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Abstract: Single-photon detectors (SPDs) exhibit high sensitivity and strong anti-interference capability, and
are often integrated with the traditional pulse position modulation (PPM) technique for long-distance laser
communication. However, this integration suffers from low communication rates. To address the rate per-
formance limitations of PPM modulation, a broadband reconfigurable pulse sampling data transmission
scheme based on single-photon detectors is proposed. In addition, an adaptive pulse-width algorithm tailored
to this modulation method is designed to achieve optimal pulse-width selection for the data acquired by
single-photon detectors. At the transmitter, the FPGA GTX high-speed transceiver and real-time serial port

transceiving are adopted to optimize the transmitted code pattern; at the receiver, a bit error rate (BER) mon-
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itoring and adaptive algorithm module is developed. Link simulations and adaptive simulations are conduc-
ted to evaluate the impacts of actual channel scenarios, and a 1 550 nm single-photon detection experimental
system is built for validation. Experimental results show that this modulation scheme enables single-photon
laser communication with a rate range from Kbps to Mbps. Meanwhile, preliminary tests based on avalanche
photodiodes (APDs) demonstrate the feasibility of Gbps-level high-speed communication using this scheme.
At the Kbps and Mbps rate levels, compared with the default pulse width, the adaptive pulse-width modula-
tion algorithm reduces the communication BER by one and two orders of magnitude, respectively. In com-
parison with traditional single-photon laser communication systems, this modulation scheme supports wide-
rate-range adjustment from Kbps to Gbps and optimal pulse-width selection at Kbps-Mbps rates, thus provid-

ing a novel solution for single-photon detection devices based on different technical routes.
Key words: laser communication; FPGA; GTX; single photon detector; pulse width adaptive; broadband re-

conFigurable; pulse sampling

1 3] =

B 5 BRI G L R, X IRAER
Al SRR S TR H 283K . oGS A —
Fr Se i 0B AR BOR, FEAH S 58 . BLTHRRE )
5 PR PRI SRR B 2 R BRAR 38 15 AR Y
HEER I N, [RIEF, BT 2R S —Fp
1o R I YEER I 7%, BEAE TEMRAIR R T S8 B
XA RS BRI, 76 BOGE S R G R
MRFRE, BAT Iz M TS

OG5 1 [ N AN E 2S5 3 Ao
., 2013 4F, LEMIZ MK (NASA) B IK5TE
AT A BRI TS sk i 3k =22 TR A0 W T30
WASESS, SCFLT A 18] 622 Mb/s R 1718 {5
N 20 Mb/s (19 _F 4738 15 R, 2016 4F 2
2017 4, rf ERR2E B LI 2R B WL 5 BT F
il = A T O E AR R TR T DA S
57 E RS IFHAT TAEPINK, 78 1000 km
f 4% B PR BS T SE T 5.12 Gb/s 1Y 38 15 3%
2017 4, WA IR Tl R 2=l 1 O30 15 2 fop #4
T SR =57 7E 40000 km BYHLIE R 52
BT 5 Gb/s B FATHEAG A, 2023 4F 6 A, ik
BUTLR “ AR5 " MF02A04 5 [E R} B o
FARBEFE I ©500 mm [ 38 %25 3 4k
OGBSI G EAT T 10 Gb/s S OGE 15 58
B0, TR, W SR oG A
R B E PR, 2006 4, G FURF K AL

H %% i InGaAs / InP B35 B 45 (Single
Photon Avalanche Diode, SPAD), AJ7E 1550 nm i
KALHATA RN, 2019 4F, b E AR B
TR AR YT, WE5E T a6 R A AR
(Geiger Avalanche Photo Diode, Gm-APD) [ .5t
TR R G, S BN AR 58 A OGRS AR
2024 4, B R EE IR TR AR S AT ATt &
TR BB 2R R R YORL ORI
(SNSPD) [%4: %1, #] F§ 8-PPM(8-ary Pulse Position
Modulation) 4% =2 (138 15 SC 50, 76 G- 45 B0 A1 25 Hb
AL T 1.5 Gbps [IEIERIE 4RO,

AFEFOCFRN g EA R E 2R, K
M) 107 7 i 7 5 70 6L AN Mbps 2 (U 4% 4 ' FL A 14
i, PMT) % Gbps 2 (418 540K L& 506 F 40
f¥, SNSPD) AAFEN M FEAR G IO CE 5 R4,
TF 45 (On-Off Keying,00K) 5 AR 52 3 7 2 £
B DIRRRCIG, AT LS B v R A 0, ]
OOK Tl B AGTME S AT HERE J155, Toi eI
T YONIIE 55 GG IR g iyt
Z 5 PPM Hi R HI%E &, PPM RERZCRWH, BT
YA LV RE J15%, (. PPM (1N F A AEAS o P
AR PR m) i EL bk b 5 B2 [ 2 117, PPM AT 545
PSSR AT B AL AFE 138 5 DK 4R s ]
T N A B T At 3 A O PR R
A IR PN AT A% A O R ™ A PR
TR0 5 A% i 1 SR EL BRI, AARAS | i
257 PPM RGN BRI T, 76 = SO T
JGAF R —E R R



5 x M e

S e AT ] ELA B TR0 GIE E R OSSR BT T 3

J T e BRI R G B R BR T, A
JEF RN g8 N s AN R R A T oK, AR
SCHE b wE T T E A K vl oRAE OOK £ diE 144
FE, BT GTX(Gigabit Transceiver) = 8 A&
AR SRR, Ry T R A AT
B9 (Return-to-Zero,RZ) % i & UL R 4t , i H:
AT DA T HEFROGEAE, IFE izl =X
W T —2 [ 38 N DK 58 Sk 0 AN ] S T 1Y) A
Pk TE . TS PPM HOL OGRS, %
SEAE = AL HTEE T 7] LASE L Kbps-Gbps T i
B 75 F1 Kbps-Mbps I s LK w28 B, AU 5 ik
T PPM 5 OOK 1 Jas BR A%, R AN Rl A B 4k 11
ST BRI A PRt T — B i ek vk, BAY
TR RS

2.1 BUEEMSEERE

1R T B OG- 1E R n B IRk %E
HAESE . & O ik H FPGA(Field-Programmable
Gate Array) GTX Jik iR A I il £ AR XHE 5 47
P, I SFP OGRS AT i OGREH SE I At 1Y
HIYEAR 5 & 40t , Bl SPAD B F-HRI #5 XH 1%
DB HATHUS , R FPGA XU 5
FPEAR AR B, [ s A & S o 5 H e oy FHAB A
21 it K %% (Erbium-Doped Fiber Amplifier, EDFA)
AT LB T3 A (%) B A B, DA T 5 AL I B 8 vy
HOEF OGS

Vs (ki |

(g H (e

—- —
| ' f LT :
e | () — —— g

| LIRS DA g
IRzmiEmﬁ ;

i RZ-PRB !
H FPGA GTX | |

| kiRAE 5—1”)\15% 1011001 ;

........................................

Eﬁafwm EDFA IIHII ]

NRZ-PRBS7 !
ﬂ.ﬂﬂ — PC | — ;FSGA i
'1011001 i ES frsum o

___________________________________________

K1 BOLES RS IRHESE

Fig. 1 The overall framework of laser communication system
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Fig. 2 Schematic diagram of pulse sampling
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