
#
#

#

5HY1#414# 321#44<0349# 47#-XO\#4<<<#

#
#

86(5¶6#0$18$/#
#
#

0RGHO#453&6#

&XUUHQW#6RXUFH#
#
#
#

#
#
#
#

#
#

/DNH#6KRUH#&U\RWURQLFV/#,QF1#
8:8#0F&RUNOH#%RXOHYDUG#
:HVWHUYLOOH/#2KLR#763;50;;;;#86$#
#

,QWHUQHW#$GGUHVVHV=#
VDOHV#ODNHVKRUH1FRP#
VHUYLFH#ODNHVKRUH1FRP#

#

,QWHUQHW#$GGUHVVHV=#
ZZZ1ODNHVKRUH1FRP#

#

)D[=#+947,#;<4046<5#
7HOHSKRQH=#+947,#;<405576#

#
#
#
0HWKRGV#DQG#DSSDUDWXV#GLVFORVHG#DQG#GHVFULEHG#KHUHLQ#KDYH#EHHQ#GHYHORSHG#VROHO\#RQ#FRPSDQ\#
IXQGV#RI#/DNH#6KRUH#&U\RWURQLFV/# ,QF1#1R#JRYHUQPHQW#RU#RWKHU#FRQWUDFWXDO#VXSSRUW#RU# UHODWLRQVKLS#
ZKDWVRHYHU# KDV# H[LVWHG# ZKLFK# LQ# DQ\# ZD\# DIIHFWV# RU#PLWLJDWHV# SURSULHWDU\# ULJKWV# RI# /DNH# 6KRUH#
&U\RWURQLFV/#,QF1#LQ#WKHVH#GHYHORSPHQWV1#0HWKRGV#DQG#DSSDUDWXV#GLVFORVHG#KHUHLQ#PD\#EH#VXEMHFW#WR#
8161#3DWHQWV#H[LVWLQJ#RU#DSSOLHG#IRU1#/DNH#6KRUH#&U\RWURQLFV/#,QF1#UHVHUYHV#WKH#ULJKW#WR#DGG/#LPSURYH/#
PRGLI\/#RU#ZLWKGUDZ# IXQFWLRQV/#GHVLJQ#PRGLILFDWLRQV/#RU#SURGXFWV#DW#DQ\# WLPH#ZLWKRXW#QRWLFH1#/DNH#
6KRUH#VKDOO#QRW#EH# OLDEOH# IRU#HUURUV#FRQWDLQHG#KHUHLQ#RU# IRU# LQFLGHQWDO#RU#FRQVHTXHQWLDO#GDPDJHV# LQ#
FRQQHFWLRQ#ZLWK#IXUQLVKLQJ/#SHUIRUPDQFH/#RU#XVH#RI#WKLV#PDWHULDO1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

$#

#
/,0,7('#:$55$17<#

/DNH#6KRUH#&U\RWURQLFV/#,QF1#+KHQFHIRUWK#/DNH#6KRUH,/#WKH#PDQXIDFWXUHU/#ZDUUDQWV#WKLV#
SURGXFW# IRU# D# SHULRG# RI# WZHOYH# +45,#PRQWKV# IURP# WKH# GDWH# RI# VKLSPHQW1#'XULQJ# WKH#
ZDUUDQW\#SHULRG/#XQGHU#DXWKRUL]HG# UHWXUQ#RI# LQVWUXPHQWV#RU#FRPSRQHQW#SDUWV# WR#/DNH#
6KRUH#IUHLJKW#SUHSDLG/#WKH#FRPSDQ\#ZLOO#UHSDLU/#RU#DW#LWV#RSWLRQ#UHSODFH/#DQ\#SDUW#IRXQG#
WR# EH# GHIHFWLYH# LQ#PDWHULDO# RU#ZRUNPDQVKLS/#ZLWKRXW# FKDUJH# WR# WKH#2ZQHU# IRU#SDUWV/#
VHUYLFH# ODERU#RU#DVVRFLDWHG#FXVWRPDU\#VKLSSLQJ#FRVW1#5HSODFHPHQW#RU# UHSDLUHG#SDUWV#
ZLOO#EH#ZDUUDQWHG#IRU#RQO\#WKH#XQH[SLUHG#SRUWLRQ#RI#WKH#RULJLQDO#ZDUUDQW\1#
$OO#SURGXFWV#DUH# WKRURXJKO\# WHVWHG#DQG#FDOLEUDWHG# WR#SXEOLVKHG#VSHFLILFDWLRQV#SULRU# WR#
VKLSPHQW1# &DOLEUDWLRQ# &HUWLILFDWLRQV# DUH# RIIHUHG# IRU# VL[#PRQWK# SHULRGV# RQO\1#:KHUH#
VXFK# GRFXPHQWDWLRQ#PXVW# EH# XSGDWHG/# D# UH0FHUWLILFDWLRQ# VHUYLFH# LV# RIIHUHG# E\# /DNH#
6KRUH#DW#D#UHDVRQDEOH#FRVW1#
#

/,0,7$7,21#2)#:$55$17<#
7KLV#ZDUUDQW\#LV#OLPLWHG#WR#/DNH#6KRUH#SURGXFWV#SXUFKDVHG#DQG#LQVWDOOHG#LQ#WKH#8QLWHG#
6WDWHV1#7KLV#VDPH#SURWHFWLRQ#ZLOO#H[WHQG#WR#DQ\#VXEVHTXHQW#RZQHU#GXULQJ#WKH#ZDUUDQW\#
SHULRG1#,W#GRHV#QRW#DSSO\#WR#GDPDJH#FDXVHG#E\#DFFLGHQW/#PLVXVH/#ILUH/#IORRG/#RU#DFWV#RI#
*RG/# IURP# IDLOXUH# WR#SURSHUO\# LQVWDOO/#RSHUDWH/#RU#PDLQWDLQ# WKH#SURGXFW# LQ#DFFRUGDQFH#
ZLWK# WKH# SULQWHG# LQVWUXFWLRQV# SURYLGHG1# 7KLV# ZDUUDQW\# GRHV# QRW# DSSO\# WR# GHIHFWV#
UHVXOWLQJ# IURP# LPSURSHU# RU# LQDGHTXDWH# PDLQWHQDQFH/# XQDXWKRUL]HG# PRGLILFDWLRQ# RU#
PLVXVH/#RSHUDWLRQ#RXWVLGH#RI# WKH#HQYLURQPHQWDO#VSHFLILFDWLRQV#IRU#DQ\#SURGXFW#RU#SDUW#
RU#EX\HU0VXSSOLHG#VRIWZDUH#LQWHUIDFLQJ1#
7+,6#:$55$17<# ,6# ,1#/,(8#2)#$1<#27+(5#:$55$17,(6/#(;35(66('#25#
,03/,('/# ,1&/8',1*# 0(5&+$17$%,/,7<# 25# ),71(66# )25# $# 3$57,&8/$5#
385326(/#:+,&+#$5(#(;35(66/<#(;&/8'('1#7+(#2:1(5#$*5((6#7+$7#
/$.(#6+25(¶6#/,$%,/,7<#:,7+#5(63(&7#72#7+,6#352'8&7#6+$//#%(#6(7#
)257+# ,1# 7+,6# :$55$17</# $1'# ,1&,'(17$/# 25# &216(48(17,$/#
'$0$*(6#$5(#(;35(66/<#(;&/8'('1#
#

&(57,),&$7,21#
/DNH#6KRUH#FHUWLILHV# WKDW# WKLV#SURGXFW#KDV#EHHQ# LQVSHFWHG#DQG# WHVWHG# LQ#DFFRUGDQFH#
ZLWK#LWV#SXEOLVKHG#VSHFLILFDWLRQV#DQG#WKDW#WKLV#SURGXFW#PHW#LWV#SXEOLVKHG#VSHFLILFDWLRQV#
DW# WKH# WLPH#RI#VKLSPHQW1#7KH#DFFXUDF\#DQG#FDOLEUDWLRQ#RI# WKLV#SURGXFW#DW# WKH# WLPH#RI#
VKLSPHQW# DUH# WUDFHDEOH# WR# WKH# 8QLWHG# 6WDWHV# 1DWLRQDO# ,QVWLWXWH# RI# 6WDQGDUGV# DQG#
7HFKQRORJ\#+1,67,>#IRUPHUO\#NQRZQ#DV#WKH#1DWLRQDO#%XUHDX#RI#6WDQGDUGV#+1%6,/#RU#WR#
D#UHFRJQL]HG#QDWXUDO#VWDQGDUG1#
#

75$'(0$5.#$&.12:/('*(0(17#
0DQXIDFWXUHUV#DQG#VHOOHUV#FODLP#PDQ\#GHVLJQDWLRQV#DV#WUDGHPDUNV#WR#GLVWLQJXLVK#WKHLU#
SURGXFWV1#:KHUH# WKRVH# GHVLJQDWLRQV# DSSHDU# LQ# WKLV# PDQXDO# DQG# /DNH# 6KRUH# ZDV#
DZDUH#RI#D#WUDGHPDUN#FODLP/#WKH#GHVLJQDWLRQV#DSSHDU#LQ#LQLWLDO#FDSLWDO#OHWWHUV#ZLWK#D#�#
RU#�#V\PERO1#
$SLH]RQ�#LV#D#WUDGHPDUN#RI#%LGGOH#,QVWUXPHQWV1#
'XR07ZLVW�/#4XDG0/HDG�/#)#4XDG07ZLVW�#DUH#WUDGHPDUNV#RI#/DNH#6KRUH#
&U\RWURQLFV/#,QF1#

7HIORQ�#LV#D#WUDGHPDUN#RI#'X3RQW#'H#1HPRXUV1#
#
#
&RS\ULJKW#�#4<<6/#4<<:/#DQG#4<<<#E\#/DNH#6KRUH#&U\RWURQLFV/#,QF1#$OO#ULJKWV#UHVHUYHG1#
1R# SRUWLRQ# RI# WKLV# PDQXDO# PD\# EH# UHSURGXFHG/# VWRUHG# LQ# D# UHWULHYDO# V\VWHP/# RU#
WUDQVPLWWHG/# LQ# DQ\# IRUP# RU# E\# DQ\# PHDQV/# HOHFWURQLF/# PHFKDQLFDO/# SKRWRFRS\LQJ/#
UHFRUGLQJ/#RU#RWKHUZLVH/#ZLWKRXW#WKH#H[SUHVV#ZULWWHQ#SHUPLVVLRQ#RI#/DNH#6KRUH1#
#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

# %#

#
#

'HFODUDWLRQ#RI#&RQIRUPLW\#
#
#
:H=#

/DNH#6KRUH#&U\RWURQLFV/#,QF1#
8:8#0F&RUNOH#%OYG1#

:HVWHUYLOOH/#2+#763;50;;;;#
#
KHUHE\#GHFODUH#WKDW#WKH#HTXLSPHQW#VSHFLILHG#FRQIRUPV#WR#WKH#
IROORZLQJ#'LUHFWLYHV#DQG#6WDQGDUGV1#
#
#
#
$SSOLFDWLRQ#RI#&RXQFLO#'LUHFWLYHV=# ;<26692((&#
#
6WDQGDUG#WR#ZKLFK#&RQIRUPLW\#LV#GHFODUHG=# (188355/#
# (1833;504#
#
7\SH#RI#(TXLSPHQW=# /LQH#3RZHUHG#
# &XUUHQW#6RXUFH#
#
0RGHO#1XPEHU=# 453#RU#443#
#
#
#
#

##### #
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB# BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB#

6LJQDWXUH# 'DWH#
#
-RKQ#01#6ZDUW]#
3ULQWHG#1DPH#
#
3UHVLGHQW#
3RVLWLRQ#

#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

&#

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

7KLV#3DJH#,QWHQWLRQDOO\#/HIW#%ODQN#
#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

7DEOH#RI#&RQWHQWV# L#

7$%/(#2)#&217(176#
#
&KDSWHU23DUDJUDSK# 7LWOH# 3DJH#

4# ,1752'8&7,21 11111111111111111111111111111111111111111111111111111111111111111111111111404#
413# *HQHUDO11111111111111111111111111111111111111111111111111111111111111111111111404#
414# 6\VWHP#'HVFULSWLRQ11111111111111111111111111111111111111111111111111111404#
415# +DQGOLQJ#/LTXLG#+HOLXP#DQG#/LTXLG#1LWURJHQ 11111111111111406#
41514# +DQGOLQJ#&U\RJHQLF#6WRUDJH#'HZDUV 1111111111111111111111406#
41515# /+H#DQG#/15#6DIHW\#3UHFDXWLRQV 1111111111111111111111111111406#
41516# 5HFRPPHQGHG#)LUVW#$LG 11111111111111111111111111111111111111111407#
416# (OHFWURVWDWLF#'LVFKDUJH11111111111111111111111111111111111111111111111407#
41614# ,GHQWLI\LQJ#(6'6#&RPSRQHQWV 1111111111111111111111111111111408#
41615# +DQGOLQJ#(6'6#&RPSRQHQWV1111111111111111111111111111111111408#
417# 6DIHW\#6XPPDU\ 111111111111111111111111111111111111111111111111111111111408#
418# 6DIHW\#6\PEROV11111111111111111111111111111111111111111111111111111111111409#

5# ,167$//$7,21 111111111111111111111111111111111111111111111111111111111111111111111111111504#
513# *HQHUDO11111111111111111111111111111111111111111111111111111111111111111111111504#
514# ,QVSHFWLRQ#DQG#8QSDFNLQJ 111111111111111111111111111111111111111111504#
515# 5HSDFNDJLQJ#)RU#6KLSPHQW 1111111111111111111111111111111111111111504#
516# 3RZHU#DQG#*URXQG#5HTXLUHPHQWV 111111111111111111111111111111505#
517# /RDG#&RQQHFWLRQ 11111111111111111111111111111111111111111111111111111111505#
518# 6HQVRU#,QVWDOODWLRQ#5HFRPPHQGDWLRQV 11111111111111111111111505#
51814# &RQQHFWLQJ#6HQVRU#/HDGV111111111111111111111111111111111111111506#
51815# 6HQVRU#0RXQWLQJ11111111111111111111111111111111111111111111111111111506#
51816# 0HDVXUHPHQW#(UURUV#'XH#7R#$&#1RLVH 111111111111111111507#
519# 5DFN#0RXQWLQJ111111111111111111111111111111111111111111111111111111111111508#

6# 23(5$7,21 11111111111111111111111111111111111111111111111111111111111111111111111111111111604#
613# *HQHUDO11111111111111111111111111111111111111111111111111111111111111111111111604#
614# )URQW#3DQHO#)HDWXUHV#DQG#)XQFWLRQV 11111111111111111111111111604#
615# 5HDU#3DQHO#)HDWXUHV#DQG#)XQFWLRQV111111111111111111111111111605#
616# 6HOHFWLQJ#2XWSXW#&XUUHQW#9DOXH#)L[HG#5DQJHV11111111111605#
617# 3URJUDP#0RGH 111111111111111111111111111111111111111111111111111111111111606#

7# 6(59,&(11111111111111111111111111111111111111111111111111111111111111111111111111111111111111704#
713# *HQHUDO11111111111111111111111111111111111111111111111111111111111111111111111704#
714# )XVH#5HSODFHPHQW 11111111111111111111111111111111111111111111111111111704#
715# /LQH#9ROWDJH#&RQILJXUDWLRQ 11111111111111111111111111111111111111111704#
716# 43#�$#&XUUHQW#&DOLEUDWLRQ 1111111111111111111111111111111111111111111705#
717# 35*0#0RGH#&DOLEUDWLRQ111111111111111111111111111111111111111111111706#
71714# &XUUHQW#&DOLEUDWLRQ#8VLQJ#'&#$PS#5DQJH 1111111111111706#
71715# &XUUHQW#&DOLEUDWLRQ#8VLQJ#'&#9ROW#5DQJH111111111111111707#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

LL# 7DEOH#RI#&RQWHQWV#

/,67#2)#,//8675$7,216#
#

)LJXUH# 7LWOH# 3DJH#
404# 7\SLFDO#&U\RJHQLF#6WRUDJH#'HZDU 11111111111111111111111111111111111111111406#
504# 0RGHO#53<3#5DFN#0RXQWLQJ111111111111111111111111111111111111111111111111111509#
604# 0RGHO#453&6#)URQW#3DQHO 11111111111111111111111111111111111111111111111111111604#
605# 0RGHO#453&6#5HDU#3DQHO111111111111111111111111111111111111111111111111111111605#
704# )XVH#5HSODFHPHQW#DQG#-XPSHU#&RQILJXUDWLRQV 11111111111111111111705#
#
#
#

/,67#2)#7$%/(6#
#

7DEOH# 7LWOH# 3DJH#
404# 0RGHO#453&6#6SHFLILFDWLRQV 1111111111111111111111111111111111111111111111111405#
604# 2XWSXW#&XUUHQWV#DQG#&RUUHVSRQGLQJ#4(#5HVLVWDQFHV 1111111111606#
#
#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

,QWURGXFWLRQ# 404#

&+$37(5#4#
#

,1752'8&7,21#
#

413# *(1(5$/#
/DNH#6KRUH#&U\RWURQLFV/#,QF1#GHVLJQHG#DQG#PDQXIDFWXUHV#WKH#0RGHO#453&6#
LQ#WKH#86$1#$#JHQHUDO#GHVFULSWLRQ#RI#WKH#LQVWUXPHQW#LV#SURYLGHG#LQ#
3DUDJUDSK#414/#KDQGOLQJ#OLTXLG#KHOLXP#DQG#QLWURJHQ#LQ#3DUDJUDSK#415/#
HOHFWURVWDWLF#GLVFKDUJH#LQ#3DUDJUDSK#416/#VDIHW\#VXPPDU\#LQ#3DUDJUDSK#417/#
DQG#VDIHW\#V\PEROV#LQ#3DUDJUDSK#4181#

:H#ZHOFRPH#FRPPHQWV#RQ#WKLV#PDQXDO1#$OWKRXJK#ZH#WU\#WR#NHHS#LW#HUURU0
IUHH/#VRPH#PD\#RFFXU1#7R#UHSRUW#DQ#HUURU/#GHVFULEH#LW#EULHIO\#DQG#LQFOXGH#WKH#
DSSURSULDWH#SDUDJUDSK/#ILJXUH/#WDEOH/#DQG#SDJH#QXPEHU1#6HQG#FRPPHQWV#WR#
/DNH#6KRUH#&U\RWURQLFV/#$WWQ=#7HFKQLFDO#3XEOLFDWLRQV/#8:8#0F&RUNOH#%OYG1/#
:HVWHUYLOOH/#2KLR#763;50;;;;1#7KLV#PDQXDO#LV#VXEMHFW#WR#FKDQJH#ZLWKRXW#
QRWLFH1#

414# *(1(5$/#'(6&5,37,21#
7KH#0RGHO#453&6#LV#DQ#LGHDO#FXUUHQW#VRXUFH#IRU#TXLFN/#DFFXUDWH/#VWDEOH#
RXWSXWV#IRU#VHQVRU#H[FLWDWLRQ#RU#RWKHU#DSSOLFDWLRQV1#&RPSOLDQFH#YROWDJH#RI#
44#YROWV#DVVXUHV#FRQVWDQW#FXUUHQW#XQGHU#D#ZLGH#UDQJH#RI#ORDG#FRQGLWLRQV1#
7KH#LQVWUXPHQW#IHDWXUHV=#

�# 4#�$#WR#433#P$#2XWSXW#&XUUHQW1#
�# )URQW#SDQHO#287387#VZLWFK#WR#HDVLO\#UHYHUVH#SRODULW\1#
�# 5HG#&03/#OLJKW#WR#DOHUW#XVHU#ZKHQ#FRPSOLDQFH#OLPLW#LV#UHDFKHG1#
�# &DSDELOLW\#IRU#H[WHUQDO#UHVLVWRU#SURJUDPPLQJ#IURP#4#�$#WR#433#P$1#
�# 6HOHFWDEOH#RXWSXW#FXUUHQW#LQ#4;#DQG#6;#LQFUHPHQWV1#

7KH#0RGHO#453&6#KDV#D#FRPSOLDQFH#YROWDJH#RI#44#9ROWV/#DOORZLQJ#LW#WR#EH#
XVHG#DV#DQ#H[FLWDWLRQ#VRXUFH#LQ#D#YDULHW\#RI#GLRGH#VHQVRU#DSSOLFDWLRQV1#,W#DOVR#
IHDWXUHV#D#FRPSOLDQFH#/('#YLVXDOO\#LQGLFDWHV#WKH#XQLW#LV#RSHUDWLQJ#ZLWKLQ#
VSHFLILFDWLRQ1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

405# ,QWURGXFWLRQ#

7DEOH#4041#0RGHO#453&6#6SHFLILFDWLRQV#

2XWSXW#&XUUHQW=#44#IL[HG#UDQJHV#IURP#4#�$#WR#433#P$>#IURQW#
SDQHO#VHOHFWLRQ#LQ#4;#DQG#6;#LQFUHPHQWV1#5HDU#SDQHO#35*0#
DOORZV#H[WHUQDO#UHVLVWRU#SURJUDPPLQJ#WKURXJKRXW#UDQJH#4#�$#WR#
433#P$#

$FFXUDF\=#314(#RQ#IL[HG#UDQJHV#+IDFWRU\#FDOLEUDWHV#43#�$#UDQJH#
WR#EHWWHU#WKDQ#�3138(,#

6WDELOLW\=#%HWWHU#WKDQ#�3134(#SHU#GD\#RQ#IL[HG#UDQJHV#

7HPSHUDWXUH#&RHIILFLHQW=#?3134(#SHU#�&#DW#43#±#68#�&#

3URJUDPPLQJ=#$FFXUDF\/#VWDELOLW\#DQG#WHPSHUDWXUH#FRHIILFLHQW#
SHUIRUPDQFH#LQ#WKH#35*0#SRVLWLRQ#GHSHQGV#RQ#WKH#
SURJUDPPLQJ#UHVLVWRU1#$GMXVW#SURJUDPPHG#RXWSXW#FXUUHQW#YDOXH#
WR#DERXW#8(#ZLWK#UHDU#SDQHO#WULP1#

&RPSOLDQFH#9ROWDJH=#44#YROWV/#43#YROWV#RQ#433#P$#VFDOH#

35*0#SRVLWLRQ=#44#YROWV#XS#WR#83#P$/#43#YROWV#DERYH#83#P$1#
&03/#OLJKW#IODVKHV#ZKHQ#WKH#RXWSXW#YROWDJH#UHDFKHV#44#YROWV1#

$&#&XUUHQW#5LSSOH=#?3134(#RI#VFDOH#SOXV#73#�9#+506,#LQ#D#
SURSHUO\#VKLHOGHG#V\VWHP#

/LQH#5HJXODWLRQ=#/HVV#WKDQ#3134(#FKDQJH#LQ#RXWSXW#IRU#43(#
FKDQJH#LQ#OLQH#YROWDJH#ZLWKLQ#VSHFLILHG#UDQJH#

/RDG#5HJXODWLRQ=#/HVV#WKDQ#3134(#FKDQJH#LQ#RXWSXW#IURP#
4#WR#433(#RI#FRPSOLDQFH#YROWDJH#

&RQQHFWLRQV=#2XWSXW/#JURXQG/#DQG#SURJUDPPLQJ#WHUPLQDOV#RQ#
UHDU#SDQHO#WHUPLQDO#EORFN#

$PELHQW#7HPSHUDWXUH#5DQJH=#48#±#68#�&#+8<#±#<8#�),#

3RZHU=#<3#±#458#RU#543#±#583#9$&/#83293#+]/#6#9$#0D[LPXP#

6L]H=#439#[#74#[#497#PP#+715#[#419#[#918#LQFKHV,#

:HLJKW=#318#NLORJUDPV#+414#SRXQGV,#

127(6#
41# 3URGXFW#6SHFLILFDWLRQV#DUH#VXEMHFW#WR#FKDQJH#ZLWKRXW#QRWLFH1#
51# 7KH#HOHFWULFDO#VSHFLILFDWLRQV#JLYHQ#DUH#IRU#D#XQLW#RSHUDWLQJ#DW#WKH#

IDFWRU\#DW#FXUUHQW#RXWSXW#RI#43#�$>#D#GLIIHUHQW#RXWSXW#FXUUHQW#PD\#
DIIHFW#VRPH#VSHFLILFDWLRQV1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

,QWURGXFWLRQ# 406#

415# +$1'/,1*#/,48,'#+(/,80#$1'#/,48,'#1,752*(1#
+HOLXP#DQG#1LWURJHQ#DUH#FRORUOHVV/#RGRUOHVV/#DQG#WDVWHOHVV#JDVHV1#7KH\#
OLTXHI\#ZKHQ#SURSHUO\#FRROHG1#/LTXLG#+HOLXP#+/+H,#DQG#OLTXLG#QLWURJHQ#+/15,#
PD\#EH#XVHG#LQ#FRQMXQFWLRQ#ZLWK#WKH#0RGHO#453&61#$OWKRXJK#QRW#H[SORVLYH/#
WKHUH#DUH#FHUWDLQ#VDIHW\#FRQVLGHUDWLRQV#LQ#WKH#KDQGOLQJ#RI#/+H#DQG#/151#

41514# +DQGOLQJ#&U\RJHQLF#6WRUDJH#'HZDUV#
2SHUDWH#DOO#FU\RJHQLF#FRQWDLQHUV#+GHZDUV,#LQ#
DFFRUGDQFH#ZLWK#PDQXIDFWXUHU#LQVWUXFWLRQV1#6DIHW\#
LQVWUXFWLRQV#DUH#QRUPDOO\#SRVWHG#RQ#WKH#VLGH#RI#HDFK#
GHZDU1#.HHS#FU\RJHQLF#GHZDUV#LQ#D#ZHOO0YHQWLODWHG#
SODFH/#SURWHFWHG#IURP#WKH#ZHDWKHU/#DQG#DZD\#IURP#
KHDW#VRXUFHV1#)LJXUH#404#VKRZV#D#W\SLFDO#FU\RJHQLF#
GHZDU1#

41515# /+H#DQG#/15#6DIHW\#3UHFDXWLRQV#
7UDQVIHU#/+H#DQG#/15#DQG#RSHUDWH#VWRUDJH#GHZDU#
FRQWUROV#LQ#DFFRUGDQFH#ZLWK#PDQXIDFWXUHU2VXSSOLHU#
LQVWUXFWLRQV1#'XULQJ#WUDQVIHU/#IROORZ#DOO#VDIHW\#
SUHFDXWLRQV#ZULWWHQ#RQ#WKH#VWRUDJH#GHZDU#DQG#
UHFRPPHQGHG#E\#WKH#PDQXIDFWXUHU1#
#
:$51,1*=#/LTXLG#KHOLXP#LV#D#SRWHQWLDO#DVSK\[LDQW#DQG#FDQ#FDXVH#UDSLG#

VXIIRFDWLRQ#ZLWKRXW#ZDUQLQJ1#6WRUH#DQG#XVH#LQ#DQ#DGHTXDWHO\#
YHQWLODWHG#DUHD1#'2#127#YHQW#WKH#FRQWDLQHU#LQ#FRQILQHG#VSDFHV1#
'2#127#HQWHU#FRQILQHG#VSDFHV#ZKHUH#JDV#PD\#EH#SUHVHQW#XQOHVV#
DUHD#LV#ZHOO0YHQWLODWHG1#,I#LQKDOHG/#UHPRYH#WR#IUHVK#DLU1#,I#QRW#
EUHDWKLQJ/#JLYH#DUWLILFLDO#UHVSLUDWLRQ1#,I#EUHDWKLQJ#LV#GLIILFXOW/#JLYH#
R[\JHQ1#*HW#PHGLFDO#DWWHQWLRQ1#

:$51,1*=#/LTXLG#KHOLXP#FDQ#FDXVH#VHYHUH#IURVWELWH#WR#H[SRVHG#ERG\#
SDUWV1#'2#127#WRXFK#IURVWHG#SLSHV#RU#YDOYHV1#)RU#IURVWELWH/#FRQVXOW#
D#SK\VLFLDQ#LPPHGLDWHO\1#,I#D#SK\VLFLDQ#LV#XQDYDLODEOH/#ZDUP#WKH#
DIIHFWHG#SDUWV#ZLWK#ZDWHU#WKDW#LV#QHDU#ERG\#WHPSHUDWXUH1##

7ZR#HVVHQWLDO#VDIHW\#DVSHFWV#RI#KDQGOLQJ#/+H#DUH#DGHTXDWH#YHQWLODWLRQ#DQG#
H\H#DQG#VNLQ#SURWHFWLRQ1#$OWKRXJK#KHOLXP#DQG#QLWURJHQ#JDVHV#DUH#QRQ0WR[LF/#
WKH\#DUH#GDQJHURXV#EHFDXVH#WKH\#UHSODFH#DLU#LQ#D#QRUPDO#EUHDWKLQJ#
DWPRVSKHUH1#/LTXLG#KHOLXP#LV#DQ#HYHQ#JUHDWHU#WKUHDW#EHFDXVH#D#VPDOO#
DPRXQW#RI#OLTXLG#HYDSRUDWHV#WR#FUHDWH#D#ODUJH#DPRXQW#RI#JDV1#6WRUH#DQG#
RSHUDWH#FU\RJHQLF#GHZDUV#LQ#RSHQ/#ZHOO0YHQWLODWHG#DUHDV1#

1210
0$*1(7,&

.((3
835,*+7

/,48,'
+(/,80

1210
)/$00$%/(

#
)LJXUH#404#7\SLFDO#
&U\RJHQLF#'HZDU#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

407# ,QWURGXFWLRQ#

/+H#DQG#/15#6DIHW\#3UHFDXWLRQV#+&RQWLQXHG,#

:KHQ#WUDQVIHUULQJ#/+H#DQG#/15/#SURWHFW#H\HV#DQG#VNLQ#IURP#DFFLGHQWDO#
FRQWDFW#ZLWK#OLTXLG#RU#WKH#FROG#JDV#LVVXLQJ#IURP#LW1#3URWHFW#H\HV#ZLWK#IXOO0IDFH#
VKLHOG#RU#FKHPLFDO#VSODVK#JRJJOHV>#VDIHW\#JODVVHV#+HYHQ#ZLWK#VLGH#VKLHOGV,#
DUH#LQDGHTXDWH1#$OZD\V#ZHDU#VSHFLDO#FU\RJHQLF#JORYHV#+7HPSVKLHOG#&U\R0
*ORYHV�#RU#HTXLYDOHQW,#ZKHQ#KDQGOLQJ#DQ\WKLQJ#WKDW#LV/#RU#PD\#KDYH#EHHQ/#LQ#
FRQWDFW#ZLWK#WKH#OLTXLG#RU#FROG#JDV/#RU#ZLWK#FROG#SLSHV#RU#HTXLSPHQW1#:HDU#
ORQJ#VOHHYH#VKLUWV#DQG#FXIIOHVV#WURXVHUV#ORQJ#HQRXJK#WR#SUHYHQW#OLTXLG#IURP#
HQWHULQJ#VKRHV1#

41516# 5HFRPPHQGHG#)LUVW#$LG#
3RVW#DQ#DSSURSULDWH#0DWHULDO#6DIHW\#'DWD#6KHHW#+06'6,#REWDLQHG#IURP#WKH#
PDQXIDFWXUHU2GLVWULEXWRU#DW#HYHU\#VLWH#WKDW#VWRUHV#DQG#XVHV#/+H#DQG#/151#7KH#
06'6#VSHFLILHV#V\PSWRPV#RI#RYHUH[SRVXUH#DQG#ILUVW#DLG1#

,I#D#SHUVRQ#H[KLELWV#V\PSWRPV#RI#DVSK\[LD#VXFK#DV#KHDGDFKH/#GURZVLQHVV/#
GL]]LQHVV/#H[FLWDWLRQ/#H[FHVVLYH#VDOLYDWLRQ/#YRPLWLQJ/#RU#XQFRQVFLRXVQHVV/#
UHPRYH#WR#IUHVK#DLU1#,I#EUHDWKLQJ#LV#GLIILFXOW/#JLYH#R[\JHQ1#,I#EUHDWKLQJ#VWRSV/#
JLYH#DUWLILFLDO#UHVSLUDWLRQ1#&DOO#D#SK\VLFLDQ#LPPHGLDWHO\1#

,I#H[SRVXUH#WR#FU\RJHQLF#OLTXLGV#RU#FROG#JDVHV#RFFXUV/#UHVWRUH#WLVVXH#WR#
QRUPDO#ERG\#WHPSHUDWXUH#+<;19#�),#E\#EDWKLQJ#LW#LQ#ZDUP#ZDWHU#QRW#
H[FHHGLQJ#438#�)#+73#�&,1#'2#127#UXE#WKH#IUR]HQ#SDUW/#HLWKHU#EHIRUH#RU#DIWHU#
UHZDUPLQJ1#3URWHFW#WKH#LQMXUHG#WLVVXH#IURP#IXUWKHU#GDPDJH#DQG#LQIHFWLRQ#DQG#
FDOO#D#SK\VLFLDQ#LPPHGLDWHO\1#)OXVK#H[SRVHG#H\HV#WKRURXJKO\#ZLWK#ZDUP#
ZDWHU#IRU#DW#OHDVW#48#PLQXWHV1#,Q#FDVH#RI#PDVVLYH#H[SRVXUH/#UHPRYH#FORWKLQJ#
ZKLOH#VKRZHULQJ#ZLWK#ZDUP#ZDWHU1#7KH#SDWLHQW#VKRXOG#QRW#GULQN#DOFRKRO#RU#
VPRNH1#.HHS#ZDUP#DQG#UHVW1#&DOO#D#SK\VLFLDQ#LPPHGLDWHO\1#

416# (/(&75267$7,&#',6&+$5*(#
(OHFWURVWDWLF#'LVFKDUJH#+(6',#PD\#GDPDJH#HOHFWURQLF#SDUWV/#DVVHPEOLHV/#
DQG#HTXLSPHQW1#(6'#LV#D#WUDQVIHU#RI#HOHFWURVWDWLF#FKDUJH#EHWZHHQ#ERGLHV#DW#
GLIIHUHQW#HOHFWURVWDWLF#SRWHQWLDOV#FDXVHG#E\#GLUHFW#FRQWDFW#RU#LQGXFHG#E\#DQ#
HOHFWURVWDWLF#ILHOG1#7KH#ORZ0HQHUJ\#VRXUFH#WKDW#PRVW#FRPPRQO\#GHVWUR\V#
(OHFWURVWDWLF#'LVFKDUJH#6HQVLWLYH#+(6'6,#GHYLFHV#LV#WKH#KXPDQ#ERG\/#ZKLFK#
JHQHUDWHV#DQG#UHWDLQV#VWDWLF#HOHFWULFLW\1#6LPSO\#ZDONLQJ#DFURVV#D#FDUSHW#LQ#
ORZ#KXPLGLW\#PD\#JHQHUDWH#XS#WR#68/333#YROWV#RI#VWDWLF#HOHFWULFLW\1#

&XUUHQW#WHFKQRORJ\#WUHQGV#WRZDUG#JUHDWHU#FRPSOH[LW\/#LQFUHDVHG#SDFNDJLQJ#
GHQVLW\/#DQG#WKLQQHU#GLHOHFWULFV#EHWZHHQ#DFWLYH#HOHPHQWV/#ZKLFK#UHVXOWV#LQ#
HOHFWURQLF#GHYLFHV#ZLWK#HYHQ#PRUH#(6'#VHQVLWLYLW\1#6RPH#HOHFWURQLF#SDUWV#
DUH#PRUH#(6'6#WKDQ#RWKHUV1#(6'#OHYHOV#RI#RQO\#D#IHZ#KXQGUHG#YROWV#PD\#
GDPDJH#HOHFWURQLF#FRPSRQHQWV#VXFK#DV#VHPLFRQGXFWRUV/#WKLFN#DQG#WKLQ#ILOP#
UHVLVWRUV/#DQG#SLH]RHOHFWULF#FU\VWDOV#GXULQJ#WHVWLQJ/#KDQGOLQJ/#UHSDLU/#RU#
DVVHPEO\1#'LVFKDUJH#YROWDJHV#EHORZ#7333#YROWV#FDQQRW#EH#VHHQ/#IHOW/#RU#
KHDUG1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

,QWURGXFWLRQ# 408#

41614# ,GHQWLI\LQJ#(6'6#&RPSRQHQWV#
%HORZ#DUH#VRPH#LQGXVWU\#V\PEROV#XVHG#WR#ODEHO#FRPSRQHQWV#DV#(6'6=#

#

41615# +DQGOLQJ#(6'6#&RPSRQHQWV#
2EVHUYH#DOO#SUHFDXWLRQV#QHFHVVDU\#WR#SUHYHQW#GDPDJH#WR#(6'6#FRPSRQHQWV#
EHIRUH#LQVWDOODWLRQ1#%ULQJ#WKH#GHYLFH#DQG#HYHU\WKLQJ#WKDW#FRQWDFWV#LW#WR#JURXQG#
SRWHQWLDO#E\#SURYLGLQJ#D#FRQGXFWLYH#VXUIDFH#DQG#GLVFKDUJH#SDWKV1#$W#D#
PLQLPXP/#REVHUYH#WKHVH#SUHFDXWLRQV=#
41# 'H0HQHUJL]H#RU#GLVFRQQHFW#DOO#SRZHU#DQG#VLJQDO#VRXUFHV#DQG#ORDGV#XVHG#

ZLWK#XQLW1#
51# 3ODFH#XQLW#RQ#D#JURXQGHG#FRQGXFWLYH#ZRUN#VXUIDFH1#
61# *URXQG#WHFKQLFLDQ#WKURXJK#D#FRQGXFWLYH#ZULVW#VWUDS#+RU#RWKHU#GHYLFH,#

XVLQJ#4#0:#VHULHV#UHVLVWRU#WR#SURWHFW#RSHUDWRU1#
71# *URXQG#DQ\#WRROV/#VXFK#DV#VROGHULQJ#HTXLSPHQW#WKDW#ZLOO#FRQWDFW#XQLW1#

&RQWDFW#ZLWK#RSHUDWRU*V#KDQGV#SURYLGHV#D#VXIILFLHQW#JURXQG#IRU#WRROV#WKDW#
DUH#RWKHUZLVH#HOHFWULFDOO\#LVRODWHG1#

81# 3ODFH#(6'6#GHYLFHV#DQG#DVVHPEOLHV#UHPRYHG#IURP#D#XQLW#RQ#D#
FRQGXFWLYH#ZRUN#VXUIDFH#RU#LQ#D#FRQGXFWLYH#FRQWDLQHU1#$Q#RSHUDWRU#
LQVHUWLQJ#RU#UHPRYLQJ#D#GHYLFH#RU#DVVHPEO\#IURP#D#FRQWDLQHU#PXVW#
PDLQWDLQ#FRQWDFW#ZLWK#D#FRQGXFWLYH#SRUWLRQ#RI#WKH#FRQWDLQHU1#8VH#RQO\#
SODVWLF#EDJV#DSSURYHG#IRU#VWRUDJH#RI#(6'#PDWHULDO1#

91# 'R#QRW#KDQGOH#(6'6#GHYLFHV#XQQHFHVVDULO\#RU#UHPRYH#IURP#WKH#
SDFNDJHV#XQWLO#DFWXDOO\#XVHG#RU#WHVWHG1#

417# 6$)(7<#6800$5<#
2EVHUYH#WKHVH#JHQHUDO#VDIHW\#SUHFDXWLRQV#GXULQJ#DOO#SKDVHV#RI#LQVWUXPHQW#
RSHUDWLRQ/#VHUYLFH/#DQG#UHSDLU1#)DLOXUH#WR#FRPSO\#ZLWK#WKHVH#SUHFDXWLRQV#RU#
ZLWK#VSHFLILF#ZDUQLQJV#HOVHZKHUH#LQ#WKLV#PDQXDO#YLRODWHV#VDIHW\#VWDQGDUGV#RI#
GHVLJQ/#PDQXIDFWXUH/#DQG#LQWHQGHG#LQVWUXPHQW#XVH1#/DNH#6KRUH#&U\RWURQLFV/#
,QF1#DVVXPHV#QR#OLDELOLW\#IRU#&XVWRPHU#IDLOXUH#WR#FRPSO\#ZLWK#WKHVH#
UHTXLUHPHQWV1#

*URXQG#7KH#,QVWUXPHQW#
7R#PLQLPL]H#VKRFN#KD]DUG/#FRQQHFW#LQVWUXPHQW#FKDVVLV#DQG#FDELQHW#WR#DQ#
HOHFWULFDO#JURXQG1#7KH#LQVWUXPHQW#FRPHV#ZLWK#D#60FRQGXFWRU#$&#SRZHU#
FDEOH1#3OXJ#LW#LQWR#DQ#DSSURYHG#WKUHH0FRQWDFW#HOHFWULFDO#RXWOHW#RU#XVH#D#WKUHH0
FRQWDFW#DGDSWHU#ZLWK#WKH#JUHHQ#JURXQG#ZLUH#ILUPO\#VHFXUHG#WR#DQ#HOHFWULFDO#
JURXQG#+VDIHW\#JURXQG,#DW#WKH#SRZHU#RXWOHW1#7KH#SRZHU#FDEOH#MDFN#DQG#
PDWLQJ#SOXJ#PHHW#8QGHUZULWHUV#/DERUDWRULHV#+8/,#DQG#,QWHUQDWLRQDO#
(OHFWURWHFKQLFDO#&RPPLVVLRQ#+,(&,#VDIHW\#VWDQGDUGV1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

409# ,QWURGXFWLRQ#

'R#1RW#2SHUDWH#,Q#$Q#([SORVLYH#$WPRVSKHUH#
'R#QRW#RSHUDWH#WKH#LQVWUXPHQW#LQ#WKH#SUHVHQFH#RI#IODPPDEOH#JDVHV#RU#IXPHV1#
2SHUDWLRQ#RI#DQ\#HOHFWULFDO#LQVWUXPHQW#LQ#VXFK#DQ#HQYLURQPHQW#FRQVWLWXWHV#D#
GHILQLWH#VDIHW\#KD]DUG1#

.HHS#$ZD\#)URP#/LYH#&LUFXLWV#
2SHUDWLQJ#SHUVRQQHO#PXVW#QRW#UHPRYH#LQVWUXPHQW#FRYHUV1#5HIHU#FRPSRQHQW#
UHSODFHPHQW#DQG#LQWHUQDO#DGMXVWPHQWV#WR#TXDOLILHG#PDLQWHQDQFH#SHUVRQQHO1#
'R#QRW#UHSODFH#FRPSRQHQWV#ZLWK#SRZHU#FDEOH#FRQQHFWHG1#7R#DYRLG#LQMXULHV/#
DOZD\V#GLVFRQQHFW#SRZHU#DQG#GLVFKDUJH#FLUFXLWV#EHIRUH#WRXFKLQJ#WKHP1#

'R#1RW#6XEVWLWXWH#3DUWV#2U#0RGLI\#,QVWUXPHQW#
'R#QRW#LQVWDOO#VXEVWLWXWH#SDUWV#RU#SHUIRUP#DQ\#XQDXWKRUL]HG#PRGLILFDWLRQ#WR#
WKH#LQVWUXPHQW1#5HWXUQ#WKH#LQVWUXPHQW#WR#DQ#DXWKRUL]HG#/DNH#6KRUH#
&U\RWURQLFV/#,QF1#UHSUHVHQWDWLYH#IRU#VHUYLFH#DQG#UHSDLU#WR#HQVXUH#WKDW#VDIHW\#
IHDWXUHV#DUH#PDLQWDLQHG1#

418# 6$)(7<#6<0%2/6#
# 'LUHFW#FXUUHQW#+SRZHU#OLQH,1#

# $OWHUQDWLQJ#FXUUHQW#+SRZHU#OLQH,1#

# $OWHUQDWLQJ#RU#GLUHFW#FXUUHQW#+SRZHU#OLQH,1#

# 7KUHH0SKDVH#DOWHUQDWLQJ#FXUUHQW#+SRZHU#OLQH,1#

# (DUWK#+JURXQG,#WHUPLQDO1#

# 3URWHFWLYH#FRQGXFWRU#WHUPLQDO1#

# )UDPH#RU#FKDVVLV#WHUPLQDO1#

# 2Q#+VXSSO\,1#

# 2II#+VXSSO\,1#

(TXLSPHQW#SURWHFWHG#WKURXJKRXW#E\#GRXEOH#LQVXODWLRQ#RU#
UHLQIRUFHG#LQVXODWLRQ#+(TXLYDOHQW#WR#&ODVV#,,#RI#,(&#869#±###
$QQH[#+,1#

&DXWLRQ=#+LJK#YROWDJHV#RU#WHPSHUDWXUHV1#%DFNJURXQG#FRORU=#
<HOORZ>#6\PERO#DQG#RXWOLQH=#%ODFN1#

&DXWLRQ#RU#:DUQLQJ#0#6HH#LQVWUXPHQW#GRFXPHQWDWLRQ1#
%DFNJURXQG#FRORU=#<HOORZ>#6\PERO#DQG#RXWOLQH=#%ODFN1#

(
G
L
,

&
W
<

&
L
%
D



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

,QVWDOODWLRQ# 504#

&+$37(5#5#
#

,167$//$7,21#
#

513# *(1(5$/#
7KLV#FKDSWHU#FRYHUV#LQVSHFWLRQ#DQG#XQSDFNLQJ#LQ#3DUDJUDSK#514/#UHSDFNDJLQJ#
IRU#VKLSPHQW#LQ#3DUDJUDSK#515/#VHQVRU#LQVWDOODWLRQ#UHFRPPHQGDWLRQV#LQ#
3DUDJUDSK#516/#SRZHU#DQG#JURXQG#UHTXLUHPHQWV#LQ#3DUDJUDSK#517/#ORDG#
FRQQHFWLRQ#LQ#3DUDJUDSK#517/#VHQVRU#LQVWDOODWLRQ#UHFRPPHQGDWLRQV#LQ#
3DUDJUDSK#518/#DQG#UDFN#PRXQWLQJ#LQ#3DUDJUDSK#5191#

514# ,163(&7,21#$1'#813$&.,1*#
,QVSHFW#VKLSSLQJ#FRQWDLQHUV#IRU#H[WHUQDO#GDPDJH1#0DNH#DOO#FODLPV#IRU#
GDPDJH#+DSSDUHQW#RU#FRQFHDOHG,#RU#SDUWLDO#ORVV#RI#VKLSPHQW#LQ#ZULWLQJ#WR#
/DNH#6KRUH#ZLWKLQ#ILYH#+8,#GD\V#IURP#UHFHLSW#RI#JRRGV1#,I#GDPDJH#RU#ORVV#LV#
DSSDUHQW/#SOHDVH#QRWLI\#WKH#VKLSSLQJ#DJHQW#LPPHGLDWHO\1#

2SHQ#WKH#VKLSSLQJ#FRQWDLQHUV1#8VH#WKH#SDFNLQJ#OLVW#LQFOXGHG#ZLWK#WKH#V\VWHP#
WR#YHULI\#UHFHLSW#RI#WKH#LQVWUXPHQW/#VHQVRU/#DFFHVVRULHV/#DQG#PDQXDO1#,QVSHFW#
IRU#GDPDJH1#,QYHQWRU\#DOO#FRPSRQHQWV#VXSSOLHG#EHIRUH#GLVFDUGLQJ#DQ\#
VKLSSLQJ#PDWHULDOV1#,I#WKHUH#LV#IUHLJKW#GDPDJH#WR#WKH#LQVWUXPHQW/#ILOH#SURSHU#
FODLPV#SURPSWO\#ZLWK#WKH#FDUULHU#DQG#LQVXUDQFH#FRPSDQ\#DQG#QRWLI\#/DNH#
6KRUH1#1RWLI\#/DNH#6KRUH#LPPHGLDWHO\#RI#DQ\#PLVVLQJ#SDUWV1#/DNH#6KRUH#
FDQQRW#EH#UHVSRQVLEOH#IRU#DQ\#PLVVLQJ#SDUWV#XQOHVV#QRWLILHG#ZLWKLQ#93#GD\V#RI#
VKLSPHQW1#5HIHU#WR#WKH#VWDQGDUG#/DNH#6KRUH#:DUUDQW\#RQ#WKH#$#3DJH#
+LPPHGLDWHO\#EHKLQG#WKH#WLWOH#SDJH,1#

515# 5(3$&.$*,1*#)25#6+,30(17#
7R#UHWXUQ#WKH#0RGHO#453&6#RU#DFFHVVRULHV#IRU#UHSDLU#RU#UHSODFHPHQW/#REWDLQ#
D#5HWXUQ#*RRGV#$XWKRUL]DWLRQ#+5*$,#QXPEHU#IURP#7HFKQLFDO#6HUYLFH#LQ#WKH#
8QLWHG#6WDWHV/#RU#IURP#WKH#DXWKRUL]HG#VDOHV2VHUYLFH#UHSUHVHQWDWLYH#IURP#
ZKLFK#WKH#SURGXFW#ZDV#SXUFKDVHG1#,QVWUXPHQWV#PD\#QRW#EH#DFFHSWHG#ZLWKRXW#
D#5*$#QXPEHU1#:KHQ#UHWXUQLQJ#DQ#LQVWUXPHQW#IRU#VHUYLFH/#/DNH#6KRUH#PXVW#
KDYH#WKH#IROORZLQJ#LQIRUPDWLRQ#EHIRUH#DWWHPSWLQJ#DQ\#UHSDLU1#

41# ,QVWUXPHQW#PRGHO#DQG#VHULDO#QXPEHU1#
51# 8VHU#QDPH/#FRPSDQ\/#DGGUHVV/#DQG#SKRQH#QXPEHU1#
61# 0DOIXQFWLRQ#V\PSWRPV1#
71# 'HVFULSWLRQ#RI#V\VWHP1#
81# 5HWXUQHG#*RRGV#$XWKRUL]DWLRQ#+5*$,#QXPEHU1#

5HSDFN#WKH#V\VWHP#LQ#LWV#RULJLQDO#FRQWDLQHU#+LI#DYDLODEOH,1#$IIL[#VKLSSLQJ#
ODEHOV#DQG#)5$*,/(#ZDUQLQJV1#:ULWH#5*$#QXPEHU#RQ#WKH#RXWVLGH#RI#WKH#
FRQWDLQHU#RU#RQ#WKH#SDFNLQJ#VOLS1#,I#QRW#DYDLODEOH/#FRQVXOW#/DNH#6KRUH#IRU#
VKLSSLQJ#DQG#SDFNLQJ#LQVWUXFWLRQV1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

505# ,QVWDOODWLRQ#

516# 32:(5#$1'#*5281'#5(48,5(0(176#
7KH#0RGHO#453&6#UHTXLUHV#D#SRZHU#VRXUFH#RI#<3#WR#458#RU#543#WR#583#9$&/#
83#RU#93#+]/#VLQJOH#SKDVH/#6#9$#PD[LPXP1#,W#VKLSV#ZLWK#D#OLQH#FRUG#
+321#4480339,#IRU#453#9$&#RSHUDWLRQ1#&RQQHFW#WR#UHDU#SDQHO#SRZHU#SOXJ1#
7XUQ#WKH#XQLW#RQ#E\#SUHVVLQJ#WKH#UHG#32:(5#EXWWRQ#RQ#WKH#IURQW#SDQHO#

:$51,1*=#7R#SUHYHQW#HOHFWULFDO#ILUH#RU#VKRFN#KD]DUGV/#GR#QRW#H[SRVH#
WKLV#LQVWUXPHQW#WR#UDLQ#RU#H[FHVV#PRLVWXUH1#
&$87,21=#9HULI\#FRUUHFW#YROWDJH#FRQILJXUDWLRQ#E\#FKHFNLQJ#WKH#/LQH#9ROWDJH#
6HOHFWLRQ#%ORFN#RQ#WKH#0RGHO#453&6#UHDU#SDQHO#GR#QRW#XVH#WKH#FXUUHQW#
VRXUFH#DW#RWKHU#WKDQ#LWV#PDUNHG#YROWDJH1#7R#FKDQJH#YROWDJH#FRQILJXUDWLRQ/#
UHIHU#WR#&KDSWHU#71#

7R#SURWHFW#RSHUDWLQJ#SHUVRQQHO/#SURSHUO\#JURXQG#LQVWUXPHQW#SDQHOV#DQG#
FDELQHWV#SHU#LQ#DFFRUGDQFH#ZLWK#DQG#ORFDO#FRGHV1#7KH#60FRQGXFWRU#SRZHU#
FDEOH/#ZKHQ#SOXJJHG#LQWR#DQ#DSSURSULDWH#UHFHSWDFOH/#JURXQGV#WKH#LQVWUXPHQW1#
6KLHOG#VHQVRU#FDEOHV#ZKHQHYHU#SRVVLEOH1#$WWDFK#WKH#VKLHOGV#WR#WKH#FRQQHFWRU#
VKLHOG#SLQ1#

517# /2$'#&211(&7,21#
&RQQHFW#WKH#ORDG#+WHPSHUDWXUH#VHQVRU,#WR#WKH#+.,#DQG#+±,#287#WHUPLQDOV#RQ#
WKH#7HUPLQDO#%ORFN#RQ#WKH#UHDU#SDQHO1#8VH#SURSHU#VKLHOGLQJ#WHFKQLTXHV#WR#
PLQLPL]H#OLQH#IUHTXHQF\#$&#QRLVH#RQ#WKH#OHDGV1#7KLV#LV#PRUH#FULWLFDO#DW#ORZ#
FXUUHQWV#ZLWK#KLJK#UHVLVWDQFH1#

518# 6(1625#,167$//$7,21#5(&200(1'$7,216#
$OWKRXJK#WKH#0RGHO#453&6#DFWV#DV#D#FXUUHQW#VRXUFH#IRU#DQ\#DSSOLFDWLRQ/#
LW#FDQ#SURYLGH#WKH#43#�$#H[FLWDWLRQ#FXUUHQW#IRU#/DNH#6KRUH#73306HULHV/#
83306HULHV/#DQG#7*0453#'LRGH#6HQVRUV1#5HIHU#WR#WKH#/DNH#6KRUH#3URGXFW#
&DWDORJ#IRU#LQVWDOODWLRQ#GHWDLOV#DQG#VHQVRU#VSHFLILFDWLRQV1#&DOO#/DNH#6KRUH#
IRU#FRSLHV#RI#DSSOLFDWLRQ#QRWHV#RU#VHQVRU#LQVWDOODWLRQ#TXHVWLRQV1#$OWKRXJK#D#
VHQVRU#LV#QRW#SURYLGHG#ZLWK#WKH#0RGHO#453&6/#EHORZ#DUH#JHQHUDO#
UHFRPPHQGDWLRQV#RQ#VHQVRU#LQVWDOODWLRQ=#

41# 'R#QRW#JURXQG#WKH#VHQVRU1#
51# 6KLHOG#OHDGV#DQG#FRQQHFW#VKLHOG#ZLUH#WR#6+,(/'#RQ#VFUHZ#WHUPLQDO#

FRQQHFWRU#RQO\1#'R#QRW#FRQQHFW#VKLHOG#DW#RWKHU#HQG#RI#FDEOH1#
61# .HHS#OHDGV#DV#VKRUW#DV#SRVVLEOH1#
71# 8VH#WZLVWHG0SDLU#ZLUH1#8VH#/DNH#6KRUH#'XR07ZLVW�#ZLUH#+RU#HTXLYDOHQW,#

IRU#WZR0ZLUH/#RU#4XDG07ZLVW�#ZLUH#+RU#HTXLYDOHQW,#IRU#IRXU0ZLUH#
DSSOLFDWLRQV1#

81# 7KHUPDOO\#DQFKRU#OHDG#ZLUHV1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

,QVWDOODWLRQ# 506#

51814# &RQQHFWLQJ#6HQVRU#/HDGV#
([FHVVLYH#KHDW#IORZ#WKURXJK#FRQQHFWLQJ#OHDGV#WR#DQ\#WHPSHUDWXUH#VHQVRU#
PD\#GLIIHU#WKH#WHPSHUDWXUH#EHWZHHQ#WKH#DFWLYH#VHQVLQJ#HOHPHQW#DQG#WKH#
VDPSOH#WR#ZKLFK#WKH#VHQVRU#PRXQWV1#7KLV#UHIOHFWV#DV#D#UHDO#WHPSHUDWXUH#
RIIVHW#EHWZHHQ#ZKDW#LV#PHDVXUHG#DQG#WKH#WUXH#VDPSOH#WHPSHUDWXUH1#
(OLPLQDWH#VXFK#WHPSHUDWXUH#HUURUV#ZLWK#SURSHU#VHOHFWLRQ#DQG#LQVWDOODWLRQ#RI#
FRQQHFWLQJ#OHDGV1#

7R#PLQLPL]H#KHDW#IORZ#WKURXJK#WKH#OHDGV/#VHOHFW#OHDGV#RI#VPDOO#GLDPHWHU#DQG#
ORZ#WKHUPDO#FRQGXFWLYLW\1#3KRVSKRU0EURQ]H#RU#0DQJDQLQ#ZLUH#LV#FRPPRQO\#
XVHG#LQ#VL]HV#65#RU#69#$:*1#7KHVH#ZLUHV#KDYH#D#IDLUO\#ORZ#WKHUPDO#
FRQGXFWLYLW\/#\HW#HOHFWULFDO#UHVLVWDQFH#LV#QRW#ODUJH#HQRXJK#WR#FUHDWH#
PHDVXUHPHQW#SUREOHPV1#

7KHUPDOO\#DQFKRU#OHDG#ZLUHV#DW#VHYHUDO#WHPSHUDWXUHV#EHWZHHQ#URRP#
WHPSHUDWXUH#DQG#FU\RJHQLF#WHPSHUDWXUHV#WR#JXDUDQWHH#QR#KHDW#FRQGXFWLRQ#
WKURXJK#WKH#OHDGV#WR#WKH#VHQVRU1#

51815# 6HQVRU#0RXQWLQJ#
%HIRUH#LQVWDOOLQJ#D#GLRGH#VHQVRU/#
LGHQWLI\#ZKLFK#OHDG#LV#WKH#DQRGH#DQG#
ZKLFK#LV#WKH#FDWKRGH1#:KHQ#YLHZHG#ZLWK#
WKH#EDVH#GRZQ#DQG#WKH#OHDGV#WRZDUGV#
WKH#REVHUYHU/#WKH#DQRGH#LV#RQ#WKH#ULJKW#
DQG#WKH#FDWKRGH#LV#RQ#WKH#OHIW1#7KH#/DNH#
6KRUH#'707:306'#VLOLFRQ#GLRGH#VHQVRU#
OHDG#FRQILJXUDWLRQ#LV#VKRZQ#WR#WKH#ULJKW1#
)RU#RWKHU#VHQVRUV/#UHDG#DFFRPSDQ\LQJ#
OLWHUDWXUH#RU#FRQVXOW#WKH#PDQXIDFWXUHU#WR#SRVLWLYHO\#LGHQWLI\#VHQVRU#OHDGV1#
/HDG#LGHQWLILFDWLRQ#VKRXOG#UHPDLQ#FOHDU#HYHQ#DIWHU#VHQVRU#LQVWDOODWLRQ1#
5HFRUG#WKH#VHQVRU#VHULDO#QXPEHU#DQG#ORFDWLRQ1#

2Q#WKH#'707:306'/#WKH#EDVH#LV#WKH#ODUJHVW#IODW#VXUIDFH1#,W#LV#VDSSKLUH#ZLWK#
JROG#PHWDOL]DWLRQ#RYHU#D#QLFNHO#EXIIHU#OD\HU1#7KH#EDVH#LV#HOHFWULFDOO\#LVRODWHG#
IURP#WKH#VHQVLQJ#HOHPHQW#DQG#OHDGV>#PDNH#DOO#WKHUPDO#FRQWDFW#WR#WKH#VHQVRU#
WKURXJK#WKH#EDVH1#$#WKLQ#EUD]H#MRLQW#DURXQG#WKH#VLGHV#RI#WKH#6'#SDFNDJH#
HOHFWULFDOO\#FRQQHFW#WR#WKH#VHQVLQJ#HOHPHQW1#$YRLG#FRQWDFW#WR#WKH#VLGHV#ZLWK#
DQ\#HOHFWULFDOO\#FRQGXFWLYH#PDWHULDO1#

:KHQ#LQVWDOOLQJ#WKH#VHQVRU/#PDNH#VXUH#WKHUH#DUH#QR#HOHFWULFDO#VKRUWV#RU#
FXUUHQW#OHDNDJH#SDWKV#EHWZHHQ#WKH#OHDGV#RU#EHWZHHQ#WKH#OHDGV#DQG#JURXQG1#
,I#,0,0:364#YDUQLVK#RU#HSR[\#LV#XVHG/#LW#PD\#VRIWHQ#YDUQLVK0W\SH#OHDG#
LQVXODWLRQV#VR#WKDW#KLJK#UHVLVWDQFH#VKXQWV#DSSHDU#EHWZHHQ#ZLUHV#LI#VXIILFLHQW#
WLPH#IRU#FXULQJ#LV#QRW#DOORZHG1##

6OLGH#7HIORQ�#VSDJKHWWL#WXELQJ#RYHU#EDUH#OHDGV#ZKHQ#WKH#SRVVLELOLW\#RI#
VKRUWLQJ#H[LVWV1#$YRLG#SXWWLQJ#VWUHVV#RQ#WKH#GHYLFH#OHDGV#DQG#DOORZ#IRU#
WKHUPDO#FRQWUDFWLRQV#WKDW#RFFXU#GXULQJ#FRROLQJ#ZKLFK#FRXOG#IUDFWXUH#D#VROGHU#
MRLQW#RU#OHDG#LI#LQVWDOOHG#XQGHU#WHQVLRQ#DW#URRP#WHPSHUDWXUH1#

DT-470-SD
Diode Sensor Leads

AnodeCathode



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

507# ,QVWDOODWLRQ#

6HQVRU#0RXQWLQJ#+&RQWLQXHG,#

)RU#WHPSRUDU\#PRXQWLQJ#LQ#FROG#WHPSHUDWXUH#DSSOLFDWLRQV/#DSSO\#D#WKLQ#OD\HU#
RI#$SLH]RQ�#1#*UHDVH#EHWZHHQ#WKH#VHQVRU#DQG#VDPSOH#WR#HQKDQFH#WKHUPDO#
FRQWDFW#XQGHU#VOLJKW#SUHVVXUH1#7KH#SUHIHUUHG#PHWKRG#IRU#PRXQWLQJ#WKH#
'707:306'#VHQVRU#LV#WKH#/DNH#6KRUH#&2#$GDSWHU1#

&$87,21=#/DNH#6KRUH#ZLOO#QRW#ZDUUDQW\#UHSODFH#DQ\#GHYLFH#GDPDJHG#E\#
XVHU0GHVLJQHG#FODPSV#RU#VROGHU#PRXQWLQJ1#

)RU#VHPL0SHUPDQHQW#PRXQWLQJV/#XVH#6W\FDVW#HSR[\#LQVWHDG#RI#$SLH]RQ�#1#
*UHDVH1#127(=#'R#QRW#DSSO\#6W\FDVW#HSR[\#RYHU#WKH#'707:306'#SDFNDJH#²#
VHQVRU#VWUHVV#PD\#VKLIW#WKH#UHDGLQJV1#,Q#DOO#FDVHV/#SHULRGLFDOO\#LQVSHFW#WKH#
VHQVRU#PRXQWLQJ#WR#YHULI\#JRRG#WKHUPDO#FRQWDFW#WR#WKH#PRXQWLQJ#VXUIDFH#LV#
PDLQWDLQHG1#

51816# 0HDVXUHPHQW#(UURUV#'XH#7R#$&#1RLVH#
3RRUO\#VKLHOGHG#OHDGV#RU#LPSURSHUO\#JURXQGHG#PHDVXUHPHQW#V\VWHPV#FDQ#
LQWURGXFH#$&#QRLVH#LQWR#WKH#VHQVRU#OHDGV1#,Q#GLRGH#VHQVRUV/#WKH#$&#QRLVH#
VKLIWV#WKH#'&#YROWDJH#PHDVXUHPHQW#GXH#WR#WKH#GLRGH#QRQ0OLQHDU#
FXUUHQW2YROWDJH#FKDUDFWHULVWLFV1#:KHQ#WKLV#RFFXUV/#PHDVXUHG#'&#YROWDJH#LV#
WRR#ORZ#DQG#WKH#FRUUHVSRQGLQJ#WHPSHUDWXUH#UHDGLQJ#LV#KLJK1#7KH#
PHDVXUHPHQW#HUURU#FDQ#DSSURDFK#VHYHUDO#WHQWKV#RI#D#NHOYLQ1#7R#GHWHUPLQH#LI#
WKLV#SUREOHP#H[LVWV/#SHUIRUP#HLWKHU#SURFHGXUH#EHORZ1#

41# 3ODFH#D#FDSDFLWRU#DFURVV#WKH#GLRGH#WR#VKXQW#LQGXFHG#$&#FXUUHQWV1#
&DSDFLWRU#VL]H#GHSHQGV#RQ#WKH#QRLVH#IUHTXHQF\1#,I#QRLVH#LV#UHODWHG#WR#
SRZHU#OLQH#IUHTXHQF\/#XVH#D#43#�)#FDSDFLWRU1#,I#$&0FRXSOHG#GLJLWDO#QRLVH#
LV#VXVSHFWHG#+GLJLWDO#FLUFXLWV#RU#LQWHUIDFHV,/#XVH#D#314#WR#4#�)#FDSDFLWRU1#
,Q#HLWKHU#FDVH/#LI#PHDVXUHG#'&#YROWDJH#LQFUHDVHV/#WKHUH#LV#LQGXFHG#QRLVH#
LQ#WKH#PHDVXUHPHQW#V\VWHP1#

51# 0HDVXUH#$&#YROWDJH#DFURVV#WKH#GLRGH#ZLWK#DQ#$&#YROWPHWHU#RU#
RVFLOORVFRSH1#0RVW#YROWPHWHUV#GR#QRW#KDYH#WKH#IUHTXHQF\#UHVSRQVH#WR#
PHDVXUH#QRLVH#DVVRFLDWHG#ZLWK#GLJLWDO#FLUFXLWV#RU#LQWHUIDFHV#+ZKLFK#
RSHUDWH#LQ#WKH#0+]#UDQJH,1#)RU#D#WKRURXJK#GLVFXVVLRQ#RI#WKLV#SRWHQWLDO#
SUREOHP/#DQG#WKH#PDJQLWXGH#RI#HUURU#ZKLFK#PD\#UHVXOW/#UHTXHVW#WKH#SDSHU#
³0HDVXUHPHQW#6\VWHP0,QGXFHG#(UURUV#,Q#'LRGH#7KHUPRPHWU\/´#-1.1#
.UDXVH#DQG#%1&1#'RGULOO/#5HY1#6FL1#,QVWU1#8:#+7,/#994/#$SULO/#4<;9#IURP#
/DNH#6KRUH1#

7R#JUHDWO\#UHGXFH#SRWHQWLDO#$&#QRLVH/#FRQQHFW#WZLVWHG#OHDGV#+SDLUV,#EHWZHHQ#
WKH#PHDVXUHPHQW#LQVWUXPHQWV#DQG#WKH#GLRGH#VHQVRUV1#8VH#65#RU#69#$:*#
/DNH#6KRUH#'XR07ZLVW�#&U\RJHQLF#:LUH/#ZKLFK#IHDWXUHV#SKRVSKRU#EURQ]H#
ZLUH#WZLVWHG#DW#6148#WZLVWV#SHU#FHQWLPHWHU#+;#WZLVWV#SHU#LQFK,1#5HIHU#WR#WKH#
/DNH#6KRUH#3URGXFW#&DWDORJ#RU#FRQWDFW#/DNH#6KRUH#IRU#IXUWKHU#LQIRUPDWLRQ1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

,QVWDOODWLRQ# 508#

519# 5$&.#02817,1*#
7KH#0RGHO#453#FDQ#LQVWDOO#LQ#D#VWDQGDUG#³VL]H´#ó#SDQHO#(,$#UDFN#VSDFH1#
,I#\RX#RUGHUHG#D#53<3#UDFN0PRXQWLQJ#DGDSWHU/#IROORZ#WKH#LQVWDOODWLRQ#
LQVWUXFWLRQV#EHORZ1#6HH#)LJXUH#5041#

41# 5HPRYH#IURQW#IHHW#RQ#ERWWRP#RI#XQLW#DQG#DWWDFK#ORZHU#UDFN#SLHFH#E\#
WKUHDGLQJ#WZR#RI#WKH#IRXU#VFUHZV#SURYLGHG#LQWR#WKH#IURQW#IHHW#KROHV1#

51# /RFDWH#WKH#WZR#PRXQWLQJ#KROH#DFFHVV#FRYHUV#RQ#WKH#WRS#RI#WKH#XQLW1#
$WWDFK#WKH#RWKHU#UDFN#ZLWK#WKH#UHPDLQLQJ#VFUHZV1#

#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

509# ,QVWDOODWLRQ#

#
#

A B A

A B A

0.265 (6.73) 0.215 (5.46)

Hole Sizes:Hole Sizes:

A = 0.189 (0.480) Diameter ­ 4 Places

B = 0.169 (0.429) Diameter ­ 2 Places

CL1.44

(35.58)

1.44

(35.58)

4.18 (106.17)
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Model 120CS Front Panel

#

# &045305041HSV#

)LJXUH#5041#0RGHO#53<3#5DFN#0RXQWLQJ#
#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

2SHUDWLRQ# 604#

&+$37(5#6#
#

23(5$7,21#
613# *(1(5$/#
7KLV#FKDSWHU#GHVFULEHV#IURQW#SDQHO#IHDWXUHV#DQG#IXQFWLRQV#LQ#3DUDJUDSK#614/#
UHDU#SDQHO#IHDWXUHV#DQG#IXQFWLRQV#LQ#3DUDJUDSK#615/#LQVWUXFWLRQV#IRU#VHOHFWLQJ#
RXWSXW#FXUUHQW#YDOXH#IL[HG#UDQJHV#DUH#SURYLGHG#LQ#3DUDJUDSK#616/#DQG#
SURJUDP#PRGH#LV#GLVFXVVHG#LQ#3DUDJUDSK#6171#

614# )5217#3$1(/#)($785(6#$1'#)81&7,216#
32:(5=#3XVK#WR#WXUQ#SRZHU#WR#XQLW#2Q1#3XVK#DJDLQ#WR#WXUQ#SRZHU#2II1#

287387=#7KUHH03RVLWLRQ#7RJJOH#6ZLWFK#VHOHFWV#RXWSXW#FXUUHQW#SRODULW\#
GHILQHG#DV#IROORZV=#

1RUP#±#&XUUHQW#VXSSOLHG#RXW#RI#.287#WHUPLQDO1#
2II#±#2XWSXW#FXUUHQW#LV#]HUR1#
5HYUV#±#&XUUHQW#VXSSOLHG#RXW#RI#±287#WHUPLQDO1#

&XUUHQW#6HOHFWRU#6ZLWFK=#450SRVLWLRQ#URWDU\#VZLWFK#VHOHFWV#RQH#RI#44#IL[HG#
LQWHUQDO#FXUUHQW#YDOXHV#DQG#RQH#SURJUDPPDEOH#YDOXH1#6HOHFW#RQH#RI#WKH#
44#)L[HG#5DQJHV#LQ#4;#DQG#6;#LQFUHPHQWV#IURP#4#�$#WR#433#P$1#6HOHFW#
35*0#DQG#FRQQHFW#D#UHVLVWRU#DFURVV#WKH#35*0#WHUPLQDOV#RQ#WKH#UHDU#SDQHO#
WR#VHW#RXWSXW#FXUUHQW1#

&03/#+&203/,$1&(,#/('=#,OOXPLQDWHV#ZKHQ#WKH#287387#VZLWFK#LV#VHW#WR#
1250#RU#5(956#DQG#RXWSXW#YROWDJH#LV#]HUR#WR#OHVV#WKDQ#44#YROWV1#
&RPSOLDQFH#YROWDJH#LV#WKH#PD[LPXP#YROWDJH#WKDW#FDQ#EH#GHYHORSHG#DFURVV#
WKH#RXWSXW#WHUPLQDOV#ZKLOH#PDLQWDLQLQJ#WKH#VSHFLILHG#RXWSXW#FXUUHQW1#,I#RXWSXW#
FXUUHQW#UHDFKHV#44#YROWV/#WKH#OLJKW#IODVKHV1#

21#/('=#,OOXPLQDWHV#ZKHQ#SRZHU#WR#XQLW#LV#2Q1#
#

## 3045306041EPS#

)LJXUH#6041#0RGHO#453&6#)URQW#3DQHO#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

605# 2SHUDWLRQ#

#

#
#
# 3045306051EPS#

)LJXUH#6051#0RGHO#453&6#5HDU#3DQHO#
#
#

615# 5($5#3$1(/#)($785(6#$1'#)81&7,216#
7HUPLQDO#%ORFN=#80SRVLWLRQ#WHUPLQDO#EORFN#IRU#HDV\#FRQQHFWLRQ#RI=#

35*0#±#3URJUDPPLQJ#5HVLVWRU1#
*1'#±#6KLHOGLQJ#*URXQG1#
.#DQG#±#287#±#2XWSXW#&XUUHQW1#

35*0#$'-#+3URJUDP#$GMXVW,=#7ULP#3RWHQWLRPHWHU1#$GMXVWV#RXWSXW#FXUUHQW#
YDOXH#�8(#ZKHQ#WKH#&XUUHQW#6HOHFWRU#6ZLWFK#LV#VHW#WR#35*01#
,#$'-#+&XUUHQW#$GMXVW,=#7ULP#3RWHQWLRPHWHU1#$GMXVW#WKH#44#IL[HG#RXWSXW#
FXUUHQW#YDOXHV#�4(#GXULQJ#FDOLEUDWLRQ1#

7KH#/LQH#9ROWDJH#6HOHFWLRQ#%ORFN#LQGLFDWHV#WKH#IXVH#UDWLQJ#DQG#VHOHFWHG#OLQH#
YROWDJH1#
#

616# 6(/(&7,1*#287387#&855(17#9$/8(#),;('#5$1*(6#
7KH#287387#&XUUHQW#6HOHFWRU#6ZLWFK#VHOHFWV#RQH#RI#44#IL[HG#LQWHUQDO#
FXUUHQW#YDOXHV#+4#�$#WKURXJK#433#P$#LQ#4;#DQG#6;#LQFUHPHQWV,1#

41# 'LDO#IURQW#SDQHO#&XUUHQW#6HOHFWRU#6ZLWFK#WR#GHVLUHG#IL[HG#UDQJH1#

51# 0RYH#287387#7RJJOH#6ZLWFK#WR#1250#RU#5(9561#

127(=#(QVXUH#SURSHU#ORDG#FRQQHFWLRQ#DQG#VKLHOGLQJ1#5HIHU#WR#&KDSWHU#51#

61# 7XUQ#2Q#0RGHO#453&6#E\#SUHVVLQJ#UHG#IURQW#SDQHO#32:(5#EXWWRQ1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

2SHUDWLRQ# 606#

617# 352*5$0#02'(#
41# &RQQHFW#WKH#GHVLUHG#UHVLVWRU#WR#WKH#35*0#RXWSXW#WHUPLQDOV#ORFDWHG#RQ#

WKH#UHDU#SDQHO1#

127(=#7KH#RXWSXW#FXUUHQW#+,,#LQ#UHODWLRQ#WR#WKH#SURJUDPPLQJ#UHVLVWRU#+5,#LQ#
RKPV#LV=#,# #4833#2#+48#.#5,#PLOOLDPSHUHV1#,Q#7DEOH#604/#WKH#FDOFXODWHG#5#DQG#
WKH#FORVHVW#VWDQGDUG#4(#UHVLVWDQFH#YDOXHV#DUH#JLYHQ#IRU#YDULRXV#FXUUHQWV1#

51# 3ODFH#WKH#287387#&XUUHQW#6HOHFWRU#6ZLWFK#LQ#35*01#

61# 0RYH#WKH#287387#7RJJOH#6ZLWFK#WR#1250#RU#5(9561#

71# 7XUQ#WKH#0RGHO#453&6#RQ#E\#SUHVVLQJ#WKH#UHG#32:(5#EXWWRQ#RQ#WKH#
IURQW#SDQHO1#

81# $GMXVW#WKH#35*0#$'-#WULPPHU#ORFDWHG#RQ#WKH#UHDU#SDQHO#LQ#RUGHU#WR#
FRPSHQVDWH#IRU#YDULDWLRQV#LQ#WKH#SURJUDPPLQJ#UHVLVWRU#WROHUDQFH1##

&$87,21=#'R#QRW#DGMXVW#WKH#WULPPHU#ODEHOHG#,#$'-1#,W#FDOLEUDWHV#WKH#44#IL[HG#
RXWSXW#FXUUHQWV1#
#

7DEOH#6041#2XWSXW#&XUUHQWV#DQG#
&RUUHVSRQGLQJ#4(#3URJUDPPLQJ#5HVLVWDQFHV#

$SSUR[LPDWH#
&XUUHQW#-#

&DOFXODWHG#5#
+2KPV,#

&ORVHVW#6WDQGDUG#4(#
5HVLVWDQFH#9DOXH#+2KPV,#

#

4#�$#
6#�$#
43#�$#
63#�$#
433#�$#
633#�$#
4#P$#
6#P$#
43#P$#
63#P$#
433#P$#

#

#

4/7<</<;8#
7<</<;8#
47</<;8#
7</<;8#
47/<;8#
7/<;8#
4/7;8#
7;8#
468#
68#
3#

#

#

# 418#0#
# 7<<#.#
# 483#.#
# 7<1<#.#
# 48#.#
# 71<<#.#
# 418#.#
# 7;:#
# 46:#
# 671;#
# 3#

#

-#8VH#UHDU#SDQHO#35*0#$'-#WULPPHU#WR#DGMXVW#RXWSXW#FXUUHQW#�8(1#
#
7KH#35*0#+SURJUDPPLQJ,#WHUPLQDOV#KDYH#DQ#LQWHUQDO#48#:#UHVLVWRU#LQ#VHULHV#
WKDW#OLPLWV#FXUUHQW#WR#433#P$#LQ#WKH#HYHQW#RI#D#VKRUW#FLUFXLW#DFURVV#WKH#35*0#
WHUPLQDOV1#,Q#WKLV#PRGH/#WKH#WRWDO#RXWSXW#FXUUHQW#IORZV#WKURXJK#WKH#
SURJUDPPLQJ#UHVLVWRU1#8VH#D#UHVLVWRU#ZLWK#D#SRZHU#UDWLQJ#DW#OHDVW#43#WLPHV#
WKH#SRZHU#DFWXDOO\#GLVVLSDWHG1#$#ó#ZDWW#UHVLVWRU#VXIILFHV#IRU#DQ\#RXWSXW#
FXUUHQW#EHORZ#43#P$1#$#4#ZDWW#UHVLVWRU#LV#UHTXLUHG#IRU#DOO#FXUUHQWV#DERYH#
43#P$1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

607# 2SHUDWLRQ#

3URJUDP#0RGH#+&RQWLQXHG,#

7KH#SURJUDPPLQJ#UHVLVWRU#WHPSHUDWXUH#FRHIILFLHQW#DIIHFWV#RXWSXW#FXUUHQW#
WKHUPDO#VWDELOLW\1#7R#PDLQWDLQ#WKH#3134(2�&#WHPSHUDWXUH#FRHIILFLHQW#
VSHFLILFDWLRQ/#XVH#D#SURJUDPPLQJ#UHVLVWRU#ZLWK#D#WHPSHUDWXUH#FRHIILFLHQW#RI#
43#3302�&#RU#EHWWHU1#

3URJUDPPLQJ#UHVLVWRU#DFFXUDF\#GHWHUPLQHV#RXWSXW#FXUUHQW#DFFXUDF\1#)RU#
H[DPSOH/#LI#D#418#0:#4(#UHVLVWRU#LV#XVHG#WR#SURJUDP#D#4#�$#RXWSXW#FXUUHQW/#
RXWSXW#FXUUHQW#DFFXUDF\#FDQQRW#EH#PRUH#WKDQ#�4(1#+,Q#WKLV#FDVH/#WKH#EXLOW0LQ#
48#:#RQO\#FRQWULEXWHV#31334(#GLIIHUHQFH1,#7KH#35*0#$'-#WULPPHU#FDQ#
FRPSHQVDWH#IRU#YDULDWLRQV#LQ#SURJUDPPLQJ#UHVLVWRU#WROHUDQFH#DQG#WKH#
LQWHUQDO#48#:#UHVLVWRU1#
#
#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

6HUYLFH# 704#

&+$37(5#7#
#

6(59,&(#
#

713# *(1(5$/#
7KLV#FKDSWHU#FRYHUV#0RGHO#453&6#PDLQWHQDQFH1#)XVH#UHSODFHPHQW#LV#
GLVFXVVHG#LQ#3DUDJUDSK#714/#OLQH#YROWDJH#FRQILJXUDWLRQ#LQ#3DUDJUDSK#715/#
43#�$#FXUUHQW#FDOLEUDWLRQ#LQ#3DUDJUDSK#716/#DQG#35*0#PRGH#FDOLEUDWLRQ#LQ#
3DUDJUDSK#7171#

714# )86(#5(3/$&(0(17#

:$51,1*=#7R#SUHYHQW#VKRFN#KD]DUG/#WXUQ#RII#LQVWUXPHQW#DQG#
GLVFRQQHFW#LW#IURP#$&#OLQH#SRZHU#DQG#DOO#WHVW#HTXLSPHQW#EHIRUH#
UHSODFLQJ#IXVH1#

41# 7XUQ#32:(5#VZLWFK#2II#DQG#GLVFRQQHFW#SRZHU#FRUG#IURP#XQLW1#
'LVFRQQHFW#DOO#WHVW#HTXLSPHQW#IURP#XQLW1#

51# 5HPRYH#WZR#VFUHZV#VHFXULQJ#UHDU#SDQHO#WR#ERWWRP#RI#HQFORVXUH1#*HQWO\#
SXOO#DZD\#UHDU#SDQHO#DQG#UHPRYH#HQFORVXUH#FRYHU#E\#VOLGLQJ#LW#WR#WKH#
EDFN1#

61# 5HPRYH#IXVH#ZLWK#D#IXVH#SXOOHU1#7KH#IXVH#LV#ORFDWHG#EHKLQG#WKH#
WUDQVIRUPHU#DV#VKRZQ#LQ#)LJXUH#7141#

71# 5HSODFH#ZLWK#D#315#$#IXVH#IRU#443#9#+448#9$&,#RSHUDWLRQ#RU#D#314#$#IXVH#
IRU#553#9#+563#9$&,#RSHUDWLRQ1#8VH#VORZ#EORZ#IXVHV1#

&$87,21=#5HSODFH#IXVH#ZLWK#WKH#VDPH#W\SH#DQG#UDWLQJ#DV#VSHFLILHG#E\#WKH#
OLQH#YROWDJH#VHOHFWHG1#

81# 5HSODFH#HQFORVXUH#FRYHU/#UHDU#SDQHO/#DQG#DOO#VFUHZV1#

715# /,1(#92/7$*(#&21),*85$7,21#
7KH#UHDU0SDQHO/#60SURQJHG#OLQH#SRZHU#FRQQHFWRU#SHUPLWV#0RGHO#453&6#
RSHUDWLRQ#DW#HLWKHU#443#RU#553#9$&1#7KH#FRQILJXUDWLRQ#LV#LQGLFDWHG#RQ#UHDU#
SDQHO#LQ#WKH#/LQH#9ROWDJH#6HOHFWLRQ#%ORFN1#8VH#WKH#SURFHGXUH#EHORZ#WR#
FKDQJH#OLQH#YROWDJH1#

:$51,1*=#7R#SUHYHQW#VKRFN#KD]DUG/#WXUQ#RII#LQVWUXPHQW#DQG#
GLVFRQQHFW#LW#IURP#$&#OLQH#SRZHU#DQG#DOO#WHVW#HTXLSPHQW#EHIRUH#
FKDQJLQJ#OLQH#YROWDJH#FRQILJXUDWLRQ1#

41# 7XUQ#SRZHU#VZLWFK#2))#DQG#GLVFRQQHFW#WKH#SRZHU#FRUG#IURP#WKH#XQLW1#
'LVFRQQHFW#DOO#WHVW#HTXLSPHQW#IURP#XQLW1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

705# 6HUYLFH#

/LQH#9ROWDJH#&RQILJXUDWLRQ#+&RQWLQXHG,#

#
# '0453080704#
#

)LJXUH#7041#)XVH#5HSODFHPHQW#DQG#-XPSHU#&RQILJXUDWLRQV#
#
51# 5HPRYH#WZR#VFUHZV#VHFXULQJ#UHDU#SDQHO#WR#ERWWRP#RI#HQFORVXUH1#*HQWO\#

SXOO#DZD\#UHDU#SDQHO#DQG#UHPRYH#HQFORVXUH#FRYHU#E\#VOLGLQJ#LW#WR#WKH#
EDFN1#

61# 0RGLI\#MXPSHU#FRQILJXUDWLRQ#WR#GHVLUHG#OLQH#YROWDJH#DV#VKRZQ#LQ#
)LJXUH#7041#

71# 5HSODFH#IXVH#WR#PDWFK#QHZ#YROWDJH#UHTXLUHPHQWV1#

81# 5HSODFH#HQFORVXUH#FRYHU/#UHDU#SDQHO#DQG#DOO#VFUHZV1#

716# 43#�$#&855(17#&$/,%5$7,21#
7KLV#XQLW#ZDV#WKRURXJKO\#WHVWHG#DQG#FDOLEUDWHG#WR#SXEOLVKHG#VSHFLILFDWLRQV#
SULRU#WR#VKLSPHQW1#+RZHYHU/#SHULRGLF#UHFDOLEUDWLRQ#LV#UHFRPPHQGHG#HYHU\#
9#PRQWKV#WR#HQVXUH#DFFXUDF\1#

'LRGH#WHPSHUDWXUH#VHQVRUV#UHTXLUH#D#43#�$#H[FLWDWLRQ#FXUUHQW#DFFXUDWH#WR#
�3138(#WR#PHHW#VSHFLILFDWLRQV1#7KH#0RGHO#453&6#LV#FDOLEUDWHG#WR#EHWWHU#WKDQ#
�3138(#RQ#WKH#43#�$#UDQJH#DQG#PHHWV#�314(#DFFXUDF\#RQ#WKH#RWKHU#IL[HG#
FXUUHQW#UDQJHV#VHOHFWHG#E\#WKH#&XUUHQW#6HOHFWRU#6ZLWFK1#

5HTXLUHPHQWV=#D#GLJLWDO#YROW#PHWHU#+'90,#ZLWK#7ò0GLJLW#UHVROXWLRQ#+RU#EHWWHU,#
DQG#D#433#.:#SUHFLVLRQ#UHVLVWRU#ZLWK#D#WROHUDQFH#RI#�3134(1#

127(=#&DOLEUDWLRQ#DFFXUDF\#LV#OLPLWHG#WR#WKH#UHVLVWRU#DFFXUDF\#SOXV#'90#
DFFXUDF\#DW#413333#YROWV1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

6HUYLFH# 706#

43#�$#&XUUHQW#&DOLEUDWLRQ#+&RQWLQXHG,#

41# 6HW#WKH#&XUUHQW#6HOHFWRU#6ZLWFK#WR#43#�$#DQG#287387#7RJJOH#6ZLWFK#
WR#12501#

51# &RQQHFW#433#.:#SUHFLVLRQ#UHVLVWRU#DV#WKH#ORDG#EHWZHHQ#WKH#.287#DQG#
±287#WHUPLQDOV1#

61# &RQQHFW#'90#+,#WHUPLQDO#WR#.287#WHUPLQDO#DQG#'90#/2#WHUPLQDO#WR#
±287#WHUPLQDO#DFURVV#WKH#433#.:#SUHFLVLRQ#UHVLVWRU#ORDG1#

71# 6HOHFW#'&#9ROWV#RQ#WKH#'901#

81# $GMXVW#UHDU#SDQHO#,#$'-#WULPPHU#XQWLO#WKH#'90#UHDGV#413333#YROW1#
91# 5HVXPH#QRUPDO#RSHUDWLRQ1#

717# 35*0#02'(#&$/,%5$7,21#
7KH#FDOLEUDWLRQ#SURFHGXUHV#EHORZ#HQVXUH#WKDW#WKH#HTXDWLRQ#
,# #4833#2#+48#.#5,/#LV#YDOLG#IRU#DOO#RI#WKH#5#YDOXHV#JLYHQ#LQ#7DEOH#6041#5HIHU#
WR#3DUDJUDSK#71714#IRU#'&#$PSHUH#UDQJH#&DOLEUDWLRQ/#DQG#3DUDJUDSK#71715#
IRU#'&#9ROWDJH#UDQJH#&DOLEUDWLRQ1#

71714# &XUUHQW#&DOLEUDWLRQ#8VLQJ#'&#$PSHUH#5DQJH#RI#'90#
5HTXLUHPHQWV=#D#GLJLWDO#YROW#PHWHU#+'90,#ZLWK#7ò0GLJLW#UHVROXWLRQ#+RU#EHWWHU,#
DQG#D#VKRUWLQJ#ZLUH1#

127(=#&DOLEUDWLRQ#DFFXUDF\#LV#OLPLWHG#WR#WKH#'90#FXUUHQW#PHDVXUHPHQW#
DFFXUDF\1#

41# 6HW#&XUUHQW#6HOHFWRU#6ZLWFK#WR#35*0#DQG#WKH#287387#7RJJOH#6ZLWFK#WR#
12501#

51# 3ODFH#D#VKRUWLQJ#ZLUH#EHWZHHQ#WKH#UHDU#SDQHO#35*0#WHUPLQDOV1#

61# &RQQHFW#'90#+,#WHUPLQDO#WR#.287#WHUPLQDO#DQG#'90#/2#WHUPLQDO#WR#
±287#WHUPLQDO1##

71# 6HOHFW#'&#$PSHUHV#RQ#WKH#'901#

81# $GMXVW#UHDU#SDQHO#35*0#$'-#WULPPHU#XQWLO#'90#UHDGV#433133#P$1#

91# 5HVXPH#QRUPDO#RSHUDWLRQ1#



/DNH#6KRUH#0RGHO#453&6#8VHU¶V#0DQXDO#
#

#

707# 6HUYLFH#

71715# &XUUHQW#&DOLEUDWLRQ#8VLQJ#'&#9ROWDJH#5DQJH#RI#'90#
5HTXLUHPHQWV=#D#GLJLWDO#YROW#PHWHU#+'90,#ZLWK#7ò0GLJLW#UHVROXWLRQ#+RU#EHWWHU,/#
D#43#:#SUHFLVLRQ#UHVLVWRU#ZLWK#D#WROHUDQFH#RI#�3134(/#DQG#D#VKRUWLQJ#ZLUH1#

127(=#&DOLEUDWLRQ#DFFXUDF\#LV#OLPLWHG#WR#WKH#UHVLVWRU#DFFXUDF\#SOXV#'90#
DFFXUDF\#DW#413333#YROWV1#

41# 6HW#WKH#&XUUHQW#6HOHFWRU#6ZLWFK#WR#35*0#DQG#WKH#287387#7RJJOH#
6ZLWFK#WR#12501#

51# 3ODFH#D#VKRUWLQJ#ZLUH#EHWZHHQ#WKH#UHDU#SDQHO#35*0#WHUPLQDOV1#

61# &RQQHFW#D#43#:#SUHFLVLRQ#UHVLVWRU#DV#WKH#ORDG#EHWZHHQ#WKH#.287#DQG#
±287#WHUPLQDOV1#

71# &RQQHFW#'90#+,#WHUPLQDO#WR#.287#WHUPLQDO#DQG#'90#/2#WHUPLQDO#WR#
±287#WHUPLQDO#DFURVV#WKH#43#:#SUHFLVLRQ#UHVLVWRU#ORDG1#

81# 6HOHFW#'&#9ROWV#RQ#WKH#'901#

91# $GMXVW#UHDU#SDQHO#35*0#$'-#WULPPHU#XQWLO#'90#UHDGV#413333#YROW1#

:1# 5HVXPH#QRUPDO#RSHUDWLRQ1#

#



#

#

#
^̂##127(6##]]##

#



#

#

#
#
/DNH#6KRUH#
LV#D#WHFKQRORJ\#OHDGHU#LQ#WKH#

GHYHORSPHQW#RI#FU\RJHQLF#

WHPSHUDWXUH#VHQVRUV/#SUHFLVLRQ#ORZ#

WHPSHUDWXUH#PHDVXUHPHQW#DQG#

FRQWURO#LQVWUXPHQWDWLRQ/#DQG#

PDJQHWLF#PHDVXUHPHQW#DQG#WHVW#

V\VWHPV1#6LQFH#4<9;/#/DNH#6KRUH#

SK\VLFLVWV/#PDWHULDO#VFLHQWLVWV/#DQG#

HQJLQHHUV#KDYH#GHGLFDWHG#

WKHPVHOYHV#WR#WKH#GHYHORSPHQW#RI#

WRPRUURZ¶V#WHFKQRORJ\#WRGD\1#/DNH#

6KRUH#VHUYHV#D#ZRUOGZLGH#QHWZRUN#

RI#&XVWRPHUV#LQFOXGLQJ#XQLYHUVLW\#

DQG#QDWLRQDO#ODERUDWRULHV/#

DHURVSDFH#DQG#RWKHU#LQGXVWULHV/#DV#

ZHOO#DV#PDQ\#RI#WKH#SUHPLHU#

FRPSDQLHV#DURXQG#WKH#ZRUOG1#
#
#
#
#
#
#

#


