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Improvement of high-gain shot-noise detector
ZHOU Hai-jun, WANG Wen-zhe, ZHENG Yao-hui*
State Key Laboratory of Quantum Optics and Quantum Optical Devices, Institute of Opto-electronics, Shanxi University

Abstract: Based on the special demands of quantum optical experiments for low noise detectors, a high gain and shot
noise detector was designed by combing an AC current coupled trans-impedance pre-amplify circuit and an ETX500
photodiode. Compared with existing detectors, the designed detector shows better characteristics in gain, bandwidth
and AC & DC saturation. The output characteristics of the detector were measured by using a 1 064 nm single
frequency laser as a source and a frequency spectrum analyzer as the measuring instrument. Measuring results show
that the power noise spectrum of the detector is 10 dB higher than that of electronic noise spectrum when the
injecting power for the detector is more than 850 yW at 2 MHz. Furthermore, the bandwidth of the shot noise detector
reaches 5 MH when the input infrared laser power is above 1.62 mW. The remarkable linearities for the DC and AC
currents are available when the input infrared laser power is increased to 36 mW. Considering its higher gain and
better DC & AC saturation characteristics, the detector is advantageous to quantum optic experiments.

Keywords: quantum optics trans-impedance pre-amplify circuit shot noise detector gain saturation characteristic
Wk H ¥ 2013-06-07 &[0 H ] 2013-07-11 M 4 i & Aii H #] 2013-11-22
He T :

ARATUIR By ¢ 28 1 20 B R B4l B S B 1) R 5 B K A AR R 2 B b 2 A S S0 s L AR R

S A 7 < P
{02 B (1987-) , B, PUNIBERIA, M-LOFSE, 20114 FARBFHERFIRAE 2R, EENHHOLHA 5L I T 5T

e
Il

{E# Email: yhzheng@sxu.edu.cn

2% k-

[ 322238 63 F 4 25 107 A S L0 Fickar g 7 e 2 e A 14 R R R H [J]. %98, 2001, 30(5): 300-305. PENG K C. Generation
and application of squeezed state light:sub-shot-noise-limited optical measurement and quantum information[J].
Physics,2001,30(5):300-305.(in Chinese) [2]WU L A, KIMBLE H J, HALL J,et al.. Generation of squeezed states by
parametric down conversion[J]. Phys.Rev.Lett.,1986,57(20):2520-2523. [3]JHANSEN H,AICHELE T,HETTICH C, et
al..Ultrasensitive pulsed,balanced homodyne detector:application to time-domain quantum measurements[J].
Opt.Lett.,2001,26(21):1714-1716. [4]QUINLAN F, FORTIER T M, JIANG H, et al.. Exploiting shot noise correlations in the
photodetection of ultrashort optical pulse trains[J]. Nature Photonics, 2013,7:290-293. [5]BACHOR H A, MANSON P J.
Practical implications of quantum noise [J]. Journal of Modern Optics, 1990, 37(11): 1727-1740. [6]SCULLY M O,ZUBARY
M S.Quantum Optics[M]. Cambridge:Cambridge University Press,1997:128. [7]JIANG Y J,MA J,TAN LY, et al..
Measurement of optical intensity fluctuation over an 11.8 km turbulent path[J]. Optics Express,2008,16(10): 6963-
6967. [8]HEIM B, EISER D,BARTLEY T, et al.. Atmospheric channel characteristics for quantum communication with
continuous polarization variables[J]. Appl .Phys. B, 2010(98):635-640. [9JWANG Y J,ZHENG Y H,XIE C D, et al.. High-
power low-noise Nd:YAP/LBO laser with dual wavelength outputs[J]. Quantum Electronics,2011(47): 1006-1013. [10]
WANG X, JEFFERSON M,HOBBS P C D, et al.. Shot-noise limited detection for surface plasma sensing[J]. Optics
Experess, 2010,19(1):107-117. [11]EEH, K% Bob L3 g REE LB W], 6% F5% 1#%,2008,16(2):319-324.
PANG CH Y,ZHANG T. Signal-to-noise ratio mode of laser active imaging system[J]. Opt. Precision Eng.,2008,16(2):319-
324.(in Chinese) [12] T3 e &, T4K, 5 A BRI ' 4% 18 AR IBOR 5 N T[], o6% /% TR, 2012,20 (10) : 2324-2330.
WANG X L,LIU L F,YU G,et al.. Global optical image acquisition technology and its application[J]. Opt. Precision Eng.,
2012,20(10):2324-2330. (in Chinese) [13]The LIGO Scientific Collaboration. A gravitational wave observatory operating
beyond the quantum shot-noise limit[J]. Nature Physics,2011,7:962-965. [14]2:/# &, 8, [ Z0kR, 2562 40 22 TR 458
BAEIRZN]. 6 K% TR, 2008, 16(7):1158-1162. LI X F,WANG CH,XIANG H B, et al.. Detection of weak ultrasonic
signal using optical heterodyne interferometry[J]. Opt. Precision Eng., 2008,16(7):1158-1162.(in Chinese) [15]5k& 5,
Ir, BB 2D, 45 AHT R 2 AP G 7 4i S [I]. 62 K% LY, 2012,20 (10) : 2132-2139. ZHANG H Y,ZHAO SH,GUO J, et al..



Experiment of coherent and multi-mode thermal light statistics[J]. Opt. Precision Eng., 2012,20(10):2132-2139.(in
Chinese) [16]673CHL,BhE H X506, 55, RARALIEH TS THEsi% [9]. 2% k% T/%,2012,20(10):2283-2292. YUE W K,YAO X
R,LIU X F, et al.. Compressed sensing for ultra-weak light counting imaging[J]. Opt. Precision Eng., 2012,20(10):2283-
2292. (in Chinese) [17]H&xK, L EME, 28, 45 AT E R M B R [3]. O64% K% TR, 2012,20 (7) -
1469-1474. WANG ZH B, SHI G H,HE Y, et al.. Application of optical coherence tomography to distance measurement of
optical surface [J]. Opt. Precision Eng., 2012,20(7):1469-1474.(in Chinese) [18]TALLOR M A,JANOUSEK J,DARIA V,et al..
Biological measurement beyond the quantum limit[J]. Nature Photonics, 2013,7:229-233. [19] T &, SR %, 500 T %
TS M [9]. Yee24), 2012,32 (1) : 0127001-1-7. WANG J J,JIA X J,PENG K C. Improvement of balanced
homodyne detector[J]. Acta Optica Sinica,2012,32(1):0127001-1-7. (in Chinese) [207]/A1 {4, ¥IEL RN, 5k 50 8 725 S rh e
AR PO AR S ORI [I]. TR, 2010, 16(2):152-157. ZHOU Q Q, LIU J L, ZHANG K SH. Low-noise, broadband
photodetector designs in quantum optics[J]. Acta Scinica Quantum Optics,2010,16(2):152-157. (in Chinese) [21] M5,
JeJa R, 5, . B Ak BERORIE SO 7 HH AR\ T EDE, 2012,5(3):302-309. BUSHF, NI Q L, HEL P, et al..
Microchannel plate photon counting detector in UV range\[J\]. Chinese Optics, 2012,5(3): 302-309.(in Chinese) [22]
GRAY M B, SHADDOCK D A, HARB C C, et al.. Photodetector designs for low-noise, broadband and high-power
applications[J]. Rev.Sci.Instrum.,1998,69(11):3755-3762. [23]LAU K S, TAN C H, NG B K, et al.. Excess noise
measurement in avalanche photodiodes using a transimpedance amplifier front-end[J]. Meas.Sci.Technol.,
2006,17:1941-1946. [24]MENG L,YU L L,PU Y Q, et al.. Design of amplifying circuit for tiny signal [J]. Chinese Journal of
Scientific Instrument,2006,27(6):1012-1013. [25]##, w58 5 R 2% 5T B BOK Bk & v S0P [I]. SbH BN A ,2010,25
(1):52-55. HU T,SI H Y. Design and research of preamplifier circuit for a photoelectric detector[J]. Electro-optic
Technology Application, 2010,25(1): 52-55. (in Chinese) [26]JOHNSON M. Photodetection and Measurement:
Maximizing Performance in Optical Systems[M]. First edition. New York:McGraw-Hill Professional, 2003.

AT i AL S

1. 9kE AR gkEiSC sRAKE X ST R AT IRTTECEENLDE REE[I]. ek TR, 2013,21(5): 1265-1271

TRIR, ARG 55 L A ) 2 B A MR RS AR B AT RS RI[I]. D62 RE % TR, 2012,20(7): 1595-1602

TR, ORI, F8E), FAEE, X AT 2 BAO Y OG4TSR ). 6k TR, 2012,20(10): 2132-2139

BRI, AR, BER, DRI, $0K 625 IR EAINLTD CCDRU AR 25 I P fb ¥ B [I]. 62 Ri % T, 2011,19(4): 857-863
I, R, B KR BRI, “HE” EMEIRAICCDIY H 3 s HI[I]. Ja2%k5% L, 2010,18(2): 496-502

VIILH, A TR0, B R B 25 o 52 0 35 A2 A0 1 B s S s il BT [3]. e 5% T2, 2010,18(12): 2590-2596

AR R AR B R AR . A2 G BT I D B R R SV ]. R B TR, 2009,17(4): 859-866

8. FIFULL 2.4 F5M2,3, ™ 962 ey e 15 AU 1 E ], 6% R5% LR, 2007,15(5): 684-698

9. BIHL. £Eml. fERAL f%)\f‘:tl JRHAEL MR AT ZE L, AT L B 2 3 5P Y 2 U KA S B BB SO R [9]. TR

T, 2006 114(2): 155-158

10 ﬁ%s«l SEEEDEL R ML KR 2, AR Y AR L T L E AL #5080 nm T ELAMETH R HOLE (VECSEL) I EL

5U[3]. SR 18, 2005,13(3) " 247-252

11- FM’ Bl A N, 2 T RAE352. 3 nm b s IERT L[], SRR LR, 2005,13(1): 10-15
12, M, MR, R B A A A O AR AT S FE [J]. YRR E TR, 2002,10(3): 295-299
13, RS, L, XS TR AP A 0t R ECR R PEIR T[], e % LFE, 2001,9(1): 51-54
14. AR, PRI, FF ] CCD143A MRS H%4Iusil AGC MU k[I]. JL Ak # 172, 1998,6(5): 116-121
15. SEppde, SR, BT oK AT R 235 T ST [3]. Je A% T, 1996,4(4): 106-110

N o a b~ W N

Copyright by 2855 Tf%



