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Near infrared single-photon detection
LIU Wei YANG Fu-Hua'
( The State Key Laboratory for Superlattices and Microstructures ,
Institute of Semiconductors ,Chinese Academy of Sciences ,Beijing 100083, China)
Abstract Near-infrared single-photon detection has attracted much interest for its wide application, espe-

cially in quantum teleportation and quantum encryption, which utilize the quantum nature of single photons.
Actually, because of their high sensitivity, single-photon detectors can be employed wherever very weak
light needs to be measured. The most developed near-infrared detection systems to date are based on the
semiconductor avalanche photodiode, the key component. In this paper the parameters of the avalanche
photodiode such as dark current and breakdown voltage are described, and the effect and tradeoff relation-

ships between the system parameters including operation temperature, DC bias, gate bias, and threshold

are discussed.
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FH B K B B 48 i, 1310nm 1 1550nm #9392 B i
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FE VBT 8 T Vi » BLBF I APD A B2 FK N
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3.2.2 wFAEN BT A B M (electron multipl-

ying charge coupled device, EMCCD)
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field effect transistor, QDFET)

Shields BFFE/NH $ HR ] & 5 5008 42 2% %
RO i A A R R DN B F5 S ke R S 2
QDFET 8 0 7 78 1 AR AL AL, 72 GaAs/ Al g
Gao. 57 As Wil 5 22 5 WO S AR 8 Th 42 % InAs & T
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I - 39% (2010 ££)12 H7



EFIHENMETFFEEER

B, 25 9 o 2845 1k SRS, APD YRR HL A%, S BT
FUHL TR PR A AT . H 3% O H B A AR AT K
f9 RC I 1] 4 %, APD fhi B WK 1 1K 52 BT 75 1 [i]
1 B LA gl sl 4 o) A 2 B AR AR APD i B AL s
AR Tl g R KO bR g 7 A B T T B
BIF v ) 200 R OCOR S B U g (AR ik
M7, afterpulse) A9 AT BEPEAR K.

+7,
%L
hv ok
o

i
§ R=50Q

B 7 sl il 48 X0 B B R R AE oy APD 25 0 i)

4.2 FEzhIHI (active quenching) FE

R T v IR Bk 2l K S 0 ke S, AT 4
JIH B S BT A SRR = S g o Y AR D
AT H RS

(a)

o
Lkl

B8 Ca) S A B R B (D B R B 1L 0L 0
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P S i AT R AR A X TR S & A 4
JSCHE B TR T Y TR A R 1Y 12 A AT DL 2 ] S
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4.3 118X (gated-mode)

[T U FRAE T AR R (Geiger mode) . B H
A s b EEF R, 5 EHMHEAMHEEL DT
52 5% 0 S0 R B T R M R RN B A A AT R X B
5% InGaAs/InP SPAD [ B F 8 AR F . 17
B AR I iy R
4.3.1 TIHEX ERF &
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AR R AT A A I H g g R P A R s BRI E R
JEW L AETT A W 18] (dead time) . BE V& Y #0070 T4
JE A 4 s TRDBE R ek /N T vk o o R A AR
4.3.2 RBEHwW

TE SPD BRI R 22 U6l /IS 15 PR A0 DA T D /) 5
WECR AR Ae TAERE SR TR AN
APD ARVFIIREE T R, XA APD 25 (= 2 2 3
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32 Vo U B B e, T T A A A

(1) WEHLTR
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S I R e G P 5.8 = < = S AT N T 24 B =
T A I I Y D R 22—, T IR R R A 3
RN TR W N S R (P 3 1T g g e
TEFA B b i 800 1 25 A2 L 1R T B 3 1) Rl
ZERLNE o DT 300 05 RS 5 A L AR SR R T G AL TR
B0 T o 2 R R 2 ) A2 I RE S R R, b SR
HZEE APD B il 3 A B i it I 1% R B
1117 B 27 6 DG W )2 5 3800 - A5 1 J2 22 R 1Y 43 25 45 4
APD g R R HI 55 o B R MKAR A7 TE 23 52 el [ L 1
AR IR S RO B TR AR YR APD M PERESH
AL A .

(2) R

TG A B TAR R T PN 5195
AR 2R PR T, 2 — B8 K Y B Ia] B RN E PN 45
B PN &5 25 R s 2 1 7= A 3R 8 R B9 FL . 76 SE B il
AT DLBOE — AU (U 0. 1 mA) S A fi
HA, 3t 38 B 2 U A I Y F s B Oy o 2 L L X R
F 2o AR T AS A IR R Y, 8 e O HA R A 2
AN E % PR T L LAGBE i PN 2 3k BT 450 5% 2% 14, VR R
JEERMI R . APD 7 TAE IS, G X 0 201 2 58 4 #E
R B E R T/ERESHEFEBEZ L, &
] e X B 6 AE B T AR TE R S AER T &
A VRS X AR AR L 23 AR O e B FE . FE APD By T
AU B AR b B =2 7, 28 38 LR R /IMY S SR R
W45 2 W B A G, BEAC AN B T B R A AR Ak T 5 i
F LT Bl B 9 728 A0 AR B S, G SRR AR B — R
[ s o Qe B i AT = o o = S 1A
DU K 2 R 385 3 S B b 2 o 8 R 1) T IR 42
TR,

(3) LM R %k

Wef AV T 32 ARLT AT LA 34 > R 5 R B KL 1
S U R AR 23 0 2 K A3 A bR AR 1R A 2 0K B Ak
EBE, B 2 1 2 i Re A DU R+, A

+ 830 - http://www. wuli. ac. cn

7T 85 D'~ R 5 ) B 3 T R XS B0 A A R
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ok B AT A A iR Bt 230 55 L R TS R
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BI85 o lf 48 A TR AL B U0 B A A A il
J8E 1) M SR A AT AR AT AR 0% TR R R A Al 4 R R S
R il 28 R A B A SR A T L AR AR I B X A 4R 2 Ak
F B 52 W R4~ X LK
4.3.3 TMfEHF#%E

TR O 3R 5 22 b S 1 Gk
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— A il & JEV A 100ps 5% 50 s, 38 F BT A5 5 B
[ HFEh e L+ B B i 9, 145 5 98 BE AT & AE JLA
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ANITHES WL BV 55 5 T1E 5 7E 0 ] F 2 %)
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G LT i 4 B AT
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4.4 RIS ERTFHREE RS
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