
���������$ ���������� /3�
�5HSODFHV ���������$ ��������

� 6DIHW\ /DEHOLQJ DQG 5XOHV
� ,QVWDOODWLRQ 3URFHGXUH
� /RFDWLRQ�&OHDUDQFHV
� :LULQJ
� 7HFKQLFDO 'DWD
� 6WDUW�8S
� 3DUWV

0RGHO 6HULHV
� 3KDVH

$(%���(+$� $(%���(+$�

$(%���(/$� $(%���(/$�

$(%���(6$� $(%���(6$�

$(%���(+$� $(%���(+$�

$(%���(/$� $(%���(/$�

$(%���(6$� $(%���(6$�

$(%���(+$� $(%���(+$�

$(%���(/$� $(%���(/$�

$(%���(6$� $(%���(6$�

$(%���(+$�



7DEOH RI &RQWHQWV

�� 6DIHW\ /DEHOLQJ DQG 6LJQDO :RUGV �� � � � � � � � �

'DQJHU� :DUQLQJ DQG &DXWLRQ �� � � � � � � � � � � � � � � � � � � � �

6LJQDO :RUGV �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

6LJQDO :RUGV LQ 0DQXDOV �� � � � � � � � � � � � � � � � � � � � � � � �

3URGXFW /DEHOLQJ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

'DQJHU /DEHO �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

:DUQLQJ /DEHO �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

&DXWLRQ /DEHO �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� *HQHUDO ,QIRUPDWLRQ �� � � � � � � � � � � � � � � � � � � �

�� ,QVWDOOLQJ (OHFWULF +HDW $FFHVVRU\ �� � � � � � � � �

�� (OHFWULFDO :LULQJ �� � � � � � � � � � � � � � � � � � � � � �

*URXQGLQJ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

$GMXVW 7KHUPRVWDW $QWLFLSDWRU �� � � � � � � � � � � � � � � � � � � � � �

/LPLW &RQWUROV �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

7LPH 'HOD\ 2SHUDWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

,QVWDOOLQJ :LULQJ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� 6WDUW��XS 3URFHGXUHV �� � � � � � � � � � � � � � � � � � � �

%ORZHU &KHFN �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

7HPSHUDWXUH 5LVH &KHFN �� � � � � � � � � � � � � � � � � � � � � � � � � �

�� 2SHUDWLRQ DQG 0DLQWHQDQFH ,QVWUXFWLRQV �� � � �

7XUQLQJ WKH 8QLW 2II �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

+HDWLQJ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

6WDUWLQJ WKH 8QLW $IWHU 6KXWGRZQ �� � � � � � � � � � � � � � � � � � � �

+HDWLQJ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� 7HFKQLFDO 'DWD �� � � � � � � � � � � � � � � � � � � � � � � �

(OHFWULFDO 'DWD 7DEOH �� 3DFNDJH $�& 8QLWV �� � � � � � � � � � �

(OHFWULFDO 'DWD 7DEOH �� 3DFNDJH +HDW 3XPSV ��� � � � � � � � �

3HUIRUPDQFH 'DWD 7DEOH ��� � � � � � � � � � � � � � � � � � � � � � � � � � �

7HPSHUDWXUH 5LVH YV� &)0 7DEOH ��� � � � � � � � � � � � � � � � � � �

7HPSHUDWXUH 5LVH YV� &)0 &KDUW ��� � � � � � � � � � � � � � � � � � �

�� :LULQJ 'LDJUDPV ��� � � � � � � � � � � � � � � � � � � � � �

/DGGHU :LULQJ 'LDJUDP
)RU $OO (OHFWULF +HDW $FFHVVRU\ 0RGHOV ��� � � � � � � � � � �

&RQQHFWLRQ :LULQJ 'LDJUDP )RU
$(%���(+$�� $(%���(/$�� $(%���(6$��
$(%���(+$�� $(%���(/$�� $(%���(6$� ��� � � � � � �

&RQQHFWLRQ :LULQJ 'LDJUDP
)RU $(%���(+$�� $(%���(/$�� $(%���(6$� ��� � �

&RQQHFWLRQ :LULQJ 'LDJUDP
)RU $(%���(+$�� $(%���(/$�� $(%���(6$� ��� � �

&RQQHFWLRQ :LULQJ 'LDJUDP
)RU $(%���(+$�� $(%���(/$�� $(%���(6$� ��� � �

&RQQHFWLRQ :LULQJ 'LDJUDP
)RU $(%���(+$�� $(%���(/$�� $(%���(6$� ��� � �

�� 5HSODFHPHQW 3DUWV ��� � � � � � � � � � � � � � � � � � � � �



(OHFWULF +HDW $FFHVVRU\,QVWDOODWLRQ ,QVWUXFWLRQV

�

�� 6DIHW\ /DEHOLQJ DQG 6LJQDO :RUGV

'DQJHU� :DUQLQJ DQG &DXWLRQ

7KH VLJQDOZRUGV'$1*(5�:$51,1* DQG&$87,21 DUH
XVHG WR LGHQWLI\ OHYHOV RI KD]DUG VHULRXVQHVV� 7KH VLJQDO
ZRUG '$1*(5 LV RQO\ XVHG RQ SURGXFW ODEHOV WR VLJQLI\ DQ
LPPHGLDWH KD]DUG� 7KH VLJQDO ZRUGV:$51,1* DQG&$8�
7,21 ZLOO EH XVHG RQ SURGXFW ODEHOV DQG WKURXJKRXW WKLV
PDQXDO DQG RWKHU PDQXDOV WKDW PD\ DSSO\ WR WKH SURGXFW�

6LJQDO :RUGV

'$1*(5 �� ,PPHGLDWH KD]DUGV ZKLFK :,// UHVXOW LQ VH�
YHUH SHUVRQDO LQMXU\ RU GHDWK�

:$51,1* �� +D]DUGV RU XQVDIH SUDFWLFHV ZKLFK &28/'
UHVXOW LQ VHYHUH SHUVRQDO LQMXU\ RU GHDWK�

&$87,21 �� +D]DUGV RU XQVDIH SUDFWLFHV ZKLFK &28/'
UHVXOW LQ PLQRU SHUVRQDO LQMXU\ RU SURGXFW RU SURSHUW\ GDP�
DJH�

6LJQDO :RUGV LQ 0DQXDOV

7KH VLJQDO ZRUG:$51,1* LV XVHG WKURXJKRXW WKLVPDQXDO
LQ WKH IROORZLQJ PDQQHU�

:$51,1*

7KH VLJQDO ZRUG&$87,21 LV XVHG WKURXJKRXW WKLV PDQXDO
LQ WKH IROORZLQJ PDQQHU�

&$87,21

3URGXFW /DEHOLQJ

6LJQDO ZRUGV DUH XVHG LQ FRPELQDWLRQ ZLWK FRORUV DQG�RU
SLFWXUHV RQSURGXFW ODEHOV� )ROORZLQJ DUH H[DPSOHV RI SURG�
XFW ODEHOV ZLWK H[SODQDWLRQV RI WKH FRORUV XVHG�

'DQJHU /DEHO

:KLWH OHWWHULQJ RQ D EODFN EDFNJURXQG H[FHSW WKH ZRUG
'$1*(5 ZKLFK LV ZKLWH ZLWK D UHG EDFNJURXQG�

Electric Shock Hazard.

Turn Off All Power
Before Servicing.

 DANGER!

:DUQLQJ /DEHO

:KLWH OHWWHULQJ RQ D EODFN EDFNJURXQG H[FHSW WKH ZRUG
:$51,1* ZKLFK LV EODFN ZLWK DQ RUDQJH EDFNJURXQG�

Fire Hazard.

Use copper wire only.

Failure to observe could
result in property
damage, bodily injury
or death.

WARNING!

&DXWLRQ /DEHO

:KLWH OHWWHULQJ RQ D EODFN EDFNJURXQG H[FHSW WKH ZRUG
&$87,21 ZKLFK LV EODFN ZLWK D \HOORZ EDFNJURXQG�

Cuts and Abrasion Hazard.

Wear gloves and handle
with care.

Failure to observe could
result in bodily injury.

CAUTION!



(OHFWULF +HDW $FFHVVRU\ ,QVWDOODWLRQ ,QVWUXFWLRQV

�

�� *HQHUDO ,QIRUPDWLRQ

:$51,1*

,QVWDOODWLRQ RU UHSDLUV PDGH E\ XQTXDOLILHG
SHUVRQV FDQ UHVXOW LQ KD]DUGV WR \RX DQG RWKHUV�
,QVWDOODWLRQ 0867 FRQIRUP ZLWK ORFDO EXLOGLQJ
FRGHV RU� LQ WKH DEVHQFH RI ORFDO FRGHV� ZLWK
1DWLRQDO (OHFWULFDO &RGH $16,�1)3$ �������� RU
FXUUHQW HGLWLRQ RU LQ &DQDGD ZLWK &6$ &����� ��
&DQDGLDQ (OHFWULFDO &RGH 3DUW � RU FXUUHQW
HGLWLRQ�

7KH LQIRUPDWLRQ FRQWDLQHG LQ WKLV PDQXDO LV
LQWHQGHG IRU XVH E\ D TXDOLILHG VHUYLFH WHFKQLFLDQ
IDPLOLDU ZLWK VDIHW\ SURFHGXUHV� HTXLSSHG ZLWK
WKH SURSHU WRROV DQG WHVW LQVWUXPHQWV�

)DLOXUH WR FDUHIXOO\ UHDG DQG IROORZ DOO LQVWUXF�
WLRQV LQ WKLV PDQXDO FDQ UHVXOW LQ PDOIXQFWLRQ�
SURSHUW\ GDPDJH� SHUVRQDO LQMXU\� DQG�RU GHDWK�

:KHQ WKH HOHFWULF KHDW DFFHVVRU\ LV LQVWDOOHG� D VLQJOH�
FRPPRQ SRZHU VXSSO\ 0867 EH SURYLGHG IRU KHDWLQJ DQG
FRROLQJ� 7KH SDFNDJH XQLW SRZHU VXSSO\ 0867 EH FRQ�
QHFWHG WKURXJK WKH HOHFWULF KHDW DFFHVVRU\� 7KLV SURFHVV LV
GHWDLOHG LQ ODWHU VHFWLRQV RI WKLV PDQXDO�



(OHFWULF +HDW $FFHVVRU\,QVWDOODWLRQ ,QVWUXFWLRQV

�

�� ,QVWDOOLQJ (OHFWULF +HDW $FFHVVRU\

(OHFWULFDO VKRFN KD]DUG�

6KXW 2)) HOHFWULF SRZHU DW XQLW GLVFRQQHFW DQG�
RU VHUYLFH SDQHO EHIRUH EHJLQQLQJ WKH IROORZLQJ
SURFHGXUHV�

)DLOXUH WR IROORZ WKLV ZDUQLQJ FDQ UHVXOW LQ SURS�
HUW\ GDPDJH� SHUVRQDO LQMXU\� DQG�RU GHDWK�

�� 6KXW2)) HOHFWULF SRZHU DW XQLW GLVFRQQHFW RU VHUYLFH
SDQHO�

�� 5HPRYH WKH IXVH ER[ SDQHO DQG WKH VLGH EORZHU SDQ�
HO IURP XQLW�

�� )URP LQVLGH WKH KHDWHU FRPSDUWPHQW� UHPRYH WKH LQ�
VXODWHG FRYHU SODWH ORFDWHG RQ WKH ERWWRP OHIW RI WKH
ZDOO VHSDUDWLQJ WKH KHDWHU FRPSDUWPHQW IURP WKH
IXVH ER[ FRPSDUWPHQW �VHH )LJXUH ���

,QVXODWHG &RYHU 3ODWH

)LJXUH � 5HPRYLQJ ,QVXODWHG &RYHU 3ODWH

5HPRYH VFUHZV
WKHQ UHPRYH
LQVXODWHG FRYHU
SODWH�

����������

�� ,QVWDOO WKH DSSURSULDWH KHDWHU ER[ VXSSRUW RQWR WKH
WRS RI WKH HOHFWULF KHDW DFFHVVRU\ ZLWK WKH WZR VFUHZV
SURYLGHG� 3DUW ��������� WKH VPDOOHU RI WKH WZR SUR�
YLGHG� LV XVHG RQ � ��� DQG �� WRQ XQLWV� 3DUW
�������� LV XVHG RQ �� ��� DQG �� WRQ XQLWV �VHH
)LJXUH � IRU ORFDWLRQ RI KHDWHU ER[ VXSSRUW��

�� ,I XQLW LV VHW XS IRU KRUL]RQWDO DLUIORZ� UHPRYH WKH WZR
VFUHZV VHFXULQJ WKH GRZQIORZ FRYHU SODWH WKDW DUH LQ
WKH LPPHGLDWH SDWK RI WKH HOHFWULF KHDW DFFHVVRU\�

)LJXUH � ,QVWDOOLQJ 7KH (OHFWULF +HDW $FFHVVRU\

5RXWH ZLUHV WKURXJK WRS KROH�

7LOW LQ WRS RI KHDWHU
VR LW ZLOO JR EHKLQG
EORZHU GHFN OLS� WKHQ
OLIW DQG VOLGH ERWWRP
LQWR SODFH�

%ORZHU 'HFN /LS

����������

+HDWHU %R[
6XSSRUW

�� 0RYH WKH HOHFWULF KHDW DFFHVVRU\ WR D VSRW GLUHFWO\
RXWVLGH RI WKH KHDWHU FRPSDUWPHQW RSHQLQJ� 5RXWH
WKH ORZ YROWDJH SOXJ WKURXJK WKH XSSHU KROH WKDW KDG
EHHQ FRYHUHG E\ WKH LQVXODWHG FRYHU SODWH DQG SXOO
WKH VODFN RXW RI WKH ORZ YROWDJH ZLUHV� 'R WKH VDPH
ZLWK WKH WKUHH OHDGV IURP WKH GLVWULEXWLRQ EORFN�

�� 7R VHW WKH HOHFWULF KHDW DFFHVVRU\ LQWR WKH KHDWHU
FRPSDUWPHQW� WLOW WKH WRS RI WKH ER[ LQWR WKH KHDWHU
FRPSDUWPHQW WKHQ VOLGH WKH ERWWRP LQWR SODFH�

�� 6HFXUH WKH HOHFWULF KHDW DFFHVVRU\ WR WKH XQLW ZLWK WKH
VL[ VFUHZV SURYLGHG DV VKRZQ LQ )LJXUH ��

)LJXUH � 6HFXULQJ WKH 8QLW

����������D

'ULYH WKHVH ILYH
VFUHZV IURP LQ�
VLGH WKH KHDWHU
FDELQHW

'ULYH WKLV VFUHZ
IURP WKH EORZHU
GHFN VLGH



(OHFWULF +HDW $FFHVVRU\ ,QVWDOODWLRQ ,QVWUXFWLRQV

�

�� (OHFWULFDO :LULQJ

(OHFWULFDO VKRFN KD]DUG�

6KXW 2)) HOHFWULF SRZHU DW XQLW GLVFRQQHFW RU
VHUYLFH SDQHO EHIRUH PDNLQJ DQ\ HOHFWULFDO FRQ�
QHFWLRQV�

8QLW 0867 EH JURXQGHG EHIRUH PDNLQJ OLQH YROW�
DJH FRQQHFWLRQV� 'R 127 IXVH JURXQG RU QHXWUDO
FRQGXFWRUV�

)DLOXUH WR IROORZ WKLV ZDUQLQJ FDQ UHVXOW LQ SURS�
HUW\ GDPDJH� SHUVRQDO LQMXU\� DQG�RU GHDWK�

127(� $OO HOHFWULFDO ZRUN0867 FRQIRUP ZLWK WKH UHTXLUH�
PHQWV RI ORFDO FRGHV DQG RUGLQDQFHV DQG LQ WKH 8QLWHG
6WDWHV ZLWK 1DWLRQDO (OHFWULFDO &RGH $16,�1)3$��������
�RU FXUUHQW HGLWLRQ� DQG LQ &DQDGD &6$ &����� �� &DQDGLDQ
(OHFWULFDO &RGH 3DUW � �RU FXUUHQW HGLWLRQ�� 3URYLGH OLQH YROW�
DJH SRZHU VXSSO\ IURP D VHSDUDWH SURWHFWHG FLUFXLW ZLWK D
GLVFRQQHFW VZLWFK �ZKHQ UHTXLUHG� ORFDWHG ZLWKLQ VLJKW RI
WKH XQLW� 6XSSO\ YROWDJH� DPSHUDJH� ZLUH� IXVH DQG GLVFRQ�
QHFW VZLWFK VL]HV 0867 FRQIRUP ZLWK DOO WHFKQLFDO VSHFLIL�
FDWLRQV LQ WKLV PDQXDO DQG RQ WKH SDFNDJH XQLW UDWLQJ SODWH�

:LULQJ0867 EH SURWHFWHG IURP SRVVLEOH PHFKDQLFDO GDP�
DJH DQG0867 127 LQWHUIHUH ZLWK UHPRYDO RI DFFHVV SDQ�
HOV� ILOWHUV� HWF�

$OO H[SRVHG ZLULQJ RU FRQQHFWLRQV 0867 EH PDGH ZLWK
ZHDWKHUSURRI FDEOH RU ZLUH XQOHVV LQVWDOOHG LQ FRQGXLW�

$OO OLQH YROWDJH FRQQHFWLRQV DQG WKH JURXQG FRQQHFWLRQ
0867 EH PDGH ZLWK FRSSHU ZLUH�

7KH SRZHU VXSSO\ ZLULQJ 0867 KDYH RYHU FXUUHQW SURWHF�
WLRQ� 7KLV FDQ EH HLWKHU IXVHV RU FLUFXLW EUHDNHUV� 7KHPD[L�
PXP VL]H IRU WKH RYHU FXUUHQW SURWHFWLRQ LV VKRZQ LQ WKH
FROXPQ ODEHOHG ´0D[� )XVH RU 1(&5 %UHDNHU �$PSV�µ LQ
WKH (OHFWULFDO 'DWD 7DEOH LQ )LJXUH � RU RQ WKH VLQJOH SDFN�
DJH DLU FRQGLWLRQHU UDWLQJ SODWH�

*URXQGLQJ

3HUPDQHQWO\ JURXQG WKLV DSSOLDQFH LQ DFFRUGDQFH ZLWK OR�
FDO FRGHV DQG RUGLQDQFHV DQG LQ WKH 8QLWHG6WDWHV ZLWK1D�
WLRQDO (OHFWULFDO &RGH $16,�1)3$�������� �RU FXUUHQW
HGLWLRQ� DQG LQ &DQDGD ZLWK &6$ &����� �� &DQDGLDQ (OHF�
WULFDO &RGH 3DUW � �RU FXUUHQW HGLWLRQ�� 8VH D FRSSHU FRQ�
GXFWRU RI WKH DSSURSULDWH VL]H IURP WKH DSSOLDQFH WR WKH
JURXQG OXJ RQ WKH IXVH EORFN DV VKRZQ LQ )LJXUH ��

$GMXVW 7KHUPRVWDW $QWLFLSDWRU

6HW WKH KHDW DQWLFLSDWRU VHWWLQJ RI WKH WKHUPRVWDW WR WKH
SURSHU YDOXH� 6HH LQVWUXFWLRQV SURYLGHGZLWK WKH WKHUPRVWDW
EHIRUH PDNLQJ WKLV DGMXVWPHQW�

2Q VLQJOH VWDJH HOHFWULF KHDW DFFHVVRULHV� VHW DQWLFLSDWRU WR
����� 2Q WZR VWDJH HOHFWULF KHDW DFFHVVRULHV� VHW DQWLFLSD�
WRU WR �����

/LPLW &RQWUROV

7KH �� DQG �� N: KHDWHU HOHPHQWV KDYH WZR DXWRPDWLF UH�
VHW OLPLW FRQWUROV� 7KH �� N: KHDWHU HOHPHQW KDV IRXU DXWR�
PDWLF UHVHW OLPLW FRQWUROV� 7KHVH OLPLW FRQWUROV DUH PRXQWHG
RQ WKH IDFH RI WKH KHDWHU DQG DUHZLUHG LQWR WKH VXSSO\ZLUHV
WR HDFK HOHPHQW� ,I WKHUH LV QRW HQRXJK DLU IORZ WKURXJK WKH
KHDWHU� WKH OLPLW ZLOO RSHQ DQG EUHDN WKH SRZHU FLUFXLW� 7KH
OLPLW ZLOO UHVHW ZKHQ LW FRROV GRZQ�

7LPH 'HOD\ 2SHUDWLRQ

7KH KHDWHU HOHPHQWV DUH VZLWFKHG 21 DQG 2)) WKURXJK
RQHRUPRUH FRQWUROVZKLFK RSHUDWH WKURXJK WKH ORZ YROWDJH
WKHUPRVWDW FLUFXLW�

7KHVH FRQWUROV FRQVLVW RI D QXPEHU RI VROLG VWDWH WLPH GH�
OD\V GHSHQGLQJ RQ WKH VSHFLILF HOHFWULF KHDW DFFHVVRU\
PRGHO� $Q HOHFWULF KHDW DFFHVVRU\ KDV DQ\ZKHUH IURP ����
RI WKHVH FRQWUROV� :KHQ WKH WKHUPRVWDW FRQWDFWV FORVH� WKH
LQGRRU EORZHU DQG WKH ILUVW KHDWHU EDQN LQFUHPHQW ZLOO EH
HQHUJL]HG� 7KLV DFWLYDWHV WKH ILUVW WLPH GHOD\ FRLO LI VR
LQVWDOOHG� $IWHU DSSUR[LPDWHO\ �� VHFRQGV� WKH VHFRQG
KHDWHU EDQN LQFUHPHQW LV HQHUJL]HG� 7KLV DFWLYDWHV DQ\
VXEVHTXHQW WLPH GHOD\ FRLO WR HQHUJL]H WKH QH[W KHDWHU
EDQN LQFUHPHQW LI VR LQVWDOOHG� 7KLV SURFHVV FRQWLQXHV XQWLO
DOO KHDWHU EDQNV DUH HQHUJL]HG�

2Q WZR VWDJH HOHFWULF KHDW DFFHVVRULHV� HDFK VWDJH ZLOO RS�
HUDWH LQGHSHQGHQWO\ DV DERYH XQWLO DOO KHDWHU EDQN LQFUH�
PHQWV IRU WKDW SDUWLFXODU KHDW VWDJH DUH HQHUJL]HG�

,QVWDOOLQJ :LULQJ

�� 6KXW2)) HOHFWULF SRZHU DW XQLW GLVFRQQHFW RU VHUYLFH
SDQHO�

127(� ,I WKH HOHFWULF KHDW DFFHVVRU\ LV EHLQJ DGGHG WR D
XQLW WKDW KDV DOUHDG\ EHHQ ZLUHG IRU FRROLQJ� UHPRYH ILHOG
OLQH YROWDJH ZLUHV IURP /�� /� DQG /� RQ OLQH VLGH RI IXVH
EORFN DQG LQVWDOO RQWR /�� /� DQG /� RQ OLQH VLGH RI HOHFWULF
KHDW DFFHVVRU\ GLVWULEXWLRQ EORFN �VHH )LJXUH ���



(OHFWULF +HDW $FFHVVRU\,QVWDOODWLRQ ,QVWUXFWLRQV

�

�� 5RXWH ILHOG VXSSOLHG OLQH YROWDJH ZLUHV WKURXJK WKH
FRQGXLW ILWWLQJ� WKURXJK WKH IXVH EORFN FRPSDUWPHQW
DQG LQWR WKH HOHFWULF KHDW DFFHVVRU\ �VHH )LJXUH ���

�� 0DNH OLQH YROWDJH FRQQHFWLRQV WR WKH OLQH VLGH RI WKH
HOHFWULF KHDW DFFHVVRU\ GLVWULEXWLRQ EORFN�

�� &RQQHFW ILHOG LQVWDOOHG FRSSHU JURXQG ZLUH WR WKH
JURXQG OXJ RQ WKH SDFNDJH XQLW EUDQFK FLUFXLW IXVH
EORFN�

�� &RQQHFW WKH HOHFWULF KHDW DFFHVVRU\·V ORZ YROWDJH
SOXJ WR WKH PDWLQJ ORZ YROWDJH SOXJ RI WKH SDFNDJH
XQLW�

�� &RQQHFW WKH WKUHH OHDGV IURP WKH ULJKW VLGH RI /�� /�
DQG /� RI WKH HOHFWULF KHDW DFFHVVRU\·V GLVWULEXWLRQ
EORFN WR /�� /� DQG /� RI WKH ULJKW VLGH RI WKH EUDQFK
FLUFXLW IXVH EORFN RQ WKH SDFNDJH XQLW� 1RWH WKDW ERWK
VHWV RI FRQQHFWLRQV RQ WKH GLVWULEXWLRQ EORFN DQG WKH
IXVH EORFN DUH /�� /�� DQG /� IURP WKH ERWWRP XS�
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�� 6WDUW��XS 3URFHGXUHV

(OHFWULFDO VKRFN KD]DUG�

8VH H[WUHPH FDUH GXULQJ DOO RI WKH IROORZLQJ
FKHFNV DQG SURFHGXUHV�

0DNH VXUH HOHFWULF SRZHU LV WXUQHG 2)) DV
LQVWUXFWHG LQ DSSURSULDWH VWHSV�

)DLOXUH WR IROORZ WKLV ZDUQLQJ FDQ UHVXOW LQ SURS�
HUW\ GDPDJH� SHUVRQDO LQMXU\� DQG�RU GHDWK�

&KHFN WKH XQLW·V RSHUDWLRQ DV RXWOLQHG LQ WKH IROORZLQJ
LQVWUXFWLRQV�

127(� 7KH HOHFWULF KHDW DFFHVVRU\ 6WDUW��XS 3URFHGXUHV
DUH SHUIRUPHG DIWHU WKH SDFNDJH XQLW KDV EHHQ VHW WR WKH
SURSHU DLUIORZ IRU FRROLQJ DQG WKH FRROLQJ 6WDUW��XS 3URFH�
GXUHV KDYH EHHQ FRPSOHWHG� ,I WKHVH KDYH QRW EHHQ GRQH�
ILUVW SHUIRUP WKH $LUIORZ DQG 6WDUW��XS 3URFHGXUHV LQ WKH
,QVWDOODWLRQ ,QVWUXFWLRQV IRU WKH SDFNDJH XQLW EHIRUH FRQWLQ�
XLQJ ZLWK WKLV VHFWLRQ�

%ORZHU &KHFN

127(�'R QRW UHSHDW %ORZHU &KHFN LI LW KDV MXVW EHHQ GRQH
GXULQJ WKH SDFNDJH XQLW 6WDUW��XS 3URFHGXUHV�

�� 6KXW HOHFWULF SRZHU 2))�

�� 6HW WKHUPRVWDW +HDW��&RRO VHOHFWRU WR 2))�

�� 6HW WKHUPRVWDW IDQ VZLWFK WR $872�

�� 7XUQ HOHFWULF SRZHU 21� 1RWKLQJ VKRXOG VWDUW UXQ�
QLQJ� ,I DQ\ XQXVXDO DUFLQJ� RGRUV RU QRLVHV DUH HQ�
FRXQWHUHG� VKXW HOHFWULF SRZHU2)) LPPHGLDWHO\ DQG
FKHFN IRU ZLULQJ HUURUV RU REVWUXFWLRQV LQ RU QHDU
EORZHU�

�� 6HW WKHUPRVWDW IDQ VZLWFK WR 21� 7KH FLUFXODWLQJ DLU
EORZHU VKRXOG FRPH RQ�

�� 5HVHW WKHUPRVWDW IDQ VZLWFK WR $872� 7KH FLUFXODW�
LQJ DLU EORZHU VKRXOG JR2))� 1RWKLQJ VKRXOG EH UXQ�
QLQJ�

�� 6KXW HOHFWULF SRZHU 2))�

7HPSHUDWXUH 5LVH &KHFN
7HPSHUDWXUH ULVH LV WKH GLIIHUHQFH EHWZHHQ WKH VXSSO\ DQG
UHWXUQ DLU WHPSHUDWXUHV� 6HH )LJXUH � DQG�RU )LJXUH � WR
GHWHUPLQH WKH FRUUHFW WHPSHUDWXUH ULVH IRU WKH SDFNDJH
XQLW·V DLUIORZ� 7KH WHPSHUDWXUH ULVH VKRXOG EH � ��) �����&�
RI WKH WHPSHUDWXUH ULVH VSHFLILHG LQ )LJXUH � DQG )LJXUH ��

127(� .HHS WKH HFRQRPL]HU GDPSHUV �LI HTXLSSHG� FRP�
SOHWHO\ FORVHG ZKLOH FKHFNLQJ WKH WHPSHUDWXUH ULVH�

�� 7R FKHFN WKH WHPSHUDWXUH ULVH WKURXJK WKH XQLW� SODFH
WKHUPRPHWHUV LQ WKH VXSSO\ DQG UHWXUQ DLU GXFWV DV
FORVH WR WKH XQLW DV SRVVLEOH�

�� 2SHQ $// UHJLVWHUV DQG GXFW GDPSHUV�

�� 6HW WKHUPRVWDW +HDW��&RRO VHOHFWRU WR +($7�

�� 6HW WKH WKHUPRVWDW WHPSHUDWXUH VHWWLQJ DV KLJK DV LW
ZLOO JR�

�� 7XUQ HOHFWULF SRZHU 21�

�� 2SHUDWH XQLW $7 /($67 � PLQXWHV� WKHQ FKHFN WHP�
SHUDWXUH ULVH�

127(� 7KH PD[LPXP RXWOHW DLU WHPSHUDWXUH IRU DOO PRGHOV
LV ����) ����&��

�� 6HW WKHUPRVWDW WR QRUPDO WHPSHUDWXUH VHWWLQJ�

�� 7XUQ HOHFWULF SRZHU 2))�

�� %H VXUH WR VHDO DOO KROHV LQ GXFWV LI DQ\ ZHUH FUHDWHG
GXULQJ WKLV SURFHVV�
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7XUQLQJ WKH 8QLW 2II

(OHFWULFDO VKRFN KD]DUG�

7XUQ 2)) HOHFWULF SRZHU VXSSO\ DW GLVFRQQHFW
VZLWFK RU VHUYLFH SDQHO EHIRUH UHPRYLQJ DQ\ DF�
FHVV RU VHUYLFH SDQHO IURP XQLW�

)DLOXUH WR IROORZ WKLV ZDUQLQJ FDQ UHVXOW LQ SURS�
HUW\ GDPDJH� SHUVRQDO LQMXU\� DQG�RU GHDWK�

+HDWLQJ

127(� ,I WKH XQLW RYHUKHDWV RU IDLOV WR VKXW RII GXULQJ RSHUD�
WLRQ� VKXW WKH HOHFWULF SRZHU 2)) DW GLVFRQQHFW VZLWFK RU
VHUYLFH SDQHO�

�� 6HW WKHUPRVWDW VHOHFWRU WR 2)) DQG IDQ VZLWFK WR
$872�

�� 7R VKXW WKH XQLW GRZQ FRPSOHWHO\� VKXW HOHFWULF SRZHU
VXSSO\ 2)) DW GLVFRQQHFW VZLWFK RU VHUYLFH SDQHO�

6WDUWLQJ WKH 8QLW $IWHU 6KXWGRZQ

(OHFWULFDO VKRFN KD]DUG�

7XUQ 2)) HOHFWULF SRZHU VXSSO\ DW GLVFRQQHFW
VZLWFK RU VHUYLFH SDQHO EHIRUH UHPRYLQJ DQ\ DF�
FHVV RU VHUYLFH SDQHO IURP XQLW�

)DLOXUH WR IROORZ WKLV ZDUQLQJ FDQ UHVXOW LQ SURS�
HUW\ GDPDJH� SHUVRQDO LQMXU\� DQG�RU GHDWK�

+HDWLQJ

�� 6HW WKH WKHUPRVWDW WR 2))�

�� 7XUQ HOHFWULF SRZHU 21�

�� 6HW WKHUPRVWDW WR GHVLUHG WHPSHUDWXUH DQG VHW VHOHF�
WRU WR +($7� 8QLW ZLOO FRPH RQ DQG RSHUDWH DXWRPDWL�
FDOO\ XQGHU FRQWURO RI WKH WKHUPRVWDW�
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(OHFWULF +HDW $FFHVVRU\ ,QVWDOODWLRQ ,QVWUXFWLRQV
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�� :LULQJ 'LDJUDPV

/DGGHU :LULQJ 'LDJUDP )RU $OO (OHFWULF +HDW $FFHVVRU\ 0RGHOV)LJXUH ��



(OHFWULF +HDW $FFHVVRU\,QVWDOODWLRQ ,QVWUXFWLRQV

��

&RQQHFWLRQ :LULQJ 'LDJUDP )RU $(%���(+$�� $(%���(/$�� $(%���(6$�
$(%���(+$�� $(%���(/$�� $(%���(6$�)LJXUH ��



(OHFWULF +HDW $FFHVVRU\ ,QVWDOODWLRQ ,QVWUXFWLRQV

��
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(OHFWULF +HDW $FFHVVRU\,QVWDOODWLRQ ,QVWUXFWLRQV
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&RQQHFWLRQ :LULQJ 'LDJUDP )RU $(%���(+$�� $(%���(+$�� $(%���(/$�� DQG
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(OHFWULF +HDW $FFHVVRU\ ,QVWDOODWLRQ ,QVWUXFWLRQV
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(OHFWULF +HDW $FFHVVRU\,QVWDOODWLRQ ,QVWUXFWLRQV

��

5HSODFHPHQW 3DUWV

5HSODFHPHQW SDUW VXSSOLHG ZLOO EH FXUUHQW DFWLYH SDUW�
)RU SDUWV QRW OLVWHG� FRQVXOW SODFH RI SXUFKDVH�

.H\
1R� 'HVFULSWLRQ

5HSODFHPHQW
3DUW

1XPEHU

� 6XSSRUW� +HDWHU %R[ ������� � � � � � �
� 6XSSRUW� +HDWHU %R[ ������� � � � � � �
� %ORFN� )XVH ������� � � � � � �
� )XVH� ��$ -.6���� ������� �� � � �� � �

)XVH� ��$ -.6���� ������� � �� �� � �� ��
� 3ODWH� (OHPHQW &RYHU ������� � � � � � �
� %ORFN� 'LVWULEXWLRQ ������� � � � � � �
� 6ZLWFK� /LPLW �� ������� � � � � � �
� 6ZLWFK� /LPLW �� ������� � � � � � �
� (OHPHQW� +HDW ��N:����� ������� � �� �� � �� ��

(OHPHQW� +HDW ��N:����� ������� �� � �� �� � ��
(OHPHQW� +HDW ��N:����� ������� �� �� � �� �� �

�� %R[ $V\� ,QVXODWHG ������� � � � � � �
�� %DIIOH� +HDWHU ������� � � � � � �

�� &RQWDFWRU ������� � � � � � �
�� 5HOD\� 7LPH 'HOD\ ������� �� �� �� � � �
�� 5HOD\� 6367 ������� � � � � � �
� � 0DQXDO� ,QVWDOODWLRQ 	 3DUWV ������� � � � � � �

� � 3$57 127 ,//8675$7('

)25 3$576 ,//8675$7,21� 6(( 3$*( ��

0RGHO 1XPEHU�4XDQWLW\ 5HTXLUHG

$(%�

��(+$� ��(/$� ��(6$� ��(+$� ��(/$� ��(6$�



(OHFWULF +HDW $FFHVVRU\ ,QVWDOODWLRQ ,QVWUXFWLRQV
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5HSODFHPHQW 3DUWV

5HSODFHPHQW SDUW VXSSOLHG ZLOO EH FXUUHQW DFWLYH SDUW�
)RU SDUWV QRW OLVWHG� FRQVXOW SODFH RI SXUFKDVH�

.H\
1R� 'HVFULSWLRQ

5HSODFHPHQW
3DUW

1XPEHU

� 6XSSRUW� +HDWHU %R[ ������� � � � � � � �
� 6XSSRUW� +HDWHU %R[ ������� � � � � � � �
� %ORFN� )XVH ������� � � � � � � �
� )XVH� ��$ -.6���� ������� �� � � �� � �

)XVH� ��$ -.6���� ������� � �� �� � � �� ��
� 3ODWH� (OHPHQW &RYHU ������� � � � � � � �
� %ORFN� 'LVWULEXWLRQ ������� � � � � � � �
� 6ZLWFK� /LPLW �� ������� � � � �� � � �

������� �� �� �� � �� �� ��
� 6ZLWFK� /LPLW �� ������� � � � �� � � �

������� �� �� �� � �� �� ��
� (OHPHQW� +HDW ��N:����� ������� �� �� �� � �� �� ��

(OHPHQW� +HDW ��N:����� ������� �� �� �� �� � �� ��
(OHPHQW� +HDW ��N:����� ������� �� �� �� �� �� � ��
(OHPHQW� +HDW ��N:����� ������� �� �� �� �� �� �� �
(OHPHQW� +HDW ��N:����� ������� � �� �� �� � �� ��
(OHPHQW� +HDW ��N:����� ������� �� � �� �� �� � ��
(OHPHQW� +HDW ��N:����� ������� �� �� � �� �� �� �

�� %R[ $V\� ,QVXODWHG ������� � � � � � � �
�� %DIIOH� +HDWHU ������� � � � � � � �
�� &RQWDFWRU ������� � � � � � � �
�� 5HOD\� 7LPH 'HOD\ ������� � � � � � � �
�� 5HOD\� 6367 ������� � � � � � � �
� � 0DQXDO� ,QVWDOODWLRQ 	 3DUWV ������� � � � � � � �

� � 3$57 127 ,//8675$7('

)25 3$576 ,//8675$7,21� 6(( 3$*( ��

0RGHO 1XPEHU�4XDQWLW\ 5HTXLUHG

$(%�

��(+$���(/$���(6$� ��(+$���(+$���(/$���(6$�



(OHFWULF +HDW $FFHVVRU\,QVWDOODWLRQ ,QVWUXFWLRQV
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5HSODFHPHQW 3DUWV

5HSODFHPHQW SDUW VXSSOLHG ZLOO EH FXUUHQW DFWLYH SDUW�
)RU SDUWV QRW OLVWHG� FRQVXOW SODFH RI SXUFKDVH�

.H\
1R� 'HVFULSWLRQ

5HSODFHPHQW
3DUW

1XPEHU

� 6XSSRUW� +HDWHU %R[ ������� � � � � � �
� 6XSSRUW� +HDWHU %R[ ������� � � � � � �
� %ORFN� )XVH ������� � � � � � �
� )XVH� ��$ -.6���� ������� �� �� �� �� �� ��

)XVH� ��$ -.6���� ������� �� �� �� �� �� ��
� 3ODWH� (OHPHQW &RYHU ������� � � � �� �� ��
� %ORFN� 'LVWULEXWLRQ ������� � � � � � �
� 6ZLWFK� /LPLW �� ������� � �� �� �� �� ��

������� �� � � � � �
� 6ZLWFK� /LPLW �� ������� � �� �� �� �� ��

������� �� � � � � �
� (OHPHQW� +HDW ��N:����� ������� �� �� �� � �� ��

(OHPHQW� +HDW ��N:����� ������� �� �� �� �� � ��
(OHPHQW� +HDW ��N:����� ������� �� �� �� �� �� �
(OHPHQW� +HDW ��N:����� ������� � �� �� � �� ��
(OHPHQW� +HDW ��N:����� ������� �� � �� �� � ��
(OHPHQW� +HDW ��N:����� ������� �� �� � �� �� �

�� %R[ $V\� ,QVXODWHG ������� � � � � � �
�� %DIIOH� +HDWHU ������� � � � � � �
�� &RQWDFWRU ������� � � � � � �
�� 5HOD\� 7LPH 'HOD\ ������� � � � � � �
�� 5HOD\� 6367 ������� � � � � � �
� � 0DQXDO� ,QVWDOODWLRQ DQG 3DUWV ������� � � � � � �

� � 3$57 127 ,//8675$7('
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