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$OO� WKUHH� HOHFWULFDO� PRGXOHV� KDYH� EHHQ� EXLOW� DW� )UHLEXUJ� 8QLYHUVLW\� XVLQJ� WKH
0DQFKHVWHU�9DOHQFLD�)UHLEXUJ� V\VWHP� RI� FKXFNV� DQG� VRIWZDUH�� 7KH� ILUVW� RQH� ZDV� DVVHPEOHG� GXULQJ� D
PHHWLQJ�RI�WKH�SURSRQHQWV�RI�WKLV�DVVHPEO\�V\VWHP�DW�)UHLEXUJ�

7KH�IROORZLQJ�HTXLSPHQW�ZDV�XVHG�LQ�WKH�SURGXFWLRQ�SURFHVV�

x $VVHPEO\� V\VWHP� EXLOW� XS� IURP�1HZSRUW� VWDJHV� DQG� FRQWUROOHUV�� XVLQJ� D� WXUQ� SODWH� DQG� DVVRFLDWHG
WRROLQJ�IURP�9DOHQFLD�DQG�DQ�DGDSWHG�YHUVLRQ�RI�WKH�/DE9,(:�DVVHPEO\�VRIWZDUH�IURP�0DQFKHVWHU

x $V\PWHN�&HQWXU\�6HULHV�JOXH�GLVSHQVHU�ZLWK�D�SUHVVXUH�GULYHQ�GLVSHQVH�KHDG

x /HLFD�900�����DXWRPDWLF�PHDVXULQJ�PLFURVFRSH��ZKLFK�KDV�DQ�DFFXUDF\�RI����P�LQ�[�\�]

x )	.�'HOYRWHF������ZLUH�ERQGHU��XVLQJ�������P�DOXPLQLXP�ZLUH

x 5HDG�RXW�V\VWHP��ZKLFK�LV�GHVFULEHG�LQ�GHWDLO�EHORZ

7KH�IROORZLQJ�FRPSRQHQWV�ZHUH�EXLOW�LQWR�WKHVH�PRGXOHV�

x ��:���DQG���:���GHWHFWRUV�IURP�&L6

x ��73*�$O1�VSLQHV�SURGXFHG�DW�03,�0XQLFK

x ��)DQ�LQ�VHWV

x 3((.�ZDVKHUV�SURYLGHG�E\�0DQFKHVWHU

x 7ZR�.DSWRQ�K\EULGV�SURGXFHG�E\�'<&21(;

x 2QH�%H2�K\EULG�SURYLGHG�E\�/LYHUSRRO

x ���$%&'�7�FKLSV

x ��'25,&�DQG���9'&�FKLSV�SURYLGHG�E\�2[IRUG

7KH�IROORZLQJ�WDEOH�JLYHV�DQ�RYHUYLHZ�RI�WKH�WKUHH�PRGXOHV�

� 6HULDO�1XPEHU +\EULG &RPPHQW

� )5B5B��� .DSWRQ�.�� DVVHPEOHG�GXULQJ�ZRUNVKRS

� )5B5B��� %H2

� )5B5B��� .DSWRQ�.��
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+\EULGV�ZHUH�VXSSOLHG�E\�'<&21(;�LQ�D�VWDWH�LQ�ZKLFK�WKH�'\FRVWUDWH�PXOWLOD\HU�IOH[LEOH�FLUFXLW�LV
ERQGHG�WR� WKH�.�����FDUERQ� ILEUH�VXEVWUDWH� DQG�HOHFWULFDOO\� WHVWHG��7KHVH�K\EULGV�KDYH�EHHQ�SRSXODWHG
ZLWK�SDVVLYH�FRPSRQHQWV��XVLQJ�D�VROGHU�SDVWH�ZLWK�D� ORZ�PHOWLQJ�SRLQW� DQG�D� UHIORZ�RYHQ��$IWHUZDUGV
WKHLU� HOHFWULFDO� TXDOLW\� KDV� EHHQ� FKHFNHG� RQ� DQ� DXWRPDWHG� WHVW� EHQFK�� 7ZR� K\EULGV� KDYH� WKHQ� EHHQ
SRSXODWHG�ZLWK����$%&'�7�UHDG�RXW�FKLSV�HDFK��8VLQJ�FRQGXFWLYH�HSR[\��3RO\WHF�+��(���WKH�FKLSV�ZHUH
JOXHG� RQWR� DQDORJXH� JURXQG�SDGV� RQ� WKH� K\EULG��7KHQ� WKH�ZLUH� ERQG� FRQQHFWLRQV� RQ� WKH� K\EULG�ZHUH

PDGH��$QDORJXH�DQG�GLJLWDO�JURXQG�KDYH�EHHQ�FRQQHFWHG�RQ�WKH�K\EULG�QHDU�HDFK�FKLS��7KH�FDUERQ�ILEUH
VXEVWUDWH�ZDV�FRQQHFWHG�WR�DQDORJXH�JURXQG��$�ILQDO�UHDG�RXW�WHVW�VKRZHG�WKDW�WKHVH�K\EULGV�ZHUH�RI�JRRG
TXDOLW\�DQG�WKDW�WKH\�FRXOG�EH�XVHG�IRU�WKH�PRGXOHV�WR�EH�EXLOW�

+<%5,'6�,1�%(5<//,80�2;,'(�7(&+12/2*<

2QH�K\EULG� LQ�%H2� WHFKQRORJ\�ZDV� VXSSOLHG� E\� WKH�8QLYHUVLW\� RI�/LYHUSRRO�� LQFOXGLQJ� WKH� SDVVLYH
FRPSRQHQWV�� 2EH\LQJ� WKH� VDPH� WHVWLQJ� SURFHGXUHV� DV� IRU� WKH� .DSWRQ� K\EULGV�� WKH� %H2� K\EULG� ZDV
SRSXODWHG�ZLWK����$%&'�7�FKLSV��$JDLQ��WKH�FKLSV�ZHUH�FRQGXFWLYHO\�JOXHG�RQWR�WKH�IRUHVHHQ�DQDORJXH
JURXQG� SDGV� RQ� WKH� K\EULG�� 7KH� ZLUH� ERQG� FRQQHFWLRQV� RQ� WKH� K\EULG� ZHUH� PDGH�� LQFOXGLQJ� WKH

FRQQHFWLRQ�RI� DQDORJXH� DQG�GLJLWDO� JURXQG�QHDU� HDFK� FKLS�RQ� WKH� WRS� �FRQQHFWRU�� VLGH��$� UHDG�RXW� WHVW
TXDOLILHG�DOVR�WKLV�K\EULG�IRU�PRGXOH�DVVHPEO\�

&200(17�21�7+(�6(/(&7,21�2)�$%&'�7�&+,36

7KH�FKLSV�IRU�WKH�WKUHH�K\EULGV�KDYH�EHHQ�VHOHFWHG�UDQGRPO\�IURP�WKH�WRWDO�RI����FKLSV�ZKLFK�ZDV
VXSSOLHG�WR�)UHLEXUJ�

$66(0%/<�2)�7+(�02'8/(6
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7KH�ZDIHUV�KDYH�EHHQ�DOLJQHG�RQ�WKH�DVVHPEO\�V\VWHP�ZLWK�UHVSHFW�WR�HDFK�RWKHU�DQG�WR�WKH�PRXQWLQJ
SLQV��7KH�PRGXOH�JHRPHWU\�LV�GHILQHG�E\

x D������P�JDS�EHWZHHQ�WKH�ILGXFLDOV�RQ�WKH�WZR�GHWHFWRUV�RQ�HDFK�VLGH

x D�V\PPHWULF����PUDG�WLOW�RI�WKH�GHWHFWRUV�RQ�ERWK�VLGHV�UHVXOWLQJ�LQ�D�VWHUHR�DQJOH�RI����PUDG

x WKH�SRLQW� LQ� WKH�PLGGOH�RI� WKH�JDS�EHWZHHQ� WKH�GHWHFWRUV� LV� ORFDWHG��������PP�DZD\� IURP� WKH
K\EULG�VLGH�PRXQWLQJ�SLQ�LQ�WKH�GLUHFWLRQ�RI�WKH�VHFRQG�PRXQWLQJ�SLQ��DQG�����P�RIIVHW�IURP�WKH
OLQH�FRQQHFWLQJ�WKH�WZR�PRXQWLQJ�SLQV�LQ�WKH�GLUHFWLRQ�RI�WKH�VWHUHR�DQJOH�WLOW

6RPH�VSHFLILF�FRPPHQWV�RQ�WKH�DVVHPEO\�SURFHGXUH�FDQ�EH�IRXQG�LQ�WKH�OLVW�RI�RSHQ�TXHVWLRQV�DW�WKH�HQG
RI�WKLV�UHSRUW�

*/8,1*�2)�'(7(&7256�2172�7+(�63,1(

)RU�JOXLQJ�WKH�GHWHFWRUV�RQWR�WKH�VSLQH��D�ERURQ�QLWULGH�ILOOHG�JOXH�ZDV�XVHG��FRQVLVWLQJ�RI���SDUWV�$UDOGLWH
UHVLQ��$:��������SDUWV�$UDOGLWH�KDUGHQHU��+9���8���DQG���SDUWV�ERURQ�QLWULGH��7KH�JOXH�ZDV�PL[HG�IRU



WZR�PLQXWHV�DQG�WKHQ�ILOOHG�LQ�D�V\ULQJH��'LVSHQVLQJ�ZDV�GRQH�EHWZHHQ����DQG����PLQXWHV�DIWHU�WKH�PL[LQJ
KDG�VWDUWHG��7KH�JOXH�ZDV�GLVSHQVHG�RQ�WKH�VSLQH�XVLQJ�WKH�$V\PWHN�JOXH�GLVSHQVHU�ZLWK�DQ�()'�QHHGOH�RI
�����PP�LQQHU�GLDPHWHU��7KH�SUHVVXUH�ZDV�VHW�WR���EDU��7ZR�GLIIHUHQW�JOXH�EHDGV�ZHUH�GLVSHQVHG��2YHU
WKH�ORQJ�73*�VHFWLRQV�RI�WKH�VSLQH�D�WKLFN�EHDG�RI�JOXH�ZDV�GLVSHQVHG��7KH�DPRXQW�RI�JOXH�ZDV�WXQHG�LQ
VXFK�D�ZD\�DV�WR�MXVW�FRYHU�WKH�ZLGWK�RI�WKH�VSLQH��SURYLGHG�WKH�JOXH�OD\HU�WKLFNQHVV�LV������P��7KLV�ZDV
DFKLHYHG�DW�D�GLVSHQVH�VSHHG�RI���PP�V��2YHU�WKH�WUDQVYHUVH�$O1�SDUWV�RI�WKH�VSLQH��WKLQ�JOXH�EHDGV�KDYH
EHHQ� DSSOLHG� ZKLFK� IRU� WKH� QRPLQDO� JOXH� OD\HU� WKLFNQHVV� RI� ���� �P� ZRXOG� EH� �� PP� ZLGH�� 7KLV� ZDV
REWDLQHG�DW�D�GLVSHQVH�VSHHG�RI����PP�V��2Q�WKH�FHQWUDO�SDUW�ZKHUH�WKH�:���DQG�:���GHWHFWRUV�MRLQ��WZR

RI�WKH�WKLQ�JOXH�EHDGV�ZHUH�SODFHG�LQ�RUGHU�WR�KDYH�D�JDS�LQ�WKH�JOXH�GLVWULEXWLRQ�EHQHDWK�WKH�JDS�EHWZHHQ
WKH�GHWHFWRUV��7KLV�VFKHPH�KDV�EHHQ�WHVWHG�XVLQJ�DQ�DOXPLQLXP�VSLQH�DQG�WZR�SOH[LJODV�SODWHV��ZKLFK�ZHUH
ORZHUHG�RQ�WKH�VSLQH��GRZQ�WR�WKH�QRPLQDO�JOXH� OD\HU� WKLFNQHVV��1HYHUWKHOHVV��RQ� WKH� ILUVW�PRGXOH�JOXH
ZDV� VSLOOLQJ� RXW� EHWZHHQ� WKH� GHWHFWRUV� DQG�� ILOOLQJ� WKH� VPDOO� JDS� EHWZHHQ� WKH� GHWHFWRU� VXUIDFH� DQG� WKH
WUDQVIHU�SODWH�FKXFN��FRYHUHG�D�ODUJH�SDUW�RI�WKH�JXDUG�ULQJV�QH[W�WR�WKH�JDS��7KH�H[FHVV�YROXPH�RI�JOXH
ZKLFK�LV�QHFHVVDU\�WR�FDXVH�WKLV�SUREOHP�LV�YHU\�VPDOO�FRPSDUHG�WR�WKH�DPRXQW�RI�JOXH�ZKLFK�KDV�WR�EH
DSSOLHG�LQ�RUGHU�WR�LQVXUH�D�JRRG�ERQGLQJ��$�VPDOO�GHYLDWLRQ�RI�WKH�JOXH�OD\HU�WKLFNQHVV�IURP�WKH�QRPLQDO
YDOXH�LV�VXIILFLHQW�WR�FDXVH�WKLV�JOXH�H[FHVV��,Q�RUGHU�WR�DYRLG�WKLV�SUREOHP��WKH�RWKHU�WZR�PRGXOHV�ZHUH

HTXLSSHG�ZLWK�D��PP�ZLGH�VWULS�RI�.DSWRQ�WDSH��ZKLFK�ZDV�DWWDFKHG�WR�WKH�EDFN�VLGH�RI�WKH�GHWHFWRUV�DQG
ZKLFK�FRYHUV�WKH�JDS�EHWZHHQ�WKH�GHWHFWRUV��7KLV�ZRUNV�ILQH��$V�DQ�DGGLWLRQDO�SUHFDXWLRQ��WKH�VHFRQG�DQG
WKLUG�PRGXOH�ZDV�DVVHPEOHG� LQ� WZR�VWHSV��)LUVW� WKH�GHWHFWRUV�ZHUH�JOXHG�RQWR� WKH�VSLQH�� DQG�RQO\� DIWHU
SURSHU� JOXLQJ� DQG� SURSHU� DOLJQPHQW�ZDV� FRQILUPHG�� WKH� HOHFWURQLFV� K\EULG�� WKH� IDQ�LQV� DQG� WKH� 3((.
ZDVKHUV�KDYH�EHHQ�DWWDFKHG�WR�WKH�PRGXOH�

9(5,),&$7,21�2)�7+(�$/,*10(17

7KH�DOLJQPHQW�ZDV�FKHFNHG�RQ�DQ� LQGHSHQGHQW�PHDVXULQJ�PLFURVFRSH� �/HLFD�900�������7KH�PRGXOHV
ZHUH�VXUYH\HG�ZKLOH�WKH\�ZHUH�VWLOO�VLWWLQJ�LQ�WKH�WXUQ�SODWH��7KHUHIRUH�WKH�JODVV�ILGXFLDOV�LQ�WKH�WXUQ�SODWH

FRXOG� EH� XVHG� IRU� UHIHUHQFLQJ� WKH� IURQW� WR� WKH� EDFN� VLGH�� 7DEOH� �� JLYHV� DQ� RYHUYLHZ� RI� WKH�PHDVXUHG
DOLJQPHQW�RI�WKH�PRGXOHV��7KH�ILUVW�PRGXOH��)5B5B�����LV�VOLJKWO\�RXW�RI�VSHFLILFDWLRQV�LQ�WKH�EDFN�VLGH
RIIVHW� DQG� WKH� VWHUHR� DQJOH��7KH�RWKHU� WZR�PRGXOHV� VKRZ�DQ� LPSURYHG� DOLJQPHQW�� DOWKRXJK�� WDNLQJ� WKH
WLJKW� WROHUDQFHV� TXRWHG� LQ� WKH� WDEOH�� WKH\� DUH� VWLOO� QRW� FRPSOHWHO\� LQ� VSHFV��7KH�PRVW� FULWLFDO� SDUDPHWHU
VHHPV� WR� EH� WKH� ;IE�� ZKLFK� LV� WKH� IURQW�WR�EDFN� RIIVHW� LQ� WKH� GLUHFWLRQ� WUDQVYHUVH� WR� WKH� VWULSV�� ,W� LV
FXUUHQWO\�EHLQJ�GLVFXVVHG�ZKHWKHU� WKHVH� WROHUDQFHV� FRXOG� EH� UHOD[HG�ZLWKRXW� FRPSURPLVLQJ� WKH� SK\VLFV
SHUIRUPDQFH�RI�WKH�WUDFNHU�
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)5B5B��� ��� � � ��� � �� ���� �� �����
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)5B5B��� ��� � �� ��� � ��� ���� �� �����

�7DEOH���$OLJQPHQW�RI�WKH�WKUHH�HOHFWULFDO�PRGXOHV��7KH�YDULDEOHV�DUH�GHILQHG�LQ�WKH�IROORZLQJ�ILJXUH�
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$IWHU� DOLJQPHQW� DQG� SURSHU� JOXLQJ� KDG� EHHQ� YHULILHG�� WKH� IDQ�LQV�� 3((.� ZDVKHUV� DQG� HOHFWURQLFV

K\EULGV� KDYH� EHHQ� DWWDFKHG� WR� WKH� GHWHFWRUV�� 7KHVH� FRPSRQHQWV� ZHUH� SODFHG� DQG� SRVLWLRQHG� E\� KDQG�
XVLQJ�D�YDFXXP�SHQ�IRU�WKH�IDQ�LQV��DQG�WZHH]HUV�IRU�WKH�ZDVKHUV�DQG�WKH�K\EULG��6WDQGDUG�$UDOGLWH������
ZKLFK�ZDV�PDQXDOO\�DSSOLHG�ZLWK�D�V\ULQJH���ZDV�XVHG�IRU�WKHVH�JOXH�FRQQHFWLRQV�

%,$6�92/7$*(�6833/<

)RU�WKHVH�PRGXOHV��WKH�ELDV�YROWDJH�LV�VXSSOLHG�WR�WKH�GHWHFWRUV�WKURXJK�ZLUH�ERQGV�IURP�WKH�K\EULG
YLD�WKH�IDQ�LQ�WR�WKH�IURQW�VLGH�ELDV�SDGV�RI�WKH�ILUVW�ZDIHU��DQG�VXEVHTXHQWO\�IURP�WKH�ILUVW�WR�WKH�VHFRQG
ZDIHU��7KLV�ELDVLQJ�VFKHPH�GHYLDWHV�IURP�WKH�EDVHOLQH�GHVLJQ��ZKLFK�DLPV�DW�D�ELDV�YROWDJH�VXSSO\�WKURXJK
WKH�73*�VSLQH��$V�WKLV�VFKHPH�LV�QRW�\HW�VXIILFLHQWO\�WHVWHG�RQ�UHDO�PRGXOHV�DQG�DV�WKHUH�LV�QR�ZD\�WR�FXW

offset

1

2

Parameters used to measure the
relative position of two wafers on
one side of the module.

Yfb

Xfb

stereo
angle

Parameters used to measure the relative position
of the front pair to the back pair.

WAFER 2

3

4

halfway point
between 3 and 4

halfway point
between 1 and 2

WAFER 1 FRONT

WAFER 1 BACK

WAFER 2 BACK

WAFER 2 FRONT

WAFER 1

gap

angle

Figure 3: The upper plot shows how Gap, O�set and Angle are derived from the measured positions of two

�ducials on each wafer. The lower plot shows how Xfb, Yfb and Stereo-angle are de�ned in a similar way, based

on lines joining measured �ducial positions and the mid-points of these lines.

8



WKH�FRQQHFWLRQ�EHWZHHQ�VSLQH�DQG�GHWHFWRU�EDFNVLGH�RQFH�WKH�PRGXOH�LV�PDGH��LW�ZDV�GHFLGHG�WKDW�IRU�WKLV
ILUVW�VHW�RI�UHDO�PRGXOHV�WKH�IURQW�VLGH�ELDVLQJ�ZRXOG�EH�XVHG��7KH�&L6�GHWHFWRUV�ZKLFK�ZHUH�XVHG�IRU�WKHVH
PRGXOHV�KDYH�WKH�3��HGJH�LPSODQW�ZKLFK�DOORZV�IRU�WKLV�ZD\�RI�ELDV�VXSSO\��HYHQ�DIWHU�LUUDGLDWLRQ�

:,5(�%21',1*�2)�02'8/(6

$OO� ZLUH� ERQG� FRQQHFWLRQV� ZHUH� GRQH� XVLQJ� WKH� )	.� 'HOYRWHF� ����� ZHGJH� ERQGHU� DYDLODEOH� DW
)UHLEXUJ� DQG� XVLQJ� ����� �P� DOXPLQLXP�ZLUH��'XULQJ� ERQGLQJ� WKH�PRGXOHV�ZHUH� KHOG� LQ� DQ� DOXPLQLXP
IUDPH�� ZKLFK� VXSSRUWV� LW� DW� WKH� RXWHU� HGJHV� RI� WKH� K\EULG� DQG� DW� WKH� FHUDPLF� HQGV� RI� WKH� VSLQH�� 1R
WHFKQLFDO�SUREOHPV�ZHUH�IRXQG�GXULQJ�WKH�ZLUH�ERQGLQJ�RI�WKHVHV�PRGXOHV�

2Q�WKH�VHFRQG�DQG�WKLUG�PRGXOH��)5B5B����DQG�)5B5B�����DOO�UHDG�RXW�FKDQQHOV�ZHUH�FRQQHFWHG�WR
WKH�IXOO����FP�VWULS�OHQJWK��)RU�WKH�ILUVW�PRGXOH��)5B5B�����WKLV�ZDV�QRW�SRVVLEOH�IRU�DOO�FKDQQHOV�GXH�WR
WKH�JOXH�RQ�WKH�GHWHFWRU�IURQW�VLGH��)RU�PRVW�RI�WKH�FKDQQHOV�RQO\�WKH�VWULSV�RQ�WKH�ILUVW�ZDIHU�FRXOG�EH
FRQQHFWHG�WR�WKH�HOHFWURQLFV�

7KH�0RGXOH�)5B5B�����.����DIWHU�DOO�DVVHPEO\�VWHSV�



&200(176�21�7+(�$66(0%/<�2)�5($/�02'8/(6

'XULQJ� WKLV� SURJUDP�� IRU� WKH� ILUVW� WLPH� D� �\HW� VPDOO�� VHULHV� RI� UHDO� IRUZDUG� PRGXOHV� KDV� EHHQ
DVVHPEOHG�� &RPSDUHG� WR� WKH� DVVHPEO\� RI� GXPP\�PRGXOHV�� RI� ZKLFK� PDQ\� KDYH� EHHQ� PDGH� LQ� PDQ\
SODFHV��WKHUH�DUH�LVVXHV�DQG�SUREOHPV�ZKLFK�RQO\�VKRZ�XS�ZKHQ�ZRUNLQJ�ZLWK�WKH�UHDO�SDUWV��7KH�IROORZLQJ
²�FHUWDLQO\�QRW�H[KDXVWLYH�²�OLVW�JLYHV�VRPH�LQGLFDWLRQV�RI�WKH�H[SHULHQFH�JDLQHG�GXULQJ�WKLV�SURJUDP�

x KDQGOLQJ� RI� SDUWV�� DOWKRXJK� WKLV� VHHPV� WR� EH� D� WULYLDOLW\�� WKH� DGGLWLRQDO� FDUH�ZKLFK� LV� QHHGHG�ZKHQ
KDQGOLQJ�UHDO�SDUWV�UHSUHVHQWV�D�VLJQLILFDQW�HIIRUW�

x SDUWV�KDYH�WR�VWD\�LQ�WKH�FOHDQ�URRP��LI�WKH\�KDYH�WR�EH�WDNHQ�RXW��H�J��IRU�WHVWLQJ��WKH\�KDYH�WR�EH
SURSHUO\�SURWHFWHG

x RSHUDWRUV�KDYH�WR�ZHDU�IDFH�PDVNV

x DOO�VXUIDFHV�DQG�WRROV�QHHG�WR�EH�FOHDQ

x SDUWV�PD\�QRW�EH�WRXFKHG��H[FHSW�ZLWK�D�YDFXXP�SHQ�RU�WZHH]HUV

x KDQGOLQJ� RSHUDWLRQV� ZKLFK� VHHPHG� WR� EH� VDIH� ZKHQ� H[HUFLVLQJ� ZLWK� GXPPLHV� DSSHDUHG� WR� EH
XQVDIH�IRU�WKH�UHDO�SDUWV

x VRPH�RSHUDWLRQV�EHFRPH�GHOLFDWH�RQ�UHDO�PRGXOHV�EHFDXVH�RI�WKH�YLFLQLW\�RI�IUDJLOH�SDUWV��H�J��WKH�IDQ�

LQV�KDYH�WR�EH�SODFHG�LQ�EHWZHHQ�WKH�GHWHFWRU�HGJH�DQG�WKH�UHDG�RXW�FKLSV�ZLWK�D�VPDOO�FOHDUDQFH�WR
ERWK��LQ�DGGLWLRQ�WKH�JOXH�PXVW�QRW�VSLOO�RXW�WR�DQ\�VLGH�

x LQ�SDUWLFXODU�WKH�RSHUDWLRQ�RI�WDNLQJ�WKH�DVVHPEOHG�PRGXOH�RXW�RI�WKH�WXUQ�SODWH�LV�H[WUHPHO\�GHOLFDWH
DV� WKH�PRGXOH� KDV� QR� KDQGOHV� DW�ZKLFK� LW� FRXOG� EH� VDIHO\� SLFNHG� XS�� )RU�PDVV� SURGXFWLRQ� VSHFLDO
WRROLQJ�ZLOO�EH�QHHGHG

x IL[LQJ�SUREOHPV�GXULQJ�DVVHPEO\�LV�PXFK�PRUH�GLIILFXOW�IRU�UHDO�PRGXOHV�

x LQ� JHQHUDO� WKH� FRPSURPLVH� EHWZHHQ� SRWHQWLDO� EHQHILWV� DQG� ULVNV� RI� D� FHUWDLQ� RSHUDWLRQ� ORRNV
GLIIHUHQW�� UHSDLU� ZRUN� IRU� ZKLFK� WKH� ULVN� VHHPV� DFFHSWDEOH� IRU� GXPP\� PRGXOHV� LV� RIWHQ
XQDFFHSWDEOH�IRU�UHDO�PRGXOHV

x GXH�WR�WKH�VSHFLDO�KDQGOLQJ�UHTXLUHPHQWV��VRPH�RSHUDWLRQV�DUH�MXVW�LPSRVVLEOH�IRU�UHDO�SDUWV
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$V�D�ILUVW�HOHFWULFDO�WHVW�DIWHU�DVVHPEO\��WKH�PRGXOHV�KDYH�EHHQ�ELDVHG��,W�ZDV�QRWLFHG�WKDW�VRPHWLPHV
WKHUH� ZDV� DQ� HOHFWULFDO� FRQQHFWLRQ� EHWZHHQ� GHWHFWRU� EDFN�VLGH� DQG� WKH� DOXPLQLXP� IUDPH� LQ� ZKLFK� WKH
PRGXOHV�ZDV�KHOG��,W�WXUQHG�RXW�WKDW�WKLV�SUREOHP�ZDV�FDXVHG�E\�WKH�IDFW�WKDW�WKH�FXWWLQJ�HGJHV�RI�WKH�$O1
SDUWV�RI�WKH�VSLQH�ZHUH�FRQGXFWLYH��7KLV�KDSSHQV�LI�WKH�$O1�SDUWV�DUH�QRW�SURSHUO\�FOHDQHG�DIWHU�FXWWLQJ�
,Q�DGGLWLRQ�LW�PXVW�PHDQ�WKDW�WKHUH�LV�DQ�HOHFWULFDOO\�FRQGXFWLYH�FRQQHFWLRQ�EHWZHHQ�WKH�GHWHFWRU�EDFN�VLGH
DQG�WKH�VSLQH��ZKLFK�IRU�D�SHUIHFW�JOXH�OD\HU�FRYHULQJ�WKH�IXOO�VSLQH�VKRXOG�QRW�EH�WKH�FDVH��1�%��WKH�JOXH

XVHG�IRU�WKH�GHWHFWRUV�LV�QRW�FRQGXFWLYH���$IWHU�LVRODWLQJ�WKH�VSLQH�IURP�WKH�DOXPLQXP�IUDPH�WKH�SUREOHP
ZDV� IL[HG� DQG� ,9�FXUYHV� ZHUH� UHFRUGHG�� 7KH� ILJXUH� EHORZ� VKRZV� WKH� ,9�FXUYHV� RI� WKHVH� PRGXOHV�
$SSDUHQWO\��WKH�ILUVW�PRGXOH�VKRZV�VRIW�EUHDNGRZQ�VWDUWLQJ�DW�DURXQG�����9��$OWKRXJK�WKLV� LVVXH�QHHGV
IXUWKHU�LQYHVWLJDWLRQ��LW�LV�YHU\�OLNHO\�WKDW�WKLV�LV�FDXVHG�E\�WKH�JOXH�UHDFKLQJ�RYHU�WKH�JXDUG�VWUXFWXUHV�RQ
WKH�IURQW�VLGH�RI�WKH�GHWHFWRUV��7KH�VHFRQG�DQG�WKLUG�PRGXOH�VKRZ�D�YHU\�VWDEOH�EHKDYLRXU�DQG�QR�VLJQ�RI
EUHDNGRZQ�XS�WR����9��ZKLFK�ZDV�WKH�KLJKHVW�YROWDJH�LQ�WKLV�PHDVXUHPHQW�

*LYHQ�WKH�WLPH�SUHVVXUH�RI�WKH�SURJUDP��WKH�UHDG�RXW�WHVWV�GHVFULEHG�LQ�WKH�IROORZLQJ�ZHUH�IRFXVVHG
RQ�WKH�VHFRQG�DQG�WKLUG�PRGXOH��RQH�RI�HDFK�K\EULG�WHFKQRORJ\���DQG�WKH�ILUVW�PRGXOH�ZDV�OHIW�DVLGH�IRU

WKH�PRPHQW�

7KH�OHDNDJH�FXUUHQW�PHDVXUHG�RQ�WKH�WKUHH�PRGXOHV�DIWHU�DVVHPEO\��DW�URRP�WHPSHUDWXUH��
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7KH�UHDGRXW�V\VWHP�DW�)UHLEXUJ�FRQVLVWV�RI�WKH�IROORZLQJ�VHWXS�

x 3&�17������0+]�3HQWLXP��3&,�9;,���,QWHUIDFH

x '63�6//���%&�����VXSSO\�DQG�GULYHU��H[WHUQDO�OLQHDU�SRZHU�VXSSOLHV

x 6&�����/9'6�GULYHU�FDUG��QHZ�$%&�*$/
V�RQ�6//�FDUG

x VHOI�EXUQHG�ZLWK�FRGH�IURP�7RP�)DKODQGV�ZHESDJH

x 6RIWZDUH���$%&'$4�YHUVLRQ������E\�3HWHU�3KLOOLSV

x ;�;�OHYHO�PRGH

x (GJH�GHWHFW�RII

x $Q\�ELQ�PRGH

x %LQ5DO�E\�3HWHU�3KLOOLSV�DQG�WKHQ�(;&(/�DQG�3$:

x .(.�DQG�5$/�NXPDFV

)RU�DOO�UHDG�RXW�WHVWV�WKH�PRGXOHV�KDYH�EHHQ�RSHUDWHG�ZLWK�WKH�IROORZLQJ�VHWWLQJV�

x ELDV�YROWDJH�RI�����9

x VWUREH�GHOD\��

x 9FF� ����9��RQ�VXSSRUW�FDUG�

x 9GG� �����9��RQ�VXSSRUW�FDUG�

7KH�IROORZLQJ�PHDVXUHPHQWV�KDYH�EHHQ�PDGH�

x FKDUJH�LQMHFWLRQ�DQG�WKUHVKROG�VFDQV��DW�VHYHUDO�)(B%LDV�FXUUHQW�VHWWLQJV�IURP�����WR�����X$

x QRLVH�RFFXSDQF\�VFDQV�WR�LGHQWLI\�SRVVLEOH�ORZ�WKUHVKROG�LQVWDELOLWLHV

x PRVW�RI�WKH�VFDQV�ZHUH�WDNHQ�ZLWKRXW�WULPPLQJ��ORDGLQJ�WULP'$&�ZLWK�����WKH�FKLS�UHVSRQVH�LV�YHU\
XQLIRUP

x WULPPLQJ�ZDV�DOVR�WHVWHG��GLG�QRW�LPSURYHG�WKH�JDLQ�QRLVH�ILJXUHV��RQO\�WKH�UHVSRQVH�XQLIRUPLW\



$�VXPPDU\�RI�WKH�UHVXOWV�LV�JLYHQ�LQ�WKH�IROORZLQJ�WDEOH�
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)URP�WKHVH�PHDVXUHPHQWV��WKH�IROORZLQJ�SUHOLPLQDU\�FRQFOXVLRQV�DUH�GUDZQ�

x XQLIRUP�$%&'�7�FKLS�UHVSRQVH��XQWULPPHG�UHVSRQVH�PDWFKLQJ�DERXW����

x .DSWRQ�PRGXOH

x VWDEOH�DW�)(%�����DQG�JDLQ����P9�I&��WKLV�PHDQV

x QR�EXPSV��QR�PD[LPD��HWF��LQ�QRLVH�RFFXSDQF\�FXUYHV

x ����QRLVH�RFFXSDQF\�YDOXHV�VKRZ�*DXVVLDQ�VSUHDG��0HDQ����P9��506 ����P9�IRU
XQWULPPHG�

x PDQ\�FXUYHV�VWDUW�DW�WKH�VDPH�WKUHVKROG��EXW�WKHUH�LV�QR�VWHHS�ULVH�WR�������EXW�UDWKHU�PDQ\
VORZ�LQFUHDVHV��7KLV�PD\�EH�SHUKDSV�H[SODLQHG�E\�D�JRRG�FKDQQHO�WR�FKDQQHO�XQLIRUPLW\

x EHORZ����P9�DW�)(%������$��JDLQ����P9�I&��VRPH�LQVWDELOLWLHV�REVHUYHG

x DW�WKHVH�FRQGLWLRQV���FKLSV�DUH�SHUIHFWO\�VWDEOH

x WULPPLQJ�ZRUNV��QR�HIIHFW�RQ�JDLQ�QRLVH�VWDELOLW\��IXOO�UDQJH�RI�WULP'$&�����P9
�VWHS FD���P9���WRR�JURVV�IRU�ILQH�WULPPLQJ

x %H2�PRGXOH

x JDLQ� DQG�QRLVH� WKH� VDPH� DV� NDSWRQ�� VWURQJHU� LQVWDELOLWLHV� REVHUYHG�EHORZ� ����P9�� DW� WKH� VDPH
FRQGLWLRQV�DQ\�VHW�RI���FKLSV�ZRUNV�VWDEO\

x DGGLWLRQDO�ERQGV�EHWZHHQ�$*1'�DQG�'*1'�QHDU�HDFK�FKLS�RQ�WKH�WRS�VLGH�FUXFLDO�IRU�WKH�OHYHO

RI�LQVWDELOLWLHV��ZLWKRXW�WKHVH�ERQGV�LQVWDELOLWLHV�RFFXU�DW�����P9�
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x *OXH�GLVSHQVLQJ��$OWKRXJK�DQ�DXWRPDWLF�ZD\�RI�JOXH�GLVSHQVLQJ�ZDV�XVHG��ZH�ZHUH�XQDEOH�WR�DYRLG
WKDW�JOXH�FDQ�VSLOO�RXW�RI�WKH�JDS�EHWZHHQ�WKH�GHWHFWRUV��7KH�SUREOHP�LV�WKDW�WKH�YDULDWLRQV�RI�WKH�JOXH
EHDG� WKLFNQHVV� ZLWKLQ� WKH� WROHUDQFHV� RI� VSLQH� DQG� GHWHFWRU� WKLFNQHVV� DUH� PRUH� WKDQ� VXIILFLHQW� WR
JHQHUDWH�D�VXUSOXV�RI�JOXH�IORZLQJ�WR�WKH�GHWHFWRU�IURQW�VLGH��,W�LV�XQFOHDU�ZKHWKHU�D�ILQH�WXQLQJ�RI�WKH
JOXH� YROXPH�²�SRVVLEO\� WDNLQJ� LQWR� DFFRXQW� WKH� WKLFNQHVV�RI� WKH� DFWXDO� VSLQH� DQG� GHWHFWRUV� LQ� HDFK
PRGXOH�²�FDQ�EH�D�YLDEOH�DQG�VDIH�ZD\�WR�JXDUDQWHH�WKDW�WKH�DPRXQW�RI�JOXH�LV�QHLWKHU�PDUJLQDO�QRU

WRR�ELJ��*LYHQ�WKDW�LQ�ERWK�FDVHV�WKH�PRGXOH�LV�ORVW�ZLWKRXW�D�FKDQFH�RI�UHZRUN�ZH�ZHUH�ORRNLQJ�IRU
DGGLWLRQDO� PHDVXUHV�� )RU� WKH� VHFRQG� DQG� WKLUG� PRGXOH� LQ� WKLV� DVVHPEO\� UXQ� ZH� FRYHUHG� WKH� JDS
EHWZHHQ� WKH�GHWHFWRUV�E\� D� �PP�ZLGH� VWULS�RI�.DSWRQ� WDSH��ZKLFK� JXDUDQWHHV� VXFFHVV�� ,V� WKLV� VWHS
DIIRUGDEOH�GXULQJ�SURGXFWLRQ"

x %LDVLQJ��7KH�EDVHOLQH�GHVLJQ�LV�WR�ELDV�WKH�GHWHFWRUV�WKURXJK�WKH�VSLQH��+RZHYHU��WKH�GHWHFWRUV�LQ�WKH
PRGXOHV� RI� WKLV� DVVHPEO\� UXQ� DUH� ELDVHG� WKURXJK� WKHLU� IURQW�VLGH� HGJH� FRQWDFW�� DV� WKH� DLP� RI� WKLV
SURJUDP�ZDV� WKH� HYDOXDWLRQ� RI� WKH� K\EULG� WHFKQRORJLHV� DQG� WKHUH�ZDV� QRW� HQRXJK� FRQILGHQFH� WKDW

ELDVLQJ�WKURXJK�WKH�VSLQH�ZRXOG�QRW�KDYH�QHJDWLYH�HIIHFWV�RQ�WKH�SHUIRUPDQFH�RI�WKH�PRGXOH��2Q�WKH
RWKHU�KDQG�WKLV�IURQW�VLGH�ELDVLQJ�LV�QRW�SRVVLEOH�IRU�GHWHFWRUV�IURP�DOO�YHQGRUV��7KHUHIRUH�LW� LV�KLJK
WLPH� WR� JDLQ�ZRUNLQJ� H[SHULHQFH�ZLWK� UHDO�PRGXOHV� ELDVHG� WKURXJK� WKH� VSLQH��5HVRXUFHV� VKRXOG� EH
PDGH�DYDLODEOH�VRRQ�WR�EXLOG�DW�OHDVW�WZR�PRGXOHV�ZLWK�WKLV�ELDVLQJ�VFKHPH�DQG�FKHFN�LQ�GHWDLO�WKDW�LW
ZRUNV�DV�H[SHFWHG�

x &RDWLQJ� RI� VSLQH�� ,W� ZDV� QRWLFHG�� LQ� SDUWLFXODU� DW� KLJKHU� ELDV� YROWDJHV�� WKDW� HOHFWULFDO� FRQQHFWLRQV

EHWZHHQ�WKH�GHWHFWRU�EDFN�VLGH�DQG�WKH�VSLQH�FDQ�RFFXU��DOWKRXJK�WKH�XVHG�JOXH�LV�QRW�FRQGXFWLYH��,W
VHHPV�WKDW�MXVW�WKH�JOXH�OD\HU�LV�QRW�VXIILFLHQW�WR�HQVXUH�HOHFWULFDO�LQVXODWLRQ�RI�WKH�GHWHFWRUV�IURP�WKH
VSLQH��$�OLWWOH�SLHFH�RI�73*�RQ�WKH�VXUIDFH�RI�WKH�VSLQH��ZKLFK�LV�ORRVH�DW�RQH�HQG�DQG�QRW�FRYHUHG�E\
JOXH��LV�DEOH�WR�DFW�DV�D��YROWDJH�GHSHQGHQW��VZLWFK��$OWKRXJK�WKH�VSLQH�ZLOO�SUREDEO\�EH�DW�ELDV�YROWDJH
DQ\ZD\�WKLV�XQVWDEOH�EHKDYLRXU�RI�WKH�EDUH�73*�VKRXOG�EH�WDNHQ�VHULRXV�DQG�D�FRDWLQJ�RI�WKH�VSLQH
VKRXOG�EH�FRQVLGHUHG��7KLV�ZRXOG�DOVR�DYRLG�WKDW�73*�SDUWLFOHV�IDOO�RII�WKH�VSLQH�DQG�FDXVH�GDPDJH�LQ
RWKHU�SDUWV�RI�WKH�PRGXOH�

x 3ODFHPHQW�RI�IDQ�LQV��&XUUHQWO\�WKHUH�LV�QR�VDWLVIDFWRU\�WRRO�DYDLODEOH�IRU�WKH�SODFHPHQW�RI�WKH�IDQ�
LQV�LQ�WKLV�DVVHPEO\�VFKHPH��,Q�WKLV�DVVHPEO\�UXQ�WKH�IDQ�LQV�ZHUH�SODFHG�PDQXDOO\�ZLWK�D�YDFXXP�SHQ�
ZKLFK�LV�FHUWDLQO\�LPSRVVLEOH�GXULQJ�PDVV�SURGXFWLRQ��%HWWHU�WRROLQJ�LV�QHHGHG�

x )L[DWLRQ�RI�WXUQ�SODWH�RQ�WKH�DVVHPEO\�VWDWLRQ��)RU�WKH�DVVHPEO\�UXQ�GHVFULEHG�KHUH��WKH�VFKHPH
KDV�EHHQ� DGRSWHG� LQ�ZKLFK� WKH� WKUHH� IHHW�RI� WKH� WXUQ�SODWH� ��PP�GLDPHWHU� VWDLQOHVV� VWHHO� EDOOV�� DUH
VLWWLQJ�LQ�9�VKDSHG�JURRYHV��7KH�JURRYHV�DUH�RULHQWHG�LQ�VXFK�D�ZD\�WKDW�WKH\�DUH�DOO�SRLQWLQJ�WR�D�VSRW
LQ�WKH�FHQWUH�RI�WKH�WXUQ�SODWH��&RQWLQXRXVO\�PHDVXULQJ�WKH�ORFDWLRQ�RI�D�ILGXFLDO�LQ�WKH�WXUQ�SODWH�DQG

DW�WKH�VDPH�WLPH�GRLQJ�VRPH�RSHUDWLRQV�RQ�WKH�SODWH��H�J��LQVHUWLQJ�WKH�WUDQVIHU�SODWHV��KDV�VKRZQ�WKDW
PRYHPHQWV�RI�WKH� WXUQ�SODWH� UHODWLYH�WR� WKH�DVVHPEO\�VWDWLRQ�FDQ�EH�NHSW�DW� WKH� OHYHO�RI���P� LI� WKH
RSHUDWLRQV� DUH� GRQH� ZLWK� JUHDW� FDUH�� ,I� RSHUDWLRQV� DUH� GRQH� ZLWK� OHVV� FDUH�� PRYHPHQWV� RI� WHQV� RI
PLFURQV�ZHUH�REVHUYHG��2EYLRXVO\�WKLV�PHDQV�WKDW�WKH�VXFFHVV�RI�WKH�DOLJQPHQW�GHSHQGV�YHU\�PXFK
RQ�WKH�VNLOOV�RI�WKH�RSHUDWRU��7KLV�SUREOHP�FDQ�EH�GHDOW�ZLWK�E\�DQ�DGGLWLRQDO�PHDVXUHPHQW�VWHS�LQ�WKH
DVVHPEO\� SURFHVV� ZKLFK� HLWKHU� SURYHV� WKDW� �LQ� SDUWLFXODU� DIWHU� LQVHUWLRQ� RI� WKH� WUDQVIHU� SODWHV�� WKH
DOLJQPHQW�KDV�QRW�EHHQ�GLVWRUWHG��RU�WHOOV�WKH�RSHUDWRU�WR�UHSHDW�WKH�DOLJQPHQW�SURFHGXUH��7KLV�LV�WLPH
FRQVXPLQJ�DQG� LPSOLHV� DGGLWLRQDO�KDQGOLQJ� VWHSV� IRU� WKH�GHWHFWRUV�� ,PSURYHPHQWV�RQ� WKLV� LVVXH� DUH

XQGHU�FRQVLGHUDWLRQ�

x +DQGOLQJ�RI�UHDO�PRGXOHV��7KH�RQO\�SODFHV�ZKHUH�D�PRGXOH�FDQ�EH�KHOG�DUH� WKH�$O1�HQGV�RI� WKH
VSLQH��WKH�RXWHU�HGJHV�RI�WKH�K\EULG�DQG�WKH�FRROLQJ�EORFN�FRQWDFW�VXUIDFH��*LYHQ�WKDW�LQ�DQ\�NLQG�RI
PRXQWLQJ�PRVW�RI�WKHVH�DUHDV�ZLOO�EH�EORFNHG�LW�LV�REYLRXVO\�YHU\�GLIILFXOW�WR�PRYH�D�PRGXOH�IURP�RQH
PRXQWLQJ��H�J�� WXUQ�SODWH�� WR� WKH�RWKHU� �H�J�� VWRUDJH� IUDPH��ERQGLQJ� MLJ� HWF����3UREDEO\� WKH�RQO\�VDIH
ZD\�LV�WR�OLIW�WKH�PRGXOH�E\�PHDQV�RI�D�YDFXXP�FKXFN�DWWDFKHG�WR�RQH�RI�WKH�GHWHFWRUV��7HVWLQJ�RI�WKLV
SURFHGXUH�LV�QHHGHG�


