
6HQVLWL]DWLRQ�RI�Q�7\SH�7L2��(OHFWURGH�E\�D�1RYHO�,VRTXLQROLQH

5XWKHQLXP�,,��3RO\S\ULG\O�&RPSOH[

&KULVWLDQ�*UD]LDQL�*DUFLD
D
��1H\GH�<XNLH�0XUDNDPL�,KD

D
��
5REHUWR�$UJD]]L

E
�

DQG�&DUOR�$OEHUWR�%LJQR]]L
E



D
,QVWLWXWR�GH�4XtPLFD���8QLYHUVLGDGH�GH�6mR�3DXOR��&�3���������

����������6mR�3DXOR���63��%UD]LO��

E
'LSDUWLPHQWR�GL�&KLPLFD���8QLYHUVLWj�GL�)HUUDUD���9LD�/��%RUVDUL�����

������)HUUDUD��,WDO\

5HFHLYHG��2FWREHU���������

$�VHQVLELOL]DomR�GH�7L2��j�OX]�YLVtYHO�SHOD�HVSpFLH�FLV�>�GFE+���5X�LVT��@�&O2�����RQGH�GFE+�
 ����©��&2�+������©�ELSLULGLQD�H�LVT� �LVRTXLQROLQD��p�UHODWDGD��2�HVSHFWUR�GH�DomR�GH�IRWRFRUUHQWH�

REWLGR� SDUD� FpOXODV� VRODUHV� UHJHQHUDWLYDV� FRP� ILOPHV�GH�7L2��QDQRFULVWDOLQRV� UHFREHUWRV� FRP�R

FRUDQWH��UHVXOWRX�HP�YDORUHV�GH�,3&(�GH�DWp������(VWH�QRYR�FRPSRVWR�DWXD�HILFLHQWHPHQWH�FRPR

VHQVLELOL]DGRU�GH�IRWRDQRGR�GH�7L2��HP�FpOXODV�VRODUHV�GR�WLSR�VDQGXtFKH�FRQVWLWXtGDV�GH�FDPDGD

GHOJDGD�

7KH�HIIHFWLYH�VHQVLWL]DWLRQ�RI�7L2�� WR�YLVLEOH� OLJKW�E\�FLV�>�GFE+���5X�LVT��@�&O2�����ZKHUH

GFE+�� ����©��&2�+������©�ELS\ULGLQH�DQG�LVT� �LVRTXLQROLQH��LV�UHSRUWHG��7KH�SKRWRFXUUHQW�DFWLRQ

VSHFWUXP�REWDLQHG�IRU�WKH�UHJHQHUDWLYH�VRODU�FHOO�ZLWK�G\H�FRDWHG�QDQRFU\VWDOOLQH�7L2��ILOPV�UHVXOWHG

LQ�,3&(�YDOXHV�XS�WR������7KLV�QRYHO�FRPSRXQG�DFWV�DV�DQ�HIILFLHQW�7L2��SKRWRDQRGH�VHQVLWL]HU�LQ

WKLQ�OD\HU�VDQGZLFK�W\SH�VRODU�FHOOV�

.H\ZRUGV��7L2��VHQVLWL]DWLRQ��VRODU�FHOO��HQHUJ\�FRQYHUVLRQ��5X�G\H

,QWURGXFWLRQ

7KH�GHYHORSPHQW�RI�HIILFLHQW�V\VWHPV�IRU�WKH�FRQYHU�

VLRQ�RI�VRODU�HQHUJ\�LQWR�HOHFWULFLW\�LV�D�YHU\�DFWLYH�UHVHDUFK

ILHOG��6SHFWUDO�VHQVLWL]DWLRQ�RI�ZLGH�EDQG�JDS�VHPLFRQGXF�

WRUV� LQ�SKRWRHOHFWURFKHPLFDO� FHOOV� KDV�EHHQ�DQ�DWWUDFWLYH

DSSURDFK�� ZLWK� HIILFLHQW� UHVXOWV�� �� � 0DQ\� FLV�

>�GFE+���5X//©@� FRPSOH[HV� KDYH� EHHQ� VWXGLHG� IRU� WKLV

SXUSRVH�����DQG�WKH�EHVW�VRODU�WR�HOHFWULF�SRZHU�FRQYHUVLRQ

KDV� EHHQ� DFKLHYHG� E\� WKLRF\DQDWH� GHULYDWLYHV����� ,Q� WKH

SUHVHQW�ZRUN�ZH�H[WHQGHG�RXU�LQYHVWLJDWLRQV�RQ�VHPLFRQ�

GXFWRU�VHQVLWL]DWLRQ�WR�WKH�5X�,,��FRPSOH[�ZLWK�LVRTXLQR�

OLQH� DV� WKH� DQFLOODU\� OLJDQG�� 3UHYLRXV� VWXGLHV� RQ� WKH

IDF�>&O5H�&2���LVT��@�FRPSOH[�KDYH�UHYHDOHG� LQWHUHVWLQJ

VSHFWUDO�� SKRWRSK\VLFDO� DQG� SKRWRFKHPLFDO� SURSHUWLHV�

ZKLFK� FRXOG� EH� FRQYHQLHQWO\� H[WHQGHG� WR� DQRWKHU� FRP�

SRXQG��,Q�RUGHU�WR�YHULI\�LI�WKH�XVH�RI�WKLV�D]LQH�OLJDQG�OHDGV

WR�D�JRRG�UXWKHQLXP�FDUER[\ODWH�G\H��ZH�KDYH�SUHSDUHG�WKH

QRYHO�VHQVLWL]HU��FLV�>�GFE+���5X�LVT��@�&O2�����DQG�GHWHU�

PLQHG�LWV�HIIHFWLYHQHVV��7KLV�VSHFLHV�KDV�WKH�UHTXLUHPHQWV

IRU�WKH�VHQVLWL]DWLRQ�RI�Q�W\SH�7L2��VHPLFRQGXFWRUV�DQG�FDQ

SUHVHQW�SURPLVLQJ�HIILFLHQF\�LQ�7L2��EDVHG�VRODU�FHOOV�

([SHULPHQWDO

7KH�FLV�>�GFE+���5X&O�@�FRPSOH[�ZDV�V\QWKHVL]HG�IRO�

ORZLQJ�D�VOLJKW�PRGLILFDWLRQ�RI�WKH�SURFHGXUH�SUHYLRXVO\

GHVFULEHG���7R�D�VROXWLRQ�RI����PJ�������PPRO��RI�GFE+�

�$OGULFK��LQ����P/�RI�'0)��$OGULFK������PJ������PPRO�

RI�5X&O��[+����$OGULFK��ZDV�DGGHG��7KH�UHDFWLRQ�PL[WXUH

ZDV�UHIOX[HG�IRU���K��WKHQ�FRQFHQWUDWHG�WR���P/�DQG�FRROHG�

7KH� FRPSOH[� ZDV� SUHFLSLWDWHG� E\� DGGLWLRQ� RI� DFHWRQH

�0HUFN���7KH�VROLG�SURGXFW�ZDV�ILOWHUHG�RII�DQG�GULHG�XQGHU

YDFXXP�

7KH� FLV�>�GFE+���5X�LVT��@�&O2���� FRPSOH[� ZDV� RE�

WDLQHG�VWDUWLQJ�IURP�WKH�DQLRQLF�IRUP�RI�>�GFE+���5X&O�@
���

7R�D�VROXWLRQ�RI�����PJ�������PPRO��RI�1D�>�GFE��5X&O�@

$UWLFOH


QH\GHLKD#TXLP�LT�XVS�EU



J�VIHGJ�#LFLQHFD�FLQHFD�LW

-��%UD]��&KHP��6RF���9RO�����1R����������������� ������� 6RF��%UDV��4XtPLFD

3ULQWHG�LQ�%UD]LO� �����¤������������������



LQ� ���P/� RI�PHWKDQRO� �0HUFN��� ����� J� ������PPRO�� RI

LVRTXLQROLQH� �$OGULFK�� ZDV� DGGHG�� 7KH� UHDFWLRQ�PL[WXUH

ZDV�UHIOX[HG�IRU����K��URWDU\�HYDSRUDWHG�WR���P/��DQG�WKHQ

DGGHG� WR� DFHWRQH� �$OGULFK��� 7KH� VROLG� ZDV� ILOWHUHG� RII�

UHGLVVROYHG�LQ�ZDWHU�DQG�SUHFLSLWDWHG�E\�DGGLWLRQ�RI�+&O2�

�0DOOLQFNURGW���$IWHU�ZDVKLQJ�ZLWK�D�S+�����+&O2��VROX�

WLRQ��WKH�VROLG�ZDV�GULHG�XQGHU�YDFXXP��$QDO��&DOFG��IRU

5X&��+��1�2��&O���+�2�� &�� ������� 1�� ������ +�� �����

)RXQG��&���������1��������+�������

6SHFWUD� DQG� SKRWRFXUUHQW� PHDVXUHPHQWV� ZHUH� SHU�

IRUPHG�DV�GHVFULEHG�HOVHZKHUH�����

5HVXOWV�DQG�'LVFXVVLRQ

7KH� DEVRUSWLRQ� VSHFWUXP� RI� WKH� FLV�>�GFE+���
5X�LVT��@

���FRPSOH[�LQ�PHWKDQRO�LV�VKRZQ�LQ�)LJ�����$QDOR�

JRXVO\�WR�VLPLODU�FRPSOH[HV��LW�H[KLELWV�S�o�S
�LQWUD�OLJDQG

WUDQVLWLRQ�LQ�WKH�89�UHJLRQ�DQG�PHWDO�WR�OLJDQG��0/&7��

GS�o�S
�EDQGV�LQ�WKH�YLVLEOH�UDQJH����������

7UDQVSDUHQW��QDQRFU\VWDOOLQH�7L2��HOHFWURGHV�IRU�SKR�

WRHOHFWURFKHPLFDO�PHDVXUHPHQWV�ZHUH�SUHSDUHG�XVLQJ�WLWD�

QLXP�LVRSURSR[LGH�DV�SUHYLRXVO\�GHVFULEHG���7KH�FRPSOH[

ZDV�DWWDFKHG�WR�WKH�7L2��VXUIDFH�E\�LPPHUVLQJ�WKH�SURF�

HVVHG�HOHFWURGH�LQ�D�a�����0�VROXWLRQ�RI�WKH�G\H�LQ�HWKDQRO�

3KRWRHOHFWURFKHPLFDO�H[SHULPHQWV�ZHUH�FDUULHG�RXW�XVLQJ

WKH�G\H�VHQVLWL]HG�7L2��ILOP�LQ�D�WKLQ�OD\HU�VDQGZLFK�W\SH

VRODU�FHOO��7KLV�FHOO�FRQVLVWV�RI�D�7&2��IOXRULQH�GRSHG�6Q2�

JODVV��ZLWK�WKH�7L2��ILOP�VHQVLWL]HG�E\�WKH�FRPSOH[��DV�D

SKRWRDQRGH��,��/L,�VROXWLRQ�LQ�DFHWRQLWULOH��DV�DQ�HOHFWURO\WH

UHOD\�DQG�D�WUDQVSDUHQW�3W�ILOP�RQ�D�FRQGXFWLQJ�7&2�JODVV

DV�D�FRXQWHU�HOHFWURGH��7KH�VSHFWUXP�IRU�WKH�G\H�DGVRUEHG

RQ�WKH�HOHFWURGH�LV�VKRZQ�LQ�)LJ����

)LJXUH���VKRZV�WKH�SKRWRFXUUHQW�DFWLRQ�VSHFWUXP�RI�WKH

VRODU�FHOO�ZKHUH�WKH�LQFLGHQW�SKRWRQ�WR�FXUUHQW�FRQYHUVLRQ

HIILFLHQF\��,3&(��LV�SORWWHG�DV�D�IXQFWLRQ�RI�WKH�LUUDGLDWLRQ

ZDYHOHQJWK��7KH�,3&(�YDOXHV�ZHUH�FDOFXODWHG�E\�XVLQJ�WKH

HTXDWLRQ

,3&(�� �����������
SKRWRFXUUHQW�GHQVLW\��P$�e�FP

��

ZDYHOHQJKW��QP���LUUDGLDQFH��:�e�P
��
�[����

�� *DUFLD�HW��DO -��%UD]��&KHP��6RF�

1

1

5X

1

&
2+2

1

&
2+2

1

&

2+

2

1

&

2+

2

6FKHPH����FLV�>�GFE+���5X�LVT��@

)LJXUH� ��� 89�9LV� DEVRUSWLRQ� VSHFWUXP� RI� >�GFE+���5X�LVT��@
��
� LQ� D

PHWKDQROLF�VROXWLRQ�

)LJXUH����2SWLFDO�GHQVLWLHV�RI�>�GFE+���5X�LVT��@
��
��DGVRUEHG�RQ�D�7L2�

SKRWRDQRGH�

)LJXUH� ��� 3KRWRFXUUHQW� DFWLRQ� VSHFWUXP� REWDLQHG� IRU� WKH� UHJHQHUDWLYH

QDQRFU\VWDOOLQH�7L2��FHOOV�XVLQJ�>�GFE+���5X�LVT��@
��
�DV�D�VHQVLWL]HU� LQ

�����0�,��DQG�����0�/L,�LQ�DFHWRQLWULOH�



$�FRPSDULVRQ� EHWZHHQ�)LJV�� �� DQG��� VKRZV� WKDW� WKH

SKRWRFXUUHQW�DFWLRQ�VSHFWUXP�FORVHO\�UHVHPEOHV�WKH�RSWLFDO

GHQVLW\�VSHFWUXP�IRU�WKH�G\H�DGVRUEHG�RQ�WKH�HOHFWURGH��7KH

SKRWRFXUUHQWV�REWDLQHG�LQ�WKH�ZDYHOHQJWK�UHJLRQ�XS�WR����

QP�DUH�TXLWH�JRRG��ZLWK�HIILFLHQFLHV�UDQJLQJ�XS� WR�����

7KHVH�YDOXHV�FRQILUP�WKDW�WKH�G\H�DGVRUEV�HIILFLHQWO\�WR�WKH

QDQRSRURXV�7L2��ZLWK�ODUJH�LQWHUQDO�VXUIDFH�DUHD��DQG�DUH

FRPSDUDEOH� WR� WKRVH� REWDLQHG� E\� RWKHU� UXWKHQLXP�,,�

SRO\S\ULG\O�EDVHG�VHQVLWL]HUV�SUHYLRXVO\�VWXGLHG��������

&RQFOXVLRQV

(QKDQFHG�VSHFWUDO�UHVSRQVH�RI�7L2��WR�YLVLEOH�OLJKW�KDV

EHHQ� DFFRPSOLVKHG� ZLWK� WKH� XVH� RI� FLV�>�GFE+���5X

�LVT��@�&O2����DV�D�G\H��7KLV�QRYHO�FRPSRXQG�SUHVHQWV�JRRG

OLJKW�KDUYHVWLQJ�SURSHUWLHV�DQG�SHUIRUPV�HIILFLHQWO\�LQ�WKH

FKDUJH�WUDQVIHU� VHQVLWL]DWLRQ� RI� QDQRFU\VWDOOLQH� 7L2��

:KHQ�HPSOR\HG�LQ�UHJHQHUDWLYH�VRODU�FHOOV��WKLV�FRPSOH[

FRQYHUWV�OLJKW�LQWR�HOHFWULFLW\�HIIHFWLYHO\��VKRZLQJ�D�JRRG

VSHFWUDO�VHQVLWL]DWLRQ�RI�WKH�ZLGH�EDQG�JDS�VHPLFRQGXFWRU

WR�WKH�YLVLEOH�OLJKW��7KLV�KDV�EHHQ�DQ�DWWUDFWLYH�VWUDWHJ\�IRU

WKH�FRQYHUVLRQ�RI�VXQ�OLJKW�WR�HOHFWULFLW\�ZLWK�HIILFLHQFLHV

FORVH�WR�WKRVH�REWDLQHG�ZLWK�WUDGLWLRQDO�VROLG�VWDWH�SKRWR�

YROWDLF�GHYLFHV�

$FNQRZOHGJPHQWV

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�)XQGDomR�GH�$PSDUR�j

3HVTXLVD�GR�(VWDGR�GH�6mR�3DXOR��)$3(63��DQG�&RQVHOKR

1DFLRQDO� GH� 'HVHQYROYLPHQWR� &LHQWtILFR� H� 7HFQROyJLFR

�&13T��

5HIHUHQFHV

��*HUILQ�� 7��� *UlW]HO�� 0��� :DOGHU�� /�� 3URJU�� ,QRUJ�

&KHP����������������

��%LJQR]]L��&�$���6FKRRQRYHU��-�5���6FDQGROD��)��3URJU�

,QRUJ�� &KHP�� ������ ���� ��� 0XUDNDPL� ,KD�� 1�<��

1DNDQR��$�.���*DUFLD��&�*��$Q��$VVRF��%UDV��4XtP�

�������������

��.DO\DQDVXQGDUDP��.���*UlW]HO��0���(GV���3KRWRVHQVL�

WL]DWLRQ�8VLQJ� ,QRUJDQLF� DQG�2UJDQRPHWDOOLF� &RP�

SRXQGV��.OXZHU�$FDGHPLF�3XE���'RUGUHFKW�������

��.DPDW��3�9��&KHP��5HY����������������

��1D]HHUXGGLQ��0�.���.D\��$���5RGLFLR��,���+XPSKU\�

%DNHU��5���0XOOHU�� (���/LVND�� 3���9ODFKRSRXORV��1��

*UlW]HO��0��-��$P��&KHP��6RF������������������

��$UJD]]L�� 5��� %LJQR]]L�� &�$���+HLPHU�� 7�$��� &DVWHO�

ODQR��)�1���0H\HU��*�-��,QRUJ��&KHP�����������������

��3pFK\��3���5RW]LQJHU��)�3���1D]HHUXGGLQ��0�.���.RKOH�

2���=DNHHUXGGLQ��6�0���%DNHU��5�+���*UlW]HO��0�� -�

&KHP��6RF��&KHP��&RPPXQ�����������

��1D]HHUXGGLQ�� 0�.��� 3pFK\�� 3��� *UlW]HO�� 0�� &KHP�

&RPPXQ��������LQ�SUHVV�

��0XUDNDPL�,KD��1���)HUUDXGL��*��-��&KHP��6RF��'DOWRQ�

7UDQV�������������

���/LPD��-�)���0XUDNDPL�,KD��1�<��&DQ��-��&KHP�������

��������

���/LVND��3���9ODFKRSRXORV��1���1D]HHUXGGLQ��0���&RPWH�

3���*UlW]HO��0��-��$P��&KHP��6RF������������������

���+HLPHU��7�$���%LJQR]]L��&�$���0H\HU��*�-�� -��3K\V�

&KHP������������������

���9ODFKRSRXORV��1���/LVND��3���$XJXVW\QVNL��-���*UlW]HO�

0��-��$P��&KHP��6RF������������������

)$3(63�KHOSHG�LQ�PHHWLQJ�WKH�SXEOLFDWLRQ�FRVWV�RI�WKLV�DUWLFOH

9RO�����1R��������� 6HQVLWL]DWLRQ�RI�Q�7\SH�7L2��(OHFWURGH ��


