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KRR EAR AXH Kbk BMEX SHMW

(TR, 5 B 5B B R s, X 430205)

(2022 4 4 A 18 HWE]; 2022 4F 5 A 17 AU EMEHH)

H LA B Y B T IR TR — AU AR Bl A R B AR . F R B A L
SR I 7 v T R R AL SB R B (periodically poled lithium niobate, PPLN) [ & it It 2. (A2,
H Tl PPLN il # A9 5L T ISR A0 B A g, S R 0.82 Zc A7, i 115 BAR FE7 S R B . AR SC
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(customized poled lithium niobate, CPLN) 7 2 4y v £1 4k B 1 1 B F 5T 2 b B A 5 19 B e T .
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conversion, SPDC). I LFRRZER (periodically
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Fig. 1. Principle of designing a customized poling crystal.
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Si—2, 1158 PPLN @4 ARRUHEE BE LT (group
velocity matching, GVM) #i¢ 4, FI| I 3Cik [37]
1 Sellmeier J5 2, 7] LIFS 2| EER LN 5% B9 MgO
B2 PPLN S ALE type-IL B! (0 — e + o)HYAH
PIVCEE AT, GVM K& 3207.6 nm. 7E 551
T, RH A DT TEC pR B AR 2 45°, X 2 S I BB
JSA S A W HTHE B3 SRS #E 3207.6 nm K 1 5L
Tl b, FFSCHR (31, 32, 39, 40] YT, XF PPLN
P A I (domain) #EFTIT.

52, Ak O o BME. AR (6) 2imE T
AR o Z 5000 B9 PME . 0 2(a) Frs,
SPDC i th ' 15 FE 5 S5 B ] 2 [R1 A7 7EAH
. PME EUE K742 80 i 1 31550, K
SRRSO FAE L. A T F /4 S5 R B
o, o = L/6, WA 2(a) ha @iz s,
[l B L, 6 4% 3 1 L) R A C = /2/mo LLRIIE
PAF I AE PMF: C{EERET, H bRz RIS Kt
P, BRI 2E, MHARR CIE SRR AR SR

5 =20, R AL 0 AR 9(2). FEARTS
CHl o WMEZ I, MY (4) AT LIFKS HARFHAL DT
TiC PR rarger (), X0 AT L I 536 722 46 W LA A 3
Prarget (2), RIGMCE R 2 )5, 158 H bRk 05 R
B Atarger (7). T Avarger (2) 5 A(2) 1806 LE, FIHE:
BT R g(2). [ 2(d) Je i i AT 2 BT
PRI AL T ], AR AR B B2 30 mm, 31
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Fig. 2. (a) The normalized PMF with different o values, where ¢¢ is the maximal value of ¢(k); (b) field amplitude function A(z)
and the amplitude of the target field Arrget(2); (c) PMF and the PMF of the target; (d) poled domain distribution g(z); (e)—

(g) pump-envelope function, phase matching function and joint spectral amplitude, purity = 99.99%.

BH S8 38 . w3 R Ak T 1] A S AR T s R R —
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[’ 2(b) 2T g(2) A REL A(z) 5 Birdg
PRI Avarger (2) BOXT LLZE . T LAE Y, A SCE
BT ARAS 1 A(z) BRECS H bR RO A 1R AR L. 3F
— 2, X IET g(2) VA A AH 7 DC L bR 5K o (k) A H
bR PMF  uarget (k) #E 4T HL A, S5 R WA 2(c) TR,
AILEH, & TohE.

AL PR (1] 2(e)) HPMEF (181 2(f))
FHIE, 155 JSA (& 2(g)). 7E1X L, ZEIH 145 PR %k
e gy A, b K 3207.6 nm, F A

(full-width at half-maximum, FWHM) 24 3.0 nm.
FIH (8)—(10) =X, #£ 3207.6 nm A H 0 7 K 19
200 nm U N AT RAE, 753 —> 500 x 500 Y
JSA HiRE, X} JSA i FE# 1T Schmidt 43, Al LA
HHE AR N 99.99%, SCHL T BT H xR
4 W W

Kl 2(c) At T S iRAE B b ) PMEFEL, S T
TR 2 LA AE S DETC S5 F R A 7, 8] 3(a) 45
H T PMF 78 SRS RO E AL 1 AR . XA~ = E
A AT LUE Y, R PME 1) 58 B 34 i A2
T BE R AR R
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Fig. 3. (a) Normalized PMF at different positions of the crystal, where ¢ is the maximal value of ¢(k); (b) new location and

width distribution after the same polarized domains are combined; (c¢) purity distribution at different pump central wavelengths

(two times).

FE A8 R ARET, 5 B RS A e ok
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AH ] B AH S8 BB 47 65 0F, 45 25T 1Y B 5 1 B
& 3(b) B A& TSR AL )T 382 5
BB AL A A . AT LA ) JEOR B 4000 S48
HEIZIE, M T 1667 M. /N1 I8 9 1 2
7.499 pm, WELE—A LK. EERE PPLN
A AL JE A 2 2L . F KA 38 98 5 2 562.425 pm,
S} 75 L.

AN, 5 R ESE BRI Y oA A R
FLOIHET 2.6—3.5 pm L AN FEEEHOGIE K A
PF T 4l B i TR, nE 3(c) s, FEIZAEAY
SR 2(d) Brs i iR Ak 7 48, SR 230
FeP K H 13101715 nm, FEIH Y0 56 [ E N
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3381 nm 13U Bl A, 4l J2 0.99 UL I 7E 2691—
3434 nm WU FE A, 263 2 0.98 UL I ; 7E 2627—
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i, SEPSE IR ALY LN i (CPLN-TF).
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() R A O IR B B LR B TR BT
G TUEARAT) 2 M 4. 783845 b, 3 pm &b
TRAGE A, PIA 2 THER N AR B iy 12,
FEEE b, 3 pm 2K IR B4 & DNA
GHELVEYAL IR E . FEZEH -, 3 pm
WBOE RZHOR g Wl i DRSS REN
TAEP B 24, SRk, 13X 3 wm 3% 7 T 9
AR 2 B A

#

AR SCH) S HE S 53 % 11 B DEC Y LN S A
AT ToEmfb et P45 T 3 um BB A4l ol
TR, ARURD T 155 PPLN SR AETE A A7l 4
FEARN B AL BT SR B R 30 mm, ANk
Py BE R 7.499 pm, HALIRANECH 4000 4. ]
FHIE CPLN A, AT LLH B AH A T FE pR £ H 1 5%
M, AT LAAE 27303381 nm AY I 45 3 4 B v T
0.99 M IETIR. A5 A 2B R h 20 AN B i) 7
I 38 A BRI S RE O S 1 1
T

5 4

Fi s R B g (=) BB B

9(2) FR IR TERLE 2 AR AL TT 1), A7 1) 8 1
A 1, IR IE -1 AR SCHR [31], H1 g(2) ATHHRAS 2 A A
LA B — LRI PR L A(2) , HoE SOl

A(z) = —i/oz g(2")exp(ikoz')dz’, (A1)

A, ko =n/Le. AIMPITERE, 7DR (A1) SRR B
B, BT BERUY, ARG SR A

z/Lc

A(z) =) gli]
j=1

exp(ijkoLc)[exp(—ikoLc) — 1]

r (A2)

o, Lo = A/2 = wit—BRK, gl 1 8R-1, FR Gk
s AR AL T

SR AT 2 RO AL T AR TR — AN B 5
7, BT Az — w), A(2) Fl A (= + w) = HEEGRT
P, WP AT FTR, AT RAS R 4 R0 B0 HETT HIE: (a) R
Az —w) > A2) < Aurgar(z +w), W] 2 b EIHEAL 7 171 5 T —
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Fig. Al. Four cases in the domain sequence algorithm.
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Preparation of spectrally pure single-photon source at 3 pm
mid-infrared band from lithium niobate crystal
with domain sequence algorithm”

Zhang Chen-Tao  Shi Xiao-Tao  Zhu Wen-Xin  Zhu Jin-Long
Hao Xiang-Ying? Jin Rui-Bo'!

(Hubei Key Laboratory of Optical Information and Pattern Recognition, Wuhan Institute of Technology, Wuhan 430205, China)

( Received 18 April 2022; revised manuscript received 17 May 2022 )

Abstract

The single-photon source in mid-infrared (MIR) band is very important for the next generation of quantum
sensing, quantum communication and quantum imaging. At present, the commonly used method of generating
MIR single-photon source is based on the spontaneous parametric down conversion (SPDC) process in the
periodically poled lithium niobate (PPLN) crystal. However, the spectral purity of single-photon source based
on the ordinary PPLN is not high, specifically, its maximum value is only about 0.82, which affects the fidelity
of quantum information processing scheme. In this paper, 4000 polarized domains in a 30-mm-long LN crystal
are customized by using the domain design theory. The sidelobes in the phase matching function are eliminated,
and the Gaussian distribution is obtained. The calculated spectral purity of the single-photon source can reach
0.99, and its tunable range is 2.7-3.3 pm. The customized poled lithium niobate (CPLN) is expected to provide

a single-photon source with excellent performance for the study of quantum information in the MIR, band.

Keywords: lithium niobate (LN) crystal, poling period design, mid-infrared (MIR) band, quantum light

source
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