
/HFWXUH�RQ�WKH�VXEMHFW�RI�)XHO�&HOOV�JLYHQ�DW�WKH�,0,$�&RQIHUHQFH�LQ6WRFNKROP�RQ���WK 6HSWHPEHU������E\�0DQIUHG�6FKlIHU��6HFXULWDV9HUVLFKHUXQJ��*HUPDQ\�)XHO�&HOOV
$�IXHO�&HOO�LV�D�HOHFWURFKHPLFDO�HQHUJ\�FRQYHUVLRQ�GHYLFH��$�IXHO�FHOO�SURGXFHVHOHFWULFLW\��ZDWHU��DQG�KHDW�GLUHFWO\�IURP�K\GURJHQ�RU�K\GURJHQ�ULFK�JDVHV�DQG�R[\JHQ�LQWKH�DLU�,Q�D�IXHO�FHOO��WKH�IXHO�DQG�WKH�R[LGDQW�JDVHV�WKHPVHOYHV�FRPSULVH�WKH�DQRGH�DQGFDWKRGH�UHVSHFWLYHO\��7KXV��WKH�SK\VLFDO�VWUXFWXUH�RI�D�IXHO�FHOO�LV�RQH�ZKHUH�WKH�JDVHVDUHGLUHFWHG�WKURXJK�IORZ�FKDQQHOV�WR�HLWKHU�VLGH�RI�WKH�HOHFWURO\WH�7KH�HOHFWURO\WH�LV�WKH�GLVWLQJXLVKLQJ�IHDWXUH�EHWZHHQ�GLIIHUHQW�W\SHV�RI�IXHO�FHOOV�'LIIHUHQW�HOHFWURO\WHV�FRQGXFW�GLIIHUHQW�VSHFLILF�LRQV�,Q�SULQFLSOH��DOO�IXHO�FHOOV�FRQVLVW�RI�WZR�HOHFWURGHV�¥�DQ�DQRGH�DQG�D�FDWKRGH�¥�DQG�DQHOHFWURO\WH�7KH�DQRGH��RU�QHJDWLYH��� IXHO��HOHFWURGH��LV�PDGH�RI�D�VXEVWDQFH�WKDW�LV�UHDGLO\R[LGL]HG��UHOHDVHV�HOHFWURQV��7KH�FDWKRGH��RU�SRVLWLYH��� R[LGDQW��HOHFWURGH��LV�PDGH�RI�D�VXEVWDQFH�WKDW�LV�UHDGLO\UHGXFHG��� DFFHSWV�HOHFWURQV��
7R�DFKLHYH�WKDW�HOHFWURQV�FDQ�IORZ�IURP�WKH�DQRGH�WR�WKH�FDWKRGH�WKURXJK�DQ�H[WHUQDOORDG��WKH�DQRGH�DQG�FDWKRGH�DUH�VHSDUDWHG�E\�DQ�HOHFWURO\WH�7KH�DQRGH�PDWHULDO�GLVVROYHV�LQWR�WKH�HOHFWURO\WH�IRUPLQJ�SRVLWLYHO\�FKDUJHG�FDWLRQV�DQGOHDYHV�EHKLQG�D�FRUUHVSRQGLQJ�EXLOGXS�RI�IUHH�HOHFWURQV�ZLWKLQ�WKH�DQRGH��7KLV�EXLOGXSRI�HOHFWURQV�PDQLIHVWV�LWVHOI�DV�D�QHJDWLYH�FKDUJH�,Q�VKRUW��HOHFWURQV�IORZ�IURP�WKH�DQRGH�WR�WKH�FDWKRGH�E\�ZD\�RI�WKH�H[WHUQDO�ORDG DQGWKHQ�MRLQ�WKH�SRVLWLYHO\�FKDUJHG�LRQV�WKDW�PLJUDWH�WKURXJK�WKH�HOHFWURO\WH�

7KH�(OHFWURO\WH7KH�HOHFWURO\WH�LV�WKH�FRUH�FRPSRQHQW�RI�WKH�IXHO�FHOO��7KH�IXHO�FHOOV�DUH�QDPHG�DIWHU�LW�



$�HOHFWURO\WH�LV�D�VXEVWDQFH�ZKLFK�FRQGXFWV�HOHFWULF�FXUUHQW�DV�D�UHVXOW�RI�D�GLVVRFLDWLRQLQWR�SRVLWLYH�DQG�QHJDWLYH�LRQV��ZKLFK�PLJUDWH�WRZDUG�DQG�IUHTXHQWO\�DUH�GLVFKDUJHG�DWWKH�QHJDWLYH�DQG�SRVLWLYH�HOHFWURGHV�,RQV�ZLWK�D�SRVLWLYH�FKDUJH�KDYH�ORVW�RQH�RU�PRUH�HOHFWURQV�DQG�DUH�NQRZQ�DV�SRVLWLYHLRQV�RU��SURWRQV��RU��FDWLRQV��,RQV�ZLWK�D�QHJDWLYH�FKDUJH�KDYH�JDLQHG�RQH�RU�PRUH�HOHFWURQV�DQG�DUH�NQRZQ�DVQHJDWLYH�LRQV�RU��DQLRQV��(OHFWURO\WHV�FDQ�EH OLTXLG�RU�VROLG��VRPH�RSHUDWH�DW�KLJK�WHPSHUDWXUH��DQG�VRPH�DW�ORZWHPSHUDWXUH�7KH�PRVW�IDPLOLDU�HOHFWURO\WHV�DUH�DFLGV��EDVHV�DQG�VDOWV��ZKLFK�LRQL]H�LQ�VROXWLRQ�LQVXFK�VROYHQWV�DV�ZDWHU�HWF��0DQ\�VDOWV��VXFK�DV�VRGLXP�FKORULGH��EHKDYH�DV�HOHFWURO\WHVZKHQ�PHOWHG�LQ�WKH�DEVHQFH�RI�DQ\�VROYHQW�,Q�D�IXHO�FHOO�WKH�HOHFWURO\WH�KDV�DOVR�WKH�UHTXLUHPHQW�WR�NHHS�WKH�K\GURJHQ�IXHO�VHSDUDWHIURP�WKH�R[LGDQW��,I�WKLV�IDLOV�LW�FRPHV�WR�DQ�DFFLGHQWDO�UHDFWLRQ�EHWZHHQ�IXHO�DQG�R[LGDQW�
7KH�&DWDO\VW)XHO�FHOOV�WHQG�WR�UHTXLUH�D�QREOH�PHWDO�FDWDO\VW��W\SLFDOO\�SODWLQXP��WR�HQFRXUDJH�WKHHOHFWURGH�UHDFWLRQV�$�FDWDO\VW�LV�D�VSHFLDO�PDWHULDO�WKDW�IDFLOLWDWHV��DFFHOHUDWHV�HWF��D�FKHPLFDO�UHDFWLRQUHWDLQLQJ�LWV�RZQ�SURSHUWLHV�DQG�ZLWKRXW�EHLQJ�FRQVXPHG��,Q�D�IXHO�FHOO�LW�IDFLOLWDWHV�WKHUHDFWLRQ�RI�R[\JHQ�DQG�K\GURJHQ��,Q�ORZ�WHPSHUDWXUH�LW�LV�XVXDOO\�PDGH�RI�SODWLQXPSRZGHU�YHU\�WKLQO\�FRDWHG�RQWR�FDUERQ�SDSHU��FORWK�RU�D�SRO\PHU��7KH�FDWDO\VW�LV�URXJKDQG�SRURXV�VR�WKDW�WKH�PD[LPXP�VXUIDFH�DUHD�RI�WKH�SODWLQXP�FDQ�EH�H[SRVHG�WR�WKHK\GURJHQ�RU�R[\JHQ�

7KH�(OHFWURGHV$�HOHFWURGH�LV�D�FRQGXFWRU�WKURXJK�ZKLFK�HOHFWULFLW\�HQWHUV�RU�OHDYHV�DQ�HOHFWURO\WH��)XHOFHOOV�KDYH�D�QHJDWLYH�HOHFWURGH��WKH�DQRGH��DQG�D�SRVLWLYH�HOHFWURGH��WKH�FDWKRGH��

7\SHV�RI�)XHO�&HOOV



3URWRQ�([FKDQJH�0HPEUDQH�)XHO�&HOOV��3(0�3URWRQ�H[FKDQJH�PHPEUDQH��3(0���RU��VROLG�SRO\PHU���IXHO�FHOOV�XVH�DQ�HOHFWURO\WH�WKDWFRQGXFWV�K\GURJHQ�LRQV��+���IURP�WKH�DQRGH�WR�WKH�FDWKRGH��7KH�HOHFWURO\WH�LVFRPSRVHG�RID�VROLG�SRO\PHU�ILOP�WKDW�FRQVLVWV�RI�D�IRUP�RI�DFLGLILHG�7HIORQ�3(0�IXHO�FHOOV�DUH�FXUUHQWO\�WKH�PRVW�SURPLVLQJ�W\SH�RI�IXHO�FHOO�IRU�DXWRPRWLYH�XVH�DQGKDYH�EHHQ�XVHG�LQ�WKH�PDMRULW\�RI�SURWRW\SHV�EXLOW�WR�GDWH�3(0�IXHO�FHOOV�W\SLFDOO\�RSHUDWH�DW����WR�����&������WR������)��DQG�D�SUHVVXUH�RI����WR���SVLJ����WR���EDU���(DFK�FHOO�FDQ�SURGXFH�XS�WR�DERXW�����9'&�$GYDQWDJHV�DQG�'LVDGYDQWDJHV7KH�DGYDQWDJHV�RI�3(0�IXHO�FHOOV�DUH�WKDW�WKH\�
��DUH�WROHUDQW�RI�FDUERQ�GLR[LGH��$V�D�UHVXOW��3(0�IXHO�FHOOV�FDQ�XVHXQVFUXEEHG�DLU�DV�R[LGDQW��DQG�UHIRUPDWH�DV�IXHO�
��RSHUDWH�DW�ORZ�WHPSHUDWXUHV��7KLV�VLPSOLILHV�PDWHULDOV�LVVXHV��SURYLGHV�IRUTXLFN�VWDUWXS�DQG�LQFUHDVHV�VDIHW\�
��XVH�D�VROLG��GU\�HOHFWURO\WH��7KLV�HOLPLQDWHV�OLTXLG�KDQGOLQJ��HOHFWURO\WHPLJUDWLRQ�DQG�HOHFWURO\WH�UHSOHQLVKPHQW�SUREOHPV�
��XVH�D�QRQ�FRUURVLYH�HOHFWURO\WH��3XUH�ZDWHU�RSHUDWLRQ�PLQLPL]HV�FRUURVLRQSUREOHPV�DQG�LPSURYHV�VDIHW\�
��KDYH�KLJK�YROWDJH��FXUUHQW�DQG�SRZHU�GHQVLW\
��RSHUDWH�DW�ORZ�SUHVVXUH�ZKLFK�LQFUHDVHV�VDIHW\
��KDYH�JRRG�WROHUDQFH�WR�GLIIHUHQWLDO�UHDFWDQW�JDV�SUHVVXUHV
��DUH�FRPSDFW�DQG�UXJJHG
��KDYH�UHODWLYHO\�VLPSOH�PHFKDQLFDO�GHVLJQ
��XVH�VWDEOH�PDWHULDOV�RI�FRQVWUXFWLRQ



7KH�GLVDGYDQWDJHV�DUH�WKDW�WKH\�
��FDQ�WROHUDWH�RQO\�DERXW����SSP�FDUERQ�PRQR[LGH
��FDQ�WROHUDWH�RQO\�D�IHZ�SSP�RI�WRWDO�VXOSKXU�FRPSRXQGV
��QHHG�UHDFWDQW�JDV�KXPLGLILFDWLRQ�+XPLGLILFDWLRQ�LV�HQHUJ\�LQWHQVLYH�DQGLQFUHDVHV�WKH�FRPSOH[LW\�RI�WKH�V\VWHP��7KH�XVH�RI�ZDWHU�WR�KXPLGLI\�WKHJDVHV�OLPLWV�WKH�RSHUDWLQJ�WHPSHUDWXUH�RI�WKH�IXHO�FHOO�WR�OHVV�WKDQ�ZDWHU©VERLOLQJ�SRLQW�DQG�WKHUHIRUH�GHFUHDVHV�WKH�SRWHQWLDO�IRU�FR�JHQHUDWLRQDSSOLFDWLRQV�
��XVH�DQ�H[SHQVLYH�SODWLQXP�FDWDO\VW
��XVH�DQ�H[SHQVLYH�PHPEUDQH�WKDW�LV�GLIILFXOW�WR�ZRUN�ZLWK
��'0)&�FDQQRW�EH�XVHG�XQWLO�LW�UHDFKHV�����P:�FP���8S�WR�\HDU������WKHRXWSXW�GHQVLW\�LV�VDLG�WR�EH����P:�FP��

'LUHFW�0HWKDQRO�3(0�)XHO�&HOOV��'0)&�3(0�IXHO�FHOOV�FDQ�DOVR�UXQ�XVLQJ�PHWKDQRO�IXHO�GLUHFWO\��UDWKHU�WKDQ�K\GURJHQ��$OWKRXJKWKH�HQHUJ\�UHOHDVHG�GXULQJ�WKLV�UHDFWLRQ�LV�OHVV�WKDQ�ZKHQ�XVLQJ�SXUH�K\GURJHQ��LWUHVXOWVLQ�D�PXFK�VLPSOHU�IXHO�VWRUDJH�V\VWHP�DQG�FLUFXPYHQWV�WKH�QHHG�WR�SURGXFH�K\GURJHQ�,Q�D�GLUHFW�PHWKDQRO�3(0�IXHO�FHOO��WKH�FHOOV�DUH�VXSSOLHG�ZLWK�D�OLTXLG�PL[WXUH�RIPHWKDQRO�DQG�ZDWHU�DW�WKH�DQRGH��DQG�DLU�DW�WKH�FDWKRGH��$W������&�������)����D�QREOHFDWDO\VWLPPHGLDWHO\�GHFRPSRVHV�WKH�PHWKDQRO�3(0�)XHO�&HOO�6WDFN�&RQVWUXFWLRQ,QGLYLGXDO�IXHO�FHOOV�KDYH�DQ�PD[LPXP�RXWSXW�YROWDJH�RQ�WKH�RUGHU�RI���9'&��6XEVWDQWLDOYROWDJHV�DQG�SRZHU�RXWSXWV�DUH�REWDLQHG�E\�FRQQHFWLQJ�PDQ\�FHOOV�HOHFWULFDOO\�LQ�VHULHVWRIRUP�D�IXHO�FHOO�VWDFN�



(DFK�IXHO�FHOO�FRQVLVWV�RI�D�PHPEUDQH�HOHFWURGH�DVVHPEO\��0($���ZKLFK�FRQVLVWV�RI�WKHDQRGH��FDWKRGH��HOHFWURO\WH�DQG�FDWDO\VW��VDQGZLFKHG�EHWZHHQ�WZR�IORZ�ILHOGSODWHV�PDGH�RI�JUDSKLWH��7KH�SODWHV�FKDQQHO�WKH�IXHO�DQG�DLU�WR�RSSRVLWH�VLGHV�RI�WKH0($�&RRODQW�LV�XVHG�WR�UHJXODWH�WKH�IXHO�FHOO�UHDFWLRQ�WHPSHUDWXUH�7R�IDFLOLWDWH�WKLV��FRROLQJ�SODWHV�DUH�SODFHG�EHWZHHQ�HDFK�IXHO�FHOO��7KHVH�FRROLQJ�SODWHVFKDQQHO�WKH�FRRODQW�SDVW�WKH�IXHO�FHOOV�WR�DEVRUE�RU�VXSSO\�KHDW�DV�UHTXLUHG��6HDOVEHWZHHQ�WKH�JUDSKLWH�SODWHV�HQVXUH�WKDW�WKH�R[LGDQW��IXHO�DQG�FRRODQW�VWUHDPV�QHYHU�PL[ZLWKLQ�WKH�IXHO�FHOOV�&ULWLFDO�DUHDV�RI�FRQFHUQ�DUH�VHDOV��IORZ�ILHOG�SDWWHUQ�WROHUDQFHV�DQG�FHOO�DOLJQPHQW��$VZLWK�DQ\�FRPPHUFLDO�SURGXFW��WKH�UHVXOWLQJ�GHVLJQ�PXVW�EH�UHOLDEOH��PDQXIDFWXUDEOH�HFRQRPLFDOO\�YLDEOH�DQG�KDYH�D�VLJQLILFDQW�RSHUDWLQJ�OLIH�

7KH�0HPEUDQH�(OHFWURO\WH��3(0�7KH�VROLG�SRO\PHU�HOHFWURO\WH�LV�WKH�XOWLPDWH�GLVWLQJXLVKLQJ�FKDUDFWHULVWLF�RI�D�3(0�IXHOFHOO�7KH�HOHFWURO\WH�LV�D�WKLQ�PHPEUDQH�RI�D�SODVWLF�OLNH�ILOP�WKDW�UDQJHV�LQ�WKLFNQHVV�IURP���WR�����PLFURQV��7KHVH�PHPEUDQHV�DUH�FRPSRVHG�RI�SHUIOXRURVXOIRQLF�DFLGV��ZKLFK�DUH7HIORQ�OLNH�IOXRURFDUERQ�SRO\PHUV7KXV��3(0�IXHO�FHOOV�XOWLPDWHO\�XVH�DQ�DFLGLF�HOHFWURO\WH�MXVW�OLNH�SKRVSKRULF�DFLG�IXHOFHOOV�$OO�DFLGLF�VROLG�SRO\PHU�HOHFWURO\WHV�UHTXLUH�WKH�SUHVHQFH�RI�ZDWHU�PROHFXOHV�IRUK\GURJHQ�LRQ�FRQGXFWLYLW\�VLQFH�K\GURJHQ�LRQV�PRYH�WRJHWKHU�ZLWK�ZDWHU�PROHFXOHVGXULQJ�WKH�LRQ�H[FKDQJH�UHDFWLRQ��7KH�UDWLR�RI�ZDWHU�WR�K\GURJHQ�LRQV�IRU�HIIHFWLYHFRQGXFWLYLW\�LV�W\SLFDOO\�DERXW�����)RU�WKLV�UHDVRQ��WKH�JDVHV�LQ�FRQWDFW�ZLWK�WKH�PHPEUDQH�PXVW�EH�VDWXUDWHG�ZLWK�ZDWHUIRU�HIIHFWLYH�IXHO�FHOO�RSHUDWLRQ�$�QXPEHU�RI�FRPPHUFLDO�PHPEUDQHV�DUH�DYDLODEOH�VXFK�DV�1DILRQ��SURGXFHG�E\'XSRQW��DQG�RWKHUV�E\�WKH�'RZ�&KHPLFDO�&RPSDQ\$OO�HOHFWURO\WHV�PXVW�SHUIRUP�WKH�IXQGDPHQWDO�IXQFWLRQV�RI�EHLQJ�D�SURWRQ�FRQGXFWRU��DQHOHFWURQ�LQVXODWRU�DQG�D�JDV�VHSDUDWRU��,Q�DGGLWLRQ��PDQXIDFWXUHUV�VWULYH�WR�SURGXFHPHPEUDQHV�WKDW�KDYH�UHDVRQDEOH�PHFKDQLFDO�VWUHQJWK��GLPHQVLRQDO�VWDELOLW\��UHVLVWDQFHWR�VZHOOLQJ���KLJK�LRQLF�FRQGXFWLYLW\��ORZ�HTXLYDOHQW�ZHLJKW��WKH�ZHLJKW�RI�SRO\PHU�UHODWLYH



WR�WKH�QXPEHU�RI�DFLG�VLWHV���DQG�WKDW�DUH�HDVLO\�PDQXIDFWXUDEOH�2SWLPL]LQJ�RI�PHPEUDQHV�FRQVWUXFWLRQ�LV�RQ�JRLQJ��)XQGDPHQWDO�UHVHDUFK�LQWR�WKHFDWDO\VW�OD\HU�PHPEUDQH�LQWHUIDFH�LV�QHHGHG�WR�IXUWKHU�XQGHUVWDQG�WKH�SURFHVVHVLQYROYHG�LQ�FXUUHQW�JHQHUDWLRQ�0HPEUDQH�(OHFWURGH�$VVHPEO\��0($�,I�WKH�SRO\PHU�HOHFWURO\WH�PHPEUDQH�LV�FRDWHG�RQ�HDFK�VLGH�ZLWK�SRURXV�FDUERQHOHFWURGHV�DQG�ZLWK�LQWHJUDWHG�SODWLQXP�SDUWLGHV�LW�LV�FDOOHG�D�0($�7KH�(OHFWURGHV7KH�HOHFWURGHV�SURYLGH�WKH�LQWHUIDFH�EHWZHHQ�WKH�UHDFWDQW�JDVHV�DQG�HOHFWURO\WH�$�FDWDO\VW�LV�DGGHG�WR�WKH�VXUIDFH�RI�HDFK�HOHFWURGH�ZKHUH�LW�FRQWDFWV�WKH�HOHFWURO\WH�LQRUGHU�WR�LQFUHDVH�WKH�UDWH�DW�ZKLFK�WKH�FKHPLFDO�UHDFWLRQ�RFFXUV��$�3ODWLQXP�FDWDO\VWSURPRWHV�D�FKHPLFDO�UHDFWLRQ�E\�SURYLGLQJ�UHDG\�UHDFWLRQ��3ODWLQXP�LV�YHU\�H[SHQVLYH�VRWKH�DPRXQW�XVHG��NQRZQ�DV�WKH�FDWDO\VW�ORDGLQJ��LV�D�VLJQLILFDQW�IDFWRU�LQ�WKH�FRVW�RI�DIXHO�FHOO��)XHO�FHOO�GHVLJQHUV�VWULYH�WR�PLQLPL]H�WKH�DPRXQW�RI�SODWLQXP�XVHG�ZKLOHPDLQWDLQLQJJRRG�FHOO�SHUIRUPDQFH�
)ORZ�)LHOG�3ODWHV7KH�IORZ�ILHOG�SODWHV�FKDQQHO�IXHO�DQG�R[LGDQW�WR�RSSRVLWH�VLGHV�RI�WKH�0($�(DFK�IORZ�ILHOG�SODWH�FRQWDLQV�D�VLQJOH�JDV�FKDQQHO�RI�VHUSHQWLQH�GHVLJQ�WKDW�PD[LPL]HVJDV�FRQWDFW�ZLWK�WKH�0($��7KH�VSHFLILF�VKDSH�RI�WKH�JDV�FKDQQHOV�LV�FULWLFDO�IRU�XQLIRUPSRZHU�JHQHUDWLRQ��VWDEOH�FHOO�SHUIRUPDQFH�DQG�FRUUHFW�SURGXFW�ZDWHU�PDQDJHPHQW�7KH�SODWHV�DUH�W\SLFDOO\�PDGH�RI�JUDSKLWH�LQWR�ZKLFK�WKH�IORZ�FKDQQHOV�DUH�HLWKHUPDFKLQHG�RU�SUHVVHG��*UDSKLWH�LV�WKH�SUHIHUUHG�PDWHULDO�GXH�WR�LWV�H[FHOOHQW�FRQGXFWLYLW\�ORZ�FRQWDPLQDWLRQ�DQG�UHODWLYHO\�ORZ�FRVW��&RRODQW�SODWHV��SODFHG�EHWZHHQ�HDFK�IXHO�FHOO�DUH�RI�VLPLODU�GHVLJQ�DQG�FRQVWUXFWLRQ�WR�WKH�JDV�IORZ�ILHOG�SODWHV��&RRODQW�IORZ�FKDQQHOVDUH�GHVLJQHG�IRU�HIIHFWLYH�KHDW�PDQDJHPHQW�

$ONDOLQH�)XHO�&HOOV��$)&�$ONDOLQH�IXHO�FHOOV�XVH�DQ�HOHFWURO\WH�WKDW�FRQGXFWV�K\GUR[\O��2+¤��LRQV�IURP�WKH�FDWKRGHWR�WKH�DQRGH��7KLV�LV�RSSRVLWH�WR�PDQ\�RWKHU�W\SHV�RI�IXHO�FHOOV�WKDW�FRQGXFW�K\GURJHQLRQV



IURP�WKH�DQRGH�WR�WKH�FDWKRGH�7KH�HOHFWURO\WH�LV�W\SLFDOO\�FRPSRVHG�RI�D�PROWHQ�DONDOLQH�PL[WXUH�VXFK�DV�SRWDVVLXPK\GUR[LGH��.2+��7KH�HOHFWURO\WH�FDQ�EH�PRELOH�RU�LPPRELOH�0RELOH�DONDOLQH�HOHFWURO\WH�IXHO�FHOOV�XVH�D�IOXLG�HOHFWURO\WH�WKDW�FRQWLQXRXVO\�FLUFXODWHVEHWZHHQ�WKH�HOHFWURGHV��7KH�SURGXFW�ZDWHU�DQG�ZDVWH�KHDW�GLOXWH�DQG�KHDW�WKH�OLTXLGHOHFWURO\WH�EXW�DUH�UHPRYHG�IURP�WKH�FHOO�DV�WKH�HOHFWURO\WH�FLUFXODWHV�,PPRELOH�DONDOLQH�HOHFWURO\WH�IXHO�FHOOV�XVH�DQ�HOHFWURO\WH�WKDW�FRQVLVWV�RI�D�WKLFN�SDVWHUHWDLQHG�E\�FDSLOODU\�IRUFHV�ZLWKLQ�D�SRURXV�VXSSRUW�PDWUL[�VXFK�DV�DVEHVWRV��7KH�SDVWHLWVHOISURYLGHV�JDV�VHDOV�DW�WKH�FHOO�HGJHV��3URGXFW�ZDWHU�HYDSRUDWHV�LQWR�WKH�VRXUFHK\GURJHQ�JDV�VWUHDP�DW�WKH�DQRGH�IURP�ZKLFK�LW�LV�VXEVHTXHQWO\�FRQGHQVHG��7KH�ZDVWHKHDW�LV�UHPRYHGE\�ZD\�RI�D�FLUFXODWLQJ�FRRODQW�$ONDOLQH�IXHO�FHOOV�RSHUDWH�DW�DERXW����WR������&������WR������)���DQG�D�SUHVVXUH�RIDERXW��EDU�����SVL����(DFK�FHOO�FDQ�SURGXFH�XS�WR�EHWZHHQ�����DQG�����9'&�$GYDQWDJHV�DQG�'LVDGYDQWDJHV7KH�DGYDQWDJHV�RI�DONDOLQH�IXHO�FHOOV�DUH�WKDW�WKH\�
��RSHUDWH�DW�ORZ�WHPSHUDWXUH
��KDYH�IDVW�VWDUW�XS�WLPHV������UDWHG�SRZHU�DW�DPELHQWWHPSHUDWXUH�
��KDYH�KLJK�HIILFLHQF\
��QHHG�OLWWOH�RU�QR�H[SHQVLYH�SODWLQXP�FDWDO\VW
��KDYH�PLQLPDO�FRUURVLRQ
��KDYH�UHODWLYH�HDVH�RI�RSHUDWLRQ
��KDYH�ORZ�ZHLJKW�DQG�YROXPH7KH�GLVDGYDQWDJHV�DUH�WKDW�WKH\�
��DUH�H[WUHPHO\�LQWROHUDQW�WR�&2���DERXW�����SSP�PD[LPXP��DQGVRPHZKDW�LQWROHUDQW�RI�&2��7KLV�LV�D�VHULRXV�GLVDGYDQWDJH�DQG�OLPLWV�ERWKWKH�W\SH�RI�R[LGDQW�DQG�IXHO�WKDW�FDQ�EH�XVHG�LQ�DQ�DONDOLQH�IXHO�FHOO�



7KH�R[LGDQW�PXVW�EH�HLWKHU�SXUH�R[\JHQ�RU�DLU�WKDW�KDV�EHHQ�VFUXEEHGIUHH�RI�FDUERQ�GLR[LGH��7KH�IXHO�PXVW�EH�SXUH�K\GURJHQ�GXH�WR�WKHSUHVHQFH�RI�FDUERQ�R[LGHV�LQ�UHIRUPDWH�
��KDYH�D�OLTXLG�HOHFWURO\WH��LQWURGXFLQJ�OLTXLG�KDQGOLQJ�SUREOHPV
��UHTXLUH�FRPSOH[�ZDWHU�PDQDJHPHQW��7KXV��WKH�IXHO�FHOO�SURGXFHV�ZDWHUWKDW�HLWKHU�HYDSRUDWHV�LQWR�WKH�VRXUFH�K\GURJHQ�VWUHDP��LQ�DQ�LPPRELOHV\VWHP��RU�LV�IOXVKHG�RXW�RI�WKH�FHOOV�DORQJ�ZLWK�WKH�HOHFWURO\WH��LQ�D�PRELOHV\VWHP���7KLV�ZDWHU�PXVW�EH�FRQWLQXDOO\�UHPRYHG�WR�IDFLOLWDWH�IXUWKHUUHDFWLRQ�
3KRVSKRULF�$FLG�)XHO�&HOOV��3$)&�3KRVSKRULF�DFLG�IXHO�FHOOV�XVH�DQ�HOHFWURO\WH�WKDW�FRQGXFWV�K\GURJHQ�LRQV��+���IURP�WKHDQRGH�WR�WKH�FDWKRGH��$V�LWV�QDPH�LPSOLHV��WKH�HOHFWURO\WH�LV�FRPSRVHG�RI�OLTXLGSKRVSKRULFDFLG�ZLWKLQ�D�VLOLFRQ�FDUELGH�PDWUL[�PDWHULDO���6RPH�DFLG�IXHO�FHOOV�XVH�D�VXOSKXULF�DFLGHOHFWURO\WH��3KRVSKRULF�DFLG�IXHO�FHOOV�RSHUDWH�DW�DERXW�����WR������&������WR������)��DQG�DSUHVVXUH�RI�DERXW���EDU�����SVL��(DFK�FHOO�FDQ�SURGXFH�XS�WR�DERXW�����9'&�$�QHZ�IRUP�RI�DFLG�IXHO�FHOO�FXUUHQWO\�XQGHU�GHYHORSPHQW�XVHV�D�VROLG�DFLG�HOHFWURO\WH�7KHVH�FHOOV�DUH�PDGH�RI�FRPSRXQGV�DQG�RSHUDWH�DW�WHPSHUDWXUHV�XS�WR������&�������)�ZLWK�RSHQ�FLUFXLW�YROWDJHV�RI������9�7KH\�RIIHU�WKH�DGYDQWDJH�RI�RSHUDWLRQ�ZLWKRXW�KXPLGLW\��PRGHUDWH�FDUERQ�PRQR[LGHWROHUDQFH��DQG�VXSSRUW�DXWRUHIRUPLQJ�RI�PHWKDQRO��7KH\�VXIIHU�IURP�GLVDGYDQWDJHV�RIVXOSKXU�GHJUDGDWLRQ��KLJK�GXFWLOLW\�DW�WHPSHUDWXUHV�DERYH������&��������)��DQG�ZDWHUVROXELOLW\��3UDFWLFDO�PDQXIDFWXULQJ�WHFKQLTXHV�KDYH�QRW�\HW�EHHQ�GHYHORSHG�$GYDQWDJHV�DQG�'LVDGYDQWDJHV7KH�DGYDQWDJHV�RI�SKRVSKRULF�DFLG�IXHO�FHOOV�DUH�WKDW�WKH\�
��DUH�WROHUDQW�RI�FDUERQ�GLR[LGH��XS�WR�������$V�D�UHVXOW��SKRVSKRULF�DFLGIXHO�FHOOV�FDQ�XVH�XQVFUXEEHG�DLU�DV�R[LGDQW��DQG�UHIRUPDWH�DV�IXHO�



��RSHUDWH�DW�ORZ�WHPSHUDWXUH��EXW�DW�KLJKHU�WHPSHUDWXUHV�WKDQ�RWKHU�ORZ�WHPSHUDWXUH�IXHO�FHOOV��7KXV��WKH\�SURGXFH�KLJKHU�JUDGH�ZDVWH�KHDW�WKDWFDQ�SRWHQWLDOO\�EH�XVHG�LQ�FR�JHQHUDWLRQ�DSSOLFDWLRQV�
��KDYH�VWDEOH�HOHFWURO\WH�FKDUDFWHULVWLFV�ZLWK�ORZ�YRODWLOLW\�HYHQ�DW�RSHUDWLQJWHPSHUDWXUHV�DV�KLJK�DV�����&�������)���

7KH�GLVDGYDQWDJHV�DUH�WKDW�WKH\���FDQ�WROHUDWH�RQO\�DERXW����FDUERQ�PRQR[LGH��FDQ�WROHUDWH�RQO\�DERXW����SSP�RI�WRWDO�VXOSKXU�FRPSRXQGV��XVH�D�FRUURVLYH�OLTXLG�HOHFWURO\WH�DW�PRGHUDWH�WHPSHUDWXUHV��UHVXOWLQJ�LQPDWHULDO�FRUURVLRQ�SUREOHPV��KDYH�D�OLTXLG�HOHFWURO\WH��LQWURGXFLQJ�OLTXLG�KDQGOLQJ�SUREOHPV��7KHHOHFWURO\WH�VORZO\�HYDSRUDWHV�RYHU�WLPH���DOORZ�SURGXFW�ZDWHU�WR�HQWHU�DQG�GLOXWH�WKH�HOHFWURO\WH��DUH�ODUJH�DQG�KHDY\��FDQQRW�DXWR�UHIRUP�K\GURFDUERQ�IXHOV��KDYH�WR�EH�ZDUPHG�XS�EHIRUH�WKH\�DUH�RSHUDWHG�RU�EH�FRQWLQXRXVO\PDLQWDLQHG�DW�WKHLU�RSHUDWLQJ�WHPSHUDWXUH���WKH�IXHO�FHOO�SURGXFHV�ZDWHU�WKDW�DFFXPXODWHV�DW�WKH�FDWKRGH��7KLV�SURGXFWZDWHU�PXVW�EH�FRQWLQXDOO\�UHPRYHG�WR�IDFLOLWDWH�IXUWKHU�UHDFWLRQ�

0ROWHQ�&DUERQDWH�)XHO�&HOOV��0&)&�0ROWHQ�FDUERQDWH�IXHO�FHOOV�XVH�DQ�HOHFWURO\WH�WKDW�FRQGXFWV�FDUERQDWH�LRQV�IURP�WKHFDWKRGH�WR�WKH�DQRGH��7KLV�LV�WKH�RSSRVLWH�RI�PDQ\�RWKHU�W\SHV�RI�IXHO�FHOOV��ZKLFKFRQGXFW�K\GURJHQ�LRQV�IURP�WKH�DQRGH�WR�WKH�FDWKRGH�7KH�HOHFWURO\WH�LV�FRPSRVHG�RI�D�PROWHQ�PL[WXUH�RI�OLWKLXP�DQG�SRWDVVLXP�FDUERQDWHV�



7KLV�PL[WXUH�LV�UHWDLQHG�E\�FDSLOODU\�IRUFHV�ZLWKLQ�D�FHUDPLF�VXSSRUW�PDWUL[�RI�OLWKLXPDOXPLQDWH�$W�WKH�IXHO�FHOO�RSHUDWLQJ�WHPSHUDWXUH��WKH�HOHFWURO\WH�VWUXFWXUH�LV�D�WKLFN�SDVWH��DQG�WKHSDVWH�SURYLGHV�JDV�VHDOV�DW�WKH�FHOO�HGJHV�0ROWHQ�FDUERQDWH�IXHO�FHOOV�RSHUDWH�DW�DERXW�����&���������)��DQG�D�SUHVVXUH�RI���WR���EDU�����WR�����SVL���(DFK�FHOO�FDQ�SURGXFH�XS�WR�EHWZHHQ�����DQG�����9'&�0ROWHQ�FDUERQDWH�IXHO�FHOOV�FDQ�RSHUDWH�XVLQJ�SXUH�K\GURJHQ�RU�OLJKW�K\GURFDUERQ�IXHOV�:KHQ�D�K\GURFDUERQ��VXFK�DV�PHWKDQH��LV�LQWURGXFHG�WR�WKH�DQRGH�LQ�WKH�SUHVHQFH�RIZDWHU�LW�DEVRUEV�KHDW�DQG�XQGHUJRHV�D�VWHDP�UHIRUPLQJ�UHDFWLRQ��:KHQ�XVLQJ�RWKHU�OLJKWK\GURFDUERQ�IXHOV��WKH�QXPEHU�RI�K\GURJHQ�DQG�FDUERQ�PRQR[LGH�PROHFXOHV�PD\FKDQJH�EXW�LQ�SULQFLSOH�WKH�VDPH�SURGXFWV�UHVXOW�7KH�FDUERQ�R[LGH�LRQV�GUDZ�WKURXJK�WKH�HOHFWURO\WH�IURP�WKH�FDWKRGH�WR�WKH�DQRGH�E\WKH�UHDFWLYH�DWWUDFWLRQ�RI�K\GURJHQ�DQG�FDUERQ�PRQR[LGH�WR�R[\JHQ��ZKLOH�HOHFWURQV�DUHIRUFHGWKURXJK�DQ�H[WHUQDO�FLUFXLW�IURP�WKH�DQRGH�WR�WKH�FDWKRGH�$GYDQWDJHV�DQG�'LVDGYDQWDJHV7KH�DGYDQWDJHV�RI�PROWHQ�FDUERQDWH�IXHO�FHOOV�DUH�WKDW�WKH\�
��VXSSRUW�VSRQWDQHRXV�LQWHUQDO�UHIRUPLQJ�RI�OLJKW�K\GURFDUERQ�IXHOV
��JHQHUDWH�KLJK�JUDGH�ZDVWH�KHDW
��KDYH�IDVW�UHDFWLRQ�NLQHWLFV��UHDFW�TXLFNO\�
��KDYH�KLJK�HIILFLHQF\
��GR�QRW�QHHG�QREOH�PHWDO�FDWDO\VWV7KH�GLVDGYDQWDJHV�DUH�WKDW�WKH\�
��UHTXLUH�WKH�GHYHORSPHQW�RI�VXLWDEOH�PDWHULDOV�WKDW�DUH�UHVLVWDQW�WRFRUURVLRQ��DUH�GLPHQVLRQDOO\�VWDEOH��KDYH�KLJK�HQGXUDQFH�DQG�OHQGWKHPVHOYHV�WR�IDEULFDWLRQ�&RUURVLRQ�LV�D�SDUWLFXODU�SUREOHP�DQG�FDQ�FDXVH�QLFNHO�R[LGH�IURP�WKH�FDWKRGH�WRGLVVROYH�LQWR�WKH�HOHFWURO\WH��ORVV�RI�HOHFWURO\WH��GHWHULRUDWLRQ�RI�VHSDUDWRU�SODWHV��DQGGHK\GUDWLRQ�RU�IORRGLQJ�RI�WKH�HOHFWURGHV��$OO�RI�WKHVH�FRUURVLRQ�HIIHFWV�UHVXOW�LQ�DGHFOLQH�LQ�SHUIRUPDQFH��OLPLW�FHOO�OLIH��DQG�FDQ�FXOPLQDWH�LQ�FHOO�IDLOXUH��8VH�RI�D�SODWLQXPFDWDO\VW�RYHUFRPHV�VRPH�RI�WKHVH�SUREOHPV��EXW�HOLPLQDWHV�DQ�LPSRUWDQW�FRVW�VDYLQJDGYDQWDJH�



'LPHQVLRQDO�LQVWDELOLW\�FDQ�FDXVH�HOHFWURGH�GHIRUPDWLRQ�WKDW�DOWHUV�WKH�DFWLYH�VXUIDFHDUHD�DQG�PD\�FDXVH�ORVV�RI�FRQWDFW�DQG�KLJK�UHVLVWDQFHV�EHWZHHQ�FRPSRQHQWV�
��KDYH�D�KLJK�LQWROHUDQFH�WR�VXOSKXU��7KH�DQRGH�LQ�SDUWLFXODU�FDQ�QRWWROHUDWH�PRUH�WKDQ�����SSP�RI�VXOSKXU�FRPSRXQGV��SULPDULO\�+�6�DQG&26��LQ�WKH�IXHO�JDV�ZLWKRXW�VXIIHULQJ�D�VLJQLILFDQW�SHUIRUPDQFH�ORVV�
��KDYH�D�OLTXLG�HOHFWURO\WH��ZKLFK�LQWURGXFHV�OLTXLG�KDQGOLQJ�SUREOHPV
��UHTXLUH�D�FRQVLGHUDEOH�ZDUP�XS�SHULRG
��WKH�IXHO�FHOO�SURGXFHV�ZDWHU��UHJDUGOHVV�RI�IXHO��DQG�FDUERQ�GLR[LGH�LI�XVLQJD�K\GURFDUERQ�IXHO��%RWK�SURGXFWV�ZDWHU�DQG�FDUERQ�GLR[LGH�PXVW�EHFRQWLQXDOO\�UHPRYHG�IURP�WKH�FDWKRGH�WR�IDFLOLWDWH�IXUWKHU�UHDFWLRQ�
��HDFK�VWDUW�XS�UHGXFHV�WKH�H[SHFWHG�OLIHWLPH�DW����

6ROLG�2[LGH�)XHO�&HOOV��62)&�6ROLG�R[LGH�IXHO�FHOOV�XVH�DQ�HOHFWURO\WH�WKDW�FRQGXFWV�R[LGH�LRQV�IURP�WKH�FDWKRGH�WR�WKHDQRGH��7KLV�LV�WKH�RSSRVLWH�RI�PRVW�W\SHV�RI�IXHO�FHOOV��ZKLFK�FRQGXFW�K\GURJHQ�LRQVIURPWKH�DQRGH�WR�WKH�FDWKRGH�7KH�HOHFWURO\WH�LV�FRPSRVHG�RI�D�VROLG�R[LGH��XVXDOO\�]LUFRQLD��VWDELOL]HG�ZLWK�RWKHU�UDUHHDUWK�HOHPHQW�R[LGHV�OLNH�\WWULXP���DQG�WDNHV�WKH�IRUP�RI�D�FHUDPLF�6ROLG�R[LGH�IXHO�FHOOV�DUH�EXLOW�OLNH�FRPSXWHU�FKLSV�WKURXJK�VHTXHQWLDO�GHSRVLWLRQ�RIYDULRXV�OD\HUV�RI�PDWHULDO��&RPPRQ�FRQILJXUDWLRQV�LQFOXGH�WXEXODU�DQG�IODW��SODQDU�GHVLJQV��7KHGHVLJQV�GLIIHU�LQ�WKH�H[WHQW�RI�GLVVLSDWLYH�ORVVHV�ZLWKLQ�FHOOV��LQ�WKH�PDQQHU�RI�VHDOLQJEHWZHHQ�WKH�IXHO�DQG�R[LGDQW�FKDQQHOV��DQG�LQ�WKH�PDQQHU�WKDW�FHOO�WR�FHOO�HOHFWULFDOFRQQHFWLRQV�DUH�PDGH�LQ�D�VWDFN�RI�FHOOV��0HWDOV�VXFK�DV�QLFNHO�DQG�FREDOW�FDQ�EH�XVHGDV�HOHFWURGH�PDWHULDOV�6ROLG�R[LGH�IXHO�FHOOV�RSHUDWH�DW�DERXW��������&���������)��DQG�D�SUHVVXUH�RI���EDU����SVL����(DFK�FHOO�FDQ�SURGXFH�EHWZHHQ�����DQG�����9'&�6ROLG�R[LGH�IXHO�FHOOV�FDQ�RSHUDWH�XVLQJ�SXUH�K\GURJHQ�RU�K\GURFDUERQ�IXHOV��MXVW�OLNHPROWHQ�FDUERQDWH�IXHO�FHOOV��7KLV�UHVXOWV�LQ�DQ�LQOHW�IXHO�VWUHDP�FRPSULVHG�RI�K\GURJHQZLWK�RU



ZLWKRXW�FDUERQ�PRQR[LGH�$GYDQWDJHV�DQG�'LVDGYDQWDJHV
7KH�DGYDQWDJHV�RI�VROLG�R[LGH�IXHO�FHOOV�DUH�WKDW�WKH\�
��VXSSRUW�VSRQWDQHRXV�LQWHUQDO�UHIRUPLQJ�RI�K\GURFDUERQ�IXHOV��6LQFH�R[LGHLRQV���UDWKHU�WKDQ�K\GURJHQ�LRQV���WUDYHO�WKURXJK�WKH�HOHFWURO\WH��WKH�IXHOFHOOV�FDQ�LQ�SULQFLSOH�EH�XVHG�WR�R[LGL]H�DQ\�JDVHRXV�IXHO�
��RSHUDWH�HTXDOO\�ZHOO�XVLQJ�ZHW�RU�GU\�IXHOV
��JHQHUDWH�KLJK�JUDGH�ZDVWH�KHDW
��KDYH�IDVW�UHDFWLRQ�NLQHWLFV
��KDYH�YHU\�KLJK�HIILFLHQF\
��FDQ�RSHUDWH�DW�KLJKHU�FXUUHQW�GHQVLWLHV�WKDQ�PROWHQ�FDUERQDWH�IXHO�FHOOV
��KDYH�D�VROLG�HOHFWURO\WH��DYRLGLQJ�SUREOHPV�DVVRFLDWHG�ZLWK�KDQGOLQJOLTXLGV
��FDQ�EH�IDEULFDWHG�LQ�D�YDULHW\�RI�VHOI�VXSSRUWLQJ�VKDSHV�DQG�FRQILJXUDWLRQV
��GR�QRW�QHHG�QREOH�PHWDO�FDWDO\VWV7KH�GLVDGYDQWDJHV�DUH�WKDW�WKH\�
��UHTXLUH�WKH�GHYHORSPHQW�RI�VXLWDEOH�PDWHULDOV�WKDW�KDYH�WKH�UHTXLUHGFRQGXFWLYLW\��UHPDLQ�VROLG�DW�KLJK�WHPSHUDWXUHV��DUH�FKHPLFDOO\�FRPSDWLEOH�ZLWK�RWKHUFHOO�FRPSRQHQWV��DUH�GLPHQVLRQDOO\�VWDEOH��KDYH�KLJK�HQGXUDQFHDQG�OHQG�WKHPVHOYHV�WR�IDEULFDWLRQ�)HZ�PDWHULDOV�FDQ�RSHUDWH�DW�KLJK�WHPSHUDWXUHV�DQG�UHPDLQ�VROLG�RYHU�ORQJ�SHULRGV�RIWLPH��)XUWKHUPRUH��WKH�VHOHFWHG�PDWHULDOV�PXVW�EH�GHQVH�WR�SUHYHQW�PL[LQJ�RI�WKH�IXHODQG�R[LGDQW�JDVHV��DQG�PXVW�KDYH�FORVHO\�PDWFKHG�WKHUPDO�H[SDQVLRQ�FKDUDFWHULVWLFV�WRDYRLG�GHODPLQDWLRQDQG�FUDFNLQJ�GXULQJ�WKHUPDO�F\FOHV�
��KDYH�D�PRGHUDWH�LQWROHUDQFH�WR�VXOSKXU��6ROLG�R[LGH�IXHO�FHOOV�DUH�PRUHWROHUDQW�WR�VXOSKXU�FRPSRXQGV�WKDQ�DUH�PROWHQ�FDUERQDWH�IXHO�FHOOV��EXWRYHUDOO�OHYHOV�PXVW�VWLOO�EH�OLPLWHG�WR����SSP��7KLV�LQFUHDVHG�VXOSKXU



WROHUDQFH�PDNHV�WKHVH�IXHO�FHOOV�DWWUDFWLYH�IRU�KHDY\�IXHOV��([FHVV�VXOSKXU�LQ�WKH�IXHOGHFUHDVHV�SHUIRUPDQFH�
��GR�QRW�\HW�KDYH�SUDFWLFDO�IDEULFDWLRQ�SURFHVVHV
��WKH�WHFKQRORJ\�LV�QRW�\HW�PDWXUH

��VWDUW�XS�WDNHV�XS�WR�����KRXUV
��HDFK�VWDUW�XS�UHGXFHV�WKH�H[SHFWHG�OLIHWLPH�DW������WKH�IXHO�FHOO�SURGXFHV�ZDWHU���UHJDUGOHVV�RI�IXHO���DQG�FDUERQ�GLR[LGH�LIXVLQJ�D�K\GURFDUERQ�IXHO��%RWK�SURGXFWV�ZDWHU�DQG�FDUERQ�GLR[LGH�PXVWEH�FRQWLQXDOO\�UHPRYHG�IURP�WKH�FDWKRGH�WR�IDFLOLWDWH�IXUWKHU�UHDFWLRQ�

6XPPDU\
)XHO�FHOO�V\VWHPV�VXLWDEOH�IRU�DXWRPRWLYH�DSSOLFDWLRQV�RSHUDWH�DW�ORZ�WHPSHUDWXUHV�W\SLFDOO\�OHVV�WKDQ������&��������)��7KLV�LV�DQ�DGYDQWDJH�LQ�WKDW�WKH�IXHO�FHOOV�UHTXLUHOLWWOH�ZDUP�XS�WLPH��KLJK�WHPSHUDWXUH�KD]DUGV�DUH�UHGXFHG��DQG�WKH�WKHUPRG\QDPLFHIILFLHQF\�RI�WKH�HOHFWURFKHPLFDO�UHDFWLRQ�LV�LQKHUHQWO\�EHWWHU�7KLV�LV�D�GLVDGYDQWDJH�LQ�WKDW�PHGLXP�JUDGH�ZDVWH�KHDW�LV�KDUGHU�WR�H[SHO��HVSHFLDOO\�LQKRW�FOLPDWHV��VR�WKDW�FRROLQJ�V\VWHPV�PXVW�EH�ODUJHU��DQG�WKH�HOHFWURFKHPLFDO�UHDFWLRQSURFHHGV�PRUH�VORZO\�WKDQ�DW�KLJK�WHPSHUDWXUHV�5HIRUPHUV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�IXHO�FHOOV�RSHUDWH�DW�KLJK�WHPSHUDWXUHV�DQGWKHUHIRUH�PD\�UHTXLUH�SURORQJHG�ZDUP�XS�SHULRGV�)XHO�FHOO�V\VWHPV�FDQ�EH�XVHG�LQ�FR�JHQHUDWLRQ�DSSOLFDWLRQV��,Q�DGGLWLRQ�WR�HOHFWULFDOSRZHU��IXHO�FHOOV�JHQHUDWH�SXUH�KRW�ZDWHU�DQG�PHGLXP�JUDGH�KHDW��ERWK�RI�LW�FDQSRWHQWLDOO\�EH�XVHG�LQ�DVVRFLDWLRQ�ZLWK�GRPHVWLF�RU�LQGXVWULDO�DSSOLFDWLRQV��ZKLFKLQFUHDVHV�WKH�RYHUDOO�HIILFLHQF\�'LVDGYDQWDJHV�RI�)XHO�&HOOV)XHO�FHOO�V\VWHPV�VXIIHU�WKH�IROORZLQJ�GLVDGYDQWDJHV�)XHO�FHOOV�UHTXLUH�UHODWLYHO\�SXUH�IXHO��IUHH�RI�VSHFLILF�FRQWDPLQDQWV�



7KHVH�FRQWDPLQDQWV�LQFOXGH�VXOSKXU�DQG�FDUERQ�FRPSRXQGV��DQG�UHVLGXDO�OLTXLG�IXHOV�GHSHQGLQJ�RQ�WKH�W\SH�RI�IXHO�FHOO��WKDW�FDQ�GHDFWLYDWH�WKH�IXHO�FHOO�FDWDO\VW�HIIHFWLYHO\DQG�FDQ�GHVWUR\�LWV�DELOLW\�WR�RSHUDWH�)XHO�FHOOV�VXLWDEOH�IRU�DXWRPRWLYH�DSSOLFDWLRQV�W\SLFDOO\�UHTXLUH�WKH�XVH�RI�D�SODWLQXPFDWDO\VW�WR�SURPRWH�WKH�SRZHU�JHQHUDWLRQ�UHDFWLRQ��3ODWLQXP�LV�D�UDUH�PHWDO�DQG�YHU\H[SHQVLYH�)XHO�FHOOV�PXVW�QRW�IUHH]H�ZLWK�ZDWHU�LQVLGH��)XHO�FHOOV�JHQHUDWH�SXUH�ZDWHU�GXULQJ�WKHSRZHU�JHQHUDWLQJ�UHDFWLRQ�DQG�PRVW�IXHO�FHOOV�VXLWDEOH�IRU�DXWRPRWLYH�DSSOLFDWLRQV�XVHZHW�UHDFWDQW�JDVHV��$Q\�UHVLGXDO�ZDWHU�ZLWKLQ�WKH�IXHO�FHOOV�FDQ�FDXVH�LUUHYHUVLEOHH[SDQVLRQ�GDPDJH�LI�SHUPLWWHG�WR�IUHH]H��'XULQJ�RSHUDWLRQ��IXHO�FHOO�V\VWHPV�JHQHUDWHVXIILFLHQW�KHDW�WR�SUHYHQW�IUHH]LQJ�RYHU�QRUPDO�DPELHQW�WHPSHUDWXUHV��EXW�ZKHQ�VKXWGRZQ�LQ�FROG�ZHDWKHU�WKH�IXHO�FHOOV�PXVW�EH�NHSW�ZDUP�RU�WKH�UHVLGXDO�ZDWHU�PXVW�EHUHPRYHG�EHIRUH�IUHH]LQJ�)XHO�FHOOV�WKDW�XVH�SURWRQ�H[FKDQJH�PHPEUDQHV�PXVW�QRW�GU\�RXW�GXULQJ�XVH�DQG�PXVWUHPDLQ�PRLVW�GXULQJ�VWRUDJH��$WWHPSWV�WR�VWDUW�RU�RSHUDWH�WKHVH�IXHO�FHOOV�XQGHU�GU\FRQGLWLRQV�FDQ�OHDG�WR�PHPEUDQH�GDPDJH�)XHO�FHOOV�UHTXLUH�FRPSOH[�VXSSRUW�DQG�FRQWURO�V\VWHPV�)XHO�FHOOV�WKHPVHOYHV�DUH�VROLG�VWDWH�GHYLFHV��EXW�WKH�V\VWHPV�UHTXLUHG�WR�VXSSRUW�IXHOFHOO�RSHUDWLRQ�DUH�QRW��2I�SDUWLFXODU�QRWH�LV�WKH�UHTXLUHPHQW�IRU�FRPSUHVVHG�DLU��WKLVQHFHVVLWDWHV�D�KLJK�VSHHG�FRPSUHVVRU�WKDW�LPSRVHV�D�ODUJH�SDUDVLWLF�ORDG�RQ�WKH�RYHUDOOV\VWHP��6\VWHP�FRPSOH[LW\�LQFUHDVHV�VLJQLILFDQWO\�ZKHQ�WKH�IXHO�FHOOV�DUH�RSHUDWHG�LQFRQMXQFWLRQ�ZLWK�DQ�RQ�ERDUG�UHIRUPHU�)XHO�FHOO�V\VWHPV�DUH�KHDY\��)XHO�FHOOV�WKHPVHOYHV�DUH�QRW�H[FHVVLYHO\�KHDY\��EXW�WKHFRPELQHG�ZHLJKW�RI�WKH�IXHO�FHOOV��WKHLU�VXSSRUW�V\VWHPV�DQG�WKHLU�IXHO�VWRUDJH�LVSUHVHQWO\�JUHDWHU�WKDQ�IRU�D�FRPSDUDEOH�LQWHUQDO�FRPEXVWLRQ�HQJLQH�V\VWHP�6\VWHP�ZHLJKW�ZLOO�OLNHO\�FRQWLQXH�WR�GHFUHDVH�DV�WKH�WHFKQRORJ\�GHYHORSV�)XHO�FHOOV�DUH�DQ�HPHUJLQJ�WHFKQRORJ\��$V�ZLWK�DQ\�QHZ�WHFKQRORJ\��UHGXFWLRQV�LQ�FRVW�ZHLJKW�DQG�VL]H�FRQFXUUHQW�ZLWK�LQFUHDVHV�LQ�UHOLDELOLW\�DQG�OLIHWLPH�UHPDLQ�SULPDU\HQJLQHHULQJ�JRDOV�


