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³6XEQHRFODVVLFDO¦ KHDW IOX[HV DUH SUHGLFWHG LQ WKH KLJK FROOLVLRQDOLW\ UHJLPH E\ WKH UHYLVLWHG

QHRFODVVLFDO WKHRU\È ZKLFK LQFOXGHV WKH UROHV RI )LQLWH /DUPRU 5DGLXV HIIHFWV DQG ,QHUWLD� WKDW ZH SXE�

OLVKHG HDUOLHU� 8QOLNH FRQYHQWLRQDO QHRFODVVLFDO WKHRU\� WKH UHYLVLWHG WKHRU\ IXUWKHU SURYLGHV D QRQ GH�
JHQHUDWH DPELSRODULW\ FRQVWUDLQW ZKLFK GHILQHV XQDPELJXRXVO\ WKH UDGLDO HOHFWULF ILHOG� 7RJHWKHU ZLWK

WKH SDUDOOHO PRPHQWXP HTXDWLRQ� WKH DPELSRODULW\ FRQVWUDLQW OHDGV� XQGHU VRPH FRQGLWLRQV� WR UDGLDO

HOHFWULF ILHOG SURILOHV ZLWK KLJK QHJDWLYH VKHDU DNLQ WR WKRVH REVHUYHG LQ VSRQWDQHRXV HGJH WUDQVSRUW
EDUULHUV� 7KH SUHGLFWLRQV RI WKH WKHRU\ DUH RXWOLQHG� ZLWK HPSKDVLV ODLG RQ WKH LQWHUSUHWDWLRQ RI H[�

SHULPHQWDO UHVXOWV VXFK DV PDJQLWXGH RI WKH MXPSV� ZLGWK RI WKH VKHDU OD\HU� ORFDO VFDOLQJ ODZV� ([WHQ�

VLRQ RI WKH WKHRU\ WR WULJJHUHG WUDQVLWLRQV DQG FROG SXOVH SURSDJDWLRQ VWXGLHV LV VXJJHVWHG�
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([SHULPHQWV FRQGXFWHG LQ WKH ODVW GHFDGH OHG WR WKH GLVFRYHU\ RI LPSURYHG FRQILQHPHQW
PRGHV� WKH WUDQVLWLRQV IROORZLQJ WKH VSRQWDQHRXV >�@ RU WULJJHUHG >�@ JHQHUDWLRQ RI KLJK� QHJDWLYHO\

VKHDUHG UDGLDO HOHFWULF ILHOGV� WKRVH WHQG WR VXSSUHVV WKH WXUEXOHQFH DQG WKXV WKH UHODWHG DQRPDORXV

WUDQVSRUW >�� �@� (VWLPDWHV RI WKH LRQ HQHUJ\ IOX[ DFURVV WUDQVSRUW EDUULHUV DOVR OHG� LQ VRPH LQVWDQFHV
>�@� WR ¦VXEQHRFODVVLFDO� YDOXHV LQGLFDWLQJ WKDW WKH UHIHUHQFH WKHRU\ LV WKHUH LQYDOLGDWHG�

:H LQGLFDWHG HDUOLHU >�@ WKDW WKH ³FRQYHQWLRQDO¦ QHRFODVVLFDO WKHRU\ LV LQFRPSOHWH VLQFH ODFNLQJ

DQ HTXDWLRQ IRU WKH EXON WRURLGDO YHORFLW\ FRPSRQHQW
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# RU� DOWHUQDWLYHO\� IRU WKH UDGLDO HOHFWULF

ILHOG (U� $W WKH RUGHU DW ZKLFK WKH\ DUH FDOFXODWHG� WKH PDJQHWLF VXUIDFH DYHUDJH HOHFWURQ DQG LRQ IOX[HV

ªH�U DQG ªL�U DUH LQGHHG LGHQWLFDO� ZLWK WKH UHVXOW WKDW WKH DPELSRODULW\ HTXDWLRQ ªH�U � ªL�U v -U  R �LQ WKH
DEVHQFH RI D SRODUL]HG HOHFWURGH� LV WULYLDOO\ YHULILHG� &RQYHQWLRQDO QHRFODVVLFDO WKHRU\ SRVWXODWHV WKH

VFDOLQJ UHODWLRQV /< a U a T5 EXW DL� /< �� �� ZKHUH /< LV D FKDUDFWHULVWLF UDGLDO OHQJWK�VFDOH RI WKH

HTXLOLEULXP SURILOHV >H�J� /7�1�  G"Q7�1��GU RU /8M �8T�@� U WKH PLQRU UDGLXV� T5 WKH FRQQHFWLRQ OHQJWK

DQG DL  FL�:L WKH LRQ /DUPRU UDGLXV >FL  �7L�PL�
��� LV WKH WKHUPDO YHORFLW\ DQG :L  H%�PL WKH /DUPRU

IUHTXHQF\ RI VLQJO\ FKDUJHG LRQV@� 7KLV DVVXPSWLRQ LV LQDSSURSULDWH DW WKH SODVPD HGJH DQG QHDU

WUDQVSRUW EDUULHUV ZKHUH /1�7� DQG /8M �8T� FDQ EH DV VPDOO DV D IHZ FHQWLPHWUHV� ZKHUHDV U DQG T5 DUH

W\SLFDOO\ RI RUGHU � DQG �� P UHVSHFWLYHO\ DQG DL LV RI RUGHU � PP� KHQFH DL�/\ a ���� ZKHUHDV /\�T5 a

������ .HHSLQJ DFFRUGLQJO\ DL�/\ DV D ILQLWH DOEHLW VPDOO SDUDPHWHU OHDGV WR WKH HPHUJHQFH RI )LQLWH
/DUPRU 5DGLXV DQG ,QHUWLD HIIHFWV LQ WKH WKHRU\� ZKLFK GHFRXSOH WKH LRQ DQG HOHFWURQ UDGLDO IORZV� 7KH

IXQGDPHQWDO VFDOLQJ SDUDPHWHU ZKLFK FKDUDFWHUL]HV WKH UHYLVLWHG QHRFODVVLFDO WKHRU\� VR IDU RQO\
GHYHORSHG IRU WKH KLJK FROOLVLRQDOLW\ UHJLPH� WXUQV RXW WR EH
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FORVHO\ UHODWHG SDUDPHWHU LV LQWURGXFHG WR GHVFULEH WKH VTXHH]LQJ RI EDQDQD RUELWV >�@�
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LLL� /� LV WKH UDWLR RI WKH SDUDOOHO LRQ KHDW FRQGXFWLRQ DQG GLDPDJQHWLF WLPHV VFDOHV�

$ ULJRURXV DQG DOPRVW LPPHGLDWH FRQVHTXHQFH RI %UDJLQVNLL©V WZR IOXLG HTXDWLRQV LWHUDWHG

ZLWK WKH QHZ H[SDQVLRQ VFKHPH LV WKH ³VXEQHRFODVVLFDO¦ KHDW IOX[
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F � D FRQVHTXHQFH RI WKH LRQ SRORLGDO DV\PPHWULHV LQKHUHQW WR WKH

�KHUH D[LV\PPHWULF� WRURLGDO JHRPHWU\� LV WKXV UHGXFHG E\ WKH IDFWRU � � 4��6�� 7KH LQWHUSUHWDWLRQ LV

WKDW WKH GLDPDJQHWLF URWDWLRQ FRPELQHV WR WKH SDUDOOHO KHDW IOX[ WR UHGXFH SRORLGDO LQKRPRJHQHLWLHV�

WKLV LV HTXLYDOHQW WR LQFUHDVLQJ %T� RU UHGXFLQJ T� 2WKHU FRQVHTXHQFHV RI WKH QHZ VFDOLQJ DUH�
�D� D PRGLILHG DPELSRODU IOX[ LQFOXGLQJ QHZ� PRVWO\ SLQFK WHUPV�

�E� D PRGLILHG SDUDOOHO PRPHQWXP HTXDWLRQ �DFWXDOO\ EHWWHU UHJDUGHG DV DQ HTXDWLRQ IRU 8T�L��

�F� D QRQ GHJHQHUDWH DPELSRODULW\ FRQVWUDLQW R2
ULUHUL
 */ *�* ��

����
È WKH FRQVHTXHQFHV RI ZKLFK

ZLOO EH GLVFXVVHG LQ WKH QH[W 6HFWLRQV�

,W VKRXOG EH QRWHG WKDW HOHFWURVWDWLF GULIW ZDYH WXUEXOHQFH DOVR \LHOGV ªH�U { ªL�U LQ OHDGLQJ RUGHU�

.HHSLQJ KHUH WKH SDUDPHWHU DL�/\ ILQLWH� DOEHLW VPDOO� ZRXOG SUHVXPDEO\ OHDG WR D GLIIHUHQW DPELSRODU�
LW\ FRQVWUDLQW �$ VHOI FRQVLVWHQW WKHRU\ LV VWLOO DZDLWLQJ GHYHORSPHQW�� $V H[SHULPHQWDO ZRUN RQ WKH
WUDQVLWLRQ IURP ORZ �/� WR KLJK �+� FRQILQHPHQW KDV UHYHDOHG WKDW WKH UDGLDO HOHFWULF ILHOG VKHDU

LQFUHDVHV EHIRUH IOXFWXDWLRQV VXSSUHVVLRQ >�@ DQG WKDW WKH SODVPD LV PXFK OHVV WXUEXOHQW LQ WKH + PRGH

WKDQ LQ WKH / PRGH �UDLVLQJ WKH REYLRXV TXHVWLRQ ¦+RZ GRHV WKH SODVPD PDLQWDLQ WKH PRUH TXLHVFHQW
+�PRGH VWDWH ZKHQ WKH GULYLQJ WHUPV IURP WXUEXOHQFH ��� WKDW H[LVWHG LQ /�PRGH KDYH GLVDSSHDUHG"¦

>�@�� ZH KDYH FKRVHQ WR FRQFHQWUDWH RQ WKH SRVVLEOH QHRFODVVLFDO RULJLQ RI WKH VKHDUHG UDGLDO HOHFWULF

ILHOG SURILOH� $V WUDQVLWLRQV KDYH EHHQ REVHUYHG >�� ��@ IRU YDOXHV RI
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([SHULPHQW KDV DOVR UHYHDOHG WKDW WKH UDGLDO HOHFWULF ILHOG VKHDU LQFUHDVHV LQ / WR + WUDQVLWLRQV
SULRU WR DQ\ VLJQLILFDQW FKDQJH LQ WKH LRQ SUHVVXUH JUDGLHQW >�@� :H WKXV LGHDOO\ GHFRXSOH WKH HYROX�

WLRQV RI 8M�L DQG 8T�L IURP WKRVH RI 1 DQG 7L DQG DVVXPH� IRU FRQYHQLHQFH�

7L  7L�V �.[ � ��
S � 1L  1L�V �.[ � ��

S�KL � ���
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7KH OLPLWLQJ FDVH ZKHUH /�o R LV DPHQDEOH WR D VLPSOLILHG EXW VXJJHVWLYH DQDO\WLFDO VROXWLRQ�

,Q WKDW LQVWDQFH� 8T�L  N X7�L DV XVXDO >��@� ZKHUH X7�L  �
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7KH UHYLVLWHG QHRFODVVLFDO WKHRU\ RI SODVPDV SURYLGHV D VDWLVIDFWRU\ GHVFULSWLRQ RI PDQ\ RE�

VHUYDWLRQV UHODWHG WR WKH / WR + WUDQVLWLRQ� 7KH OLPLW FRQVLGHUHG LQ 6HFWLRQ � IRU DQDO\WLFDO VLPSOLILFD�
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WR WKH PRGLILFDWLRQ RI (U IURP / WR + SKDVHV LV LQFUHDVHG� DV H[SHULPHQWV VXJJHVW �EXW� LW

VKRXOG EH QRWHG� WKH YHORFLWLHV DUH PRVWO\ REWDLQHG IURP WKH 'RSSOHU VKLIW RI LPSXULW\ OLQHV��
PRUHRYHU� WKH WKHRU\ PLJKW QRZ EH DEOH WR H[SODLQ WKH UHVXOWV RI SRODUL]DWLRQ H[SHULPHQWV >�@ �WKH

JHQHUDO DPELSRODULW\ HTXDWLRQ >�@ LQFOXGHV DQ LQWHJUDWLRQ FRQVWDQW UHODWHG WR D UDGLDO FXUUHQW��

$ ILQDO QRWHZRUWK\ SRLQW LV WKDW WXUEXOHQFH DQG KHQFH DQRPDORXV KHDW DQG SDUWLFOH WUDQVSRUW

UHGXFWLRQ E\ D SURSDJDWLQJ (U �WUHW� SURILOH FRXOG SRVVLEO\ H[SODLQ WKH FROG SXOVH H[SHULPHQW >��@� 7KLV

W\SH RI EHKDYLRXU ¥ RU UDWKHU LWV RSSRVLWH �WXUEXOHQFH H[FLWDWLRQ� ¥ ZDV REVHUYHG HDUOLHU LQ VKRFN

ZDYH H[SHULPHQWV >��@�
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>�@ 02<(5� 5�$�� HW DO�� 3K\V� 3ODVPDV � ������ �����

>�@ -$&+0,&+� 6�� HW DO�� 3ODVPD 3K\V� &RQWURO� )XVLRQ �� ������ �����

>�@ %,*/$5,� +� �',$021'� 3�+�� 7(55<� 3�:�� 3K\V� )OXLGV %� ������ ��
>�@ 52*,67(5� $�� /,� '�� 1XFO� )XVLRQ �� ������ �����

>�@ /(9,1721� )�0�� HW DO�� 3K\V� 5HY� /HWW� �� ������ �����

>�@ 52*,67(5� $�� 3K\V� 3ODVPDV � ������ ����
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>��@ +$=(/7,1(� 5�'�� 3K\V� )OXLGV �� ������ ����

>��@ 52*,67(5� $�� 7UDQVSRUW EDUULHUV IRUPDWLRQ DQG VXEQHRFODVVLFDO HQHUJ\ IOX[HV� D XQLILHG
WKHRUHWLFDO DSSURDFK� 3K\V� 5HY� /HWW�� WR DSSHDU� 52*,67(5� $�� $ 8QLILHG WKHRU\

RI WUDQVSRUW EDUULHUV DQG RI VXEQHRFODVVLFDO WUDQVSRUW� 3K\V� 3ODVPDV� WR DSSHDU�

>��@ 5<7(5� )�� HW DO�� 3URFHHGLQJV RI WKH �WK ,$($ 7HFKQLFDO &RPPLWWHH 0HHWLQJ RQ
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>��@ 5,/*+,� (�� HW DO�� 3ODVPD 3K\V� &RQWURO� )XVLRQ �� ������ ����

>��@ .,0� -�� HW DO�� 3K\V� 5HY� /HWW� �� ������ �����

>��@ &21125� -�:�� HW DO�� 3ODVPD 3K\V� &RQWURO� )XVLRQ �� ������ ����

>��@ *(17/(� .�:�� HW DO�� 3K\V� 3ODVPDV � ������ �����
>��@ 3$8/� -�:�0�� 1DWXUH ��� ������ ����
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