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Fig. 1. The data processing flow diagram of quantum efficiency calibration of analog detector.

3 XhxE

WRIE ik e bR R B, 25 T A 2 s 1 S2 5
$E. MM 532 nmIEL B KEOLE (Verdi-vlg)
g, Ha K D38 18 W, SEE6 o NI &
RS T R BN 65.6 mW. 1621 & (1028 8] R
i, &EHIE I FA T —NHETE. iz
PN 532 nm & BT AN /NFLOG I E NI, &
Pr 2B AT YA S B Y 5 NS A — AN s
G IS/ LG R ARIE T 412 ' % R o B
AU B B R Wk sy, iz k&SR HES
i [BE A ANFLOGEE S 532 nm B KR
FEBE L (f = 120 mm) BENG PPLN &k (R5FR
50 mm x 3 mm x 1.5 mm, J&#°410.6258 pm, 7]
£ 25° FSEHE 532 nm—631 nm+3.39 pm LR[S

BN RR) EAEES 2 (f = 80 mm), 567 nm
IAEE 550 nm KB PEE 567 nm A L5 5
NS PMT, Ho 4t 6 s 48 i v BR i 11 BNC 23k
SNF# T (Keithley 2 ], 6517B) HH #E47 6 HL
M. Hhiz ek 528 B B R, LS & T
B E R DT L R 6B R 9 N 298 T SO il
B ImIRIRAS, T8 Sk, &5 1 KEHZ
R Gz G LB B AR/ T PPLN ik
M (1.5 mm), fRUEHIZ SR 58 A PPLN
A 4 2 M DhRe 2K = AR AR SO T R TPAT A
PMT H; #4567 nm — [A] (485 f1 550 nm [ K@
PEE R R BT — A il E Y A LA BR R R 2 Ok
567 nm ¥ [ €57 45° I E, v Riig e Z F
BE 1 8] R[] S S 39 I 15 S Ay O T 4k SR i D
G ML, gk A BOE R SIS 25 R s2 ), EPRN
MR CE T 3 mm [ FL42 6 B AT — A~ 550 nm

240601-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 24 (2015) 240601

(KB By FEBRIN 2% PMT J& 43 i ik & i el it
(KEITHLEY 6517B, f/Mll& A 1 fA) HDGT
THEES, P8 BNC #:3k 5 PMT # 4%, m7 LA
BAFE TN FO6 NS ORI, 8 TR
TG T 5700 B CUASON SR RN 2%, B AR R 4%
JECEAE AN B RAE T B 3390 nm (ELAME K
HF L P 631 nm/3390 nm - [ A L 43R
25 B As . BaFy KA B S 3500 nm A F7 JE I
NFLOG BRI S InSb £ 2% v, i 1) 0 B AS 5
L F DI RN, TR E.
A 631 nm /3390 nm ¥ [a] (455 (11 FH 2 3 B iz

/, 532 nm
/ laser

St HE IR A3 R 88 B4R FH 2 ARAIE DU 145 8 1 i 4
SR BT RCR I E by BT (SRH40) BI1E F A2 4
WES LA S 5 W HAZC ARG S, @ &
KIEFFIRIE WA HME S, BaF, iE#i.3500 nm 4
7 UE G T O PR R R B FE T R, i
B A I A AME ST, BaFo &8 1E H 2
¥ 3390 nm A IOGF IR AEMEE AL InSb #RM 3%
FR G RBOET A; 358 3% 3500 nm FR 48 4 98 6 F BT 404
VB, BEAS SIS RN IR SRR, T LA T 43 ik S B
B A B0,

Aperture 2
Mirror 2 | | \/
| | Mirror 1
Aperture 1
690 nm BaF; Lens InSb
Half-wave PPLN dichroic \\ deterctor
DUAR
plate crystal mirrors Chopper
NI
. \
Mirror 3 Polarizer Attenuator !
Lens 1 ! \\
Lens 2 ,/ \
< > . \
Aperture 3 Narrow-bands Electrometer
filter
S o |
Adjustable Pump dump 2 | == ==
attenuator 000
567 nm 550 nm 550 nm
dichroic ~ long-pass 4 long-pass
mirrorl filter filter
Mirror éx ” / & D
v 567 nm PMT
EZ dichroic
mirror 2

Pump dump 1

K2 InSb MR E TR ERRE R BB

Fig. 2. The Schematic diagram of quantum efficiency calibration device for InSb infrared detector.
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Table 1. Uncertainties components and contributions.
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FUE  dE L A 0.745  0.0005
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I g E T R
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B A E BE 7.785%
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Table 2. Absolute power responsivity of InSb detector at 3390 nm channel and the relative deviation.
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Abstract

Absolute calibration can be realized by means of correlation photon which is generated by the parametric down
conversion. The main difficulty lies in obtaining correlation information about photon flux when this method is applied to
analog detector calibration process. A novel method of processing the photocurrent on the basis of detecting multimode
spatial correlation is proposed. By converting the charge quantity contained in the photocurrent detected in a certain
time interval into the photon counting, and by using double channels balance detection and measuring mean photon
counts of each model to correct the dual channels fluctuations, the high accuracy calibration of quantum efficiency
can be achieved. The photon fluxes of two channels are balanced by inserting an adjustable attenuator in one optical
path. The cross section of pumping beam is comparable to the detection area to ensure three-wave colinearity, and the
coherent area of the correlation photons is obtained by measuring pump beam waist and lens focus length. With the
known detection area, coherence time and coherence area, the average photon number of each mode is computed. This
process should be performed under the average photon number of each mode as a reference which could be used for the
proportional scaling of equivalent photons of two channels. Based on this new approach, the absolute power responsivity
of an InSb detector is calibrated at 3390 nm with correlated photon pairs at 631 and 3390 nm. The calibration procedure
and experiments are described and the uncertainty of this method is analyzed. The results show a relative combination
uncertainty of about 7.785% for this calibration method, which agrees well with the result independently obtained in
the national photoelectronic metrology laboratory within a relative difference of about 3.6%. This result verifies that
the quantum efficiency of an analog detector can be calibrated by the correlated photon method, which has potential

applications in highly accurate radiometric calibration without external standards.
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