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%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH��

%DFN�WR�%DVLFV�RI�3RZHU�3URGXFWV
$JHQGD

� ,QWURGXFWLRQ

� &KDUDFWHULVWLFV�RI�'&�SRZHU�VXSSO\

� +RZ�WR�FKRRVH"

� +RZ�WR�XVH"

� )XUWKHU�LQIRUPDWLRQ

,Q�WKLV�SUHVHQWDWLRQ��ZH�ZLOO�SURYLGH�LQIRUPDWLRQ�RQ�KRZ�WR�VHOHFW�DQ�DSSURSULDWH�SRZHU�SURGXFW�IRU�\RXU
DSSOLFDWLRQ�IURP�WKH�ZLGH�YDULHW\�RI�DYDLODEOH�FKRLFHV����$OVR�LQFOXGHG�ZLOO�EH�DQ�RYHUYLHZ�RI�KRZ�WR�XVH�SRZHU
SURGXFWV�LQ�VRPH�RI�WRGD\·V�NH\�DSSOLFDWLRQV��ZLWK�DQ�HPSKDVLV�RQ�SRWHQWLDO�SLWIDOOV�DQG�VRPH�EHVW�SUDFWLFHV
WKDW�ZLOO�DOORZ�\RX�WR�JHW�WKH�EHVW�SHUIRUPDQFH�LQ�\RXU�DSSOLFDWLRQ�

:KLOH�WLPH�OLPLWV�WKH�QXPEHU�RI�DSSOLFDWLRQV�ZH�FDQ�FRYHU��WKRVH�ZH�ZLOO�GLVFXVV�ZHUH�VHOHFWHG�WR�EH
UHSUHVHQWDWLYH�RI�IHDWXUHV�DQG�LVVXHV�WKDW�DUH�FRPPRQ�LQ�PDQ\�DSSOLFDWLRQV���$W�WKH�HQG�RI�WKH�SUHVHQWDWLRQ�
ZH�ZLOO�DOVR�SURYLGH�UHIHUHQFHV�WKDW�ZLOO�KHOS�\RX�ILQG�DGGLWLRQDO�KHOS�IRU�SRZHU�SURGXFWV�DQG�DSSOLFDWLRQV�
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%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH��

%DFN�WR�%DVLFV�RI�3RZHU�3URGXFWV
,QWURGXFWLRQ

� :KDW�DUH�SRZHU�SURGXFWV"

� '&�SRZHU�VXSSOLHV

� $&�VRXUFHV

� '&�HOHFWURQLF�ORDGV

� :KDW�ZLOO�\RX�OHDUQ"

� :K\�'&�SRZHU�VXSSOLHV�DUH�LPSRUWDQW

� +RZ�WR�FKRRVH�'&�SRZHU�VXSSOLHV

� +RZ�WR�XVH�SRZHU�SURGXFWV

� :KDW�WR�GR�ZKHQ�\RX�QHHG�DGGLWLRQDO�KHOS

:KLOH�ZH�ZLOO�WRXFK�RQ�DOO���W\SHV�RI�SRZHU�SURGXFWV��LQ�WRGD\·V�SUHVHQWDWLRQ�ZH�ZLOO�FRQFHQWUDWH�SULPDULO\�RQ
'&�3RZHU�6XSSOLHV���:K\"��6XUYH\V�FRQWLQXH�WR�VKRZ�WKDW�WKH�'&�3RZHU�6XSSO\�LV�RQ�RI�WKH�PRVW�IUHTXHQWO\
XVHG�HOHFWURQLF�WHVW�LQVWUXPHQWV���)XOO\�����RI�XVHUV�RI�WHVW�DQG�PHDVXUHPHQW�HTXLSPHQW�LQGLFDWH�WKDW�WKH\
XVH�D�SRZHU�VXSSO\�LQ�WKHLU�GDLO\�ZRUN�

:K\�DUH�'&�SRZHU�VXSSOLHV�VR�LPSRUWDQW"��7RGD\��D�WUHPHQGRXV�QXPEHU�RI�PDQXIDFWXUHG�SURGXFWV�LQFOXGH
VRPH�IRUP�RI�HOHFWURQLF�FRQWHQW���:KHWKHU�SRZHUHG�SULPDULO\�RII�WKH�$&�OLQH�RU�E\�EDWWHULHV��WKLV�HOHFWURQLF
FRQWHQW�QHHGV�WR�EH�WHVWHG�ERWK�GXULQJ�GHYHORSPHQW�DQG�DJDLQ�LQ�SURGXFWLRQ���7KH�HDVLHVW�ZD\�WR�GR�WKLV��DQG
WR�GHWHUPLQH�WKDW�WKH�SURGXFWV�PHHW�WKHLU�GHVLJQ�JRDOV�LV�WR�WHVW�WKH�HTXLSPHQW�XVLQJ�D�SRZHU�VXSSO\��HLWKHU
PDQXDOO\�RQ�D�EHQFK��RU�YLD�FRPSXWHU�FRQWURO�LQ�D�WHVW�V\VWHP�

$�TXLFN�JODQFH�DW�WKH�VDOHV�OLWHUDWXUH�RI�DQ\�PDMRU�PDQXIDFWXUHU�RI�'&�3RZHU�6XSSOLHV�ZLOO�GHPRQVWUDWH�WKH
DPD]LQJ�EUHDGWK�RI�DYDLODEOH�FKRLFHV�WR�PHHW�DOPRVW�DQ\�FRQFHLYDEOH�DSSOLFDWLRQ�QHHG���:KLFK�RQHV�ZLOO�ZRUN
LQ�\RXU�DSSOLFDWLRQ"���:KLFK�ZLOO�SURYLGH�WKH�RSWLPXP�SHUIRUPDQFH�IRU�D�PLQLPXP�FRVW"���7R�FKRRVH�SURSHUO\
UHTXLUHV�IDPLOLDULW\�ZLWK�\RXU�DSSOLFDWLRQ�QHHGV�DQG�WKH�NH\�VSHFLILFDWLRQV�RI�SRZHU�SURGXFWV���8OWLPDWHO\��\RXU
FKRLFH�ZLOO�LPSDFW�\RXU�FDSDELOLW\�WR�DVVHVV�WKH�TXDOLW\�RI�\RXU�SURGXFWV�LQ�ERWK�5	'�DQG�0DQXIDFWXULQJ��DV
ZHOO�DV�WKH�SURGXFWLRQ�\LHOG�

<RX�ZLOO�JHW�EHWWHU�DQG�IDVWHU�UHVXOWV�LI�\RX�VSHQG�D�OLWWOH�PRUH�WLPH�IRU�VHOHFWLQJ�'&�3RZHU�6XSSOLHV���0RVW
HQJLQHHUV�DQG�WHFKQLFLDQV�FRQVLGHU�D�SRZHU�VXSSOLHV�WR�EH�D�YHU\�VLPSOH�LQVWUXPHQW�WKDW�VLPSO\�VRXUFHV�SRZHU�
$V�VXFK��WKH\�WHQG�WR�FRQVLGHU�'&�3RZHU�6XSSO\�ODVW�ZKHQ�WKH\�DUH�FRQILJXULQJ�WHVW�V\VWHPV���7RGD\·V�SRZHU
VXSSOLHV�RIIHU�PXFK�PRUH�LQFOXGLQJ�VRPH�YHU\�VLJQLILFDQW�PHDVXUHPHQW�FDSDELOLWLHV�WKDW�FDQ�LPSURYH�\RXU�WHVW
FDSDELOLWLHV�DQG�JLYH�\RX�D�FRPSHWLWLYH�DGYDQWDJH�LQ�WKH�PDUNHW���,I�\RX�VSHQG�D�OLWWOH�PRUH�WLPH�XS�IURQW�LQ�'&
3RZHU�6XSSO\�VHOHFWLRQ��LW�ZLOO�VDYH�\RX�WLPH��PRQH\�DQG�LPSURYH�WKH�FKDQFH�RI�VXFFHVV�LQ�\RXU�DSSOLFDWLRQ�
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� &KDUDFWHULVWLFV�RI�'&�SRZHU�VXSSOLHV

� %DVLF�FKDUDFWHULVWLFV

� )UHTXHQWO\�PLVXQGHUVWRRG�FKDUDFWHULVWLFV

� +RZ�WR�FKRRVH"

� +RZ�WR�XVH"

� )XUWKHU�LQIRUPDWLRQ
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%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH��

&KDUDFWHULVWLFV�RI�'&�3RZHU�6XSSO\
%DVLF�&KDUDFWHULVWLFV

� 2XWSXW�UDWLQJV���9�,�3�

� /RDG�UHJXODWLRQ���FKDQJH�LQ�RXWSXW�9�RU�,�����FKDQJH�LQ�ORDG

� /LQH�UHJXODWLRQ����FKDQJH�LQ�RXWSXW�9�RU�,�����FKDQJH�LQ�$&�LQSXW

� 3URJUDPPLQJ�DFFXUDF\���WKH�GLIIHUHQFH�EHWZHHQ�SURJUDPPHG�DQG
DFWXDO�9�RU�,

� 3URJUDPPLQJ�UHVROXWLRQ���WKH�PLQLPXP�9�RU�,�\RX�FDQ�VHW

� 5HDG�EDFN�DFFXUDF\���WKH�GLIIHUHQFH�EHWZHHQ�PHDVXUHG�DQG
DFWXDO���9�RU�,

7KHUH�DUH�PDQ\�FKDUDFWHULVWLFV�WKDW�GHVFULEH�D�'&�3RZHU�6XSSO\���6RPH�RI�WKHVH�DUH�IDLUO\�VWUDLJKWIRUZDUG�DQG
ZH�ZLOO�DVVXPH�WKDW�RQO\�D�EULHI�UHYLHZ�RI�GHILQLWLRQ�LV�QHFHVVDU\�

&KRRVLQJ�WKH�PD[LPXP�UDWLQJV�LV�JHQHUDOO\�VWUDLJKWIRUZDUG���7KHVH�DUH�WKH�PD[LPXP�YDOXHV�WKDW�WKH�SRZHU
VXSSO\�FDQ�EH�SURJUDPPHG�WR�SURGXFH�FRQWLQXRXVO\��RU�WKDW�FDQ�UHVXOW�IURP�DSSOLFDWLRQ�RI�WKH�SURJUDPPHG
YDULDEOH�DFURVV�D�ORDG�EDVHG�RQ�9� �,5���7KH�SURGXFW�RI�PD[LPXP�9�DQG�,�UHVXOWV�LQ�WKH�UDWHG�RXWSXW�SRZHU�RI
WKH�VXSSO\�PHDVXUHG�LQ�ZDWWV�

5HJXODWLRQ�VSHFLILFDWLRQV�GHWDLO�WKH�DELOLW\�RI�WKH�SRZHU�VXSSO\�WR�PDLQWDLQ�D�FRQVWDQW�RXWSXW�VHWWLQJ�UHJDUGOHVV
RI�FKDQJHV�LQ�ORDG�RU�LQSXW�OLQH�YROWDJH���7KHVH�PD\�EH�VSHFLILHG�DV�D�IL[HG�YROWDJH�RU�FXUUHQW�GHYLDWLRQ�RU�DV�D
SHUFHQWDJH�RI�IXOO�VFDOH��VRPHWLPHV�ZLWK�D�VPDOO�IL[HG�RIIVHW�WHUP�

5HVROXWLRQ�DQG�DFFXUDF\�VSHFLILFDWLRQV�GHWDLO�WKH�ZRUVW�FDVH�GHYLDWLRQV�EHWZHHQ�WKH�SURJUDPPHG�DQG�DFWXDO
YDOXHV��RU�WKH�PHDVXUHG�DQG�DFWXDO�YDOXHV�

)RU�WKH�SXUSRVHV�RI�WRGD\·V�SUHVHQWDWLRQ�ZH�ZLOO�QRZ�WXUQ�RXU�DWWHQWLRQ�WR�VRPH�PRUH�IUHTXHQWO\
PLVXQGHUVWRRG�FKDUDFWHULVWLFV���3OHDVH�UHIHU�WR�WKH�$JLOHQW�ZHE�VLWH�DW�´KWWS���ZZZ�DJLOHQW�FRP�ILQG�SRZHUµ�RU
WR�WKH�$JLOHQW�3RZHU�3URGXFWV�&DWDORJ�IRU�DGGLWLRQDO�LQIRUPDWLRQ��2Q�WKHVH�DQG�RWKHU�VSHFLILFDWLRQV���<RX�FDQ
DOVR�ILQG�PRVW�RI�WKH�VDPH�LQIRUPDWLRQ�RQ�WKH�3RZHU�3URGXFWV�&XVWRPHU&DUH�&'�520��ZKLFK�ZH�ZLOO�KDQG
RXW�DW�WKH�HQG�RI�WKLV�VHVVLRQ�



�

%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH��

&KDUDFWHULVWLFV�RI�'&�3RZHU�6XSSO\
)UHTXHQWO\�PLVXQGHUVWRRG�FKDUDFWHULVWLFV

7KH�IROORZLQJ�VSHFLILFDWLRQV�JHQHUDWH�WKH�PRVW�TXHVWLRQV��DQG�DFWXDOO\
VHHP�WR�FDXVH�WKH�PRVW�DSSOLFDWLRQ�GLIILFXOWLHV�

� 2XWSXW�QRLVH

� 5HPRWH�VHQVH

� 7UDQVLHQW�UHVSRQVH

� 7KURXJKSXW

6R��OHW·V�WDNH�D�FORVHU�ORRN�DW�HDFK�RI�WKHVH�

:KLOH�DQ\�FKDUDFWHULVWLF�FDQ�EH�FULWLFDO�WR�D�VSHFLILF�DSSOLFDWLRQ��WKHUH�DUH�VRPH�VSHFLILFDWLRQV�ZKLFK�FRPH�XS
DJDLQ�DQG�DJDLQ���$V�D�UHVXOW��ZH�ZLOO�JR�RYHU�HDFK�RI�WKHVH�LQ�GHSWK���:H�ZLOO�FRYHU�D�GHVFULSWLRQ�RI�WKH
FKDUDFWHULVWLF�DQG�DOVR�ZK\�LW�LV�LPSRUWDQW�LQ�W\SLFDO�DSSOLFDWLRQV�

7KHQ��DV�DSSURSULDWH��ZH�ZLOO�GLVFXVV�VRPH�RI�WKH�LVVXHV�ZLWK�VHOHFWLQJ�RU�PHDVXULQJ�WKLV�VSHFLILFDWLRQ�DQG
KRZ�LW�VKRZV�XS�LQ�DQ�DSSOLFDWLRQ�
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� 7UDQVLHQW�UHVSRQVH

� 7KURXJKSXW

/HW·V�VWDUW�ZLWK�WKH�RXWSXW�QRLVH�FKDUDFWHULVWLF�RI�D�'&�SRZHU�VXSSO\�
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$SULO���������

$JLOHQW�5HVWULFWHG 3DJH��

2XWSXW�1RLVH

� :KDW�LV�LW"

� $F�FRPSRQHQWV�LQ�WKH�RXWSXW�ZKLFK�FDXVH�GHYLDWLRQV�IURP�WKH
GHVLUHG�RXWSXW�YROWDJH�RU�FXUUHQW

� 0HDVXUHG�RYHU�D�VSHFLILF�EDQGZLGWK

� (LWKHU�QRUPDO�PRGH�RU�FRPPRQ�PRGH�UHODWLYH�WR�WKH�RXWSXW

� :K\�LV�LW�LPSRUWDQW"

� $IIHFWV�PHDVXUHPHQW�DFFXUDF\�RI�WKH�'87�FXUUHQW�GUDLQ��RU
FDXVHV�DQ�HUURU�LQ�RWKHU�'87�SDUDPHWHUV�PHDVXUHG

� &RXOG�FDXVH�LPSURSHU�FLUFXLW�RSHUDWLRQ��IRU�H[DPSOH�LQ�ORJLF
FLUFXLWV

$&�ULSSOH�DQG�QRLVH�LV�DQ�XQZDQWHG��EXW�DOZD\V�SUHVHQW��FRPSRQHQW�RI�WKH�RXWSXW�RI�D�SRZHU�VXSSO\���$W�RQH
WLPH��WKLV�ZDV�FDOOHG�3$5'��DQ�DFURQ\P�IRU�´3HULRGLF�DQG�5DQGRP�'HYLDWLRQVµ���7KLV�QRLVH�LV�FRPSRVHG�RI
PDQ\�GLIIHUHQW�IUHTXHQFLHV��ZKLFK�FRPH�IURP�D�YDULHW\�RI�VRXUFHV���,W�LV�PHDVXUHG�RYHU�D�VSHFLILHG�EDQGZLGWK�
ZLWK�RWKHU�YDULDEOHV�WKDW�FDQ�DIIHFW�WKH�PHDVXUHPHQW�PDLQWDLQHG�FRQVWDQW���$�W\SLFDO�VSHF�PLJKW�EH�PHDVXUHG
RYHU�D�EDQGZLGWK�RI���+]�WR����0+]��ZLWK�WKH�RXWSXWV�XQJURXQGHG�RU�ZLWK�HLWKHU�WHUPLQDO�JURXQGHG�
)OXFWXDWLRQV�EHORZ����+]�DUH�WUHDWHG�DV�GULIW���2XWSXW�QRLVH�FDQ�EH�HLWKHU�QRUPDO�PRGH�RU�FRPPRQ�PRGH��DQG
FRPSRQHQWV�RI�ERWK�DUH�XVXDOO\�SUHVHQW�WRJHWKHU��EXW�ZH·OO�GLVFXVV�WKLV�IXUWKHU�D�OLWWOH�ODWHU�LQ�WKH�SUHVHQWDWLRQ�

)RU�PDQ\�DSSOLFDWLRQV��D�SRZHU�VXSSO\�SURYLGHV�ELDV�SRZHU�IRU�WKH�'87��DQG�DQ\�QRLVH�SUHVHQW�RQ�WKH�RXWSXW
RI�WKH�VXSSO\�FDQ�EH�LQMHFWHG�LQWR�WKH�'87���2QFH�LQ�WKH�'87��WKLV�QRLVH�FDQ�EHFRPH�DQ�LQVHSDUDEOH�SDUW�RI�WKH
GHVLUHG�VLJQDO�FDXVLQJ�D�YDULHW\�RI�SUREOHPV�GHSHQGLQJ�RQ�WKH�QDWXUH�RI�WKH�'87���)RU�DQDORJ�RU�5)�FLUFXLWV��WKH
QRLVH�FDQ�FDXVH�GHJUDGDWLRQ�RI�RWKHU�'87�SHUIRUPDQFH�PHDVXUHPHQWV��VXFK�DV�WKH�VLJQDO�WR�QRLVH�UDWLR�RI�DQ
DPSOLILHU���,Q�GLJLWDO�FLUFXLWV��KLJK�IUHTXHQF\�VSLNH�FRQWHQW�LQ�WKH�QRLVH�FDQ�FDXVH�´JOLWFKHVµ�RU�LQDGYHUWHQW�VWDWH
FKDQJHV�

,Q�JHQHUDO�LW�LV�DOPRVW�DOZD\V�PRUH�GLIILFXOW��DQG�H[SHQVLYH�WR�GHDO�ZLWK�WKH�UHVXOWV�RI�QRLVH�DIWHU�LW�KDV�EHHQ
FUHDWHG���,W�LV�HDVLHVW��DQG�FKHDSHVW�LQ�WKH�ORQJ�UXQ��WR�GHDO�ZLWK�LW�DW�WKH�VRXUFH�ZKHUH�LW�LV�JHQHUDWHG����7KXV
PXFK�DWWHQWLRQ�LV�JLYHQ�WR�WKH�QRLVH�RXWSXW�RI�WKH�SRZHU�VXSSO\�
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%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH��

2XWSXW�1RLVH
3HULRGLF�	�5DQGRP�'HYLDWLRQV��3$5'�

(t)

DC V

Nom inal
out

In CV

Specified in RM S and P/P

(t)

DC I

Nom inal
out

In CC

Specified in RM S O nly

SHDN�WR�SHDN��WKH�UDQJH�EHWZHHQ�PD[LPXP
DQG�PLQLPXP�DPSOLWXGH�RI�VSLNHV�FRQWHQW

UPV�RU�HIIHFWLYH�DPSOLWXGH��DYHUDJH�OHYHO
EDVHG�RQ�HQHUJ\�FRQWHQW

Vac (t)

I

+

-

Constant

out

Vout

Power
Supply

R L

D.U.T.

7KHUH�DUH�VHYHUDO�FRPPRQ�UHSUHVHQWDWLRQV�RI�WKH�QRLVH�RXWSXW�RI�D�SRZHU�VXSSO\���)LUVW��WKHUH�DUH�ERWK�SHDN�
WR�SHDN��DQG�506��URRW�PHDQ�VTXDUH��PHDVXUHPHQWV���7KH�506�RU�HIIHFWLYH�YDOXH�RI�QRLVH�LV�DQ�DYHUDJH
PHDVXUHPHQW�RI�WKH�VLJQDO�EDVHG�RQ�HQHUJ\�FRQWHQW���,W�LV�VRPHWLPHV�FDOOHG�WKH�HIIHFWLYH�YDOXH�EHFDXVH�LW�LV
EDVHG�RQ�WKH�DPRXQW�RI�KHDW�SURGXFHG�LQ�D�UHVLVWRU���7KXV�ZDYHIRUPV�ZLWK�GLIIHUHQW�DPSOLWXGHV�DQG
IUHTXHQFLHV�WKDW�KDYH�WKH�VDPH�HQHUJ\��DQG�WKXV�KDYH�WKH�VDPH�´HIIHFWLYHµ�RU�506�YDOXH��SURGXFH�WKH�VDPH
KHDW��WHPSHUDWXUH�ULVH��LQ�D�UHVLVWRU���7\SLFDOO\�WKH�VLJQDOV�PHDVXUHG�DUH�LQ�D�EDQGZLGWK�RI����+]�WR���0+]���,I
D�GLIIHUHQW�EDQGZLGWK�LV�FKRVHQ��D�JLYHQ�VXSSO\�ZLOO�KDYH�GLIIHUHQW�506�QRLVH�PHDVXUHPHQWV�

3HDN�WR�SHDN�QRLVH�LV�OLWHUDOO\�WKH�UDQJH�EHWZHHQ�PD[LPXP�DQG�PLQLPXP�YDOXHV�RI�WKH�RXWSXW�ZDYHIRUP�
6RPHWLPHV�WKH�SHDNV�DUH�FDOOHG�´VSLNHVµ���7KH�HQHUJ\�FRQWHQW�RI�WKHVH�VSLNHV�LV�W\SLFDOO\�ORZ��DQG�WKXV�WKH\
PD\�QRW�VKRZ�XS�LQ�DQ�506�PHDVXUHPHQW���+RZHYHU��WKHLU�GLVUXSWLYH�YDOXH�WR�PHDVXUHPHQWV�XVXDOO\�PDNHV
WKH�SHDN�WR�SHDN�PHDVXUHPHQW�D�EHWWHU�SUHGLFWRU�RI�SHUIRUPDQFH�SUREOHPV�LQ�DQ�DFWXDO�DSSOLFDWLRQ���$JDLQ��WKH
EDQGZLGWK�QHHGV�WR�EH�VSHFLILHG�RU�WKH�UHVXOWV�PD\�YDU\�VLJQLILFDQWO\���0HDVXULQJ�ZLWK�DQ�LQVWUXPHQW�WKDW�KDV
LQVXIILFLHQW�EDQGZLGWK�FDQ�FRQFHDO�VSLNHV�WKDW�FRXOG�UHSUHVHQW�D�SUREOHP�IRU�WKH�DSSOLFDWLRQ�

1RLVH�PHDVXUHPHQWV�FDQ�EH�EDVHG�RQ�YROWDJH�RU�FXUUHQW���:KHQ�RSHUDWLQJ�LQ�WKH�FRQVWDQW�YROWDJH��&9��PRGH�
QRLVH�YROWDJH�LV�WKH�QRUP���:KHQ�RSHUDWLQJ�LQ�WKH�FRQVWDQW�FXUUHQW��&&��PRGH�FXUUHQW�PHDVXUHPHQWV�PDNH
PRUH�VHQVH���1RLVH�FXUUHQWV�DUH�W\SLFDOO\�PHDVXUHG�LQ�506�RQO\��7KLV�LV�EHFDXVH�SDUDVLWLF�LQGXFWDQFH�LQ�WKH
ORDG�RU�ZLULQJ�FDQ�GUDPDWLFDOO\�DIIHFW�WKH�SHDN�WR�SHDN�PHDVXUHPHQW��ZKLFK�LV�GULYHQ�E\�VSLNHV���0HDVXULQJ
SHDN�WR�SHDN�QRLVH�LQ�FRQVWDQW�FXUUHQW�PRGH�WHQGV�WR�EH�KLJKO\�GHSHQGHQW�RQ�WKH�WHVW�VHWXS�DQG�SURGXFHV
LQFRQVLVWHQW�UHVXOWV���+RZHYHU��WKH�506�PHDVXUHPHQW�LV�QRW�YHU\�PXFK�DIIHFWHG�E\�WKH�SDUDVLWLF�LQGXFWDQFH
VLQFH�WKHUH�LV�QRW�PXFK�HQHUJ\�FRQWHQW�LQ�WKHVH�VSLNHV�
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%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

2XWSXW�1RLVH
1RUPDO��0RGH�YV��&RPPRQ�0RGH

1RUPDO�PRGH���0HDVXUHG�EHWZHHQ�WKH���DQG���WHUPLQDOV�

Vac (t)

I

+

-

Constant

out

Vout

Power
Supply

RL

D.U.T.

9

&RPPRQ�PRGH���0HDVXUHG�EHWZHHQ

�ERWK���DQG���WHUPLQDOV�DQG�JURXQG�

Vac (t)

I

+

-

Constant

out

Vout

Power
Supply

RL

D.U.T.

9

1RUPDO�PRGH�QRLVH�LV�WKH�PRVW�IUHTXHQWO\�VSHFLILHG�SDUDPHWHU���,I�D�JLYHQ�VSHFLILFDWLRQ�GRHV�QRW�LQGLFDWH�ZKLFK
PRGH��LW�LV�XVXDOO\�VDIH�WR�DVVXPH�WKDW�LW�UHIHUV�WR�QRUPDO�PRGH���7KLV�LV�WKH�YDOXH�WKDW�\RX�UHDG�ZKHQ�\RX
SODFH�D�YROWPHWHU�EHWZHHQ�WKH�RXWSXWV�WHUPLQDOV�RI�WKH�SRZHU�VXSSO\�

&RPPRQ�PRGH�FXUUHQW�LV�PHDVXUHG�EHWZHHQ�HLWKHU�RXWSXW�WHUPLQDO�DQG�JURXQG�
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$JLOHQW�5HVWULFWHG 3DJH���

2XWSXW�1RLVH
&RPPRQ�0RGH�&XUUHQW�&DQ�&DXVH�3UREOHPV�

� 3UHVHQW�LQ�DOO�VXSSOLHV�WR�VRPH�H[WHQW�

� &RPPRQ�PRGH�FXUUHQW�IORZV�IURP�HDFK�RXWSXW�WHUPLQDO�WR�JURXQG

� ,I�WKH�'�8�7��LV�IORDWLQJ��DQG�WKH�LPSHGDQFH�IURP�HDFK�WHUPLQDO�WR�JURXQG�LV
LGHQWLFDO��WKH�QHW�HIIHFW�RQ�WKH�ORDG�LV������7KLV�LV�UDUHO\�WKH�FDVH��

� 0DQ\�VZLWFKLQJ�SRZHU�VXSSOLHV�JHQHUDWH�D�VXUSULVLQJ
DPRXQW�RI�FRPPRQ�PRGH�FXUUHQW�

� 5RXJKO\�VSHDNLQJ��WKLV�FXUUHQW�FDQ�IORZ�WKURXJK�WKH�ORDG�LPSHGDQFH�DQG
ORRN�OLNH�DGGLWLRQDO�QRUPDO�PRGH�RXWSXW�QRLVH�

� 7KLV�LV�D�JRRG�SDUW�RI�WKH�UHDVRQ�ZK\�VZLWFKLQJ�SRZHU�VXSSOLHV�PD\
SURGXFH�XQH[SHFWHGO\�KLJKHU�QRLVH�RXWSXW�LQ�W\SLFDO�DSSOLFDWLRQV�

$OO�SRZHU�VXSSOLHV�KDYH�VRPH�DPRXQW�RI�FRPPRQ�PRGH�FXUUHQW��EXW�LW�ZDV�QRW�XQWLO�WKH�DGYHQW�RI�VZLWFKLQJ
PRGH�SRZHU�VXSSOLHV�WKDW�WKLV�VSHFLILFDWLRQ�JDLQHG�PXFK�DWWHQWLRQ����,W�KDV�EHHQ�UHVSRQVLEOH�IRU�JLYLQJ
VZLWFKLQJ�SRZHU�VXSSOLHV�D�EDG�UHSXWDWLRQ�LQ�WHVW�DQG�PHDVXUHPHQW�DSSOLFDWLRQV��ZKHUH�WKH�WRWDO�QRLVH�DFURVV
WKH�'87�VHHPV�FRQVLGHUDEO\�ODUJHU�WKDQ�WKH�QRUPDO�PRGH�VSHF�ZRXOG�LQGLFDWH�

7R�YLVXDOL]H�KRZ�FRPPRQ�PRGH�FXUUHQWV�DUH�JHQHUDWHG�FRQVLGHU�DQ�RII�OLQH�VZLWFKLQJ�VXSSO\���7KLV�EDVLF�SRZHU
FRQYHUVLRQ�WRSRORJ\�XVHV�SRZHU�VZLWFKLQJ�)(7V�WR�FKRS�KLJK�YROWDJH�GF�LQWR�D�KLJK�IUHTXHQF\�VTXDUH�ZDYH�
WKHQ�SDVVHV�LW�WKURXJK�D�WUDQVIRUPHU�WR�WKH�VHFRQGDU\��7KH�SRZHU�)(7V�DUH�PRXQWHG�RQ�ODUJH�PHWDO�KHDWVLQNV
ZKLFK�DUH�SODFHG�LQ�FORVH�SUR[LPLW\�WR�WKH�PHWDO�FKDVVLV�DQG�FRYHU�RI�WKH�SRZHU�VXSSO\���7KH�FRPELQDWLRQ�RI
KHDWVLQN�DQG�FRYHU�IRUP�D�FDSDFLWRU�RQH�VLGH�RI�ZKLFK�LV�JURXQG���$V�WKLV�FDSDFLWRU�FKDUJHV�WR�����YROWV�DQG
GLVFKDUJHV�LW�FDXVHV�D�VLJQLILFDQW�FXUUHQW�WR�IORZ�EHWZHHQ�WKH�SRZHU�VXSSO\�FLUFXLWV�DQG�JURXQG�
6LPLODUO\�SDUDVLWLF�FDSDFLWDQFH�LQ�WKH�LVRODWLRQ�WUDQVIRUPHU�DOORZV�VLJQLILFDQW�KLJK�IUHTXHQF\�FXUUHQWV�WR�IORZ
IURP�WKH�LVRODWHG�OLQH�VLGH�WR�WKH�JURXQGHG�VHFRQGDU\���%RWK�RI�WKHVH�SKHQRPHQD�FRQWULEXWH�WR�WKH�FRPPRQ
PRGH�FXUUHQW�VSHFLILFDWLRQ�
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2XWSXW�1RLVH
5),�1RLVH�6RXUFHV
� 0RUH�XQH[SHFWHG�FRQWULEXWLRQV�WR�WKH�QRLVH�SUREOHP�

� 6ZLWFKLQJ��DQG�OLQHDU��VXSSOLHV�DQG�WKHLU�FRQQHFWLQJ�OHDGV�FDQ�FUHDWH�ERWK
FRQGXFWHG�DQG�UDGLDWHG�QRLVH�VRXUFHV

� &DUHIXO�DWWHQWLRQ�WR�ZLULQJ�FDQ�PLQLPL]H�WKHVH�SUREOHPV�

conducted

AC
Line

DC Line

conducted

radiated

Power Supply

Voltag
e

Curre
nt

radiated
radiated

DUT

Both Norm al M ode & Com m on M ode

6RPH��EXW�QRW�DOO��RI�WKH�FRPSRQHQWV�RI�QRLVH�RQ�WKH�RXWSXW�RI�D�SRZHU�VXSSO\�DUH�JHQHUDWHG�LQWHUQDO�WR�WKH
SRZHU�VXSSO\��7KH�GLDJUDP�DERYH�VKRZV�WZR�W\SHV�RI�5),�QRLVH�FRPLQJ�IURP�VZLWFKLQJ�PRGH�SRZHU�VXSSO\
�UDGLDWHG�DQG�FRQGXFWHG����7KHVH�QRLVH�VRXUFHV�DUH�D�UHVXOW�RI�WKH�KLJK�GY�GWV�DQG�GL�GWV�WKDW�DUH�LQKHUHQW�LQ
VZLWFKLQJ�SRZHU�VXSSO\�WRSRORJLHV���%RWK�UDGLDWHG�DQG�FRQGXFWHG�QRLVH�FDQ�DIIHFW�WKH�ORDG�RU�GHYLFH�XQGHU
WHVW��WKXV�LQWHUIHULQJ�ZLWK�WHVWLQJ�

2WKHU�QRLVH�FRPSRQHQWV�RQ�WKH�RXWSXW�RULJLQDWH�RXWVLGH�WKH�VXSSO\��EXW�DUH�HLWKHU�FRQGXFWHG�LQWR�WKH�VXSSO\
YLD�WKH�$&�LQSXW�OLQH��RU�DUH�SLFNHG�XS�IURP�WKH�HQYLURQPHQW�LQ�ZKLFK�WKH�VXSSO\�RSHUDWHV�

6RPH�FRQGXFWHG�QRLVH�VRXUFHV�RQ�WKH�SRZHU�OLQH�DUH�FUHDWHG�E\�RWKHU�SRZHU�XVHUV�ZKRVH�HTXLSPHQW�FDXVHV
VSLNHV�RQ�WKH�OLQH�ZKHQ�LW�WXUQV�RQ�RU�RII���&RQGXFWHG�QRLVH�VRXUFHV�FDQ�DOVR�UHVXOW�IURP�QDWXUDO�SKHQRPHQD
VXFK�DV�OLJKWQLQJ�VWULNHV���8QOHVV�VSHFLILF�FDUH�LV�WDNHQ�LQ�SRZHU�VXSSO\�GHVLJQ��KLJK�YROWDJH�KLJK�HQHUJ\�VSLNHV
FDQ�EH�WUDQVPLWWHG�WKURXJK�WKH�SRZHU�VXSSO\�DQG�EH�SUHVHQWHG�DW�WKH�'87�

6RPH�QRLVH�VRXUFHV�DUH�FDXVHG�E\�UDGLDWHG�VLJQDOV�IURP�RWKHU�HTXLSPHQW�RU�PDFKLQHU\�WKDW�PD\�EH�SK\VLFDOO\
FORVH�WR�WKH�SRZHU�VXSSO\���7KLV�HQHUJ\�FDQ�EH�SLFNHG�XS�ERWK�E\�WKH�SRZHU�VXSSO\��DQG�E\�WKH�ZLULQJ�WR�WKH
'87�
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$JLOHQW�5HVWULFWHG 3DJH���

2XWSXW�1RLVH
5),�1RLVH�5HGXFWLRQ
� 3DUW�RI�WKH�6ROXWLRQ�

� $JLOHQW�VXSSOLHV�KDYH�LQWHUQDO�FLUFXLW�PRGLILFDWLRQV�WKDW�UHGXFH�KLJK�VSHHG�VZLWFKLQJ
WUDQVLHQWV�DQG�FRQWURO�FRPPRQ�PRGH�FXUUHQW�

AC Line
DC Line

radiated

Power Supply DUT

radiated
F
IL
T
E
R

F
IL
T
E
R

Shielding

Design
and

Layout

Voltag
e

Curren
t

$JLOHQW�KDV�ZRUNHG�KDUG�WR�HOLPLQDWH�WKH�HIIHFWV�RI�WKH�QRLVH�JHQHUDWHG�E\�WKH�VZLWFKLQJ�SURFHVV���(IIRUW�LV
PDGH�WR�HOLPLQDWH�H[FHVVLYH�GY�GW�DQG�GL�GW�WKURXJK�FKRLFH�RI�VZLWFKLQJ�IUHTXHQFLHV�DQG�GHYLFH�FKDUDFWHULVWLFV�
E\�ILOWHULQJ�WKH�FRQGXFWHG�QRLVH��DQG�E\�VKLHOGLQJ�WKH�FLUFXLW�WR�FRQILQH�WKH�UDGLDWHG�QRLVH��7KHVH�VDPH�GHVLJQ
FRQVLGHUDWLRQV�KHOS�WR�PLQLPL]H�WKH�WUDQVPLVVLRQ�RI�QRLVH�VRXUFHV�WKDW�DUH�H[WHUQDO�WR�WKH�SRZHU�VXSSO\
�UDGLDWHG�RU�FRQGXFWHG��

7KHVH�QHZHU�VZLWFKLQJ�PRGH�SRZHU�VXSSO\�GHVLJQV�KDYH�QRLVH�VSHFLILFDWLRQV�DQG�SHUIRUPDQFH�WKDW�DUH�YHU\
VLPLODU�WR�OLQHDU�VXSSOLHV���6R�\RX�QR�ORQJHU�QHHG�KDYH�DQ\�KHVLWDWLRQ�LQ�VHOHFWLQJ�D�6036�ZKHUH�LW�VHHPV
DSSURSULDWH�IRU�\RXU�DSSOLFDWLRQ�UHTXLUHPHQWV�

,Q�RWKHU�FDVHV��VRPH�HQJLQHHUV�DUH�GUDZQ�WR�FKRRVLQJ�D�VZLWFKLQJ�SRZHU�VXSSO\�EHFDXVH�LW�LV�VPDOOHU�DQG
OLJKWHU�WKDQ�D�KLJK�SRZHU�OLQHDU��$W�ILUVW�JODQFH�LW�PD\�DOVR�DSSHDU�OHVV�H[SHQVLYH���+RZHYHU��QRW�HYHU\
VZLWFKLQJ�SRZHU�VXSSO\�SURYLGHV�VDWLVIDFWRU\�SHUIRUPDQFH���6RPH�LQH[SHQVLYH��FRPSDFW�VZLWFKHUV�VWLOO�SURGXFH
D�IDLU�DPRXQW�RI�QRLVH���:KLOH�WKH�SXUFKDVH�SULFH�PD\�VHHP�ORZHU��WKLV�PD\�EH�D�IDOVH�HFRQRP\���,W�LV�RIWHQ
YDVWO\�HDVLHU��DQG�OHVV�H[SHQVLYH��WR�HOLPLQDWH�QRLVH�DW�WKH�VRXUFH��WKDQ�WR�WU\�DQG�GHDO�ZLWK�WKH�HIIHFWV�RI�LW
HOVHZKHUH�LQ�WKH�V\VWHP�
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2XWSXW�1RLVH
&RPPRQ�0RGH�&XUUHQW�5HVROXWLRQ���:RUNDURXQG

� 1RWH��SODFLQJ�D�ILOWHU�FDSDFLWRU�DFURVV�WKH�'87�LQSXW�LV�QRW
HIIHFWLYH�LQ�UHGXFLQJ�FRPPRQ�PRGH�FXUUHQW�

� %DODQFLQJ�WKH�LPSHGDQFH�WR�JURXQG�IURP�HDFK�OHDG�DQG
FDUHIXO�FRQQHFWLRQV�IURP�VXSSO\�WR�'87�FDQ�PLQLPL]H�WKH
SUREOHP�

� 7KH�EHVW�VROXWLRQ�LV�WR�FKRRVH�D�SRZHU�VXSSO\�ZKLFK�KDV�YHU\�ORZ
FRPPRQ�PRGH�FXUUHQW�

� &KHFN�WKH�GDWD�VKHHW�FDUHIXOO\�IRU�D�PD[LPXP�FRPPRQ�PRGH�FXUUHQW
VSHFLILFDWLRQ

� 0RVW�$JLOHQW�VZLWFKLQJ�VXSSOLHV�JHQHUDWH�OHVV�WKDQ����P$�RI�FRPPRQ
PRGH�FXUUHQW�

6LQFH�FRPPRQ�PRGH�FXUUHQW�IORZV�IURP�ERWK�WHUPLQDOV�WR�JURXQG�SODFLQJ�D�FDSDFLWRU�DFURVV�WKH�WHUPLQDOV�ZLOO
QRW�HOLPLQDWH�WKH�QRLVH�IURP�WKH�'87�

$WWHQWLRQ�WR�SURSHU�OD\RXW�DQG�VLQJOH�SRLQW�JURXQGLQJ�LV�LPSRUWDQW���:KLOH�PDWFKLQJ�LPSHGDQFH�IURP�HDFK
RXWSXW�WHUPLQDO�WR�JURXQG�FDQ�KHOS�VRPHZKDW��LW�LV�QRW�DOZD\V�SUDFWLFDO�WR�GR�WKLV�IURP�DQ�DSSOLFDWLRQ
SHUVSHFWLYH���7KH�RQO\�FRPSOHWHO\�VDWLVIDFWRU\�VROXWLRQ�LV�WR��VWDUW�ZLWK�D�SURGXFW�WKDW�KDV�YHU\�ORZ�FRPPRQ
PRGH�FXUUHQW�WR�VWDUW�ZLWK�

,I�WKH�GDWD�VKHHW�IRU�WKH�SRZHU�VXSSO\�GRHV�QRW�LQFOXGH�D�FRPPRQ�PRGH�FXUUHQW�VSHF��FDOO�WKH�PDQXIDFWXUHU�LQ
UHTXHVW�WKH�LQIRUPDWLRQ���4XLWH�IUHTXHQWO\��PRUH�WHFKQLFDO�GDWD�LV�DYDLODEOH�WKDQ�WKDW�ZKLFK�DSSHDUV�RQ�WKH
GDWD�VKHHW���,I�WKLV�LV�XQVXFFHVVIXO��\RX�FDQ�FKDUDFWHUL]H�WKH�FRPPRQ�PRGH�QRLVH�VRXUFH�E\�GHYHORSLQJ�D
WUDGLWLRQDO�7KHYHQLQ�HTXLYDOHQW�PRGHO���:LWK�WKH�SRZHU�VXSSO\�ORDGHG�ZLWK�D�IORDWLQJ�ORDG��XVH�D�VFRSH�WR
PHDVXUH�WKH�RSHQ�FLUFXLW�YROWDJH�SRWHQWLDO�EHWZHHQ�HLWKHU�WHUPLQDO�DQG�WKH�FKDVVLV�JURXQG�RI�WKH�SRZHU
VXSSO\���7KHQ��DOWHUQDWHO\�VKRUW�HDFK�WHUPLQDO�WR�JURXQG�DQG�XVH�XVH�D�JRRG�TXDOLW\�FXUUHQW�SUREH�WR�PHDVXUH
WKH�FXUUHQW�IORZLQJ�LQ�WKH�VKRUW���0DNH�VXUH�WKH�FXUUHQW�SUREH�KDV�DGHTXDWH�EDQGZLGWK�WR�LQFOXGH�WKH
VZLWFKLQJ�IUHTXHQF\�DQG�VHYHUDO�RUGHUV�RI�KDUPRQLFV���)URP�WKLV�LQIRUPDWLRQ�\RX�FDQ�DVVHPEOH�D�IDLUO\
FRPSOHWH�FKDUDFWHUL]DWLRQ�RI�WKLV�QRLVH�VRXUFH���<RX�FDQ�DOVR�GHYHORS�DQ�DSSUHFLDWLRQ�IRU�D�EHWWHU�GHVLJQHG
SRZHU�VXSSO\�
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$JLOHQW�5HVWULFWHG 3DJH���

2XWSXW�1RLVH
(OLPLQDWLQJ�6RXUFHV�RI�1RLVH
� 6WDUW�ZLWK�D�ORZ�QRLVH�SRZHU�VXSSO\

� LW·V�HDVLHU�WR�HOLPLQDWH�QRLVH�DW�WKH�VRXUFH�WKDQ�WR�ILOWHU�LW�RXW�ODWHU

� 8VH�JRRG�FRQQHFWLRQ�SUDFWLFH�WR�DYRLG�SLFNXS�

� HOLPLQDWH�ORRSV��WZLVW�DQG�VKLHOG�FRQQHFWLRQV�IURP�SRZHU�VXSSO\�WR�'87

� FDUHIXOO\�URXWH�SRZHU�OLQHV�IURP�DF�PDLQV�WR�VXSSO\

� WKLQN�WKURXJK�JURXQGLQJ�FRQQHFWLRQV��SUHIHU�D�VLQJOH�SRLQW�JURXQG

,Q�VXPPDU\��WKH�ILJXUH�DERYH�SURYLGHV�WKH�NH\�UHFRPPHQGDWLRQV�IRU�DFKLHYLQJ�EHVW�SHUIRUPDQFH�IURP�D�JLYHQ
SRZHU�VXSSO\�IRU�\RXU�DSSOLFDWLRQ�

5HPHPEHU�WKDW�QRLVH�FDQ�EH�SLFNHG�XS�E\�WKH�UHPRWH�VHQVH�OHDGV�DV�ZHOO�DV�WKH�ORDG�OHDGV���8VLQJ�WZLVWHG
VKLHOGHG�FRQQHFWRUV�LV�H[FHOOHQW�SUDFWLFH��DOWKRXJK�WKLV�FDQ�EH�FKDOOHQJLQJ�DW�UHDOO\�KLJK�FXUUHQWV�
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&KDUDFWHULVWLFV�RI�'&�3RZHU�6XSSO\
)UHTXHQWO\�PLVXQGHUVWRRG�FKDUDFWHULVWLFV

� 2XWSXW�QRLVH

� 5HPRWH�VHQVH

� 7UDQVLHQW�UHVSRQVH

� 7KURXJKSXW

7KH�QH[W�WRSLF�LV�UHPRWH�VHQVH�
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5HPRWH�6HQVH

� :KDW�LV�LW"

� 0HWKRG�RI�FRQQHFWLQJ�WKH�ORDG�WR�WKH�SRZHU�VXSSO\�RXWSXW
FDQ�LPSDFW�WKH�UHJXODWLRQ�DQG�SURJUDPPLQJ�DFFXUDF\

� 5HPRWH�VHQVLQJ�PRQLWRUV�RXWSXW�YROWDJH�GLUHFWO\�DW�WKH�'87
�UDWKHU�WKDQ�DW�WKH�RXWSXW�WHUPLQDOV�RI�WKH�SRZHU�VXSSO\�

� :K\�LV�LW�LPSRUWDQW"

� /RQJ�ORDG�OHDGV�RU�FRQWDFWV�RI�UHOD\V�LQ�WKH�ORDG�FLUFXLW�FDQ
DGG�VLJQLILFDQW�UHVLVWDQFH��GHJUDGHV�RXWSXW�YROWDJH�UHJXODWLRQ

� ,Q�VHYHUH�FDVHV��OHDG�UHVLVWDQFH�FRXOG�FDXVH�GHYLFH�XQGHU
WHVW�WR�PDOIXQFWLRQ��GXH�WR�LQVXIILFLHQW�VXSSO\�YROWDJH

0RVW�FXVWRPHUV�WDNH�IRU�JUDQWHG�WKDW�D�SRZHU�VXSSO\�ZLOO�SXW�RXW�WKH�SURJUDPPHG�YROWDJH�DW�WKH�VSHFLILHG
DFFXUDF\���$V�WKH\�ZRXOG�ZLWK�D�VLJQDO�JHQHUDWRU��WKHUH�LV�D�WHQGHQF\�WR�VLPSO\�FRQQHFW�WKH�RXWSXW�WHUPLQDOV
WR�WKH�'87�DQG�VHW�WKH�YROWDJH�WR�WKH�GHVLUHG�OHYHO��+RZHYHU��SRZHU�VXSSOLHV�GLIIHU�GUDPDWLFDOO\�LQ�WKH�OHYHO�RI
FXUUHQW�VXSSOLHG�WR�WKH�'87��$�VLJQDO�JHQHUDWRU�PD\�SURGXFH�DQ�RXWSXW�RI���YROWV�LQWR����RKPV��UHVXOWLQJ�LQ
FXUUHQWV�RQ�WKH�RUGHU�RI�����P$����(YHQ�D�UHODWLYHO\�ORZ�SRZHU�VXSSO\��IHHGLQJ�SRZHU�WR�D�VPDOO�EDWWHU\
SRZHUHG�FHOO�SKRQH��PD\�EH�FDOOHG�RQ�WR�SURYLGH���$PSV�DW���YROWV���7KLV�LV����ZDWWV��DQG�LW�LV�QRW�XQFRPPRQ
WR�ILQG�SRZHU�VXSSOLHV�RI�����WR������ZDWWV�DW�ZRUN�LQ�WKH�ODE�RU�LQ�DQ�DXWRPDWHG�WHVW�VHW�

7KHUH�LV�DOZD\V�VRPH�VHULHV�LPSHGDQFH�LQ�WKH�FRQQHFWLRQV�IURP�WKH�VRXUFH�WR�WKH�'87���&UHDWLQJ�D�YROWDJH�DW
WKH�'87�FDXVHV�FXUUHQW�WR�IORZ�WKURXJK�WKLV�UHVLVWDQFH���7KLV�FXUUHQW�IORZ�DFURVV�WKH�VHULHV�UHVLVWDQFH�FDXVHV�D
YROWDJH�GURS�ZKLFK�FDXVHV�WKH�RXWSXW�DW�WKH�'87�WR�GHYLDWH�IURP�WKH�GHVLUHG�SURJUDPPHG�OHYHO��:LWK�VLJQDO
JHQHUDWRUV��WKLV�YROWDJH�GURS�LV�XVXDOO\�HQWLUHO\�QHJOLJLEOH�IRU�PRVW�SXUSRVHV�

:LWK�WKH�KLJKHU�FXUUHQWV�WKDW�SRZHU�VXSSOLHV�URXWLQHO\�VXSSO\��WKH�YROWDJH�GURS�LQ�WKH�FRQQHFWLRQV�WR�WKH�'87
XQGHU�WHVW�FDQ�EH�VLJQLILFDQW���)XUWKHUPRUH��WKLV�YROWDJH�GURS�LQ�WKH�OHDGV�LV�ORDG�GHSHQGHQW��DQG�VXEWUDFWV
IURP�WKH�SURJUDPPHG�RXWSXW�YROWDJH���7KLV�HVVHQWLDOO\�GHJUDGHV�WKH�SRZHU�VXSSO\·V�ORDG�UHJXODWLRQ
VSHFLILFDWLRQ���,Q�IDFW��LQDFFXUDFLHV�RI�������RU�PRUH��DUH�SRVVLEOH�LQ�UHDO�DSSOLFDWLRQ�VLWXDWLRQV���7KLV�LQ�WXUQ
FDQ�FUHDWH�LQDFFXUDWH�PHDVXUHPHQWV�RQ�WKH�'87�

7R�FRXQWHUDFW�WKHVH�SUREOHPV��PRVW�PDQXIDFWXUHUV�EULQJ�HUURU�VHQVLQJ�OHDGV�WR�WKH�RXWSXW�WHUPLQDOV�RI�WKH
SRZHU�VXSSO\���,I�WKH�ORDG�LV�DW�VRPH�GLVWDQFH�IURP�WKH�SRZHU�VXSSO\��LW�ZRXOG�FOHDUO\�EH�GHVLUDEOH�WR�SURYLGH
UHPRWH�VHQVLQJ�FDSDELOLWLHV�LQ�DGGLWLRQ�WR�ORFDO�VHQVLQJ�



��

%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

5HPRWH�6HQVH
6WDUWLQJ�ZLWK�/RFDO�6HQVLQJ
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7KLV�LV�KRZ�WKH�SRZHU�VXSSO\�LV�QRUPDOO\�XVHG�LQ�EHQFK
DSSOLFDWLRQV�ZKHUH�ORDG�OHDGV�DUH�VKRUW�

9LUWXDOO\�DOO�SRZHU�VXSSOLHV�XVH�VRPH�IRUP�RI�LQWHUQDO�DPSOLILHU�WR�FRQWURO�WKH�DFWXDO�RXWSXW�OHYHO���6HQVLQJ�WKH
RXWSXW�DQG�IHHGLQJ�EDFN�WKH�UHVXOW�WR�WKLV�LQWHUQDO�´HUURUµ�DPSOLILHU�LV�HVVHQWLDO�WR�PDLQWDLQLQJ�SURJUDPPHG
RXWSXW�YROWDJH�RYHU�D�ZLGH�UDQJH�RI�ORDG�FXUUHQWV���0DQ\�SRZHU�VXSSOLHV�KDYH�WKH�VHQVH�OHDGV�FRQQHFWHG�WR
WKH�RXWSXW�OHDGV�DW�D�UHDU�SDQHO�FRQQHFWLRQ�VWULS��RU�IURQW�SDQHO�ELQGLQJ�SRVWV�WR�DOORZ�WKH�XVHU�IOH[LELOLW\�LQ
FKRRVLQJ�ZKHUH�WR�KDYH�WKH�SRZHU�VXSSO\�VHQVH�WKH�RXWSXW�

:KHQ�WKH�SRZHU�VXSSO\�LV�VKLSSHG�IURP�WKH�IDFWRU\��LW�LV�YLUWXDOO\�DOZD\V�VHW�XS�IRU�ORFDO�VHQVLQJ��7KLV�PHDQV
WKDW�WKH�FRQQHFWLRQV�IURP�WKH�RXWSXW�WR�WKH�LQWHUQDO�HUURU�DPSOLILHU�DUH�PDGH�HLWKHU�LQWHUQDOO\��RU�DW�WKH�RXWSXW
WHUPLQDOV��7KLV�LV�FRQYHQLHQW�IRU�PRVW�EHQFK�DSSOLFDWLRQV��ZLWK�VKRUW�OHDGV�DQG�UHDVRQDEO\�ORZ�FXUUHQWV��8QGHU
WKHVH�FRQGLWLRQV��WKH�YROWDJH�GURS��FDXVHG�E\�FRPELQDWLRQ�RI�UHVLVWDQFH�LQ�WKH�ORDG�OHDGV�DQG�FXUUHQW�WKURXJK
WKH�OHDGV�DV�VKRZQ�LQ�WKH�ILJXUH�DERYH��UHVXOWV�LQ�DQ�DFFHSWDEO\�VPDOO�HUURU�DW�WKH�ORDG���7KLV�DOVR�KHOSV
SUHYHQWV�WKH�LQH[SHULHQFHG�XVHU�IURP�JHWWLQJ�LQWR�WURXEOH���6LQFH��PRVW�SRZHU�VXSSO\·V�FKDUDFWHULVWLFV�DUH
VSHFLILHG�DW�WKH�IURQW�SDQHO�ELQGLQJ�SRVWV�RU�WKH�UHDU�WHUPLQDOV��WKLV�DOVR�SURYLGHV�D�VWDQGDUG�FRQILJXUDWLRQ�IRU
PHDVXULQJ�SHUIRUPDQFH�

,Q�VLWXDWLRQV�ZKHUH�WKH�VHQVH�OHDGV�DUH�SURYLGHG�WR�WKH�XVHU��WKHUH�LV�XVXDOO\�D�EDFN�XS�KLJKHU�UHVLVWDQFH
FRQQHFWLRQ�EHWZHHQ�WKH�VHQVH�LQSXWV�DQG�WKH�RXWSXW�OHDGV���,I�WKH�VHQVH�OHDGV�ZHUH�HYHU�WR�EH�GLVFRQQHFWHG
ZKLOH�WKH�SRZHU�VXSSO\�ZDV�RSHUDWLQJ��WKH�HUURU�DPSOLILHU�FRXOG�GULYH�WKH�SRZHU�VXSSO\�RXWSXW�WR�WKH
PD[LPXP�SRVVLEOH�OHYHO���6R��WKLV�KLJK�UHVLVWDQFH�FRQQHFWLRQ�DVVXUHV�WKDW�WKHUH�ZLOO�DOZD\V�EH�VRPH�IHHGEDFN
WR�WKH�VHQVH�LQSXWV���7KLV�SURWHFWV�WKH�'87�IURP�EHLQJ�VXEMHFWHG�WR�SRWHQWLDOO\�GDPDJLQJ�YROWDJHV���2QFH�WKH
FRUUHFW�FRQQHFWLRQV�DUH�PDGH��WKHVH�LQWHUQDO�FRQQHFWLRQV�DUH�´VZDPSHG�RXWµ�E\�WKH�IDU�ORZHU�LPSHGDQFH�RI
WKH�GLUHFW�FRQQHFWLRQ�EHWZHHQ�VHQVH�OHDGV�DQG�RXWSXW�OHDGV��DQG�WKXV�FDXVHV�QR�VLJQLILFDQW�HUURU�
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5HPRWH�6HQVH
$�FRQVWDQW�YROWDJH�SRZHU�VXSSO\�PRQLWRUV�DQG�UHJXODWHV
LWV�RXWSXW�YROWDJH�GLUHFWO\�DW�WKH�'87�LQSXW�WHUPLQDOV
�LQVWHDG�RI�DW�WKH�SRZHU�VXSSO\�RXWSXW�WHUPLQDOV��

Rem ote

Engineering

2I�FRXUVH��WKH�DVVXPSWLRQV�PDGH�IRU�ORFDO�VHQVLQJ�DUH�QRW�DOZD\V�YDOLG�IRU�HYHU\�DSSOLFDWLRQ��HVSHFLDOO\�ZLWK
KLJKHU�SRZHU�ORDGV���,Q�VLWXDWLRQV�ZKHQ�WKH�ORDG�LV�ORFDWHG�DW�VRPH�GLVWDQFH�IURP�WKH�SRZHU�VXSSO\��IRU
H[DPSOH�LQVLGH�DQ�HQYLURQPHQWDO�FKDPEHU��WKH�UHVLVWDQFH�LQ�WKH�ORDG�OHDGV�PD\�EH�VXEVWDQWLDO�

,Q�DQ�DXWRPDWHG�WHVW�VHW��ORQJHU�WHVW�OHDGV�DUH�W\SLFDOO\�UHTXLUHG�VLQFH�WKH�'87�PD\�EH�ORFDWHG�DW�VRPH
GLVWDQFH�IURP�WKH�SRZHU�VXSSO\���)XUWKHUPRUH���UHOD\V�PD\�EH�XVHG�WR�PDNH�RU�EUHDN�FRQQHFWLRQV�EHWZHHQ
SRZHU�VRXUFH�DQG�WKH�'87���7KHVH�UHOD\V�PD\�QRW�DOZD\V�EH�VHOHFWHG�WR�KDYH�WKH�DEVROXWH�PLQLPXP�FRQWDFW
UHVLVWDQFH��DQG�FRQWDFW�UHVLVWDQFH�LQFUHDVHV�ZLWK�ZHDU�DQG�DJH���,Q�DQ�DXWRPDWHG�WHVW�HQYLURQPHQW�ZLWK�ORQJ
OHDGV�DQG�UHOD\V��D�FRPELQHG�VHULHV�UHVLVWDQFH�RI�����RKPV�LV�QRW�DW�DOO�LPSRVVLEOH���:LWK�FXUUHQWV�LQ�H[FHVV�RI
��DPS��YROWDJH�GURSV�RYHU�D�YROW�DUH�HDVLO\�HQFRXQWHUHG�

7R�UHVROYH�WKHVH�SUREOHPV��SRZHU�VXSSOLHV�ZLWK�UHPRWH�VHQVH�WHUPLQDOV�VKRXOG�EH�XVHG���7KH�VHQVH�OHDGV�FDQ
EH�H[WHQGHG�WR�PHDVXUH�RU��VHQVH��WKH�YROWDJH�OHYHO�DW�WKH�ORDG���7KH�SRZHU�VXSSO\�DOZD\V�WULHV�WR�PDLQWDLQ
WKH�VHW�YROWDJH�DW�WKH��6�DQG��6�WHUPLQDOV�ZKLFK�KDYH�D�KLJK�LQSXW�LPSHGDQFH���1R�PDWWHU�KRZ�PXFK�FXUUHQW
IORZV�WKURXJK�WKH��ORDG�OHDGV���WKH�FXUUHQW�LQ�WKH�VHQVH�OHDGV�LV�DOZD\V�VPDOO���7KHUHIRUH�WKHUH�ZLOO�EH�OHVV�,5
GURS�WKDQ�LQ�WKH�ORDG�OHDGV���7KLV�DOORZV�WKH�SRZHU�VXSSO\�WR�PDLQWDLQ�LW·V�H[FHOOHQW�UHJXODWLRQ�VSHFLILFDWLRQV
HYHQ�DW�D�FRQVLGHUDEOH�GLVWDQFH�
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5HPRWH�6HQVH
$SSOLFDWLRQ�,VVXHV

� 0DNH�VXUH�UHPRWH�VHQVLQJ�FRQQHFWLRQV�DUH�SURSHUO\
PDGH
� 0DNH�WKH�VHQVH�ZLUH�FRQQHFWLRQV���6�WR�����6�WR�WKH���

� &KHFN�LI�WKHUH�LV�D�5HPRWH�/RFDO�VZLWFK�RQ�WKH�EDFN�RI�WKH�XQLW����VHW�WR
´5HPRWHµ

� 1RWH��PRVW�IURQW�SDQHO�ELQGLQJ�SRVWV�GR�QRW�KDYH�UHPRWH�VHQVH�FDSDELOLW\

� ,I�RXWSXWV�DUH�FRQQHFWHG�WR�WKH�'87�WKURXJK�UHOD\V��VHSDUDWH�FRQWDFWV�DUH�QHHGHG
IRU�ERWK�ORDG�DQG�3�6��VHQVH�OHDGV

� 8VH�D�ODUJH�HQRXJK
ZLUH�JDXJH�WR�PLQLPL]H
YROWDJH�GURSV

AW G (B&S)
Wire Size

Annealed Copper
Resistance at 20 deg C

in milli-ohms/foot

Nominal current rating
(amps) single conductor

at 30 deg C
22 16.1 5
20 10.2 7
18 6.39 10
16 4.02 13
14 2.53 20
12 1.59 25
10 0.999 40
8 0.628 55
6 0.395 80
4 0.249 105
2 0.156 140
0 0.0993 195

00 0.0779 260

&KRRVLQJ�WKH��FRUUHFW�JDXJH�DQG�W\SH�RI�ZLUH�FDQ�KHOSV�WR�PLQLPL]H�WKH�YROWDJH�GURS�WKDW�ZLOO�RFFXU���7KH�FKDUW
DERYH�VKRZV�WKH�UHVLVWDQFH�RI�GLIIHUHQW�JDXJH�ZLUH���7KXV��JLYHQ�WKH�RXWSXW�FXUUHQW��WKH�YROWDJH�GURS�FDQ
HDVLO\�EH�FDOFXODWHG���,I�WKH�UHVXOWDQW�YROWDJH�GURS�ZLOO�QRW�EH�DFFHSWDEOH�IRU�WKH�DSSOLFDWLRQ��RQH�VROXWLRQ�LV�WR
HPSOR\�UHPRWH�VHQVLQJ���2I�FRXUVH��LI�WKH�GURS�LV�VXEVWDQWLDO��LW�LV�DOVR�DGYLVDEOH�WR�YHULI\�WKH�WHPSHUDWXUH�ULVH
LQ�WKH�ZLUH��DQG�DVFHUWDLQ�WKDW�WKH�LQVXODWLRQ�ZLOO�ZLWKVWDQG�WKH�PD[LPXP�WHPSHUDWXUH�

6HWWLQJ�WKH�SRZHU�VXSSO\�XS�IRU�UHPRWH�VHQVLQJ�RSHUDWLRQ�LV�JHQHUDOO\�VWUDLJKWIRUZDUG���'HSHQGLQJ�RQ�WKH
VSHFLILF�SRZHU�VXSSO\��WKHUH�PD\�EH�D�UHDU�SDQHO�VZLWFK�WR�FKRRVH�EHWZHHQ�ORFDO�DQG�UHPRWH�VHQVLQJ
RSHUDWLRQ���,W�ZLOO�EH�QHFHVVDU\�WR�GLVFRQQHFW�WKH�VHQVH�OHDGV�IURP�WKH�RXWSXW�OHDGV�DW�WKH�UHDU�SDQHO��DQG�UXQ
H[WUD�ZLUHV�WR�WKH�ORDG���6RPH�EHQFK�SRZHU�VXSSOLHV�KDYH�H[WUD�IURQW�SDQHO�VHQVH�FRQQHFWLRQV�ZKLFK�FDQ�EH
XWLOL]HG�IRU�UHPRWH�VHQVLQJ���+RZHYHU��WKLV�LV�JHQHUDOO\�OLPLWHG�WR�FXUUHQWV�EHORZ������$PSV���7KH�VWDQGDUG��
ZD\�ELQGLQJ�SRVWV�RQ�PRVW�EHQFK�VXSSOLHV��KDYH�D�PD[LPXP�FXUUHQW�OLPLW�DQG�VKRXOG�QRW�EH�XVHG�DERYH���
$PSV�

,Q�WKH�FDVH�RI�DQ�DXWRPDWHG�WHVW�VHW�ZKHUH�UHOD\V�DUH�XVHG�WR�FRQQHFW�WR�WKH�'87��WKH�VHQVH�OHDGV�UHTXLUH
WKHLU�RZQ�VHW�RI�FRQWDFWV���7KLV�DOORZV�DQ\�FRQWDFW�UHVLVWDQFH�LQ�WKH�UHOD\V�WR�EH�EURXJKW�´LQVLGH�WKH�IHHGEDFN
ORRSµ�RI�WKH�SRZHU�VXSSO\��DQG�FRUUHFWHG�IRU��+RZHYHU�DGGLWLRQDO�SUREOHPV�FDQ�EH�FUHDWHG�ZKHQ�WKH�UHOD\�LV
RSHQHG���6LQFH�WKH�VHQVH�OHDGV�DUH�WKHQ�GLVFRQQHFWHG�WKH�SRZHU�VXSSO\�RXWSXW�YROWDJH�PD\�ULVH�WR�WKH
PD[LPXP�RXWSXW���:KHQ�UHFRQQHFWHG��LW�ZLOO�JHQHUDOO\�WDNH�VRPH�WLPH�WR�UHWXUQ�WR�WKH�SURJUDPPHG�OHYHO�
7KLV�PD\�FDXVH�GDPDJH�WR�WKH�'87���7R�SUHYHQW�WKLV��LW�LV�LPSRUWDQW�WR�EH�VXUH�WKDW�WKH�PDQXIDFWXUHU�KDV
LPSOHPHQWHG�D�IDLO�VDIH�EDFN�XS�FRQQHFWLRQ�LQWHUQDO�WR�WKH�SRZHU�VXSSO\���,W�ZRXOG�EH�DGYLVDEOH�WR�WHVW�WKH
FRQQHFWLRQV�ZLWK�RXW�WKH�'87�WR�PDNH�VXUH�WKDW�WKH�EHKDYLRU�LV�DV�H[SHFWHG���,I�QHFHVVDU\��H[WHUQDO�FRQQHFWHG
UHVLVWRUV�RI�DSSUR[LPDWHO\���NRKPV�EHWZHHQ�VHQVH�OHDGV�DQG�RXWSXW�OHDGV�RQ�WKH�SRZHU�VXSSO\�VLGH�RI�WKH
UHOD\�ZLOO�JHQHUDOO\�VXIILFH�WR�PDLQWDLQ�WKH�SRZHU�VXSSO\�RXWSXW�FORVH�WR�WKH�GHVLUHG�OHYHO�
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5HPRWH�6HQVH
,PSDFW�RI�9ROWDJH�'URS
� 0D[LPXP�DOORZDEOH�YROWDJH�GURS�LQ�ORDG�OHDGV�

� &KHFN�WKH�SRZHU�VXSSO\�GDWD�VKHHW�IRU�HDFK�SURGXFW��WR�GHWHUPLQH�WKH
PD[LPXP�ORDG�OHDG�GURS�WKDW�WKH�UHPRWH�VHQVH�FDQ�FRUUHFW�IRU�

� ([FHHGLQJ�WKH�PD[LPXP�GURS�ZLOO�FDXVH�GHJUDGDWLRQ�LQ�UHJXODWLRQ�

� 6SHFLILFDWLRQV�IRU�VRPH�FRPPRQ�$JLOHQW�SRZHU�VXSSOLHV�

M odel Vdropm ax Voltage Regulation Im pact 
E364xA Up to 1V in each lead Add 5m V to regulation spec for each 1V drop. 

66319-21B, -D  Up to 3V in both leads 
(m ain output); up to 4V in 
each lead (aux output) 

Add 2m V to regulation spec for each 1V drop in 
the positive lead 

6621-24A, 6627A Up to 1.5V in either lead None  

6625-26A, 6628-29A Up to 10V in both leads None 

663xA Up to 2V in each lead Add 5m V to regulation spec for each 1V drop in 
the negative lead 

654xA, 655xA, 664xA, 
665xA 

U p to ½  the rated vol tage  Add 3m V to regul ation spec for each 1V drop in 
the positive lead 

657xA,  667xA U p to ½  the rated vol tage  Add to the regul ation spec as follow s:   

   # of m V = 2(V drop)*(V rating/(V rating+10V))  

 

 

(YHQ�ZLWK�UHPRWH�VHQVLQJ��LW�LV�LPSRUWDQW�WR�FKRRVH�WKH�FRUUHFW�JDXJH�RI�ZLUH�WR�PLQLPL]H�WKH�YROWDJH�GURS�LQ
WKH�SRZHU�OHDGV�IRU�WZR�UHDVRQV�

)LUVW��DQ\�YROWDJH�GURS�LQ�WKH�ORDG�OHDGV�VXEWUDFWV�IURP�WKH�PD[LPXP�YROWDJH�DYDLODEOH�WR�EH�GHOLYHUHG�WR�WKH
'87���)RU�H[DPSOH�ZLWK�DQ���YROW�SRZHU�VXSSO\��D���YROW�GURS�LQ�HDFK�ORDG�OHDG�PHDQV�WKH�PD[LPXP�YROWDJH
WKDW�FDQ�EH�GHOLYHUHG�WR�WKH�ORDG�LV���YROWV�

6HFRQG��WKH�YROWDJH�GURS�LQ�WKH�ORDG�OHDGV�VWLOO�FDXVHV�VRPH�GHJUDGDWLRQ�RI�UHJXODWLRQ���7KHUH�LV�QR�HDV\�´UXOH
RI�WKXPEµ�WKDW�DSSOLHV�WR�DOO�SRZHU�VXSSOLHV��VLQFH�WKH�LQWHUQDO�GHVLJQ�PD\�YDU\�FRQVLGHUDEO\�IURP�RQH�SURGXFW
WR�DQRWKHU���7KH�FKDUW�DERYH�VKRZV�WKH�LPSDFW�IRU�D�ZLGH�UDQJH�RI�$JLOHQW�7HFKQRORJLHV�SRZHU�VXSSOLHV�
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5HPRWH�6HQVH
,QSXW�LPSHGDQFH

� 5HPRWH�VHQVH�LQSXWV�DUH�QRW�HDVLO\�FKDUDFWHUL]HG�DV�DQ
LPSHGDQFH�

� ,QSXWV�DUH�W\SLFDOO\�FRQQHFWHG�WR�DQ�RS�DPS�LQSXW�

� /RRN�PRUH�OLNH�D�FXUUHQW�VRXUFH��L�H��VHQVH�FXUUHQW�LV
LQGHSHQGHQW�RI�VHQVH�YROWDJH�LQSXW�

� 7\SLFDOO\�LQSXW�FXUUHQW�LV�ZHOO�XQGHU���P$�

6LQFH�WKH�VHQVH�OHDGV�FDUU\�QHJOLJLEOH�FXUUHQW��WKH\�GRQ·W�QHHG�WR�EH�KHDY\�JDXJH�ZLUH���,Q�IDFW��WKH�TXHVWLRQV
RIWHQ�DULVHV��DV�WR�ZKDW�WKH�´LQSXWµ�LPSHGDQFH�LV�IRU�WKH�VHQVH�OHDG���HUURU�DPSOLILHU���7KH�VHQVH�OHDGV�DUH
FRQQHFWHG�WR�WKH�LQSXWV�RI�WKH�HUURU�DPSOLILHU�ZKLFK�LV�W\SLFDOO\�DQ�RSHUDWLRQDO�DPSOLILHU�FLUFXLW���7KXV��LW�LV
HDVLHU�WR�WKLQN�RI�WKH�LQSXWV�DV�D�FXUUHQW�VRXUFH�ZLWK�FXUUHQW�LQ�WKH�UDQJH��UDQJH�RI����$�WR

�����$�
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5HPRWH�6HQVLQJ
%HVW�3UDFWLFH��0LQLPL]H�:LULQJ�3DWK�,PSHGDQFH

� )RXU�VWHSV�WR�PLQLPL]H�SDWK�LPSHGDQFH�

� 8VH�ODUJHU�JDXJH��WZLVWHG�SDLU�ZLUH�

� 5HGXFH�GLVWDQFH�EHWZHHQ�SRZHU�VXSSO\�DQG�'87�

� 0LQLPL]H�WKH�XVH�RI�UHOD\V���FRQQHFWRUV�

� 6HOHFW�UHOD\V���FRQQHFWRUV�WR�PLQLPL]H�FRQWDFW
UHVLVWDQFH��FRQVLGHU�LQLWLDO�DQG�HQG�RI�OLIH�VSHFV�

� %HZDUH�RI�WUDQVLHQW�UHVSRQVH�LVVXHV�IRU�G\QDPLF�ORDGV

� 8VH�DQ�DGHTXDWH�E\SDVV�FDSDFLWRU�DW�WKH�'87

� &RQVLGHU�D�VXSSO\�WDLORUHG�IRU�UHPRWH�VHQVLQJ�ZLWK
SXOVHG�ORDGV

7R�RSWLPL]H�SHUIRUPDQFH��WKH�RYHUDOO�ZLULQJ�SDWK�LPSHGDQFH�QHHGV�WR�EH�FRQVLGHUHG���,W�LV�DOZD\V�D�EHVW
SUDFWLFH�WR�PLQLPL]H�WKH�ZLULQJ�SDWK�LQGXFWDQFH�DQG�UHVLVWDQFH���:H�FDQ�DFFRPSOLVK�WKLV�ZLWK�WKH�IROORZLQJ
VWHSV�

���8VH�ODUJHU�JDXJH�ZLUH�DQG�UHGXFH�WKH�GLVWDQFH�EHWZHHQ�WKH�SRZHU�VRXUFH�DQG�IL[WXUH�DV�PXFK�DV�SRVVLEOH�

���$OZD\V�XVH�WZLVWHG�SDLU�ZLUHV�WR�PLQLPL]H�LQGXFWDQFH���8VH�RQH�SDLU�IRU�WKH�ORDG�OHDGV�DQG�D�VHFRQG�SDLU�IRU
WKH�VHQVH�OHDGV���7KLV�DOVR�KHOSV�PLQLPL]H�QRLVH�SLFNXS�

���(OLPLQDWH�RU�PLQLPL]H�XVH�RI�UHOD\V�	�FRQQHFWRUV�RU�XVH�ORZ�FRQWDFW�UHVLVWDQFH�SRZHU�UHOD\V�	�FRQQHFWRUV�
$OZD\V�FRQVLGHU�WKH�HQG�RI�OLIH�UHVLVWDQFH�VSHFLILFDWLRQV�DV�ZHOO�

$OO��RI�WKH�SUHYLRXV�GLVFXVVLRQ�ZDV�DSSURSULDWH�IRU�WKH�GF�DQG�ORZ�IUHTXHQF\�FRQVLGHUDWLRQV�RI�SRZHULQJ�D�'87�
+RZHYHU��LQ�UHDO�DSSOLFDWLRQV�WKH�G\QDPLF�EHKDYLRU�RI�WKH�'87�LV�XVXDOO\�DQ�DGGLWLRQDO�IDFWRU�WR�EH�FRQVLGHUHG�
:KHQ�WKH�'87�FDXVHV�FXUUHQW�GUDZ�LQ�SXOVHV��WKH�FRQFHSW�RI�WUDQVLHQW�UHVSRQVH�QHHGV�WR�EH�LQWURGXFHG���:KLOH
WKHUH�DUH�VRPH�DGGLWLRQDO�VWHSV�WKDW�FDQ�EH�WDNHQ��LW�PD\�EH�LPSRUWDQW�WR�FRQVLGHU�D�SRZHU�VXSSO\�VSHFLILFDOO\
GHVLJQHG�WR�KDQGOH�WKLV�W\SH�RI�VLWXDWLRQ���0RUH�DERXW�WKLV�LQ�D�ODWHU�VHFWLRQ�
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&KDUDFWHULVWLFV�RI�'&�3RZHU�6XSSO\
)UHTXHQW�PLVXQGHUVWRRG�FKDUDFWHULVWLFV

� 2XWSXW�QRLVH

� 5HPRWH�VHQVH

� 7UDQVLHQW�UHVSRQVH

� 7KURXJKSXW

$UH�\RX�ZLWK�WKH�WUDQVLHQW�UHVSRQVH�RI�D�'&�SRZHU�VXSSO\"

/HW·V�WDON�DERXW�WKDW�
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%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

7UDQVLHQW�5HVSRQVH

� :KDW�LV�LW"

� &KDUDFWHULVWLF�ZKLFK�GHVFULEHV�WKH�SRZHU�VXSSO\·V�UHVSRQVH�WR
DQ�LQVWDQWDQHRXV�FKDQJH�LQ�WKH�FXUUHQW�GHPDQGHG�E\�WKH�'87

� 6SHFLILHG�RQO\�LQ�WKH�FRQVWDQW�YROWDJH�PRGH�ZLWK�D�UHVLVWLYH�ORDG

� 7\SLFDOO\�VSHFLILHG�IRU�D�����FKDQJH�LQ�FXUUHQW�GHPDQG

� ,PSDFW�RI�FKDUDFWHULVWLF

� &DQ�DIIHFW�PHDVXUHPHQW�DFFXUDF\�RI�WKH�'87�FXUUHQW�GUDLQ��RU
FDXVH�DQ�HUURU�LQ�RWKHU�'87�SDUDPHWHUV�PHDVXUHG

� 1HJDWLYHO\�LPSDFWV�WLPH�UHODWHG�WHVWV

� $UWLILFLDOO\�UHGXFHV�'87�LQUXVK�FXUUHQW�GHPDQGV

7UDQVLHQW�5HVSRQVH�LV�D�IUHTXHQWO\�PLVXQGHUVWRRG�VSHFLILFDWLRQ����,W·V�127�KRZ�IDVW�WKH�SRZHU�VXSSO\�FDQ�EH
SURJUDPPHG�RU�VOHZHG�XS�RU�GRZQ���,W�LV�D�PHDVXUH�RI�KRZ�TXLFNO\�WKH�SRZHU�VXSSO\�FDQ�UHWXUQ�WKH�RXWSXW
YROWDJH�WR�D�SURJUDPPHG�VWDWH�DIWHU�D�GLVUXSWLYH�FKDQJH�LQ�ORDG�FXUUHQW�

:KHQ�WKLV�FKDQJH�RFFXUV��WKH�SRZHU�VXSSO\·V�LQWHUQDO�HUURU�DPSOLILHU�VLPSO\�GRHV�QRW�KDYH�WKH�DELOLW\�WR
UHVSRQG�LQVWDQWDQHRXVO\�WR�WKLV�FKDQJH���,QVWHDG��DV�PRUH��RU�OHVV��FXUUHQW�LV�GUDZQ��WKH�YROWDJH�GURS�DFURVV
PDQ\�RI�WKH�LQWHUQDO�´UHVLVWDQFHVµ�LQ�WKH�SRZHU�VXSSO\�FLUFXLWU\�FKDQJHV���7KLV�FDXVHV�D�FRUUHVSRQGLQJ�FKDQJH
WR�WDNH�SODFH�LQ�WKH�RXWSXW�OHYHO�RI�WKH�SRZHU�VXSSO\���)RU�D�VLJQLILFDQW�FXUUHQW�FKDQJH��WKH�RXWSXW�ZLOO
WHPSRUDULO\�OHDYH�WKH�UHJXODWLRQ�EDQG�RI�WKH�SRZHU�VXSSO\����6RPH�WLPH�ODWHU�WKH�SRZHU�VXSSO\�HUURU�DPSOLILHU
´UHFRJQL]HVµ�WKH�FKDQJH�LQ�RXWSXW�YROWDJH�DQG�EHJLQV�WR�DGMXVW�WKH�RXWSXW�WR�UHVWRUH�WKH�RULJLQDOO\�SURJUDPPHG
OHYHO�

7UDQVLHQW�UHVSRQVH�LV�DOZD\V�VSHFLILHG�LQ�WKH�&RQVWDQW�9ROWDJH�PRGH�DQG�LV�SHUIRUPHG�DQG�VSHFLILHG�ZLWK�D
SXUHO\�UHVLVWLYH�ORDG���,W�LV�VSHFLILHG�DV�WKH�OHQJWK�RI�WLPH�UHTXLUHG�IRU�WKH�RXWSXW�YROWDJH�WR�UHWXUQ�WR�ZLWKLQ�D
VSHFLILHG�EDQG��RU�SHUFHQWDJH�RI�RXWSXW�UDWLQJ��RI�LW·V�SUHYLRXV�YDOXH�DIWHU�D�FKDQJH�RI�D�FHUWDLQ�DPRXQW�RI
FXUUHQW�XVXDOO\�����RI�UDWLQJ����,W·V�W\SLFDOO\�VSHFLILHG�IRU�D�����FKDQJH�LQ�WKH�UDWHG�RXWSXW�FXUUHQW�DW�DQ
RXWSXW�YROWDJH�HTXDO�WR�RU�JUHDWHU�WKDQ�����RI�WKH�UDWHG�RXWSXW�YROWDJH���([FHSW�LQ�XQLTXH�FDVHV��WKLV
SHUIRUPDQFH�LV�VSHFLILHG�DW�WKH�UHDU�RXWSXW�WHUPLQDOV�RI�WKH�SRZHU�VXSSO\�

7UDQVLHQW�UHVSRQVH�LV�QRW�VSHFLILHG�ZLWK�ORDGV�RWKHU�WKDQ�SXUH�UHVLVWDQFHV���6SHFLI\LQJ�IRU�DQ�LQGXFWLYH�RU
FDSDFLWLYH�ORDG�FRXOG�W\SLFDOO\�UHTXLUH�WKH�SRZHU�VXSSO\�WR�H[FHHG�LWV�PD[�YROWDJH�RU�FXUUHQW�VSHFLILFDWLRQV
ZKLOH�LW�ZDV�UHVWRULQJ�RSHUDWLRQ�ZLWKLQ�WKH�UHJXODWLRQ�EDQG��$GGLWLRQDOO\��WKH�HUURU�FRUUHFWLRQ�EDQGZLGWK�RI�WKH
SRZHU�VXSSO\·V�HUURU�DPSOLILHU�LV�VLJQLILFDQWO\�DOWHUHG�ZLWK�WKH�DGGLWLRQ�RI�D�UHDFWLYH�ORDG�

)LQDOO\��WUDQVLHQW�UHVSRQVH�YDULHV�ZLWK�WKH�W\SH�RI�SRZHU�VXSSO\�WRSRORJ\���$V�D�UXOH��OLQHDUV�DUH�PXFK�IDVWHU
UHVSRQGLQJ�WKDQ�VZLWFKLQJ�SRZHU�VXSSOLHV�
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%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

7UDQVLHQW�5HVSRQVH
,GHDO��EDWWHU\��5HVSRQVH

V(ext)
V(L)

t

t

t

open

closed

S1

V(L)/R

V(L)/2R

I(L)

V(L)

V(bat)

V(bat) - I(L) x R(int)

I(L)

S1

r(int)

0.002

V(bat)

R
1.2

R
1.2

* Assume R>> r(int)

��)LUVW��OHW·V�FRQVLGHU�WKH�UHVSRQVH�WR�D�ORDG�FKDQJH�IRU�D�EDWWHU\

+HUH·V�D�FLUFXLW�ZKLFK�GHSLFWV�WKH�ZD\�D�EDWWHU\�ZRXOG�UHVSRQG�WR�DQ�LQVWDQWDQHRXV�FKDQJH�LQ�FXUUHQW
GHPDQGHG�E\�D�UHVLVWLYH�ORDG���)RU�WKLV�H[DPSOH��OHW·V��DVVXPH�WKDW�WKH�ORDG�OHDGV�KDYH�QR�LQGXFWDQFH�DQG
YHU\�OLWWOH�UHVLVWDQFH���$OVR��OHW·V�DVVXPH�WKDW�WKH�LQWHUQDO�UHVLVWDQFH�RI�EDWWHU\�LV�������RKPV��VPDOO�FRPSDUHG
WR�����RKPV�UHVLVWDQFH�LQ�WKH�FLUFXLW�

,I�9�H[W��LV�LQLWLDOO\����YROWV��DQG�6��LV�´RSHQµ���WKHQ�WKH�ORDG�FXUUHQW�ZRXOG�EH�DSSUR[LPDWHO\���Y�����RKPV� 
��DPSV�

:KHQ�6��LV�FORVHG��WKH�ORDG�FXUUHQW�LQVWDQWO\�MXPSV�E\��DPSV�WR�D�YDOXH�RI�DSSUR[LPDWHO\���Y����RKPV� ���
DPSV���$GGLWLRQDOO\��WKH�YROWDJH�DFURVV�WKH�H[WHUQDO�EDWWHU\�WHUPLQDOV�QRZ�LQVWDQWO\�GURSV�E\�������[���DPSV
RU�������YROWV���7KH�H[WHUQDO�EDWWHU\�YROWDJH�LV�QRZ�DERXW��������YROWV�

1RWH�WKDW�WKH�EDWWHU\��XQOLNH�D�SRZHU�VXSSO\��KDV�QR�LQWHUQDO�HUURU�DPSOLILHU�WR�FRUUHFW�IRU�WKLV�LQWHUQDO�GURS�
:KHQ�6��LV�´RSHQHGµ��WKH�ORDG�FXUUHQW�LQVWDQWO\�GHFUHDVHV�E\���DPSV��DQG�WKH�H[WHUQDO�EDWWHU\�YROWDJH��9�H[W�
UHWXUQV�WR������YROWV�

7KH�WUDQVLWLRQV�LQ�RXWSXW�YROWDJH��VLQFH�ZH�QHJOHFWHG�WKH�OHDG�LQGXFWDQFH��DUH�YLUWXDOO\�LQVWDQWDQHRXV��7KHUH�LV
QR�PHDVXUDEOH�´WUDQVLHQW�UHVSRQVH�WLPHµ��QRU�LV�WKHUH�DQ\�RYHU��RU�XQGHU�VKRRW�LQ�WKH�ZDYHIRUPV�
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%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

7UDQVLHQW�5HVSRQVH
$FWXDO�3RZHU�6XSSO\�5HVSRQVH

t

t

t

open

closed

S1

V(Out)/R

V(Out)/2R

I(L)

V(Out
)

V(Out)

I(L)

S1

R
1.2

V(Out)

R
1.2

+

_

Power
Supply

CV reg’ln  spec worst-case

��1RZ��OHW·V�FRQVLGHU�WKH�UHVSRQVH�IRU�D�SRZHU�VXSSO\

+HUH·V�WKH�VDPH�FLUFXLW�ZH�MXVW�VDZ��EXW�QRZ�ZLWK�D�SRZHU�VXSSO\�LQ�SODFH�RI�WKH�EDWWHU\���$JDLQ��ZH·OO
DVVXPH�WKDW�WKH�ORDG�OHDGV�KDYH�QR�LQGXFWDQFH�DQG�YHU\�OLWWOH�UHVLVWDQFH��%XW�QRZ��RI�FRXUVH��WKH�SRZHU
VXSSO\�KDV�DQ�LQWHUQDO�HUURU�DPSOLILHU�WR�FRUUHFW�IRU�WKH�FKDQJHV�LQ�RXWSXW�FXUUHQW��VR�LW·V�LQWHUQDO�LPSHGDQFH�LV
QHJOLJLEO\�ORZ�

�,I�9�RXW��LV�VHW�IRU����YROWV���DQG�6��LV�´RSHQµ��WKH�ORDG�FXUUHQW�ZRXOG�EH�DSSUR[LPDWHO\���Y�����RKPV� ��
DPSV��MXVW�DV�EHIRUH���1RZ�ZKHQ�6��LV�FORVHG��WKH�ORDG�FXUUHQW�DWWHPSWV�WR�LQVWDQWO\�MXPS�E\���DPSV�WR�D
YDOXH�RI�DSSUR[LPDWHO\���Y����RKPV� ����DPSV���+RZHYHU��WKH�SRZHU�VXSSO\·V�HUURU�FRUUHFWLRQ�FLUFXLWU\�GRHV
QRW�KDYH�LQILQLWH�EDQGZLGWK�DQG�D�ILQLWH�DPRXQW�RI�WLPH�LV�UHTXLUHG�IRU�WKH�VXSSO\�WR�VRXUFH�WKH�DGGLWLRQDO��
DPSV���'HSHQGLQJ�RQ�D�QXPEHU�RI�SRZHU�VXSSO\�LQWHUQDO�FKDUDFWHULVWLFV��WKH�RXWSXW�YROWDJH�FRXOG�DFWXDOO\�IDOO
����YROWV�RQ�D�WHPSRUDU\�EDVLV���6KRUWO\�WKHUHDIWHU��WKH�SRZHU�VXSSO\�EHJLQV�H[SRQHQWLDOO\�LQFUHDVLQJ�LWV�RXW
YROWDJH�WR�SURYLGH�WKH�LQFUHDVHG�GHPDQG�LQ�FXUUHQW��+RZHYHU��WKH��YROWDJH�UHWXUQHG�WR�LV�D�YDOXH�VOLJKWO\�ORZHU
YDOXH�WKDQ�WKH�LQLWLDO�YDOXH�DQG�LV�GHWHUPLQHG�E\�WKH�&9�UHJXODWLRQ�VSHF�

2SHQLQJ�6��ZRXOG�LQWHQG�WR�LQVWDQWO\�GHFUHDVH�WKH�RXWSXW�FXUUHQW�E\���DPSV���$JDLQ��WKH�EDQGZLGWK�RI�WKH
SRZHU�VXSSO\�SUHYHQWV�WKLV�IURP�KDSSHQLQJ�LQVWDQWO\���,QVWHDG��WKH�RXWSXW�YROWDJH�DFWXDOO\�VSLNHV�XS�
RYHUVKRRWLQJ�WKH�GHVLUHG�YDOXH�E\�WKH�VDPH�����YROWV��GXH�WR�LQWHUQDO�VXSSO\�FKDUDFWHULVWLFV���,Q�VKRUW�RUGHU�
WKH�SRZHU�VXSSO\�H[SRQHQWLDOO\�GHFUHDVHV�WKH�RXWSXW�YROWDJH�WR�WKH�YDOXH�LQLWLDOO\�SURJUDPPHG�

,Q�WKLV�LGHDOL]HG�FDVH��WKH�RXWSXW�YROWDJH�VPRRWKO\�UHWXUQV�WR�WKH�UHJXODWLRQ�EDQG���,Q�UHDO�DSSOLFDWLRQV��WKH�QRQ�
UHVLVWLYH�QDWXUH�RI�ERWK�WKH�ORDG�DQG�WKH�OHDGV�FDQ�DFWXDOO\�FDXVH�VRPH�GDPSHG�RVFLOODWRU\�ULQJLQJ�DV�WKH
YROWDJH�UHWXUQV�WR�WKH�UHJXODWLRQ�EDQG�
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7UDQVLHQW�5HVSRQVH�6SHFLILFDWLRQ

9SN�XQGHUVKRRW

9SN�XQGHUVKRRW

9SV

,R ,PD[

���������������������

9�LV�/RDG�5HJ��6SHF
������Vµ

��P9

$�7\SLFDO�6SHF� /HVV�WKDQ�������������UHFRYHU\�ZLWKLQ
��P9��$�ORDG�FKDQJH�RI�����

������Vµ

9SN�XQGHU�RU�RYHUVKRRW�QRW�VSHF��²�WRR�ORDG�GHSHQGHQW��&RXOG
EH�����YROWV�GHSHQGLQJ�RQ�VXSSO\��OHDGV��ORDG��HWF�

7KLV�LV�D�FORVH�XS�RI�WKH�ORDGLQJ�DQG�XQORDGLQJ�WUDQVLHQW�RQ�D�SRZHU�VXSSO\�RXWSXW�VKRZQ�RQ�WKH�SUHYLRXV�VOLGH�
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%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

7UDQVLHQW�5HVSRQVH
:KHQ�XVLQJ�5HPRWH�6HQVLQJ

� $GGLWLRQDO�OHDG�UHVLVWDQFH�DQG
LQGXFWDQFH�ZRUVHQ�SHUIRUPDQFH

� ,I�WKH�RXWSXW�FXUUHQW�LV�GUDZQ�LQ
SXOVHV�WKH�SRZHU�VXSSO\�PD\
QRW�EH�DEOH�WR�PDLQWDLQ�WKH
SURJUDPPHG�YROWDJH�DW�WKH�'87

� 7KLV�SRRU�YROWDJH�WUDQVLHQW
UHVSRQVH�PD\�FDXVH
PHDVXUHPHQW�SUREOHPV��DQG
FRXOG�HYHQ�FDXVH�VRPH�'87V�WR
VKXW�GRZQ

� IRU�H[DPSOH�D�GLJLWDO�FHOO
SKRQH�LQ�WDON�PRGH

%DQGZLGWK�LV�NHSW�ORZ�IRU�D�JHQHUDO�SXUSRVH�36�WR�DVVXUH�VWDELOLW\�LQ�PRVW�DSSOLFDWLRQV���+LJK�EDQGZLGWK
PDNHV�D�VXSSO\�PRUH�VXVFHSWLEOH�WR�RVFLOODWLRQV�ZLWK�UHDFWLYH�ORDGV���:KHQ�UHPRWH�VHQVLQJ��ORDG�OHDGV�DGG
FRQVLGHUDEOH�VHULHV�UHVLVWDQFH�DQG�LQGXFWDQFH���7KLV�FDXVHV�D�GHJUDGDWLRQ�LQ�WUDQVLHQW�UHVSRQVH�LQ�SURSRUWLRQ�WR
KRZ�PXFK�UHVLVWDQFH�DQG�LQGXFWDQFH�DUH�DGGHG�

:LWK�D�JRRG�TXDOLW\�OLQHDU�VXSSO\�WUDQVLHQW�UHVSRQVH�FDQ�W\SLFDOO\�EH�OHVV�WKDQ���XVHF���+RZHYHU��LQ�D�KLJK
YROXPH�DXWRPDWLF�WHVW�VHW��LW�LV�QRW�XQFRPPRQ�WR�ILQG�������IHHW�RI�OHDGV�WR�WKH�IL[WXUH�ZKHUH�WKH�'87�LV
FRQQHFWHG����,Q�WKLV�VLWXDWLRQ��WKH�WUDQVLHQW�UHVSRQVH�WLPH�FDQ�HDVLO\�GHJUDGH�E\�D�IDFWRU�RI����RU�KLJKHU�

7KH�LQLWLDO�ORDG�FXUUHQW�LV�VXSSOLHG�E\�WKH�SRZHU�VXSSO\�RXWSXW�FDSDFLWRU���%XW�ZLWK�KLJK�UHVLVWDQFH�ORDG�OHDGV�
D�ODUJH�YROWDJH�GURS�DFURVV�ORDG�OHDGV�FDQ�UHGXFH�WKH�YROWDJH�DW�WKH�'87�E\�D�YROW�RU�PRUH����)RU�VRPH�WHVW
VLWXDWLRQV��EHIRUH�WKH�LQWHUQDO�SRZHU�FRQYHUVLRQ�FLUFXLWV�EHJLQ�WR�VXSSO\�WKH�ORDG�FXUUHQW��WKH�SXOVH�LV�JRQH
UHTXLULQJ�D�UHWXUQ�WR�WKH�RULJLQDO�FXUUHQW�OHYHO���7KLV�LV�XVXDOO\�QRW�DQ�DFFHSWDEOH�VLWXDWLRQ�IRU�WKH�WHVW�HQJLQHHU�
DQG�VRPH�IRUP�RI�PRGLILFDWLRQ�LV�UHTXLUHG�
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$JLOHQW�5HVWULFWHG 3DJH���

7UDQVLHQW�5HVSRQVH
&RPPRQ�:RUN�$URXQG���$GG�D�/DUJH�)LOWHU�&DS

Works but has some drawbacks!
•Size & flexibility
•Battery drain measurements
•Test Time

�6HQVH
�6HQVH

32:(5
6833/<

=SDWK

=SDWK

�9LQ

�9LQ

�9RXW

�9RXW

'87
&

5F

��1RWH���ZKLOH�WKLV�FDQ�KHOS��LW�LVQ·W��WKH�EHVW�VROXWLRQ�LQ�DOO�FDVHV�

$�FRPPRQ�ZRUN�DURXQG�LV�WR�SODFH�D�ODUJH�HOHFWURO\WLF�FDSDFLWRU�DFURVV�WKH�WHUPLQDOV�RI�WKH�'87�DW�WKH�WHVW
IL[WXUH���)RU�WKH�WHVW�FRQGLWLRQV�DQG�FRQILJXUDWLRQ�W\SLFDO�LQ�DXWRPDWHG�WHVWLQJ�RI�D�FHOO�SKRQH��DGGLQJ�D������
PLFURIDUDG�FDSDFLWRU��FDQ�OLPLW�WKH�WUDQVLHQW�DPSOLWXGH�WR�����PLOOLYROWV�

7KHUH�DUH��KRZHYHU��VRPH�GUDZEDFNV�WR�WKLV�VROXWLRQ�
���(OHFWURO\WLF�FDSDFLWRUV�RI�WKLV�PDJQLWXGH�DUH�ODUJH�DQG�PD\�EH�GLIILFXOW�WR�PRXQW�DW�D�WHVW�IL[WXUH��FORVH�WR
WKH�'87��DQG�WKLV�FDQ�LPSRVH�OLPLWDWLRQV�RQ�IOH[LELOLW\�
���,Q�PDQ\�WHVW�DSSOLFDWLRQV��HVSHFLDOO\�ZLWK�EDWWHU\�SRZHUHG�'87V�VXFK�DV�FHOO�SKRQHV��ZH�ZDQW�WR�PHDVXUH
WKH�'87·V�VWDQGE\�DQG�RII�VWDWH�FXUUHQW���,Q�VRPH�FDVHV��WKH�OHDNDJH�FXUUHQW�RI�D�ODUJH�HOHFWURO\WLF�FDSDFLWRU
PD\�EH�WRR�JUHDW�LQ�FRPSDULVRQ�WR�WKH�'87·V�RII�RU�VWDQGE\�FXUUHQW���)XUWKHU��WKH�OHDNDJH�FXUUHQW�RI�DQ
HOHFWURO\WLF�LV�D�IXQFWLRQ�RI�WLPH��YROWDJH��DQG�WHPSHUDWXUH���7KLV�FDQ�VHULRXVO\�LPSDFW�WKH�DFFXUDF\�RI�WKH
PHDVXUHPHQW�
���,I�ZH�ZDQW�WR�PHDVXUH�WKH�PDJQLWXGH�RI�WKH�SXOVH�FXUUHQW�GUDZQ�E\�WKH�'87��ZH�ILQG�WKDW�D�ODUJH�FDSDFLWRU
DW�WKH�'87�WHUPLQDOV�FDQ�FRUUXSW�WKLV�PHDVXUHPHQW�EHFDXVH�WKH�FDSDFLWRU��DQG�QRW�WKH�SRZHU�VXSSO\��LV
SURYLGLQJ�WKH�SXOVH�FXUUHQW�
���$�ODUJH�FDSDFLWRU�DOVR�LPSDFWV�WHVW�WLPH�WZR�ZD\V���)LUVW�LW�FDQ�VORZ�GRZQ�ORZ�OHYHO�PHDVXUHPHQWV�E\
FUHDWLQJ�D�ORQJ�VHWWOLQJ�WLPH���6HFRQG�LW�FDQ�DGG�WLPH�IRU�WKH�VRXUFH�YROWDJH�WR�UHDFK�LWV�ILQDO�YDOXH�GXULQJ
SRZHULQJ�XS�RU�SRZHULQJ�GRZQ�

:KHQ�DQ\�RI�WKHVH�IDFWRUV�LV�LPSRUWDQW�LQ�WKH�DSSOLFDWLRQ��DGGLQJ�D�FDSDFLWRU�DW�WKH�'87�LV�QRW�D�SUDFWLFDO
VROXWLRQ���,QVWHDG�WKH�PDMRU�IRFXV�VKRXOG�EH�RQ�UHGXFLQJ�ZLULQJ�LPSHGDQFH�DV�PHQWLRQHG�LQ�D�SUHYLRXV�VHFWLRQ�
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&KDUDFWHULVWLFV�RI�'&�3RZHU�6XSSO\
)UHTXHQWO\�PLVXQGHUVWRRG�FKDUDFWHULVWLFV

� 2XWSXW�QRLVH

� 5HPRWH�VHQVH

� 7UDQVLHQW�UHVSRQVH

� 7KURXJKSXW

0DQ\�RI�\RX�PD\�KDYH�DSSOLFDWLRQV�LQ�SURGXFWLRQ�LQYROYLQJ�KLJK�YROXPH���,I�VR��\RX�UHDOL]H�WKDW�WKURXJKSXW�RI
WKH�WHVW�V\VWHP�FDQ�EH�D�FULWLFDO�GHWHUPLQDQW�RI�\LHOG���7KHUH�DUH�WLPHV�ZKHQ�WKH�SRZHU�VXSSO\�FDQ�FRQWULEXWH
WR�WKH�WHVW�VSHHG��RU�ODFN�RI�VSHHG���RI�\RXU�V\VWHP���/HW·V�WDNH�D�ORRN�DW�VRPH�RI�WKH�NH\�LQIOXHQFHV�
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7KURXJKSXW

� :KDW�LV�LW"

� '87V�WHVWHG���SHU�KRXU���JDXJH�RI�PDQXIDFWXULQJ�HIILFLHQF\

� &DQ�LQFOXGH�PDQ\�IDFWRUV�XQUHODWHG�WR�SRZHU�VXSSO\

� 0D\�LQFOXGH��WHVW��FDOLEUDWLRQ��DQG�SURGXFW�UHSDLU

� ,PSDFW�RI�FKDUDFWHULVWLF

� 7HVW�\LHOG�RIWHQ�PRUH�LPSRUWDQW�WKDQ�FRVW�RI�WHVW�V\VWHP

� 6SHHG�WR�WHVW��YV��TXDOLW\�DFFXUDF\�DOZD\V�DW�RGGV

� $SSUHFLDEO\�LPSDFWV�SULFH�RI�HQG�SURGXFW

� 6LJQLILFDQWO\�DIIHFWV�VXSSRUW�FRVWV

$�PDMRU�FRQFHUQ�IRU�DQ\�KLJK�YROXPH�PDQXIDFWXUHU�WRGD\�LV�WR�UDPS�XS�SURGXFWLRQ�TXLFNO\��DQG�DVVXUH�D�JRRG
\LHOG�ZKLOH�PDLQWDLQLQJ�TXDOLW\���,I�WKH�WHVW�WLPH�LV�WRR�KLJK�DQG�\LHOG�VXIIHUV��WKH�PDQXIDFWXULQJ�FRVW�RI�WKH
SURGXFW�ZLOO�QRW�PHHW�WDUJHW���2Q�WKH�RWKHU�KDQG��LW�LV�VPDOO�FRPIRUW�WR�EH�DEOH�WR�SURGXFH�D�KLJK�QXPEHU�SHU
KRXU�LI�WKH�UHMHFW�UDWH�LV�DOVR�KLJK���(YHQ�ZRUVH��WKH�ZURQJ�EDODQFH�EHWZHHQ�\LHOG�DQG�TXDOLW\��FDQ�GHVWUR\�D
FRPSDQ\·V�UHSXWDWLRQ��RU�OHDG�WR�H[SHQVLYH�SURGXFW�SHUIRUPDQFH�VDIHW\�UHFDOOV���,Q�VRPH�FDVHV��WKHUH�FDQ�EH
WKH�SRWHQWLDO�IRU�ODZ�VXLWV���&OHDUO\��WKH�VWDNHV�DUH�KLJK�

7KH�FRQFHUQ�IRU�´MXVW�HQRXJK�WHVWµ�WR�YHULI\�WKH�TXDOLW\�RI�WKH�SURGXFW�VHHNV�WR�VWULNH�WKH�EDODQFH�EHWZHHQ��
7KH�SRVVLELOLW\�RI�UHMHFWLQJ�JRRG�SURGXFWV�XQQHFHVVDULO\�DQG�GLVWULEXWLQJ�D�ODUJH�TXDQWLW\�RI�GHIHFWLYH�RU�RXW�RI�
VSHF�SURGXFW�WR�FXVWRPHUV�

7KH�SRZHU�VXSSO\�FDQ�EH�RQH�RI�WKH�IDFWRUV�WKDW�OLPLW�WKURXJKSXW��,W�WDNHV�D�ILQLWH�WLPH�WR�FKDQJH�WKH�RXWSXW�RI
WKH�SRZHU�VXSSO\��DQG�WR�PDNH�PHDVXUHPHQWV�RI�'87�GUDLQ�FXUUHQW���7KH�PRUH�PHDVXUHPHQWV�WKDW�QHHG�WR�EH
PDGH��HVSHFLDOO\�DW�GLIIHUHQW�YROWDJHV��WKH�PRUH�WKH�SRWHQWLDO�IRU�WKH�SRZHU�VXSSO\�WR�LPSDFW�WKURXJKSXW�
)XUWKHUPRUH��WLPH�VSHQW�FDOLEUDWLQJ�WKH�SRZHU�VXSSO\��RU�UHPRYLQJ�LW�IURP�WKH�WHVW�VHW�IRU�UHSDLU��FDQ�FDXVH
H[SHQVLYH�GRZQ�WLPH�ZKLFK�LV�HYHQ�PRUH�XQGHVLUDEOH�

$V�D�UHVXOW��H[SHULHQFHG�PDQXIDFWXUHUV�DUH�JHQHUDOO\�ZLOOLQJ�WR�VSHQG�ZKDWHYHU�LV�QHFHVVDU\�WR�OHW�WKHP�VOHHS
DW�QLJKW���6LQFH�WKH�SRZHU�VXSSO\�LV�QRW�XVXDOO\�D�PDMRU�FRPSRQHQW�RI�WHVW�V\VWHP�FRVW��WKLV�LV�127�WKH�SODFH
WR�FXW�FRUQHUV�
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7KURXJKSXW
'87�5HTXLUHPHQWV�WR�FRQVLGHU
� 1XPEHU�RI�WHVWV�UHTXLUHG�WR�EH�PDGH

� 1XPEHU�RI�GLVFUHWH�SRZHU�VXSSOLHV�ORDGV�UHTXLUHG

� LVRODWLRQ�EHWZHHQ�VXSSOLHV�	�RU�HDUWK�UHTXLUHG"

� KRZ�PXFK�OHDNDJH�LV�WROHUDEOH"

� 9ROWDJH�DQG�FXUUHQW�OHYHOV�UHTXLUHG�IRU�YDULRXV�WHVWV

� WHVW�RUGHU�DIIHFWV�QXPEHU�RI�YROWDJH�VHWWLQJV�UHTXLUHG"

� 1HFHVVLW\�IRU�SUHFLVH�YROWDJHV

� LQFUHDVHV�VHWWOLQJ�WLPH

� RYHU�YROWDJH�SURWHFWLRQ�UHTXLUHG"

� :LOO�YROWDJH�DQG�FXUUHQW�PHDVXUHPHQWV�EH�UHTXLUHG"

)LUVW��ZH�QHHG�WR�FRQVLGHU�WKH�QXPEHU�DQG�W\SH�RI�WHVWV�WKDW�QHHG�WR�EH�PDGH�RQ�WKH�'87���:KLOH�VRPH
GHYLFHV�VLPSOH�RSHUDWH�DW�RQH�YROWDJH��RWKHU�KDYH�VSHFLILF�YROWDJH�OHYHOV�UHTXLUHG�IRU�GLIIHUHQW�WHVWV���,Q�WKLV
FDVH��LW�PD\�QRW�EH�DSSURSULDWH�WR�OHDYH�WKH�SRZHU�VXSSO\�VHW�WR�WKH�ZRUNLQJ�YROWDJH�DQG�MXVW�VODS�RQH�GHYLFH
DIWHU�DQRWKHU�RQ�WKH�WHVW�VHW���$QG�RI�FRXUVH��RQFH�WKH�WHVW�LV�FRPSOHWHG��LW�LV�XVXDOO\�GHVLUDEOH�WR�UHWXUQ�WKH
LQSXW�YROWDJH�WR�WKH�'87�EDFN�WR�����YROWV��VR�LW�LV�QRW�OHIW�LQ�D�FKDUJHG�VWDWH�

,I�WKH�YROWDJH�RQ�WKH�GHYLFH�PXVW�EH�PDLQWDLQHG�ZLWK�JUHDW�SUHFLVLRQ��LW�ZLOO�WDNH�H[WUD�VHW�XS�WLPH���$QG�LI
SURWHFWLRQ�IHDWXUHV�VXFK�DV�FXUUHQW�OLPLW�DQG�RYHU�YROWDJH�SURWHFWLRQ�DUH�WR�EH�DGMXVWHG�IRU�HDFK�WHVW�
DGGLWLRQDO�VHW�XS�WLPH�LV�UHTXLUHG���$UH�PHDVXUHPHQWV�RI�'87�FXUUHQW�UHTXLUHG"��:LOO�RWKHU�PHDVXUHPHQWV
KDYH�WR�EH�PDGH�DIWHU�WKH�GHYLFH�KDV�VWDELOL]HG�WR�WKH�QHZ�LQSXW�YROWDJH"

6RPHWLPHV�WHVWV��FDQ�EH�VHTXHQFHG�LQ�DQ�RUGHU�WKDW�PLQLPL]HV�WKH�QXPEHU�RI�SRZHU�VXSSO\�RXWSXW�FKDQJHV
UHTXLUHG���%XW�WKHUH�DUH�FOHDUO\�D�ORW�RI�IDFWRUV�WKDW�QHHG�WR�EH�FRQVLGHUHG�WR�RSWLPL]H�WKH�WHVW�URXWLQH�IRU�EHVW
WKURXJKSXW�
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7KURXJKSXW
3RZHU�6XSSO\�6HOHFWLRQ�&RQVLGHUDWLRQV
� 3RZHU�6XSSO\�UHVSRQVH�

� &RPPDQG�SURFHVVLQJ
�WLPH����W����W�

� 6OHZ�WLPH����W����W�

� 6HWWOLQJ�WLPH����W����W�

� 'RZQSURJUDPPHUV�FDQ
GHFUHDVH�WLPH�WR�UHWXUQ�WR�Y�

� 'RQ·W�´RYHUEX\µ�SRZHU
FDSDELOLW\���ORZHU�SRZHU
VXSSOLHV�DUH�XVXDOO\
G\QDPLFDOO\�IDVWHU

t0 t1 t2 t3

v0

vf

2QFH�WKH�SURILOH�RI�WHVWV�KDV�EHHQ�GHWHUPLQHG��DWWHQWLRQ�FDQ�EH�IRFXVHG�RQ�SRZHU�VXSSO\�VHOHFWLRQ���)LUVW��OHWV
ORRN�DW�WKH�DQDWRP\�RI�D�SURJUDPPHG�FKDQJH�LQ�YROWDJH���,QLWLDOO\�WKH�FRPSXWHU�WUDQVPLWV�WKH�FRPPDQG�WR�WKH
SRZHU�VXSSO\�PRYH�IURP�Y�� ���YROWV���WR�VHW�D�VSHFLILF�RXWSXW�YROWDJH�RI�YI��WKH�GHVLUHG�WHVW�YROWDJH���7KH
SRZHU�VXSSO\�FRPPDQG�SURFHVVLQJ�WLPH��UHSUHVHQWHG�E\��W����W���LQ�WKH�GLDJUDP�DERYH��LV�W\SLFDOO\���WR���
PVHF���7KH�QH[W�VHJPHQW��VOHZ�WLPH��UHSUHVHQWHG�E\��W����W���FDQ�EH�DQ\ZKHUH�IURP��PVHF�WR����V�RI�PVHF
GHSHQGLQJ�RQ�WKH�W\SH�DQG�SRZHU�OHYHO�RI�SRZHU�VXSSO\���)LQDOO\�WKH�VHWWOLQJ�WLPH��KHUH�UHSUHVHQWHG�E\�W����W�
FDQ�EH����WR����PVHF���7KH�VXP�RI�WKHVH���LQWHUYDOV�UHSUHVHQWV�WKH�WRWDO�WLPH�LW�WDNHV�WR�VHW�D�YROWDJH�EHIRUH
DQ�DFFXUDWH�PHDVXUHPHQW�FDQ�EH�PDGH�

1RWH�WKDW�WR�UHWXUQ�WR���YROWV�DIWHU�WKH�WHVW�LV�FRPSOHWHG�DOVR�WDNHV�D�VLJQLILFDQW�WLPH���,I�WKH�SRZHU�VXSSO\�LV
QRW�HTXLSSHG�ZLWK�D�GRZQSURJUDPPHU�WR�VLQN�FXUUHQW��DQG�WKHQ�'87�KDV�DQ\�FDSDFLWLYH�VWRUDJH�RQ�WKH�LQSXW�
WKLV�WLPH�FDQ�EH�VXEVWDQWLDO���:LWK�D�GRZQSURJUDPPHU�QRW�RQO\�LV�WKH�WUDQVLWLRQ�DFKLHYHG�PRUH�TXLFNO\��EXW�WKH
'87�LV�OHIW�LQ�DQ�XQFKDUJHG��DQG�WKHUHIRUH�VDIHU��VWDWH�

$QRWKHU�SRLQW�WR�EH��FRQVLGHUHG�LV�WKH�RYHUDOO�SRZHU�VXSSO\�UDWLQJ���6RPHWLPHV�D�YDULHW\�RI�GLIIHUHQW�'87V�WR
EH�WHVWHG��DW�GLIIHUHQW�SRZHU�OHYHOV��PDNHV�LW�GHVLUDEOH�WR�EX\�D�ODUJHU�SRZHU�VXSSO\�WKDQ�QHHGHG�IRU�PRVW
'87V���+RZHYHU��QRWH�WKDW�ORZHU�SRZHU�VXSSOLHV�DUH�W\SLFDOO\�IDVWHU�UHVSRQGLQJ���6R��WKH�WKURXJKSXW�OLPLWLQJ
VSHFLILFDWLRQV�ZLOO�EH�VHW�E\�WKH�ODUJHVW�'87�WR�EH�WHVWHG�
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7KURXJKSXW
'\QDPLF�3HUIRUPDQFH�RI�3RZHU�6XSSOLHV

� 6XSSOLHV�EHFRPH�VORZHU�DV�WKH\�EHFRPH�PRUH�SRZHUIXO

� OLQHDUV�XVXDOO\�KDYH�IDVWHU�VOHZ�WLPHV�WKDQ�VZLWFKHUV

� 6XSSOLHV�RI�OLNH�DUFKLWHFWXUH�FDQ�KDYH�GLVSDUDWH�FRPPDQG
SURFHVVLQJ�WLPHV

� 3HUIRUPDQFH�VSHFV�DVVXPH�D�UHVLVWLYH�ORDG

� 6XSSO\�VOHZ�WLPH�LV�ORDG�GHSHQGHQW

� /HDG�OHQJWKV�WR�'87�UHGXFH�G\QDPLF�SHUIRUPDQFH

� 1RW�DOO�VXSSOLHV�KDYH�VLPLODU�PHDVXUHPHQW�WLPHV

7KHUH�DUH�VRPH�IXUWKHU�SRLQWV�WR�EH�FRQVLGHUHG�LQ�WKH�FKRLFH�RI�WKH�RSWLPXP�SRZHU�VXSSO\���$V�PHQWLRQHG
SUHYLRXVO\��ODUJHU�SRZHU�VXSSOLHV�FDQ�EH�VORZHU��HVSHFLDOO\�LI�WKH\�DUH�VZLWFKHUV��UDWKHU�WKDQ�OLQHDUV���:KHUH
OLQHDUV�FDQ�H[HFXWH�D�FRPSOHWH�F\FOH�LQ����WR����PVHF��D�ODUJHU�VZLWFKHU�PD\�WDNH�DV�PXFK�DV����PVHF�RU
PRUH�

2I�FRXUVH���DOO�TXRWHG�VSHFLILFDWLRQV�DUH�IRU�SXUHO\�UHVLVWLYH�ORDGV���,I�WKH�DFWXDO�'87�KDV�D�UHDFWLYH�FRPSRQHQW
WR�WKH�ORDG��WKH�WLPH�IRU�VOHZ�UDWH�FDQ�GUDPDWLFDOO\�LQFUHDVH���)RU�H[DPSOH��LV�WKHUH�LV�D�ODUJH�FDSDFLWRU�RQ�WKH
LQSXW��ZKLFK�ZLOO�QHHG�WR�EH�FKDUJHG��WKH�FXUUHQW�OLPLW�VHWWLQJ�RQ�WKH�SRZHU�VXSSO\�PD\�GHWHUPLQH�KRZ�IDVW�LW
FDQ�EH�FKDUJHG�DFFRUGLQJ�WR�WKH�IRUPXOD�

W ��9�&����,OLPLW

6LPLODUO\��LQGXFWRUV�UHTXLUH�ODUJH�YROWDJHV�WR�UDPS�XS�FXUUHQW�IORZ���7KHVH�GHYLDWLRQV�IURP�D�UHVLVWLYH�ORDG
QHHG�WR�EH�HYDOXDWHG�LQ�GHWHUPLQLQJ�WKH�DFWXDO�WKURXJKSXW�LPSDFW�

/DVWO\��HDFK�VSHFLILF�FRPPDQG�WKDW�WKH�SRZHU�VXSSO\�SURFHVVHV�KDV�D�FKDUDFWHULVWLF�SURFHVVLQJ�WLPH���)RU
H[DPSOH��PHDVXUHPHQW�F\FOHV�WDNH�VLJQLILFDQWO\�ORQJHU�WKDQ�YROWDJH�VHWWLQJ�F\FOHV���2QH�ZD\�WR�UHGXFH�WKH
WLPH�IRU�PHDVXUHPHQW�LV�WR�GLVDEOH�WKH�IURQW�SDQHO�GLVSOD\�VR�WKDW�WKH�SURFHVVRU�GRHV�QRW�WDNH�WLPH�WR�ZULWH
LQGLYLGXDO�PHDVXUHPHQWV�WR�WKH�GLVSOD\�
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%DFN�WR�%DVLFV�RI�3RZHU�3URGXFWV
$JHQGD

� ,QWURGXFWLRQ

� &KDUDFWHULVWLFV�RI�'&�SRZHU�VXSSO\

� +RZ�WR�FKRRVH"

� +RZ�WR�XVH"

� )XUWKHU�LQIRUPDWLRQ

1RZ�WKDW�ZH�DUH�IDPLOLDU�ZLWK�PRVW�RI�WKH�NH\�VSHFLILFDWLRQV��OHW·V�WDNH�D�ORRN�DW�WKH�SURFHVV�RI�FKRRVLQJ�D
VSHFLILF�'&�SRZHU�VXSSO\�IURP�DPRQJVW�WKH�PDQ\�DYDLODEOH�DOWHUQDWLYHV�
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+RZ�WR�&KRRVH"
:KDW·V�WKH�SURFHVV�WR�IROORZ"

� :KHQ�WR�VHOHFW�WKH�SRZHU�VXSSO\�IRU�\RXU�DSSOLFDWLRQ

� 'RQ·W�ZDLW���6WDUW�WKLQNLQJ�DERXW�WKH�UHTXLUHPHQWV�IRU�WKH�'&
SRZHU�VXSSO\��ZKLOH�WKH�SURMHFW�LV�EHLQJ�GHILQHG�

� +RZ�WR�VHOHFW�D�SRZHU�VXSSO\"���&RQVLGHU�WKH���3·V�

� 3RZHU�UHTXLUHPHQWV

� 3HUIRUPDQFH�FKDUDFWHULVWLFV

� 3URWHFWLRQ�IHDWXUHV

� 3DFNDJLQJ�GHQVLW\��VZLWFKHU�YV��OLQHDU�

� 3ULFH

� 5HPHPEHU��DOO�SRZHU�VXSSOLHV�DUH�QRW�FUHDWHG�HTXDO

*LYHQ�WKH�H[SORVLRQ�RI�KLJK�WHFKQRORJ\��LW·V�QRW�VXUSULVLQJ�WKDW�WKH�SRZHU�VXSSO\��ZKLFK�VHHPV�OLNH�D�YHU\
VLPSOH�LQVWUXPHQW��LV�WKH�ODVW�WKLQJ�WKDW�WKH�WHVW�SURIHVVLRQDO�FRQVLGHUV���+RZHYHU��WKHUH�DUH�D�ORW�RI�DVSHFWV�WR
FRQVLGHU�LQ�FKRRVLQJ�WKH�RSWLPXP�SRZHU�VXSSO\�IRU�D�SDUWLFXODU�DSSOLFDWLRQ��DV�\RX�DUH�OHDUQLQJ���7KHUH�DUH
PDQ\�WUDGHRIIV�WKDW�ZLOO�QHHG�WR�EH�PDGH�LQ�WKH�VHOHFWLRQ�SURFHVV���:DLWLQJ�XQWLO�WKH�SURMHFW�QHDUV�LW·V
FRQFOXVLRQ��ZKHQ�WKHUH�LV�QRW�PXFK�IOH[LELOLW\��YLUWXDOO\�DVVXUHV�WKDW�VRPH�DZNZDUG�FRPSURPLVHV�PD\�KDYH�WR
EH�PDGH�WR�DFFRPPRGDWH�WKH�SRZHU�VXSSO\����6R��WKH�ILUVW�´EHVW�SUDFWLFHµ�LV�WR�67$57�($5/<��

6LQFH�WKHUH�DUH�VR�PDQ\�WKLQJV�WR�FRQVLGHU��LW·V�FRQYHQLHQW�WR�UHPHPEHU�WKH�PDMRU�IDFWRUV�DV�WKH���3·V�RI
SRZHU�VXSSO\�VHOHFWLRQ�


�3RZHU�UDWLQJ���2I�FRXUVH�WKH�ILUVW�SODFH�WR�VWDUW�LV�VHOHFWLQJ�WKH�VSHFLILF�UDWLQJV�WKDW�WKH�'87�UHTXLUHV�


�3HUIRUPDQFH�FKDUDFWHULVWLFV���:H�KDYH�DOUHDG\�FRYHUHG�VRPH�NH\�VSHFV�WR�EH�DZDUH�RI�


�3URWHFWLRQ�IHDWXUHV���:H·OO�SUHVHQW�D�TXLFN�FKHFN�OLVW�RI�WKLQJV�WR�EH�VXUH�WKH�SRZHU�VXSSO\�RIIHUV�


�3DFNDJLQJ�GHQVLW\���3RZHU�VXSSOLHV�FDQ�EH�ODUJH��DQG�KRW���+RZ�PXFK�URRP�ZLOO�\RX�QHHG�WR�KRXVH�WKH

����SRZHU�VXSSO\"


�3ULFH���7KH�SXUFKDVH�SULFH�LV�QRW�WKH�RQO\�DVSHFW�WR�FRQVLGHU�

/DVWO\��UHPHPEHU�WKDW�WKHUH�DUH�PDQ\�NLQGV�RI�'&�SRZHU�VXSSOLHV�LQ�WKH�PDUNHW��IRU�D�JRRG�UHDVRQ���$JLOHQW
DORQH�RIIHUV�����PRGHOV�RI�'&�SRZHU�VXSSOLHV���(DFK�SRZHU�VXSSO\�KDV�LWV�RZQ�XQLTXH�FKDUDFWHULVWLFV�WKDW
GLIIHUHQWLDWH�LW�IURP�RWKHU�SRZHU�VXSSOLHV��DQG�PD\�PDNH�LW�LGHDO�IRU�\RXU�DSSOLFDWLRQ�UHTXLUHPHQWV�
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+RZ�WR�&KRRVH"
6HOHFWLQJ�SRZHU�UDWLQJV�IRU�D�'&�3RZHU�6XSSO\

� )LUVW��ZKDW�VL]H�SRZHU�VXSSO\�GR�,�QHHG"��:DWWV�VL]H�

� 7KH�YROWDJH�DQG�FXUUHQW�QHHG�LV��S� 9�[�,��ZDWWV

� 'R�,�QHHG�IOH[LELOLW\"�²�6KRXOG�,�EX\�MXVW�HQRXJK�SRZHU��RU�LQFOXGH
VRPH�PDUJLQ"

� 'RQ·W�´RYHUEX\µ�SRZHU�FDSDFLW\�EHFDXVH�\RX�PD\�QHHG�WR
FRPSURPLVH�RWKHU�SHUIRUPDQFH

� ,V�WKH�'87�UHVLVWLYH��LQGXFWLYH�RU�FDSDFLWLYH"

� 7KH�W\SH�RI�ORDG�HIIHFWV�YROWDJH�SURJUDPPLQJ�UHVSRQVH�WLPH

� 'R�,�NQRZ�WKH�$&�LQSXW�UHTXLUHPHQW"

� �������9"�6LQJOH�RU���SKDVH"�+RZ�PXFK�FXUUHQW�ZLOO�,�QHHG"

%HIRUH�MXPSLQJ�LQWR�D�UHYLHZ�RI�WKH�VSHFLILFDWLRQV�RI�FRPSDUDWLYH�PRGHOV��\RX�VKRXOG�FRQVLGHU�WKH
UHTXLUHPHQWV�IRU�WKH�'87�V��\RX�QHHG�WR�WHVW���,V�LW�MXVW�RQH�GHYLFH�RU�ZLOO�WKHUH�EH�VHYHUDO"��+RZ�VWDEOH�LV�WKH
UHTXLUHPHQW�IRU�SRZHU"��6RPHWLPHV��LW·V�DPD]LQJ�KRZ�PXFK�WKH�SRZHU�FRQVXPSWLRQ�RI�WKHVH�GHYLFHV�FDQ
JURZ�GXULQJ�WKH�GHVLJQ�SURFHVV�

2I�FRXUVH��\RX�SUREDEO\�NQRZ�KRZ�PXFK�SRZHU�LV�UHTXLUHG�IRU�\RXU�'87���%XW�LV�WKH�ORDG�SULPDULO\�UHVLVWLYH�RU
LV�WKHUH�D�FDSDFLWLYH�RU�LQGXFWLYH�FRPSRQHQW"��5HDFWLYH�FRPSRQHQWV�LQ�WKH�ORDG�FDQ�GUDPDWLFDOO\�LQFUHDVH�WKH
FXUUHQW�RU�YROWDJH�UHTXLUHG�HVSHFLDOO\�GXULQJ�RXWSXW�WUDQVLWLRQV���$OVR��KRZ�PXFK�H[WUD�YROWDJH�RU�FXUUHQW�LV
QHHGHG�IRU�DQ\�PDUJLQ�WHVWLQJ"��7R�GHWHUPLQH�WKH�SRZHU�FDSDFLW\�\RX�KDYH�WR�EX\��EH�VXUH�\RX�FRQVLGHU�WKH
IOH[LELOLW\�WR�DFFRPPRGDWH�DOO�WKH�GHYLFHV�EHLQJ�WHVWHG�

%H�DZDUH�WKDW�WKHVH�FRQVLGHUDWLRQV�OHDG�WR�D�WHQGHQF\�WR�´RYHUEX\µ�SRZHU�UDWLQJV��HVSHFLDOO\��LI�WKHUH�LV�DQ\
GRXEW�DERXW�WKH�UHOLDELOLW\�RI�WKH�SRZHU�VXSSO\�ZKHQ�RSHUDWLQJ�QHDU�PD[LPXP�UDWLQJV���+RZHYHU��D�ODUJHU
VXSSO\�FDQ�DOVR�EH�VORZHU��ZKLFK�DIIHFWV�WHVW�WLPHV��DQG�PD\�DOVR�KDYH�OHVV�UHVROXWLRQ�DQG�OHVV�DFFXUDWH
PHDVXUHPHQW�FDSDELOLW\���5HPHPEHU��WKDW�WKH�'87�ORDG�FKDUDFWHULVWLF�FDQ�DOVR�HIIHFW�WKH�VSHHG�RI�'&�SRZHU
VXSSO\�DV�ZDV�GLVFXVVHG�SUHYLRXVO\���&KRRVLQJ�D�SRZHU�VXSSO\�IURP�D�UHOLDEOH�YHQGRU��HQVXUHV�WKDW�\RX�ZLOO�EH
DEOH�WR�FRXQW�RQ�LW�WR�SURGXFH�IXOO�SRZHU�DW�WKH�UDWHG�DPELHQW�WHPSHUDWXUH��ZKLOH�SURYLGLQJ�H[FHOOHQW
UHOLDELOLW\�

$QRWKHU�DUHD�WR�LQYHVWLJDWH�LV�WKH�$&�SRZHU�UHTXLUHPHQWV�IRU�WKH�SRZHU�VXSSO\���(VSHFLDOO\��LI�\RX�QHHG�PRUH
WKDQ�����:DWWV�RXWSXW��\RX�VKRXOG�FRQVLGHU�ZKHWKHU�WKH�SRZHU�VXSSO\�ZLOO�RSHUDWH�RQ�WKH�$&�OLQH�FRPPRQO\
DYDLODEOH�LQ�\RXU�WHVW�DUHD���2I�FRXUVH��DYDLODEOH�$&�SRZHU�FDQ�YDU\�ZLGHO\�GHSHQGLQJ�RQ�WKH�UHJLRQ���:LOO�WKH
SRZHU�VXSSO\�KDYH�WR�RSHUDWH�RQ����9ROWV"���,V�WKHUH�D�KLJK�HQRXJK�UDWHG�EUDQFK�FLUFXLW�DYDLODEOH�WR
DFFRPPRGDWH�WKH�PD[LPXP�LQSXW�FXUUHQW�RI�WKH�SRZHU�VXSSO\"��)RU�WKRVH�VXSSOLHV�DW�RU�DERYH��N:DWWV��ZLOO
��SKDVH�$&�LQSXW�EH�UHTXLUHG��DQG�LV�LW�UHDGLO\�DYDLODEOH"
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� :KDW�LV�LPSRUWDQW�LQ�WKLV�DSSOLFDWLRQ"

� 5HTXLUHPHQWV�IRU�EDVLF�FKDUDFWHULVWLFV"

� +DYH�,�FRQVLGHUHG�WKH�IUHTXHQWO\�PLVXQGHUVWRRG�FKDUDFWHULVWLFV
DV�ZHOO"

� &RQVLGHU�WKH�UHIHUHQFH�PDWHULDO�SURYLGHG�IRU�IXUWKHU�LQIRUPDWLRQ

� .H\�GHFLVLRQ�
'R�,�QHHG�D�EDVLF�RU�D�KLJK�SHUIRUPDQFH�'&�SRZHU�VXSSO\"

1RZ��\RX�QHHG�WR�UHYLHZ�WKH�IHDWXUHV�DQG�VSHFLILFDWLRQV�IRU�'&�SRZHU�VXSSOLHV���0RVW�RI�WKH�LPSRUWDQW
FKDUDFWHULVWLFV�ZHUH�FRYHUHG�HDUOLHU��KRZHYHU�WKHUH�DUH�DGGLWLRQDO�FKDUDFWHULVWLFV�WKDW�PD\�EH�LPSRUWDQW�LQ�D
JLYHQ�DSSOLFDWLRQ�

7KH�UHIHUHQFH�PDWHULDO�RQ�WKH�&XVWRPHU&DUH�&'�WKDW�WKDW�\RX�ZLOO�UHFHLYH�SURYLGHV�H[WHQVLYH�DGGLWLRQDO�KHOS�
)RU�H[DPSOH�


�7KH�'&�3RZHU�6XSSO\�+DQGERRN��$1���%��KDV�D�VHFWLRQ�RQ�GHILQLWLRQV�DQG�WHVW�FLUFXLWV�IRU�WKH�IXOO�UDQJH�RI
VSHFLILFDWLRQV�DQG�FKDUDFWHULVWLFV�


�7KH�3RZHU�3URGXFWV�&DWDORJ�KDV�GHWDLOHG�DSSOLFDWLRQ�LQIRUPDWLRQ��D�JORVVDU\�RI�WHUPLQRORJ\��DQG�SURGXFW
VSHFLILFDWLRQV�IRU�RYHU�����SRZHU�SURGXFWV�


�7KH�8VHUV�*XLGHV�IRU�WKH�SURGXFWV�LQFOXGH�DQ�H[WHQVLYH�VHFWLRQ�RQ�JXDUDQWHHG�VSHFLILFDWLRQV�DQG
VXSSOHPHQWDO�FKDUDFWHULVWLFV�WKDW�ZLOO�FRYHU�YLUWXDOO\�DQ\�UHTXLUHPHQW�

+HUH�LV�D�NH\�SRLQW��ZKHUH�D�GHFLVLRQ�ZLOO�EH�KHOSIXO�WR�QDUURZ�GRZQ�WKH�UDQJH�RI�VHOHFWLRQ���:LOO�D�EDVLF
V\VWHP�SRZHU�VXSSO\�WKDW�RIIHUV�WKH�DSSURSULDWH�UDWLQJV��SURJUDPPDELOLW\��DQG�UHDVRQDEO\�JRRG�VSHFV�EH
DGHTXDWH�IRU�WKLV�DSSOLFDWLRQ"���6RPH�H[DPSOHV�DUH�DXWRPDWHG�EHQFK�WHVWLQJ�LQ�WKH�5	'�ODE�RU�WHVWLQJ�LQ
SURGXFWLRQ�ZKHUH�KLJK�WKURXJKSXW�LV�QRW�WKH�SULPDU\�FRQFHUQ�

2U�DUH�WKHUH�VSHFLILF�SHUIRUPDQFH�UHTXLUHPHQWV�RU�WKURXJKSXW�FRQFHUQV�WKDW�GLFWDWH�D�KLJK�SHUIRUPDQFH
VROXWLRQ"��2I�FRXUVH��WKH�NH\�H[DPSOH�LV�WKH�KLJK�YROXPH�SURGXFWLRQ�OLQH��ZKHUH�WKH�SRZHU�VXSSO\�ZLOO�EH
FRXQWHG�RQ�IRU�DFKLHYLQJ�FRQVLVWHQWO\�KLJK�WHVW�TXDOLW\�$1'�KLJK�WKURXJKSXW�

$JLOHQW�7HFKQRORJLHV�RIIHUV�D�ZLGH�UDQJH�RI�SURGXFWV�LQ�ERWK�FDWHJRULHV�IURP�ZKLFK�WR�VHOHFW�
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� :KDW�NLQG�RI�SURWHFWLRQ�ZLOO�WKH�'87�UHTXLUH�LQ�WKLV�DSSOLFDWLRQ"

� RYHU�YROWDJH�SURWHFWLRQ��293���WULJJHU�DQ�LQWHUUXSW"

� RYHU�FXUUHQW�SURWHFWLRQ��2&3����ZLWK�DXWRPDWLF�VKXWGRZQ"

� RYHU�WHPSHUDWXUH�SURWHFWLRQ��ZKDW�LV�WKH�DPELHQW
WHPSHUDWXUH

� �,Q�WKH�HYHQW�RI�IDLOXUH�RI�WKH�'87�

� GR�\RX�QHHG�WR�LPPHGLDWHO\�VKXW�GRZQ�PXOWLSOH�RXWSXWV"

� RSHQ�DQ�LVRODWLRQ�UHOD\�FRQQHFWLQJ�'87�WR�SRZHU�VRXUFH"

� 'R�\RX�QHHG�QHHG�ORFDO�ORFNRXW�RI�IURQW�SDQHO�FRQWUROV"

6RPHWLPHV�'87V�QRW�RQO\�IDLO�WKH�WHVW��EXW�PD\�GR�VR�LQ�D�FDWDVWURSKLF�PDQQHU���,W�PD\�EH�GHVLUDEOH�WR�OLPLW
IXUWKHU�GDPDJH�RU�FRQVHTXHQWLDO�GDPDJH�WR�RWKHU�HTXLSPHQW�XSRQ�IDLOXUH�RI�WKH�'87���&OHDUO\�IDVW�GHFLVLRQV
QHHG�WR�EH�PDGH���7KH�SRZHU�VXSSO\�FDQ·W�ZDLW�IRU�D�FRPPDQG�IURP�WKH�FRPSXWHU�

3URWHFWLRQ�FLUFXLWV�LQ�WKH�SRZHU�VXSSO\�FDQ�OLPLW�WKH�YROWDJH�RU�FXUUHQW�WR�D�SUHVHW�OHYHO���$GGLWLRQDOO\��PRVW
SRZHU�VXSSOLHV�KDYH�WKH�FDSDELOLW\�WR�DXWRPDWLFDOO\�VKXWGRZQ�WKH�SRZHU�VXSSO\�ZKHQ�DQ�RYHU�YROWDJH�RU�RYHU�
FXUUHQW�FRQGLWLRQ�RFFXUV���$�JRRG�V\VWHP�SRZHU�VXSSOLHV�VKRXOG�DOVR�KDYH�D�GRZQ�SURJUDPPHU�FLUFXLW�ZKLFK
FDQ�TXLFNO\�GLVFKDUJH�WKH�'87���$QRWKHU�SRVVLELOLW\��GHSHQGLQJ�RQ�WKH�DSSOLFDWLRQ��PD\�EH�WR�KDYH�WKH�SRZHU
VXSSO\�RSHQ�D�UHOD\�DQG�LVRODWH�WKH�'87�IURP�WKH�SRZHU�VRXUFH�XSRQ�UHFHLYLQJ�D�IDXOW�WULJJHU����$�V\VWHP�RI
IDXOW�WULJJHUV�DQG�UHPRWH�VKXWGRZQ�WHUPLQDOV��5,�'),��FDQ�SURYLGH�D�VLJQDO�DW�KDUGZDUH�VSHHG�WR�VKXWGRZQ
PXOWLSOH�RXWSXWV�LQ�D�WHVW�V\VWHP��RU�WR�HVWDEOLVK�D�SUH�GHWHUPLQHG�VKXW�GRZQ�VHTXHQFH�

3URJUDPPDEOH�ZDNH�XS�VWDWHV�FDQ�EH�XWLOL]HG�WR�SURWHFW�WKH�'87�LQ�WKH�HYHQW�RI�DQ�XQH[SHFWHG�SRZHU�IDLOXUH
WR�UHWXUQ�WKH�SRZHU�VXSSO\�WR�D�NQRZ�VDIH�VWDWH���7KLV�ZRXOG�XVXDOO\�EH��YROWV�DQG���DPSV��EXW�FRXOG�EH
GHILQHG�GLIIHUHQWO\�IRU�XQLTXH�VLWXDWLRQV��IRU�H[DPSOH��EDWWHU\�OLIH�F\FOLQJ��ZKHUH�D��Y��$�VWDWH�PLJKW�GUDLQ�WKH
EDWWHU\�XQH[SHFWHGO\��

,Q�VRPH�DXWRPDWHG�WHVW�VHW�DSSOLFDWLRQV��ORFDO�FRQWURO�RI�WKH�SRZHU�VXSSO\�LQ�WKH�V\VWHP�LV�GHVLUDEOH�GXULQJ
GHEXJ�DQG�WURXEOHVKRRWLQJ���+RZHYHU��LW�PD\�EH�GHVLUDEOH�WR�OLPLW�DFFLGHQWDO�XQLQWHQGHG�RSHUDWRU�LQWHUYHQWLRQ
GXULQJ�D�WHVW�VHTXHQFH���7R�SURWHFW�DJDLQVW�WKLV��LW�LV�JRRG�WR�KDYH�WKH�FDSDELOLW\�WR�VHOHFW�D�ORFDO�ORFNRXW�PRGH
IRU�IURQW�SDQHO�FRQWUROV�
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� 6LQJOH�RU�PXOWLSOH�RXWSXWV"

� 'R�,�QHHG�IOH[LELOLW\"

� 0\�WHVW�QHHGV�PD\�FKDQJH��FDQ�,�DGG�DQRWKHU�SRZHU�VXSSO\
ODWHU"�+RZ�PXFK�URRP�LV�OHIW�LQ�UDFN"

� +DOI�RU�IXOO�UDFN"��+RZ�PDQ\�8·V�KLJK"����8� �����PP������LQ��

� +LJKHU�SRZHU�RU�PRUH�IHDWXUHV�IUHTXHQWO\�PHDQ�PRUH�VSDFH��PRUH�$&
SRZHU��DQG�PRUH�FRROLQJ

7KHUH�DUH�PDQ\�FKRLFHV�WR�VDWLVI\�\RXU�UHTXLUHPHQWV�IRU�IRRWSULQW�RQ�WKH�EHQFK���RU���IURQW�SDQHO�DUHD�LQ�D�UDFN
PRXQW�V\VWHP���)LUVW��LI�\RX�QHHG�IXOO�RXWSXW�DW�PRUH�WKDQ�RQH�YROWDJH���\RX�FDQ�VHOHFW�D�SRZHU�VXSSO\�ZLWK�D
GXDO�UDQJH�RXWSXW��,�H��ZKLFK�FDQ�GHOLYHU�IXOO�SRZHU�DW�WZR�GLIIHUHQW�YROWDJHV��$QRWKHU�SRVVLELOLW\��IRU�HYHQ
PRUH�IOH[LELOLW\��LV�WKH�DXWR�UDQJLQJ�FDSDELOLW\�VRPH�'&�SRZHU�VXSSOLHV�RIIHU��$Q�DXWR�UDQJLQJ�SRZHU�VXSSO\
RIIHUV�FRQVWDQW�SRZHU�DW�DQ\�YROWDJH�EHWZHHQ�WR�HQGSRLQWV�

:KHUH�PRUH�WKDQ���RXWSXW�LV�UHTXLUHG�IRU�DQ�DSSOLFDWLRQ��LW�PD\�EH�SRVVLEOH�WR�VDYH�VSDFH�RQ�\RXU�ODE�EHQFK�RU
\RXU�WHVW�UDFN�E\�FKRRVLQJ�D�SRZHU�VXSSO\�ZLWK�PXOWLSOH�RXWSXWV���%R[HV�ZLWK������RU���'&�SRZHU�VXSSOLHV
LQVWHDG�RI�RQH�DUH�UHODWLYHO\�FRPPRQ���7KHVH�SURGXFWV�QRW�RQO\�VDYH�RQ�SK\VLFDO�VSDFH��EXW�VRPH�RI�WKHP�RIIHU
PXOWLSOH�RXWSXWV�SURJUDPPHG�IURP�RQH�*3,%�DGGUHVV���7KLV�FDQ�KHOS�FRQVHUYH�WKH�QXPEHU�RI�DGGUHVVHV�LQ�D
V\VWHP�ZLWK�D�ORW�RI�GLIIHUHQW�HTXLSPHQW��DOO�FRQWUROOHG�E\�WKH�FRPSXWHU��2I�FRXUVH��WKHUH�DUH�WUDGHRIIV�WR
FRQVLGHU���0XOWLSOH�RXWSXWV�LQ�RQH�ER[�FDQ�UHGXFH�IOH[LELOLW\��OLPLWLQJ�WKH�QXPEHU�RI�VHSDUDWH�GLVSOD\V�DQG
FRQWUROV�IRU�HDFK�RXWSXW�WR�DFKLHYH�D�VPDOOHU�SDFNDJH�

)RU�WKH�XOWLPDWH�LQ�IOH[LELOLW\��FRQVLGHU�D�PRGXODU�SRZHU�V\VWHP�WKDW�DOORZV�WKH�XVHU�WR�VHOHFW�DQ\�FRPELQDWLRQ
RI�XS�WR���RXWSXWV�LQ�RQH�ER[���7KHVH�PRGXOHV�FDQ�HYHQ�EH�UHFRQILJXUHG�TXLFNO\�WR�WHVW�VHYHUDO�GLIIHUHQW
'�8�7�·V�ZLWK�RQH�WHVW�V\VWHP��RU�WR�VDWLVI\�GLIIHUHQW�UHTXLUHPHQWV�IRU�D�IXWXUH�QHHG�

6RPH�SRZHU�VXSSOLHV�DUH�LQ�KDOI�UDFN�ZLGWK�SDFNDJHV�ZKLFK�FDQ�PLQLPL]H�WKH�IRRWSULQW�RQ�D�EHQFK��EXW�PD\
QRW�UDFN�PRXQW�DV�HDVLO\�XQOHVV�WKH\�DUH�XVHG�LQ�SDLUV��RU�PDWFKHG�ZLWK�DQRWKHU�KDOI�UDFN�LQVWUXPHQW���2WKHUV�
DUH�IXOO�UDFN�SDFNDJHV�WKDW�DUH�SULPDULO\�DW�KRPH�LQ�D�V\VWHP�UDFN��:KHQ�PXOWLSOH�RXWSXWV��DQG�RU�KLJK�SRZHU
DUH�UHTXLUHG�LQ�D�FRQILQHG�VSDFH��FRROLQJ�UHTXLUHPHQWV�VKRXOG�EH�FRQVLGHUHG���0DQ\�KLJKHU�SRZHU�V\VWHP
VXSSOLHV�GHSHQG�RQ�D�FRROLQJ�IDQ�WR�HVWDEOLVK�DGHTXDWH�DLUIORZ�DQG�UHOLDEOH�RSHUDWLRQ���0DQ\�RI�WKHVH�GR�KDYH
IDQ�VSHHG�FRQWURO�FLUFXLWV�WR�UHGXFH�QRLVH�ZKHQ�WKH�DPELHQW�WHPSHUDWXUH�SHUPLWV��VXFK�DV�WKH�ODE
HQYLURQPHQW����)RU�EHVW�UHVXOWV��PRXQW�V\VWHP�SRZHU�VXSSOLHV�DW�WKH�ERWWRP�RI�WKH�UDFN��ZKHUH�WKH�DLU�LV
FRROHVW��DQG�WKHLU�KHDY\�ZHLJKW�ZLOO�KHOS�VWDELOL]H�WKH�UDFN�
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� /LQHDU

� /DUJH�LQ�VL]H

� /RZ�LQ�RXWSXW�QRLVH

� )DVW�VSHHG�RI�FRQWURO�ORRSV�XS�GRZQ�WLPH�

� 8S�WR�����ZDWWV

� 6ZLWFKHU

� 6PDOOHU�LQ�VL]H

� *HQHUDOO\�QRLVLHU�RXWSXW

� 6ORZHU�VSHHG�RI�FRQWURO�ORRSV�XS�GRZQ�WLPH�

� ����ZDWWV�XS

)URP�DYDLODEOH�'&�SRZHU�VXSSOLHV�LQ�WKH�PDUNHW��WKHUH�DUH�SULPDULO\�WZR�GLIIHUHQW�WRSRORJLHV���2QH�XVHV�OLQHDU
FLUFXLWV�DQG�WKH�RWKHU�LV�HPSOR\V�VZLWFKLQJ�PRGH�SRZHU�FRQWURO��XVXDOO\�FDOOHG�VZLWFKHUV�IRU�VKRUW��7KH�GHEDWH
RYHU�WKH�PHULWV�RI�VZLWFKHUV�YHUVXV�OLQHDUV�IRU�VSHFLILF�DSSOLFDWLRQ�KDYH�JRQH�RQ�IRU�GHFDGHV�

/LQHDU�SRZHU�VXSSOLHV�FDQ�RIIHU�YHU\�KLJK�OHYHOV�RI�SHUIRUPDQFH���7KH\�JHQHUDOO\�KDYH�WKH�ORZHVW�QRLVH
RXWSXWV��YHU\�IDVW�WUDQVLHQW�UHVSRQVH�RYHU�WKH�IXOO�UDQJH�RI�RXWSXW��DQG�WKH�KLJKHVW�SURJUDPPLQJ�VSHHGV���7KH\
DOVR�FDQ�KDYH�PXFK�ORZHU�5),�QRLVH�RXWSXWV��DQG�JHQHUDOO\�QHJOLJLEOH�FRPPRQ�PRGH�QRLVH�FXUUHQWV�

2Q�WKH�RWKHU�KDQG��WKH\�DUH�ELJ��HVSHFLDOO\�DV�WKH�SRZHU�DSSURDFKHV�����ZDWWV���7KH\�DOVR�DUH�LQHIILFLHQW�
UHTXLULQJ�PRUH�$&�LQSXW�SRZHU�SHU�XQLW�RXWSXW�DQG��RI�FRXUVH��PRUH�FRROLQJ�DLU�DV�D�UHVXOW���$QRWKHU�SRWHQWLDO
SUREOHP�LV�D�VRPHZKDW�KLJKHU�OHYHO�RI�ORZ�IUHTXHQF\�PDJQHWLF�UDGLDWLRQ��SULQFLSDOO\�IURP�WKHLU�ODUJH�SRZHU
WUDQVIRUPHUV���7KLV�ODWWHU�FKDUDFWHULVWLF�PDNHV�LW�DGYLVDEOH�WR�PRXQW�SRZHU�VXSSOLHV�DW�VRPH�GLVWDQFH�IURP
RVFLOORVFRSHV�RU�FRPSXWHU�PRQLWRUV�ZKLFK�DUH�QRWRULRXVO\�VHQVLWLYH�WR�PDJQHWLF�UDGLDWLRQ�

6ZLWFKHUV�RIIHU�D�ORW�RI�EHQHILWV�LQ�VL]H��ZHLJKW�DQG�RXWSXW�FDSDFLW\��HVSHFLDOO\�ZKHQ�WKH�SRZHU�LV�����ZDWWV
DQG�RYHU���7KH\�DUH�PRUH�HIILFLHQW�ERWK�LQ�VSDFH�DQG�LQ�HQHUJ\�XVDJH���$V�D�UHVXOW��WKH\�GR�UXQ�FRROHU��DQG
UHSUHVHQW�OHVV�RI�D�GUDLQ�RQ�DLU�FRQGLWLRQLQJ�UHVRXUFHV�LQ�WKH�WHVW�DUHD���+RZHYHU���WKH\�JHQHUDOO\�KDYH�QRLVLHU
RXWSXWV���WKHLU�WUDQVLHQW�UHVSRQVH�LV�PXFK�VORZHU�DQG�WKHLU�SURJUDPPLQJ�VSHHG�LV�DOVR�VORZHU���7KH\�GR
UHSUHVHQW�VRPH�DGGLWLRQDO�QRLVH�VRXUFHV��DQG�LW�LV�ZLVH�WR�DQWLFLSDWH�WKHVH�SRWHQWLDO�SUREOHPV�LQ�V\VWHP�GHVLJQ�

5HFHQW�GHVLJQ�DGYDQFHV�KDYH�HQDEOHG�$JLOHQW�7HFKQRORJLHV�WR�RIIHU�VZLWFKHUV�WKDW�KDYH�PRVW�RI�WKH
SHUIRUPDQFH�RI�OLQHDUV�HYHQ�DW�SRZHUV�XS�WR��N:DWWV�ZKHUH�OLQHDUV�DUH�QRW�DYDLODEOH���:LWK�ZHOO�FRQWUROOHG
DQG�FKDUDFWHUL]HG�5),�DQG�FRPPRQ�PRGH�FXUUHQW��WKHUH�LV�OLWWOH�UHDVRQ�WR�KHVLWDWH�WR�FKRRVH�D�OLQHDU�ZKHUH�WKH
SRZHU�UHTXLUHPHQWV�PDNH�LW�WKH�ORJLFDO�FKRLFH�

7KHUH�DUH�DOZD\V�WUDGH�RIIV�WR�FRQVLGHU�ZKHQ�\RX�VHOHFW�D�'&�SRZHU�VXSSO\���0DNH�VXUH�WR�FRQVLGHU�$//�\RXU
UHTXLUHPHQWV�FDUHIXOO\��UDWKHU�WKDQ�MXPSLQJ�WR�D�FRQFOXVLRQ�EDVHG�RQ�WRSRORJ\�RU�SULFH�
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� )RU�WKH�IOH[LELOLW\�WR�DFFRPPRGDWH�PXOWLSOH�'87V

� )RU�PDUJLQ�WR�DFFRPPRGDWH�IXWXUH�JURZWK�LQ�'87�FDSDELOLW\

� 7R�LPSURYH�PDQXIDFWXULQJ�\LHOG���TXDOLW\

� 7R�DVVXUH�WKDW�D�NH\�VSHFLILFDWLRQ�ZLOO�QHYHU�EH�D�SUREOHP

� 3XUFKDVH�SULFH�LV�QRW�WKH�RQO\�FRPSRQHQW���

� &RQVLGHU�WKH�WRWDO�FRVW�RI�RZQHUVKLS�RYHU�WHVW�V\VWHP�OLIH

,I�\RX�FRQVLGHU�DQ�DQDORJ\�ZLWK�FDUV��WKH\�DOO�KDYH�IRXU�ZKHHOV�RQ�WKH�JURXQG�DQG�D�VWHHULQJ�ZKHHO���%XW�WKHUH
WKH�VLPLODULW\�HQGV���&DUV�DUH�FRPPRQO\�DYDLODEOH�WKDW�RIIHU�VLPLODU�IXQFWLRQV�EXW�FDQ�GLIIHU�LQ�SULFH�E\�RYHU�D
IDFWRU�RI���[���<RX�SUREDEO\�ZRXOGQ·W�H[SHFW�WR�ZLQ�WKH����KRXUV�*3�RI�/H�0DQV�ZLWK�D�0D]GD�0LDWD��QRU
ZRXOG�LW�EH�VHQVLEOH�WR�FRPPXWH�WR�ZRUN�LQ�D�)HUUDUL�*7���6R�LW�LV�ZLWK�SRZHU�VXSSOLHV�

,W·V�SRVVLEOH�WR�JHW�D�����:DWW�*3,%�SURJUDPPDEOH�SRZHU�VXSSO\�ZLWK�DOO�WKH�EDVLF�IHDWXUHV�DQG�H[FHOOHQW
SHUIRUPDQFH�IRU�D�YHU\�HFRQRPLFDO�SXUFKDVH�SULFH���2U�\RX�FRXOG�VSHQG�WZLFH�DV�PXFK�WR�JHW�D����:�V\VWHP
SRZHU�VXSSO\�WKDW�LV�FDSDEOH�RI�DFKLHYLQJ�YHU\�KLJK�WKURXJKSXW��ZKLOH�SURYLGLQJ�WKH�XOWLPDWH�LQ�SURWHFWLRQ
FDSDELOLW\�IRU�WKH�'87���%RWK�DUH�H[FHOOHQW�FKRLFHV�IRU�FHUWDLQ�DSSOLFDWLRQV�

1R�RQH�ZDQWV�WR�SD\�IRU�IHDWXUHV�DQG�FDSDELOLWLHV�WKH\�GRQ·W�QHHG��+HQFH��\RX�VKRXOG�WDNH�WKH�WLPH�WR
FRQVLGHU�ZKDW�\RXU�DSSOLFDWLRQ�UHTXLUHV�DQG�ZKDW�\RX�GRQ·W�QHHG�EHIRUH�FKRRVLQJ�D�SRZHU�VXSSOLHV���<RX�FDQ
QRW�JHW�WKH�EHQHILWV�LI�\RX�GHFLGH�WKH�PRGHO�WR�SXUFKDVH�EDVHG�RQ�MXVW�WKH�RXWSXW�YROWDJH�FXUUHQW�UDWLQJV�DQG
WKH�SULFH���(VSHFLDOO\�LQ�DQ�DXWRPDWHG�WHVW�HQYLURQPHQW��WKH�SRZHU�VXSSO\�SUREDEO\�UHSUHVHQWV�OHVV�WKDQ����RI
WKH�WRWDO�V\VWHP�SXUFKDVH�SULFH���:K\�ULVN�SUREOHPV�LQ�D�PLVVLRQ�FULWLFDO�V\VWHP�E\�FKRRVLQJ�DQ�LQDGHTXDWH
VXSSO\�ZLWK�OLPLWHG�VSHFLILFDWLRQV�

:KHQ�\RX�FRQVLGHU�WKH�SULFH��\RX�VKRXOG�FRQVLGHU�WKH�´ZKROH�SURGXFW�H[SHULHQFHµ�ZKLFK�LQFOXGHV�FRVW�IRU
LQWHJUDWLQJ�D�V\VWHP��GRZQWLPH�IRU�FDOLEUDWLRQ�RU�UHSDLU��DQG�WKH�FRVW�WR�LPSOHPHQW�QHHGHG�SHUIRUPDQFH�RU
SURWHFWLRQ�IHDWXUHV�DV�DQ�DIWHU�WKRXJKW�

)RU�IOH[LELOLW\�DQG�IXWXUH�DSSOLFDWLRQ�FKDQJHV��EX\LQJ�H[WUD�SRZHU�VXSSO\�FDSDELOLW\�QRZ�PD\�VDYH�H[SHQVLYH
UHGHVLJQ�LQ�WKH�IXWXUH�DQG�IDFLOLWDWH�WHVWLQJ�QHZ�'87V�RU�WKH�PDUJLQ�WR�DFFRPPRGDWH�'87�SURGXFW�FDSDELOLW\
JURZWK���:LWK�WKLV�H[WUD�FDSDELOLW\��\RX�FRXOG�LPSURYH�\RXU�\LHOG�DQG�RU�SURGXFW�TXDOLW\�IRU�\RXU�FXUUHQW
SURGXFW�
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+RZ�WR�&KRRVH"
2IIHULQJV�IURP�$JLOHQW

2XWSXW�&DSDFLW\�)HDWXUHV�3HUIRUPDQFH
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%DVLF�6\VWHP
'&�6RXUFHV

'&�6RXUFHV
IRU�%HQFK

+LJK�HQG�6\VWHP
'&�6RXUFHV

0RELOH�&RPP
'&�6RXUFHV

$JLOHQW�7HFKQRORJLHV�FXUUHQWO\�RIIHUV�����GLIIHUHQW�PRGHOV�RI�SRZHU�SURGXFWV�WR�PHHW�\RXU�DSSOLFDWLRQ�QHHGV�
7KH�SULFH�PDLQO\�GHSHQGV�XSRQ�WKH�RXWSXW�FDSDFLW\��WKH�SHUIRUPDQFH��DQG�WKH�IHDWXUHV�LQ�WKH�SURGXFW��EXW
WKHLU�YDOXH�LV�OLPLWHG�RQO\�E\�\RXU�DELOLW\�WR�XVH�WKHP�WR�VROYH�WRXJK�DSSOLFDWLRQ�SUREOHPV�HDVLO\�

)RU�PRUH�GHWDLOV�DERXW�HDFK�PRGHO��\RX�FDQ�UHIHU�WR�WKH�$JLOHQW�ZHE�VLWH�RU�WKH�KDQG\�&XVWRPHU&DUH�&'�ZKLFK
ZH�ZLOO�DIWHU�WKLV�SUHVHQWDWLRQ���:KLFKHYHU�PHGLD�\RX�XVH��WKH�3RZHU�3URGXFWV�&DWDORJ�ZLOO�SURYLGH�D�ZHDOWK
RI�LQIRUPDWLRQ�RQ�SURGXFWV��DSSOLFDWLRQV�DQG�PRUH���)RU�SULFH�DQG�DYDLODELOLW\�LQIRUPDWLRQ��SOHDVH�FRQWDFW�\RXU
ORFDO�$JLOHQW�7HFKQRORJLHV�VDOHV�RIILFH�RU�FDOO�WKH�ORFDO�&DOO�&HQWHU�
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%DFN�WR�%DVLFV�RI�3RZHU�3URGXFWV
$JHQGD
� ,QWURGXFWLRQ

� &KDUDFWHULVWLFV�RI�'&�SRZHU�VXSSO\

� +RZ�WR�FKRRVH"

� +RZ�WR�XVH"

� 'LJLWDO�&HOO�3KRQH�7HVW

� '&�3RZHU�6XSSOLHV�LQ�$7(�$SSOLFDWLRQV��%DVH�6WDWLRQ�

� '&�&KDUJHU�7HVW�ZLWK�$&�6RXUFH�DQG�'&�ORDG

� )XUWKHU�LQIRUPDWLRQ

$V�ZH�VZLWFK�IRFXV�WR�DSSOLFDWLRQV��ZH�ZLOO�FRYHU�D�IHZ�SRSXODU�DSSOLFDWLRQV�WRGD\��ZKLFK�LOOXVWUDWH�D�YDULHW\
RI�WHVW�UHTXLUHPHQWV�WKDW�DUH�FRPPRQ�WR�PDQ\�DSSOLFDWLRQV�

)LUVW��OHW·V�ORRN�DW�D�ORZ�SRZHUHG�DSSOLFDWLRQ�IRU�WHVWLQJ�D�EDWWHU\�SRZHUHG�GHYLFH���:KLOH�ZH�ZLOO�FKRRVH�D
PRELOH�SKRQH�DV�DQ�H[DPSOH��WKH�FRQVLGHUDWLRQV�FRXOG�HTXDOO\�ZHOO�DSSO\�WR�D�KRVW�RI�KLJK�YROXPH�GHYLFHV
PDQXIDFWXUHG�WRGD\�
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/RZ�3RZHU�$SSOLFDWLRQ
'LJLWDO�&HOO�3KRQH�7HVW
� 'LJLWDO�PRELOH�SKRQHV�DUH�DQ�H[DPSOH�RI�D�EDWWHU\�SRZHUHG�GHYLFH
ZKLFK�GUDZV�VLJQLILFDQW�SRZHU�LQ�EXUVWV

� WDON�PRGH��W\SLFDOO\�FXUUHQWV�RI�����$PSV�IRU�����X6HF

� VWDQGE\�PRGH��W\SLFDOO\���������P$�IRU�����P6HF

� 3URGXFWLRQ�WHVW�HQYLURQPHQW�IUHTXHQWO\�IHDWXUHV�DXWRPDWLF�WHVW�VHWV
ZKLFK�LQWURGXFH�VLJQLILFDQW�FKDOOHQJHV

� ORQJ�OHDGV�DQG�UHOD\V�FDQ�DGG�XS�WR�����RKPV�RI�UHVLVWDQFH�DQG
�X+�RI�LQGXFWDQFH�EHWZHHQ�GF�VRXUFH�DQG�WKH�'87

� 7KUHH�FKDOOHQJHV�IRU�WKH�WHVW�HQJLQHHU�WR�PHHW�

� VRXUFLQJ�SXOVHG�FXUUHQWV�ZLWK�UHPRWH�VHQVLQJ

� PHDVXULQJ�FXUUHQW�GUDLQ�RI�'87�ZLWK�SXOVHG�ZDYHIRUPV

� FDOLEUDWLQJ�WKH�EDWWHU\�PDQDJHPHQW�FLUFXLWV

0DQ\�RI�WRGD\·V�ORZ�SRZHU�DSSOLFDWLRQV�LQYROYH�WHVWLQJ�D�GHYLFH�WKDW�LV�LQWHQGHG�WR�EH�SULPDULO\�SRZHUHG�E\
EDWWHULHV��2I�FRXUVH��RQH�REYLRXV�H[DPSOH�LV�D�PRELOH�SKRQH��EXW�WKHUH�DUH�PDQ\�PRUH���/DSWRS�RU�QRWHERRN
FRPSXWHUV��SDOPWRSV��SDJHUV��*36�QDYLJDWLRQ�DLGV�DQG�D�YDULHW\�RI�RWKHU�SHUVRQDO�GLJLWDO�DVVLVWDQWV�DUH�DOVR
FRPPRQ��-XVW�ORRN�DURXQG�WKH�DYHUDJH�KRXVHKROG�WR�VHH�WKH�YDULHW\�RI�HQWHUWDLQPHQW�GHYLFHV��SRUWDEOH�WRROV�
FRUGOHVV�NLWFKHQ�DSSOLDQFHV��DQG�PRUH�

:KDW�WKHVH�GHYLFHV�DOO�KDYH�LQ�FRPPRQ��LQ�DGGLWLRQ�WR�EHLQJ�EDWWHU\�SRZHUHG��LV�WKDW�EDWWHU\�OLIH�TXLFNO\
EHFRPHV�D�NH\�VHOOLQJ�SRLQW�WR�WKH�HQG�XVHU���7KXV�WHVWLQJ�WR�DVVXUH�EDWWHU\�OLIH�IUHTXHQWO\�EHFRPHV�D�NH\
REMHFWLYH�IRU�WKH�WHVW�HQJLQHHU���2IWHQ�WLPHV��FXUUHQW�LV�GUDZQ�IURP�WKH�EDWWHU\�LQ�SXOVHV�WR�FRQVHUYH�EDWWHU\
OLIH���$QRWKHU�NH\�FRPPRQ�FKDUDFWHULVWLF�LV�WKDW�PRVW�RI�WKHVH�GHYLFHV�DUH�PDQXIDFWXUHG�LQ�H[WUHPHO\�KLJK
YROXPHV���7KLV�LQ�WXUQ�PHDQV�WKDW�WKURXJKSXW�LV�YHU\�LPSRUWDQW���/DVWO\��FRQVXPHUV�FDQ�EH�YHU\�ILFNOH���,I�D
EUDQG�GLVSOD\V�SRRU�TXDOLW\�UHOLDELOLW\��WKHUH�DUH�PDQ\�RWKHU�HTXLYDOHQW�EUDQGV�WKDW�D�FXVWRPHU�FDQ�VZLWFK�WR�
6R��YHULI\LQJ�WKDW�WKH�PDQXIDFWXULQJ�\LHOG�DQG�TXDOLW\�DUH�YHU\�KLJK�LV�RI�SDUDPRXQW�LPSRUWDQFH�

+LJK�YROXPH�PDQXIDFWXULQJ�ZLWK�KLJK�WKURXJKSXW�PHDQV�DXWRPDWHG�SURGXFWLRQ�OLQHV��DQG�DXWRPDWHG�WHVWLQJ�
8VLQJ�D�SRZHU�VXSSO\�WR�VXEVWLWXWH�IRU�WKH�EDWWHU\�LV�YLUWXDOO\�XQLYHUVDO���7KLV�FUHDWHV�WKUHH�VLJQLILFDQW
FKDOOHQJHV�IRU�WKH�WHVW�HQJLQHHUV�LQ�FKRRVLQJ�WKH�ULJKW�SRZHU�VRXUFH�

���6RXUFLQJ�SXOVHG�FXUUHQWV�ZLWK�UHPRWH�VHQVH�UHTXLUHV�DWWHQWLRQ�WR�WUDQVLHQW�UHVSRQVH�DW�WKH�'87�

���0HDVXULQJ�'87�RSHUDWLQJ�FXUUHQWV�LV�QHFHVVDU\�WR�LQVXUH�WKDW�HYHU\�GHYLFH�ZLOO�PHHW�EDWWHU\�OLIH�VSHFV�

���0DNLQJ�VXUH�WKDW�WKH�'87�LV�DEOH�WR�XVH�WKH�IXOO�UDQJH�RI�WKH�EDWWHU\�IURP�IXOO�FKDUJH�WR�IXOO�GLVFKDUJH
UHTXLUHV�FDOLEUDWLRQ�DQG�WHVW�RI�WKH�'87�EDWWHU\�PDQDJHPHQW�FLUFXLWV�
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/RZ�3RZHU�$SSOLFDWLRQ
7UDQVLHQW�9ROWDJH�'URS�DW�'87���*3�3RZHU�6XSSO\

Result:
We have significant
voltage drop at the DUT
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'87

� +LJK�VHULHV�UHVLVWDQFH
FDXVHV�SRRU�WUDQVLHQW
UHVSRQVH�ZKHQ�UHPRWH
VHQVLQJ�

� /DUJH�YROWDJH�GURS�PD\
WULJJHU�VKXWGRZQ�RI�'87�

� /RZ�YROWDJH�SHUIRUPDQFH
WHVWLQJ�LV�FRPSURPLVHG�

:KHQ�FKRRVLQJ�D�SRZHU�VRXUFH��LW�PD\�VHHP�OLNH�DQ\�UHDVRQDEO\�JRRG�ORZ�SRZHU�SURJUDPPDEOH�SRZHU�VXSSO\
ZLOO�EH�DGHTXDWH���+RZHYHU��H[SHULHQFH�VKRZV�WKDW�WKLV�RIWHQ�LV�QRW�WKH�FDVH���7KH�OHDG�OHQJWKV�DQG�UHOD\
FRQWDFWV�EHWZHHQ�SRZHU�VRXUFH�DQG�'87�IRU�D�W\SLFDO�$7(�V\VWHP�ZLOO�LQWURGXFH�VXEVWDQWLDO�VHULHV�UHVLVWDQFH�
7KXV�LW�LV�QRUPDO�WR�XVH�UHPRWH�VHQVH�WR�HOLPLQDWH�WKH�UHVXOWDQW�YROWDJH�GURSV�DQG�FRQWURO�WKH�YROWDJH�DW�WKH
DFWXDO�'87�

)XUWKHUPRUH��ZLWK�PDQ\�SURGXFWV��RQH�RU�PRUH�RSHUDWLQJ�PRGHV�PD\�FDXVH�ORDG�FXUUHQW�WR�EH�GUDZQ�LQ�D
SXOVHG�PRGH��IRU�H[DPSOH�WDON�PRGH�RQ�D�PRELOH�SKRQH��RU�GLVN�VWDUWXS�RQ�D�ODSWRS���7HVWLQJ�LV�JHQHUDOO\�GRQH
DW�KLJK�OLQH��IXOO\�FKDUJHG�EDWWHU\��DQG�ORZ�OLQH��EHORZ�ZKLFK�EDWWHU\�YROWDJH�WKH�'87�LV�IRUFHG�WR�VKXW�GRZQ��
(VSHFLDOO\�LQ�WKH�ODWWHU�FDVH��DQ\�VLJQLILFDQW�GHYLDWLRQ�IURP�WKH�SURJUDPPHG�YROWDJH�OHYHO�FRXOG�UHVXOW�LQ
WHUPLQDWLRQ�RI�WKH�WHVW�GXH�WR�SUHPDWXUH�'87�VKXW�GRZQ���$�W\SLFDO�JRDO�WKHUHIRUH�PLJKW�EH�WR�KROG�GHYLDWLRQV
WR�QR�PRUH�WKDQ�����P9���$V�LQGLFDWHG�E\�WKH�JUDSK��ZLWK�JHQHUDO�SXUSRVH�SRZHU�VXSSOLHV��WKH�LQLWLDO
LQVWDQWDQHRXV�YROWDJH�GURS�IRU�D�SXOVHG�ORDG��HYHQ�ZLWK�UHPRWH�VHQVLQJ��FRXOG�UHVXOW�LQ�VXEVWDQWLDO�VSLNHV�
7KHVH�FDQ�EH�DQ�RUGHU�RI�PDJQLWXGH�ODUJHU�WKDQ�RXU�GHVLUHG�JRDO�RI�����PLOOLYROWV���,Q�D�W\SLFDO�H[DPSOH��WKH
YROWDJH�GURS�FRXOG�EH�RYHU���YROWV��HDVLO\�WULJJHULQJ�WKH�PRELOH�SKRQH·V�ORZ�YROWDJH�VKXWGRZQ��DQG�GLVUXSWLQJ
WKH�WHVWLQJ�

$�JHQHUDO�SXUSRVH�SRZHU�VXSSO\�VLPSO\�GRHV�QRW�KDYH�WKH�UHTXLUHG�UHVSRQVH�VSHHG�WR�VRXUFH�WKH�IDVW�SXOVH
FXUUHQW�GUDLQ�RI�D�GLJLWDO�PRELOH�SKRQH�ZLWK�RXW�VLJQLILFDQW�WUDQVLHQW�YROWDJH�GURS��2QH�DSSURDFK�WDNHQ�WR
FRPSHQVDWH�IRU�WKH�WUDQVLHQW�YROWDJH�GURS�LV�WR�UXQ�ORZ�YROWDJH�WHVWLQJ�DW�D�KLJKHU�VHWWLQJ�WKDQ�GHVLUHG��7KLV
FRPSURPLVHV�WKH�DFFXUDF\�RI�WKH�ORZ�YROWDJH�WHVWLQJ�
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/RZ�3RZHU�$SSOLFDWLRQ
&RPPRQ�:RUN�$URXQG���$GG�D�/DUJH�)LOWHU�&DS

Works but has some drawbacks!
•Size & flexibility
•Battery drain measurements
•Test Time
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32:(5
6833/<

=SDWK

=SDWK

�9LQ

�9LQ

�9RXW

�9RXW

'87
&

5F

��1RWH��FDUHIXOO\�FRQVLGHU�FXUUHQW�PHDVXUHPHQWV�EHIRUH
����FKRRVLQJ�D�E\SDVV�FDSDFLWRU

��$OWHUQDWLYHO\��FRQVLGHU�DOO�VWHSV�WR�PLQLPL]H�SDWK�LPSHGDQFH�ILUVW

$�FRPPRQ�ZRUN�DURXQG�LV�WR�SODFH�D�ODUJH�HOHFWURO\WLF�FDSDFLWRU�DFURVV�WKH�WHUPLQDOV�RI�WKH�'87�DW�WKH�WHVW
IL[WXUH���)RU�D�W\SLFDO�PRELOH�SKRQH�$7(�WHVW�HQYLURQPHQW���FRQILJXUDWLRQ��DGGLQJ�D�������PLFURIDUDG�FDSDFLWRU�
OLPLWHG�WKH�WUDQVLHQW�DPSOLWXGH�WR�����PLOOLYROWV��7KHUH�DUH��KRZHYHU��VRPH�GUDZEDFNV�WR�WKLV�VROXWLRQ�
���(OHFWURO\WLF�FDSDFLWRUV�RI�WKLV�PDJQLWXGH�DUH�ODUJH�DQG�PD\�EH�GLIILFXOW�WR�PRXQW�DW�WKH�WHVW�IL[WXUH��FORVH�WR
WKH�FHOO�SKRQH��DQG�FDQ�LPSRVH�OLPLWDWLRQV�RQ�IOH[LELOLW\�
���,Q�PDQ\�WHVW�DSSOLFDWLRQV�IRU�PRELOH�SKRQHV��ZH�ZDQW�WR�PHDVXUH�WKH�SKRQH·V�VWDQGE\�DQG�RII�VWDWH
FXUUHQW��,Q�VRPH�FDVHV��WKH�OHDNDJH�FXUUHQW�RI�D�ODUJH�HOHFWURO\WLF�FDSDFLWRU�PD\�EH�WRR�JUHDW�LQ�FRPSDULVRQ�WR
WKH�SKRQH·V�RII�RU�VWDQGE\�FXUUHQW��)XUWKHU��WKH�OHDNDJH�FXUUHQW�RI�DQ�HOHFWURO\WLF�LV�D�IXQFWLRQ�RI�WLPH��YROWDJH�
DQG�WHPSHUDWXUH�
���,I�ZH�ZDQW�WR�PHDVXUH�WKH�PDJQLWXGH�RI�WKH�SXOVH�FXUUHQW�RI�WKH�PRELOH�SKRQH��ZH�ILQG�WKDW�D�ODUJH
FDSDFLWRU�DW�WKH�'87�WHUPLQDOV�FDQ�FRUUXSW�WKLV�PHDVXUHPHQW�EHFDXVH�WKH�FDSDFLWRU��DQG�QRW�WKH�SRZHU
VXSSO\��LV�SURYLGLQJ�WKH�SXOVH�FXUUHQW�
���$�ODUJH�FDSDFLWRU�LPSDFWV�WHVW�WLPH�WZR�ZD\V���)LUVW�LW�FDQ�VORZ�GRZQ�ORZ�OHYHO�PHDVXUHPHQWV�GXH�WR�ORQJ
VHWWOLQJ�WLPH��VHFRQG�LW�FDQ�DGG�WLPH�IRU�WKH�VRXUFH�YROWDJH�WR�UHDFK�LWV�ILQDO�YDOXH�GXULQJ�SRZHULQJ�XS�RU
SRZHULQJ�GRZQ�

:KHQ�DQ\�RI�WKHVH�IDFWRUV�LV�LPSRUWDQW�LQ�WKH�DSSOLFDWLRQ��DGGLQJ�D�FDSDFLWRU�DW�WKH�'87�LV�QRW�D�SUDFWLFDO
VROXWLRQ���7R�RSWLPL]H�SHUIRUPDQFH��LW�LV�DOZD\V�D�EHVW�SUDFWLFH�WR�PLQLPL]H�WKH�ZLULQJ�SDWK�LQGXFWDQFH�DQG
UHVLVWDQFH���:H�FDQ�DFFRPSOLVK�WKLV�ZLWK�WKH�IROORZLQJ�VWHSV�
���8VH�ODUJHU�JDXJH�ZLUH�DQG�UHGXFH�GLVWDQFH�EHWZHHQ�WKH�SRZHU�VRXUFH�DQG�IL[WXUH�DV�PXFK�DV�SRVVLEOH�
���$OZD\V�XVH�WZLVWHG�SDLU�ZLUHV�WR�PLQLPL]H�LQGXFWDQFH�
���(OLPLQDWH�RU�PLQLPL]H�XVH�RI�UHOD\V�DQG�FRQQHFWRUV��RU�VHOHFW�ORZ�FRQWDFW�UHVLVWDQFH�GHYLFHV���$OZD\V
FRQVLGHU�WKH�HQG�RI�OLIH�UHVLVWDQFH�VSHFLILFDWLRQV�DV�ZHOO�
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/RZ�3RZHU�$SSOLFDWLRQ
7\SHV�RI�%DWWHU\�'UDLQ�&XUUHQWV�0HDVXUHG

� 7DON�PRGH�SXOVHG�FXUUHQW�GUDLQ

� 3XOVHG�FKDUDFWHULVWLF

� '&�DYHUDJH�DQG�SXOVH�SDUDPHWHUV

� 6WDQGE\�PRGH�FXUUHQW�GUDLQ

� 3XOVHG��VORWWHG�PRGH��DQG�FRQWLQXRXV

� '&�DYHUDJH�YDOXH

� 2II�PRGH�FXUUHQW�GUDLQ

� &KDUJH�PRGH�FXUUHQW

7KH�VHFRQG�FKDOOHQJH�IDFLQJ�WKH�WHVW�HQJLQHHU�LV�PHDVXULQJ�WKH�FXUUHQW�GUDLQ�IRU�GLIIHUHQW�RSHUDWLQJ�PRGHV�WR
DVVXUH�WKDW�WKH�FXVWRPHU�ZLOO�UHFHLYH�WKH�IXOO�VSHFLILHG�EDWWHU\�OLIH���)RU�D�PRELOH�SKRQH��WDON�PRGH�FXUUHQW
GUDLQ�LV�WKH�KHDYLHVW�GUDLQ�RQ�WKH�EDWWHU\��DQG�WKXV�LV�WKH�PRVW�IXQGDPHQWDO�FXUUHQW�PHDVXUHPHQW��WR�DVVXUH
WKH�GHYLFH�KDV�DGHTXDWH�WDON�WLPH���+RZHYHU��WKH�SXOVHG�FXUUHQW�GUDLQ�FKDUDFWHULVWLF�FDQ�EH�FKDOOHQJLQJ�WR
PHDVXUH�DFFXUDWHO\�

/RQJ�VWDQGE\�PRGH�RSHUDWLRQ�LV�DOVR�H[WUHPHO\�GHVLUDEOH��DOORZLQJ�GHYLFHV�WR�UHFHLYH�LQFRPLQJ�FDOOV�IRU�PDQ\
GD\V�EHIRUH�UHFKDUJLQJ�WKH�EDWWHU\���'&�DYHUDJH�FXUUHQW�GUDLQ�IRU�VWDQGE\�LV�DOVR�D�YHU\�IXQGDPHQWDO
PHDVXUHPHQW�LQ�SURGXFWLRQ�WHVW�RI�D�PRELOH�SKRQH���6WDQGE\�FXUUHQW�PD\�HLWKHU�EH�FRQWLQXRXV�RU�SXOVHG��DV�LV
WKH�FDVH�IRU�VORWWHG�PRGH�VWDQGE\�RSHUDWLRQ�RQ�GLJLWDO�SKRQHV���$FFXUDWH�DYHUDJH�PHDVXUHPHQW�RI�VORWWHG
PRGH�SXOVHG�FXUUHQW�GUDLQ�LV�HYHQ�PRUH�FKDOOHQJLQJ�WKDQ�IRU�WDON�PRGH��

,I�RII�PRGH�FXUUHQW�GUDLQ�LV�KLJK��LW�FDQ�TXLFNO\�DQG�XQH[SHFWHGO\�GUDLQ�WKH�EDWWHU\��OHDGLQJ�WR�XVHU
GLVVDWLVIDFWLRQ��DV�ZHOO�DV�EHLQJ�V\VWHPLF�RI�SRWHQWLDO�ODWHQW�IDLOXUH�PHFKDQLVPV���+HUH��WKH�PHDVXUHPHQW
FKDOOHQJH�LV�VLPSO\�EHLQJ�DEOH�WR�UHVROYH�YHU\�ORZ�FXUUHQWV�ZLWK�UHDVRQDEOH�DFFXUDF\�

)LQDOO\��FKDUJH�PRGH�FXUUHQW��LV�PHDVXUHG�DW�ERWK�UDSLG�FKDUJH�DQG�WULFNOH�FKDUJH�OHYHOV�WR�DFFXUDWHO\�FDOLEUDWH
WKH�'87·V�LQWHUQDO�EDWWHU\�FXUUHQW�PRQLWRULQJ�FLUFXLWV�
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/RZ�3RZHU�$SSOLFDWLRQ
7DON�0RGH�3XOVHG�&XUUHQW�'UDLQ�&KDUDFWHULVWLFV

� .H\�FXUUHQW�PHDVXUHPHQW
FRQVLGHUDWLRQV�

� 3XOVH�FUHVW�IDFWRU

� 0D[��WR�$YJ��UDWLR

� 3XOVH�SHULRG��PD\�QRW
EH�NQRZQ�SUHFLVHO\�

�3HULRG����WR�����PVHF�
�&UHVW�)DFWRU�!����W\S�

�'XW\�&\FOH����WR�����
�����WR������DPS�DYH�

���WR���DPS�SXOVHG
�/DUJH�RYHUVKRRW�W\S�

3XOVHG�FXUUHQW�GUDLQ�FKDUDFWHULVWLFV�QHHG�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�ZKHQ�PDNLQJ�DQ\�PHDVXUHPHQWV���,Q
RXU�H[DPSOH�RI�D�GLJLWDO�PRELOH�SKRQH��WKH�SXOVH�UDWH�FDQ�YDU\�IURP������PVHF�IRU�*60��WR����PVHF�IRU�7'0$
	�&'0$��DQG�XS�WR����PVHF�IRU�L'(1�1H[WHO�PRELOH�SKRQHV�

7KH�WUDQVPLW�EXUVW�FXUUHQW�GUDLQ�FDQ�HDVLO\�H[FHHG�D�FUHVW�IDFWRU�RI������'XW\�F\FOHV�UDQJH�IURP����WK�IRU�*60
WR����UG�IRU�7'0$��DQG�EHWZHHQ����WK�WR���IRU�&'0$���&'0$�GXW\�F\FOH�GHSHQGV�RQ�VSHHFK�DFWLYLW\�

7KH�DYHUDJH�DQG�PD[LPXP��EXUVW��FXUUHQW�GUDLQ�YDOXHV�GHSHQG�RQ�WKH�PD[LPXP�WUDQVPLW�SRZHU�IRU�D�JLYHQ
IRUPDW�DQG�WKH�EDWWHU\�YROWDJH���0RVW�IRUPDWV�RXWSXW�XS�WR�����ZDWWV�5)�SRZHU��ZKLOH�KDQGKHOG�*60�FDQ�EH
DV�KLJK�DV��ZDWW�5)�SRZHU��%DWWHU\�YROWDJH�LV�XVXDOO\�EHWZHHQ�����DQG�����YROWV�DQG�WKH�WUHQG�LV�WR�JR�WR
HYHQ�ORZHU�YROWDJHV��7KH�UHVXOWLQJ�DYHUDJH�FXUUHQW�XVXDOO\�UDQJHV�EHWZHHQ�����WR�����DPSV���ZLWK�SXOVHG
OHYHOV�RI���WR���DPSV���7KH�SXOVH�WRS�PD\�EH�UHODWLYHO\�IODW��DV�LV�WKH�FDVH�ZLWK�*60��RU�LW�PD\�YDU\�LQ�VKDSH
ZLWK�RWKHU�WUDQVPLVVLRQ�IRUPDWV�

0DQ\�WLPHV�WKH�'&�DYHUDJH�FXUUHQW�PHDVXUHPHQW�LV�LQFRUUHFW��RU�HUUDWLF��EHFDXVH�WKH�SXOVH�FKDUDFWHULVWLFV
ZHUH�QRW�WDNHQ�LQWR�FRQVLGHUDWLRQ��IRU�H[����WKH�KLJK�FUHVW�IDFWRU�ZDV�QRW�FRQVLGHUHG�DQG�H[FHHGV�WKH�WHVW
LQVWUXPHQW·V�FDSDELOLW\���7KH�PHDVXUHPHQW�PD\�HQG�XS�HUURQHRXVO\�ORZ��DOORZLQJ�GHIHFWLYH�SURGXFWV�WR�SDVV�
7KH�KLJK�SXOVH�OHYHO��EXW�ORZ�'&�DYHUDJH�OHYHO��GLFWDWHV�PLOOL�DPSHUH�OHYHO�PHDVXUHPHQW�DFFXUDF\�RYHU�D�IXOO��
WR���DPSHUH�PHDVXUHPHQW�UDQJH�

,I�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�'87·V�SXOVH�SHULRG�DQG�WKH�PHDVXULQJ�LQVWUXPHQW·V�´VDPSOLQJµ�ZLQGRZ�LV
RYHUORRNHG��WKH�UHVXOW�ZLOO�EH�MLWWHULQJ�RU�HUUDWLF�PHDVXUHPHQWV���,I�WKH�SHULRG�LV�NQRZQ�SUHFLVHO\��WKH�ZLQGRZ
QHHGV�WR�EH�DFFXUDWHO\�VHW�IRU�RQH�RU�PRUH�SHULRGV���,I�QRW�SUHFLVHO\�NQRZQ��WKH�WHVW�HTXLSPHQW�VKRXOG�SURYLGH
DOWHUQDWH�PHDQV�IRU�DFFXUDWH�PHDVXUHPHQWV��W\SLFDOO\�VHWWLQJ�WKH�ZLQGRZ�IRU�PDQ\�SHULRGV�WR�UHGXFH�HUURU�
+RZHYHU��WKLV�FDQ�GUDPDWLFDOO\�LQFUHDVH�RYHUDOO�WHVW�WLPH��UHGXFLQJ�WKURXJKSXW�
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/RZ�3RZHU�$SSOLFDWLRQ
6WDQGE\�0RGH�'UDLQ�&KDUDFWHULVWLFV

� .H\�PHDVXUHPHQW
FRQVLGHUDWLRQV�

� ���PD�HUURU�RYHU��$
UDQJH

� ([WHQGHG
PHDVXUHPHQW�ZLQGRZ
WLPH�	�UHVROXWLRQ

� ([WUHPHO\�KLJK�FUHVW
IDFWRU

&RQWLQXRXV�VWDQGE\�FXUUHQW�GUDLQ�LV�W\SLFDOO\�WHQV�RI�PLOOLDPSHUHV��SURYLGLQJ�DERXW�WZR�GD\V�RI�VWDQGE\�WLPH�
,Q�VORWWHG�PRGH�VWDQGE\�RSHUDWLRQ�WKH�PRELOH�SKRQH�´ZDNHV�XSµ�HYHU\�IHZ�VHFRQGV�WR�FKHFN�IRU�LQFRPLQJ
FDOOV��GUDZLQJ����·V�RI�PLOOLDPSHUHV�DQG�WKHQ�GURSV�EDFN�LQWR�D�VOHHS�PRGH�GUDZLQJ�D�IHZ�PLOOLDPSHUHV���7KLV
XVHV�OHVV�DYHUDJH�FXUUHQW��WKXV�SURYLGLQJ�HYHQ�ORQJHU�VWDQGE\�WLPH�

6XE�PLOOLDPSHUH�PHDVXUHPHQW�DFFXUDF\�LV�QHHGHG�IRU�VWDQGE\�PRGH�FXUUHQW�GUDLQ�PHDVXUHPHQW���6ORWWHG
PRGH�FXUUHQW�PHDVXUHPHQW�LV�H[WUHPHO\�FKDOOHQJLQJ�WR�PDNH�WR�WKLV�OHYHO�RI�DFFXUDF\�LQ�SUHVHQFH�RI�VXFK�KLJK
SHDN�FXUUHQWV���,W�LV�IXUWKHU�FRPSOLFDWHG�EHFDXVH�WKH�PHDVXUHPHQW�ZLQGRZ�RI�PRVW�WHVW�HTXLSPHQW�GRHV�QRW
DGHTXDWHO\�KDQGOH�VHFRQGV�ORQJ�SXOVH�SHULRGV��ORZ�GXW\�F\FOHV��DQG�RU�FUHVW�IDFWRUV�RI�����
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/RZ�3RZHU�$SSOLFDWLRQ
$GGLWLRQDO�'87�&XUUHQW�0HDVXUHPHQWV

� 2II�PRGH��OHDNDJH��FXUUHQW�GUDLQ�

� %HQHILWV��%DWWHU\�OLIH��ODWHQW�IDLOXUH�PHFKDQLVPV

� $FFXUDF\������X$�IRU��������X$�OHYHOV

� 7HVW�V\VWHP�HUURUV��(OHFWURO\WLF�FDSV��OHDNDJH�SDWKV

� &KDUJH�FXUUHQW�

� %HQHILWV��3URSHU�EDWWHU\�FKDUJLQJ�FLUFXLW�FDOLEUDWLRQ

� $FFXUDF\�����PD�RU�������WULFNOH�	�UDSLG�FKDUJH�UDWHV

� 3RODULW\��QHJDWLYH

$JDLQ��LI�RII�PRGH�OHDNDJH�FXUUHQW�LV�KLJK��LW�FDQ�TXLFNO\�DQG�XQH[SHFWHGO\�GUDLQ�WKH�EDWWHU\��OHDGLQJ�WR�XVHU
GLVVDWLVIDFWLRQ���,W�PD\��DOVR�EH�LQGLFDWLYH�RI�D�SUREOHP�LQ�WKH�'87�WKDW�UHSUHVHQWV�D�SRWHQWLDO�ODWHQW�IDLOXUH
PHFKDQLVP���3URGXFWLRQ�WHVWLQJ�FDWFKHV�UDQGRP�PDQXIDFWXULQJ�DQG�FRPSRQHQW�GHIHFWV���$V�OHDNDJH�FXUUHQW�LV
DURXQG����WR�����X$��D�VHSDUDWH�PHDVXUHPHQW�UDQJH�ZLWK����X$�DFFXUDF\�LV�DGHTXDWH���7HVW�V\VWHP�OHDNDJH
FXUUHQWV�QHHG�WR�EH�ZDWFKHG���,I�DQ�HOHFWURO\WLF�ILOWHU�FDSDFLWRU�ZDV�XVHG�WR�UHGXFH�WUDQVLHQW�YROWDJH�GURSV�DW
WKH�'87���LW�FDQ�HDVLO\�KDYH����·V�RI�X$�OHDNDJH�RU�KLJKHU��LQWURGXFLQJ�VLJQLILFDQW�HUURU�WR�WKH�PHDVXUHPHQW�

,Q�PRVW�QHZHU�GHVLJQV��WKH�FKDUJHU�FXUUHQW�LV�PRQLWRUHG�DQG�FRQWUROOHG�E\�WKH�GHYLFH�LWVHOI���7KH�'87�LV
W\SLFDOO\�FKDUJHG�DW�WHQV�RI�PLOOLDPSHUHV�WULFNOH�FKDUJH�FXUUHQW�OHYHOV�DV�ZHOO�DV�DPSHUH�UDSLG�FKDUJH�FXUUHQW
OHYHOV���0HDVXUHPHQW�DFFXUDF\�RI����PD�RU������LV�VXIILFLHQW�
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/RZ�3RZHU�$SSOLFDWLRQ
0RELOH�3KRQH�%DWWHU\�&KDUJLQJ�&RQILJXUDWLRQ

$�PRELOH�SKRQH�SURYLGHV�DQ�H[FHOOHQW�H[DPSOH�RI�NH\�FRQVLGHUDWLRQV�KHUH���7KH�EORFN�GLDJUDP�LOOXVWUDWHV�D
W\SLFDO�PRELOH�SKRQH�EDWWHU\�FKDUJLQJ�V\VWHP���7KHUH�DUH�WKUHH�SDUWV��WKH�EDWWHU\�SDFN��WKH�PHDVXUHPHQW�DQG
FRQWURO�LQ�WKH�PRELOH�SKRQH��DQG�WKH�FKDUJLQJ�SRZHU�VRXUFH�RU�DGDSWHU���$OO�SDUWV�DUH�FULWLFDO�LQ��PDNLQJ�WKH
EDWWHU\�FKDUJLQJ�V\VWHP�ZRUN�

7KH�PRELOH�SKRQH�KDV�$QDORJ�WR�'LJLWDO�FRQYHUWHUV�WR�PHDVXUH�WKH�EDWWHU\�YROWDJH��FXUUHQW��DQG�WHPSHUDWXUH�
7\SLFDOO\�D�FRPELQDWLRQ�RI�WKHVH�SDUDPHWHUV�DUH�XVHG�WR�GHWHUPLQH�WKH�FKDUJH�VWDWXV�RI�WKH�EDWWHU\���7KH
FRQWURO�ORJLF�LQ�WKH�0RELOH�SKRQH�LQ�WXUQ�FRQWUROV�WKH�SRZHU�RXWSXW�RI�WKH�$&�WR�'&�DGDSWHU�7KH�$&�WR�'&
DGDSWHU�LV�D�FRPSDFW�VZLWFKLQJ�SRZHU�VXSSO\�ZLWK�XQLYHUVDO�$&�LQSXW���,W�KDV�ZHOO�UHJXODWHG�DQG�FRQWUROODEOH
FXUUHQW�DQG�RU�YROWDJH�OLPLWV�

,Q�WKLV�FDVH��WKH�EDWWHU\�LV�DFWXDOO\�D�EDWWHU\�SDFN��ZKLFK�KDV�RYHU�FXUUHQW�SURWHFWLRQ��WHPSHUDWXUH�VHQVLQJ��DQG
LGHQWLILFDWLRQ���%DWWHULHV�DUH�EDVLFDOO\�FRQVWDQW�YROWDJH�GHYLFHV�ZLWK�ORZ�RXWSXW�LPSHGDQFH��,Q�WKH�FDVH�RI�1L&DG
RU�1L0+�EDWWHULHV�WKH\�DUH�FKDUJHG�ZLWK�D�FRQVWDQW�FXUUHQW���:KHQ�WKH\�UHDFK�IXOO�FKDUJH��WKH�FXUUHQW�LV�WXUQHG
RII��,Q�WKH�FDVH�RI�/L�,RQ�EDWWHULHV�WKH\�DUH�FKDUJHG�ZLWK�D�FRQVWDQW�FXUUHQW�XQWLO�WKH\�UHDFK�D�IORDW�YROWDJH�
ZKHUH�WKH�FKDUJHU�WKHQ�VZLWFKHV�WR�D�FRQVWDQW�YROWDJH��&9��PRGH�IRU�WKH�ILQDO�FKDUJLQJ���7KLV�LV�PXFK�OLNH�WKH
FKDUJLQJ�RI�WKH�/HDG�$FLG�EDWWHU\�LQ�\RXU�DXWRPRELOH�

1HZHU�PRELOH�SKRQHV�DUH�GHVLJQHG�WR�DXWRPDWLFDOO\�DFFRPPRGDWH�DQ\�EDWWHU\�WHFKQRORJ\�
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/RZ�3RZHU�$SSOLFDWLRQ
&KDUJHU�7HVWLQJ��7HVW�6\VWHP�&RQILJXUDWLRQ

� 2EMHFWLYH��&DOLEUDWH�&HOO�3KRQH�
��%DWWHU\�9�	�,�5HDG�EDFN�&LUFXLWV

� %DWWHU\�6RXUFH�&RQVLGHUDWLRQV�

� �&9�ORDG�RSHUDWLRQ�PRGH

� 0D[��FKDUJH��VLQN��FXUUHQW

� :LULQJ�UHYHUVH�9�GURS

� 2&��27��2SHQ�6HQVH�OHDG

� &KDUJHU�6RXUFH�&RQVLGHUDWLRQV�

� $GHTXDWH�9	�,�UDQJH

� %DVLF�9�	�,�UHDG�EDFN

,Q�SURGXFWLRQ�WHVW��WKH�REMHFWLYH�RI�EDWWHU\�FKDUJHU�WHVWLQJ�LV�WR�FDOLEUDWH�WKH�PRELOH�SKRQH�EDWWHU\�YROWDJH�DQG
FXUUHQW�PRQLWRULQJ�$�WR�'�FRQYHUWHUV�IRU�SURSHU�EDWWHU\�FKDUJLQJ�IXQFWLRQ��7KHUH�DUH�D�IHZ�WHVW�V\VWHP�DQG
SRZHU�VXSSO\�FRQVLGHUDWLRQV�

)LUVW��WKH�EDWWHU\�VRXUFH�VXSSO\�PXVW�ILUVW�EH�DEOH�WR�VLQN�WKH�IXOO�FKDUJH�FXUUHQW�DQG�PDLQWDLQ�DQ�DFFXUDWH
��������FRQVWDQW�YROWDJH�DW�WKH�'87�EDWWHU\�SRUW�WR�HPXODWH�WKH�FRQGLWLRQV�RI�D�EDWWHU\�XQGHU�FKDUJH���7KLV�LV
FDOOHG�&9�ORDG�RSHUDWLRQ���7KH�SRZHU�VXSSO\�RSHUDWHV�DV�D�ODUJH��SURJUDPPDEOH�]HQHU�GLRGH���6LQFH�WKLV�LV�QRW
D�VWDQGDUG�FDSDELOLW\�LQ�PRVW�V\VWHP�SRZHU�VXSSOLHV���DQ�HOHFWURQLF�ORDG�PD\�EH�QHHGHG�WR�SURYLGH�WKLV
IXQFWLRQ�

1H[W��DVVXPLQJ�D�SRZHU�VXSSO\�ZLWK�VXLWDEOH�&9�ORDG�FDSDELOLW\�KDV�EHHQ�VHOHFWHG��WKH�WHVW�V\VWHP�ZLULQJ
YROWDJH�GURS�QHHGV�WR�EH�FRQVLGHUHG���7KH�UHVXOW�LV�WKH�SRZHU�VXSSO\�RXWSXW�WHUPLQDO�YROWDJH�FDQ�EH�ORZHU
WKDQ�WKH�'87�EDWWHU\�SRUW�YROWDJH���$W�ORZ�EDWWHU\�YROWDJH�RSHUDWLRQ�WKH�SRZHU�VXSSO\�FDQ�SRVVLEO\�GURS�RXW
GXH�WR�LQVXIILFLHQW�YROWDJH�DFURVV�WKH�SRZHU�VXSSO\�WHUPLQDOV���$V�VKRZQ��RXWSXW���WHUPLQDOV�DUH�DW�RQO\����
YROWV�

3URWHFWLRQ�DJDLQVW�IDXOWV�VKRXOG�QRW�EH�RYHUORRNHG�LQ�WKLV�&9�ORDG�RSHUDWLQJ�PRGH���7KH�SRZHU�VXSSO\�VKRXOG
EH�SURWHFWHG�DJDLQVW�RYHU�FXUUHQW�DQG�RYHU�SRZHU�DW�D�PLQLPXP�

3URWHFWLRQ�DJDLQVW�RSHQ�RU�EURNHQ�VHQVH�OHDGV�LV�DQRWKHU�NH\�IDXOW�PRGH�WR�FRQVLGHU���8QGHU�WKHVH�FRQGLWLRQV
PRVW�V\VWHP�SRZHU�VXSSOLHV�UHYHUW�WR�ORFDO�VHQVH�PRGH�RSHUDWLRQ���7KH�IDXOW�ZLOO�QRW�EH�GHWHFWHG���7KH�UHPRWH
YROWDJH�DFFXUDF\�ZLOO�GHJUDGH�GXH�WR�ZLULQJ�YROWDJH�GURSV�7KH�'87�ZLOO�EH�PLV�FDOLEUDWHG�OHDGLQJ�WR�LPSURSHU
EDWWHU\�FKDUJLQJ�LQ�DFWXDO�XVH�

,Q�PRVW�FDVHV�WKH�FKDUJHU�VRXUFH�UHTXLUHPHQWV��DUH�DGHTXDWH�YROWDJH�DQG�FXUUHQW�SURJUDPPLQJ�UDQJH�WR
VLPXODWH�WKH�YROWDJH�DQG�FXUUHQW�OLPLWV�RI�WKH�DFWXDO�FKDUJHU���%DVLF�YROWDJH�DQG�FXUUHQW�UHDG�EDFN�FDSDELOLW\�LV
VXIILFLHQW��LI�XVHG�
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/RZ�3RZHU�$SSOLFDWLRQ
*HQHUDO�3XUSRVH�7HVW�(TXLSPHQW�/LPLWDWLRQV

� *3�3RZHU�6XSSO\�

� 7UDQVLHQW�UHVSRQVH�PD\�QRW�EH�DFFHSWDEOH�LQ�UHPRWH�VHQVH

� 2QH�FXUUHQW�PHDVXUHPHQW�UDQJH��LQVXIILFLHQW�DFFXUDF\

� 6KRUW��IL[HG�DSHUWXUH�WLPH�FDXVHV�KLJK�PHDVXUHPHQW�MLWWHU

� 0D\�QRW�KDYH�FXUUHQW�VLQNLQJ�IRU�EDWWHU\�FKDUJLQJ�WHVW

� *3�3RZHU�6XSSO\��'00��DQG�(OHFWURQLF�/RDG�

� /LPLWHG�PHDVXUHPHQW�DSHUWXUH�WLPH�VHWWLQJ�DQG�UHVROXWLRQ�
LQDGHTXDWH�IRU�IXOO�UDQJH�RI�SXOVHG�PHDVXUHPHQW�QHHGV

� 0XOWLSOH�ER[HV��LQWHJUDWLRQ�SUREOHPV

*HQHUDO�SXUSRVH�SRZHU�VXSSOLHV�VLPSO\�GR�QRW�KDYH�DGHTXDWH�VRXUFH�DQG�PHDVXUHPHQW�FDSDELOLWLHV�IRU�WKLV
DSSOLFDWLRQ���7KH�W\SLFDO�DFFXUDF\�RI�WHQV�RI�PLOOLDPSHUHV�IRU�WKH�RQH�FXUUHQW�PHDVXUHPHQW�UDQJH�LV�QRW
VXLWDEOH�IRU�VWDQGE\�DQG�RII�PRGH�FXUUHQW�GUDLQ�PHDVXUHPHQWV�

7KH�FXUUHQW�PHDVXUHPHQW�LV�UHDOO\�GHVLJQHG�WR�PHDVXUH�'&�DYHUDJH�YDOXHV�IRU�'&�ORDGV��QRW�SXOVHG�ORDGV���7KH
VKRUW��IL[HG�PHDVXUHPHQW�DSHUWXUH�ZLOO�XVXDOO\�WUDFN�WKH�SXOVHG�ORDG��FDXVLQJ�XQDFFHSWDEO\�KLJK�PHDVXUHPHQW
MLWWHU�

7KH�PRVW�FRPPRQ�DSSURDFK�LQ�PDQ\�PRELOH�SKRQH�WHVW�V\VWHPV�LV�WR�DGG�D�ORZ�FRVW�'00�WR�DXJPHQW�WKH
WHVW�V\VWHP�FXUUHQW�PHDVXUHPHQW�FDSDELOLWLHV��7KH�'00·V�FXUUHQW�PHDVXUHPHQW�UDQJLQJ�DGGUHVVHV�DFFXUDF\
IRU�ORZ�OHYHO�FXUUHQWV���7KH�PHDVXUHPHQW�DSHUWXUH�WLPH�LV�SURJUDPPDEOH��LQ�3/&·V��SRZHU�OLQH�F\FOHV��PDNLQJ
D�'00�XVHIXO�IRU�PHDVXULQJ�SXOVHG�WDON�PRGH�FXUUHQW�

+RZHYHU��D�JHQHUDO�SXUSRVH��'00�DSHUWXUH�WLPH�VHWWLQJ�DQG�UHVROXWLRQ�LV�XVXDOO\�QRW�DGHTXDWH�IRU�WKH�ORQJ
SXOVH�SHULRG�RI�SXOVHG�VWDQGE\�PRGH�FXUUHQW�PHDVXUHPHQW�

$GGLQJ�D�'00�DOVR�FUHDWHV�WHVW�V\VWHP�LQWHJUDWLRQ�SUREOHPV��DGGLQJ�ZLULQJ��VZLWFKLQJ��DQG�D�VKXQW��UHVXOWLQJ
LQ�DGGLWLRQDO�ZLULQJ�SDWK�UHVLVWDQFH�
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� &KRRVH�D�VROXWLRQ�WDLORUHG
SRZHU�VXSSO\�ZKLFK�RIIHUV�

� VSHFLDO�RSHUDWLQJ�PRGHV�GHOLYHU�IDVW�ULVH
FXUUHQW�SXOVHV�ZLWK�UHPRWH�VHQVH�WR�LPSURYH
WUDQVLHQW�UHVSRQVH

� H[WHQVLYH�PHDVXUHPHQW�FDSDELOLWLHV�LQFOXGLQJ
D�GLJLWDO�VDPSOLQJ�PRGH�DQG�ILOWHUV�IRU
DFFXUDWH�SXOVHG�FXUUHQW�PHDVXUHPHQW

� PXOWLSOH�RXWSXWV��ZLWK�FXUUHQW�VLQNLQJ�WR
HPXODWH�EDWWHU\�FKDUJHU�IXQFWLRQV�ZKHQ
WHVWLQJ�EDWWHU\�PDQDJHPHQW�VXEV\VWHPV

�/RZ�3RZHU�$SSOLFDWLRQ
$Q�$OWHUQDWLYH�$SSURDFK

7KLV�ZDYHIRUPV�DERYH�LOOXVWUDWH�WKH�UHVXOWV�RI�XVLQJ�D�SRZHU�VRXUFH��VXFK�DV�WKH�$JLOHQW�7HFKQRORJLHV������%
0RELOH�&RPPXQLFDWLRQV�'&�6RXUFH��ZLWK�IDVW�G\QDPLF�UHVSRQVH�FKDUDFWHULVWLFV���:KLOH�GHYHORSHG�WR�PHHW�WKH
QHHGV�RI�GLJLWDO�PRELOH�SKRQH�WHVWLQJ��LW�FDQ�EH�XVHG�WR�DGYDQWDJH�LQ�RWKHU�EDWWHU\�SRZHUHG�GHYLFH�WHVW
DSSOLFDWLRQV�DV�ZHOO�

7KLV�XQLTXH�$JLOHQW�0RELOH�&RPPXQLFDWLRQV�'&�6RXUFH�FDQ�UHVSRQG�WR�WKH�VSHHG�RI�WKH�ORDG�FKDQJH�
FRPSHQVDWLQJ�IRU�WKH�ZLULQJ�YROWDJH�GURS��7KH�QHW�UHVXOW�LV�D�UHGXFWLRQ�RI�WKH�WUDQVLHQW�YROWDJH�DW�WKH�'87�WR
ZHOO�ZLWKLQ�DFFHSWDEOH�OLPLWV��ZHOO�EHORZ�RXU�GHVLUHG�JRDO�RI�����P9�IRU�D�����YROW�PRELOH�SKRQH��7KHUH�LV�QR
QHHG�WR�KDYH�D�ODUJH�FDSDFLWRU�DW�WKH�WHVW�IL[WXUH��ZLWK�WKH�DVVRFLDWHG�GUDZEDFNV�

7KH�$JLOHQW�0RELOH�&RPPXQLFDWLRQV�'&�6RXUFH�XVHV�D�XQLTXH�KLJK�VSHHG�'63�EDVHG�GLJLWL]LQJ�PHDVXUHPHQW
V\VWHP��PXFK�OLNH�WKDW�RI�D�GLJLWDO�RVFLOORVFRSH���7KHUH�DUH�WKUHH�'&�FXUUHQW�UDQJHV�WR�SURYLGH�IDVW�DQG
DFFXUDWH�WDON��VWDQGE\��DQG�RII�PRGH�FXUUHQW�PHDVXUHPHQWV��VSHFLDOO\�WDLORUHG�IRU�GLJLWDO�PRELOH�SKRQH�WHVWLQJ�
7KH�GLJLWL]LQJ�PHDVXUHPHQW�V\VWHP�LV�IXUWKHU�VXSSRUWHG�E\�RXU�'HYLFH�&KDUDFWHUL]DWLRQ�6RIWZDUH��D�JUDSKLFDO
XVHU�LQWHUIDFH�WKDW�SURYLGHV�GLJLWDO�RVFLOORVFRSH�OLNH�PHDVXUHPHQW�FDSDELOLW\�ZLWKRXW�KDYLQJ�WR�GR�DQ\
SURJUDPPLQJ���7KLV�LV�D�YHU\�XVHIXO�WRRO�IRU�5	'��SURGXFWLRQ�UHSDLU��DQG�VHUYLFH�GHSRWV�

$JLOHQW�0RELOH�&RPPXQLFDWLRQV�'&�6RXUFH�RSHUDWHV�RYHU�WZR�TXDGUDQWV�IRU�&9�ORDG�FDSDELOLW\�IRU�WHVWLQJ�DQG
FDOLEUDWLQJ�WKH�PRELOH�SKRQH�EDWWHU\�FKDUJLQJ�FLUFXLWV���,Q�DGGLWLRQ�WKH\�IHDWXUH�IXOO�SURWHFWLRQ�IHDWXUHV�
LQFOXGLQJ�RSHQ�VHQVH�OHDG�GHWHFW��WR�DVVXUH�UHOLDEOH�SURGXFW�WHVWLQJ�ZLWKRXW�DQ\�FRQFHUQV�

7KH�GXDO�RXWSXW�PRGHOV�SURYLGH�D�VHFRQG�SURJUDPPDEOH�RXWSXW�ZLWK�YROWDJH�DQG�FXUUHQW�UHDG�EDFN�WR�UHSODFH
WKH�FKDUJHU�SRZHU�VRXUFH�LQ�WKH�SURGXFWLRQ�WHVW�V\VWHP���$OO�LQ�WKH�VDPH�VL]H�SDFNDJH�WR�RSWLPL]H�YDOXDEOH
SURGXFWLRQ�IORRU�VSDFH�



��

%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

&DOFXODWHG
0HDVXUHPHQWV

8VHIXO�5	'�DQG�5HSDLU�6HUYLFH�7RRO

2VFLOORVFRSH�
OLNH�YLHZ�RI

EDWWHU\�FXUUHQW
SURILOHV

(DV\�WR�XVH��QR
SURJUDPPLQJ

UHTXLUHG�

36�2XWSXW
FRQWURO

0HDVXUHPHQW
VHWXS�FRQWURO

7DON�0RGH

6WDQGE\�PRGH

2II�PRGH

3HDN�FXUUHQW

0DUNHUV�IRU�IDVW
DQDO\VLV

=RRP�FDSDELOLW\

/RZ�3RZHU�$SSOLFDWLRQ
'HYLFH�&KDUDFWHUL]DWLRQ�6RIWZDUH

7KH�0RELOH�&RPPXQLFDWLRQV�'&�6RXUFHV�KDYH�D�YHU\�FRPSOHWH�VHW�RI�IHDWXUHV�IRU�DFFXUDWH�PHDVXUHPHQW�RI
SXOVHG�ZDYHIRUPV��7KH������$�*UDSKLFDO�8VHU�,QWHUIDFH�DOORZV�WKH�5	'�(QJLQHHU�WR�KDYH�IXOO�DFFHVV�WR�WKH
IHDWXUHV�DQG�FRQWUROV�RI�WKH�0RELOH�&RPPV�GF�6RXUFH���,W�DOVR�IDFLOLWDWHV�PDNLQJ�VRSKLVWLFDWHG�G\QDPLF�FXUUHQW
PHDVXUHPHQWV�DFFXUDWHO\��XVLQJ�WKH�LQWHUQDO�GLJLWDO�ILOWHUV�
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%DFN�WR�%DVLFV�RI�3RZHU�3URGXFWV
$JHQGD

� ,QWURGXFWLRQ

� &KDUDFWHULVWLFV�RI�'&�SRZHU�VXSSO\

� +RZ�WR�FKRRVH"

� +RZ�WR�XVH"

� 'LJLWDO�&HOO�3KRQH�7HVW

� '&�3RZHU�6XSSOLHV�LQ�$7(�$SSOLFDWLRQV��%DVH�6WDWLRQ�

� '&�&KDUJHU�7HVW�ZLWK�$&�6RXUFH�DQG�'&�ORDG

� )XUWKHU�LQIRUPDWLRQ

6RPHWLPHV�LW�VHHPV�WKDW�'&�SRZHU�VXSSOLHV�DUH�MXVW�YROWV�DQG�DPSV����%XW�LQ�UHDOLW\��WKH�ZD\�\RX�FKRRVH�DQG
XVH�'&�SRZHU�VXSSOLHV�FDQ�DIIHFW�\RXU�WLPH�WR�PDUNHW��WLPH�WR�YROXPH��DQG�WLPH�WR�SURILW���7KLV�QH[W
DSSOLFDWLRQ��PRELOH�FRPPXQLFDWLRQV�EDVH�VWDWLRQ�WHVWLQJ���ZLOO�LOOXVWUDWH�VRPH�RI�WKH�VXEWOH�DVSHFWV�RI�V\VWHP
SRZHU�VXSSOLHV��DQG�KRZ�WR�JHW�WKH�PRVW�YDOXH�IURP�WKH�IHDWXUHV�DYDLODEOH�



��

%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

'&�36�LQ�$7(�$SSOLFDWLRQV
([DPSOH��%DVH�6WDWLRQV

7KHUH�DUH�FHUWDLQ�FRQFHUQV�WKDW�DUH�FRPPRQ�WR�PRVW�KLJK�YROXPH�HOHFWURQLFV�PDQXIDFWXULQJ���/HW·V�XVH�EDVH
VWDWLRQ�PDQXIDFWXULQJ�DV�DQ�H[DPSOH�WR�LOOXVWUDWH�VRPH�RI�WKHVH���7KH�W\SLFDO�PDQXIDFWXULQJ�SURFHVV�LQFOXGHV
WHVWLQJ�WKH�SURGXFW�DW���GLIIHUHQW�VWDJHV�RI�DVVHPEO\�

$�EDVH�VWDWLRQ�LQ�WKH�ILHOG�PXVW�RSHUDWH�SURSHUO\�XQGHU�D�ZLGH�YDULHW\�RI�LQSXW�SRZHU�FRQGLWLRQV��WKXV�D�IXOO
WHVW�LQFOXGHV�YHULILFDWLRQ�RI�RSHUDWLRQ�DFURVV�WKH�IXOO�UDQJH�RI�SRVVLEOH�LQSXW�YROWDJH�YDULDWLRQV���7KLV�WHVWLQJ�LV
XVXDOO\�GRQH�DV�HDUO\�DV�SRVVLEOH�LQ�WKH�PDQXIDFWXULQJ�SURFHVV�RQ�WKH�PRGXOH�RU�HYHQ�VXEDVVHPEO\�OHYHO���7KLV
ZD\��IXOO�RSHUDWLRQDO�FRQILGHQFH�KDV�EHHQ�DFKLHYHG�EHIRUH�WKH�ILQDO�EDVH�VWDWLRQ�LQWHJUDWLRQ�DQG�FXVWRPL]DWLRQ
SKDVH�

7KH�RYHUDOO�SURFHVV�VWDUWV�ZLWK�D�ZLGH�YDULHW\�RI�VXEDVVHPEOLHV�WKDW�DUH�FRPELQHG�LQWR�PRGXOHV��ZKLFK�WKHQ
DUH�FRQILJXUHG�LQWR�WKH�FRPSOHWH�EDVH�VWDWLRQV���0RGXOHV�DUH�WKH�VHSDUDWH�LQVWUXPHQWV�WKDW�FRPSRVH�WKH�EDVH
VWDWLRQ���7KLV�ZRXOG�LQFOXGH�VXFK�FDWHJRULHV�DV�SRZHU�DPSOLILHUV��WUDQVFHLYHUV��DQG�GLJLWDO�FRQWURO�DQG�,�2�
0DQ\�RI�WKH�0RGXOHV�DUH�FRPSRVHG�RI�VXEDVVHPEOLHV�ZKLFK�ZLOO��UHTXLUH�VHSDUDWH�WHVWLQJ�

7KLV�IXQFWLRQDO�WHVWLQJ��FRQGXFWHG�DW�VXEDVVHPEO\�DQG�PRGXOH�VWDJHV��XVHV�'&�SRZHU�VXSSOLHV�WR�VXEVWLWXWH�IRU
WKH�PDLQ�EDVH�VWDWLRQ�'&�EXV���DQG�RWKHU�ELDV�YROWDJHV�ZKLFK�DUH�UHTXLUHG���:KLOH�WKH�DVVHPEOHG�EDVH�VWDWLRQ
ZLOO�UXQ�RII�RI�HLWKHU�D����RU����YROW�'&�EXV��GF�WR�GF�FRQYHUWHUV�DUH�LQFRUSRUDWHG�LQWR�WKH�PRGXOHV�WR�SURYLGH
WKH�FRUUHFW�ELDV�YROWDJH�OHYHOV���6LQFH�WKH�VXEDVVHPEOLHV�ZLOO�QRW�\HW�EH�MRLQHG�ZLWK�WKHLU�GF�WR�GF�FRQYHUWHUV�
PXOWLSOH�ELDV�LQSXWV�GXULQJ�WHVW�ZLOO�EH�UHTXLUHG�ZKHQ�WKH\�DUH�WHVWHG�

7KH�ILQDO�EDVH�VWDWLRQ�WHVW�LV�WKH�ODVW�WHVWLQJ�EHIRUH�WKH�EDVH�VWDWLRQ�LV�GHSOR\HG�LQ�WKH�ILHOG���$OO�RI�WKH
FRPSRQHQWV�DUH�DVVXPHG�WR�EH�IXQFWLRQDO�EHIRUH�WKLV�SRLQW���+HUH�WKH�V\VWHP�LV�FXVWRPL]HG�DQG�PRGXOH
LQWHUDFWLRQ�LV�YHULILHG�
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'&�36�LQ�$7(�$SSOLFDWLRQV
6XEDVVHPEO\�7HVW�1HHGV

� 7HVW�SODWIRUP�PXVW�EH�YHU\�IOH[LEOH

� WHVW�D�ZLGH�UDQJH�RI�VXEDVVHPEOLHV

� PDQ\�VXEDVVHPEOLHV�UHTXLUH�PXOWLSOH�ELDV�LQSXWV

� VRPH�����ELDV�SDLUV�QHHGHG��L�H�������9GF�

� PXVW�DGDSW�WR�QHZ�DVVHPEOLHV�HDVLO\

� 0XOWLSOH�ELDV�LQSXW�VXEDVVHPEOLHV�PD\�UHTXLUH�VSHFLILF�WLPLQJ
GHOD\V�GXULQJ�WXUQ�RQ

� 6XEDVVHPEOLHV�ZKLFK�GR�QRW�SDVV�WHVWV�ZLOO�EH�UHSDLUHG

� ELDV�VXSSOLHV�VKRXOG�WXUQ�RII�LI�GDPDJH�LV�GHWHFWHG

)OH[LELOLW\�LV�WKH�NH\��IRU�ERWK�SUHVHQW�DQG�IXWXUH�QHHGV�

7KH�EDVH�VWDWLRQ�PRGXOHV�DUH�GHVLJQHG�WR�EH�SRZHUHG�E\�WKH�PDLQ�EDVH�VWDWLRQ�GF�EXV��KRZHYHU��RQ�WKH
VXEDVVHPEO\�OHYHO��RWKHU�YROWDJH�OHYHOV�H[LVW���'F²WR�GF�FRQYHUWHUV�DUH�LQFRUSRUDWHG�LQWR�HDFK�PRGXOH��WR
FRQYHUW�WKH�PDLQ�EXV�YROWDJH�WR�ZKDWHYHU�WKH�FLUFXLW�FRPSRQHQWV�UHTXLUH���:KHQ�WKH�PRGXOH�LV�EURNHQ�GRZQ
LQWR�LWV�FRPSRVLWH�VXEDVVHPEOLHV��WKHVH�GF�WR�GF�FRQYHUWHUV�PLJKW�QRW�EH�LQFOXGHG�LQ�D�SDUWLFXODU�VXEDVVHPEO\�
7KHUHIRUH��WKH�WHVW�V\VWHP�IRU�WKHVH�VXEDVVHPEOLHV�PXVW�SURYLGH�ZKDWHYHU�DVVRUWPHQW�RI�ELDV�LQSXWV�HDFK
VXEDVVHPEO\�UHTXLUHV�

7KH�WHVW�SODWIRUP�PXVW�EH�DEOH�WR�SURYLGH�DV�PDQ\�GLIIHUHQW�ELDV�VXSSOLHV�DV�UHTXLUHG���7KLV�JHQHUDOO\�LQFOXGHV
ERWK�SRVLWLYH�DQG�QHJDWLYH�ELDV�YROWDJHV��VXFK�DV��������YROWV��7KLV�UHTXLUHPHQW�FRXOG�TXLFNO\�SURGXFH�WKH
QHHG�IRU�D�JUHDW�QXPEHU�RI�SRZHU�VXSSOLHV��WDNLQJ�XS�D�ORW�RI�VSDFH�

:KHQ�GRLQJ�ELDV�PDUJLQ�WHVWLQJ�RQ�D�VXEDVVHPEO\�ZKLFK�UHTXLUHV�D�QXPEHU�RI�GLIIHUHQW�ELDV�YROWDJH�OHYHOV��L�H�
���9���9�������9���\RX�ZRXOG�RI�FRXUVH�YDU\�DOO�ELDV�LQSXWV���+RZHYHU��VHQGLQJ�SURJUDPPLQJ�FRPPDQGV�WR�DOO
RI�WKRVH�SRZHU�VXSSOLHV�WDNHV�YDOXDEOH�WHVW�WLPH���,W�ZRXOG�EH�GHVLUDEOH�WR�EH�DEOH�WR�SURJUDP�DOO�RI�WKHVH
SRZHU�VXSSOLHV�ZLWK�RQO\�RQH�FRPPDQG���&KRRVLQJ�D�SRZHU�VXSSO\�WKDW�DOORZV�SUH�ORDGLQJ�RI�ELDV�VXSSO\
YROWDJHV�LQ�D�OLVW��ZKLFK�FDQ�WKHQ�EH�WULJJHUHG�E\�D�VLQJOH�FRPPDQG�VDYHV�YDOXDEOH�WHVW�WLPH�

$Q�DGGLWLRQDO�UHTXLUHPHQW�LV�WKH�GHVLUH�WR�UHSDLU�DQG�UHWHVW�DQ\�VXEDVVHPEO\�ZKLFK�IDLOV�WHVW���,I�WKH�IDLOXUH�LV
FDXVHG�E\�D�VKRUWHG�FRPSRQHQW��KRZHYHU��DQ�H[FHVVLYH�DPRXQW�RI�FXUUHQW�PLJKW�VWDUW�WR�IORZ�DQG�WKH�GF
SRZHU�WR�WKH�VXEDVVHPEO\�PXVW�EH�LPPHGLDWHO\�VKXW�GRZQ�WR�SUHYHQW�GDPDJH�WR�PDMRU�FRPSRQHQWV�DQG
SULQWHG�FLUFXLW�ERDUGV���:H�ZLOO�GLVFXVV�XVH�RI�WKH�DSSURSULDWH�SURWHFWLRQ�IHDWXUHV�VKRUWO\�

)LQDOO\��VXEDVVHPEOLHV�ZLWK�PXOWLSOH�ELDV�LQSXWV�VRPHWLPHV�UHTXLUH�D�SDUWLFXODU�RUGHU�WR�WKH�SRZHULQJ�XS�RI�WKH
ELDV�YROWDJHV��EHFDXVH�RQH�FLUFXLW�QHHGV�WR�EH�SRZHUHG�XS�ILUVW�WR�HQVXUH�WKH�FRUUHFW�RSHUDWLRQ�RI�DQRWKHU
FLUFXLW�
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'&�36�LQ�$7(�$SSOLFDWLRQV
0RGXOH�7HVW�1HHGV

� 8VXDOO\�RQO\�RQH�ELDV�LQSXW

� FRXOG�EH���9GF�RU���9GF�QRPLQDO

� 6XEDVVHPEOLHV�ZKLFK�GR�QRW�SDVV�WHVWV�ZLOO�EH�UHSDLUHG

� ELDV�VXSSOLHV�VKRXOG�WXUQ�RII�LI�GDPDJH�LV�GHWHFWHG

7KH�UHTXLUHPHQWV�IRU�GF�SRZHU�VXSSOLHV�IRU�PRGXOH�WHVW�DUH�D�OLWWOH�GLIIHUHQW�LQ�WKDW�WKH\�JHQHUDOO\�UHTXLUH�RQO\
RQH�ELDV�LQSXW�HLWKHU����YROWV�QRPLQDO�RU����YROWV�QRPLQDO��6R�HLWKHU�WZR�SRZHU�VXSSOLHV�DUH�UHTXLUHG��RU�RQH
YHU\�ODUJH�RQH�RU�RQH�ZLWK�PXOWLSOH�UDQJHV�

7KHUH�LV�QR�GHILQLWLYH�LQGXVWU\�VWDQGDUG�IRU�GF�EXV�YROWDJH�UDQJH���7\SLFDOO\�WKH�DFWXDO�OHYHO�RI�D����YROW�EXV�LV
���YROWV��ZLWK�D�QRUPDO�H[SHFWHG�RSHUDWLQJ�UDQJH�RI����YROWV�WR����YROWV���7\SLFDOO\��WKH�DFWXDO�OHYHO�RI�D���
YROW�GF�EXV�LV����YROWV��ZLWK�D�QRUPDO�H[SHFWHG�RSHUDWLQJ�UDQJH�RI����YROWV�WR����YROWV�

)RU����YROW�V\VWHPV�����YROWV�LV�W\SLFDOO\�FRQVLGHUHG�WKH�ZRUVW�FDVH�ORZ�OLQH�FRQGLWLRQ���)RU����YROW�V\VWHPV����
YROWV�LV�W\SLFDOO\�FRQVLGHUHG�WKH�ZRUVW�FDVH�ORZ�OLQH�FRQGLWLRQ���/RZ�OLQH�LV�WKH�PLQLPXP�GF�ELDV�OHYHO�WKDW�WKH
PRGXOH�RU�VXEDVVHPEO\�LV�VSHFLILHG�WR�RSHUDWH�DW��)RU����YROW�V\VWHPV�����YROWV�LV�W\SLFDOO\�FRQVLGHUHG�WKH
ZRUVW�FDVH�KLJK�OLQH�FRQGLWLRQ�

)RU����YROW�V\VWHPV�����YROWV�LV�W\SLFDOO\�FRQVLGHUHG�WKH�ZRUVW�FDVH�KLJK�OLQH�FRQGLWLRQ��7KHUH�DUH�WZR�UHDVRQV
WR�WHVW�DW�KLJKHU�WKDQ�QRPLQDO�OLQH���)LUVW��FRUUHFW�RSHUDWLRQ�QHHGV�WR�EH�YHULILHG���6HFRQG��WKH�KLJKHU�LQSXW
YROWDJH�PLJKW�DFFHOHUDWH�WKH�IDLOXUH�RI�ZHDN�FRPSRQHQWV

$�WHVW�SODQ�PLJKW�LQFOXGH�UHSHWLWLRQV�RI�VHFWLRQV�RI�WKH�IXQFWLRQDO�WHVWV�DW�D�IHZ�GF�LQSXW�OHYHOV�WR�KDYH�IXOO
FRQILGHQFH�

0RGXOH�WHVW�KDV�WKH�VDPH�UHTXLUHPHQWV�DV�VXEDVVHPEO\�WHVW�IRU�GF�SRZHU�VXSSO\�SURWHFWLRQ�IHDWXUHV��EHFDXVH
WKH�PRGXOHV�ZLOO�DOVR�EH�UHSDLUHG�DQG�UH�WHVWHG�DIWHU�KDYLQJ�IDLOHG�D�WHVW�
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'&�36�LQ�$7(�$SSOLFDWLRQV
0D[LPL]LQJ�3URGXFWLRQ�<LHOG
� 6RPH�VXEDVVHPEOLHV�DQG�PRGXOHV�ZLOO

� IDLO�GXULQJ�PDQXIDFWXULQJ�WHVW

� EH�UHSDLUHG�LI�SRVVLEOH�DQG�UHWHVWHG

� ,I�D�FRPSRQHQW�VKRUWV

� H[FHVVLYH�FXUUHQW�PLJKW�IORZ

� DGGLWLRQDO�GDPDJH�PLJKW�RFFXU

� UHSDLU�FRVW�EHFRPHV�KLJKHU

� GDPDJH�PLJKW�PHDQ�ORVV�RI�WKH�DVVHPEO\

:H�KDYH�WDONHG�DERXW�XVLQJ�VRPH�RI�WKH�EDVLF�IHDWXUHV�RI�DQ�$7(�SRZHU�VXSSO\�IRU�PD[LPXP�IOH[LELOLW\���1RZ
OHWV�WDON�PRUH�DERXW�KRZ�WR�XVH�WKH�SURWHFWLRQ�IHDWXUHV�RI�D�V\VWHP�SRZHU�VXSSO\�WR�DGGUHVV�D�FRPPRQ
PDQXIDFWXULQJ�FRQFHUQ���PD[LPL]H�\RXU�SURGXFWLRQ�\LHOG�

'XULQJ�WKH�WHVWLQJ�SURFHVV��LW�LV�LQHYLWDEOH�WKDW�D�IHZ�VXEDVVHPEOLHV�DQG�PRGXOHV�ZLOO�IDLO�VRPH�DVSHFW�RI�WKHLU
WHVWV��+RSHIXOO\��WKH�IDLOHG�DVVHPEO\�FDQ�EH�UHSDLUHG�VR�WKDW�WKH�YDOXH�RI�WKH�PDWHULDOV�DQG�ODERU�FDQ�EH
VDOYDJHG���+RZHYHU��LI�WKH�IDLOXUH�LQYROYHV�D�VKRUWHG�FRPSRQHQW��H[FHVVLYH�FXUUHQW�PD\�EHJLQ�WR�IORZ�WKURXJK
WKH�DVVHPEO\���7KLV�FXUUHQW�PLJKW�WKHQ�FDXVH�DGGLWLRQDO�GDPDJH��LQFUHDVLQJ�WKH�FRVW�RI�UHSDLU���,Q�VRPH�FDVHV
D�FLUFXLW�ERDUG�FDQ�EH�GDPDJHG�IURP�H[FHVV�KHDW��WR�WKH�SRLQW�RI�PDNLQJ�WKH�DVVHPEO\�XQUHFRYHUDEOH�

)RUWXQDWHO\�WKH�SURSHU�DSSOLFDWLRQ�RI�FXUUHQW�OLPLW�FLUFXLWV�LQ�WKH�SRZHU�VXSSO\�FDQ�SURWHFW�WKH�'87�IURP
FRQVHTXHQWLDO�GDPDJH���7KHUH�DUH�D�QXPEHU�RI�WRROV�LQ�D�JRRG�V\VWHP�SRZHU�VXSSO\�WKDW�WKH�WHVW�HQJLQHHU�FDQ
XWLOL]H�WR�PLQLPL]H�SRWHQWLDO�ORVV�RII�ZRUN�LQ�SURFHVV�



��

%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

'&�36�LQ�$7(�$SSOLFDWLRQV
*RDO��/LPLW�FXUUHQW�IORZLQJ�LQWR�D�IDLOHG�DVVHPEO\

� 7\SHV�RI�FXUUHQW�OLPLW�FRQWUROV�

� )L[HG�FXUUHQW�OLPLW

� 3URJUDPPDEOH�FXUUHQW�OLPLW

� 3URJUDPPDEOH�FXUUHQW�OLPLW�ZLWK�DXWRPDWLF�VKXWGRZQ

� 3URJUDPPDEOH�FXUUHQW�OLPLW�ZLWK�GHOD\HG�VKXWGRZQ

� $FWLYH�GRZQSURJUDPPHU

� 'LVFUHWH�IDXOW�LQGLFDWRU���UHPRWH�LQKLELW

7KHUH�DUH�DFWXDOO\�PDQ\�GLIIHUHQW�DSSURDFKHV�WR�WKLV�SUREOHP��,Q�VRPH�FDVHV��WKH�FRVW�RI�WKH�VXEDVVHPEO\�LV
VXFK�WKDW�LW�LV�QRW�GHHPHG�FRVW�HIIHFWLYH�WR�DWWHPSW�UHSDLU��,Q�WKHVH�VLWXDWLRQV��VRPH�WHVWLQJ�LV�VWLOO�SHUIRUPHG
ZLWK�ELDV�YROWDJHV�SURYLGHG�E\�YHU\�EDVLF�SRZHU�VXSSOLHV��VXFK�DV�IL[HG�RXWSXW�2(0�VXSSOLHV���7KHVH�PD\�RIIHU
RQO\�D�IL[HG�FXUUHQW�OLPLW��ZKHUHDV�PRVW�PRGHUQ�V\VWHP�VXSSOLHV�RIIHU�D�SURJUDPPDEOH�FXUUHQW�OLPLW���$V�ZH
ZLOO�VHH��WKLV�RIIHUV�YHU\�SRRU�SURWHFWLRQ�DJDLQVW�FRQVHTXHQWLDO�GDPDJH�IURP�D�VKRUWHG�FRPSRQHQW�

,I�UHFRYHULQJ�IDLOHG�DVVHPEOLHV�LV�LPSRUWDQW�LQ�\RXU�SURFHVV��WKHQ�LW�LV�LPSRUWDQW�WR�FKRRVH�GF�SRZHU�VXSSOLHV
WKDW�KDYH�WKH�DSSURSULDWH�SURWHFWLRQ�IHDWXUHV��DQG�WKHQ�WR�PDNH�XVH�RI�WKHP�WR�EHVW�DGYDQWDJH���$FWXDOO\�
WKHUH�FDQ�DOVR�EH�VRPH�GLVDGYDQWDJHV�WR�VRPH�RI�WKH�DSSURDFKHV�WKDW�FDQ�FDXVH�SUREOHPV�LQ�QRUPDO�WHVWLQJ�
$QG�ZKHUH�PXOWLSOH�VXSSOLHV�DUH�LQYROYHG�IRU�WHVWLQJ�D�VXE�DVVHPEO\��LW�PD\�EH�QHFHVVDU\�WR�VKXW�GRZQ�DOO
VXSSOLHV�DW�RQFH��RU�LQ�D�SUHVFULEHG�VHTXHQFH���6R��WKHUH�DUH�D�IDLU�DPRXQW�RI�GHWDLOV�WR�FRQVLGHU��IRU�VXFK�DQ
DSSDUHQWO\�VLPSOH�WRSLF�

/HW·V�JR�WKURXJK�D�VLPSOH�H[DPSOH�WKDW�ZLOO�EH�KHOSIXO�WR�LOOXVWUDWH�WKH�GLIIHUHQW�UHVXOWV�ZLWK�HDFK�RI�WKH�DERYH
DSSURDFKHV�



��

%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

'&�36�LQ�$7(�$SSOLFDWLRQV
&XUUHQW�/LPLW�([DPSOH

<RX�DUH�WHVWLQJ�D�VXEDVVHPEO\�ZKLFK�UHTXLUHV���DPSV���WKH�GF�SRZHU
VXSSO\�KDV�D�UDWLQJ�RI����DPSV���7KH�DVVHPEO\�IDLOV�ZLWK�D�VKRUWHG
FRPSRQHQW

:KDW�KDSSHQV"

� �)L[HG�&XUUHQW�/LPLW�������DPSV�IORZ

� �3URJUDPPDEOH�&XUUHQW�/LPLW������DPSV�IORZ

� �3URJUDPPDEOH�/LPLW�Z�$XWRPDWLF�6KXWGRZQ�����DPSV�IORZ�
�WKHQ�LPPHGLDWHO\�]HUR�DPSV�IORZ��

,Q�WKLV�H[DPSOH��ZH�DUH�WHVWLQJ�D�VXEDVVHPEO\�ZKLFK�QRUPDOO\�GUDZV�XS�WR���DPSV�PD[LPXP���7KH�SRZHU
VXSSO\�ZH�DUH�XVLQJ�KDV�D�PD[LPXP�FXUUHQW�FDSDELOLW\�RI����DPSV�

&RQVLGHU�ZKDW�KDSSHQV�ZKHQ�D�PDMRU�FRPSRQHQW�RQ�WKH�DVVHPEO\�VKRUWV���7KH�FXUUHQW�EHJLQV�WR�LQFUHDVH
UDSLGO\��:KDW�ZLOO�KDSSHQ�QH[W"

,I�WKH�SRZHU�VXSSO\�KDV�RQO\�D�IL[HG�FXUUHQW�OLPLW��WKH�PD[LPXP�RXWSXW�FXUUHQW�RI�WKH�VXSSO\�ZRXOG�EH���
DPSV��RU�VOLJKWO\�KLJKHU�WKDQ�WKH�UDWHG�YDOXH���7KLV�FXUUHQW�ZLOO�FRQWLQXH�IORZLQJ�XQWLO�WKH�SRZHU�VXSSO\�LV
WXUQHG�RII�RU�GLVFRQQHFWHG���*HQHUDOO\�RQO\�WKH�PRVW�EDVLF�SRZHU�VXSSO\�KDV�WKLV�W\SH�RI�FXUUHQW�OLPLW�

:LWK�D�YDULDEOH�FXUUHQW�OLPLW��\RX�FDQ�VHW�WKH�FXUUHQW�DW�WKH�DSSURSULDWH�OHYHO�IRU�WKH�VSHFLILF�DVVHPEO\�EHLQJ
WHVWHG���6R��LQ�WKLV�FDVH�ZH�PLJKW�VHW�LW�IRU���DPSV��RU�PD\EH�D�OLWWOH�KLJKHU�WR�DOORZ�VRPH�PDUJLQ����3HUKDSV
\RX�PLJKW�XVH�����DPSV�WR�DOORZ�IRU�YDULDWLRQV�LQ�WROHUDQFH�RI�FRPSRQHQWV��KRZHYHU���ZH·OO�VWLFN�ZLWK���YROWV
WR�NHHS�WKH�QXPEHUV�VLPSOH����7KHQ��ZKHQ�D�FRPSRQHQW�VKRUWV��WKDW�ORZHU�YDOXH�RI�FXUUHQW�ZRXOG�FRQWLQXH�WR
IORZ�XQWLO�WKH�SRZHU�VXSSO\�LV�HLWKHU�WXUQHG�RI�RU�GLVFRQQHFWHG�

,I�\RXU�SRZHU�VXSSO\�KDV�D�SURJUDPPDEOH�FXUUHQW�OLPLW�ZLWK�DXWRPDWLF�VKXWGRZQ��DQG�\RX�HQDEOH�LW��WKHQ
ZKHQ�WKH�FRPSRQHQW�VKRUWV��WKH�FXUUHQW�FRXOG�VWLOO�LQFUHDVH�WR���DPSV���%XW�QRZ��DV�VRRQ�DV���DPSV�LV
UHDFKHG��WKH�SURWHFWLRQ�IHDWXUH�ZRXOG�WULS��DQG�WKH�SRZHU�VXSSO\�ZRXOG�SURJUDP�GRZQ�WR�]HUR�YROWV��TXLFNO\
UHGXFLQJ�WKH�FXUUHQW�WR�WKH�IDLOHG�DVVHPEO\���7KLV�DXWRPDWLF�VKXWGRZQ�IHDWXUH�FDQ�SURWHFW�WKH�DVVHPEO\�XQGHU
WHVW�IURP�H[WHQGHG�GDPDJH�GXH�WR�FRQWLQXRXV�FXUUHQW�IORZ���6RPHWLPHV�WKLV�W\SH�RI�FXUUHQW�OLPLW�LV�FDOOHG
2YHU�FXUUHQW�3URWHFWLRQ��VLPLODU�WR�2YHU�YROWDJH�SURWHFWLRQ���RU�LQ�VRPH�FDVHV��&XUUHQW�)ROG�EDFN�
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$JLOHQW�5HVWULFWHG 3DJH���

'&�36�LQ�$7(�$SSOLFDWLRQV
&XUUHQW�/LPLW��([DPSOH��FRQWLQXHG

� 3URJUDPPDEOH�FXUUHQW�OLPLW�ZLWK�GHOD\HG�VKXWGRZQ�

� LQUXVK�FXUUHQW�FDQ�FDXVH�XQZDQWHG�WULSSLQJ�RI�VKXWGRZQ

� DOORZV�WKH�FXUUHQW�OLPLW�WR�EH�VHW�WLJKWHU�IRU�PRVW�RI�WKH�WHVW

� H[DPSOH��VHW�D����PV�GHOD\

� QRW�QHFHVVDU\�IRU�VRPH�VXEDVVHPEOLHV�DQG�PRGXOHV

1RZ�OHWV�ILQH�WXQH�RXU�SURWHFWLRQ�VWUDWHJ\�

$W�SRZHU�XS��VRPH�DVVHPEOLHV�H[KLELW�D�SKHQRPHQRQ�FDOOHG�LQUXVK�FXUUHQW���7KLV�PHDQV�WKDW�XSRQ�LQLWLDO�WXUQ�
RQ��WKH�FXUUHQW�LQWR�WKH�DVVHPEO\�LV�VLJQLILFDQWO\�KLJKHU�WKDQ�LW�ZLOO�EH�XQGHU�QRUPDO�RSHUDWLRQ���7KLV�LV�FDXVHG
PRVWO\�E\�WKH�QHHG�WR�FKDUJH�ILOWHU�FDSDFLWRUV�DW�WKH�LQSXW�WR�WKH�DVVHPEO\��LQWHQGHG�WR�UHGXFH�YROWDJH�VSLNHV�
HWF�

,I�\RX�KDYH�VHW�\RXU�FXUUHQW�OLPLW�FORVH�WR�\RXU�QRUPDO�FXUUHQW�GHPDQG��WKHQ�WKH�LQUXVK�FXUUHQW�PLJKW�WULS�WKH
2YHU�FXUUHQW�3URWHFWLRQ���6LQFH�WKLV�ZLOO�LQWHUUXSW�WKH�WHVW��ZH�QHHG�D�ZD\�WR�GHOD\�WKH�RQVHW�RI�FXUUHQW�IROG�
EDFN���<RX�FDQ�PHDVXUH�WKH�GHOD\�HPSLULFDOO\��RU�\RX�FRXOG�FDOFXODWH�LW�NQRZLQJ�WKH�VL]H�RI�WKH�FDSDFLWRU�DQG
WKH�YDOXH�RI�WKH�FXUUHQW�OLPLW�VHWWLQJ��IURP�W� ��&9��,�

0DQ\�V\VWHP�SRZHU�VXSSOLHV�DOORZ�MXVW�VXFK�D�GHOD\�WR�EH�VHW��XVXDOO\�SURJUDPPHG�LQ�PLOOLVHFRQGV���$IWHU�WKLV
GHOD\�WLPH�WKH�2YHU�FXUUHQW�3URWHFWLRQ�IHDWXUH�ZLOO�WKHQ�WDNH�DIIHFW���7KLV�DOORZV�WLPH�IRU�WKH�QRUPDO�LQUXVK
FXUUHQW�WR�VXEVLGH���7KXV��\RX�FDQ�DFFRPPRGDWH�WKH�LQUXVK�FXUUHQW��DQG�VWLOO�KDYH�D�WLJKW�FXUUHQW�OLPLW�LQ�HIIHFW
WR�SURWHFW�FLUFXLWU\�LQ�WKH�'87�
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$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

'&�36�LQ�$7(�$SSOLFDWLRQV
&XUUHQW�/LPLW��([DPSOH��FRQWLQXHG

$FWLYH�GRZQSURJUDPPHU�

� PRVW�GF�SRZHU�VXSSOLHV�KDYH�FDSDFLWRUV�DW�WKHLU�RXWSXW

� RXWSXW�FDSDFLWRUV�FRXOG�GLVFKDUJH�LQWR�\RXU�'87

� DFWLYH�GRZQSURJUDPPHU�GUDZV�WKH�HQHUJ\�RXW�DQG�PLQLPL]HV
KRZ�PXFK�WKH�'87�UHFHLYHV

� VSHHGV�QRUPDO�GRZQSURJUDPPLQJ��VR�LW�LQFUHDVHV�WHVW
WKURXJKSXW�WRR�

$V�D�QRUPDO�SDUW�RI�WKH�GHVLJQ��PRVW�GF�SRZHU�VXSSOLHV�KDYH�VLJQLILFDQW�VL]H�FDSDFLWRUV�DW�WKHLU�RXWSXW�WR
SURYLGH�WKH�ORZHVW�SRVVLEOH�QRLVH���6R�ZKHQ�D�IDLOXUH�RFFXUV��WKDW�WULJJHUV�WKH�FXUUHQW�OLPLW��DQG�WKH�SRZHU
VXSSO\�RXWSXW�LV�SURJUDPPHG�WR�]HUR�YROWV��WKH�HQHUJ\�LQ�WKH�RXWSXW�FDSDFLWRU�ZLOO�FRQWLQXHV�WR�IORZ�LQWR�WKH
'87�XQWLO�WKH�FDSDFLWRU�LV�GLVFKDUJHG�WR���YROWV���&OHDUO\��WKLV�GHOD\V�WKH�FRPSOHWH�VKXWGRZQ�RI�WKH�SRZHU�WR
WKH�'87�

$FWLYH�GRZQSURJUDPPLQJ�FDQ�GUDPDWLFDOO\�UHGXFH�WKH�WLPH�UHTXLUHG�WR�EULQJ�WKH�RXWSXW�WR���YROWV���,W�LV
DFFRPSOLVKHG�E\�D�FLUFXLW�LQ�WKH�SRZHU�VXSSO\�WKDW�EOHHGV�RII�WKLV�HQHUJ\���%\�WKH�ZD\��WKLV�HQHUJ\�FRXOG�FRPH
IURP�HLWKHU�WKH�SRZHU�VXSSO\�RXWSXW�FDSDFLWRU�25�WKH�'87·V�LQSXW�FDSDFLWRU����7KLV�ZLOO�PLQLPL]H�WKH�DPRXQW
RI�HQHUJ\�WKDW�ZRXOG�EH�GXPSHG�LQWR�WKH�IDLOHG�DVVHPEO\���1RWH�WKDW�WKHUH�LV�QR�ZD\�WR�FRPSOHWHO\�DYRLG
VRPH�HQHUJ\�WUDQVIHUULQJ�LQWR�D�VKRUWHG�'87

7KLV�GRZQSURJUDPPHU�FLUFXLWU\�LV�QRW�D�IHDWXUH�WKDW�QHHGV�WR�EH�HQDEOHG���LI�WKH�SRZHU�VXSSO\�KDV�WKLV
FDSDELOLW\��LW�LV�DOZD\V�LQ�RSHUDWLRQ�

$QRWKHU�YDOXDEOH�IHDWXUH�RI�WKLV�GRZQSURJUDPPHU�FLUFXLW�LV�WKDW�LW�DOVR�KHOSV�WKH�SRZHU�VXSSO\�WR�PDNH
QHJDWLYH�JRLQJ�YROWDJH�WUDQVLWLRQV�IDVWHU��GXULQJ�QRUPDO�WHVWLQJ���7KLV�FDQ�VLJQLILFDQWO\�GHFUHDVH�WHVW�WLPH�
WKHUHE\�LQFUHDVLQJ�RYHUDOO�WKURXJKSXW�
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'&�36�LQ�$7(�$SSOLFDWLRQV
,QKLELW��,1+����)$8/7��)/7�

��)RU�PXOWLSOH�ELDV�LQSXW�VXEDVVHPEOLHV��LI�RQH�ELDV�VXSSO\�VHQVHV�D�IDLOXUH�
��DOO�VKRXOG�EH�VKXW�GRZQ

��77/�,QSXW�2XWSXW

��)DXOW�GHILQLWLRQ�GHILQHG�E\�V\VWHP�FRQWUROOHU�DW�VHW�XS

+S

+

-

-S

Load

A

1
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+

-
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Load
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1
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3

FLT
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Power Supply A Power Supply B

+S

+

-

-S

Load

C

1

2

4

3

FLT

INH

Power Supply C

'DLV\�&KDLQ�RI�7KUHH�3RZHU�6XSSOLHV�IRU�(PHUJHQF\�6KXWGRZQ

/HWV�FRPSOHWH�RXU�H[DPSOH���(DUOLHU��ZH�KDG�PHQWLRQHG�WKDW�WKHUH�ZRXOG�OLNHO\�EH�PXOWLSOH�YROWDJHV�IRU
VXEDVVHPEO\�WHVW���,W�ZRXOG�EH�XQZLVH�WR�OHDYH�RWKHU�VXSSOLHV�SRZHULQJ�XS�WKH�'87��LI�D�IDLOXUH�WKDW�WULJJHUHG
2YHU�FXUUHQW�SURWHFWLRQ�ZDV�GHWHFWHG�RQ�RQH�RXWSXW��,W�UHDOO\�ZRXOG�EH�EHVW�LI�DOO�WKH�SRZHU�VXSSOLHV�FRXOG�EH
DXWRPDWLFDOO\�SURJUDPPHG�WR���YROWV�LQ�WKLV�FDVH�

6R��OHW·V�FRQVLGHU�D�VXEDVVHPEO\�ZKLFK�ZH�DUH�WHVWLQJ�DFWXDOO\�KDV�7+5((��ELDV�YROWDJHV��QRW�MXVW�RQH�RQH�
:KHQ�D�FRPSRQHQW�VKRUWV��DQG�FDXVHV�RQH�RI�WKH�WKUHH�ELDV�SRZHU�VXSSOLHV�WR�JR�LQWR�FXUUHQW�OLPLW��ZH�ZDQW
WR�XVH�LWV�2YHU�FXUUHQW�SURWHFWLRQ�WULS�DV�D�VLJQDO�WR�IHHG�WR�RWKHU�RXWSXWV�

7KLV�FDQ�EH�HDVLO\�GRQH�LI�\RX�XVH�SRZHU�VXSSOLHV�ZLWK�GLJLWDO�,�2�FRQQHFWLRQV�WKDW�SURYLGH�D�5(027(�,1+,%,7
LQSXW�DQG�D�',6&5(7(�)$8/7�,1',&$725�RXWSXW�VLJQDO���5,�'),����8VLQJ�WKHVH�FRQQHFWLRQV��WKH�SRZHU�VXSSO\
ZKLFK�H[KLELWV�WKH�SUHGHILQHG�HUURU�FRQGLWLRQ�DFWLYDWHV�LW·V�'),�OLQH���7KLV�LV�WKHQ�FRQQHFWHG�WR�WKH�QH[W�SRZHU
VXSSO\·V�)$8/7�,1+,%,7�LQSXW��DQG�WKH�VHFRQG�SRZHU�VXSSOLHV�'),���7KLV�VFKHPH�LV�FRQWLQXHG�WR�FRQQHFW�DOO�RI
WKH�SRZHU�VXSSO\·V�LQ�D�GDLV\�FKDLQ�

$V�\RX�FDQ�VHH��WKH�VLJQDO�ZLOO�TXLFNO\�SDVV�DURXQG�WR�DOO�WKH�SRZHU�VXSSOLHV���2I�FRXUVH��\RX�PXVW�SURJUDP�WKH
GHILQLWLRQ�RI�ZKDW�FRQGLWLRQ�ZLOO�FRQVWLWXWH�D�'LVFUHWH�)DXOW�,QGLFDWRU�RXWSXW��ZLWK�WKH�V\VWHP�FRQWUROOHU�GXULQJ
V\VWHP�VHW�XS���DQG�DIWHU�D�SRZHU�IDLOXUH��

7KLV�LQSXW�FDQ�DOVR�EH�XVHG�ZLWK�DQ\�H[WHUQDO�77/�VLJQDO���)RU�H[DPSOH��DV�D�VDIHW\�IHDWXUH�LQ�WKH�WHVW�VHW��\RX
PD\�ZDQW�WR�SURJUDP�WKH�SRZHU�VXSSOLHV�GRZQ�LI�VRPHRQH�RSHQV�WKH�WHVW�UDFN�GRRU��7KLV�W\SH�RI
FRQILJXUDWLRQ�FDQ�HDVLO\�EH�LPSOHPHQWHG�XVLQJ�DQ�DSSURSULDWH�PLFUR�VZLWFK���$V�DQRWKHU�H[DPSOH��LI�WKH
WHPSHUDWXUH�LQ�WKHQ�UDFN�ZHUH�WR�H[FHHG�D�VDIH�OHYHO�GXH�WR�IDLOXUH�RI�D�FRROLQJ�IDQ��WKH�5,�'),�IHDWXUH�FRXOG
EH�XVHG�WR�VKXWGRZQ�WKH�RXWSXWV�WR�WKH�'87�DQG�LQWHUUXSW�WKH�WHVW�
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'&�36�LQ�$7(�$SSOLFDWLRQV
:KHQ�VKRXOG�FXUUHQW�OLPLW�SURWHFWLRQ�EH�XVHG"

� 3UREDELOLW\�RI�IDLOXUH�GHFUHDVHV�DV�WKH�EDVH�VWDWLRQ�LQWHJUDWLRQ
SURFHVV�SURFHHGV

� 5HJUHW�RI�IDLOXUH�LQFUHDVHV

�����6R�FXUUHQW�OLPLW�SURWHFWLRQ�VKRXOG�EH�WDNHQ�LQWR
DFFRXQW�DW�DOO�VWDJHV�RI�WKH�PDQXIDFWXULQJ�SURFHVV�

:KHQ�LQ�WKH�PDQXIDFWXULQJ�SURFHVV�LV�LW�DSSURSULDWH�WR�FRQVLGHU�FXUUHQW�OLPLWLQJ"

,W�LV�PXFK�PRUH�OLNHO\�WR�KDYH�VXFK�D�FRPSRQHQW�IDLOXUH�LQ�WKH�HDUO\�SKDVHV�RI�SURGXFW�LQWHJUDWLRQ��VXFK�DV
VXEDVVHPEO\�WHVW��$V�VXEDVVHPEOLHV�DUH�FRPELQHG�LQWR�PRGXOHV��DQG�PRGXOHV�FRPELQHG�LQWR�WKH�ILQDO�EDVH
VWDWLRQ��FRQILGHQFH�LQ�WKH�FRUUHFW�RSHUDWLRQ�RI�WKH�HOHFWURQLFV�LQFUHDVHV�ZLWK�HDFK�VWHS���6R�DV�WKH�EDVH�VWDWLRQ
FRPSRQHQWV�VWHS�WKURXJK�WKH�PDQXIDFWXULQJ�SURFHVV��WKH\�DUH�OHVV�OLNHO\�WR�KDYH�D�IDLOXUH�WKDW�ZRXOG�FDXVH
H[FHVVLYH�FXUUHQW�WR�IORZ���+RZHYHU��WKH�UHJUHW�IDFWRU�RI�VXFK�D�IDLOXUH�DQG�WKH�SRWHQWLDO�H[SHQVH�DVVRFLDWHG
ZLWK�UHSDLU�RI�VXFK�D�IDLOXUH�JURZV�UDSLGO\�GXH�WR�WKH�H[WUD�SURFHVV�WLPH�DQG�PDWHULDO�LQYHVWHG�DV�WKH�SURGXFW
JHWV�FORVHU�WR�FRPSOHWLRQ�

�)RU�WKLV�UHDVRQ��LW�LV�DGYLVDEOH�WR�XWLOL]H�FXUUHQW�OLPLWLQJ�HIIHFWLYHO\�LQ�DOO�VWDJHV�RI�WKH�PDQXIDFWXULQJ�SURFHVV�
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'&�36�LQ�$7(�$SSOLFDWLRQV
)OH[LELOLW\�IRU�6XEDVVHPEO\�7HVW

� �����$�0RGXODU�3RZHU�6\VWHP

� 8S�WR�HLJKW�����ZDWW�PRGXOHV

� 3RODULW\�UHYHUVDO�GLVFRQQHFW�UHOD\V

� 3URWHFWLRQ�IHDWXUHV�WR�EULQJ�GRZQ�ELDV�IDVW�LQ�WKH�HYHQW�RI�D�IDLOXUH

� 2XWSXW�VHTXHQFLQJ

� VLPXOWDQHRXV�RU�ZLWK�VSHFLILHG�GHOD\V

� UHGXFH�WHVW�WLPH�ZLWK�/LVW�IHDWXUH

� GRZQORDG�SRZHU�VXSSO\�SDUDPHWHUV

/HWV�WDNH�D�EULHI�ORRN�DW�VRPH�$JLOHQW�GF�SRZHU�VXSSOLHV�WKDW�DUH�ZHOO�VXLWHG�WR�WKH�QHHGV�RI�WKH�IOH[LEOH
PDQXIDFWXULQJ�WHVW�V\VWHP�SODWIRUP�

)RU�D�WHVW�V\VWHP�WKDW�PXVW�WHVW�D�ZLGH�YDULHW\�RI�PXOWLSOH�LQSXW�DVVHPEOLHV��WKH�$JLOHQW������$�LV�D�JRRG
PDWFK��<RX�FDQ�FRQILJXUH�WKH�PDLQIUDPH�ZLWK�XS�WR�HLJKW�����ZDWW�GF�SRZHU�VXSSO\�PRGXOHV���0RGXOHV�FDQ
EH�DGGHG�DW�DQ\�WLPH

7KHUH�DUH�DOVR�SRODULW\�UHYHUVDO�DQG�GLVFRQQHFW�UHOD\V�

7KH������$�036�DOVR�SURYLGHV�H[WHQVLYH�SURWHFWLRQ�IHDWXUHV�

7KH�SRZHU�VXSSO\�RXWSXWV�FDQ�EH�FRQWUROOHG�VHSDUDWHO\�RU�WRJHWKHU��DQG�VHTXHQFHG�WR�WXUQ�RQ�VLPXOWDQHRXVO\
RU�ZLWK�SURJUDPPHG�GHOD\V�

7HVW�WLPH�FDQ�EH�PLQLPL]HG�XVLQJ�WKH�/LVW�IHDWXUH�RI�WKH������$���7KH�RXWSXW�YROWDJH�OHYHOV��FXUUHQW�OLPLWV�
DQG�RWKHU�SDUDPHWHUV�FDQ�EH�GRZQORDGHG�WR�HDFK�SRZHU�VXSSO\�PRGXOH���7KH�/LVW�FDQ�EH�VWHSSHG�WKURXJK
HLWKHU�EDVHG�XSRQ�SUHORDGHG�GZHOO�WLPHV��RU�ZLWK�RQH�WULJJHU�FRPPDQG���7KH�EHQHILW�RI�XVLQJ�WKH�/LVW�IHDWXUH
LV�WKDW�WKHUH�LV�QR�FRPPDQG�SURFHVVLQJ�WLPH�DQG�PLQLPDO�FRPSXWHU�LQWHUDFWLRQ�GXULQJ�WHVW�UXQ�WLPH��VDYLQJ
YDOXDEOH�WHVW�WLPH�
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� *HWWLQJ�IXOO�SRZHU�DW�WZR�GLIIHUHQW�YROWDJHV�

� WZR�SRZHU�VXSSOLHV

� RQH�ZLWK�WZR�UDQJHV

� DQ�DXWRUDQJLQJ�SRZHU�VXSSO\

� 7KH�����$������:DWW�$XWRUDQJLQJ
3RZHU�6XSSO\�

� RIIHUV�IXOO�SRZHU�DW�DQ\�YROWDJH
EHWZHHQ����DQG����YROWV

'&�36�LQ�$7(�$SSOLFDWLRQV
)OH[LELOLW\�IRU�0RGXOH�7HVW

1000 W atts

  17.5A 50A

60 V

20V

:KHQ�RQO\�RQH�ELDV�LQSXW�LV�QHFHVVDU\��EXW�WKH�V\VWHP�PXVW�EH�DEOH�WR�SURYLGH�IRU�GLIIHUHQW�YROWDJHV�IRU�HDFK
LWHP�WR�EH�WHVWHG��VXFK�DV�WKH����RU����YROW�PRGXOHV�XVHG�LQ�EDVH�VWDWLRQV��\RX�PLJKW�EX\�PXOWLSOH�SRZHU
VXSSOLHV��RU�RQH�YHU\�ODUJH�RQH���2U�LI�D�SRZHU�VXSSO\�ZLWK�PXOWLSOH�UDQJHV�SURYLGHG�WKH�QHHGHG�UDWLQJV��WKDW
ZRXOG�ZRUN�

%XW�D�PRUH�IOH[LEOH�VROXWLRQ�LV�DXWRUDQJLQJ��7KLV�H[DPSOH�KHUH�ZRXOG�XVH�WKH������ZDWW�����$��ZKLFK�ZRXOG
ZRUN�ZHOO�IRU�ERWK�WKH����YROW�DQG����YROW�EDVH�VWDWLRQ�PRGXOHV��7KLV�W\SH�RI�RXWSXW�FKDUDFWHULVWLF�DOORZV�IRU
IXOO�SRZHU�WR�EH�GUDZQ�DW�DQ\�YROWDJH�EHWZHHQ����DQG����YROWV���7KLV�DFFRPPRGDWHV�WKH�IXOO�UDQJH�RI�OLPLW
WHVWLQJ�UHTXLUHG�IRU�WRGD\·V�EDVH�VWDWLRQV��DQG�RWKHU�SURGXFWV��DV�ZHOO��
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$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

%DFN�WR�%DVLFV�RI�3RZHU�3URGXFWV
$JHQGD
� ,QWURGXFWLRQ

� &KDUDFWHULVWLFV�RI�'&�SRZHU�VXSSO\

� +RZ�WR�FKRRVH"

� +RZ�WR�XVH"

� 'LJLWDO�&HOO�3KRQH�7HVW

� '&�3RZHU�6XSSOLHV�LQ�$7(�$SSOLFDWLRQV��%DVH�6WDWLRQ�

� '&�&KDUJHU�7HVW�ZLWK�$&�6RXUFH�DQG�'&�ORDG

� )XUWKHU�LQIRUPDWLRQ
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%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

&KDUJHU�7HVWLQJ
8VLQJ�3RZHU�3URGXFWV�WR�7HVW�&KDUJHUV

� &KDUJHUV�DUH��IXQGDPHQWDOO\��&RQVWDQW�&XUUHQW��&&��DF�GF�SRZHU
VRXUFHV

� 7KH\�FDQ�EH�´VPDUWµ��LQFOXGHV�EDWWHU\�VHQVH�DQG�FRQWURO��RU�EDVLF

� )XQFWLRQDO�WHVW�JRDOV�DUH�IRFXVHG�RQ�HQVXULQJ�WKH�FKDUJHU�

� RSHUDWHV�SURSHUO\�IRU�ZRUOVZLGH�DF�PDLQV�FRQGLWLRQV�
��������9��������+]

� SURYLGHV�WKH�DSSURSULDWH�FXUUHQW�IRU�HDFK�FKDUJH�VWDWH�RI�WKH
EDWWHU\

2ULJLQDOO\��EDWWHU\�FKDUJHUV�ZHUH�OLWWOH�PRUH�WKDQ�UHFWLILHU�ILOWHU�DVVHPEOLHV�ZLWK�VRPH�VLPSOH�LQWHUQDO�FLUFXLWV
WR�OLPLW�WKH�PD[LPXP�YROWDJH�DQG�FXUUHQW���+RZHYHU��WRGD\·V�LQFUHDVLQJO\�PRELOH�VRFLHW\�KDV�JLYHQ�ULVH�WR��D
EHZLOGHULQJ�DUUD\�RI�PRELOH��FRUGOHVV��SRUWDEOH�GHYLFHV�WR�PDNH�RXU�OLYHV�HDVLHU�DQG�PRUH�SURGXFWLYH���$OPRVW
DV�XELTXLWRXV�DV�WKH�UHPRWH�FRQWURO�GHYLFHV�IRU�FRQWUROOLQJ�HQWHUWDLQPHQW�HTXLSPHQW��LV�WKH�FKDUJHU�ZKLFK�LV
QHHGHG�WR�UH�FKDUJH�WKH�EDWWHULHV�LQ�WKLV�SRUWDEOH�HTXLSPHQW��DQG�LQ�VRPH�FDVHV�WR�HQDEOH�RSHUDWLRQ�RQ�WKH�$&
OLQH�ZKHQ�LW�LV�DYDLODEOH�

7R�JDLQ�D�FRPSHWLWLYH�DGYDQWDJH��PDQXIDFWXUHUV�KDYH�VRXJKW�PHWKRGV�WR�FKDUJH�EDWWHULHV�IDVWHU��DQG�RI
FRXUVH�PRUH�VDIHO\���1R�PDQXIDFWXUHU�ZDQWV�WR�EH�UHVSRQVLEOH�IRU�FDXVLQJ�´UDSLG�EDWWHU\�GLVDVVHPEO\µ��EHWWHU
NQRZQ�DV�DQ�´H[SORVLRQµ���$V�D�UHVXOW��´�VPDUW�µ�FKDUJHUV�KDYH�EHHQ�GHYHORSHG�WKDW�FDQ�GHWHFW�ZKHQ�WKH
EDWWHU\�LV�IXOO\�FKDUJHG���)RU�FKDUJHUV�ZLWKRXW�EXLOW�LQ�FLUFXLWU\��WKH�QHHGV�WR�FKDQJH�WR�D�GLIIHUHQW�PRGHV��VXFK
DV��WULFNOH�RU�FXW�RII�PRGH��LV�VHQVHG�YLD�D�FRQWURO�OLQH�ZKLFK�PRQLWRUV�FKDUJH�OHYHO�RU�WHPSHUDWXUH�RI�WKH
EDWWHU\�SDFN�

7RGD\·V�FKDUJHUV�DUH�PRUH�OLNHO\�WR�EH�VPDOO�KLJK�IUHTXHQF\�VZLWFKLQJ�SRZHU�VXSSOLHV�ZLWK�&9�DQG�&&�PRGHV
RI�RSHUDWLRQ���7KH\�DOVR�SURYLGH�DXWRPDWLF�$&�OLQH�UDQJLQJ�RYHU�WKH�IXOO�ZRUOGZLGH�UHTXLUHPHQWV�RI�YROWDJH�DQG
IUHTXHQF\���7KLV�UHSUHVHQWV�DGGLWLRQDO�FDSDELOLW\�WKDW�FDQ�EH�WHVWHG�XVLQJ�V\VWHP�SRZHU�SURGXFWV�
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%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

&KDUJHU�7HVWLQJ
6SHFLILF�7HVW�5HTXLUHPHQWV

� )XOO�&KDUJH�7HVW

� 7HVWV�FKDUJHU
V�IXOO�RXWSXW�FKDUJH�FXUUHQW�

� 7ULFNOH�&KDUJH�7HVW

� 7HVWV�FKDUJHU
V�WULFNOH�FKDUJH�RU�FKDUJH�FXWRII�RXWSXW�FXUUHQW

� 6WDUW�8S�7HVW

� 7HVWV�FKDUJHU
V�DELOLW\�WR�WXUQ�RQ�ZLWK�D�ORDG�DOUHDG\�LQ�SODFH

� 6KRUWHG�%DWWHU\�7HVW

� 7HVW�FKDUJHU
V�DELOLW\�WR�OLPLW�LWV�IXOO�RXWSXW�FKDUJH�FXUUHQW�WR�D
VDIH�OHYHO�ZKHQ�FRQQHFWHG�WR�D�VKRUWHG�EDWWHU\

7KHUH�DUH�VHYHUDO�FRQGLWLRQV�WKDW�WKH�PDQXIDFWXUHU�QHHGV�WR�WHVW�

)XOO�&KDUJH�7HVW

0DQXIDFWXUHUV�QHHG�WR�WHVW�WKH�FKDUJHU�WR�UHJXODWH�FXUUHQW���'XULQJ�IXOO�ORDG�WHVWLQJ��WKH�ORDG�HPXODWHV�WKH
ORZHU�FRQVWDQW�YROWDJH��&9��FKDUDFWHULVWLF�RI�D�ORZ�GLVFKDUJHG�EDWWHU\�

7ULFNOH�&KDUJH�7HVW

+HUH�WKH�ORDG�HPXODWHV�WKH�KLJKHU�FRQVWDQW�YROWDJH�FKDUDFWHULVWLF�RI�D�IXOO\�FKDUJHG�EDWWHU\��:KHQ�D�EDWWHU\
UHDFKHV�LWV�IXOO\�FKDUJHG�YROWDJH���7KH�FKDUJHU�NQRZV�WR�FXW�EDFN�VR�WKDW�LW�ZRQ·W�GDPDJH�WKH�EDWWHU\�

6WDUW�8S�7HVW

,Q�WKLV�WHVW��WKHUH�LV�D�QHHG�WR�HPXODWH�WKH�ORDGLQJ�RI�D�IXOO\�RU�RYHU�GLVFKDUJHG�EDWWHU\�ZLWK�UHVLVWLYH�ORDGLQJ�
7KH�VWDUW�XS�WHVW�LV�D�GHVLUHG�E\�PDQ\�PDQXIDFWXUHUV�

6KRUWHG�%DWWHU\�7HVW

7KH�ORDG�HPXODWHV�WKH�YHU\�ORZ�UHVLVWDQFH�RI�D�EDWWHU\���0DQXIDFWXUHUV�ZLOO�HLWKHU�VKRUW�DQ�HOHFWURQLF�ORDG�RU
SODFH�WKH�ORDG�LQ�&5�PRGH�WR�WHVW�FKDUJHU�
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&KDUJHU�7HVWLQJ
7HVW�6HW�&RQILJXUDWLRQ

� 5HTXLUHV�FRQWURO�RI�WKH�$&�LQSXW�YROWDJH��IUHTXHQF\��DQG�ZDYHIRUP

� 5HTXLUHV�DQ�(OHFWURQLF�/RDG�WKDW��FDQ�RSHUDWH�LQ�PXOWLSOH�PRGHV

DM M Current

M easurem ent
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:KHQ�ZH�FRYHUHG�WHVWLQJ�PRELOH�SKRQHV��ZH�GLVFXVVHG�XVLQJ�VSHFLDO�IHDWXUHV�RI�WKH�SRZHU�VXSSO\�WR�WHVW
FLUFXLWU\�LQ�WKH�SKRQH�WKDW�PRQLWRUV�DQG�FRQWUROV�WKH�EDWWHU\�FKDUJLQJ�SURFHVV���+RZHYHU��LQ�WHVWLQJ�D�FKDUJHU�
ZH�QHHG�D�GHGLFDWHG�HOHFWURQLF�ORDG�WR�SURYLGH�VXLWDEOH�ORDGLQJ�IRU�WKH�FKDUJHU�FXUUHQW���%RWK�DQ�H[SDQGHG
UDQJH�RI�9�,�FKDUDFWHULVWLFV�DQG�D�PRUH�FRPSOHWH�VHW�RI�RSHUDWLQJ�PRGHV�DUH�UHTXLUHG�

$OVR�DQ�$&�VRXUFH�LV�QHHGHG�WR�SURYLGH�FRQWUROOHG�LQSXW�SRZHU�WR�WKH�FKDUJHU�

:KLOH�WKH�GLDJUDP�DERYH�VKRZV�WKH�XVH�RI�'00V�IRU�PHDVXUHPHQWV��KRZHYHU�WKHVH�PHDVXUHPHQW�QHHGV�FDQ
EH�PHW�LQ�PRVW�FDVHV�ZLWK�WKH�LQWHUQDO�PHDVXUHPHQW�FDSDELOLWLHV�RI�WKH�$&�VRXUFH�DQG�(OHFWURQLF�/RDG�

/HW·V�H[SORUH�VRPH�RI�WKH�EDVLFV�RI�HDFK�RI�WKHVH�W\SHV�RI�SRZHU�SURGXFWV�LQ�WKH�FRQWH[W�RI�WKLV�DSSOLFDWLRQ�
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%DFN�WR�%DVLFV���3RZHU�3URGXFWV
$SULO���������

$JLOHQW�5HVWULFWHG 3DJH���

&KDUJHU�7HVWLQJ
3RZHULQJ�WKH�FKDUJHU��ZLWK�DQ�$&�6RXUFHV

� $&�VRXUFHV�VLPXODWH�ZKDW�FRPHV�RXW�RI�DQ�DF�RXWOHW��EXW�ZLWK
WKH�DELOLW\�WR�FRQWURO�YDULRXV�SDUDPHWHUV��H�J��9UPV�DQG
IUHTXHQF\�

� 7KH�PRVW�VRSKLVWLFDWHG�DF�VRXUFHV�DOORZ�WKH�XVHU�WR«

� VLPXODWH�´UHDO�OLIHµ�DF�PDLQV�GLVWXUEDQFHV�WKDW�FDQ�DIIHFW
WKH�RSHUDWLRQ�RI�FRQQHFWHG�HOHFWURQLF�SURGXFWV�VXFK�DV�D
FKDUJHU

� SHUIRUP�DF�SRZHU�PHDVXUHPHQWV�DQG�DQDO\VLV

� ��)RU�FKDUJHU�WHVWLQJ��WKH�DF�VRXUFH�QHHGV�WR�RSHUDWH�DW�WKH
��VSHFLILF�DF�PDLQV�YROWDJH�DQG�IUHTXHQF\�UHTXLUHG�IRU�WKH�WHVW

:H�FRXOG�XVH�WKH�$&�PDLQV�YROWDJH�GLUHFWO\�IURP�WKH�ZDOO�RXWOHW�IRU�EDVLF�IXQFWLRQDO�WHVWLQJ���+RZHYHU��WKHUH�LV
QR�ZD\�WR�YDU\�WKH�OLQH�YROWDJH�RU�IUHTXHQF\�WR�VLPXODWH�ZRUOGZLGH�FRQGLWLRQV���$OVR��LI�LW�LV�GHVLUHG�WR�EH�DEOH
WR�VLPXODWH�VRPH�RI�WKH�OLQH�GLVWXUEDQFHV�ZKLFK�DUH�EHFRPLQJ�DQ�DOO�WRR�IUHTXHQW�SDUW�RI�HYHU\GD\�OLIH���DJDLQ�
WKHUH�DUH�QR�FDSDELOLWLHV�

+RZHYHU��ZH�FDQ�XVH�DQ�HOHFWURQLF�$&�VRXUFH�WR�VLPXODWH�ZKDW�FRPHV�RXW�RI�WKH�DF�RXWOHW��ERWK�RQ�D�JRRG
GD\��DQG�D�EDG�GD\�DV�ZHOO��

,W�LV�XVHG�WR�SRZHU�WKH�FKDUJHU��SURYLGLQJ�ORZ�DQG�KLJK�DF�OLQH�YROWDJHV��ORZ�DQG�KLJK�IUHTXHQFLHV��DQG�DF
SRZHU�RQ�RII�FRQWURO���,W�FDQ�DOVR�VLPXODWH�EURZQRXW�FRQGLWLRQV��OLQH�GURS�RXW��RU�DQ\�W\SH�RI�OLQH�GLVWRUWLRQ�
VXFK�DV�IODW�WRSSLQJ���7KLV�ODWWHU�FRQGLWLRQ�FDQ�EH�FDXVHG�E\�WRR�PDQ\�VZLWFKHG�PRGH�GHYLFHV�GUDZLQJ�SRZHU
VLPXOWDQHRXVO\�IURP�WKH�SHDN�RI�WKH�OLQH�YROWDJH�

)XUWKHUPRUH��DQ�$&�VRXUFH�KDV�H[WHQVLYH�PHDVXUHPHQW�FDSDELOLW\�VR�LW�FDQ�DOVR�PDNH�DF�SRZHU�DQG�FXUUHQW
PHDVXUHPHQWV�RQ�WKH�FKDUJHU�XQGHU�WHVW���([DPSOHV�LQFOXGH��LQUXVK�FXUUHQW��WRWDO�LQSXW�SRZHU��DQG�PRUH�
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&KDUJHU�7HVWLQJ
$&�SRZHU�WHUPV�DQG�ZKDW�WKH\�PHDQ

� 506� �5RRW�0HDQ�6TXDUH
�(TXLYDOHQW�WR�WKH�FRQVWDQW�YDOXH�WKDW�ZLOO�SURGXFH�WKH
���VDPH�DYHUDJH�SRZHU�GLVVLSDWLRQ�LQ�D�JLYHQ�UHVLVWRU

� 3)� �3RZHU�)DFWRU
�3)� �:DWWV�9$
�$OZD\V�EHWZHHQ���DQG��

� 9$� �9ROW$PSHUHV� �DSSDUHQW�SRZHU
�9$� �9UPV�
�,UPV

� :DWWV� �UHDO�SRZHU
�:DWWV� �����π) ∗ ∫ Y�W��
�L�W��GW

� 9$5� �5HDFWLYH�3RZHU
�9$5� �√[(9$�ã���:DWWVã@

� &UHVW�IDFWRU� �ZDYHIRUP�SHDN���ZDYHIRUP�UPV

7R�GR�D�JRRG�MRE�RI�FKRRVLQJ�DQ�$&�VRXUFHV��WKHUH�DUH�VRPH�VSHFLILFDWLRQV�WKDW�\RX�QHHG�WR�EHFRPH�PRUH
IDPLOLDU�ZLWK�

7KH�UPV�WHUP��ZH�GLVFXVVHG�LQ�WKH�FRQWH[W�RI�QRLVH�YROWDJH�IRU�'&�SRZHU�VXSSOLHV���+RZHYHU��ZLWK�$&
VRXUFHV��ZKLFK�DUH�FDSDEOH�RI�VRPH�IDLUO\�FRPSOH[�ZDYH�VKDSHV��LW�EHFRPHV�DQG�LQFUHDVLQJO\�LPSRUWDQW�WHUP
LQ�GLVFXVVLQJ�WKH�WRWDO�HQHUJ\�FRQWHQW�LQ�DQ�$&�ZDYHIRUP�

:LWK�$&�ZDYHIRUPV�DQG�UHDFWLYH�FRPSRQHQWV��WKH�SRVVLELOLW\�DULVHV�WKDW�YROWDJH�DQG�FXUUHQW�ZDYHIRUPV�PD\
QRW�EH�LQ�SKDVH���7KXV�WKH�FRQFHSW�RI�SRZHU�IDFWRU�LV�XVHG�WR�GHVFULEH�WKH�GHJUHH�RI�GLIIHUHQFH�LQ�SKDVH���,Q
IDFW�LW�LV�GHILQHG�DV�WKH�FRVLQH�RI�WKH�SKDVH�DQJOH�EHWZHHQ�WKH�WZR���:KHUH�WKH\�DUH�LQ�SKDVH��L�H��D�UHVLVWLYH
ORDG���3)� �����,Q�WKLV�FDVH�WKH�SKDVH�DQJOH�LV���DQG�WKH\�FRVLQH�RI���LV�����:KHUH�WKH\�DUH�FRPSOHWHO\�RXW�RI
SKDVH��VXFK�DV�IRU�WKH�LQSXW�RI�D�SRZHU�VXSSO\�ZLWK�D�ODUJH�FDSDFLWRU�WR�EH�FKDUJHG���WKH�SKDVH�DQJOH�LV���
GHJUHHV�DQG�WKH�FRVLQH�RI����LV���

3)�FDQ�DOVR�EH�H[SUHVVHG�DV�WKH�UDWLR�RI�WKH�UHDO�SRZHU�LQ�ZDWWV�WR�WKH�DSSDUHQW�SRZHU�LQ�YROW�DPSHUHV�

)LQDOO\��WKH�FUHVW�IDFWRU�FDQ�EH�GHILQHG�DV�WKH�UDWLR�RI�WKH�SHDN�ZDYHIRUP�YROWDJH�WR�WKH�UPV�YROWDJH���:H
FDPH�DFURVV�WKLV�WHUP�DOVR�SUHYLRXVO\�LQ�WKH�SUHVHQWDWLRQ��ZKHQ�ZH�GLVFXVVHG�WKH�PHDVXUHPHQW�FDSDELOLW\�RI�D
'00�WR�DFFXUDWHO\�PHDVXUH�FXUUHQW�ZDYHIRUPV�LQ�D�PRELOH�SKRQH�ZLWK�D�KLJK�SHDN�FRQWHQW�
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&KDUJHU�7HVWLQJ
$&�6RXUFH�*UDSKLFDO�8VHU�,QWHUIDFH

$Q�HDV\�ZD\�WR��FRQWURO�WKH�$&
��VRXUFH

� (DV\�WR�XVH�VRIW�SDQHO
� &RQWURO�RXWSXW
�����PHDVXUHPHQWV
� 9LHZ�DFWXDO�RXWSXW
�����ZDYHIRUPV
� 9LHZ�KDUPRQLF�FRQWHQW
� (DVLO\�JHQHUDWH�FRPSOH[
����WUDQVLHQWV�E\�FOLFNLQJ�WKH
����PRXVH
� 9LHZ�,QVWUXPHQW�FRPPDQGV

Included
for Free!

$�IXOO�IHDWXUHG�$&�6RXUFH�KDV�D�ORW�RI�IOH[LELOLW\�DQG�PHDVXUHPHQW�FDSDELOLW\�EXLOW�LQ���2QH�HDV\�ZD\�WR�VHW�XS
WKH�$&�6RXUFH�WHVW�FRQGLWLRQV��DQG�WR�YLHZ�WKH�DFWXDO�WHVW�ZDYHIRUPV��LV�YLD�D�JUDSKLFDO�XVHU�LQWHUIDFH��*8,��
7KLV�WRRO�LV�HVSHFLDOO\��KDQG\�LQ�5	'�DQG�LQ�VHUYLFH�IRU�WURXEOHVKRRWLQJ�GHIHFWLYH�XQLWV�

$OO�$JLOHQW�$&�VRXUFHV�FRPH�ZLWK�D�(DFK�SURGXFW�LQFOXGHV�D�VRIWZDUH�*8,��7KLV�PDNHV�LW�PXFK�HDVLHU�IRU�WKH
XVHU�WR�HVWDEOLVK�FRPSOH[�ZDYHIRUPV�IRU�VSHFLDO�WHVW�UHTXLUHPHQWV��DQG�WR�DQDO\]H�ZDYHIRUPV�IRU�KDUPRQLF
FRQWHQW�
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'&�(OHFWURQLF�/RDG�0RGHV
� )RU�FKDUJHU�WHVWLQJ��WKH�GF�HOHFWURQLF�ORDG�VLPXODWHV�D�FKDUJLQJ
EDWWHU\�LQ�D�SRUWDEOH�GHYLFH��VXFK�DV�D�FHOO�SKRQH�RU�ODS�WRS

� 7KH�EDWWHU\�EHKDYHV�DV�D�&RQVWDQW�9ROWDJH��&9��GHYLFH��VR�WKH
HOHFWURQLF�ORDG�PXVW�RSHUDWH�LQ�&9�DQG�&5�PRGH�ZKHQ�WHVWLQJ
FKDUJHUV

&RQVWDQW�9ROWDJH���&9�
5HJXODWHV�YROWDJH
GURS�DFURVV�LWVHOI

7HVWLQJ�FXUUHQW�VRXUFHV

7HVWLQJ�D�GF�SRZHU�VXSSO\�LQ�&&
PRGH

&RQVWDQW�&XUUHQW���&&��

5HJXODWHV�FXUUHQW
IORZ�WKURXJK�LWVHOI

7HVWLQJ�D�GF�SRZHU�VXSSO\�LQ�&9�PRGH

'LVFKDUJLQJ�D�EDWWHU\�IRU�FDSDFLW\
WHVWLQJ

5HVLVWDQFH��&5�

$FWV�DV�D�SRZHU
UHVLVWRU

3RZHU�VXSSO\�FXUUHQW�OLPLW�GHWHFWLRQ

�0RGH�FURVVRYHU

0RGH $SSOLFDWLRQ

0RVW�FKDUJHU�RXWSXWV�DUH�HIIHFWLYHO\�D�FXUUHQW�VRXUFH��,�H��D�SRZHU�VXSSO\�RSHUDWLQJ�LQ�WKH�FRQVWDQW�FXUUHQW
�&&��PRGH�����7R�SURSHUO\�WHVW�DOO�WKH�DVSHFWV�RI�D�FKDUJHU��WKH�ORDG�ZLOO�EH�UHTXLUHG�WR�IXQFWLRQ�LQ�VHYHUDO
RSHUDWLQJ�PRGHV���/HW·V�WDNH�D�ORRN�DW�WKHVH�GLIIHUHQW�PRGHV�

)LUVW��WKH�(OHFWURQLF�/RDG�LV�SULPDULO\�XVHG�WR�DFFHSW�SRZHU�IURP�D�YROWDJH�VRXUFH�DW�D�VSHFLILHG�OHYHO���(LWKHU�D
SRZHU�VXSSO\�RSHUDWLQJ�LQ�WKH�&9�PRGH�RU�D�EDWWHU\�EHLQJ�GLVFKDUJHG�DUH�JRRG�H[DPSOHV���7KHVH�DSSOLFDWLRQV
DUH�PRVW�HDVLO\�DFFRPSOLVKHG�XVLQJ�WKH�FRQVWDQW�FXUUHQW��&&��PRGH�RI�WKH�(OHFWURQLF�/RDG���+HUH��WKH�GHVLUHG
RXWSXW�FXUUHQW�FDQ�EH�SURJUDPPHG�DQG�ZLOO�EH�PDLQWDLQHG�ZLWKLQ�WKH�OLPLWV�RI�YROWDJH�FRPSOLDQFH�WKDW�WKH
ORDG�LV�FDSDEOH�RI�

0RVW�W\SLFDO�SRZHU�VXSSOLHV�FDQ�DOVR�RSHUDWH�LQ�WKH�FRQVWDQW�FXUUHQW�&&�PRGH��WR�VLPXODWH�D�WUXH�FRQVWDQW
VRXUFH���$�ORDG�RSHUDWLQJ�LQ�WKH�&9�PRGH�FDQ�EH�SURJUDPPHG�IRU�D�VSHFLILF�YROWDJH�DQG�ZLOO�PDLQWDLQ�WKLV
YROWDJH�ZLWKLQ�WKH�OLPLWV�RI�LWV�FXUUHQW�FRPSOLDQFH�

,Q�WKH�&5�PRGH���WKH�ORDG�DFWV�DV�D�SRZHU�UHVLVWRU��DQG�ZLOO�PDLQWDLQ�D�VSHFLILHG�UDWLR�RI�YROWDJH�DQG�FXUUHQW
ZLWKLQ�LWV�UDQJH�RI�FRPSOLDQFH�IRU�ERWK�YDULDEOHV���7KLV�ODWWHU�PRGH�LV�XVHIXO�IRU�WHVWLQJ�FHUWDLQ�XQLTXH�RXWSXW
VWDWHV�RI�SRZHU�VXSSOLHV��DQG�DW�WKH�FURVV�RYHU�EHWZHHQ�GLIIHUHQW�SRZHU�VXSSO\�RSHUDWLQJ�PRGHV�

�/DVWO\��LW�VKRXOG�EH�QRWHG�WKDW�XQOLNH�SRZHU�VXSSOLHV��ZKLFK�KDYH�DXWRPDWLF�PRGH�FURVVRYHU�IURP�&9�WR�&&
GHSHQGLQJ�RQ�ORDG�FRQGLWLRQV��(OHFWURQLF�/RDGV�PXVW�EH�GHOLEHUDWHO\�VZLWFKHG�EHWZHHQ�RSHUDWLQJ�PRGHV�E\�WKH
XVHU�
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(OHFWURQLF�/RDG�2SHUDWLRQ
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� 7KH�GF�HOHFWURQLF�ORDG�VKRXOG�EH�RSHUDWHG�LQ�&RQVWDQW�5HVLVWDQFH��&5��PRGH�
WKHQ�&RQVWDQW�9ROWDJH��&9��PRGH�IRU�FKDUJHU�WHVWLQJ�WR�VLPXODWH�WKH�EDWWHU\

� $Q�LQLWLDO�HOHFWURQLF�ORDG�VHWWLQJ�LQ�&5�PRGH�PD\�EH�QHFHVVDU\�WR�DOORZ�WKH
FKDUJHU�WR�´VWDUW�XSµ��WKH�FKDUJHU�LV�D�VZLWFKLQJ�SRZHU�VXSSO\��

� 7HVWV�LQFOXGH�

)XOO�&KDUJH�7HVW 6WDUW�8S�7HVW

7ULFNOH�&KDUJH�7HVW 6KRUWHG�%DWWHU\�7HVW

,Q�SURGXFWLRQ�WHVW�RI�D�FKDUJHU��WKH�(OHFWURQLF�/RDG�EHKDYHV�OLNH�D�EDWWHU\���7KH�EDWWHU\�LV�D�FRQVWDQW�YROWDJH
GHYLFH�WKDW�KDV�QR�FXUUHQW�OLPLW���:KHQ�WKH�ORDG��RSHUDWLQJ�LQ�&9�PRGH��LV�SODFHG�DFURVV�WKH�FKDUJHU��WKH
FKDUJHU�LV�IRUFHG�WR�RSHUDWH�LQ�&&�PRGH��SURYLGLQJ�WKH�DSSURSULDWH�FKDUJH�FXUUHQW��W\SLFDOO\���$PS����/RZHU
YROWDJH�VLPXODWHV�D�GLVFKDUJHG�EDWWHU\���+LJKHU�YROWDJHV�VLPXODWH�FKDUJHG�EDWWHULHV�

:KHQ�D�IXOO\�GLVFKDUJHG�EDWWHU\�QHHGV�WR�EH�FKDUJHG��WKH�FKDUJHU�LV�FDOOHG�XSRQ�WR�WXUQ�RQ�XQGHU�D�KHDY\�ORDG�
0DQ\�FKDUJHUV�DUH�QRZ�VZLWFKLQJ�VXSSOLHV��ZKLFK�W\SLFDOO\�KDYH�GLIILFXOW\�WXUQLQJ�RQ�LQWR�D�ORDG��6R�
PDQXIDFWXUHUV�PD\�WHVW�WR�VHH�LI�WKH�FKDUJHU�ZLOO�WXUQ�RQ�E\�SODFLQJ�WKH�HOHFWURQLF�ORDG�LQ�&5�PRGH�LQLWLDOO\�
DQG�WKHQ�VZLWFKLQJ�WR�WKH�QRUPDO�&9�ORDG�

2QH�RI�WKH�IDLOXUH�PRGHV�IRU�D�EDWWHU\�LV�IRU�LW�WR�EH�HVVHQWLDOO\�VKRUWHG���2FFDVLRQDOO\��D�FKDUJHU�LV�FDOOHG�XSRQ
�LQDGYHUWHQWO\��WR�FKDUJH�D�VKRUWHG�EDWWHU\���$V�D�SURWHFWLRQ�LQ�WKHVH�FDVHV��WKH�FKDUJHU�JHQHUDOO\�KDV�D�EXLOW�LQ
FXUUHQW�OLPLW�FLUFXLW���7R�WHVW�WKLV�FKDUJHU�FXUUHQW�OLPLW��LW�LV�DOVR�FRQYHQLHQW�WR�XVH�WKH�&5�PRGH�

,Q�SURGXFWLRQ�WHVW��PDQXIDFWXUHUV�PD\�IRUFH�WKH�FKDUJHU�LQWR�WKH�WULFNOH�FKDUJH�PRGH�ZLWK�DQ�HOHFWURQLF�ORDG�LQ
RQH�RI�WZR�ZD\V���)RU�VPDUW�EDWWHULHV�WKDW�DGMXVW�WKHLU�RSHUDWLQJ�PRGH�EDVHG�RQ�YROWDJH�OHYHO��VLPSO\�VHWWLQJ
WKH�ORDG�YROWDJH�FORVH�WR�WKH�OHYHO�RI�D�IXOO\�FKDUJHG�EDWWHU\�VKRXOG�EH�VXIILFLHQW�WR�HQJDJH�WKLV�PRGH����)RU
WKRVH�EDWWHU\�SDFNV�WKDW�GR�QRW�KDYH�EXLOW�LQ�FLUFXLWU\��WKHUH�PD\�EH�D�FRQWURO�OLQH�WKDW�LQGLFDWHV�D�KLJK
WHPSHUDWXUH�RU�VRPH�RWKHU�FRQGLWLRQ�WKDW�WKH�FKDUJHU�VHQVHV�WR�FKDQJH�PRGHV���7KLV�VDPH�VLJQDO�FDQ�EH�XVHG
WR�VZLWFK�PRGHV�LQ�WKH�ORDG�ZKHQ�QHFHVVDU\�
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� +RZ�WR�FKRRVH"

� +RZ�WR�XVH"

� )XUWKHU�LQIRUPDWLRQ
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� KWWS���ZZZ�DJLOHQW�FRP�ILQG�SRZHU

� (DV\�WR�XVH�&XVWRPHU&DUH�&'�520

� 3RZHU�SURGXFWV�FDWDORJ

� 8VHU·V�JXLGHV

� $SSOLFDWLRQ�QRWHV

� DQG�PRUH�
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3DJH���

7KDQNV�IRU�DWWHQGLQJ�WKH�VHPLQDU�WRGD\�

5HPHPEHU��ZKHQ�\RX�QHHG�3RZHU�6XSSOLHV«

7KLQN�$JLOHQW�


