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$EVWUDFW

:H� S UHVHQW� D� ����FK DQQHO � DQDO RJXH� IURQW�HQG� FK LS �
6&7���$�+&��IRU�UHDGRXW�RI�VLO LFRQ�VWULS �GHWHFWRUV�HPS O R\ HG
LQ� WK H� LQQHU� WUDFN LQJ� GHWHFWRUV� RI� WK H� /+&� H[ S HULPHQW�� 7K H
FK LS �LV�S URGXFHG�LQ�WK H�UDGLDWLRQ�K DUG�'0, //�WHFK QRO RJ\ ��7K H
DUFK LWHFWXUH�RI�WK H�FK LS �DQG�FULWLFDO �GHVLJQ�LVVXHV�DUH�GLVFXVVHG�
7K H� S HUIRUPDQFH�RI� WK H� FK LS � K DV� E HHQ� HY DO XDWHG� LQ� GHWDLO V� LQ
WK H�WHVW�E HQFK �DQG�LV�S UHVHQWHG�LQ�WK H�S DS HU��7K H�FK LS �LV�XVHG�WR
UHDG� RXW� S URWRW\ S H� DQDO RJXH� PRGXO HV� FRPS DWLE O H� LQ� VL]H�
IXQFWLRQDO LW\ �DQG� S HUIRUPDQFH� Z LWK �WK H�$7/$6�6&7� E DVH� O LQH
PRGXO HV�� 6HY HUDO � IXO O � VL]H� GHWHFWRU� PRGXO HV� HT XLS S HG� Z LWK
6&7���$�+&�FK LS V� K DV� E HHQ� E XLO W� DQG� WHVWHG� VXFFHVVIXO O \ � LQ
WK H�O DE � Z LWK �b� S DUWLFO HV�DV� Z HO O �DV�LQ�WK H�WHVW� E HDP��7K H�UHVXO WV
FRQFHUQLQJ� WK H� VLJQDO �WR�QRLVH� UDWLR�� QRLVH� RFFXS DQF\ �
HIILFLHQF\ � DQG� VS DWLDO � UHVRO XWLRQ� DUH� S UHVHQWHG�� 7K H� UDGLDWLRQ
K DUGQHVV�LVVXHV�DUH�GLVFXVVHG�

, ��, 1 752'8 &7, 21
7K H�/+&�RS HUDWLQJ�FRQGLWLRQV�S UHVHQW�D�Y HU\ �E LJ�FK DO O HQJH

WR� WK H� IURQW�HQG� HO HFWURQLFV� RI� 6L� WUDFN HUV� IRU� H[ S HULPHQWV
GHVLJQHG� IRU� K LJK � O XPLQRVLW\ � S K \ VLFV�� 5HT XLUHPHQWV� RQ� WK H
IURQW�HO HFWURQLFV�RI�6L�VWULS �GHWHFWRUV�DUH� Y HU\ �GHPDQGLQJ��7K H
UHDGRXW� K DV� WR� E H�FO RVH�WR� WK H�6L�VHQVRU�DQG� � WK HUHIRUH� �QHHGV
WR� � E H� � UDGLDWLRQ� � K DUG� � XS � WR� GRVHV� RI� �� � 0UDG� DQG� XS � WR
IO XHQFHV� RI� ����

� 	

FK DUJHG� S DUWLFO HV�FP
�

� DQG� ����
� 	

QHXWURQV�FP
�

�

'XH� WR� D� K LJK � RFFXS DQF\ � H[ S HFWHG� IRU� IXO O � O XPLQRVLW\
RS HUDWLRQ�WK H�S XO VH�VK DS LQJ�WLPH�K DV�WR�E H�VK RUW��7R�DY RLG�S LO H�
XS �RI�HY HQWV� LQ�VLQJO H�FK DQQHO V�GRXE O H� S XO VH�UHVRO XWLRQ� K DV� WR
E H�LQ�WK H�RUGHU�RI��� �QV��, W�LV�FRQY HQLHQW�WR�K DY H�D�S HDN LQJ�WLPH
RI�WK H�RXWS XW� S XO VH�HT XLY DO HQW�WR�WK H� E XQFK �FURVVLQJ�IUHT XHQF\
RI��� �0+]�

7K H� QRLVH� S HUIRUPDQFH� LV� GLFWDWHG� E \ � WK H� PRVW� S URE DE O H
VLJQDO � IURP� D� PLQLPXP� LRQLVLQJ� S DUWLFO H� FURVVLQJ� D� �� �  mP
WK LFN � 6L� VHQVRU�� Z K LFK � LV� ���� � � FK DUJHV�� 7R� RE WDLQ� D� JRRG
HIILFLHQF\ � IRU� WUDFN � UHFRQVWUXFWLRQ� DQG� PDLQWDLQ� DW� WK H� VDPH
WLPH� D� O RZ � QRLVH� RFFXS DQF\ � D� VLJQDO � RY HU� QRLVH� UDWLR� E HWWHU
WK DQ���� ��LV�UHT XLUHG��7K LV�LV�HT XLY DO HQW�WR�D�QRLVH�VPDO O HU�WK DQ
��� � �H � �( 1 &�

7K H�VL]H�RI�LUUHGXFLE O H�QRLVH�FRQWULE XWLRQV��VK RW�QRLVH�IURP
O HDN DJH�FXUUHQW� LQ�WK H� LUUDGLDWHG�6L�VHQVRU�DQG� E DVH�FXUUHQW� LQ

DQ�LUUDGLDWHG�E LS RO DU�M XQFWLRQ�WUDQVLVWRU�DQG�S UHDPS O LILHU�VHULHV
QRLVH��DUH�GHWHUPLQHG� E \ � WK H� FK RVHQ� VHQVRU�HO HPHQW� VL]H��7K H
VHQVRU� HO HPHQW� VL]H� FDQQRW� E H� WRR� VPDO O � LQ� RUGHU� WR� O LPLW� WK H
QXPE HU�RI� FK DQQHO V�� DQG� DO VR� FDQQRW� H[ FHHG� D� FHUWDLQ� VL]H� WR
N HHS �WK H�GHWHFWRU�FDS DFLWDQFH�O RZ �

7K H�WK UHH�E LJ�/+&�H[ S HULPHQWV��$7/$6��&06�DQG�/+&E �
Z K LFK � Z LO O � K DY H� 6L� WUDFN HUV�� DUH� FRQVLGHULQJ� GHWHFWRU
JHRPHWULHV� Z LWK � VWULS � O HQJWK � IURP� �� FP� WR� ��� FP� DQG� VWULS
S LWFK HV�IURP��� �mP�WR���� �mP��7K H�VWULS � S LWFK �LV�JLY HQ� E \ �WK H
UHT XLUHG��VS DWLDO ���UHVRO XWLRQ���LQ���WK H��UDQJH��RI���s�  ���mP��WR
s� ����mP�

, Q�DO O �FDVHV�GDWD� K DV�WR� E H�VWRUHG�LQ�RQ�FK LS � E XIIHUV�IRU�WK H
GXUDWLRQ��RI��WK H���O HY HO ����WULJJHU��O DWHQF\ ��� Z K LFK ��LV��DURXQG��
mVHF��7K LV�UHT XLUHV�O RQJ�S LS HO LQHV�Z LWK �GHUDQGRPLVLQJ��E XIIHUV�
'DWD� FRPS UHVVLRQ� RQ�FK LS � LV� GHVLUDE O H� WR� IDFLO LWDWH� WK H� GDWD
WUDQVPLVVLRQ�RY HU�RS WLFDO �O LQN V�WR�WK H�FRQWURO �URRP�

6HY HUDO � IURQW�HQG� DUFK LWHFWXUHV� K DY H� E HHQ� GHY HO RS HG� RY HU
WK H� O DVW��� \ HDUV�IRU�/+&�H[ S HULPHQWV�� % DVLFDO O \ �WK UHH�GLIIHUHQW
FRQFHS WV�K DY H�E HHQ�S XUVXHG�

)XO O � DQDO RJXH� UHDGRXW� Z LWK � WUDQVPLVVLRQ� RI� DO O � GDWD� Y LD
DQDO RJXH� RS WLFDO � O LQN V� WR� WK H� H[ WHUQDO � UHDG�RXW� S URFHVVRUV� IRU
GLJLWLVDWLRQ� � Z LWK � IO DVK � $'&V�� ( [ DPS O HV� IRU� WK LV� DUFK LWHFWXUH
DUH� WK H� $39 �� >�@� FK LS � DQG� WK H� $39 ���� FK LS � IRU� WK H� &06
WUDFN HU�DQG�WK H�6&7$�FK LS �DV�E DFN �XS �VRO XWLRQ�IRU�WK H�$7/$6
WUDFN HU�

$QDO RJXH� UHDG�RXW� Z LWK � RQ�FK LS � $'&V� IRU� HDFK � FK DQQHO �
7K LV� DO O RZ V� GDWD� VS DUVLILFDWLRQ� RQ�FK LS � DQG� GLJLWDO � GDWD
WUDQVPLVVLRQ� Y LD� GLJLWDO � RS WLFDO � O LQN V�� $Q� H[ DPS O H� LV� WK H
$52:�>�@� FK LS � Z K LFK � Z DV� GHY HO RS HG� DV� D� S RVVLE O H� UHDG�RXW
IRU�WK H�$7/$6�6L�WUDFN HU�

% LQDU\ � UHDGRXW� DUFK LWHFWXUH� VHO HFWV� FK DQQHO V� K LW� E \ � D
S DUWLFO H� E \ �PHDQV�RI�D�FRPS DUDWRU�LQ�HDFK �FK DQQHO �� , QGLY LGXDO
WK UHVK RO GV� RQ� HDFK � FK DQQHO � DO O RZ � WR� VHO HFW� K LW� FK DQQHO V� E \
GLVFULPLQDWLQJ�RQ�WK H� S XO VH� K HLJK W�DW� WK H�RXWS XW�RI� WK H�VK DS HU�
$� E LQDU\ � S LS HO LQH� IRO O RZ HG� E \ � D� GHUDQGRPLVLQJ� E XIIHU� DQG� D
GDWD� FRPS UHVVLRQ� O RJLF� DO O RZ � WR� WUDQVPLW� GDWD� RQO \ � IURP� K LW
FK DQQHO V� Y LD� D� GLJLWDO � RS WLFDO � O LQN �� 7K HUH� DUH� WZ R� Y HUVLRQV� RI
E LQDU\ � IURQW�HQGV� � � E DVHO LQH� IRU� WK H� $7/$6� 6L� WUDFN HU�
DY DLO DE O H�� 7K H� &$)e �3� IURQW�HQG� FK LS � LQ� E LS RO DU� WHFK QRO RJ\
� 0$; , 0� S URFHVV� � WRJHWK HU� Z LWK � WK H� $% &� S LS HO LQH� FK LS �
S URGXFHG� LQ� UDGLDWLRQ� K DUG� &026� � +RQH\ Z HO O � S URFHVV� � >�@�



$QRWK HU� Y HUVLRQ� RI� WK LV� DUFK LWHFWXUH�� WK H� $% &'�7� FK LS �
FRPE LQHV� E RWK � IURQW�HQG� DQG� S LS HO LQH� IXQFWLRQV� RQ� RQH� FK LS
S URGXFHG� LQ� UDGLDWLRQ� K DUG� % L&026� WHFK QRO RJ\ � � 7( 0, &
'0, //�S URFHVV� �>�@�

+LVWRULFDO O \ �PRVW�FRO O LGHU�H[ S HULPHQWV�K DY H�VR�IDU�XVHG�IXO O
DQDO RJXH� UHDGRXW� IURQW�HQGV� IRU� 6L� WUDFN HUV� DQG� Y HUWH[
GHWHFWRUV��7K LV�PHWK RG� DO O RZ V� LQGLY LGXDO � WUHDWPHQW� RI� GDWD� LQ
HDFK � FK DQQHO � Z LWK � RS WLPLVHG� DQG� DGDS WDE O H� VRIWZ DUH� DQG
WK HUHE \ �WK H�PRVW�GHWDLO HG�FRQWURO �DQG�PRQLWRULQJ�RI�WK H� Z K RO H
V\ VWHP�� $QDO RJXH� UHDGRXW� LV� WR� D� O DUJH� H[ WHQW� LPPXQH� WR
H[ WHUQDO � HO HFWURPDJQHWLF� S LFN XS � � FRPPRQ� PRGH� � VLQFH
FRPPRQ�PRGH�QRLVH�FDQ� E H� IXO O \ � HO LPLQDWHG� Z LWK � VLPS O H� DQG
IDVW�VRIWZ DUH��7K H� S ULFH�WR� S D\ �IRU�WK LV�VDIHW\ �LV�D� K HDY LHU� O RDG
RQ�GDWD�WUDQVPLVVLRQ�RII�WK H�GHWHFWRU�RY HU�RS WLFDO �O LQN V��E RWK �LQ
E LW� UDWH� DQG� LQ� WK H� UHT XLUHG� QXPE HU� DQG� T XDO LW\ � RI� WK H� O LQN V�
$QRWK HU� DGY DQWDJH�� DW� O HDVW� LQ� WK H� FDVH� RI� WK H� WZ R� RS WLRQV� LQ
'0, //� WHFK QRO RJ\ � GHY HO RS HG� IRU� WK H� $7/$6� 6&7�� LV� D
VLJQLILFDQWO \ � O RZ HU� S RZ HU� FRQVXPS WLRQ� RI� WK H� 6&7���$�+&
FK LS � FRPS DUHG� Z LWK � WK H� $% &'�7� FK LS � >�@�� 7K H� E LQDU\
DUFK LWHFWXUH�� K RZ HY HU��DO O RZ V�D�PRUH�FRPS DFW�GHVLJQ�DQG� K DV
WK H�DGY DQWDJH�RI�D�PXFK � UHGXFHG�GDWD�WUDQVIHU�UDWH� Z LWK �PRUH
FK LS V�XVLQJ�D�VLQJO H�RS WLFDO �O LQN �

, Q��WK LV� S DS HU�WK H�$7/$6�E DFN �XS �VRO XWLRQ��WK H�6&7���$�
+&�FK LS �� Z LO O � E H�GHVFULE HG��5HVXO WV�IURP�PHDVXUHPHQWV�RI�WK H
S HUIRUPDQFH�RI�WK H�FK LS � Z LO O � E H�S UHVHQWHG��7K H�S HUIRUPDQFH�RI
DQDQDO RJXH� S URWRW\ S H� PRGXO H� FRQVLVWLQJ� RI� WZ R� �������� FP

�

$7/$6� E DVHO LQH�GHWHFWRUV�UHDG�RXW� E \ ���6&7���$�+&�FK LS V�
Z K LFK � K DV�� E HHQ��WHVWHG��Z LWK �D�5X�b�VRXUFH�DQG�LQ�D��� � � * H9
S LRQ�E HDP��Z LO O �E H�GLVFXVVHG�

, , ���7+( �6&7���$�+&�)521 7�( 1 '�&+, 3
7K H� 6&7���$�+&� FK LS � LV� DQ� H[ DPS O H� RI� WK H� DQDO RJXH

UHDGRXW�DUFK LWHFWXUH�IRU�VLO LFRQ�VWULS �GHWHFWRUV�� Z K LFK �PHHWV�DO O
E DVLF� UHT XLUHPHQWV� RI� WK H� /+&� H[ S HULPHQWV�� 7K H� E O RFN
GLDJUDP�RI�WK H�FK LS �LV�VK RZ Q�LQ�)LJ�����7K H�FK LS �FRPS ULVHV�ILY H
E DVLF� E O RFN V� � IURQW�HQG� DPS O LILHUV�� DQDO RJXH� S LS HO LQH� � $'% � �
FRQWURO � O RJLF� LQFO XGLQJ� WK H� GHUDQGRPL]LQJ� ), )2�� FRPPDQG
GHFRGHU�DQG�RXWS XW�PXO WLS O H[ HU�

)LJXUH��� �% O RFN �GLDJUDP�RI�WK H�6&7$����+&�FK LS �

7K H�IURQW�HQG�LV� E DVHG�RQ�D�IDVW� WUDQVLPS HGDQFH�DPS O LILHU�
XVLQJ� D� E LS RO DU� LQS XW� WUDQVLVWRU�� IRO O RZ HG� E \ � DQ� LQWHJUDWRU
S URY LGLQJ�D��VHPL�JDXVVLDQ��VK DS LQJ� � Z LWK � �D� � S HDN LQJ�WLPH�RI
���QV��7K H�S HDN � Y DO XHV�DUH�VDPS O HG�DW��� �0+]�UDWH�DQG�VWRUHG
LQ� WK H� ����FHO O � GHHS � DQDO RJXH� S LS HO LQH�� 7K H� GHUDQGRPL]LQJ
IXQFWLRQ� LV� UHDO LVHG� E \ �PHDQV�RI�DQ�DGGLWLRQDO �), )2� LQ� Z K LFK
XS � WR� HLJK W� DGGUHVVHV� RI� FHO O V� FRQWDLQLQJ� Y DO LG� GDWD� FDQ� E H
VWRUHG�� 8 S RQ� UHFHLY LQJ� D� WULJJHU� VLJQDO � WK H� GDWD� LV� UHDG� RXW
WK URXJK �WK H�IDVW��� �0+]�DQDO RJXH�PXO WLS O H[ HU�

7K H� E LDV� FXUUHQWV� RI� WK H� LQS XW� WUDQVLVWRU�� LQWHJUDWRU� DQG
UHDGRXW� DPS O LILHUV� DUH� FRQWURO O HG� E \ � ��E LW� '$&V�� , Q� RUGHU� WR
LPS URY H� WK H� WHVWDE LO LW\ � RI� WK H� FK LS � DQ� LQWHUQDO � FDO LE UDWLRQ
FLUFXLWU\ � K DV� E HHQ� LPS O HPHQWHG�� 7K H� FLUFXLWU\ � DO O RZ V� WR
JHQHUDWH� FDO LE UDWLRQ� S XO VHV� Z LWK � WK H� DPS O LWXGHV� FRQWURO O HG� E \
DQ� ��E LW� '$&� DQG� WK H� GHO D\ � Z LWK � UHVS HFW� WR� WK H� FO RFN � S K DVH
FRQWURO O HG�E \ �DQ�LQWHUQDO �GHO D\ �FLUFXLW��2QH�RI�WK H�IRXU�LQWHUQDO
FDO LE UDWLRQ� O LQHV� FDQ� E H� VHO HFWHG� E \ � D� ��E LW� DGGUHVV�
&RPPXQLFDWLRQ� Z LWK � WK H� FK LS � LV� S URY LGHG� Z LWK � WK H� FRPPDQG
GHFRGHU�Z K LFK �FRQWURO V�DO O �FLUFXLWV�PHQWLRQHG�DE RY H�DV�Z HO O �DV
WK H�UHDGRXW�O RJLF�

)LJ�� �� VK RZ V� WK H� O D\ RXW� RI� WK H� 6&7$���$�+&� FK LS �� 7K H
IURQW�HQG�FK DQQHO V�DQG�WK H�DQDO RJXH� S LS HO LQH�DUH� O DLG�RXW� Z LWK
D� S LWFK �RI����mP�� , QS XW� E RQGLQJ� S DGV�DUH� O DLG�RXW� Z LWK ��� �mP
S LWFK �� 7K H� E RQG� S DGV� IRU� VXS S O \ � Y RO WDJHV� DQG� FRQWURO � VLJQDO V
DUH� � O RFDWHG� � RQ� � E RWK � � VLGHV� RI� WK H� FK LS �� 7K H� � GLH� DUHD� LV
��� ���� �PP

�

� RI� Z K LFK � DE RXW� �� � � LV� RFFXS LHG� E \ � WK H� VWRUDJH
FDS DFLWRUV�LQ�WK H�$'% �

)LJXUH��� �/D\ RXW�RI�WK H�6&7���$�+&�FK LS �

$� � ) UR Q W� ( Q G �3 H UI R UP DQ FH

7K H�FRQFHS W�RI�WK H�6&7���$�+&�GHVLJQ�LV� E DVHG�RQ�D�IDVW
IURQW�HQG� FLUFXLW� S URY LGLQJ� WK H� S HDN LQJ� WLPH� RI� ��� QV�� Z K LFK
PDWFK HV� WK H� VDPS O LQJ� IUHT XHQF\ � RI� �� �0+]�� 7K LV� Z D\ �� RQO \
RQH� VDPS O H� RI� WK H� S HDN � Y DO XH� IRU� HDFK � S XO VH� LV� VWRUHG� LQ� WK H
$'% �� 7K H� VL]H� DQG� E LDV� FXUUHQW� RI� WK H� LQS XW� WUDQVLVWRU� Z DV
RS WLPLVHG� IRU� UHDGRXW� RI� UHO DWLY HO \ � O RQJ� VLO LFRQ� VWULS V� Z LWK � D
WRWDO � FDS DFLWDQFH� XS � WR� ��� S )�� 7K H� FXUUHQW� LQ� WK H� LQS XW



WUDQVLVWRU�FDQ� E H�VHW� E \ �DQ�LQWHUQDO �'$&�LQ�WK H�UDQJH� E HWZ HHQ
�� �m$�DQG��� � �m$�

7K H� S XO VH� VK DS H� DW� WK H� RXWS XW� RI� WK H� VK DS HU� FDQ� E H
UHFRQVWUXFWHG� E \ � VFDQQLQJ� WK H� GHO D\ � RI� WK H� FDO LE UDWLRQ� VLJQDO
Z LWK �UHVS HFW�WR�WK H�FO RFN � S K DVH�VR�WK DW�D�GLIIHUHQW�WLPH�VO LFH�RI
WK H� S XO VH� LV� UHDGRXW� IRU� HDFK � VFDQ� S RLQW�� 7K H� LQWHUQDO � GHO D\
UHJLVWHU� LV� E XLO W� DV� D� VLPS O H� FK DLQ� RI� LQY HUWHUV� DQG� LW� LV� QRW
GHVLJQHG�IRU�DQ�DE VRO XWH�GHO D\ � Y DO XH��)RU�WK H� S UHVHQW�E DWFK �WK H
FRQY HUVLRQ� IDFWRU� E HWZ HHQ� WK H� GHVLJQHG� GHO D\ � DQG� WK H� UHDO
GHO D\ �LV�HT XDO ������)LJ����VK RZ V�WK H�UHVXO W�RI�RQH�GHO D\ �VFDQ�IRU
D� S DUWLFXO DU� FK DQQHO � RI� WK H� 6&7���$�+&� FK LS �� 7K H� LQM HFWHG
FK DUJH�Z DV���I&��7K H�RE WDLQHG�S HDN LQJ�WLPH�PDWFK HV�Y HU\ �Z HO O
WK H�GHVLJQ�Y DO XH�RI����QV�
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)LJXUH� �� � 3XO VH� VK DS H� DW� WK H� PXO WLS O H[ HU� RXWS XW� RE WDLQHG� IURP� WK H
GHO D\ �VFDQ��7K H�LQM HFWHG�FK DUJH�Z DV���I&�

)RU� WUDFN LQJ� DS S O LFDWLRQV� WK HUH� LV� QR� S DUWLFXO DUO \
GHPDQGLQJ� UHT XLUHPHQW� Z LWK � UHVS HFW� WR� WK H� O LQHDULW\ �
1 HY HUWK HO HVV�� WK H� 6&7���$�+&� FK LS � K DV� E HHQ� GHVLJQHG� WR
S URY LGH� � D� � O LQHDU� � UHVS RQVH�XS � WR� ��� I&�RI� WK H� LQS XW� FK DUJH�
)LJ�� �� VK RZ V� WK H� O LQHDULW\ � PHDVXUHG� IRU� RQH� FK DQQHO �� 7K H
DY HUDJH�JDLQ� LV������P9 �I&� Z K LO H� D� W\ S LFDO � VS UHDG�RI� JDLQ� LQ
����FK DQQHO V�RI�RQH�FK LS �LV� � �� �P9 �I&�UPV��L�H���� ��$O WK RXJK
WK H� XQLIRUPLW\ � RI� JDLQ� LV� QRW� D� Y HU\ � FULWLFDO � LVVXH� IRU� WK H
DQDO RJXH�DUFK LWHFWXUH�WK H�RE WDLQHG�ILJXUH�DO O RZ V�XVH�RI�WK H�FK LS
Z LWK RXW�RII�O LQH�FRUUHFWLRQ�
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Chi2 / ndf = 4.333 / 12

Offset   = -17.17 +-  2.06 

Gain     = 26.41 +- 0.3998 

Channel 100 Chi2 / ndf = 4.333 / 12

Offset   = -17.17 +-  2.06 

Gain     = 26.41 +- 0.3998 

Input [fC]

[mV]

)LJXUH��� �* DLQ�O LQHDULW\ �IRU�D�VLQJO H�FK DQQHO �

7K H� QRLVH� S HUIRUPDQFH� RI� WK H� 6&7���$�+&� FK LS � FDQ� E H
RS WLPLVHG�DFFRUGLQJ�WR�WK H�GHWHFWRU�FDS DFLWDQFH� E \ �FK RRVLQJ�D
S URS HU� Y DO XH�RI�WK H�FXUUHQW�LQ�WK H�LQS XW�WUDQVLVWRU��$Q�H[ DPS O H

RI� QRLVH� PHDVXUHPHQWV� IRU� WK UHH� � GLIIHUHQW� � Y DO XHV� � �� � � m$�
��� �m$�DQG� �� � �m$� � RI� WK H� FXUUHQW� LQ� WK H� LQS XW� WUDQVLVWRU� LV
VK RZ Q�LQ�)LJ�����7K H�QRLVH�PHDVXUHPHQWV� Z HUH�WDN HQ��IRU��WK H
FK LS � � RS HUDWLQJ� � DW� � WK H� � FO RFN � � IUHT XHQF\ � � RI� �� �0+]�� 7K H
QRLVH�Z DV�PHDVXUHG�E \ �UDQGRP�UHDGLQJ�RI�FHO O V�RI�WK H� S LS HO LQH
VR� WK DW� WK H� PHDVXUHG� Y DO XH� LQFO XGHV� FHO O �WR�FHO O � S HGHVWDO
Y DULDWLRQ� LQ� WK H� S LS HO LQH�� 7K H� WZ R� JURXS V� RI� FK DQQHO V� DW� WK H
HGJHV� RI� WK H� FK LS � Z HUH� FRQQHFWHG� WR� �� FP� O RQJ� VWULS V� RI� WK H
FDS DFLWDQFH�DE RXW�� ���S )��Z K LO H�WK H�LQS XWV�RI�WK H�FHQWUDO �S DUW�RI
WK H�FK LS � Z HUH�O HIW�RS HQ��)RU�WK H�FK DQQHO V� Z LWK �RS HQ�LQS XWV�RQH
FDQ�QRWLFH�GHS HQGHQFH�RI�QRLVH�RQ�WK H�E DVH�FXUUHQW�LQ�WK H�LQS XW
WUDQVLVWRU�� )RU� WK H� FK DQQHO V� FRQQHFWHG� WR� VWULS V� WK H� UHVXO WLQJ
QRLVH� LV� WK H� VXP� RI� WK H� S DUDO O HO � QRLVH� DQG� WK H� VHULHV� QRLVH�
Z K LFK � Y DU\ � LQ�RS S RVLWH�GLUHFWLRQV� Z LWK � WK H� E LDV� FXUUHQW�RI� WK H
LQS XW� WUDQVLVWRU�� $V� D� UHVXO W� WK H� QRLVH� LV� DO PRVW� WK H� VDPH� IRU
T XLWH�GLIIHUHQW�Y DO XHV�RI�WK H�FXUUHQW�
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channel number
)LJXUH��� �'LVWULE XWLRQ�RI�( 1 &�LQ�D�VLQJO H�6&7���$�+&�FK LS ��7K H���
FK DQQHO V�RQ�HDFK �VLGH�Z HUH�FRQQHFWHG�WR�WK H�VLO LFRQ�VWULS V�

)URP�WK H�GDWD�VK RZ Q�LQ�)LJ����Z H�RE WDLQ�DS S UR[ LPDWHO \ �WK H
IRO O RZ LQJ�QRLVH�ILJXUHV�

( 1 &� ������ ����H � �S )�IRU��� � �m$�LQ�WK H�LQS XW�WUDQVLVWRU�
( 1 &� ��� ��� ����H � �S )�IRU���� �m$�LQ�WK H�LQS XW�WUDQVLVWRU�
( 1 &� ������ ����H � �S )�IRU��� � �m$�LQ�WK H�LQS XW�WUDQVLVWRU�

% � �$Q DO R J X H �3 L S H O L Q H �3 H UI R UP DQ FH

6LQFH�WK H�6&7���$�+&�FK LS � S HUIRUPV�Y HU\ �VLPS O H� Y RO WDJH
VDPS O LQJ� Z K HUH� RQO \ � DQDO RJXH� Y DO XH� LV� VWRUHG�UHWULHY HG� IURP
WK H� S LS HO LQH�� WK H� S HGHVWDO � VS UHDG� E HWZ HHQ� $'% � FHO O V
FRQWULE XWHV�DV�DQ�DGGLWLRQDO �QRLVH�VRXUFH��% \ � Y DU\ LQJ�WK H�GHO D\
E HWZ HHQ� UHVHW� VLJQDO � � UHVHW� RI� WK H� Z ULWH�UHDG� S RLQWHU� LQ� WK H
$'% � � DQG� WK H� WULJJHU� VHQW� WR� WK H� FK LS � RQH� FDQ� RE WDLQ� WK H
S HGHVWDO �PDS �LQ�WK H�$'% ��)LJ����VK RZ V�WK H�$'% �S HGHVWDO �PDS
� ���� FHO O V��� ���� FK DQQHO V� � IRU� RQH� FK LS �� )URP� WK H� S UHVHQWHG
ILJXUH�RQH�FDQ�H[ WUDFW�WK H�FHO O �WR�FHO O � S HGHVWDO �Y DULDWLRQ�DV�Z HO O
DV�Y DULDWLRQ�RI�WK H�'&�RIIVHW�VS UHDG�E HWZ HHQ�FK DQQHO V�

7K H� VS UHDG� RI� WK H� '&� RIIVHWV� E HWZ HHQ� FK DQQHO V� LV� LQ� WK H
UDQJH�RI��� �P9 �S �S �Z K LO H�WK H�VS UHDG�RI�WK H�S HGHVWDO V�DO RQJ�RQH
FK DQQHO � RI� WK H� $'% � LV� LQ� WK H� UDQJH� RI� �� P9 � S �S �� 7K H
GLVWULE XWLRQ�RI�WK H� S HGHVWDO V�LQ�RQH�S DUWLFXO DU�FK DQQHO �LV�VK RZ Q
LQ�)LJ�����7K H�VS UHDG�Y DO XH�RI�� ���P9 �UPV� K DV�WR� E H�FRPS DUHG
Z LWK � WK H� JDLQ� RI� ��� P9 �I&� Z K LFK � JLY HV� DQ� DGGLWLRQDO
FRQWULE XWLRQ�RI��� � �H � � UPV�WR�WK H�QRLVH�JHQHUDWHG�LQ�WK H�IURQW�



HQG�� �)RU�D� O RZ � E LDV� FXUUHQW� LQ� WK H� LQS XW� WUDQVLVWRU� DQG� D� O RZ
GHWHFWRU�FDS DFLWDQFH�WK H�DGGLWLRQDO �FRQWULE XWLRQ�LV�DE RXW��� �RI
WK H� RY HUDO O � QRLVH� DW� WK H� RXWS XW�� )RU� K LJK HU� GHWHFWRU
FDS DFLWDQFHV� DQG� UHVS HFWLY HO \ � K LJK HU� FXUUHQWV� LQ� WK H� LQS XW
WUDQVLVWRU�� DV� UHT XLUHG� IRU� RS WLPLVDWLRQ� RI� QRLVH�� WK LV
FRQWULE XWLRQ�E HFRPHV�QHJO LJLE O H�
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ADB Map (ped.)

channel number
column number

[mV]

)LJXUH��� �0DS �RI�WK H�S HGHVWDO V�LQ�WK H�$'% �
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0 20 40 60 80 100 120

(m
V

)

-154

-153

-152

-151

-150

-149

-148

ADB Pedestals - Channel 100
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Chi2 / ndf = 6.01507 / 7

Constant = 30.5428 

Mean     = -151.055 

Sigma    = 0.381177 

ADB dispersion for channel 100
Chi2 / ndf = 6.01507 / 7

Constant = 30.5428 

Mean     = -151.055 

Sigma    = 0.381177 

)LJXUH� �� � 3HGHVWDO � GLVWULE XWLRQ� RI� ���� $'% � FHO O V� LQ� RQH� S DUWLFXO DU
FK DQQHO �

& � ��5 H DG R X W�3 UR WR FR O

7K H� UHDGRXW� O RJLF� LV� � GHVLJQHG� � LQ� � VXFK � D� � Z D\ � WK DW� WZ R
����FK DQQHO � FK LS V� FDQ� E H�GDLV\ � FK DLQHG�DQG� UHDG�RXW� Y LD� RQH
DQDO RJXH� O LQN �� 8 S RQ�UHFHLY LQJ�D�WULJJHU�VLJQDO � WK H�GDWD�LV�VHQW
ILUVW�IURP�RQH�FK LS �Z K LO H�WK H�VHFRQG�RQH�FRQQHFWHG�WR�WK H�VDPH

ILE UH� Z DLWV� IRU� WK H� DS S URS ULDWH�QXPE HU� RI� FO RFN � F\ FO HV� E HIRUH
VHQGLQJ�WK H�GDWD��7K H�GDWD� S DFN DJH�IURP�HDFK �FK LS �FRQVLVWV�RI
D� ��E LW� K HDGHU�� WK UHH� DQDO RJXH� Y DO XHV� Z K LFK � FDQ� E H� XVHG� IRU
FDO LE UDWLRQ�RI�WK H�RS WLFDO � O LQN V����E LW�), )2�RY HUIO RZ �IO DJ����E LW
% &2�FRXQWHU�DQG���E LW� O HY HO ���WULJJHU�FRXQWHU��)LJ����VK RZ V�D
VFRS H� Y LHZ �RI�WK H�UHDG�RXW�VHT XHQFH�DW�QRPLQDO �UHDGRXW�VS HHG
RI��� �0+]�

7K H� ��E LW� % &2� FRXQWHU� DQG� /�� FRXQWHU� FRQWHQWV� UHWXUQHG
E \ � WK H� FK LS � FDQ� E H� XVHG� IRU� V\ QFK URQLVDWLRQ� RI� HDFK � WULJJHU
Z LWK � WK H� S K \ VLFDO � GDWD� IURP� WK H� GHWHFWRU�� , Q� WK H� FDVH� RI
RY HUIO RZ � RI� WK H� UHDGRXW� E XIIHU� WK H� FRQWURO � O RJLF� LVVXHV� DQ
RY HUIO RZ � E LW� Z K LFK � LV� E XQGO HG� Z LWK � WK H� S K \ VLFDO � GDWD�� $IWHU
GHWHFWLRQ� RI� WK H� RY HUIO RZ � HUURU� WK H� FK LS � VK RXO G� E H� UHVHW� E \
PHDQV�RI�WK H�VRIW�UHVHW�FRPPDQG�

7K H�PD[ LPXP�FO RFN �UDWH�RI�WK H�PXO WLS O H[ HU�DQG�WK H�UHDGRXW
FLUFXLW��LV��WK H��VDPH�DV��WK H��UDWH�RI�VDPS O LQJ�WK H�GDWD��L�H����
0+]��7K H� FK LS V� FDQ� E H� UHDG� RXW� Z LWK � D� O RZ HU� UDWH� � �� �0+]
GLY LGHG� E \ � ��� �� RU� �� � Z K LFK � LV� S URJUDPPDE O H�� $O O
FRPPXQLFDWLRQ�Z LWK �WK H�FK LS �L�H��
��VHQGLQJ�WK H�O HY HO ���WULJJHUV�
��VHQGLQJ�WK H�VRIWZ DUH�UHVHW�
��O RDGLQJ�WK H�'$&V�
��LVVXLQJ�WK H�LQWHUQDO �FDO LE UDWLRQ�S XO VHV
��S URJUDPPLQJ�WK H�VS HHG�RI�WK H�RXWS XW�08 ;
LV�H[ HFXWHG�Y LD�D�IDVW��� �0+]�VHULDO �LQWHUIDFH�
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)LJXUH��� �5HVS RQVH�RI�WK H�FK LS �WR�D���I&�FDO LE UDWLRQ�VLJQDO �LQM HFWHG�LQ
HY HU\ �IRXUWK �FK DQQHO �

, , , ��6 , �675, 3�' ( 7( &725�02'8 /(

$� �7 K H �$7 / $6�6L �6WUL S �6H Q VR UV

7K H�PLFURVWULS � VLO LFRQ� VHQVRUV� IRU� WK H�$7/$6�H[ S HULPHQW
DUH� VLQJO H� VLGHG� ����mP� WK LFN � GHWHFWRUV� Z LWK � K LJK O \ � S �GRS HG
LPS O DQW� VWULS V� LQ� D� K LJK � UHVLVWLY LW\ � � ���� � N WFP� � Q�W\ S H
VXE VWUDWH��7K H�LPS O DQWHG�VWULS V�DUH�$&�FRXS O HG�WR�$O �UHDG�RXW
VWULS V� Y LD�D�VLO LFRQ�GLR[ LGH���VLO LFRQ�QLWULGH� O D\ HU��7K H�FRXS O LQJ
FDS DFLWDQFH�LV�RI�WK H�RUGHU�RI��� � S )�FP��7K H�VWULS V�DUH� E LDVHG
IURP� D� FRPPRQ� � E LDV� O LQH� � WK URXJK � � S RO \ VLO LFRQ� UHVLVWRUV� RI

GDWD WUDLO HUK HDGHU



����� 0W�� 7K H� S LWFK � RI� WK H� GHWHFWRU� LV� �� � mP�� 7K H� WRWDO
LQWHUVWULS � FDS DFLWDQFH� � � RQH� VWULS � WR� DO O � QHLJK E RXUV� � � LV� DE RXW
���� S )�FP� DW� ��� � 9 � E LDV� Y RO WDJH�� Z K LFK � WRJHWK HU� Z LWK � WK H
FDS DFLWDQFH� WR� WK H� E DFN � S O DQH� JLY HV� DE RXW� ��� S )� O RDG
FDS DFLWDQFH� DW� WK H� LQS XW� RI� WK H� DPS O LILHU� IRU� ����� FP� O RQJ
VWULS V�

% � �7 K H �6& 7 $�0 R G X O H

7K H�PRGXO H�FRQVLVWV�RI� WZ R�GDLV\ � FK DLQHG�6L�VWULS � VHQVRUV
DQG� VL[ � 6&7���$�+&� FK LS V�� 7K H� FK LS V� DUH� PRXQWHG� RQ� D
FHUDPLF� K \ E ULG� FRQQHFWHG� WR� WK H� VHQVRUV� LQ� WK H� HQG�WDS
FRQILJXUDWLRQ�� 7K H� S LWFK � DGDS WHU� QHHGHG� WR� PDWFK � WK H� VWULS
S LWFK �RI��� �mP�DQG�WK H� S LWFK �RI�LQS XW� S DGV�RQ�WK H�FK LS �� Z K LFK
LV��� �mP��LV� LQWHJUDWHG�RQ�WK H� K \ E ULG�� , Q�RUGHU�WR�HY DO XDWH� WK H
QRLVH� S HUIRUPDQFH� RI� WK H� FK LS V� DV� D� IXQFWLRQ� RI� WK H� LQS XW
FDS DFLWLY H� O RDG�WK UHH�FK LS V� Z HUH�FRQQHFWHG�WR���FP�O RQJ�VWULS V
DQG�WK UHH�RWK HU�FK LS V�Z HUH�FRQQHFWHG�WR����FP�O RQJ�VWULS V��7K H
S K RWR�RI�WK H�PRGXO H�LV�VK RZ Q�LI�)LJ��� �

)LJXUH�� � �3K RWR�RI�WK H����FP�PRGXO H�Z LWK ���6&7$���$�+&�FK LS V�

& � �7 H VW�% H DP �5 H VX O WV

7K H�PRGXO H� Z DV� WHVWHG�LQ��� � � * H9 � S LRQ� E HDP�DW� WK H�636
DFFHO HUDWRU� DW� &( 51 �� 7K H� WHVW� E HDP� VHW�XS � LQFO XGHG� D� K LJK
S UHFLVLRQ� WHO HVFRS H� FRQVLVWLQJ� RI� IRXU� S O DQHV� RI� VLO LFRQ� VWULS
GHWHFWRUV� Z K LFK � S URY LGH� WK H� WUDFN � S RVLWLRQ� Z LWK � UHVRO XWLRQ� RI
WK H� RUGHU� RI� �� mP� LQ� E RWK � FR�RUGLQDWHV� S HUS HQGLFXO DU� WR� WK H
WUDFN V�� $Q� H[ DPS O H� RI� UHVLGXDO � GLVWULE XWLRQ� IRU� RQH� RI� WK H
WHO HVFRS H�GHWHFWRUV�LV�VK RZ Q�LQ�)LJ���� � �

residual (um.)
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Chi2 / ndf =   124 / 19

Constant =  2630 +- 13.99 

Mean     = 0.1832 +- 0.9997 

Sigma    = 2.027 +- 0.1487 

Resolution of a telescope plane
Chi2 / ndf =   124 / 19

Constant =  2630 +- 13.99 

Mean     = 0.1832 +- 0.9997 

Sigma    = 2.027 +- 0.1487 

)LJXUH��� � �6S DWLDO �UHVRO XWLRQ�RI�WK H�6L�WHO HVFRS H�

�)RU�WK H�DQDO \ VLV�RI�WK H�E HDP�WHVW�GDWD�ILUVW�D�VHW�RI�HY HQWV�LV
S URFHVVHG�LQ�RUGHU�WR�RE WDLQ�WK H� S HGHVWDO V��WK H�HO HFWURQLF�QRLVH
DQG� WK H� FDO LE UDWLRQ� IDFWRUV� IRU� WK H� UHDGRXW� IO DVK � $'&� FDUG�
7K HQ��D�VHDUFK �IRU�FO XVWHUV�LV�S HUIRUPHG��VHO HFWLQJ�VWULS V�K DY LQJ
VLJQDO V�K LJK HU�WK DQ���WLPHV�WK HLU�QRLVH��$Q\ �QHLJK E RXULQJ�VWULS V
Z LWK � D� VLJQDO � RY HU� QRLVH� ILJXUH� H[ FHHGLQJ� D� Y DO XH� RI� �� DUH
DGGHG�LQWR�WK H�FO XVWHU�GHILQLWLRQ�

7K H� VLJQDO � RY HU� QRLVH� GLVWULE XWLRQV� IRU� WK H� FO XVWHU� VLJQDO V
IRU���FP�VWULS V�UHJLRQ�DQG�IRU����FP�VWULS V�UHJLRQ�DUH�VK RZ Q�LQ
)LJ�����DQG�)LJ�����UHVS HFWLY HO \ ��7K H�PRVW� S URE DE O H� Y DO XHV�RI
WK H� VLJQDO �WR�QRLVH� UDWLR� DUH� ��� DQG� ��� IRU� �� FP� DQG� ��� FP
UHJLRQ� UHVS HFWLY HO \ �� 7K HVH� Y DO XHV� DUH� O DUJHO \ � VXIILFLHQW� WR
S URY LGH�D� K LJK � S DUWLFO H�GHWHFWLRQ�HIILFLHQF\ � Z K LO H� N HHS LQJ� WK H
QRLVH�RFFXS DQF\ �Z HO O �E HO RZ �$7/$6�UHT XLUHPHQWV�
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Chi2 / ndf = 73.7125 / 62

Scale    = 2.15874 

Peak     = 26.2137 

Norm     = 13600.9 

Sigma    = 4.30595 

Signal/Noise on 6 cm. Chi2 / ndf = 73.7125 / 62

Scale    = 2.15874 

Peak     = 26.2137 

Norm     = 13600.9 

Sigma    = 4.30595 

)LJXUH���� �6LJQDO �WR�QRLVH�GLVWULE XWLRQ�IRU���FP�VWULS V�UHJLRQ�
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Mean  = 22.4783

Chi2 / ndf = 94.711 / 62

Scale    = 1.55035 

Peak     = 17.9339 

Norm     = 28326 

Sigma    = 2.87826 

Signal/Noise on 12cm. his12

Mean  = 22.4783

Chi2 / ndf = 94.711 / 62

Scale    = 1.55035 

Peak     = 17.9339 

Norm     = 28326 

Sigma    = 2.87826 

)LJXUH���� �6LJQDO �WR�QRLVH�GLVWULE XWLRQ�IRU����FP�VWULS V�UHJLRQ�

)RU� WK H� JLY HQ� VWULS � S LWFK � RI� �� � mP� LQ� WK H� $7/$6�6&7
GHWHFWRUV�DQG� S HUS HQGLFXO DU�WUDFN V�PRVW�RI�WK H�HY HQWV�UHVXO W�LQ
VLQJO H� VWULS � K LWV�� )RU� WK RVH� HY HQWV� WK H� VS DWLDO � UHVRO XWLRQ� LV
H[ S HFWHG�WR� E H� O LN H�IRU�D� E LQDU\ �V\ VWHP��L�H�� S LWFK �VT UW� ��� ��)RU
GRXE O H� VWULS � K LWV� RQH� JHWV� D� VLJQLILFDQW� LPS URY HPHQW� RI� WK H
VS DWLDO �UHVRO XWLRQ� E \ � Z HLJK WLQJ�WK H�UHFRQVWUXFWHG� S RVLWLRQ� Z LWK
VLJQDO � DPS O LWXGHV� DW� WZ R� QHLJK E RXULQJ� VWULS V�� , Q� RXU� WHVW� Z H
K DG�DE RXW���� � RI� HY HQWV� Z LWK � VLQJO H� VWULS � K LWV� DQG���� � Z LWK
GRXE O H� VWULS � K LWV�� 7K H� GLVWULE XWLRQV� RI� UHVLGXDO V� DUH� VK RZ Q� LQ
)LJ�� ��� VHS DUDWHO \ � IRU� WK H� GRXE O H� DQG� VLQJO H� VWULS � K LWV�� 7K H
VS DWLDO �UHVRO XWLRQV�DUH���� �mP�DQG������mP�UHVS HFWLY HO \ ��* LY HQ



D� UHO DWLY HO \ � VPDO O � IUDFWLRQ� RI� GRXE O H� VWULS � K LWV� LQ� RXU� WHVW� WK H
RY HUDO O �VS DWLDO �UHVRO XWLRQ�LV�GHWHUPLQHG�E \ �WK H�VLQJO H�VWULS � K LWV�
, Q�WK H�H[ S HULPHQW�� K RZ HY HU��WK H�IUDFWLRQ�RI�GRXE O H�VWULS � K LWV�LV
H[ S HFWHG�WR� E H�PXFK � K LJK HU�GXH�WR�LQFO LQHG�WUDFN V�DQG�HIIHFWV
RI� WK H�PDJQHWLF� ILHO G� Z K LFK � UHVXO WV� LQ� DGGLWLRQDO � VPHDULQJ� RI
WK H�FK DUJH�FRO O HFWHG�LQ�WK H�GHWHFWRU�
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Chi2 / ndf = 44.68 / 11

Constant =   695 +- 23.46 

Mean     = 0.01132 +- 0.1848 

Sigma    = 3.118 +- 0.1125 

Resolution (two strip clusters)
Chi2 / ndf = 44.68 / 11

Constant =   695 +- 23.46 

Mean     = 0.01132 +- 0.1848 

Sigma    = 3.118 +- 0.1125 
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Mean  = 0.5041

RMS   =   21.4

Digital resolution (single strip clusters)
Mean  = 0.5041

RMS   =   21.4

)LJXUH���� �'LVWULE XWLRQV�RI� UHVLGXDO V� IRU�GRXE O H�VWULS � K LWV� DQG�VLQJO H
VWULS �K LWV�

$QRWK HU� LPS RUWDQW�PRGXO H� S DUDPHWHU�PHDVXUHG� LQ� WK H� WHVW
E HDP� Z DV�WK H�WUDFN �HIILFLHQF\ ��)RU�HDFK �WUDFN �UHFRQVWUXFWHG�LQ
WK H�WHO HVFRS H��Z H�VHDUFK �IRU�D�VLJQDO �LQ�WK H�WHVWHG�PRGXO H�LQ�WK H
UHJLRQ�±�� � �mP�� �� � �mP�DURXQG�WK H� S URM HFWHG�WUDFN � S RVLWLRQ�
)RU� HDFK � UHFRQVWUXFWHG� WUDFN � Z H� VHDUFK � DO VR� IRU� DQ\ � VLJQDO
RXWVLGH� WK H� WUDFN � UHJLRQ� DQG� WK LV� VLJQDO � DUH� FRXQWHG� IRU� QRLVH
RFFXS DQF\ ��7K H�HIILFLHQF\ �DQG�QRLVH�RFFXS DQF\ �GHS HQG�RQ�WK H
FULWHULD� Z H� DS S O \ � IRU� WK H� VLJQDO � GHILQLWLRQ�� )LJ�� ��� VK RZ V� WK H
QRLVH�RFFXS DQF\ � Y V�HIILFLHQF\ �IRU�WK H�FXWV�RQ�WK H�FO XVWHU�VLJQDO
RI���s���s���s���s���s�FRQVHFXWLY HO \ �� Z K HUH�s�LV�WK H�UPV�Y DO XH
RI�QRLVH�

efficiency (%)
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Noise vs. efficiency

)LJXUH���� � ( IILFLHQF\ � Y HUVXV�QRLVH� RFFXS DQF\ � IRU� FXWV� RQ� WK H� VLJQDO
HT XDO �WR��s���s���s���s���s FRQVHFXWLY HO \ �

, 9 ��3 ( 5)250$1 &( �2)�7+( �02'8 /( �:, 7+�7+(

237, &$/�/, 1 . �
$Q� RS WLFDO � O LQN � IRU� WUDQVPLVVLRQ� RI� GDWD� IURP� WK H

6&7���$�+&� FK LS � XVLQJ� 9 &6( /V� LV� XQGHU� GHY HO RS PHQW�
$Y DLO DE O H� RS WLFDO � S RZ HU� DQG� E DQGZ LGWK � S UHVHQW� QR� S URE O HPV�
7K H�WRWDO �V\ VWHP�IUHT XHQF\ �UHVS RQVH�IURP�WK H�9 &6( /�GULY HU�WR
UHFHLY HU�RXWS XW� LV� IO DW�XS � WR��� � �0+]��)LJ����� VK RZ V� WK H�'&
WUDQVIHU� FK DUDFWHULVWLF�RI� 9 &6( /�FXUUHQW� Y HUVXV� UHFHLY HG�3, 1
GLRGH�FXUUHQW�

)LJXUH���� �9 &6( /�FK DUDFWHULVWLF�

7K H�WK UHVK RO G�LV�RE VHUY HG�WR� E H�DW�����P$�DQG�WK H�WUDQVIHU
FK DUDFWHULVWLF� LV� IDU� IURP� O LQHDU� GXH� WR� PRGH� VK LIWV� LQ� WK H
H[ FLWDWLRQ�RI�WK H�O DVHU��+RZ HY HU��WK HUH�LV�D�O LQHDU�UHJLRQ�RY HU�D
VXIILFLHQWO \ �O DUJH�G\ QDPLF�UDQJH��7K H�O LQHDULW\ �RI�WK HVH�GHY LFHV
LV� H[ S HFWHG� WR� LPS URY H� Z LWK � IXUWK HU� GHY HO RS PHQW�� $W� S UHVHQW
RQH� FRXO G� FRQVLGHU� WR� S UHVHO HFW� 9 &6( /V� Z LWK � RY HUO DS S LQJ
O LQHDU� UHJLRQV� E \ � Z DIHU� S UH�VFUHHQLQJ�� 7K H� O LQHDU� UHJLRQ� LV
H[ S DQGHG�LQ�)LJ����

)LJXUH���� �/LQHDU�S DUW�RI�WK H�9 &6( /�FK DUDFWHULVWLF�

2Y HU� WK LV� UDQJH� WK H� UPV� O LQHDULW\ � LV�RI� WK H�RUGHU�RI� � ��� � �
7K H� 9 &6( /� S URGXFHG� DGGLWLRQDO � QRLVH� Z K HQ� E LDVHG� WR� WK H
FHQWUH�RI�LWV� O LQHDU�FK DUDFWHULVWLF��7K LV� Z DV��PHDVXUHG�WR� E H���
m 9 � UPV� DW� WK H� RXWS XW�� 7K H� 9 &6( /� Z DV� GULY HQ� E \ � D� K LJK
LPS HGDQFH� O LQHDU� GULY HU� FLUFXLW� DQG� E LDVHG� WR� S URY LGH� WK H
PD[ LPXP�O LQHDU�RS HUDWLQJ�UDQJH��7K H�VLJQDO �DIWHU�WUDQVPLVVLRQ
GRZ Q� WK H� RS WLFDO � ILE UH� DW� D� FO RFN � IUHT XHQF\ � RI� �� � 0+]� LV
VK RZ Q�LQ�)LJ������1 R�GHWHULRUDWLRQ�Z LWK �UHVS HFW�WR�WUDQVPLVVLRQ
RY HU�FRS S HU�FDQ�E H�RE VHUY HG�



)LJXUH���� �6FRS H�Y LHZ �RI��� �0+]�UHDGRXW�RS HUDWLRQ�WK URXJK �9 &6( /
RS WLFDO �O LQN �V\ VWHP�

9 ��5$', $7, 21 �+$5'1 ( 66
* LY HQ�H[ WUHPH�UDGLDWLRQ� O HY HO V�DV� H[ S HFWHG� LQ� WK H� WUDFN HUV

RI� H[ S HULPHQWV� DW� WK H� /+&� WK H� UDGLDWLRQ� K DUGQHVV� LV� D� Y HU\
LPS RUWDQW�LVVXH�RI�DQ\ �IURQW�HQG�FK LS ��$O WK RXJK �WK H�6&7���$�
+&� FK LS � LV� UHDO LVHG� LQ� WK H� '0, //� UDGLDWLRQ� K DUG� WHFK QRO RJ\
WK H� UDGLDWLRQ� HIIHFWV� LQ� WK H� GHY LFHV� DUH� QRW� QHJO LJLE O H� DQG
FDQQRW� E H� LJQRUHG��$� S DUWLFXO DUO \ � FULWLFDO � LVVXH� LV� WK H�QRLVH�RI
WK H�IURQW�HQG�FLUFXLW�

7K H�IURQW�HQG�FLUFXLW�LV� E XLO W�DV�D�WUDQVLPS HGDQFH�DPS O LILHU
XVLQJ� D� E LS RO DU� LQS XW� WUDQVLVWRU�� � 2QH� RI� WK H� QRLVH� VRXUFHV�
Z K LFK � FRQWULE XWH� WR� WK H� HT XLY DO HQW� LQS XW� QRLVH� FK DUJH� LV� WK H
VK RW�QRLVH�RI�WK H� E DVH�FXUUHQW�RI�WK H�LQS XW�WUDQVLVWRU��'XH�WR�D
VK RUW�VK DS LQJ�WLPH�RI����QV��DQG�D� O DUJH�GHWHFWRU�FDS DFLWDQFH�
WK H� UHO DWLY H�FRQWULE XWLRQ�RI� WK LV�QRLVH� LV�DFFHS WDE O H�DV� O RQJ�DV
WK H�E DVH�FXUUHQW�GRHV�QRW�H[ FHHG�D�O HY HO �DE RXW���m$��)RU�JLY HQ
GHWHFWRU�FDS DFLWDQFH��VK DS LQJ�WLPH�DQG�FXUUHQW�JDLQ�IDFWRU�b�RI
WK H� LQS XW� WUDQVLVWRU�� RQH� FDQ� ILQG� DQ� RS WLPXP� Y DO XH� IRU� WK H
FRO O HFWRU�FXUUHQW�Z K LFK �\ LHO GV�D�PLQLPXP�Y DO XH�RI�( 1 &�

, Q� PRGHUQ� E LS RO DU� WUDQVLVWRUV� WK H� FXUUHQW� JDLQ� IDFWRU� b� LV
GHJUDGHG� E \ � WK H� LRQLVDWLRQ� HIIHFWV� DV� Z HO O � DV� E \ � WK H
GLVS O DFHPHQW� GDPDJH�� % RWK � W\ S HV� RI� UDGLDWLRQ� HIIHFWV�
LRQLVDWLRQ� DQG�GLVS O DFHPHQW� GDPDJH�� O HDG� WR� UHGXFWLRQ� RI� WK H
O LIHWLPH� RI� PLQRULW\ � FDUULHUV� LQ� WK H� WUDQVLVWRU� E DVH�� 7K XV�� D
VLJQLILFDQW� GHJUDGDWLRQ� RI� b� K DV� WR� E H� DQWLFLS DWHG�� Z K LFK
LPS O LHV�WK DW��ILUVW�RI�DO O ��WK H�FLUFXLW�GHVLJQ�K DV�WR� E H�LQVHQVLWLY H
WR� Y DULDWLRQ�RI�b� UHJDUGLQJ�'&� E LDV�FRQGLWLRQV�DV� Z HO O � DV�$&
FK DUDFWHULVWLFV��:LWK � UHVS HFW� WR�QRLVH� WK HUH�DUH� WZ R� DVS HFWV� WR
E H�WDN HQ�LQWR�DFFRXQW��QDPHO \ �WK H�VL]H�RI�WK H�WUDQVLVWRU�DQG�WK H
FRO O HFWRU�FXUUHQW�LQ�WK H�LQS XW�WUDQVLVWRU�

�7K H�GHJUDGDWLRQ�RI�b�GHS HQGV�RQ�WK H�DFWXDO �FXUUHQW�GHQVLW\
LQ� WK H� WUDQVLVWRU�� WK HUHIRUH� IURP� WK DW� VWDQG� S RLQW� RI� Y LHZ � RQH
Z RXO G�S UHIHU�WR�XVH�D�PLQLPXP�JHRPHWU\ �WUDQVLVWRU�LQ�WK H�LQS XW
VWDJH��2Q�WK H�RWK HU� K DQG��LQ�RUGHU�WR�PLQLPLVH�WK H�VHULHV�QRLVH
FRQWULE XWLRQ�IURP�WK H� E DVH�VS UHDG�UHVLVWDQFH��RQH� Z RXO G�UDWK HU
XVH� D� O DUJH� DUHD� LQS XW� WUDQVLVWRU�� 7K HVH� WZ R� UHT XLUHPHQWV� DUH
FRQWUDGLFWRU\ �DQG�DQ�RS WLPXP�VL]H�RI�WK H�LQS XW�WUDQVLVWRUV�FDQ
E H� GHILQHG� S URY LGHG� Z H� N QRZ � K RZ � WK H� b� GHJUDGHV� DIWHU
LUUDGLDWLRQ�IRU�D�JLY HQ�WHFK QRO RJ\ ��7K H�UDGLDWLRQ�HIIHFWV�LQ�WK H
E LS RO DU�WUDQVLVWRUV�LQ�WK H�'0, //�WHFK QRO RJ\ �K DY H�E HHQ�VWXGLHG

DQG� E DVHG�RQ�WK HVH�UHVXO WV� Z H�FK RVH�WK H��HPLWWHU��DUHD��RI��WK H
LQS XW��WUDQVLVWRU��WR��E H������� �mP

�

�

)URP� WK H� UDGLDWLRQ� WHVWV� S HUIRUPHG� XS � WR� QRZ � Z H� H[ S HFW
WK DW� b� RI� WK H� LQS XW� WUDQVLVWRU� Z LO O � FK DQJH� VLJQLILFDQWO \ �� E \ � D
IDFWRU��RI��DE RXW�����GXULQJ��LUUDGLDWLRQ��XS ��WR�D�O HY HO �RI������
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�

��:LWK � WK H�b Y DO XH� GHFUHDVLQJ�GXULQJ� WK H� O LIHWLPH�RI� WK H
H[ S HULPHQW� WK H� RS WLPXP� Y DO XH� RI� WK H� FRO O HFWRU� FXUUHQW� LQ� WK H
LQS XW� WUDQVLVWRU� Z LO O � DO VR� GHFUHDVH�� 7K HUHIRUH� Z H� K DY H
LPS O HPHQWHG�D���E LW�'$&�WR� E H�DE O H�WR�DGM XVW� WK H�FXUUHQW�DQG
RS WLPLVH� WK H� QRLVH� S HUIRUPDQFH� DFFRUGLQJ� WR� WK H� DFWXDO � Y DO XH
RI�b�LQ�WK H�LQS XW�WUDQVLVWRU�

7K H� S UHVHQW� Y HUVLRQ� RI� WK H� 6&7���$�+&� FK LS � Z DV
S URGXFHG� LQ� WK H� '0, //� S URFHVV� QRW� E HLQJ� FRPS O HWHO \
VWDE LO LVHG� DW� WK DW� WLPH� \ HW�� , Q� S DUWLFXO DU�� Z H� XVHG� LQ� WK H� FK LS
UHVLVWRUV� Z K LFK � H[ K LE LWHG� D� K LJK � VHQVLWLY LW\ � WR� UDGLDWLRQ�
UHVXO WLQJ� LQ� LQFUHDVHV� DE RXW� �� � � DIWHU� LUUDGLDWLRQ� XS � WR
PD[ LPXP�UDGLDWLRQ�O HY HO V��7K LV�HIIHFW�FUHDWHV�S URE O HPV�IRU�WK H
'&�E LDV�FRQGLWLRQV�RI�WK H�FLUFXLW�VR�WK DW�WK H�QRLVH�S HUIRUPDQFH
FDQQRW� E H�WHVWHG�XS �WR�WK H�XO WLPDWH�UDGLDWLRQ� O HY HO V��7K H�IURQW�
HQG�FLUFXLW�RI�WK H�6&7���$�+&�FK LS �LV�DO PRVW�LGHQWLFDO �WR�WK DW
RQH�LPS O HPHQWHG�LQ�WK H�$% &'�FK LS ��Z K LFK �Z DV�S URGXFHG�LQ�DQ
XS JUDGHG� Y HUVLRQ�RI� WK H�'0, //� S URFHVV� DQG� XVHV� D� GLIIHUHQW
W\ S H�RI�UHVLVWRUV��$IWHU�UHS O DFLQJ�WK H�UHVLVWRUV�LQ�WK H�6&7���$�
+&� IRU� WK H� QHZ � RQHV� Z H� H[ S HFW� WK H� VDPH� UDGLDWLRQ� K DUGQHVV
S HUIRUPDQFH�DV�RE VHUY HG�QRZ �LQ�WK H�$% &'�FK LS �

7K H�$% &'�FK LS V� Z HUH� LUUDGLDWHG� VHS DUDWHO \ � Z LWK � ��� * H9
S URWRQ� E HDP�XS �WR�D�IO XHQFH�RI�����
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��QHXWURQV�IURP�D
QXFO HDU�UHDFWRU�XS �WR�����
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�DQG�Z LWK � ; �UD\ �XS �WR�D�WRWDO
GRVH�RI��� �0UDG��7K H�QRLVH�DV�D�IXQFWLRQ�RI�WK H�FXUUHQW�LQ�WK H
LQS XW� WUDQVLVWRU� E HIRUH�DQG�DIWHU� WK RVH�UDGLDWLRQ�WHVWV� LV�VK RZ Q
LQ�)LJ�����

$IWHU� ; �UD\ � LUUDGLDWLRQ� Z H�VHH�D�VPDO O � LQFUHDVH�RI�QRLVH�DV
H[ S HFWHG�VLQFH�RQH�GRHV�QRW�H[ S HFW�D�VLJQLILFDQW�GHJUDGDWLRQ�RI
b� LQ� WK LV� FDVH�� � � )RU� � WK H� � FK LS V� � LUUDGLDWHG� � Z LWK � � UHO DWLY LVWLF
S URWRQV� �XS � � WR� ������
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WK H� � LQFUHDVH� �RI� �QRLVH� � LV
VLJQLILFDQW��$�O DUJH�LQFUHDVH�RI�QRLVH�LV�RE VHUY HG�DIWHU�QHXWURQ

����� ����� ����� ����� 	�����
�����
�����
	����

 ���
�����
�����
� ���
����
�����

�������

��� ��������� � � � ������� ����� � �"!

#$
% & '
( '
)* +,
-./

����� 0�� �21�3546� ��7
3546� �2781 ����9 � ��:
����� 0�� �21;��� 02< 0�=2�
��� 02< 0�=��>1 	2?���� � � 

����� 0�� �21@=2����< � 0�=��
=2����< � 0�=�� 1 ��?���� � � 


)LJXUH���� � 1 RLVH�DV�D�IXQFWLRQ�RI� WK H�FXUUHQW� LQ� WK H� LQS XW� WUDQVLVWRUV
DIWHU�; �UD\ ��S URWRQ��DQG�QHXWURQ�LUUDGLDWLRQ�



LUUDGLDWLRQ� XS � WR� ����
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�� $VVXPLQJ� WK DW� WK H� VK DS LQJ
IXQFWLRQ�RI�WK H�RY HUDO O ��IURQW�HQG��FLUFXLW��FDQ�E H��DS S UR[ LPDWHG
E \ � D� &5�5&

�

� ILO WHU� Z LWK � D� S HDN LQJ� WLPH� RI� ��� QV� RQH� FDQ
HY DO XDWH� WK H� b� Y DO XHV� FRUUHVS RQGLQJ� WR� WK H� PHDVXUHG� QRLVH
O HY HO V��DV�DE RXW��� � DIWHU� S URWRQ� LUUDGLDWLRQ�DQG�DE RXW��� � DIWHU
QHXWURQ�LUUDGLDWLRQ�UHVS HFWLY HO \ �

9 , ��&21 &/8 6, 21 6
$�IDVW�UDGLDWLRQ�K DUG�IURQW�HQG�FK LS ��WK H�6&7���$�+&��K DV

E HHQ�GHY HO RS HG�IRU�WK H�UHDGRXW�RI�6L�VWULS �GHWHFWRUV�HPS O R\ HG
LQ� WK H� LQQHU� WUDFN LQJ�GHWHFWRUV�RI�/+&�H[ S HULPHQWV��7K H� FK LS
LV� S URGXFHG� LQ� '0, //� WHFK QRO RJ\ �� 7K H� DUFK LWHFWXUH� RI� WK LV
FK LS � LV� LPS O HPHQWHG�DFFRUGLQJ�WR�WK H�VS HFLILFDWLRQV�IRU�XVH� LQ
/+&�H[ S HULPHQWV�

6L� VWULS � GHWHFWRU� S URWRW\ S H� PRGXO HV� K DY H� E HHQ� E XLO W� DQG
WHVWHG� LQ� WK H� WHVW� E HQFK � DV� Z HO O � DV� LQ� WK H� WHVW� E HDP�
3HUIRUPDQFH� DGHT XDWH� IRU� WK H� UHT XLUHPHQWV� RI� WK H� WUDFN LQJ
V\ VWHPV�RI�/+&�H[ S HULPHQWV�K DV�E HHQ�GHPRQVWUDWHG�

5 ( )( 5( 1 &( 6
>�@ �$39 ��5+� $� ���� &K DQQHO � 5HDG�RXW� &K LS � )RU� 7K H

6LO LFRQ�7UDFN HU�, Q�&06��)RXUWK �:RUN VK RS �RQ�( O HFWURQLFV
IRU� /+&� H[ S HULPHQWV� 5RPH�� 6HS WHPE HU� �������� � ��
&( 51 �/+&&�� �����

>�@ )�$QJK LQRO IL� HW� DO �� �$52:� �� $� ���� &K DQQHO � $QDO RJXH
3LS HO LQH� Z LWK �:LO N LQVRQ�$'&� DQG�6S DUVLILFDWLRQ�$6, &��
)LUVW� :RUN VK RS � RQ� ( O HFWURQLFV� IRU� /+&� H[ S HULPHQWV�
/LVE RQ��6HS WHPE HU��������� � ���&( 51 �/+&&�� �����

>�@ '�� &DPS E HO O � HW� DO �� �7K H� $7/$6� E LQDU\ � FK LS ��� 6HFRQG
:RUN VK RS � RQ� ( O HFWURQLFV� IRU� /+&� H[ S HULPHQWV�
% DO DWRQIXUHG� 6HS WHPE HU� ������� �� � ��� &( 51 �/+&&�� ��
�� �

>�@ �'0, //�� D� 0L[ HG� $QDO RJ�'LJLWDO � 5DGLDWLRQ�+DUG
7HFK QRO RJ\ � IRU�+LJK � ( QHUJ\ �3K \ VLFV� ( O HFWURQLFV���5'��
6WDWXV�5HS RUW��&( 51 �/+&&�� ������0DUFK ��� � ��

>�@� :�� 'DE URZ VN L� HW� DO �� �'HVLJQ� DQG� S HUIRUPDQFH� RI� WK H
$% &'� FK LS � IRU� WK H� E LQDU\ � UHDGRXW� RI� VLO LFRQ� VWULS
GHWHFWRUV� LQ� WK H� $7/$6� 6HPLFRQGXFWRU� 7UDFN HU��
S UHVHQWHG�DW�WK LV�FRQIHUHQFH�


