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7\UHV�FDQ�FDXVH�HQYLURQPHQWDO�VWUHVV�LQ�PDQ\�ZD\V��%HVLGHV�XVLQJ�HQHUJ\�LQ�WKHLU�PDQXIDFWXUH��WKH�PDLQ�LPSDFWV�DULVH�IURP�ZKDW�KDSSHQV�WRWKHP�DIWHU�WKH\�DUH�ZRUQ�RXW��5XEEHU�DQG�W\UHV�DUH�D�SDUWLFXODUO\�SUREOHPDWLF�ZDVWH�DV�WKH\�GR�QRW�GLVLQWHJUDWH�UHDGLO\�DQG�DUH�D�ILUH�KD]DUG��6R�ODQGILOO�FRXOG�QHYHU�EH�D�ORQJ�WHUP�VROXWLRQ��0RUHRYHU��WKH�FRVW�RI�XVHG�W\UH�WUHDWPHQW�LV�UHDFKLQJ�D�KLJK�OHYHO�DOPRVW�DQ\ZKHUH��LW�LV�YHU\GLIILFXOW�WR�VHQG�D�VWDFN�RI W\UHV�IRU�WUHDWPHQW�ODQGILOO�IRU�OHVV�WKDQ������SHU�WRQQH���$V�SXEOLF�DZDUHQHVV�LQFUHDVHV�DERXW�WKH�SUREOHP�ZDVWHW\UHV�FDXVH�WR�WKH�HQYLURQPHQW��WKH�SUHVVXUH�IURP�WKH�JRYHUQPHQW�LQWHQVLILHV�WR�ILQG�D�VDIH�DQG�HQYLURQPHQWDOO\�FRUUHFW�ZD\�WR�GLVSRVH�RI�WKHP�1RW�RQO\�PXVW�WKLV�KXJH�HQYLURQPHQWDO�SUREOHP�EH�VROYHG��EXW�WKH�VROXWLRQ�PXVW�DOVR�EH�HFRQRPLFDOO\�DWWUDFWLYH�
7KH�6ROXWLRQ2Q�WKH�EDFN�RI�WKLV�SROLWLFDO�SUHVVXUH��%DFW\ULD�6ROXWLRQV�GHVFULEHV�D�QHZ�LQLWLDWLYH�LQ�W\UH�UHF\FOLQJ��ZKLFK�ZLOO�PHHW�WKH�DERYH�REMHFWLYHV��7KHDLP�RI�WKLV�SURSRVHG�SURMHFW�LV�WR�GHYHORS�D�FRQWLQXRXV�EDFWHULDO�GHFRPSRVLWLRQ�SURFHVV�IRU�ZDVWH� W\UHV�LQ�RUGHU�WR�UHF\FOH�IHHGVWRFN�EDFN�LQ�WRWKH�SHWURFKHPLFDO�LQGXVWU\�
2XU�JHQHWLFDOO\�HQJLQHHUHG�UXEEHU�GHFRPSRVLQJ�EDFWHULD�DUH�SURYLQJ�WR�EH�DQ�HQYLURQPHQWDOO\�VRXQG�DQG�SUDFWLFDO�PHDQV�RI�UHF\FOLQJ� W\UHV�7\UH�PDQXIDFWXULQJ�LV�D�FRPSOH[�SURFHVV��XVLQJ�DURXQG����GLIIHUHQW�PDWHULDOV�PDLQO\�VWHHO��UXEEHU�FRPSRXQG�� YXOFDQLVLQJ�FKHPLFDOV�DQGWH[WLOHV�LQ�WKH�IRUP�RI�FRWWRQ�ILEUH��7KHVH�FRPSRQHQWV�DUH�HIILFLHQWO\�VHSDUDWHG�SURGXFLQJ�PHWKDQRO�RU�LQJUHGLHQWV�IRU�ORZ� VXOSKXU�GLHVHO�ZKLFK�FDQ�EH�VROG�WR�WKH�SHWURFKHPLFDO�LQGXVWU\�DV�SULPDU\�IHHGVWRFN�RU�IRU�IXUWKHU�UHILQHPHQW�
7KH�LQWHUHVW�LQ�WKLV�SURMHFW�VWHPV�IURP�WKH�IDFW�WKDW�XVHG�W\UHV�DUH�QRW�FRQVLGHUHG�D�ZDVWH��EXW�DV�D�XVHIXO�UDZ�PDWHULDO��,W�FRXOG�EH�VDLG�WKDW�WKLVLV�DOZD\V�WKH�FDVH�ZLWK�UHF\FOLQJ��EXW�WKLV�LV�SUREDEO\�WKH�ILUVW�SURFHVV�LQ�ZKLFK�XVHG� W\UH�UHF\FOLQJ�FDQ�EH�YLHZHG�DV�HFRQRPLFDO�ZLWK�GLVSRVDOFRVWV�DSSHDULQJ�WR�EH�PXFK�ORZHU�ZKHQ�FRPSDUHG�ZLWK�RWKHU�RSWLRQV��6HH�/DWHU�6HFWLRQV��
7KH�)XWXUH7KH�LPPHGLDWH�REMHFWLYH�LV�WR�EXLOG�D�SURWRW\SH�SODQW�DQG�SURYH�LWV�YLDELOLW\��7KLV�FRXOG�EH�FRPSOHWHG�ZLWKLQ�WKH�QH[W�\HDU�LI�ZH�DUHVXFFHVVIXOO\�IXQGHG��$IWHU�H[DPLQLQJ�ORFDWLRQ�RSWLRQV�LVVXHV�DQG�VHOHFWLQJ�D�VLWH��RXU�QH[W�DLP�ZLOO�EH�WR�EXLOG�D� FXVWRPLVHG�SODQW�LQ������:KHQ�IXOO�VFDOH�RSHUDWLRQ�LV�ILUVW�DFKLHYHG��WKH�SODQW�ZLOO�KDYH�WKH�FDSDFLW\�WR�SURFHVV�LQ�H[FHVV�RI���������XVHG� W\UHV�SHU�DQQXP�
(YHQWXDOO\��DOO�W\SHV�RI�W\UH�ZLOO�EH�FDWHUHG�IRU�LQFOXGLQJ�FDU��WUXFN��DJULFXOWXUDO�DQG�VSHFLDOLVHG�W\SHV��:H�ZLOO�DOVR�XQGHUWDNH�UHVHDUFK�LQWRSURFHVVLQJ�RWKHU�W\SHV�RI�VFUDS�UXEEHU�VXFK�DV�XVHG�FDUSHW�DQG�FRQYH\HU�EHOWV �WKHVH�PDWHULDOV�DUH�DOVR�FXUUHQWO\�XQXVDEOH�DQG�DUH�SLOLQJ�XS�RQWKH�JURXQG��2XU�SURFHVV�ZLOO�HQVXUH�WKDW�WKH\�DUH�HIILFLHQWO\�DQG�FOHDQO\�FRQYHUWHG�LQWR�SHWURFKHPLFDO�IHHGVWRFN��:H�ZLOO�DOVR�NHHS�DEUHDVW�RIDQ\�WHFKQRORJLFDO�GHYHORSPHQWV�LQ�WKH�W\UH�LQGXVWU\�
8OWLPDWHO\��%DFW\ULD�6ROXWLRQV�ZLOO�SURFHVV���������SRXQGV�RI�ZDVWH�UXEEHU��HTXDO�WR�������� W\UHV��SHU�GD\�SOXV�VLPLODU�TXDQWLWLHV�RWKHU�VFUDSUXEEHU�PDWHULDOV��:H�EHOLHYH�WKDW�%DFW\ULD�6ROXWLRQV�ZLOO�H[SDQG�WR�EH�WKH�RQO\�RQH�WKDW�FDQ�RIIHU�VXFK�D�VHUYLFH��VROYLQJ�WKH�HQYLURQPHQWDOW\UH�SUREOHP��)URP�WKLV�SRLQW�RQ��SURJUHVV�OLHV�LQ�GHYHORSLQJ�FDSDFLW\�
$�VLJQLILFDQW�SUREOHP�ZKHQ�GHDOLQJ�ZLWK�VXFK�D�ZDVWH�DV�XVHG�W\UHV�LV�WKDW�ILUVW�RI�DOO�LW�QHHGV�WR�EH�FROOHFWHG�DQG�WUDQVSRUWHG�WR�WKH�SURFHVVLQJSODQW��7KHUH�DUH�DOUHDG\�VHYHUDO�W\UH�FROOHFWLRQ�VHUYLFHV�LQ�RSHUDWLRQ��WKH�ODUJHVW�EHLQJ�:DVWH�7\UH�6ROXWLRQV�WKDW�FROOHFWV�ZRUQ�W\UHVQDWLRQZLGH��7KH�DQWLFLSDWLRQ�LV�WKDW�LQLWLDOO\��,�FRXOG�XVH�RQH�RI�WKHVH�FRPSDQLHV�WR�WUDQVSRUW�P\�IHHGVWRFN�WR�P\�SODQW��,�GR�QRW�UXOH�RXWKRZHYHU��EHJLQQLQJ�P\�RZQ�FROOHFWLRQ�VHUYLFH��VLVWHU�FRPSDQ\��ZLWK�D�YLHZ�WR�RSHQLQJ�DQ�2QOLQH� 7\UH�&ROOHFWLRQ�6HUYLFH��7KLV��KRZHYHU��ZLOOIRUP�WKH�EDVLV�RI�D�VHSDUDWH�SURMHFW�LQ�WKH�IXWXUH�



6HFWLRQ���7HFKQRORJ\�6WDWXV�DQG�&RPSHWLQJ�7HFKQRORJLHV6XPPDULVH�WKH�FXUUHQW�VWDWH�RI�WHFKQRORJLFDO�GHYHORSPHQW�DQG�WKH�VLJQLILFDQFH�(7)�FRXOG�PDNH�WR�GHPRQVWUDWLQJ�WKH�WHFKQRORJ\�DQG�EULQJLQJ�LW�FORVHU�WRFRPPHUFLDOLVDWLRQ��$PRQJVW�RWKHU�WKLQJV��WKLV�VHFWLRQ�VKRXOG�DLP�WR�KLJKOLJKW�x ZKDW�FRPSHWLQJ�WHFKQRORJLHV�WKHUH�DUH�DQG�WKH�ZHDNQHVVHV�LQ�WKHP�WKDW�WKH�QHZ�WHFKQRORJ\�ZRXOG�DGGUHVVx WKH�H[WHQW�RI�DQ\�H[LVWLQJ�SDWHQW�FRYHUDJH�DQG�GHWDLOV�RI�DQ\�SDWHQW�VHDUFKHV�IRU�SULRU�DUW�DQG�DQ�LQGLFDWLRQ�RI�WKH�LQWHOOHFWXDO�SURSHUW\ZKLFK�PLJKW�DULVH�GXULQJ�WKH�GHYHORSPHQW�SURJUDPPHx DQ\�WHFKQLFDO�EDUULHUV�ZKLFK�FRPSHWLWRUV�ZRXOG�QHHG�WR�RYHUFRPH�LQ�RUGHU�WR�FDWFK�XS�ZLWK�\RXU�WHFKQRORJ\x WKH�ULJKWV��LI�DQ\��RI�DQ\�WKLUG�SDUWLHV�LQ�WKH�EDFNJURXQG�WR�EH�XVHG�LQ�SXUVXLQJ�WKH�WHFKQRORJ\�GHYHORSPHQW�7HFKQRORJ\�6WDWXV7HFKQRORJ\�DGYDQFHV�LQ�W\UH�UHF\FOLQJ�KDYH�DOZD\V�WKRXJKW�WR�EH�PRVW�OLNHO\�LQ�WKH�ILHOG�RI�HQHUJ\�UHFRYHU\�WHFKQLTXHVDQG�PDUNHW�GHYHORSPHQW�IRU�WKH�SURGXFWV��%DFW\ULD�6ROXWLRQV�VDWLVILHV�ERWK�WKHVH�REMHFWLYHV��%\�JHQHWLF�HQJLQHHULQJ��ZHKDYH�FUHDWHG�WKH�PHDQV�WR�HQKDQFH�WKH�FDSDELOLWLHV�RI�EDFWHULD�WR�PHWDEROLVH�UXEEHU��7KH�SURGXFWV�RI�WKLV�SURFHVV�DUH�RI�YHU\�JRRG�TXDOLW\�DQGUHSUHVHQW�D�SHUIHFW�LQSXW�WR�WKH�SHWURFKHPLFDO�LQGXVWU\�
:H�DUH�QRZ�UHDG\�IRU�VHFRQG�VWDJH�UHVHDUFK�ZRUN�WDNLQJ�WHFKQRORJ\�WR�SUH�SURGXFWLRQ�SURWRW\SLQJ��(7)
V�DVVLVWDQFH�ZRXOG�KHOS�XV�WR�GHVLJQDQG�EXLOG�D�SURWRW\SH�DQG�GR�UHVHDUFK�LQWR�IXUWKHU�UHILQLQJ�WKH�HIILFLHQF\�RI�RXU�SURFHVV��:H�DOVR�UHTXLUH�DVVLVWDQFH�WR�SLORW�UHVHDUFK�LQWRGHYHORSLQJ�WKH�WHFKQRORJ\�QHHGHG�WR�UHF\FOH�YDULRXV�RWKHU�IRUPV�RI�ZDVWH�UXEEHU��*LYHQ�WKLV�ILQGLQJ��DQG�IROORZLQJ�FRPSOHWLRQ�RI�WKLV�VWDJH�RIWKH�SURMHFW��ZH�FRXOG�SURJUHVV�WR�WKH�FRPPHUFLDOLVDWLRQ�VWDJH�
&RPSHWLQJ�7HFKQRORJ\7KH�PDLQ�PHWKRGV�E\�ZKLFK�XVHG�W\UHV�DUH�FXUUHQWO\�UHF\FOHG�LQ�WKH�8.�DUH�DV�IROORZV�5HWUHDGLQJ �,QYROYHV�UHSODFLQJ�WKH�WUHDG�VHFWLRQ�RI�WKH�W\UH��7KLV�LV�D�PDMRU�LQGXVWU\�LQ�WKH�8.�DQG�����RI�VFUDS�W\UHDULVLQJV�DUH�UHWUHDGHG��+RZHYHU��WKH�UHWUHDGLQJ�LQGXVWU\�LV�DIIHFWHG�E\�D�SRRU�LPDJH�DQG�KDV�UHFHQWO\�EHHQ�RQ�WKHGHFOLQH��5HWUHDGLQJ�PDNHV�W\UHV�ODVW�ORQJHU��EXW�HYHQWXDOO\�WKH\�GR�ZHDU�RXW�DQG�KDYH�WR�EH�GLVSRVHG�RI�LQ�DQRWKHU�ZD\�5HF\FOLQJ�LV�WKH�RQO\�VROXWLRQ�IRU�QRQ�UHWUHDGDEOH�W\UHV�&UXPE�5XEEHU��&UXPELQJ�LV�WKH�SURFHVV�RI�UHGXFLQJ�UXEEHU�FRPSRXQGV�WR�D�ILQH�JUDQXODU�IRUP��7KH�VWHHO�EHDG�DQG�ZLUH�PHVK�LQ�WKH� W\UHV�LVH[WUDFWHG�PDJQHWLFDOO\�DQG�VLHYH�VKDNHUV�VHSDUDWH�WKH�ILEUH�LQ�WKH�W\UH��7KHUH�DUH�PDQ\�HQG�XVHV�H�J��VSRUWV�DQG�SOD\�VXUIDFHV��EXW�WKH�PDUNHW�LVWRR�VPDOO�IRU�WKLV�PHWKRG�WR�HYHU�VROYH�WKH�SUREOHP��7KH�RSHUDWLRQ�KDV�ILUH�KD]DUG�LVVXHV�DQG�WKH�SURFHVV�LV�LQHIILFLHQW�DQG�FRVWO\�WR�RSHUDWH�DVLW�FRQVXPHV�KLJK�OHYHOV�RI�HQHUJ\�DQG�LQYROYHV�PDQ\�PHFKDQLFDO�SDUWV�&U\RJHQLF�)UDJPHQWDWLRQ �ZKHUHE\�W\UHV�DUH�VKUHGGHG�DQG�FRROHG�WR�EHORZ����&��7KH�IUR]HQ�UXEEHU�LV�WKHQ�YHU\�HDVLO\�PHFKDQLFDOO\�FUXVKHGLQWR�VPDOO�SDUWLFOHV��7KH�ILEUH�DQG�VWHHO�DUH�UHPRYHG�DQG�WKH�SURGXFWV�DUH�XVHG�LQ�WKH�VDPH�ZD\�DV�DERYH��+RZHYHU��WKH�HQHUJ\�LQSXW�UHTXLUHGIRU�VXFK�ORZ�WHPSHUDWXUHV�DUH�UHODWLYHO\�KLJK�DQG�WKHUH�DUH�SUREOHPV�ZLWK�DIWHU �PDUNHW�SURGXFWV��WKH�SDUWLFOH�VKDSH�LV�UHODWLYHO\�VPRRWK�DQGRYDO�ZKLFK�FDXVHV�RQJRLQJ�FRQWURYHUV\�(QJLQHHULQJ�3URGXFWV��6FUDS�W\UHV�FDQ�EH�XVHG�IRU�YDULRXV�ODQGILOO�HQJLQHHULQJ�SURMHFWV��DV�ZHOO�DV�LQ�PRWRUZD\�HPEDQNPHQWV�DQG�YDULRXVPDULQH�DSSOLFDWLRQV��2QFH�DJDLQ��WKH�PDUNHW�IRU�WKLV�W\SH�RI�XVH�LV�WRR�VPDOO�WR�PDNH�WKLV�WKH�SULPH�PHWKRG�RI�UHF\FOLQJ�(QHUJ\�5HFRYHU\��8VHG�W\UHV�DUH�EXUQW�LQ�VSHFLDO�LQFLQHUDWRUV�DV�D�EOHQG�ZLWK�FRDO�IRU�HOHFWULFLW\�SURGXFWLRQ�RU�WKURXJK�LQFLQHUDWLRQ�LQ�FHPHQWNLOQV�DV�DQ�LQJUHGLHQW�LQ�FHPHQW�SURGXFWLRQ��+RZHYHU��WKHUH�DUH�PDMRU�SROOXWLRQ�FRQFHUQV�DQG�YHU\�IHZ�UHJLRQV�KDYH�DGDSWHG�FHPHQW�NLOQV�'H�YXOFDQLVDWLRQ��9XOFDQLVHG�UXEEHU�LV�WUHDWHG�ZLWK�KHDW�RU�FKHPLFDOV�WR�SURGXFH�GH�YXOFDQLVHG�UXEEHU��ZKLFK�FDQ�EH�XVHG�WR�UHSODFH�WKHYLUJLQ�PDWHULDO�XVHG�LQ�SURGXFLQJ�W\UHV��+RZHYHU��WKH�GHYHORSPHQW�RI�WKH�VWHHO�EUDFHG�UDGLDO�W\UH�KDV�DIIHFWHG�WKLV�LQGXVWU\�DQG�WKH�SURFHVV�KDVGHFOLQHG�RYHU�UHFHQW�\HDUV�3\URO\VLV��$�SURFHVV�RI�WKHUPDO�GHFRPSRVLWLRQ�ZKLFK�JHQHUDWHV�WKH�RULJLQDO�HOHPHQWV�IURP�ZKLFK�WKH�UXEEHU�ZDV�PDGH��7KH� S\URO\VLVWHFKQRORJ\�LV�VWLOO�GHYHORSLQJ��EXW�KDV�QRW�SURYHG�FRPPHUFLDOO\�YLDEOH�LQ�WKH�8.�VR�IDU�
7KH�YDULRXV�RSWLRQV�IRU�GHDOLQJ�ZLWK�XVHG�W\UHV�FDQ�DOVR�EH�HYDOXDWHG�LQ�WHUPV�RI�WKHLU�HQYLURQPHQWDO�DGYDQWDJHV�DQG�GLVDGYDQWDJHV��7KHVHPHWKRGV�DUH�QRW�FRPSHWLWLYH�DQG�UHO\�RQ�JRYHUQPHQW�VXEVLGLHV�WR�FRQWLQXH��,Q�RUGHU�WR�FDWFK�XS�ZLWK�RXU�WHFKQRORJ\��D�FRPSHWLWRU�ZRXOG�KDYHWR�VXFFHVVIXOO\�HQJLQHHU�EDFWHULD�ZLWK�WKH�VDPH�DELOLW\�DV�WKRVH�GHVLJQHG�E\�RXUVHOYHV��7KH\�ZRXOG�DOVR�KDYH�WR�GHVLJQ�D�V\VWHP�WKDW�ZDV�DVHQYLURQPHQWDOO\�VRXQG��$V�IDU�DV�,�DP�DZDUH��WKHUH�DUH�QR�WKLUG�SDUWLHV�ZKR�KDYH�DQ\�ULJKWV�LQ�SXUVXLQJ�WKH�VDPH�URXWH�RI�WHFKQRORJLFDOGHYHORSPHQW�
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