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0DFDP�3KRWRPHWULFV�/WG�����������������������������������������89����5DGLRPHWHU
��,1752'8&7,21
7KH� 0DFDP� SRUWDEOH� GLJLWDO� 89� UDGLRPHWHU� PRGHO� 89���� LV� D� YHUVDWLOH
GLUHFW� UHDGLQJ� LQVWUXPHQW� GHVLJQHG� VSHFLILFDOO\� IRU� PHDVXULQJ� 89
LUUDGLDQFH�� � ,W� LV� VXSSOLHG� ZLWK� DQ� XOWUD� YLROHW� $� VHQVLWLYH� GHWHFWRU� DV
VWDQGDUG��DOWKRXJK�GHWHFWRUV�ZLWK�RWKHU�UHVSRQVHV�DUH�DYDLODEOH�
7KLV� LQVWUXPHQW� LV� HVSHFLDOO\� XVHIXO� IRU� PRQLWRULQJ� WKH� XOWUD�YLROHW
HPLVVLRQV�IURP�KLJK�DQG�ORZ�SUHVVXUH�PHUFXU\�YDSRXU�ODPSV��PHWDO�KDOLGH
ODPSV�DQG�XOWUD�YLROHW� IOXRUHVFHQW� ODPSV��$� OLTXLG� OLJKW�JXLGH�DGDSWRU�FDQ
EH�VXSSOLHG�IRU�FRQQHFWLQJ�WKH���PP�φ�VHULHV�����OLTXLG�OLJKW�JXLGHV�WR�WKH
GHWHFWRU��2WKHU�OLJKW�JXLGH�DGDSWRUV�DUH�DOVR�DYDLODEOH�RQ�UHTXHVW�
89����6HULHV
0RGHO 'HWHFWRU 3HDN�5HVSRQVH ):+0
89���$ 6'���$�&RV �������QP ������QP
89���%� 6'���%��&RV �������QP ������QP
89������� 6'��������&RV�������QP ������QP
89������� 6'��������&RV�������QP ������QP
89������� 6'��������&RV�������QP ������QP
1RWH�DOO�GHWHFWRUV�KDYH�D�FRVLQH�DQJXODU�UHVSRQVH�
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��63(&,),&$7,21�
89���
�5$',20(7(5
5DQJH� �����������P:�FP��

�2WKHU�UDQJHV�DYDLODEOH�RQ�UHTXHVW�
6WDQGDUG�&DOLEUDWLRQ� 7KH�UDGLRPHWHU�ZLWK�GHWHFWRU���ILOWHU�LV

FDOLEUDWHG�DW�WKH�GHWHFWRU
V�SHDN�UHVSRQVH
ZLWK�D�PRQRFKURPDWLF�VRXUFH�

6SHFWURUDGLRPHWULF�&DO� 7KH�UDGLRPHWHU�ZLWK�GHWHFWRU���ILOWHU��LV
FDOLEUDWHG�WR�PDWFK�WKH�PHDVXUHPHQW�RI�D
VSHFWURUDGLRPHWHU�IRU�D�SDUWLFXODU�VRXUFH�
H�J��PHUFXU\�RU�PHWDO�KDOLGH�GLVFKDUJH�ODPSV
RU�D�IOXRUHVFHQW�ODPS�

$FFXUDF\ $EVROXWH�FDOLEUDWLRQ�DFFXUDF\���������WUDFHDEOH
WR�13/�VWDQGDUGV�

89���;�',63/$<�81,7
)URQW�3DQHO�&RQWUROV�

=(52 ,QLWLDWHV�D�]HUR�RU�EDFNJURXQG�PHDVXUHPHQW
URXWLQH

+2/'�581 'LVSOD\�LV�KHOG�DW�SUHVHQW�UHDGLQJ�XQWLO�+2/'
EXWWRQ�LV�SUHVVHG�DJDLQ�

È 3RZHU�RQ���RII�EXWWRQ
&RQWUROOHU� ��&���EDVHG��ELW�PLFUR�SURFHVVRU�ZLWK�D

������0+]�FORFN�
0HPRU\ 2Q�ERDUG�QRQ�YRODWLOH�5$0�IRU�FDOLEUDWLRQ

IDFWRUV�DQG�VHW�XS�SDUDPHWHUV�
,QWHJUDWLRQ�7LPH� �����V
&RQYHUVLRQ�6FDOH� ���ELW
&RQYHUVLRQ�$FFXUDF\� 0HDVXUHPHQW�DFFXUDF\����GLJLW�ZLWK�D�

OLQHDULW\�HUURU�RI�������
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��63(&,),&$7,21��FRQWLQXHG��
'LVSOD\� �ò�GLJLW�OFG�GLVSOD\��&KDUDFWHU�KHLJKW����PP�
'HWHFWRU�&RQQHFWRU� ��SLQ�PLQL�',1�W\SH�GHWHFWRU�FRQQHFWRU�
3RZHU�6XSSO\� ��YROW������P$K��33��/LWKLXP�0DQJDQHVH�
3RZHU�&RQVXPSWLRQ� 6KXW�GRZQ�PRGH �����$

2SHUDWLQJ ��������P$
%DWWHU\�/LIH a����KRXUV�
7HPSHUDWXUH�5DQJH� ��WR�����&�������������5+�
'LPHQVLRQV� ����[����[����PP�

+LJK�LPSDFW�SRO\VW\UHQH�
:HLJKW� DSSUR[������J
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6'���
�'(7(&725

Amplifier PCB
Photodiode

Cable

Glass Filters

Cosine Diffuser

7KH�6'���
�&RV�GHWHFWRU�FRPSULVHV�RI�DQ�DOXPLQLXP�KRXVLQJ�
SKRWRGLRGH��JODVV�ILOWHU��FRVLQH�FRUUHFWHG�GLIIXVHU�DQG�3&%�DVVHPEO\�
'HWHFWRU� ����PPð�KLJK�VWDELOLW\�*D$V3�SKRWRGLRGH�
6SHFWUDO�5HVSRQVHV� 5HIHU�)LJXUHV�� & 2

9LVLEOH�	�1,5�%ORFNLQJ� !�����IURP�����WR������QP�IRU�89$�	�89%�
GHWHFWRUV

$QJXODU�5HVSRQVH� $FFXUDWHO\�FRVLQH�FRUUHFWHG�WR�/DPEHUW
V
&RVLQH� /DZ�� 0D[LPXP� HUURU� LV� OHVV� WKDQ� �� ���
IURP�WUXH�UHVSRQVH�WR�����IURP�QRUPDO�LQFLGHQFH�
UHIHUHQFH�VHFWLRQ���

7HPSHUDWXUH�&RHIILFLHQW���������SHU��&
$PSOLILHU�*DLQ �[����9�$
&XUUHQW�WR�)UHTXHQF\ ��������0K]
/LQHDULW\�(UURU� ������DFURVV�UDQJH
7HPSHUDWXUH�5DQJH� 2SHUDWLRQ������WR������&

6WRUDJH��������WR������&
'HWHFWRU�+RXVLQJ� %ODFN�DQRGLVHG�DOXPLQLXP�DOOR\�KRXVLQJ�
&DEOH� ��PHWUH�FDEOH�WR���SLQ�PLQL�',1�W\SH�FRQQHFWRU
:HLJKW� DSSUR[������J
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��23(5$7,21
6(77,1*�83
���:LWK�WKH�XQLW�2))��SOXJ�WKH�GHWHFWRU���ZD\�FRQQHFWRU�LQWR�WKH�VRFNHW�RQ

WKH�WRS�RI�WKH�GLVSOD\�XQLW�
���3UHVV�DQG�UHOHDVH�WKH�SRZHU�VZLWFK�RQ�WKH�89����GLVSOD\�NH\�SDG��7KH

PLFURFRQWUROOHU�ZLOO�LQLWLDWH��WKH�GLVSOD\�PRPHQWDULO\�VKRZLQJ��

7KH�UDGLRPHWHU�GLVSOD\�ZLOO�QRZ�FKDQJH�WR�VKRZ�WKH�P:�FP���YDOXH��$
W\SLFDO�GLVSOD\�LV�VKRZQ�EHORZ�

��� ,W� LV� UHFRPPHQGHG� WKDW� WKH� UDGLRPHWHU� DPSOLILHU� LV� QXOOHG� SHULRGLFDOO\�
3ODFH�WKH�FRYHU�RYHU�WKH�GHWHFWRU��3UHVV�DQG�UHOHDVH�WKH�=(52�VZLWFK�
WKH�GLVSOD\�ZLOO�PRPHQWDULO\�VKRZ��

���7KH�PLFUR�FRQWUROOHU�ZLOO�QRZ�PHDVXUH�WKH�DPSOLILHU�RIIVHW�DQG�VWRUH�WKLV
YDOXH�LQ�WKH�QRQ�YRODWLOH�PHPRU\��$OO�VXEVHTXHQW�PHDVXUHPHQWV�ZLOO�ILUVW
KDYH� WKLV�RIIVHW� VXEWUDFWHG�EHIRUH�GLVSOD\LQJ� WKH�PHDVXUHPHQW��$W� WKH
HQG�RI�WKH�VHTXHQFH�WKH�GLVSOD\�ZLOO�VKRZ��

��� 5HPRYH� WKH� OLJKW� FRYHU� IURP� WKH� GHWHFWRU�� )LW� WKH� OLTXLG� OLJKW� JXLGH
DGDSWHU�LI�UHTXLUHG��7KH�HTXLSPHQW�LV�QRZ�UHDG\�IRU�XVH�

���$W� DQ\� WLPH� WKH�PHDVXUHPHQW� SURFHVV� FDQ� EH� KDOWHG� E\� SUHVVLQJ� WKH
+2/'�581� EXWWRQ�� 3UHVVLQJ� WKH� EXWWRQ� RQFH� DJDLQ� ZLOO� UHVXPH� WKH
PHDVXUHPHQW�SURFHVV�
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��,55$',$1&(�0($685(0(176
&$87,21��8/75$�9,2/(7�5$',$7,21�,6�+$=$5'286�72�%27+�7+(
(<(6� $1'� 6.,1�� 7$.(� &$5(� 72� $92,'� 3(5621$/� (;32685(
'85,1*�0($685(0(176�
,UUDGLDQFH�LV�WKH�PHDVXUHPHQW�RI�UDGLRPHWULF�OLJKW�SHU�XQLW�DUHD��ZDWWV�SHU
PHWUH��:�P����7KH�SDUW�RI�WKH�VSHFWUXP�WR�EH�PHDVXUHG�LV�GHILQHG�E\�WKH
ILOWHU� ILWWHG�RQWR� WKH�GHWHFWRU�� ,GHDOO\� WKLV�VKRXOG�EH�D� ILOWHU�ZLWK�D� �VTXDUH
VSHFWUDO� UHVSRQVH�� ,Q� SUDFWLFH� LW� UDUHO\� LV� DQG� WKH� ILOWHU� LV� GHILQHG� ZLWK� D
SHDN� UHVSRQVH� ZDYHOHQJWK� DQG� D� IXOO� ZLGWK� KDOI� PD[LPXP�� ):+0
EDQGZLGWK�� ,Q� DOO� DSSOLFDWLRQV� LW� LV� YLWDO� WR� NQRZ� WKH� SDUW� RI� WKH� VSHFWUXP
EHLQJ� PHDVXUHG� E\� WKH� GHWHFWRU� DQG� ILOWHU�� DQG� LI� SRVVLEOH� WR� NQRZ� WKH
VSHFWUXP� RI� WKH� OLJKW� VRXUFH�� ,Q� DGGLWLRQ� WKH� UDGLRPHWHU� VKRXOG� EH
FDOLEUDWHG� WR� EHVW� VXLW� WKH� PHDVXUHPHQW� FRQGLWLRQV�� ,W� PD\� HYHQ� EH
QHFHVVDU\�WR�KDYH�PRUH�WKDQ�RQH�FDOLEUDWLRQ�IDFWRU�IRU�WKH�VDPH�GHWHFWRU��
ILOWHU�FRPELQDWLRQ�
)RU�PRVW�DSSOLFDWLRQV� WKH�PHDVXUHPHQW�SODQH� LV�KRUL]RQWDO�DQG�D� FRVLQH
FRUUHFWHG� GLIIXVHU� LV� ILWWHG� WR� WKH� IURQW� RI� WKH� GHWHFWRU� DVVHPEO\�� ,I� WKH
ZRUNLQJ�VXUIDFH�LV�QRW�KRUL]RQWDO�WKHQ�SODFLQJ�WKH�GHWHFWRU�RQ�RU�SDUDOOHO�WR
WKH�ZRUNWRS�LV�D�PRUH�UHSUHVHQWDWLYH�PHDVXUHPHQW�RI�LUUDGLDQFH�
1RWH� WKDW� DOO� WKH� OLJKW� VRXUFHV� LQ� WKH� KHPLVSKHUH� DERYH� WKH� GHWHFWRU�ZLOO
FRQWULEXWH� WR� WKH�PHDVXUHPHQW�� 7KH� VRXUFHV�PD\� EH� REYLRXV�� ODPSV� RU
ZLQGRZV� RU� HYHQ� ZDOOV� RU� RWKHU� UHIOHFWLQJ� VXUIDFHV�� 7DNH� FDUH� QRW� WR
VKDGRZ�WKH�GHWHFWRU�GXULQJ�DOO�PHDVXUHPHQWV�
$//�WKH�6'���
�GHWHFWRUV�DUH�FRVLQH�FRUUHFWHG��0HDVXUHPHQW�HUURUV�ZLOO
LQFUHDVH�DV�WKH�DQJOH�RI� LUUDGLDQFH�LQFUHDVHV�IURP�WKH�QRUPDO�WR�WKH�ILOWHU
ULQJ�IURQW�VXUIDFH�
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��&26,1(�$1*8/$5�5(63216(
,UUDGLDQFH�LV�D�PHDVXUHPHQW�RI�WKH�DPRXQW�RI�OLJKW�LQFLGHQW�RQ�D�XQLW�DUHD
�ZDWWV�Pð���$Q\�GHWHFWRU�ZLOO�PHDVXUH�WKLV�UHOLDEO\�ZKHQ�PHDVXULQJ�D�EHDP
RI�OLJKW�SHUSHQGLFXODU� WR� WKH�GHWHFWRUV�VXUIDFH��KRZHYHU��ZKHQ�PHDVXULQJ
VFDWWHUHG�OLJKW�RU�OLJKW�IURP�DQ�H[WHQGHG�VRXUFH�WKH�VHQVRU�PXVW�KDYH�DQ
DFFXUDWH� UHVSRQVH� RYHU� LWV� ����� ILHOG� RI� YLHZ�� 0RUH� LPSRUWDQWO\�� WKLV
UHVSRQVH�VKRXOG�EH�SURSRUWLRQDO�WR�WKH�FRVLQH�RI�WKH�DQJOH�RI�OLJKW�LQFLGHQW
RQ� WKH�GHWHFWRU��7KLV�FRPHV� IURP� WKH� IDFW� WKDW� WKH�SURMHFWHG�DUHD�RI�DQ\
VXUIDFH�DW�DQ�DQJOH�RI�L�LV�SURSRUWLRQDO�WR�FRV�L��
7R�HQVXUH�WKDW�WKH�LQWHJUDWLRQ�RI�OLJKW�IURP�DOO�DQJOHV�LV�FRUUHFW��WKH�FRVLQH
GLIIXVHU�PDWFKHV� WKH� DQJXODU� UHVSRQVH� VR� WKDW� UHVSRQVH� RI� WKH� GHWHFWRU
GHFUHDVHV� ZLWK� FRV�L�� DV� WKH� DQJOH� EHWZHHQ� WKH� VRXUFH� DQG� GHWHFWRU
LQFUHDVHV�IURP���WR�����

6'���
�'HWHFWRUV
7UXH�&RVLQH�5HVSRQVH

)LJXUH��
0DFDP
V�FRVLQH�GLIIXVHUV�DUH�FRUUHFWHG� WR�PDWFK� WKH�FRVLQH� UHVSRQVH� WR
ZLWKLQ� �� ��� XS� WR� DQJOHV� RI� ����� 7KLV� HQVXUHV� WKDW� WKH� PHWHU� FRUUHFWO\
UHDGV� LOOXPLQDQFH�RU�YLVLEOH� OLJKW� IOX[�GHQVLW\�ZKHWKHU� LW� LV�PHDVXULQJ� OLJKW
IURP�DQ�H[WHQGHG�RU�D�SRLQW�VRXUFH�
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��&$/,%5$7,21�'(6&5,37,21
0DFDP�3KRWRPHWULFV�KROG�D�QXPEHU�RI� WXQJVWHQ� KDORJHQ�DQG� GHXWHULXP
ODPSV� DQG� D� VLOLFRQ� SKRWRGLRGH� ZKLFK� DUH� URXWLQHO\� FDOLEUDWHG� E\� WKH
1DWLRQDO�3K\VLFV�/DERUDWRU\�LQ�WKH�8.�
'XULQJ�PDQXIDFWXUH�HDFK�ILOWHU�ULQJ�DQG�GHWHFWRU�KDV�LWV�VSHFWUDO�UHVSRQVH
PHDVXUHG��&KDQJHV�DUH�PDGH�WR�WKH�ILOWHU�JODVVHV�LI�WKH�SHDN�ZDYHOHQJWK
RU� ILOWHU� EDQGZLGWK� H[FHHG� WKH� VSHFLILFDWLRQ� OLPLWV�� $� JUDSK� RI� WKH� ILQDO
ILOWHU�GHWHFWRU�UHVSRQVH�LV�SURYLGHG��7KH�GDWD�RQ�D�GLVN��,%0�3&�IRUPDW��LV
DOVR�DYDLODEOH�RQ�UHTXHVW�IRU�LPSRUWLQJ�WR�D�VSUHDGVKHHW�
7KH�UDGLRPHWHU�ZLWK�GHWHFWRU�DQG�ILOWHU� LV�FDOLEUDWHG�XVLQJ�PRQRFKURPDWLF
OLJKW�DW�WKH�SHDN�ZDYHOHQJWK�RI�HDFK�ILOWHU�RU�DW�D�VSHFLILHG�ZDYHOHQJWK��UHI
FDOLEUDWLRQ�FHUWLILFDWH���2WKHU�FDOLEUDWLRQ� WHFKQLTXHV�FDQ�EH�DSSOLHG� WR�VXLW
WKH�XVHUV�DSSOLFDWLRQ��)RU�H[DPSOH�PDWFKLQJ�WKH�UDGLRPHWHU�RXWSXW� WR� WKH
RXWSXW� IURP�D�KLJK�DFFXUDF\�VSHFWURUDGLRPHWHU� �65������ IRU�D�SDUWLFXODU
OLJKW�VRXUFH�OLNH�389$�WXEHV�
$V� ZLWK� DOO� PHDVXULQJ� HTXLSPHQW� D� URXWLQH� FDOLEUDWLRQ� LV� UHFRPPHQGHG�
W\SLFDOO\�DQQXDOO\��EXW�ZLWK� IUHTXHQW�XVH�E\�D�QXPEHU�RI�GLIIHUHQW�XVHUV�D
VKRUWHU�UHFDOLEUDWLRQ�SHULRG�PD\�EH�QHFHVVDU\�
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��&$5(�$1'�0$,17(1$1&(
���7KH�89����GLVSOD\�XQLW�FDQ�EH�FOHDQHG�XVLQJ�D�PRLVW�FORWK�ZLWK
����GHWHUJHQW��'R�QRW�XVH�VROYHQW�RU�DOFRKRO�WR�FOHDQ�VXUIDFHV�
���7KH�GLIIXVHU�RQ�HDFK�ILOWHU�ULQJ�VKRXOG�EH�NHSW�FOHDQ�DW�DOO�WLPHV�
���7KH�UDGLRPHWHU�LV�D�SUHFLVLRQ�LQVWUXPHQW��SURWHFW�IURP�VKRFNV�
���$YRLG�VXSSRUWLQJ�WKH�GHWHFWRU�E\�WKH�PXOWL�FRUH�FDEOH�
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