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:K\�2UJDQLFV

2UJDQLF�PDWHULDOV�LQ�JHQHUDO�DQG�SRO\PHUV�LQ�SDUWLFXODU�KDYH�EHHQ�H[WHQVLYHO\

UHVHDUFKHG�IRU�DW�OHDVW�IRXU�GHFDGHV�E\�QRZ��7KH�UHDVRQLQJ�EHKLQG�WKLV�UHVHDUFK�YDULHV

ZLWK�WKH�\HDUV�DQG�WKH�UHVHDUFKHU�LQYROYHG��$�VDPSOH�RI�VXFK�PRWLYDWLRQV�LV����7KH

UHVHPEODQFH�WR�ELRORJLFDO�PDWHULDOV��'1$�LV�D�SRO\PHU��PD\�DVVLVW�XV�LQ

XQGHUVWDQGLQJ�ELRORJLFDO�V\VWHPV�DQG�HYHQ�PD\�DOORZ�XV�WR�PLPLF�WKHP�����7KHVH

PDWHULDOV�FDQ�EH�JHQHUDOO\�UHIHUUHG�WR�DV�PROHFXODU�PDWHULDOV�DQG�KHQFH��PD\�VHUYH�DV

WKH�EXLOGLQJ�EORFNV�RI�PROHFXODU�VL]H��VXE�PLFURQ�VFDOH��GHYLFHV�����2UJDQLF�PDWHULDOV

SURPLVH�WHFKQRORJLFDO�DGYDQWDJHV�RYHU�WKHLU�LQ�RUJDQLF�FRXQWHUSDUWV�

7KH�EXON�RI�WKH�UHVHDUFK�GXULQJ�WKH�SDVW�WZR�GHFDGHV�LV�PDLQO\�GULYHQ�E\�WKH

ODVW�SRLQW��7KH�GLVFRYHU\�WKDW�WKH�HOHFWULFDO�FRQGXFWLYLW\�LQ�GRSHG�SRO\DFHW\OHQH�>�@

FDQ�EH�WXQHG�IURP�WKDW�RI�DQ�LQVXODWRU�WR�WKDW�RI�D�PHWDOOLF�FRQGXFWRU�VXJJHVWHG�WKDW

WKHVH�PDWHULDOV�FRXOG�EH�XVHG�LQ�5($/�DSSOLFDWLRQV��1RW�WRR�ORQJ�DIWHU�WKDW��WKH�UHSRUW

RI�HOHFWUROXPLQHVFHQFH�LQ�VXEOLPHG�PROHFXODU�ILOPV�>�@�DQG�FRQMXJDWHG�SRO\PHUV�>�@

VXJJHVWHG�WKDW�WKHVH�PDWHULDOV�ZRXOG�VRRQ�EH�XVHG�LQ�PDQ\�RSWRHOHFWURQLF�

DSSOLFDWLRQV��7KHVH��DQG�PDQ\�RWKHU��UHVXOWV�KDYH�VWDUWHG�WKH�VQRZEDOO�UXQQLQJ�DQG

WRGD\�RUJDQLF�PDWHULDOV�DUH�EHLQJ�FRQVLGHUHG�LQ�DQ�HYHU�JURZLQJ�FRQWH[W�

3RO\PHUV�DUH�YHU\�DWWUDFWLYH�VLQFH�WKH\�FDQ�EH�HDVLO\�VSLQ�FDVW�IURP�VROXWLRQ

DQG�GR�QRW�UHTXLUH�XOWUD�FOHDQ�HQYLURQPHQW�GXULQJ�DQ\�SURFHVVLQJ�SURFHGXUH�

0RUHRYHU��WKHVH�PDWHULDOV�FDQ�EH��HDVLO\��FKHPLFDOO\�WXQHG�VR�WKDW�WKHLU�HPLVVLRQ

FRORXU�ZRXOG�FRYHU�WKH�HQWLUH�YLVLEOH�VSHFWUXP��3DUDGR[LFDOO\��WKH�HDVH�DW�ZKLFK�WKH

SURSHUWLHV�RI�WKHVH�PDWHULDOV�FDQ�EH�FKDQJHG�PDNHV�WKHP�VHQVLWLYH�WR�XQLQWHQWLRQDO

FKHPLFDO�GHIHFWV�DQG�YDU\LQJ�PLFURVFRSLF�VWUXFWXUH��DV�DOLJQPHQW���LQWURGXFHG�HLWKHU

LQ�WKH�V\QWKHVLV�RU�WKH�SURFHVVLQJ�VWDJHV��)RU�PDQ\�\HDUV�WKH�DGYDQFH�LQ�WKLV�ILHOG�ZDV

ZLWKKHOG�GXH�WR�QRQ�UHSURGXFLEOH�SRO\PHU�SURSHUWLHV��7R�GDWH��KLJK�TXDOLW\�SRO\PHUV

DUH�EHLQJ�V\QWKHVLVHG�DURXQG�WKH�ZRUOG�ZLWK�KLJK�GHJUHH�RI�UHSURGXFLELOLW\��7KH

OLIHWLPH�RI�OLJKW�HPLWWLQJ�SRO\PHU�GLRGHV�KDV�ODUJHO\�LQFUHDVHG�DQG�UHDFKHV�WKRXVDQGV

RI�KRXUV�>���@��6XVWDLQDEOH�SHDN�FXUUHQW�GHQVLWLHV�DUH�LQ�WKH�N$FP���UHJLPH�DQG�WKH

SHDN�EULJKWQHVV�LV�a��PZ�>�@��7KHVH�KLJK�TXDOLW\�SRO\PHUV�ZHUH�UHFHQWO\�DOVR�IRXQG

VXLWDEOH�IRU�GHPDQGLQJ�DSSOLFDWLRQV�VXFK�DV�ODVHUV�>����@���$OWKRXJK�ZH�DUH�PDLQO\

FRQFHUQHG�KHUH�ZLWK�OLJKW�HPLWWLQJ�SRO\PHUV��WKH�DGYDQFH�LQ�SRO\PHU�ILHOG�HIIHFW

WUDQVLVWRUV��)(7V��ZDV�SURIRXQG�DV�ZHOO��7KH�SURFHVVDELOLW\�>��@�PRELOLW\�DQG�RQ�RII

UDWLR�>��@�KDYH�EHHQ�LPSURYLQJ�FRQVWDQWO\�DQG�KDV�UHFHQWO\�OHG�WR�³SODVWLF´�HOHFWURQLF



2UJDQLF�6HPLFRQGXFWRUV�DQG�'HYLFHV ((�'HSW��7HFKQLRQ�������

FLUFXLWV�>��@�DQG�WR�)(7�/('�RSWRHOHFWURQLF�LQWHJUDWHG�GHYLFH�>������@��7KH

DYDLODELOLW\�RI�KLJK�TXDOLW\�DQG�SXUH�SRO\PHUV�PDNHV�LW�UHDVRQDEOH�WR�ORRN�GHHSO\�LQWR

SK\VLFDO�PHFKDQLVPV�JRYHUQLQJ�WKH�RSHUDWLRQ�RI�VXFK�GHYLFHV�DQG�DW�WKH�VDPH�WLPH

H[SORUH�QHZ�DYHQXHV�ZKHUH�WKH�DGYDQWDJHV�RI�SRO\PHUV�SURYH�EHQHILFLDO�

7KH�'HYLFH�YDULHW\

,Q�WKH�DERYH�ZH�KDYH�PHQWLRQHG�WKDW�RQH�RI�WKH�NH\�DGYDQWDJHV�LV�WKH�HDVH�E\

ZKLFK�SRO\PHU�EDVHG�GHYLFHV�FDQ�EH�PDGH��7KH�PDLQ�SURFHGXUH�XVHG�LQ�EXLOGLQJ�VXFK

GHYLFHV�LV�FDVWLQJ��VSLQ�FRDWLQJ��RI�D�SRO\PHU�VROXWLRQ�RQ�D�JLYHQ�VXEVWUDWH��7KH

HOHFWULFDO�FRQWDFWV�DUH�RIWHQ�DSSOLHG�XVLQJ�D�YDFXXP�HYDSRUDWLRQ�VRXUFH�DOWKRXJK�LW�LV

DOVR�SRVVLEOH�WR�XVH�KLJKO\�FRQGXFWLYH�SRO\PHUV�DV�FRQWDFW�OD\HUV��LQ�WKH�ORQJ�UXQ�WKLV

PHWKRG�ZLOO�SUREDEO\�WDNH�RYHU���)RU�WKH�LQGXVWU\�WKLV�PHDQV�WKDW�LW�LV�SRVVLEOH�WR

FRPSHWH�DQG�ZLQ�RYHU�PRUH�WUDGLWLRQDO�WHFKQRORJLHV��SULFH�ZLVH���)RU�WKH�VFLHQWLVW��WKH

PDMRULW\�RI�ZKLFK�DUH�VWXGHQWV��LW�PHDQV�WKDW�RQH�FDQ�JR�WKURXJK�DOO�WKH�SURFHGXUHV�RI

PDNLQJ�D�GHYLFH�ZLWKLQ�D�GD\�RU�WZR��1DPHO\��RQH�VSHQGV�PRVW�RI�KLV�WLPH�LQ

PHDVXULQJ�XQGHUVWDQGLQJ�WKH�GHYLFHV�ZKLOH�VWLOO�KDYLQJ�DQ�LQWLPDWH�FRQWDFW�ZLWK�WKH

SURFHVVLQJ�SURFHGXUH��,Q�RWKHU�ZRUGV��LW�LV�UHODWLYHO\�HDV\�WR�VHH�WKH�%,*�SLFWXUH�

0RUHRYHU��LW�LV�UHODWLYHO\�HDV\�WR�PRYH�EHWZHHQ�GLIIHUHQW�GHYLFH�VWUXFWXUH��/('V�

7UDQVLVWRUV��/DVHUV��«��DQG�ZH�ZLOO�RXWOLQH�VRPH�RI�WKHP�EHORZ��D�PRUH

FRPSUHKHQVLYH�GLVFXVVLRQ�ZLOO�DSSHDU�ODWHU��

LQGLXP�WLQ�
R[LGH

JODVV�VXEVWUDWH

&DOFLXP�$OXPLQLXP

([WHUQDO
&LUFXLW

3RO\PHU

)LJXUH����7\SLFDO�VWUXFWXUH�RI�D�YHUWLFDO�HPLWWLQJ�SRO\PHU�EDVHG�OLJKW�HPLWWLQJ
GLRGH�
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7KH�ILUVW�VWUXFWXUH�LV�WKDW�RI�WKH�/('�ZKLFK�LV�GHVFULEHG�LQ�)LJXUH����7KH

VXEVWUDWH�LV�,72�FRDWHG�JODVV��ZKLFK�LV�PDLQO\�PDQXIDFWXUHG�IRU�WKH�/&'�WHFKQRORJ\�

ZLWK�WKH�,72�EHLQJ�D�VHPLWUDQVSDUHQW�KROH�LQMHFWRU�ZKLFK�HQDEOHV�OLJKW�HPLVVLRQ�LQ�D

YHUWLFDO�FRQILJXUDWLRQ��1H[W�D�SRO\PHU�OD\HU��OD\HUV��LV�GHSRVLWHG�ZLWK�D�W\SLFDO

WKLFNQHVV�RI�DURXQG����QP������PP���)LQDOO\�HOHFWURQ�LQMHFWLRQ�LV�YLD�D�PHWDOOLF

FRQWDFW�DQG�D�JRRG�FRQWDFW�XVXDOO\�UHTXLUHV�D�ORZ�ZRUN�IXQFWLRQ�PHWDO�DV�&DOFLXP�
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)LJXUH����2XWSXW�SRZHU�DV�D�IXQFWLRQ�RI�FXUUHQW�GHQVLW\�IRU�D�PP��YHUWLFDO�
HPLWWLQJ�SRO\PHU�/('V��'HY���LV�EDVHG�RQ�WKH�339�SRO\PHU��'HY���LV�EDVHG�RQ
DQ�LPSURYHG�339��D�339�FR�SRO\PHU���DQG�'HY���PDNHV�XVH�RI�D�GRXEOH
SRO\PHU�OD\HU��KHWHURVWUXFWXUH��

7KH�KLJK�TXDOLW\�DQG�UREXVWQHVV�RI�WKHVH�SRO\PHUV�DQG�GHYLFHV�LV�LOOXVWUDWHG�LQ

)LJXUH����1RWH�WKDW�LW�LV�SRVVLEOH�WR�SDVV�FXUUHQW�GHQVLWLHV�RI�N$FP���DQG�WKDW�WKH

RXWSXW�SRZHU�FDQ�EH�WHQV�RI�P:��7KH�ULJKW�KDQG�D[LV�LV�D�SDUDPHWHU�XVHG�LQ�GLVSOD\

WHFKQRORJ\�DQG�LW�WDNHV�LQWR�DFFRXQW�WKH�VHQVLWLYLW\�RI�WKH�H\H�LQ�WKH�YLVLEOH�VSHFWUXP�

$V�D�UHIHUHQFH�SRLQW��D�QRUPDO�VFUHHQ�KDV�D�EULJKWQHVV�RI�DERXW����FGP���
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)LJXUH����6SHFWUDO�UHVSRQVH�RI�D�SKRWRYROWDLF�FHOO��1RWH�WKDW�WKH�WRS�HOHFWURGH�LV�D
FRQGXFWLQJ�SRO\PHU��FRXUWHV\�RI�$�&��$ULDV��

7KH�VDPH�GHYLFH�SUHSDUDWLRQ�SURFHGXUH�FDQ�EH�XVHG�WR�SURGXFH�D�SKRWRYROWDLF

FHOO��D�GHYLFH�WKDW�FRQYHUWV�OLJKW�LQWR�YROWDJH��RU�FXUUHQW���7KH�GHYLFH�VWUXFWXUH�LV

VKRZQ�DW�WKH�WRS�RI�)LJXUH���DQG�ZH�QRWH�WKDW�LQ�WKLV�FDVH�WKH�WRS�HOHFWURGH�ZDV�DOVR

DSSOLHG�XVLQJ�WKH�VSLQ�FRDWLQJ�WHFKQLTXH�DQG�LW�FRQVLVWV�RI�D�FRQGXFWLQJ�SRO\PHU��7KH

SXUSRVH�RI�WKLV�GHYLFH�LV�YHU\�GLIIHUHQW�WR�WKDW�RI�DQ�/('�DQG�KHQFH�WKH�RSWLPXP

GHYLFH�GHVLJQ�LV�QRW�WKH�VDPH��+RZHYHU��WKH�VDPH�VNLOOV�DQG�HTXLSPHQW�DUH�XVHG�WKXV

PDNLQJ�LW�SRVVLEOH�WR�VWXG\�VRPH�SKHQRPHQD�WKURXJK�WKH�³H\HV´�RI�PRUH�WKDQ�RQH

GHYLFH��7KLV�SRLQW�EHFRPHV�PRUH�HYLGHQW�EHORZ�ZKHQ�ZH�GHVFULEH�WKH�SRO\PHU�EDVHG

ILHOG�HIIHFW�WUDQVLVWRU�
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$FWLYH�OD\HU
*DWH�LQVXODWRU��6L2��

*DWH��Q�6L�

6RXUFH�'UDLQ��$X�

,QWHUIDFH

)LJXUH����6FKHPDWLF�UHSUHVHQWDWLRQ�RI�D�SRO\PHU�EDVHG�ILHOG�HIIHFW�WUDQVLVWRU
�)(7��

7KH�WKLUG�VWUXFWXUH�ZH�ZLVK�WR�LOOXVWUDWH�LV�WKDW�RI�WKH�ILHOG�HIIHFW�WUDQVLVWRU

�)(7��DV�VKRZQ�LQ�)LJXUH����7KH�GHYLFH�IDEULFDWLRQ�LV�HVVHQWLDOO\�VLPLODU�WR�WKDW�RI�WKH

/('�DQG�LW�FRQVLVWV�RI�VSLQ�FRDWLQJ�D�SRO\PHU�RQWR�D�JLYHQ�VXEVWUDWHV�IROORZHG�E\

PHWDO�GHSRVLWLRQ��,Q�WKLV�FDVH�WKH�VXEVWUDWH�FRQVWLWXWHV�WKH�JDWH�HOHFWURGH�DQG�WKH

GHYLFH�LV�LQ�DQ�XS�VLGH�GRZQ�FRQILJXUDWLRQ�ZLWK�UHVSHFW�WR�FRQYHQWLRQDO�LQRUJDQLF
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)LJXUH����'HYLFH�FKDUDFWHULVWLFV�RI�D�SRO\PHU�)(7��FRXUWHV\�RI�+��6LUULQJKDXV��
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)LJXUH���GHVFULEHV�WKH�FKDUDFWHULVWLFV�RI�D�SRO\PHU�)(7�ZKLFK�FDQ�KDYH�RQ�RII

UDWLR�RI�����DQG�PRELOLW\�YDOXHV�DSSURDFKLQJ�����FP�Y��VHF���

/LJKW���$PSOLILHU

0LUURU�� 0LUURU��

)LJXUH����6FKHPDWLF�GHVFULSWLRQ�RI�D�ODVHU�RVFLOODWRU�

7KH�ODVW�GHYLFH�WR�EH�GHVFULEHG�KHUH�LV�WKH�RUJDQLF�ODVHU�>�@��%\�RUJDQLF�ODVHU

ZH�PHDQ�WKDW�WKH�DPSOLI\LQJ�PHGLXP��VHH�)LJXUH����LV�PDGH�RI�RUJDQLF�PDWHULDOV�

6LQFH�WKH�LVVXH�RI�ODWWLFH�PDWFKLQJ�LV�LUUHOHYDQW�DQG�LW�LV�SRVVLEOH�WR�GHSRVLW�SRO\PHUV

RQ�DOPRVW�DQ\�VXEVWUDWHV�WKH�FKRLFH�RI�PLUURUV�RU�WKH�IHHGEDFN�VWUXFWXUH�LV�OLPLWHG�E\

RQHV�LPDJLQDWLRQ�RQO\�

'%5

(PLWWHU
0HWDO

0HWDO�GLHOHFWULF
�PLFURFDYLW\

/DPLQDWHG
PLFURFDYLW\

:DYHJXLGH�'%5 :DYHJXLGH�')% )OH[LEOH��SULQWHG��')%

:*0�ODVHU

5LQJ
/DVHU �'�%DQGJDS

)LJXUH����6FKHPDWLF�GHVFULSWLRQ�RI�WKH�YDULRXV�ODVHU�VWUXFWXUHV�WKDW�KDYH�EHHQ
GHPRQVWUDWHG�XVLQJ�VHPLFRQGXFWLQJ�RUJDQLF�PDWHULDOV��7KH�DFURQ\PV�VWDQG�IRU�
'%5���GLVWULEXWHG�%UDJJ�UHIOHFWRU��')%���GLVWULEXWHG�IHHGEDFN��DQG�:*0��
ZKLVSHULQJ�JDOOHU\�PRGH�

7KH�YDULRXV�ODVHU�VWUXFWXUHV�>��@�WKDW�KDYH�EHHQ�GHPRQVWUDWHG�DUH�LOOXVWUDWHG�LQ

)LJXUH����)LJXUH���FOHDUO\�GHPRQVWUDWHV�WKH�YHUVDWLOLW\�RI�RUJDQLF�PDWHULDOV�DQG�VRPH

RI�WKH�DGYDQWDJHV�RI�WKH�VROXWLRQ�SURFHVVDEOH�RQHV��,W�ZLOO�EH�KDUG�WR�ILQG�DQRWKHU

PDWHULDO�V\VWHP�ZKHUH�ODVHUV�FDQ�EH�SULQWHG�>������@��ODPLQDWHG�>��@��EHQW�RQ�IOH[LEOH

VXEVWUDWHV�>��@��FRYHU�D�ZLGH�VSHFWUDO�UDQJH�>�����@��DQG�DOO�LQ�D�UHODWLYHO\�QRQ�

H[SHQVLYH�HQYLURQPHQW��7KLV�ILJXUH�DOVR�VKRZ�KRZ�XVHIXO�WKHVH�PDWHULDOV�FDQ�EH�LQ
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WHVWLQJ�QRQ�VWDQGDUG�RSWLFDO�FDYLWLHV�DV�WKH��'�EDQGJDS�ODVHU�>��@�RU�WKH�ULQJ�ODVHU�RQ

PHWDO�ZLUH�>��@�

7KH�SDUDPHWHU�WXQLQJ

,Q�WKH�DERYH�GLVFXVVLRQ�ZH�ZHUH�QRW�FRQFHUQHG�ZLWK�WKH�H[DFW�PDWHULDO

�SRO\PHU��XVHG�RU�LWV�VWUXFWXUH��7KH�PDWHULDOV�DUH�QRZ�RI�KLJK�TXDOLW\�DQG

UHSURGXFLELOLW\�VR�WKDW�RQH�FDQ�GHWDFK�WKH�SURFHVV�RI�PDNLQJ�WKH�PDWHULDOV�IURP�WKH

GHYLFHV�H[SHULPHQWV�EDVHG�RI�WKHVH�PDWHULDOV��7KLV�UHVHPEOHV�WKH�VLWXDWLRQ�IRXQG�LQ

LQRUJDQLF�GHYLFHV�ZKHUH�WKH�GHYLFH�SK\VLFLVW�LV�UDUHO\�FRQFHUQHG�ZLWK�WKH�H[DFW

GLPHQVLRQV�VWUXFWXUH�RI�WKH�XQLW�FHOO��ZKLFK�FRQVWLWXWHV�WKH�EXON�PDWHULDO��8QOLNH�RWKHU

ILHOGV�WKH�QHHG�WR�NQRZ�PDWHULDO�GHWDLOV�LV�ODUJHO\�GULYHQ�E\�WKH�LQWHUGLVFLSOLQDU\

QDWXUH�RI�WKLV�ILHOG�DQG�WKH�SRWHQWLDO�ORQJ�WHUP�EHQHILWV�LQ�FURVV�FRPPXQLFDWLQJ

EHWZHHQ�SK\VLFV��HQJLQHHULQJ��FKHPLVWU\��PDWHULDO�VFLHQFH��DQG�RWKHUV�

7R�LOOXVWUDWH�WKH�UHODWLYH�HDVH�RI�WXQLQJ�PDWHULDO�SURSHUWLHV�ZH�GUDZ�LQ�)LJXUH��

WKH�VWUXFWXUHV�RI�YDULRXV�PDWHULDOV�ZKLFK�SRVVHV�GLIIHUHQW�SURSHUWLHV��+RZHYHU��WKH

VLPLODULW\�DQG�WKH�UHSHDWLQJ�EXLOGLQJ�EORFNV�DUH�FOHDUO\�REVHUYHG�
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)LJXUH����7KH�VWUXFWXUH�RI�D�VDPSOH�RI�OXPLQHVFHQW�RUJDQLF�PDWHULDOV�

7KH�VWUXFWXUHV�LQ�)LJXUH���IROORZ�WKH�FRQYHQWLRQ�WKDW��XQOHVV�RWKHUZLVH�VKRZQ�

DW�WKH�HQG�RI�HDFK�OLQH�WKHUH�LV�D�FDUERQ�DWRP��$OWKRXJK�WKH�VWUXFWXUHV�DUH�SURMHFWHG

RQWR�WKH�SODQH�RI�WKH�SDSHU�RQH�VKRXOG�UHPHPEHU�WKDW�WKH�UHDO�VWUXFWXUH�LV��'�OLNH�DQG

QRW�QHFHVVDULO\�SODQDU��)RU�WKH�SRO\PHUV��ZKLFK�DUH�D�ORQJ�FKDLQ��RQO\�WKH�EDVLF�XQLW
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�PRQRPHU��LV�VNHWFKHG�DQG�WKH�³��Q´�PHDQV�WKDW�WKLV�VWUXFWXUH�UHSHDWV�LWVHOI�PDQ\

WLPHV�WR�IRUP�WKH�SRO\PHU�FKDLQ�

7KH�H[DFW�VWUXFWXUH�RI�HDFK�FRPSRXQG�LV�QRW�LPSRUWDQW�DW�WKLV�VWDJH�DQG�WKH\

DUH�VNHWFKHG�KHUH�RQO\�WR�VKRZ�WKDW�WKHUH�LV�DQ�REYLRXV�VLPLODULW\�EHWZHHQ

FRPSRXQGV��7RJHWKHU�ZLWK�)LJXUH���LW�EHFRPHV�DSSDUHQW�WKDW�LW�LV�UHODWLYHO\�HDV\�WR

WXQH�SURSHUWLHV�RI�RUJDQLF�FRPSRXQGV��+HUH�ZH�FKRRVH�WR�LOOXVWUDWH�WKH�HPLVVLRQ

FRORXU�DQG�WKDW�RUJDQLF�PDWHULDOV�FDQ�FRYHU�WKH�HQWLUH�YLVLEOH�VSHFWUXP�DQG�LQ�WKH

DERYH�H[DPSOH�3)2�LV�EOXH��313�LV�JUHHQ��DQG�&1�339�KDV�DQ�HPLVVLRQ�H[WHQGLQJ�WR

WKH�LQIUD�UHG��VHH�)LJXUH����
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1RW�RQO\�WKH�RSWLFDO�SURSHUWLHV�FDQ�EH�DOWHUHG�WKURXJK�VWUXFWXUDO�PRGLILFDWLRQV
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6R� ILQDOO\�ZH�FDQ�DQVZHU� WKH�TXHVWLRQ�ZH� VWDUWHG� WKLV�GRFXPHQW�ZLWK�±�ZK\

RUJDQLFV��6LPSO\�EHFDXVH�LW�LV�IXQ����7KHUH�DUH�VR�PDQ\�WKLQJV�RQH�FDQ�GR�ZLWK�WKLV

PDWHULDO�V\VWHP�DQG�WKHUH�DUH�VWLOO�PDQ\�LPSRUWDQW�DQG�VWLOO�RSHQ�TXHVWLRQV�VR�WKDW� LW

EHFRPHV�DOPRVW�WULYLDO�WR�OHDUQ�QHZ�WKLQJV�DQG�EH�SURGXFWLYH�DW�WKH�VDPH�WLPH��,I�\RX

DGG�WR�WKLV� WKH�FRPPHUFLDO� LPSDFW�DQG� WKH�IDFW� WKDW� WKLV�VXEMHFW� LV�³KRW´�� WKH�DQVZHU

EHFRPHV�REYLRXV��,W�LV�QRW�RQO\�IXQ��LW�LV�LPSRUWDQW�DQG�WKHUH�LV�D�IXWXUH�LQ�LW�IRU�PDQ\
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