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InGaAs Avalanche Photodiode for Single-Photon-Detector

Application
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Institute of Electronics

National Chiao Tung University

Abstract

The goal of this work is to setup a single-photon-detector system for fiber-optics
communication in the range of 100-1600nm. First; we figured out the characteristic
of InGaAs Avalanche photodiode (APD) operating in-Geiger mode. The difference
between single photon detector and traditional photodetector in light detection was
compared. After that, the quenchingicircuit for subsequent:detection of APD was built
and analyzed in detail. With:-the knowledge, we setup the measurement system for
characterizing the single photon detector-and found the best parameters for detection
performance, including the excess voltage, the operation temperature, the repetition
rate and the gated width. In our experiment, the APD (NEC-NR8300) was analyzed
its performance at the source wavelength of 1300nm. In gated mode, we studied the
relationship between repetition rate and temperature to minimize the after pulsing
effect. By calculating the difference of detection efficiencies in different gated widths
at 100KHz repetition rate, the after pulsing probability under 5% was obtained in 20ns
gated width at 170K and higher temperatures. Because of that, the detection efficiency
results at these temperatures are correct. Finally, by increasing the excess bias and

shorting the gated width, the best performance, detection efficiency 60%, dark count



21/2 .
! , Was achieved at

probability 1% and noise-equivalent-power (NEP) 7x10™° WHz
190K. On the other hand, by using passive quenching for the detection of
continuous-wave (CW) light source, we were successful to distinguish three different

power levels, 102W ~ 102w ~ 10w
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4.3.3 Noise Equivalent Power (NEP)
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5.2 Gated Mode
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Dark count probability (%)

0.9

—— 1/trep 100KHz
1/t 500KHz
0.8 4 rep
0.7 -
0.6 4
0.5 -
[}
0.4- \D\D\D\
D\D
0.3 T v T v T v T v T v
0.0 0.5 1.0 15 2.0 2.5
VB-VR(V)
B5-3 VR ig ¥ Dark count probability =75 %
0.40
i —_— 1/trep 100KHz
0.354 1/t 500KHz
0.30 4
0.25
0.20- B
0.154
0.104
005 - \‘—‘\
0.00 4 =

) v ) v ) v ) v )
100ns 80ns 60ns 40ns 20ns
Gated width

B15-4 Gated width¥+Dark count probability 73 58

53



5.2.1 Dark count probability

% v ¥ #% FliEDark countsh® ¢ — B & F]H d APDP FR e I i A i

STrAA R PGR R A MAPDP R eheg 7 UR[11] 0 TG skt MH kS i R E
eriDark count probability > BJ(5-5) 5 ¢ »2 g /Bl 1 Dark count probability &% ¢

PRERTHI FORETRATAL D o @ d BY ¥ 05T s Dark count
probability ;8 & e thewr L AEE B T ' A "E K 2N E A P ¥ U aoif Dark count
probability &_a5 7 /i efc i i & 475 % o @ Dark count probability 4z 3f & & 2. &
R E T L AR Rt A4 e pEE 4 APDR B A N R B St 9
APD 8 iplig 42 # «FiTrigger Probability % » @ @mf*+ &~ A K L5 L &
¢ 183 APDA 4 % 3 # > @ # 4 1 Dark count probability o ¥ ¢ &2 5%(4.2)
PRI B TG W RIERE A ST R M S o d B R R
(5-6)¥ 11 T > % ¥5/] gated widthp= S9g£¥] ¥4 2cen’# 4 Dark count probability °

AiPEiET RCAPDERIEE R CARRREB L ERIE Rz 2 6 k7 RE
Dark count probability P2 &8 » B e le@Red if Rl F R ch (v 0 ¥ F A S
#c® @ j pxen's M Dark count probability o @ AZEERE BN T A g iR L F D
B om A A E R 1 APDP R % A IR E0Trigger probability 77k £2 Z¥Dark count

probability 5 %

54



104

g / 7

g — :

o i,

5. /D/

= © = —O0— T110K

c /

5 014 o?ﬂ —o— T130K

o o T150K

4

@ 1/t,¢,2=100KHz ——T170K

a B T190K

t; =40ns —— T210K
0.01 T T T T T T
2.0 2.5 3.0 3.5 4.0 4.5

Excess Bias(V)

B]5-5  Dark count probability = 7 e ey B F 7 Ferdz ip 7 BT A 4 chg it

10+
l/trep=100KHz
© T=190K —
8\/ /‘A
§ A/ O
e 1 4 D/
o D/
E D/
x~ /
& o ——20ns Gated Width
a 40ns Gated Width
—4—60ns Gated Width
0.1 T T

v v T v T v T v T
2.0 2.5 3.0 3.5 4.0 4.5
Excess Bias(V)

B5-6 7 F ehGated Width¥+Dark count probability 7787 5%

55



5.2.2 After pulsing </
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