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7KH�ILUVW�H[SHULPHQWDO�UHVXOWV�DFTXLUHG�RQ�DYDODQFKH�SKRWRGLRGHV�EDVHG�RQ�,,,�9�PDWHULDOV�DQG�RSHUDWHG�DV�SKRWRQ�FRXQWHUV

ZLWK� SLFRVHFRQG� WLPLQJ� UHVROXWLRQ� DUH� UHSRUWHG��7KH� VHPLFRQGXFWRU� VWUXFWXUHV� IDEULFDWHG� RQ� WKH� EDVLV� RI�*D$V��*D3� DQG

*D$V3�KDYH�EHHQ�RSHUDWHG�LQ�D�*HLJHU�PRGH�DQG�HPSOR\HG�LQ�D�SKRWRQ�FRXQWLQJ�H[SHULPHQW�DW�WKH�ZDYHOHQJWKV�IURP�QHDU

XOWUDYLROHW�WR�QHDU�LQIUDUHG��7KH�GDUN�FRXQW�UDWHV��SKRWRQ�FRXQWLQJ�VHQVLWLYLW\�DQG�WLPLQJ�UHVROXWLRQ�KDYH�EHHQ�PHDVXUHG�IRU

WKH�H[SHULPHQWDO�GLRGH�VDPSOHV�IRU�WKH�ILUVW�WLPH�

.H\ZRUGV�
�

VROLG�VWDWH�VLQJOH�SKRWRQ�GHWHFWRU��JDOOLXP��FRPSRXQG�VHPLFRQGXFWRUV��DYDODQFKH�SKRWRGLRGH

��
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,1752'8&7,21

7KH� VROLG� VWDWH� SKRWRQ� FRXQWHUV�ZLWK� KLJK� WLPLQJ� UHVROXWLRQ� DUH� RI� LQWHUHVW� RI� QXPHURXV� HOHFWUR�RSWLFDO� WHFKQLTXHV�� ODVHU

UDQJH�ILQGLQJ��RSWLFDO�WLPH�GRPDLQ�UHIOHFWRPHWU\��WLPH�UHVROYHG�VSHFWURVFRS\��TXDQWXP�FU\SWRJUDSK\�DQG�RWKHUV��$W�SUHVHQW�

WKH�PRVW�SURPLVLQJ�WHFKQLTXH�WR�GHWHFW�VLQJOH�SKRWRQV�E\�XVH�RI�D�VROLG�VWDWH�GHWHFWRU�LV�DQ�$YDODQFKH�3KRWRGLRGH�$3'�RS�

HUDWHG� LQ� WKH�*HLJHU�PRGH�� ,Q� WKLV� RSHUDWLQJ�PRGH� WKH� GLRGH� LV� SXOVH� ELDVHG� DERYH� LWV� EUHDNGRZQ�YROWDJH�� QR� FXUUHQW� LV

IORZLQJ�XQWLO�DQ�DYDODQFKH�LV�WULJJHUHG�E\�DQ�LQFRPLQJ�SKRWRQ�RU�D�WKHUPDOO\�JHQHUDWHG�FDUULHU��7KH�FXUUHQW�SXOVH�ULVH�WLPH

PDUNV�WKH�SKRWRQ¶V�DUULYDO�WLPH��$Q�H[WHUQDO�HOHFWULFDO�FLUFXLW��HLWKHU�SDVVLYH�RU� DFWLYH���LV�XVHG�WR�TXHQFK�WKH�DYDODQFKH�DQG

WR�UH�DSSO\�WKH�ELDV�WR�WKH�GLRGH�

2XU�SUHYLRXV� UHVHDUFK�DQG�GHYHORSPHQW� LQ� WKH�ILHOG�RI�VLQJOH�SKRWRQ�DYDODQFKH�GLRGHV� UHVXOWHG� LQ�D� ODUJH�DSHUWXUH

VLOLFRQ�$3'� EDVHG� GHWHFWRU� SDFNDJH�ZLWK� DQG� DFWLYH� TXHQFKLQJ� FLUFXLW� ZHOO� DGRSWHG� IRU� DSSOLFDWLRQV� OLVWHG� DERYH ��� 7KH

TXDQWXP�HIILFLHQF\�FRUUHVSRQGV�WR�D�VLOLFRQ��LW�GURSV�IRU�WKH�ZDYHOHQJWKV�ORQJHU�WKDQ���� ��P�DQG�VKRUWHU�WKDQ�������P��,Q�DQ

DWWHPSW� WR� LQFUHDVH� WKH�TXDQWXP�HIILFLHQF\� LQ� WKH�QHDU� LQIUDUHG�� WKH� VWUXFWXUHV�EDVHG�RQ� D�JHUPDQLXP�GRSHG� VLOLFRQ�KDYH

EHHQ�WHVWHG��)RU�LQGLYLGXDO�SKRWRQ�GHWHFWLRQ�LQ�WKH�QHDU�LQIUDUHG��WKH�JHUPDQLXP�$3'V�LQ�D�FU\RJHQLF�HQYLURQPHQW�KDV�EHHQ

HPSOR\HG��7KLV�SDFNDJH�KDV�EHHQ�XVHG�DV�DQ�HFKR�VLJQDO�GHWHFWRU�LQ�WKH�VDWHOOLWH�ODVHU�UDQJLQJ�V\VWHP�RSHUDWLQJ�DW�VR�FDOOHG

H\H� VDIH� ZDYHOHQJWK� ������P� LQ� WKH� &RPPXQLFDWLRQ� 5HVHDUFK� /DEV��� 7RN\R�� -DSDQ����� )RU� WKH� WHOHFRPPXQLFDWLRQ

DSSOLFDWLRQV� DW� WKH� ������P�ZDYHOHQJWK� WKH� WKHUPRHOHFWULFDOO\� FRROHG�SKRWRQ� FRXQWHU� EDVHG�RQ� DQ� ,Q*D$V� ,Q3� DYDODQFKH

SKRWRGLRGH�KDV�EHHQ�GHYHORSHG��

)RU�WKH�DSSOLFDWLRQV�LQ�VDWHOOLWH�ODVHU�UDQJLQJ��WKH�LQFUHDVH�RI�D�WLPLQJ�UHVROXWLRQ�RI�WKH�GHWHFWRU�LV�UHTXLUHG��5HFHQW

GHYHORSPHQWV�UHVXOWHG�LQ�DQ�FXVWRP�GHVLJQHG�$3'�RQ�VLOLFRQ�KDYLQJ�D�GLDPHWHU�RI���� �PLOOLPHWHUV�LQ�GLDPHWHU�H[KLELWLQJ�D

GDUN�FRXQW�UDWH�EHORZ����N+]��7KH�$3'�FKLS�LV�FRROHG�E\�D�WKUHH�VWDJH�WKHUPRHOHFWULFDO�FRROHU�DQG�HQFORVHG�LQ�D�PLQLDWXU H

HYDFXDWHG�SDFNDJH��7KH�GHWHFWRU�LV�HTXLSSHG�ZLWK�WKH�HOHFWURQLF�FRPSHQVDWLRQ�RI�WKH�GHWHFWLRQ�GHOD\�GHSHQGHQFH�RQ�RSWLFDO

VLJQDO�VWUHQJWK��7KLV�ZD\��WKH�GHWHFWRU�PD\�EH�HPSOR\HG�IRU�VLJQDOV�RI�VLQJOH�XS�WR�VHYHUDO�WKRXVDQGV�RI�SKRWRQV ���7KH�WLP�

LQJ�UHVROXWLRQ�RI����SLFRVHFRQGV�):+0�LV�DFKLHYHG�RQ�VLQJOH�SKRWRQ�VLJQDO� OHYHO�� ,W� LV� WKH�YDOXH� WKUHH� WLPHV�ZRUVH� WKDQ

QHFHVVDU\� IRU�RQH�PLOOLPHWUH�SUHFLVLRQ� UHTXLUHG� LQ� WKLV� DSSOLFDWLRQ��$GGLWLRQDOO\�� WKH�QRQ�VWDQGDUG�GDWD�GLVWULEXWLRQ�ZKHQ

GHWHFWLQJ�LQGLYLGXDO�SKRWRQV�DW�WKH�ZDYHOHQJWK�DERYH������P�UHSUHVHQWV

D�VHULRXV�OLPLWDWLRQ��7KDW�LV�ZK\��QHZ�PDWHULDOV�IRU�WKH�SKRWRQ�FRXQWLQJ

GHWHFWLRQ� VWUXFWXUHV� KDYH� EHHQ� LQYHVWLJDWHG�� 7KH� ,,,�9�PDWHULDOV� KDYH

EHHQ� VHOHFWHG� LQ� DQ� DWWHPSW� WR� UHDFK� KLJKHU� WLPLQJ� UHVROXWLRQ� DQG

VWDQGDUG� GDWD� GLVWULEXWLRQ�� 7KH� SHUVSHFWLYH� DSSOLFDWLRQV� LQ� WKH

XOWUDYLROHW�DUH�DQRWKHU�UHDVRQ�IRU�WKH�,,,�9�PDWHULDOV�H[SHULPHQWV�
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7KH� VSHFWUDO� VHQVLWLYLW\� RI� WKH�*D$V�� *D3� DQG�*D$V3� DUH� SORWWHG� RQ

)LJXUH� ��� 7KH� GLRGHV� RQ� *D3� DUH� RI� VSHFLDO� LQWHUHVW� GXH� WR� WKHLU
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)LJXUH����7KH�VSHFWUDO�VHQVLWLYLW\�RI�*D$V��*D3

DQG�*D$V3�DFFRUGLQJ�WR�UHIHUHQFH���



VHQVLWLYLW\�LQ�WKH�XOWUDYLROHW��$OO�WKH�GLRGHV�KDYH�EHHQ�PDQXIDFWXUHG�XVLQJ�D�FRQYHQWLRQDO�SODQDU�WHFKQRORJ\��7KH�DFWLYH�DUHD

RI�WKH�GLRGH�LV�RFWDJRQDO�ZLWK�WKH�³GLDPHWHU´�RI������P��7KH�*D$V�DQG�*D$V3�GLRGHV�DUH�FRQVWUXFWHG�WR�EH�LOOXPLQDWHG�RQ

DQ�DFWLYH�DUHD��GXH�WR�WKH�WHFKQRORJ\�UHDVRQ��WKH�*D3�GLRGH�LV�RI�³UHDFK

WKURXJK´�FRQVWUXFWLRQ�

7KH� GLRGHV� KDYH� EHHQ� WHVWHG� LQ� D� SDVVLYH� TXHQFKLQJ� FLUFXLW

FRQVLVWLQJ� RI� D� VHULDO� UHVLVWRU� ��0HJD2KP� EORFNHG� E\� D� ���SLFR)DUDG

FDSDFLWRU��7KH� H[DPSOH� RI� WKH� RXWSXW� SXOVH� RI� WKH�*D$V3� GLRGH� LV� RQ

)LJXUH����7KH�EUHDN�YROWDJH� DW� D� URRP� WHPSHUDWXUH� LV� �� �9ROWV�ZLWK� D

GULIW�RI����P9�.��7KH�EUHDN�YROWDJH�RI� WKH� VXFFHVVIXO�*D$V�DQG�*D3

GLRGHV�ZDV� ���9ROWV� DQG� ���9ROWV�� UHVSHFWLYHO\�� 7KH� DPSOLWXGH� RI� WKH

SXOVH� LV� RQH� KDOI� RI� WKH� YDOXH� RI� ELDV� DERYH� WKH� EUHDN� YROWDJH�� ,W

LQGLFDWHV� UHODWLYHO\� ORZ� VHULDO� GLIIHUHQWLDO� UHVLVWDQFH� RI� WKH� VWUXFWXUH

DERYH� LWV� EUHDN�� ���2KPV� W\SLFDOO\�� ,W�PDNHV� WKH� GLRGHV� DWWUDFWLYH� IRU

DSSOLFDWLRQ� DV� SKRWRQ� FRXQWHUV� RSHUDWHG� LQ� DQ� DFWLYH� TXHQFKLQJ� DQG

JDWLQJ�PRGH�� 7KH� RXWSXW� SXOVHV� SDUDPHWHUV� ZHUH� VLPLODU� IRU� DOO� WKUHH

GLRGH�PDWHULDOV�

��
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,Q�DOO� WKH� IROORZLQJ�H[SHULPHQWV�� WKH�GLRGHV�KDYH�EHHQ�RSHUDWHG� LQ�DQ�DFWLYH�TXHQFKLQJ�DQG�JDWLQJ�PRGH��XVLQJ�D� FLUFXLW

GHYHORSHG�IRU� VLOLFRQ�SKRWRQ�FRXQWLQJ�GHWHFWRUV���7KH�EORFN�VFKHPH�RI� WKH� WHVW� VHWXS� LV�RQ�)LJXUH����7KH� WLPH�FRUUHODWHG

SKRWRQ� FRXQWLQJ� VFKHPH� KDV� EHHQ� XVHG�� 7KH� ODVHU� GLRGH� /'

SURYLGHG� RSWLFDO� SXOVHV� ���SLFRVHFRQGV� ORQJ� DW� �������P�� 7KH

VLJQDO�KDV�EHHQ�DWWHQXDWHG�XVLQJ�WKH�QHXWUDO�GHQVLW\�ILOWHUV�1'�

7KH�$FWLYH�4XHQFKLQJ� DQG�*DWLQJ� &LUFXLW� JHQHUDWHG� WKH� 1,0

WLPLQJ�SXOVHV��7KH�7LPH�WR�$PSOLWXGH�&RQYHUWHU�7$&�SURYLGHG

WKH� WLPLQJ� UHVROXWLRQ� RI� ���SLFRVHFRQGV� SHU� FKDQQHO�� 7KH� GDWD

IURP� WKH� 7$&� KDYH� EHHQ� SURFHVVHG� LQ� WKH� 0XOWLFKDQQHO

$QDO\]HU�&DUG�LQ�D�SHUVRQDO�FRPSXWHU��7KH�JDWH�VLJQDO�KDV�EHHQ

JHQHUDWHG� DQG� WKH� UHSHWLWLRQ� UDWH� RI� WKH� H[SHULPHQW� KDV� EHHQ

FRQWUROOHG� E\� WKH� 3XOVH�*HQHUDWRU�� 7KH� XVHIXO� VLJQDO� GHWHFWLRQ

UDWH� RQ� WKH� VLQJOH� SKRWRQ� OHYHO� KDV� EHHQ� XVHG� IRU� D� URXJK

HVWLPDWH�RI�WKH�UHODWLYH�GHWHFWLRQ�HIILFLHQF\�LQ�FRPSDULVRQ�WR�WKH

VLOLFRQ�EDVHG�GLRGH�
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7KH�GDUN�FRXQW�UDWH�RI�WKH�*D$V3�DYDODQFKH�SKRWRGLRGHV�DV�D�IXQFWLRQ�RI�WKH�ELDV�DERYH�WKH�EUHDN�LV�SORWWHG�RQ�)LJXUH����WKH

PHDVXUHPHQW�KDV�EHHQ�FDUULHG�RXW�ZLWK�WKH�UHSHWLWLRQ�UDWH�����+]��&RQVLGHULQJ�WKH�GLRGH�DFWLYH�DUHD��WKH�GDUN�FRXQW�UDWH�LV�LQ

SULQFLSOH� FRPSDUDEOH� WR� WKH� VLOLFRQ� EDVHG� 63$'V�� ZKLFK� LV� RI� WKH� RUGHU� RI� ��0+]�� ��9� DERYH� WKH� EUHDN�� DW� WKH� VDPH

WHPSHUDWXUH�DQG�DFWLYH�DUHD������P�LQ�GLDPHWHU��7KH�GDUN�FRXQW�UDWH�FDQ�EH�UHGXFHG�E\�GLRGH�FRROLQJ��2Q�WKH�)LJXUH ���VHH

)LJXUH����*D$V3�GLRGH�RXWSXW�SXOVH�LQ�D�SDVVLYH

TXHQFKLQJ�VFKHPH��GLRGH�ELDVHG���9�DERYH�EUHDN

YROWDJH�� EDQGZLGWK� ����0+]�� IDOO� WLPH� ����QV�

ZLGWK�����QV�

)LJXUH����%ORFN�VFKHPH�RI�WKH�GHWHFWRU�WHVW�VHWXS�� WLPH

FRUUHODWHG�SKRWRQ�FRXQWLQJ�H[SHULPHQW�

)LJXUH� ��� 'DUN� FRXQW� UDWH� RI� WKH� *D$V3� GLRGH� DV� D

IXQFWLRQ�RI�ELDV�DERYH�EUHDN��GLRGH�RSHUDWHG�LQ�DQ�DFWLYH

TXHQFKLQJ�DQG�JDWLQJ�FLUFXLW�

)LJXUH� ��� 'DUN� FRXQW� UDWH� RI� WKH� *D$V3� GLRGH� DV� D

IXQFWLRQ� RI� WHPSHUDWXUH�� GLRGH� RSHUDWHG� LQ� DQ� DFWLYH

TXHQFKLQJ�DQG�JDWLQJ�FLUFXLW����9�DERYH�WKH�EUHDN�
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WKH�SORW�RI� WKH�GDUN�FRXQW� UDWH�YHUVXV� WHPSHUDWXUH��7KH�GHFUHDVH�RI� WKH�GDUN�FRXQW� UDWH�ZLWK� WHPSHUDWXUH� LV� UDWKHU� ORZ� LQ

FRPSDULVRQ�WR�VLOLFRQ�RU�JHUPDQLXP�GLRGHV��RQH�RUGHU�RI�PDJQLWXGH�SHU��� �.��7KH�WLPLQJ�UHVROXWLRQ�KDV�EHHQ�PHDVXUHG�LQ

DQ� DUUDQJHPHQW� GHVFULEHG� RQ� )LJXUH���� )RU� FRPSDULVRQ� SXUSRVHV�� WKH

UHIHUHQFH�$3'�RQ�VLOLFRQ��63$'���KDV�EHHQ�HPSOR\HG��7KH� UHVXOWV�DUH

VXPPDUL]HG� RQ� )LJXUH� ��� WKH� SKRWRQ� FRXQWLQJ� WLPH� UHVSRQVH� RI� WKH

*D$V3�GLRGH��XSSHU�FXUYH��DQG�VLOLFRQ�63$'��ORZHU�FXUYH���1RWH�HTXDO

ZLGWK� RI� ERWK� WKH� GLVWULEXWLRQV� DQG� D� KLJKO\� QRQ�V\PPHWULFDO� GDWD

GLVWULEXWLRQ� �WDLO�� RI� WKH� VLOLFRQ� 63$'� LQ� FRQWUDVW� WR� D� QHDUO\� LGHDO

QRUPDO�GLVWULEXWLRQ�RI�WKH�*D$V3�GLRGH��7KH� WLPLQJ�UHVROXWLRQ�����SVHF

):+0� IRU� ERWK� VDPSOHV� KDV� EHHQ� OLPLWHG� E\� WKH� H[SHULPHQWDO� FKDLQ�

7KH�VLQJOH�SKRWRQ�GHWHFWLRQ�HIILFLHQF\�KDV�EHHQ�IRXQG�WR�EH�LQ�WKH�UDQJH

���� WR� ���� DW� WKH� WHVWLQJ� ZDYHOHQJWK�� 7KH� GHWHFWLRQ� SUREDELOLW\� LV� D

SURGXFW� RI� WZR� SUREDELOLWLHV�� SUREDELOLW\� RI� JHQHUDWLQJ� D� FDUULHU� DQG

SUREDELOLW\�RI� WKH�DYDODQFKH� WULJJHULQJ��$FFRUGLQJ� WR�)LJXUH���� WKH�ILUVW

SUREDELOLW\� VKRXOG�H[FHHG������ WKXV� WKH� OLPLWLQJ� IDFWRU� LQ�RXU�GHWHFWRU

SKRWRQ� FRXQWLQJ� VHQVLWLYLW\� ZDV� WKH� ORZ� SUREDELOLW\� RI� DYDODQFKH

WULJJHULQJ�� 7KLV� SDUDPHWHU� PD\� EH� LPSURYHG� E\� WKH� GLRGH� VWUXFWXUH

GHVLJQ�DQG�RSWLPL]DWLRQ�VSHFLILFDOO\�IRU�SKRWRQ�FRXQWLQJ�SXUSRVHV�

7KH�H[DPSOH�RI�WKH�WLPLQJ�UHVROXWLRQ�GDWD�RI�WKH�*D$V�SKRWRQ�FRXQWHU�LV�RQ�)LJXUH ����7KH�GLRGH�KDV�EHHQ�ELDVHG

��9ROWV�DERYH�WKH�EUHDN��7KH�GDUN�FRXQW�UDWH�RI����0+]�KDV�EHHQ�REVHUYHG�DW����R�&��&RPSDULQJ�WR�WKH�*D$V3�GLRGH��WKH

WLPLQJ�UHVROXWLRQ�LV�PRUH�WKDQ�WZLFH�ZRUVH�DQG�WKH�GDWD�GLVWULEXWLRQ�H[KLELWV�D�VLJQLILFDQW�QRQ�V\PPHWULF��WKH�SHUFHQWDJH�RI

WKH�GDWD�SRLQWV�LQ�WKH�WDLO�RI�WKH�GLVWULEXWLRQ�H[FHHGV�������7KLV�IDFW�LQKLELWV�WKH�DSSOLFDWLRQ�RI�*D$V�GLRGHV�IRU�ODVHU�UDQJLQJ

SXUSRVHV��7KH�GHSHQGHQFH�RI�WKH�WLPLQJ�UHVROXWLRQ�RQ�WKH�GLRGH�ELDVLQJ�LV�SORWWHG�RQ�)LJXUH ���

7KH�*D3�GLRGH�WLPLQJ�SURSHUWLHV�DUH�GHPRQVWUDWHG�RQ�)LJXUH ����ZKHUH�WKH�WLPH�FRUUHODWHG�SKRWRQ�FRXQWLQJ�UHVXOWV�DUH

SORWWHG�� $OWKRXJK� WKH� WHVW� ZDYHOHQJWK� KDV� EHHQ� RXWVLGH� WKH� PDLQ� VHQVLWLYLW\� RI� WKH� PDWHULDO�� VHH� )LJXUH ���� WKH� UHVLGXDO

VHQVLWLYLW\�SHUPLWWHG�WR�FDUU\�RXW�WKH�PHDVXUHPHQWV��7KH�SKRWRQ�FRXQWLQJ�SUREDELOLW\�ZDV�RI�WKH�RUGHU�RI����� ���LQ�WKLV�FDVH�

)LJXUH� ��� 7LPLQJ� UHVROXWLRQ� RI� WKH�*D$V3� DQG

VLOLFRQ�SKRWRQ�FRXQWHUV�RSHUDWHG���9�DERYH�WKHLU

EUHDN�YROWDJH��):+0� �����SV�IRU�ERWK�GLRGHV�

1RWH� KLJK� QRQ�V\PPHWU\� RI� WKH� VLOLFRQ� GLRGH

GDWD�GLVWULEXWLRQ�

)LJXUH����7LPLQJ�UHVROXWLRQ�RI�WKH�*D$V�GLRGH�RSHUDWHG

DV�D�SKRWRQ�FRXQWHU�RSHUDWHG��9�DERYH�WKH�EUHDN�YROWDJH�

):+0� �����SLFRVHFRQGV�

)LJXUH���� 7LPLQJ� UHVROXWLRQ� RI�*D$V� GLRGH� RSHUDWHG

DV�D�SKRWRQ�FRXQWHU�YHUVXV�ELDV�DERYH�EUHDN�YROWDJH�

)LJXUH� ��� 7LPLQJ� UHVROXWLRQ� RI� WKH� *D3� GLRGH� RSHUDWHG

��9� DERYH� WKH� EUHDN� YROWDJH� DV� D� SKRWRQ� FRXQWHU�

):+0� �����SV�� 1RWH� JRRG� V\PPHWU\� RI� WKH� GDWD

GLVWULEXWLRQ�

)LJXUH� ���� 6HQVLWLYLW\� DQG� 615� RI� WKH� *D3� GLRGH

EDVHG�SKRWRQ�FRXQWHU�YHUVXV�ELDV�DERYH�WKH�EUHDN�
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7KH�WLPLQJ�UHVROXWLRQ�):+0�RI�����SLFRVHFRQGV�KDV�EHHQ�REWDLQHG��WKH�GDWD�GLVWULEXWLRQ�LV�TXLWH�ZHOO�V\PPHWULF�DQG�FORVH

WR�QRUPDO�RQH��7KH�GLRGH�KDV�EHHQ�ELDVHG���9ROWV�DERYH�WKH�EUHDN��WKH�GDUN�FRXQW�UDWH�RI���0+]�KDV�EHHQ�PHDVXUHG��7KH

UHODWLYH�VHQVLWLYLW\�DQG�6LJQDO�WR�1RLVH�5DWLR�615�YHUVXV�YROWDJH�DERYH�WKH�EUHDN�LV�SORWWHG�RQ�)LJXUH ����
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&21&/86,21

7KH�DYDODQFKH�GLRGH�VWUXFWXUHV�RSHUDWLRQDO�DV�VLQJOH�SKRWRQ�GHWHFWRUV�ZLWK�SLFRVHFRQG�UHVROXWLRQ�RQ�WKH�EDVLV�RI�WKH�*D$V�

*D3�DQG�*D$V3�PDWHULDOV�KDYH�EHHQ�GHVLJQHG��GHYHORSHG�DQG�WHVWHG��7KLV�LV�WR�RXU�NQRZOHGJH�WKH�ILUVW�SXEOLVKHG�DWWHPSW�WR

GHYHORS�D�SKRWRQ�FRXQWLQJ�DYDODQFKH�SKRWRGLRGH�RQ�WKH�EDVLV�RI�WKHVH�PDWHULDOV��7KH�WLPLQJ�UHVROXWLRQ�)+:0�RI���������

DQG� ���� SLFRVHFRQGV� IRU� WKH� GLRGHV� RQ� *D$V3�� *D$V� DQG� *D3�� UHVSHFWLYHO\�� KDV� EHHQ� REWDLQHG�� 7KH� GDUN� FRXQW� UDWH

FRPSDUDEOH�WR�H[LVWLQJ�VLOLFRQ�DYDODQFKH�SKRWRGLRGHV�KDV�EHHQ�PHDVXUHG��7KH�*D$V3�DQG�*D3�SKRWRQ�FRXQWHUV�H[KLELW�WLPH

FRUUHODWHG�SKRWRQ� FRXQWLQJ�GDWD�GLVWULEXWLRQ�YHU\� FORVH� WR� LGHDO�QRUPDO� GLVWULEXWLRQ� LQ� WKH�QHDU� LQIUDUHG�ZDYHOHQJWK�� ,W� LV

H[SHFWHG�� WKDW� IXUWKHU� WXQLQJ�RI� WKH�GLRGH�VWUXFWXUH�DQG� LWV�RSWLPL]DWLRQ� IRU�SKRWRQ�FRXQWLQJ�ZLOO� UHVXOW� LQ�D�GHWHFWRU�ZLWK

WLPLQJ�UHVROXWLRQ�EHWWHU�WKDQ�VLOLFRQ�GHWHFWRUV�DQG�ZLOO�SURYLGH�D�QHDUO\�LGHDO�GDWD�GLVWULEXWLRQ�LQ�WKH�QHDU�LQIUDUHG�ZLWK�WKH

GHWHFWLRQ�HIILFLHQF\�UHDFKLQJ������

��
�

$&.12:/('*(0(176

7KLV� ZRUN� KDV� EHHQ� FRPSOHWHG� ZLWK� D� SDUWLDO� VXSSRUW� RI� WKH� JUDQW� RI� WKH� *UDQW� $JHQF\� RI� WKH� &]HFK� 5HSXEOLF

��������������DQG�RI�WKH�IUDPHZRUN�RI�&78�UHVHDUFK�SURMHFWV�060�����������
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��� 6�&RYD��,(((�-�4XDQWXP�(OHFWURQ��4(��������������SS����

��� ,�3URFKD]ND��.�+DPDO��%�6RSNR�DQG�,�0DFKD��³1RYHO�FRQWULEXWLRQ�LQ�EUDQFK�RI�XOWUD�IDVW�FRQGHQVHG�PDWWHU�VSHFWUR�

VFRSLF�SKRWRQ�FRXQWLQJ�V\VWHP´��(OVHYLHU�3XEOLVKLQJ��0LFURHOHFWURQLF�(QJLQHHULQJ������������SS��������

��� ,�3URFKD]ND��.�+DPDO��%�*UHHQH�DQG�+�.XQLPRUL��³/DUJH�DSHUWXUH�JHUPDQLXP�GHWHFWRU�SDFNDJH�IRU�SLFRVHFRQG

SKRWRQ�FRXQWLQJ�LQ�WKH���������XP�UDQJH´��2SW�/HWWHUV��9RO�����1R�����SS������������6HSW�������

��� +��.XQLPRUL��%�*UHHQH��.�+DPDO�DQG�,�3URFKD]ND��³&HQWLPHWHU�SUHFLVLRQ�H\H�VDIH�VDWHOOLWH�ODVHU�UDQJLQJ�XVLQJ�D

5DPDQ�VKLIWHG�1G�<$*�ODVHU�DQG�JHUPDQLXP�SKRWRQ�FRXQWHU´��-�2SW��$��3XUH�$SS�2SW��9RO����������SS����

��� ,�3URFKD]ND��³+LJK�WHPSHUDWXUH�RSHUDWLRQ�RI�FRPPHUFLDOO\�DYDLODEOH�,Q*D$V�,Q3�GHWHFWRUV�DV�SKRWRQ�FRXQWHUV�DW

�����XP�ZDYHOHQJWK´��VXEPLWWHG�WR�2SWLFV�/HWWHUV

��� *�.LUFKQHU��)�.RLGO��-�%OD]HM��.�+DPDO�DQG�,�3URFKD]ND��³7LPH�ZDON�FRPSHQVDWHG�63$'��PXOWLSOH�SKRWRQ�YHUVXV

VLQJOH�SKRWRQ�RSHUDWLRQ´��63,(�9RO��������S�������������

��� 0�%DDV�HW�DO��+DQGERRN�RI�2SWLFV��0DF�*UDZ�+LOO�,QF���86$��������,6%1�������������;


