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Research of noise characteristics and influence ractors of APD detection systems

LIU Hexiong, ZHOU k.-, , SAO Yuchen
(Electronic & Optical Engineering Department, Army kaginee ing University of PLA , Shijiazhuang 050003, China)

Abstract: In order to study the influence of noise «n dete-tion capability of an avalanche photodiode (APD) , hyperspectral
images were used to calculate radiation power and the cauc=s and characteristics of all kinds of noise in an APD detection system
were analyzed. On this basis, the factors affecting the detection capability of the system were summarized. The relationship
between signal-to-noise ratio and background I ght power in daytime and the relationship between multiplier factor and temperature
were simulated. The spectral curves of liyperspectral images were used to calculate the power of background after atmospheric
turbulence, atmospheric molecules <7l <e ~sol, and then the relationship between background radiation and APD noise after
atmospheric transmission was obiairec. Che results show that when the bias voltage is 340V and background light is enhanced
from 0. 07mW to 0.35mW, toe ch>clive value of noise is enhanced from 108mW to 150mW. The effective value of APD noise
will be enhanced with th. enhancement of the power of natural background light under the same bias voltage. When background
light is 0. 35mW an< bis: vcltage is enhanced from 320V to 340V, the effective value of noise is enhanced from 23mW to
150mW. Under the sam= background, the effective value of noise will increase with the increase of the bias voltage, and the
growth rate will gratua'iy accelerate. Background power in a specific region can be obtained from hyperspectral images. The
influence of background radiation on the APD noise characteristics is also clarified.
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Fig. 1 Spectral response curve of a Si-APD
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Fig.2 Relationship between background power and SNR
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Fig.3 Relationship between multiplic o facter and bias voltage
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Fig. 4 Relaticnship between multiplication factor and temperature
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Table 1  Background power and virtual value of noise at different time

time 10:00 11:00 12:00 13:00 14:00 15:00

background

power/mW 0.13 0.16 0.21 0.27 0.24 0.20

Vlrtuél value 120 133 151 159 153 145
of noise/mV

HIZE 1 Al A, A6 — K AN TR I ) BE PN 7 50828 4
TR, R 1300 I RIIE(E . 295 OB R4
PRI EE N, APD W7 H A7 8 e B R AR R AR A, HL
1E 13:00 IEF| R

4 %

APD R ARG 11t AL A WE IR R OB |
PR 1/f W m A AT MR A (H OGS B
AICRIMR A o i d W2 ol BE R R A R ey R ey 2
SR AT s LU A A PR PR R A B R
AT L G EUR RGN Lt B B AR AT TR
S PO B T SRS IR FEXE AN (i L AT
FaS R AT B — R A AN Al [] Be 9 ) APD
(MRS A R AT I o S 4 2R AT R A
340V B 56 H 0. 07mW B3k 2] 0. 35mW B, M s A
A 108mW I 5R F] 150mW , ] 51 [7) —fj /& T, APD
MR E R A AR T 56 A B Sk i 1 5
FOGR0.35mW iy 320V #4555 340V B, MR
RUE HT 23mW SE5R F] 150mW, A1 — 35 56T, B
P R e 2 B O s e T e, EL R AR e
LA R o OFTEIERT 1w i R T A
FURFE DI T 5550 6 2 O W 75 SRR S %) APD
W PRI SRR, S IE ST B R SR e it 7 —
it LB

Z % x #

[1] SUN Ch. Study on noise characteristics of Si-APD in laser radar under
background light [ D ]. Nanjing: Nanjing University of Science and
Technology,2014:16-18 (in Chinese).

[2] SHANG H B. Study on noise characteristics of lidar receiving system
[D]. Harbin: Heilongjiang University,2008 :32-33 (in Chinese) .

[3] RAVIL A, BARRY G, FRED M, et al. Simple approach to predict
APD/PMT lidar detector performance under sky background using di-
mensionless parametrization|[ J ]. Optics and Lasers in Engineering,
2006,44(8) :779-796.

[4] ZHANG ] H, ZHENG Y Ch, SHANG W D , et al. Research of
space-based photon counting laser detection for space debris[ J]. La-

ser Technology,2017,41(3) :312-317 (in Chinese) .



42 &

o 6 ]

XIBHE APD SR A GE WA R B HER R R R T

867

(5]

(6]

[7]

[8]

(9]

[10]

GEORGE M W, MADISON A C, ANDREW S H. Single-photon-sen-

sitive linear-mode APD lidar receiver developments[ J]. Proceedings

of the SPIE,2008,6950:695000.

JU F. Study on the dynamic characteristics of Si-APD detector with

preamplifier[ D]. Nanjing: Nanjing University of Science and Tech-

nology,2011:21-23 (in Chinese).

YAO P P, ZHAO X, ZHANG Y ,et al. Non-scanning active imaging

lidar based on APD planar array detector [ J]. Laser Technology,

2008,32(6) :628-630(in Chinese).

LU Y G, SUN X Q. Fundamentals and applications of laser counter-

measures| M |. Beijing: National Defense Industry Press,2015:53-58
(in Chinese).

ZHANG Ch Q. Handbook of military laser instruments abroad[ M ].
Beijing: Ordnance Industry Press, 1989 :125-127 (in Chinese) .
ZENG Q Y. Weak signal detection[ M].
versity Press,2002:75-76 (in Chinese) .

Hangzhou: Zhejiang Uni-

[11]

[12]

[13]

[14]

[15]

MEASURE R. Laser remote sensing: fundamentals and application
[M]. New York,USA:Wiley,1994:114-116.

GU S, DING Q X, YANG Y. Noise suppression technologies used
for avalanche photodiode[ J]. Electronics Optics and Control ,2012,
19(3) :69-73 (in Chinese) .

RONG T P,MIAO L. Temperature compensation of APD optimal bias
by MAX6605[ J].
Technology ( Nature Science Edition) ,2004,32(5) :16-18 (in Chi-
nese ) .

DAIY,CUIX S, WU Y M, et al. Theoretical calculation and exper-
imental measurement on the properties of scattering irradiance in day-
time[ J]. Laser Journal ,2008 ,29(5) :3941(in Chinese).

ZHAO J Q, XU Y F, LIJ H, et al. Turbulence channel modeling of
visible light communication unde. s'ro.g background noise and diver-

Acta Oodea Sinica,2016,36(3) .

Journal of Huazhong University of Science and

sity receiving technologies[ 1
0301001 (in Chinese) .



