6LQJOH HOHPHQW Gz

62/ LQVWUXPHQWY RfHUV D IXOO IDPLO\ RI VLQJOH HOHPHQ
P $00 GHWHFWRUVY DV ZHOO DV DFFHVVRULHV IRU FR
RSWLPL]HG WR PD[LPL]H WKH VLIJQDO WR QRLVH UDWLR LQ V
‘H RtHU GHWHFWRUYVY EDVHG RQ SKRWRPXOWLSOLHU WXEH)\
FDQ SURYLGH SKRWRVHQVRUV ZLWKRXW FRROLQJ ZLWK WK
FRROLQJ WR IXO,00 WKH PRVW GHPDQGLQJ VSHFWURVFRSL
8vLQJ VLQJOH HOHPHQW GHWHFWRD®O LOVWL JJKWV L PUISRRRJ WVIKX®
PROQRFKURPDWRU VKRXOG IDOO RQ WKH SKRWRGHWHFWRU L
ZKLFK DOORZV WKH PRQRFKURPDWRU RXWSXW UDGLDWLRQ
ORVVHYV
$00 WKH GHWHFWRUV KDYH VWDQGDUG PRXQWLQJ ADQJH
LOQVWUXPHQWY VSHFWUDO GHYLFHYV
JRU PD[LPXP H"FLHQF\ LQ WKH ,5 UDQJH ZH RfHU PRQRFKU
FRDWLQJV DV ZHOO DV JROG FRDWHG JUDWLQJV
62/ LQVWUXPHQWY DGVRIFMEBBOYKHNWHM EKDQQHO GDWD DFTX
6SHFW®DNZR FKDQQHO ORFN LQ DPSOL{¢HU DQG DOO RWKH!
ZLWK VLQJOH HOHPHQW GHWHFWRUYV

6SHFL,;FDWLRQV 6XPPDU\

FhGHO | '"HWHFWRU ﬂ%éﬂﬁﬂSJW@FWiYH &RROLQJ

JH DUHD
. 307 5
JL: T DPDPDWMX QP [ PP|8QFRROHG
307+ 7( FRROHG
JLF +DPDPDWVX e [ PP law =
JLS$ 3075 QP [ PP| 8QFRROHG

+DPDPDWWVX

3KRWRQ FRXQWLQJ

JL3 307 + QP ‘ PP | 8QFRROHG
+DPDPDWVX

6'$ 6L SKRWRGLRGH QP | * PP |8QFRROHG
e ,Q*D$V ‘ 7( FRROHG
,*$'87  7(] SKRWRGLRGH —P PP -
$6'$7  7( gﬁpwEGLRGH b . pp 7(£RROHG

, OHWDO GHZDU
0&7's, [1| oo fd O%7 —p [ PP | /LTXLG QLWURIHQ

A N
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6L GHWIKBFWRU SO l

JHDWXUHYV

X 2SWLPL]JHG IRU ZLGH VSHFWUGg
WR QP KLJK 89 UHVLVWLYLW\
x /DUJH DFWLYH DUHD

Xx ([WUHPHO\ ORZ GDUN FXUUHQ
X %XLOW LQ 6ZLWFKDEOH *DLQ !
X :LGH UDQJH RI VHQVLWLYLW\ F
X 6WDQGPREQWAQDJIHR W2/
LQVW UXPHRQRFKURPDWRUYV

7KH 6'$ LY DQ DPSOL¢HG VZLWFKDEOH JDLQ VLOLI
IRXU SRVLWLRQ URWDU\ VZLWFK D O ORLZN KWV\RWNHBW W K H

$ VLOLFRQ SKRWRGLRGH )'8. 87 LV XVHG DV D SKRWR
&UHDWHG ZLWK D XQLTXH WHFKQRORJ\ WKH )'8. 87 S
GDUN FXUUHQW ZKLFK DOORZV WKH 6'$ GHWHFWRU

7TKWSHFWBHDDHIJLVWUDWLRQ V\VWHP PDQXIDFWXUHG E'
SRZHU WKH GHWHFWRU DQG VLJQDO DFTXLVLWLRQ 1
6'$ RSHUDWLRQ
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6L GHW I8 FSWR U S
6SHFL.EDWLRQV

89 HQKDQFHG VLOLHRQ ZLW
SKRWRGLRGH PDWHULDO LOFUHDVHG 89 UHVUVWDOQF

6SHFWUDO UDQJH QP

SHDN VHQVLWLYLW\ ZDYHOHQJQYK

3KRWRVHQVLWLYH DUHD * PP
BHQVLWLYLW\ # QP _—
JDLQ SRVLWLRQ

2XWSXW QRLVH YROWDJH SHBPN SHDN
2XWSXW VKLIW YROWDJH GDUR9 W\S

OD[ RXWSXW YROWDJH 9'&

JUHTXHQF\ UHVSRQVH N+]
G% JDLQ SRVLWLRQ

*DLQ VHWWLQJ
&RROLQJ

URRP WHPSHUDWXUH

87 5SDGLDQW VHQVLWLY

r 0.7 ] Y
T
0.6 7
0.5 \
S NN D4 EAEE
§0.4 r/ \
3 1% \
3 /
0.3 ; | -
7 \
0.2 | //
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50 |

instruments

8QFRROHG 307 GHWHFWRUYV

37% DQG 37%$

JHDWXUHYV

X 7ZR 307 PRGHOV DUH DEOH WR ¢ Q \
VSHFWUDO UDQJH IURP W R QI

X +LJKO\ VHQVLWLYH 307 LV WKH HU
WKHUH DUH YHU\ ZHDN VLJQDOV

x 'HWHFWRU +RXVLQJ SURYLGHYV RQ
DIJDLQVW WKH XQZDQWHG OLJKW DJC
QRLVH

X %XLOW LQ KLJK YROWDJH SRZH I X\
WR HQVXUH VDIH RSHUDWLRQ RI 30

X 7KH %XLOW LQ 3UH DPSOL¢HL DO
DPSOL¢{¢HV WKH ZHDN DQDORJ VLJQ \ W

VHQVRU
Xx 6WDQGDUG PRXQWLQJ ADQJH IRU 62/
LQVWUXPHQWY PRQRFKURPDWRUV

62/ , QVWUXPHQWY RfHUV WZR PRGHOV RI XQFRROHG

DQDORJ RXWSXW WKH 37% SHUPLWYV WKH OLJKW Gt
UDQJH IURP QP WR QP DQG WKH 37% DOORZV
UDQJH RI QP %RWK RI PRGHOV DUH PDGH LQ WI

VWDQGDUG FRQQHFWLQJ ADQJH WR DWWDFK LW WR L
62/ LQVWUXPHQWYV

7TKBSHFWODLDHILVWUDWLRQ V\VWHP PDQXIDFWXUHG E\
SRZHU DQ\ RI WKH 307 GHWHFWRUV DQG IRU VLJQDO D
LV UHTXLUHG IRU RSHUDWLRQ RI GHWHFWRUYV

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU




, &

8QFRROHG 307 GHWHFWRUV [/
37$ DQG 37%$
FhGHO JL: JL:
3KRWRPXOWLSOLHU W5SH +DPDPDW V)6 +DPDPDW)V X
307 W\SH 6LGH RQ 6LGH RQ
SKRWRFDWKRGH PDWHIX®WLDONDOL $J 2 &V
6SHFWUDO UDQJH + QP - QP
SHDN VHQVLWLYLW)\ ZDY H)X®HQJWK QP
SKRWRVHQVLWLYH DUHD PP [ PP
7\SLERO SXPLORXY CHQUEYRME P70 )", 00 20,
'DUN YROWDJH P9 PDJ P9 PDJ
OD[ RXWSXW YROWDJH 9 '& 9 '&
%DQGZLGWK N +] N +]
&RROLQJ SRRP WHPSHUDWXUH
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7( FRROHG 307 GHWHFWRU 3 JE=Za/20
YHDWXUHV

X 6SHFWUDO UD QM

X ([WUHPHO\ ORZ QRLVH EDFDXVH R
RI WKH 307 SKRWRFDWKRGH

X 9HU\ ZHDN VLJQDOV GHWHFWLRQ
VHQVLWLYH 307

X 'HWHFWRU +RXVLQJ SURYLGHV 3
DIDLQVW WKH XQZDQWHG OLJKW DQ
QRLVH |
X %XLOW LQ KLJK YROWDJH SRZHU V [ VHG
HQVXUH VDIH RSHUDWLRQ RI 307 GHWH @K

X 7KH %XLOW LQ 3UH DPSOL¢{HU HOHEW DPOO\ DPSO
WKH ZHDN DQDORJ VLJQDO SLFNHG XS E\ W VHQVRU

X 6WDQGDUG PRXQWLQJ ADQJH IRU 62/ LQVWUXPHQWYV
PRQRFKURPDWRUYV

7KH JLO LV DQ DPSOL{¢HG WKHUPRHOHFWULFDOO\ FRF
+ VHQVRU +DPDPDWVX LV XVHG DV D SKRWR VHQVLW
+ PRGXOH LQFOXGHV D KLJK VHQVLWLYLW\ SKRWRHOHF

PRXQWHG SKRWRFDWKRGH D EXLOW LQ KLJK YROWDJH S|
EDVHG RQ D 3BHOWLHU HOHPHQW ZLWK IRUFHG DLU FRROLQ.
,Q FRQWUDVW ZLWK WKH WUDGLWLRQDO FRROLQJ PHWK
WKHUPRHOHFWULF FRROHU LQ WKH + LV GLUHFWO\ FRQ
PHWKRG LV PRUH H"FLHQW SURYLGHV VKRUWHU FRROLQ
FRPSOHWHO\ HOLPLQDWHV WKH PRLVWXUH FRQGHQVDWLR
DOVR FRQVLGHUDEO\ UHGXFHV WKH SKRWRFDWKRGH WK
PHDVXUHPHQWY ZLWK D KLJK VLJQDO WR QRLVH UDWLR H
UHVXOW WKH GDUN FXUUHQW GHFUHDVHYV WLPHYVY UHODW
7( FRQWUROOHU VKRXOG EH XVHG WR SRZHU WKH 3HOWLHU
7TKBSHFWODNHILVWUDWLRQ VA\VWHP PDQXIDFWXUHG E\ 62/ ,
307 GHWHFWRU DQG IRU VLIQDO DFTXLVLWLRQ 1R DGGLW
14 /00 OpEratibn™ """ T 7

100-230V AC 50 / 60 Hz

PMT
! E ! '

TE CONTROLLER =T e
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7( FRROHG 307 GHWHFWRU 3
6SHFL;FDWLRQV

307 PRGXOH

370

62/ LQVWUXPHQWY /WG WHO ID][

50 |

instruments

SKRWRPXOWLSOLHU W\

S

HSKRWRVHQVRU PRGXO
7( FRROHU + +DPDP

i ZLWK
DWYVX

307 FRQ,JXUDWLRQ

6LGH RQ

SKRWRFDWKRGH PDWHU

JILDAOWLDONDOL

6SHFWUDO UDQJH + QP
3HDN VHQVLWLYLW\ ZDYHOHQBWK
3KRWRVHQVLWLYH DUH|D [ PP
7\SLFDO /XPLQRXV 6HQNLWLYLW\qp
YROWDJH 9

7\S 6SHFWUDO VHQVLWLYLW\
YROWDJH 9 DW QP L
'DUN YROWDJH PD] P9

OD[ RXWSXW YROWDJH 9
%DQGZLGWK N +]

&RROLQJ PHWKRG

HOWLHU PRGXOH

5DGLDWLRQ PHWKRG

JRUFHG $LU FRROLQJ

&RROLQJ WHPSHUDWXU

H WK

OD[LPXP FRROLQJ WHP§

SHUDWKX UH

7TKHUPDO HTXLOLEULXP

DUWLYDO WLPH

/\SLFDO VSHFWUDO
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7( FRROHG 307 GHWHFWRU 3

6SHFL,;FDWLRQV

7( &RQWUROOHU

50 |

instruments

&KDUDFWHULVWLFV 9D O X H
W R 9 $&
HEFWULFD DWLQJV
(O U 05 QJ i :
&RROLQJ )DQ 9ROWDJH 9

SHOWLHU PRGXOH (OHRWULFDO 5DWLQ

J V

PD[LPXP YROWDJH

<

PD[LPXP FXUUHQW

3KRWRQ FRXQWLQJ 307 GHW

JHDWXUHYV

X 6SHFWUDO UDQJH QP
X 2SWLPL]JHG IRU H[WUHPHO\ |
VLQJOH SKRWRQ GHWHFWLRQ
X ([WUHPHO\ KLJK VLJQDO WR
XVH RI SKRWRQ FRXQWLQJ PHW
x 'HWHFWRU +RXVLQJ SURYLC
DIJIDLQVW WKH XQZDQWHG OLJI
QRLVH

X %XLOW LQ KLJK YROWDJH SF
WR HQVXUH VDIH RSHUDWLRQ R|
X B6WDQGDUG PRXQWLQJ ADC

LOQVWUXPHQWY PRQRFKURPDWR _

A
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3KRWRQ FRXQWLQJ 307 GHW HEREEE/SS |

7KH JLJ

+

LV DQ LQWHJUDWHG SKRWRQ FRXQWLQJ GHWHF\

SKRWRQ FRXQWLQJ

KHDG LV XVHG LQ WKH GHWHFWR|

RI' D SKRWRPXOWLSOLHU WXEH ZLWK D KLJK YROWDJH SRZHL
FRXQWLQJ FLUFXLW 7KH 307 KLJK YROWDJH OHYHO DQG Wt
RSWLPDO YDOXHVY DOORZLQJ SKRWRQ FRXQWLQJ PHDVXUHP

7KH JLJ

KDV DOVR DQ R

YHU OLIKW GHWHFWLRQ FLUFXL)

VLIQDO UHDFKHV D VSHFL¢F YDOXH DW ZKLFK WKH QXPEH
GHSHQGHQFH IURP WKH DP
/[LIKW VLIQDO 7KDW VLIJQDO PHDQV WKDW WKH PHDVXUHP
HQWHU6/S WIKWB DJHIJLVWUDWLRQ VI\IVWHP WR VKXWV GRZQ Wi
LOQWHUUXSW DQ\ PHDVXUHPHQWYV

RXQW RI OLIJIKW RQ WKH SKRWRF

TKWSHFWOD HILVWUDWLRQ V\VWHP PDQXIDFWXUHG E\ 62/ ,
307 GHWHFWRU DQG IRU VLIQDO DFTXLVLWLRQ 1R DGGLWLF
RSHUDWLRQ

6SHFL,{FDWLRQV

SKRWRPXOWLSOLHU

307 FRQ¢JXUDWLRQ

SKRWRFDWKRGH PDWHOUXOWLDONDOL

6SHFWUDO UDQJH

S3HDN VHQVLWLYLW\ ZDYHDHQJIJWK

SKRWRVHQVLWLYH D

&RXQW VHQVLWLYLW
W\S DW QP
'DUN FRXQW W\S

&RXQW OLQHDULW\
3XOVH SDLU UHVRO X

2XWSXW SXOVH ZLGV

2XWSXW SXOVH KHLJKW

ORDG UHVLVWDQFH
2YHWJIKW VLIJQDO

9

9

WBKRWRQ FRXQWLQJ PRGXOH +
+DPDPDWVX

6LGH RQ W\SH

+ QP

UMD PP
\ o V S:

V
o V

WL RQYY
VK QV

2kpP9 PLQ

DW WKH QRUPDO FRQGLWLRQ
DW WKH 2YHU OLJKW FRQGLWLRQ

&RROLQJ

SRRP WHPSHUDWXUH
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SKRWRQ FRXQWLQJ 307 GHW

+ /\SLFDO VSHFWUDO U
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7( FRROHG ,Q*D$V GHWHFWR =z ‘

JHDWXUHYV

X G6SHFWUDO UDQJH IURP W R —P
Xx 7HPSHUDWXUH VWDELOL]JHG SKRWRG
FRROLQJ WR f & SURYLGHV KLJK VHQ
ORZ QRLVH DQG DOVR PLQLPL
YROWDJH RfVHW 1
X ' PP $FWLYH $UHD
Xx $ IRFXVLQJ OHQV SUHYV
PD[LPXP VLJQDO FROOHFW LR (la
x O9DULDEOH *DLQ $PSOL¢HU'W
N9 $

Xx ODULDEOH %DQGZLGWK
0+=

Xx 6WDQGDUG PRXQWLQJ ADQJH IRU 62/
LQVWUXPHQWY PRQRFKURPDWRUV

7KH ,*$'$7 7( LV DQ DPSOL¢HG WKHUPRHOHFEWULF
VZLWFKDEOH EDQGZLGWK ,QGLXP *DOOLXP $UVHQLGI
LV VHQVLWLYH RYHU WKH ZDYHOHQJWK UDQJH R
LQFRUSRUDWHYV D ORZ QRLVH ORZ RtVHW KLJK JDLQ
7ZR HLJKW SRVLWLRQ URWDU\ VZLWFKHY DOORZ WKH
G% VWHSVY DQG VHW ORZ SDVV (OWHU EDQGZLGWK \
GHWHFWRU LV PRXQWHG RQ D WKHUPRHOHFWULF FI
WHPSHUDWXUH LV f& $ WKHUPLVWRU SURYLGHV IH
WXUQV KHDWLQJ DQG FRROLQJ HOHPHQWY RQ RU R$ W
7HPSHUDWXUH VWDELOL]J]HG SKRWRGLRGH FRROLQJ S
RXWSXW R¥VHW DQG DOVR UHGXFHV WKHUPDO QRLVH
7KH 307 KRXVLQJ LV PDGH RI PHWDO ZKLFK DFWV D
LQFUHDVH WKH FRROLQJ DELOLW\

7KH ,*$'$7 7( GHWHFWRU LQFOXGHV D VSHFLDO O
FRQQHFWLQJ ADQJH WR DWWDFK LW WR DQ\ VSHF\
LQVWUXPHQWYV

7R JHW VSHFWUD XVLQJ WKH ,*$%$ P FWB(RGHW MWW R W LR
PDQXIDFWXUHG E\ 62/ LQVWUXPHQWY LV UHTXLUHG 1
RSHUDWH ZLWK WKH GHWHFWRU
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7( FRROHG ,Q*D$V GHWHFWR C=Eaocs l
6SHFL,FDWLRQV

SKRWRVHQVLWLYH PDWHULD@DGLXP *DOOLXP $UVHQLGH

6SHFWUDO UDQJH + R
SBHDN VHQVLWLYLW\ ZDYHOHQ3IAWK
SKRWRVHQVLWLYH DUHD ‘ PP

7\SLFDO VSHFWUDO VHOQVLWLYLWJ
JDLQ SRVLWLRQ G% | # —P

2XWSXW YROWDJH RiVHW GDUMN9 W\S

2XWSXW YROWDJH QRLVH SHIN SHDN
JDLQ RI G% %: RI 3| +]°

2XWSXW YROWDJH +L
*DLQ BWHSV
*DLQ 6HWWLQJV G%

JLOWHU 6WHSV

IURP WR 9

JLOWHU 6HWWLQJV N+]

&RROLQJ PHWKRG SHOWLHU PRGXOH
+HDW UHPRYDO PHWKRG JRUFHG $LU FRROLQJ
&RROLQJ WHPSHUDWXUH K
, *$'$7 7( 7\SLFDO VSHFWUD
r1.4. h
! P
1.2 T Ay \
1.0 / \
%0.8 V
=
=
506
3 .
4
04 — T=-10°C
— =25
|
o2 | A\ \
| N
0.0 :
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7( FRROHG ,Q$V6E GHWHFWR E=za/&o N

JHDWXUHYV

x O6HQVLWLYH WR WKH FKRSSHG OLJKW RYHU WKH

VSHFWUDO UDQJH IURP —P WR —P
Xx THPSHUDWXUH VWDELOL]J]HG FRROL(Q KH
SKRWRGHWHFWRU WR f & SURYL

VHQVLWLYLW\ ORZ QRLVH DQGgRLQ
YROWDJH RfVHW - 4

X ‘ PP $FWLYH $UHD

X $ IRFXVLQJ OHQV SUHVHQ
VLIQDO FROOHFWLRQ ‘
X ODULDEOH *DLQ $PSOL HU W
9 3
X O9DULDEOH %DQGZLGWK +] WR
N + ]

X 6WDQGDUG PRXQWLQJ ADQJH IRU 62/
LQVWUXPHQWY PRQRFKURPDWRUYV

7KH ,$6'$7 7( LV DQ DPSOL;HG WKHUPRHOHFWULF
VZLWFKDEOH EDQGZLGWK ,Q$V6E SKRWRFRQGXFWLYH
LV $& FRXSOHG DQG UHTXLUHV D FKRSSHG LQSXW VRXU
7ZR HLJKW SRVLWLRQ URWDU\ VZLWFKHY DOORZ WKH
VHOHFW ORZ SDVV (OWHU EDQGZLGWK VHWWLQJV IUR
7KH GHWHFWRU LV PRXQWHG RQ D WKHUPRHOHFWULF
WHPSHUDWXUH LV f& $ WKHUPLVWRU SURYLGHV IHF
WXUQV KHDWLQJ DQG FRROLQJ HOHPHQWY RQ RU Rf WF
7HPSHUDWXUH VWDELOL]HG SKRWRGLRGH FRROLQJ SL
RXWSXW RtVHW DQG DOVR UHGXFHV WKHUPDO QRLVH
7KH ,$6'$7 7( GHWHFWRU LQFOXGHV D VSHFLDO O
FRQQHFWLQJ ADQJH WR DWWDFKHNVWP IV@RX IDFW X 8 HBW
LQVWUXPHQWYV

7KH SKRWRGHWHFWRU VHQVHV VLJQDO LQWHQVLW\ °
LQWHQVLW\ 7R DFTXLUH VSHFWUD XVLQISWRWS DRERN L
DPSOL¢HU ZLWK D 6ERBW&H U MDIQ.FWUDWLRQ VI\VWHP PDQ
LQVWUXPHQWY DUH UHTXLUHG 1R DGGLWLRQDO HTXI
GHWHFWRU
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7( FRROHG ,Q$V6E GHWHFWR QEa/d l

6SHFL;FDWLRQV

SKRWRFRQGXFWLYH PDWHULO@®V6E

6SHFWUDO UDQJH * o
SHDN VHQVLWLYLW\ ZDYHOHQIWK
SKRWRVHQVLWLYH DUHD ‘ PP

7\SLFDO VSHFWUDO VHQVLWLYLW)
JDLQ SRVLWLRQ G% | # =P

2XWSXW RifVHW YROWDJH GDRN W\S
2XWSXW YROWDJH QRLVH SHDNp®HDN

JDLQ RI G% %: RI 3 N+]"

2XWSXW YROWDJH +L = I[URP WR 9

*DLQ 6WHSV

*DLQ 6HWWLQJV G %

JLOWHU 6WHSV

J)LOWHU 6HWWLQJV

N +]
&RROLQJ PHWKRG 3HOWLHU PRGXOH
+HDW UHPRYDO PHWKRG JRUFHG $LU FRROLQJ

&RROLQJ WHPSHUDWXUH zK

,*$'$7 7( 7\SLFDO VSHFWUDO UH

7 K
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instruments

&U\RJHQLF FRROHG +J&G7H

0&7'$, /1

JHDWXUHYV

X O6HQVLWLYH WR WKH FKRSSHG OLJKW RYHU
WKH ZDYHOHQJWK UDQJH IURP —P WR

—P —
X /1 'HZDU IRU PRUH WK D&t

KROGLQJ WLPH =
X &RROLQJ ZLWK OLTXLG ¢
HIWUHPHO\ ORZ WKHUPDO p
VHQVLWLYLW\

X [ PP $FWLYH $UHD
X %XLOW LQ SUH DPSOL¢HU

x $Q DGDSWHU ZLWK D JROG
HQKDQFHG FROOHFWLRQ H "FLHQF\

Xx 6WDQGDUG PRXQWLQJ ADQJH IRU 62/
LQVWUXPHQWY PRQRFKURPDWRUV

X 6LPSOH FRQQHFWLRQ WR /RFN ,0Q
$PSOLGSHFWS D

7KH 0&7'$, /1 LV DQ DPSOL¢HG FUWRGHRLB&FR
SKRWRFRQGXFWLYH GHWHFWRU 7KH GHWHFWRU LV
LQSXW VRXUFH

/KH GHWHFWRU LQFOXGHYVY D GHWHFWLRQ PRGXOH

PRXQWLQJ EDVHPHQW DQG D VSHFLDO PLUURU DGD
PD[LPXP VLIQDO FROOHFWLRQ 7KH GHWHFWRU KD
DWWDFK LW WR WKH RXWSXW VOLW RI 62/ LQVWUXPI
7KH SKRWRGHWHFWRU VHQVHYVY VLIQDO LQWHQVLW\
LOQWHQVLW\ 7R JHW VSHFWUD XVLQJ WEHFMEIYDIR FN /L
DPSOL¢{¢HU ZLWK D GFKHRPBE L BN WUDWLRQ V\VWHP F
62/ LQVWUXPHQWY DUH UHTXLUHG 7KH GHWHFWLQJ
SRZHU VXSSO\GEBEXFW® DVORVRR DGGLWLRQDO HTXLSF
RSHUDWH ZLWK WKH 0&7'$, /1T GHWHFWRU

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU
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&U\RJHQLF FRROHG +J&G7H 3L
0&7'$, /1

6SHFL; FDWLRQV

SKRWRFRQGXFWLYH PDWHWHWDOXU\ &DGPLXP [THOOXULGHF
6SHFWUDO UDQJH * -

S3HDN VHQVLWLYLW\ ZDYHOHQPWK
SKRWRVHQVLWLYH DUHDO VL[HPP

7\SLFDO VSHFWUDO VHQVLWILoY LW\ # —P

'"HWHFWLYLW\ ' 0 FP+]

7LPH &RQVWDQW —V

/Q WR 7&
&RROLQJ 'HZDU KROGLQJ WILPH! KRXU

0&7'9$, /1 7\SLFDO GHWHFWL XL

™~

C10v

Rz/2°W-1)

=10 / . . Y

D* (cm
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N\,
N
/

109
1 4 8 12 16 20 24
wavelength, nm )
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7KHGSHFWBDLY D KLJK SHUIRUP
FKDQQHO 'DWD $FTXLVLWLRQ 6\)
$00 62/ LQVWUXPHQWY DQG WKL
GHWHFWRUV ZLWK '& YROWDJH F
FRXQWLQJ GHWHFWRUV DUH ¥
6SHFWBD

7KIBSHFWBHXDY WZR LQGHSHQGHQW DQDORJXH PHDVXUL
HDFK FKDQQHO DQG RQH GLJLWDO PHDVXULQJ FKDQQ
UHJLVWUDWLRQ PRGXOHV LQ SKRIMEW & BDYWLHHQPEBW
IRU WKH LQWHJUDWHG RSHUDW L RES  ESK DR/K 6 3W DHIJR
DQG DQDO\VLV6SRFAMIDPHOXGHYV IXO0 UDQJH RI FRQ!
UHTXLUHG IRU FUHDWLRQ Rl FRPSOHWH VSHFWURVFRSE
VSHFWUDO LQVWUXPHQWY DQG DFFHVVRULHY PDQXIDF\
(DFESHFWBHMDQDORJ FKDQQHO PHDVXUHV YROWDJH IURTF
LQFOXGLQJ VROLG VWDWH GHWHFWRUV DQG 307 HTXLS
LV IURP WR 9 SRVLWLYH RU QHJDWLYH SRODULW\ VF
IURP WR N+] (DFK FKDQQHO XVHV D ELW $'& ZLW
PHDVXUHPHQWY SHU VHFRQG
7KHUH DUH RYHUYROWDJH SURWHFWLRQ IXQFWLRQV ¢
UDQJH IURP WR * 9 VRIWZDUH VZLWFKDEOH DPS
RSHUDWLRQDO 307 RXWSXW FXUUHQW PRQLWRULQJ WF
WKH 307 SKRWRFDWKRGH IURP H[FHVVLYH OLJKW LQ ER
7KIBSHFWBISLILWDO FKDQQHO PHDVXUHY DQ DPRXQW R
307 RU DYDODQFKH SKRWRGLRGH RSHUDWLQJ LQ WK
FRXQWLQJ FKDQQHO LV XVHG WR HQVXUH KLJK VHQV
PHDVXUHPHQWY $ 3KRWRQ FRXQWLQJ DSSURDFK LV R
GHPDQGHG PHWKRG RI 307 PHDVXULQJ D YHU\ ORZ OHY}
PXVW LQFOXGH DQ LQWHUQDO DPSOL¢HU GLVFULPLQDYV
: 9 ZLWK ORDGV RI 2KP 7KH GLJLWDO FKDQQHO
SDLUV Rl SXOVHV XS WR QV RUD FRQWLQXRXV IUHTX
WKH GLJLWDO PHDVXULQJ FKDQQHO KDV D 307 RYHLU
6SHFWBINZLWFKHY Rt WKH 307 VXSSO\ YROWDJH WR DYt
7TKBSHFWBKXDY D EXfHU IRU VWRULQJ UHVXOWV RI XS W
7TKIBSHFWBIXDY WZR LQGHSHQGHQW ELW ' $ FRQYHUW
VXSSO\ YROWDJH LQ DQ\ 62/ LQVWUXPHQWY GHWHFWR L
'KHQ XVLQJ WKHVH VHQVRUV LW LV SRVVLEOH L
VHQVLWLYLW\ LQ D ZLGH UDQJH E\ FKDQJLQJ WKH 307 S|
,Q DGGLWARFWHBKKDY WZR ORZ YROWDJH SRZHU VXSSO
GHWHFWRUV RU ZLWK WKH 6'$ SKRWRGLRGH GHWHFW

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU




6 SHFW6D SOL
63(&7526&823< $&48,6,7,21 6<

SDUDPHWHU 6SHFL,FDWLRQ
1XPEHU RI PHDVXULQJ FKWODRHQBHSHQGHQW DQDORJ RQH GLJL

$QDORJ FKDQQHOV
$'& UHVROXWLRQ ELW

,QSXW YROWDJH UDQJH 9 9
,QSXW UHVLVWDQFH (LWKHU 3RVLWLYH RU 1HJDWLYH VRIWZDUF

,QSXW UHVLVWDQFH N

2YHUORDG LQSXW SURWOHFRWLYRIQ

JUHTXHQF\ EDQG RI WKH WRSXWHLJQDO

,QSXW YROWDJH RfVHW WR “ 9 LV VHW E\ WKH VRIWZDUH
$PSOL:FDWLRQ IDFWRU VRIWZDUH VZLWFKHG

307 RYHUORDG SURWHFMRLBR®ZDUH FRQWUROOHG

'LJLWDO FKDQQHO 3KRWRQ &RXQWLQJ

&RQWLQXRXV LQSXW [UNS XHRF ]

O0LQ SXOVH GXUDWLRQ QV
3XOVH SDLU UHVROXWLR@V
,QSXW UHVLVWDQFH

9ROWDJH OHYHO RI ORJLFDO 39
9ROWDJH OHYHO RI ORJLFDO 3 °

, QWHUQDO GDWD VWRUDJHS WR GDWD SRLQWYV
7LPH RI PHDVXUHPHQW DFFXPXGBPWYRQ VHF

OLQLPXP VWHS RI PHDVXULQIVWEPH
&RQWURO RI 307 +LJK 9ROWDJH
IXPEHU RI RXWSXWYV LQGHSHQGHQW
'"$ FRQYHUW WHVROXWLRBLW

$FWXDO RXWSXW FRQW GRS HHR®&@WBURBO0O7 UHIHUHQFH YROWDJH 9 I
((IWHUQDO GHWHFWRU SRZHU VXSSO\
I1XPEHU RI FROQQHFWHG GHWHFWRUV

9ROWDJH 9 IRU HDFK GHWHFWRU
OD[LPXP FXUUHQW FRQVWXRP\8 WIRRJH WKDQ $ IRU HDFK GHWHFWRU

&RPPXQLFDWLRQV 86 %
6RIWZDUH 6SHFSBUDRU VLPXOWD Q HREX\F 8K Q/DWERDOSRIIFW U
3RZHU VXSSO\ $& 9 +]

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU
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$Q HIDPSOH RI WKH VSHFWUD

SOL Instruments
monochromator

ETHERNET

usB

Power Supply

TE cooled
InGaAs detector
IGADAT-010TE

Three-channel Data Acquisition
System SpectraDAS

vonan
o o

2 ]
@ |
2@5
:

Signal

Power

gl

Si detector
D SDA-010

Uncooled PMT

PTA-928/ Photon

PTA-5108 counting PMT
PTP-12386

TE controller

\

' TE cooled PMT
PTM-14768

TE Power

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU
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7KH 62/ LQVWUBGPHFQWBWOLY D KLJK
SHUIRUPDQFH WZR FKDQQHO VLQJOH SKDVH DQDORJ

/IRFN LQ DPSOL¢{¢HU ,Q FRPELCT™™*'=~~ 7w airmuni
/IRFNHG &KRSSHU LW FDQ GHW
VLIQDOV ZLWK D SUHGH¢{QHG
VWURQJ EDFNJURXQG QRLVH '
FDQ H[FHHG WKH DPSOLWXGH R
RU KXQGUHGYV RI WLPHV 7KH X
FDQ VLIQL¢{¢FDQWO\ LPSURYH
ZKHQ GHWHFWLQJ HIWUHPHO\ C
JRU HIDPSOH LW FDQ EH XVHG
WKH VLQJOH HOHPHQW LQIUDU
ORZ VHQVLWLYLW\ DQG ZHDN RAWODSAW VLIJYDUYV

CHANNEL 1

7ZR FKDQQHO /RFN6 56 FAWSDQORZY LQGHSHQGHQW VHWWLQ.
SDUDPHWHUV IRU WZR GLfHUHQW VLQJOH FKDQQHO GHWHI
SRUWV RI WKH 62/ LQVWUXPHQWY VSHFWUDO GHYLFHYV

7TKBSHFW® BRVH SKDVH VHQVLWLYH GHWHFWLRQ WHFKQLTXH
VRXUFHVY '"HWHFWLRQ LV DFKLHYHG E\ XVLQJ D UHIHUHQ
FRPSDULQJ LW WR WKH GHWHFWHG VLIJQDO DV D PXOWLSOL|
IUHTXHQFLHY DUH LGHQWLFDO WKH DYHUDJH RI WKH SURG>
SHUIRUPV WKH PXOWLSOLFDWLRQ DV SDUW RI WKH ORFN LC
RXW WKH IUHTXHQF\ RI WKH VLIQDO 7KH DPSOL¢{¢HU DGMXV\
WKH 36' PXOWLSOLHV LW E\ WKH LQWHUQDO ORFN LQ UHIHU
ORZ SDVV (¢OWHU ZKLFK UHPRYHV WKH DF VLJQDOV OHDYL!
VLIQDO DPSOLWXGH /RFN LQ DPSOL¢{¢HUV JUHDWO\ LPSURYF

TKBSHFW® BRQVLVWY RI WZR LQGHSHQGHQW LGHQWLFDO OR
IRUPV D UHIHUHQFH VLIJQDO IRU FRQWUROOLQJ ERWK ORFN
LQVWDOOHG GLUHFWO\ RQ WKH HQWUDQFH VOLW RI WKH VS
DQG LW GRHV QRW UHTXLUH DQ\ DGMXVWPHQW
TKBSHFW®BDQ EH RSWLRQDOO\ GHOLYHUHG ZLWK DQ DGGL'
ZLWK WKH GHWHFWRUV I[URP RWKHU SURGXFHUV

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU
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%ORFN GLDJU B HRAE YWBKCH

Signal Amplifier
Low noise —‘ Low pass filter DC Amplifier
diff AMP
Input
e 1.10 LPF
100, 1000
T I 3
Gain _ e Gain _
selection © constarit selection
- U -
R — switch = ., switch
o switch
5]
Chopper =
pp &
| Chopper
Controller
0]
O
@ _
2 Channel 8 Timie :
Bain ® constant Gain
selection g selection SE|IECtI0n
In p ut switch switch switch
|
Output
v 140 LPF
100, 1000 0
— |
Low noise Low pass filter DC Amplifier
diff AMP J
Signal Amplifier

6SHFWBHDQFOXGHV

6LIJQDO $PSOL¢{¢HU ZLWK D /RZ QRLVH GLfHUHQWLDO LC
OXOWLSOLHU L H WKH SKDVH VHQVLWLYH GHWHFWR
IRZ SDVV (OWHU

'& DPSOL¢HU

&KRSSHU

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU
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7KH VLJQDO WR EH PHDVXUHG LV IHG LQWR WKH LQSXW RI WKH 6L
'& YROWDJH SURSRUWLRQDO WR PHDVXUHG YROWDJH 7KLV YROW
7KHLIJQDO DPSULR® W& YROWDJIJH DPSOL{HU ZKLFK LQFOXGHV D
DPSOL;HU SUHFLVLRQ DPSOL¢{HU ZLWK VHOHFWDEOH JDLQ DQG I
LQVWDOOHG RQ WKH IURQW SDQHO *DLQ DQG FDQ EH
OHYHOV 7KH EDQGSDVV ¢OWHU FXWV Rt VLIQDOV ZLWK IUHTXHQI
IUHTXHQF\ Rl WKH PDLQV YROWDJH DV ZHOO DV VLJQDOV ZLWK IU
PHDVXUHG VLJQDO

7KIBKDVH VHQVLWLSB' GNWHFMURFXLW ZKLFK WDNHV LQ,WZR Y,R.Q.W
DQG SURGXFHV DQ RXWSXW, ZKJ FK, LV, WKH SURGXFW 9 9 7K
7KMDRZ SDVVLYOWKUJKHU RUGHU DFWLYH ORZ SDVV PDQ\ SROH
VHOHFWHG 7KH WLPH FRQVWDQW LV VHW XVLQJ WKH VZLWFK LQV
7KH& DPSOLMD ORZ IUHTXHQF\ DPSOL¢{HU ZLWK VHOHFWDEOH JD|
WKDW LW ZRUNV DOO WKH ZD\ GRZQ WR JHUR IUHTXHQF\ '& DQC
DERYH .+] *DLQ DQG FDQ EH VHW

7KH.KRSSHY GHVLJQHG WR PRGXODWH DQ RSWLFDO VLJQDO DW
&KRSSHU &R QMHWROWKH PRGXODWLRQ IUHTXHQF\ DQG PDLQWDLQ\
VHQVRU 7KH &KRSSHU &RQWUROOHU DOVR JHQHUDWHYV D UHIHUH

6SHFL,{FDWLRQV

3DUDPHWHU \ 6SHFL(FDWLRQ
6LIQDO &KDQQHO
,QSXWYV 9ROWDJH 6LQJOH HQGHG
,PSHGDQFH N S) $& FRXSOHG
Y)XOO VFDOH VHQVLWLYLW\9 WR 9
1RLVH Q9 ¥+] DW +] W\S
*DLQ
3UH
3RVW
"HPRGXODWRU DQG RXWSXWV
6WDELOLWL SSP f&
7LPH FRQVWDQW PV
"\QDPLF UDQJH 7\SLFDOO\ ! G %
615 7\SLFDOO\ ! G %
OHDVXUHPHQW DFFXUDF\ +]
OD[LPXP RXWSXW 9ROWDJKH &XRUHQW
&KRSSHU
'LVN GLDPHWHU PP
$SHUWXUH PP
JUHTXHQF\ UDQJH +]
ORWRU "K FXUUHQW ZLWK RSWLFDO HQFRGHU
ORXQWLQJ FRXSOHV GLUHFWO\ WR 62/ LQVWUXPHQWYV
PROQORFKURPDWRU HOQWUDQFH VOLW DVVHPEOLHV
*HQHUDO
,OSXW DQG 2XWSXW &RQQWHFWRUYV
3RZHU « 9% &
/IRZ QRLVH SRZHU VXSSO\ IRU SRZHULQJ WKLUG SDUW\CV GHW
2XWSXW 9ROWDJH “ 9
2XWSXW &XUUHQW “ P$ PDJ
5HIXODWLRQ OLQH ORDG
5LSSOH P9 506 PD[ RXWSXW
&RQQHFWLRQV SLQ '% 6RFNHW &RQQHFWRU

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU
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$OWHUQDWLYH FRQQHFWLRQ
GHYLFHV WR WKH FKRSSHU

©
* © LN PN

KH L@SXW VOLW

JLOWHU ZKH

$ &aRQGHQVHU ) PDWFKHU DQG D ¢OWHU ZKHHO

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU
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OHDVXUHPHQW V\VWHP
$Q HIDPSOH RI WKH HTXLSPHQ
GLDJUDP WR DFTXLUH VSHFW

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU



