

=]
L=

100 200 400 500 600 : - ; 300 y 5 600

o
f=1
{=]

X [um] ¥ [um]

J)LIXUH 'HNWDN 5HVXOWYV IRU 6DPSOH DQG 6DPSOH
7TKHQ ZH ZHUH UHDG\ WR JURZ ¢c RI ZHW R[LGH )ROORZHG
¢ R[LGH EHIRUH ZH KDG DERXW $QIJVWURPV WKLFEN

GUDLQ UHJLRQV DUH FRYHUHG E\ DERXW $QIJVWURPV RI R



3bUuL 3SDWHO ORDGV ZDIHUV LQWR WKH R[LGH IXUQI

JLIXUH

'D\ *DWH /LWKRJUDSK\ XVLQJ ODVN DQRG JDWH R[LGH JURZ)\
‘H VWDUWHG ZLWK VWDQGDUG $FH ,VR ', FOHDQLQJ DQG GHK\
XQGHU WKH +0'6 YDSRU GHSRVLWLRQ KRRG IRU PLQXWHYV V

PLQXWH 7KHQ ZH DOLJQHG ODVN ZLWK ODVN DQG H[SRVH
$IWHU VHFRQGY GHYHDRSPHQWHLYHHORSHY ZH YHULILHG SD

PLFURVFRSH



J)LIXUH 6DPSOH $IWHU ODVN 3DWWHUQ 7UD¢

7TKHQ ZH GIISODWYPD GHVFXP DQG SUHSDUHG IRU HWFKLQJ 7K&F
c PLQ $IWHU HWFKLQJ WKH R[LGH IRU PLQXWHV ZH VWULSS
SUHSDUHG WKHP IRU R[LGH JURZWK E\ SLUDQKD FOHDQLQJ W



Sample 3.2, pre-HF dip
14000
12000
10000
8000
RO

4000

¥ [Angstroms,

2000
Q
i 50 100 150 200 250 300 350 A00 450

-2000
X [um]

Sample 3.2, After HF dip 2nd try

12000

¥ [Angstroms]
-]
=
a

100 200 300 400 500 600
X [um]

J)LIXUH 6DPSOH EHIRUH +) GLS DQG R[LGH JURZWK

J)LIXUH 6DPSOH DIWHU HWFKLQJ

8VLQJ WKH GU\ R[LGH JURZWK SURFHGXUH ZH SXW WKH ZDIH
WKH '"HNWDN ZH FRQILUPHG WKDW ZH KDG JURZQ DERXW $

'D\ &RQWDFW /LWKRJUDSK\ DQG (WFKLQJ

$IWHU KDYLQJ WKH ZDIHU SUHSDUHG ZLWK WKH GU\ R[LGH RI
WKH SDWWHUQ IURP ODVN YLDV RQWR WKH VDPSOHV :H XV
WUDQVIHU WKH SDWWHUQ VWDUWLQJ ZLWK D VWDQGDUG $FF



SODFLQJ ZDIHUV XQGHU WKH +0'6 YDSRU GHSRVLWLRQ KRRG
DQG VRIW EDNLQJ WKHP HDFK IRU PLQXWH :H DOLJQHG 0DV
H[ISRVHG WKHP WR 89 OLJKW IRU VHFRQGV $IVHY VHFRC

. GHYHORSHU ZH REVHUYHG WKH QHZO\ IRUPHG SDWWHUQ\
GHYHORSPHQW WKH SKRWRUHVLVW FRYHUHG WKH JDWHV ZK|

6DPSOH $IWHU ODVN 3DWWHUQ 7UDQVIHU

JLIXUH
7KH FKLSV ZHUH WKHQ SODFHG LQ +) VROXWLRQ IRU D PLQX
$QJVWURPV RI JDWH R[LGH

$IWHU HWFKLQJ DZD\ WKH $QJVWURPV Rl WKH JDWH R[LGH
WLPH WR UHPRYH WKH ROG SKRWRUHVLVW DQG SUHSDUH LW
ZLWK WKH VWDQGDUG $FH ,VR ', FOHDQLQJ DQG GHK\GUDWLR
+0'6 YDSRU GHSRVLWLRQ KRRG IRU PLQXWHV VSLQQLQJ SKI
IRU PLQXWH $W WKLV SRLQW WKH PDVN DOLJQPHQW SURFF
WDNH ORQJ WR DSSO\ ODVN WR RXU FKLSV $V WKLV ILQDO |
ZH FRXOG GHYHORS RXU SKRWRUHVLVW ZH KDG WR GLS WKH
7KLV LV GRQH WR KDUGHQ WKH RXWHU OD\HU RI WKH SKRWRL
VOLJKW OLS DW WKH WRS RI WKH SKRWRUHVLVW SURILOH ZK
ZDOOV DV HDVLO\ DQG PHWDO OLIWRII LV VLIQLILEDQWO\ QH|I
VWUHQJWKHQHG RXWHU OD\HU LV D OLWWOH KDUGHU IRU WK
D VOLIJIKWO\ ORQJHU WLPH RI VHFRQGV DV RSSRVHG WR W
WKH WROXHQH FUHDWLQJ DQ D QLFH OLS LQ WKH SKRWRUHVL
WKH PHWDO GHSRVLWLRQ DQG OLIW RIl SURFHVV

'D\ /LIW 211 [LWKRJUDSK\ OHWDOOL]J]DWLRQ DQG 6LQWHULQJ



7R VWDUW WKLV GD\ ZH2GH)GGDSTEHFRIUH SXWWLQJ WKH ZDIHU
HYDSRUDWRU ‘H SUHSDUHG WKH HYDSRUDWRU WR HYDSRUDYV
ZDIHU DQG ORDGHG WKH VDPSOWWRUIXMELRXNQEGRZQ WRIPRGXPL
GHSRVLWHG 2QFH WKH HYDSRUDWLRQ SURFHVV ZDV FRPSOH
PHWDOV WR FRPSOHWH RXU VHPLFRQGXFWRU :H KDG HQVXU'L
ZDV VHW IRU D SURSHU OLIW RIl ZKHQ ZH KDG GRQH WKH WRC
SODFHG WKH ZDIHUV LQ DFHWRQH RYHUQLJKW WR SURSHUO\
FDPH EDFN WKH QH[W PRUQLQJ ZH XVHG D SLSHWWH WR MHW
FRPH RIl DORQJ ZLWK WKH XQGHVLUHG DOXPLQXP UHVWLQJ R
DQG EORZ GUDHWHALWKLEK ZH ZHUH UHDG\ WR EHJLQ WHVWLC
ZKHUH WKH PHWDO ZDV OLIWHG RII LQ WKH ILJXUH EHORZ

$OXPLQXP 5HPRYDO

YJLIXUH

)LQDO 'HYLFH 8QGHU OLFURVFRSH

E 1246~ 2208 20l

12 a8

il

| e ——————J |




Y)LIXUH

'"HYLFH &KDUDFWHUL]DWLRQV

7R WHVW RXU GHYLFHV ZH EHJDQ E\ 7/0 FRQWDFWYV LQ RUGH
GHYLFH WKH\ ZHUH RKPLF VR ZH GLG QRW KDYH WR VLQWHU
PHDVXUHG WKH FRQWDFW UHVLVWDQFH RI WKH RKPLF FRQWD
GHWHUPLQH WKH WUDQVFRQGXFWDQFH WKUHVKROG YROWDJ
GHYLFHV WKDW ZH KDG IDEULFDWHG

SHVLVWDQFH 7HVWLQJ

7KH VORSH RI HDFK ,9 FXUYH WKDW ZH PHDVXUHG IRU WKH Ul
HTXDW LlzRRQ ,Q RUGHU WR PHDVXUH WKH UHVLVWDQFHYV
VORSH RI WKH , 9 FXUYH

XP [ XP XP [ XP XP [

XP [ XP XP [ XP XP [

Y)LIXUH



SHVLVWDQFH YV /HQJWK

Resistances vs. Length

@ B 0.0893%+17-4

20

Resistances {ohms)

20 40 60 a0

Length {um})

JLIXUH

8VLQJ WKH UHVLVWDQFH YDOXHV IRXQG IURP WKH PHDVXUHG

UHVLVWDQFH WR VHH WKH OLQHDU ULVH LQ YDOXHV DV OHQ.

SRLQW ZKHUH WKH WUHQG OLQH LQJY s FHDIMWWHW KA K\D M LW KIHV
WKHUHIRUH RXU FRQWDFW UHVLVWDQFH LV HTXDO WR

6KHHW UHVLVWDQFH VORSH RI WKH 5 YV |/ FXUY
5VKHHVSV: XP XP VT
JURP WKLV LQIRUPDWLRQ ZH FDQ VHH WKDW UHVLVWDQFH LC
VWDWHYV +RZHYHU RXU FDOFXODWHG VKHHW UHVLVWDQFH
FRUUHFW UHVLVWDQFH WKDW ZH IRXQG QRU GRHV WKH VKHEF
GHILQLWHO\ D IDEULFDWLRQ SUREOHP DQG ZKLOH LW PLJKW
ZHUH WDNLQJ GDWD ZH VDZ OLQHDU FXUYHVY DQG DVVXPHG V
p L L

R=S_2 =R,
t W W’

(TXDWLRQ



026)(76

&,
/

YY ZKHORH f IRU 6L2 8VLQJ $QIJVWUF
R[LGH WKLFNQHVV ZH JHW &R]
(OHFWURQ PRELOLW\ JG > =/J &R[ 9J 9WK
2XWSXW FRQGXFWDQFHHBUW®ROWDJH DV WKH HDUO\
Rl 9G YV ,G FXUYH
JRU WKH IROORZLQJ GDWD ZH DVVXPHG WKDW$WKH WKUHVKR

XP [ XP

Il

('1‘

X

,GV YV 9GV &XUYH ,GV YV 9JV &XL

TKUHVKROG,YROWDJH 9
TUDQVFRQGXFWDQFH JP VORSH RI ,GV YV 9JV FXUYH P 6
&KDQQHO &RQGXFWDQFH JG VORSH RI ,GV YV 9GV FXUYH

: $W 9 9 JG PRVIHW LV LQ FXW RII

D $W 9J 9 JG P6

 $W 9 9 JG P6

 $W 9 9 JG P6

: $W 97 9 JG P6

D $W 9J 9 JG P6

:$W 9J 9 *G P$ P6



,GV YV 9GV &XUYH ,GV YV 9JV &XUYH
7TKUHVKROG,YRO®WDJH 9

7TUDQVFRQGXFWDQFH JP VORSH RI ,GV YV 9JV FXUYH P
&KDQQHO &RQGXFWDQFH JG VORSH RI ,GV YV 9GV FXUYH

 $W 9 9 JG PRVIHW LV LQ FXW RII

 $W 9 9 JG P6

: $W 9 9 JG P6

D $W 9J 9 JG P6

 $W 9 9 JG P6

 $W 9 9 JG P6

e R e S
e B G R i s
e

,GV YV 9GV &XUYH ,GV YV 9JV &XL
TKUHVKROG,YRO®WDJH 9
TUDQVFRQGXFWDQFH JP VORSH RI ,GV YV 9JV FXUYH P
&KDQQHO &RQGXFWDQFH JG VORSH RI ,GV YV 9GV FXUYH
D $W 9 9 JG PRVIHW LV LQ FXW RII
D $W 9J 9 JG P6



P6
P6
P6

P6

2XWSXW FRQGXFW,DQFHHBWROWDJH

- $W 9J 9 JG
S $W 9J 9 JG
C$W 9J 9 JG
C$W 9J 9 JG
Rl 9G YV ,G FXUYH
C$W 93 9 *G

W
D SW
D SW
W
D SW
W
2XWSXW
RlI 9G YV
D SW

P$ P6

,GV YV 9GV &XUYH
7TKUHVKROG,YRG®WDJH 9
TUDQVFRQGXFWDQFH JP VORSH RI ,GV YV 9JV FXUYH P
&KDQQHO &RQGXFWDQFH JG VORSH RI ,GV YV 9GV FXUYH

PRVIHW LV LQ FXWRII
P6
P6
P6
P6
P6

FRQGXFW,DQFHHBWROWDJH

9 9 JG
9 9 JG
93 9 JG
93 9 JG
9 9 JG
9 9 JG
, G FXUYH
9 9 *G

XP [ XP

P$ P6

DV WKH HDUO\

,GV YV 9JV &XL

DV WKH HDUO\



,GV YV 9GV &XUYH ,GV YV 9JV &XL
TKUHVKROG,YROWDJH 9

7JUDQVFRQGXFWDQFH JP VORSH RI ,GV YV 9JV FXUYH P
&KDQQHO &RQGXFWDQFH JG VORSH RI ,GV YV 9GV FXUYH

: $W 9J 9 JG PRVIHW LV LQ FXWRII

. $W 9J 9 JG P6

: $W 9J 9 JG P6

: $W 9J 9 JG P6

: $W 9J 9 JG P6

. $W 9J 9 JG P6
2XWSXW FRQGXFWDQFHHBUW®ROWDJH DV WKH HDUO\

RlI 9G YV ,G FXUYH

,GV YV 9GV &XUYH ,GV YV 9JV &XL
TKUHVKROG,YROA®WDJH 9
TUDQVFRQGXFWDQFH JP VORSH RI ,GV YV 9JV FXUYH P

&KDQQHO &RQGXFWDQFH JG VORSH RI ,GV YV 9GV FXUYH
D $W 9J 9 JG PRVIHW LV LQ FXWRII



- $W 9J 9 JG P6
S $W 9J 9 JG P6
C$W 9J 9 JG P6
C$W 9J 9 JG P6
- $W 9J 9 JG P6
2XWSXW FRQGXFW,DQFHHBWROWDJH DV WKH HDUO\

RI 9G YV ,G FXUYH

,GV YV 9GV &XUYH ,GV YV 9JV &XL

7TKUHVKROG,YRO®WDJH 9
TUDQVFRQGXFWDQFH JP VORSH RI ,GV YV 9JV FXUYH P
&KDQQHO &RQGXFWDQFH JG VORSH RI ,GV YV 9GV FXUYH

 $W 9 9 JG PRVIHW LV LQ FXWRII

 $W 9 9 JG P6

D $W 9 9 JG P6

D $W 9J 9 JG P6

 $W 9 9 JG P6

 $W 9 9 JG P6
2XWSXW FRQGXFW,DQFHHBWROWDJH DV WKH HDUO\

RlI 9G YV ,G FXUYH

XP [ XP




,GV YV 9GV &XUYH ,GV YV 9JV &XL
TKUHVKROG,YROWDJH 9

TUDQVFRQGXFWDQFH JP VORSH RI ,GV YV 9JV FXUYH P
&KDQQHO &RQGXFWDQFH JG VORSH RI ,GV YV 9GV FXUYH

D $W 9 9 JG PRVIHW LV LQ FXWRII

D $W 9J 9 JG P6

 $W 9 9 JG P6

 $W 9 9 JG P6

D $W 9 9 JG P6

D $W 9J 9 JG P6
2XWSXW FRQGXFW,DQFHHBWROWDJH DV WKH HDUO\

RlI 9G YV ,G FXUYH

XP [ XP

,GV YV 9GV &XUYH ,GV YV 9JV &XL

TKUHVKROG,YRO®WDJH 9
TUDQVFRQGXFWDQFH JP VORSH RI ,GV YV 9JV FXUYH P

&KDQQHO &RQGXFWDQFH JG VORSH RI ,GV YV 9GV FXUYH



- $W 9J 9 JG PRVIHW LV LQ FXWRII
S $W 9J 9 JG P6
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RI 9G YV ,G FXUYH

7TKHVH ,9 FXUYHV VKRZ PDQ\ RI WKH H[SHFWHG SHUIRUPDQFH
GHYLFH 2QH PDMRU GLIITHUHQFH LV WKDW ZH VHH D QHJDWL
GHYLFHVY ‘H REVHUYHG WKDW DUH GHYLFHV DUH VKRUW FKDC
SURSRUWLRQDO WR :/ $V WKH JDWH ZLGWK LQFUHDVHV RXU
GHFUHDVHYVY ZKHQ JDWH OHQJWK LQFUHDVHV DV H[SHFWHG

$V ZH FDQ VHH IURP WKH UHVXOWY DERYH WKH WUDQVFRQG)>
WKH ,GV YV 9JV FXUYH $IWHU FDOFXODWLQJ HDFK JP ZH FD
ZLGWK LV LQFUHDVHG DQG GHFUHDVHYV DV JDWH OHQJWK LV |

7KLV DOLJQV ZLWK WKH HTXDWLRQ JLYHQ E\

(TXDWLRQ

&DSDFLWDQFHYV

(TXDWLRQ

ZKHUH 0O S) R 0 IRU 682 DUHD RI FDSDFLWRU DQG G WKLFI

JRU —P [ —P FDSDFLWRU

& i)P iP iP S)




OHDVXUHG FDSDFLWDQFH LV S)

SBHUFHQW HUURU LV 7KLV LV OLNHO\ GXH WR XQFHUWDLQWLH
SBHUFHQW HUURU LV ODUJH EXW WUXH HUURU LV RQO\ S) ZKLFK
PHDVXUHG FDSDFLWDQFH RXU R[LGH WKLFNQHVV LQ RXU [ FL

DVVXPLQJ WKH SUREOHP LV VWULFWO\ GXH WR R[LGH WKLFNQHV
PRUH OLNHO\ GXH WR RWKHU SUREOHPV LQ RXU IDEULFDWLRQ SU

JRU —P | —P FDSDFLWRU
& P P S)
P
OHDVXUHG FDSDFLWDQFH LV S)

SHUFHQW HUURU LV

2XU PHDVXUHG FDSDFLWDQFH LV PXFK FORVHU WR WKH
H[SHFWHG FDSDFLWDQFH IRU RXU [ FDSDFLWRU

‘H WKLQN WKDW WKLV LV SUREDEO\ GXH WR WKH ODUJH VL]H RI W
RI WKH IHDWXUH PXFK HDVLHU ,W GRHVQfW UHO\ VR PXFK RQ WK
WR RXU PHDVXUHG FDSDFLWDQFH WKH WKLFNQHVV RI WKH R[LGF
DQJVWURPV ZKLFK LV SUHWW\ PXFK H[DFWO\ ZKDW ZH PHDVXUHC
IHDWXUH

S5HVLVWLYLW\ RI WHVW VDPSOH WDNHQ DIW



)LQDO 6WHSV

8VLQJ WKH OLWKRJUDSK\ SURFHGXUH ZLWK D IRXUWK PDVN
$OXPLQXP RKPLF FRQWDFWV 7KHQ ZLWK PHWDO OLIW RIl W
ZDV UHPRYHG DQG RQO\ WKH RKPLF FRQWDFW UHJLRQV ZHUH
WKLYV VWDJH RXU GHYLFH ZDV UHDG\ IRU WHVWLQJ RI WKH , 9
FDSDFLWRUV DQG WUDQVLVWRUV ,Q WKH HQG RQO\ RQH FK
LGHDO RXWSXW FXUYHV )URP WKHVH FXUYHV ZH REVHUYHG \
SURGXFHG PRUH IDYRUDEOH RXWSXW

&RQFOXVLRQ

7KLV ODE ZDV FHQWHUHG DURXQG XVLQJ WKH VNLOOV DQG W
TXDUWHU WR EXLOG DQG WHVW RXU RZQ 026)(7 GHYLFH IURP
NQRZOHGJH RI PDQ\ SURFHGXUHV VXFK DV SKRWROLWKRJUD:
JURZWK HWFKLQJ SODVPD GHVFXP 'HNWDN R[LGH JURZWK P
VROXWLRQ PHWDOOL]DWLRQ DQG PHWDO OLIW RIlI :LWK DOC
JURZ OD\HU DQG HWFK R[LGH LQ SDWWHUQV DFFRUGLQJ WR
GHILQHG FKDQQHO VRXUFH DQG GUDLQ R[LGH

‘H RULJLQDOO\ VWDUWHG RII ZLWK HLJKW FKLSV EXW DIWHU
HLIKW FKLSV LQ D WLPHO\ PDQQHU ZH GHFUHDVHG WKH QXPE
LWVHOI zDV QHDUO\ VHDPOHVV ZLWK SUREOHPV HDVLO\ HUD
WLPH WR DQ HWFK WR DFKLHYH GHVLUHG UHVXOWYV %\ FRQV'
RWKHU WRROV ZH ZHUH DEOH WR TXLFNO\ FDWFK DQG PLWLJ
GHYHORSPHQW DQG SUH GHSRVLWLRQ WLPHV RXU UHVXOWYV
VRPH SUREOHPV ZDV PDVN DOLJQPHQW DQG H[SRVXUH 2QH F
PDVN LW ZDV RYHU H[SRVHG 2YHUDOO LW ZDV GLIILFXOW W
ZDV SUHWW\ KLJK GLVUHJDUGLQJ WKH RYHUH[SRVHG FKLS $(
ZDV WKDW ZH QHJOHFWHG WR SHUIRUP D SODVPD GHVFXP EH
OHIWRYHU GLUW RQ RXU ZDIHUV FDXVHG SRRUO\ GHILQHG PD
WHVWLQJ $QRWKHU LVVXH RFFXUHG ZKHQ ZH PHDVXUHG RXU
PDNLQJ XV DOO QHUYRXV WKDW RXU GHYLFHV ZHUH EHKDYLQ
FDXVHG E\ D ZLULQJ LVVXH DQG ZKHQ UHVROYHG UHVXOWHC
UHSRUW I ZH ZHUH WR UHSHDW WKLV ODE ZH ZRXOG EH VXU
VWHSV WR DFKLHYH WKH PRVW DFFXUDWH UHVXOWYV :H ZRXO
IDU WRR PDQ\ DQG FDXVHG IDEULFDWLRQ DQG WHVWLQJ RI W
KDYH JLYHQ WKH WUDIILF LQ ODE DQG ORQJ SURFHGXUH WLF
XQGHUVWDQG DQG EHFRPH LQYROYHG LQ WKH SURFHVYV UHTX



FDOFXODWLRQV ZLWK GDLO\ :H EHFDPH ZHOO IDPLOLDU ZLWtk
FKLSV DQG DOVR JDLQHG LQVLJKW DV WR ZK\ WKH GHYLFH LW
FRPSRQHQWY DQG WKH VWHSV WDNHQ WR SXW LW WRJHWKHU
WRROV DQG NQRZOHGJH WKDW ZLOO QR GRXEW EH XVHIXO LC



