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Fig. 1. Schematic diagram of laser ranging system

EA: R4l
RA: I

(EA, tunable attenuator in the emission side; RA, tun-

able attenuator in the receiving side).

3 SERERREAAMN
3.1 SIEER

FRATAE B8 WLE 9 80 km BB [A) I & T 126 km
b8 B 4R FE H bR, OGRS RSN 710 dB
M3, LI s B2, KA E2 (@) fME2(b)
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P28 8 Hz/pulse, BT H O 5 18U
I 76 254 6.3 Hz/pulse, =2 HILE 50 km LA, XF
1126.025 km AL # HFREEITA K.
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Fig. 2. Measurement result of target at 126 km:
(a) Experimental data of the echoes; (b) processing

results of echo probability.

AR PO R 2 N B 7 R A AN S W B T
2 [20,21] 3
Te X T X p X D? x 72
8R? ’
Horbng £ B KRR T3, A NBOLEK, B A
B0 HHL, ¢ G, PONBOGIEEDIZR, At N
JCIKMERE, T ARG R, o NEEBOER
K, p NITAE AR B 2, BL0.3, D N R GEHRYL

12,
R
72 = exp < - 2/ 5()\,r)d7">
0

RNRKARFELZE, sONr) A RAERARE HE
3 3 1% 556 1 SNSPD LR 56 Fno N
6.2/pulse, [FIEH neeno = 1 — e 77X = 0.94 (y =
0.4, AHMEFR), 5RWAERTE.

A
ng = — X P, x At x
he

3.2 (EERELSHR

BARREOUT, MR SNt 7408 B bs
S ISR, Bk b A5 5 0 7 Hon] e I g RE 5
3, ER S, FICEIRL T i H AR T A

OB FALR, 159 LAk R BI0BE FARI0 5 9F,
1758 SUAF M L AR Y 1220,
— N x Tlecho
SN \/N X Techo + nnoisc’

- N Nback + Ngky + Neircuit + DCR
TMnoise = X n )
bin

XE, N AR RIREL, nnoise RIS N KK
Jei, FTE R P S E, npack VOG5 ) HUS B
P, Nupin Y0 IR 7S I (R ETE K H, 7T LA 215
i SNR. FRIAT Bk AR R UCER [ 98 26 I e S A 3R

HRAE A5 R LU R BATTTH 5 1 126 ke H A5l
PRSI 45 R, IR 4 G % W A NS 5 K 0 A LR,
K M Matlab 15 AR FT 1 4% 2 2O 5 B LU 1 52 1,
SR 3. bR O Bk BRI, N1
MEEE.

12
10
s |
Mm
T 6
~
z
& o4
2 + Experient result
ol — Simulation result |
1 1 1 1
—29 50 100 150 200 250
N
12 T T T T
(b)
101
st
as)]
T 6f
~
z
S
— DCR = 6.4 c¢ps, Necho = 0.1
27 — DCR = 40 kHz, neepo = 0.1 ]
0 — DCR =40 kHz, necno = 0.9 |
— DCR = 6.4 ¢cps, Mecho = 0.9
72 1 1 1 1
0 50 100 150 200 250

N

K3 (MTIRR) ErRttRfihz  (a) 126 km HERSER(E
WL 5 FUAE MR 28 (b) RIRIE B (0.1, 0.9) KRR
T4 (6.4 cps, 40 kHz) 1/j HA5 1 L BEAR B kA2 48

Fig. 3. (color online) Curves of SNR: (a) Curves of ex-
periment SNR and simulation SNR of target at 126 km;
(b) simulation SNR under different echo probability (0.1,
0.9) and different dark counts (6.4 cps, 40 kHz).
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Fig. 4. (color online) Curves of SNR under different
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dark counts with the change of accumulation times.
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Abstract

Superconducting nanowire single photon detector (SNSPD) is a competitive candidate in laser ranging at 1064 nm
wavelength compared with other single photon detectors such as InGaAs/InP APD for its high sensitivity, high time
precision and low dark counts. In this paper, we apply our SNSPD to a laser ranging system measuring target in Qinghai
lake area with atmospheric scatter. The echo photons are received by telescope, and transport through the multimode
fiber to the SNSPD photon-sensitive area. The SNSPD, integrated in an optical cavity with a resonant wavelength of
1064 nm, is fabricated on a MgF2 substrate. The optical absorption of NbN film goes up to 98% according to FDTD
simulation, and the system efficiency is measured to be about 40%. A pulsed laser at 1064 nm, featuring a peak power of
12 MW and a pulse width of 10 ns, is adopted in the laser ranging system. In this experiment, we first measure the system
intrinsic noise and the environment noise introduced into the laser ranging system after turning off the laser. After that,
we measure the echo rate for the target at 126 km, which increases up to 96% with an attenuator of 10 dB at the receiver
side. The maximum distance of the laser ranging system is analyzed based on the experimental results of dark count and
echo rate through a theoretical model of laser radar. The analysis indicates that signal-to-noise ratio (SNR) is increased
smoothly with the accumulation of time. At the same time, we simulate how the dark counts influence the capability of
laser ranging system based on SNSPD, the simulated SNR matches well with the experimental data of target at 126 km.
Furthermore, the dark counts, accumulation of time and probability of echo photon affect the SNR according to the
simulation results, showing that large dark counts would result in SNR fluctuation and signal annihilation when the
probability of echo photon is low. Thus, the maximum distance of laser ranging under the assumption of integration
time is estimated through the SNR simulated result, showing that a maximum distance is up to 280 km, 40 km far away
from APD detector based system under the same conditions mainly due to the very low dark counts of SNSPD. It should
be pointed out that the coupling efficiency between SNSPD and the receiving telescope is low for small view field limited
by the 62.5 um fiber of SNSPD. Thus, further work is to fabricate SNSPD with a larger coupling area which is possible

to increase the maximum distance with improved coupling settings.
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