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Fig. 1. Structure, micropillar appearance and PL spectrum of quantum dot (QD) sample: (a) Schematic diagram

of the QD sample structure grown by molecular beam epitaxy (MBE); (b) SEM image of the QD micropillar;

(c) PL spectrum of QD sample measured from 800 nm to 1400 nm.
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Fig. 2. QD PL, PL intensity, time-resolved PL spectrum and second-order correlation function g2(7): (a) QD PL

at wavelength of 1305 nm; (b) PL intensity as a function of excitation power in logarithmic coordinates; (c) time-

resolved PL spectrum of QD exciton emission and the obtained exciton lifetime of approximately 1.12 ns; (d) g2(7)

measured under continuous wave (CW) laser excitation and the corresponding g(?)(0) = 0.015.
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Fig. 3. Schematic diagram of first-order correlation function of QD PL, and interferometric as a function of delay

time: (a) Schematic diagram of first-order correlation function; (b) interferometric of 4 MHz CW laser as a function

of delay time; (c) interferometric of 920 nm QD emission as a function of delay time, QD PL spectral line width is

3 peV by Lorentz function fitting; (d) interferometric of 1305 nm QD emission as a function of delay time. QD PL

spectral line width is 30 peV by Gaussian function and Lorentz function convolution fitting.

237802-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 23 (2018) 237802

R FEHAN TR, PIEOEHOCRE 22 P B
BFIF 22 (BFAIZEIR) ¢ = |ty — to|, HHE—FI KB
HgW (1) HHIELRIRE F (w) MIRRN

gV (t) = /_oo e Y P(w)dw, (2)

Hr F(w) Aigie 2z &AL, B
1 (Aw)?
Flw) = E4(w —w)? + (Aw)?2’ (3)
H hAw = I AIEL P maTE. K (3) R

2) A%

I

—~

g(l)(t) ~ efiwgtft/rc7 (4)

L JRETIRT 1, TR e R 5 s 2 £ 25 5
TRIKRNT = 2h/7.

R, HH 3% v BT 2 1S B O T
PR AR T 18 7, PR OH R4S B 7 AT 0 ) £
Zj% ﬁ [2()].

PENRTEE, B eI 7RG KAE 920 nm I
AT B RO IR A I T, S2ge 45 R B ORAE
K3 (c) 1. BT AR XS bR, WL B
TSR BT BB I (8] 2B A AR R R, W] LA
F (4) 2R IA, BIXS R & 5 U KOG 2 1
LG TSRS 2R T N T kG
3BT A TR 70 = 216 ps, X LR
L2983 peV. Xt T 1305 nm & g,
U LB AR I [] 1 BR OC RR AR (X
AR H Ak b)), SEER A5 R & 3 (d) Fis.
VR T RIS LR v AR S R RO T, ARE
s R ECRHR. R EIE T O AR
Bo e s, AR5 JR 95 2 B i e & R T e
B 0B B R B VR A 25 S A e A Y
{EeZACCEE)

gD (t) ~ et me e/ (5)

(5) 2RO BUE FRIUA B 3 (d) H sz 58 £ s, 10
R RN THE] 7. = 91 ps, Toe = 22 ps, M2
FIAR B 18] R 22 ps, EZE AR SR 518, Xt
OB e TS LR I 2R TE 218 30 peV. Ik, Xt
o K 7E 920 nm (1) & T &, HIEE R B =T A
M F IR R AR RIRF =N, BT A
e 26 2% TE B VE I R IR B R & T SR
i B B B A7 R AS B U 5 B, A O T
FHFE.

4 % @

KANER G BT AR T EAEKT
InAs/GaAs & F mUFE i, B RUR G K I
FEH 1.3 pm. B SR BN DBR 1 I 5
AR PR R B DR F O 300, 45 B BT 0N A SE B
A KA RS B 2 RUB BEIRE Y, FE X 6
W AT AR AN T R SOR IR ZR. R, SR
ZI T 2% 7T BANS pm ARG RE M. 72
KI5 KT, WS RN E T ST Moot Emdh
1 ns, SHFAEZ MK N 920 nm BT #8154
WP Edr—8. HBT W& WoR, 1.3 um & 7 &
P B KRB A 0.015, B IEH I RELT
Rt B R A E w BT B E T 1.3 pm
B AU RS A I ()R 22 ps, KR 2k
T A U B2 30 weV. ALK 920 nm &1 A, HAE
LNAAERIEAC 22 8RB, PR TE L) 3 peV. T
1.3 pum [T ARG IE 2 28 BN AE Y 21 )8 56 5 50
M2 By, 5 4k TAE R an 4 mr i 1 AR R
T e ST B Ty, R o B R U B T
FHF-PEIIIR)N.

SE 3k

[1] Tang J, Xu X L 2018 Chin. Phys. B 27 27804

[2] Zhang X, Li H O, Wang K, Cao G, Xiao M, Guo G P
2018 Chin. Phys. B 27 20305

[3] Xue Y Z, Chen Z S, Ni H Q, Niu Z C, Jiang D S, Dou
X M, Sun B Q 2017 Chin. Phys. B 26 84202

[4] Xue Y Z, Chen Z S, Ni H Q, Niu Z C, Jiang D S, Dou
X M, Sun B Q 2017 Appl. Phys. Lett. 111 182102

[5] Yue P'Y, Dou X M, Wang HY, Ma B, Niu Z C, Sun B
Q 2018 Opt. Commun. 411 114

[6] Dou X M, YuY, Sun B Q, Ni H Q, Niu Z C 2012 Chin.
Phys. Lett. 29 104203

[7] Seravalli L, Minelli M, Frigeri P, Allegri P, Avanzini V,
Franchi S 2003 Appl. Phys. Lett. 82 2341

[8] Shimomura K, Kamiya I 2015 Appl. Phys. Lett. 106
082103

[9] Takemoto K, Sakuma Y, Hirose S, Usuki T, Yokoyama
N, Miyazawa T, Takatsu M, Arakawa Y 2004 Jpn. J.
Appl. Phys. 43 1.993

[10] Liu X, Ha N, Nakajima H, Mano T, Kuroda T, Urbaszek
B, Kumano H, Suemune I, Sakuma Y, Sakoda K 2014
Phys. Rev. B 90 081301
[11] Olbrich F, Kettler J, Bayerbach M, Paul M, Hoschele J,

Portalupi S L, Jetter M, Michler P 2017 J. Appl. Phys.
121 184302

237802-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1088/1674-1056/27/2/027804
http://dx.doi.org/10.1088/1674-1056/27/2/020305
http://dx.doi.org/10.1088/1674-1056/26/8/084202
http://dx.doi.org/10.1063/1.5010049
http://dx.doi.org/10.1016/j.optcom.2017.11.004
http://dx.doi.org/10.1088/0256-307X/29/10/104203
http://dx.doi.org/10.1088/0256-307X/29/10/104203
http://dx.doi.org/10.1063/1.1566463
http://dx.doi.org/10.1063/1.4913443
http://dx.doi.org/10.1063/1.4913443
http://dx.doi.org/10.1143/JJAP.43.L993
http://dx.doi.org/10.1143/JJAP.43.L993
http://dx.doi.org/10.1103/PhysRevB.90.081301
http://dx.doi.org/10.1103/PhysRevB.90.081301
http://dx.doi.org/10.1063/1.4983362
http://dx.doi.org/10.1063/1.4983362

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 23 (2018) 237802

[12] Seravalli L, Frigeri P, Minelli M, Allegri P, Avanzini V, [17] Zhou P, Wu X F, Ding K, Dou X M, Zha G W, Ni H Q,
Franchi S 2005 Appl. Phys. Lett. 87 063101 Niu Z C, Zhu H J, Jiang D S, Zhao C L 2015 J. Appl.
[13] Ozaki N, Nakatani Y, Ohkouchi S, Ikeda N, Sugimoto Phys. 117 014304
Y, Asakawa K, Clarke E, Hogg R 2013 J. Cryst. Growth [18] Chang X Y, Dou X M, Sun B Q, Xiong Y H, Ni H Q,
378 553 Niu Z C 2010 Acta Phys. Sin. 59 4282 (in Chinese) [#
[14] Chen Z S, Ma B, Shang X J, He ¥, Zhang L. G, Ni H Q, T, S, INERL AKYE, GEHE, 481 2010 #18
Wang J L, Ni}l ZC 201.6 Nanoshcale Res. Lett. 11 382 24 59 4282)
[15] Huang S S, Niu Z C, Ni H Q, Xiong Y H, Zhan F, Fang
7 D, Xiao J B 2007 J. Cryst. Growth 301—302 751 (19] Lounis B, Orrit M 2005 Rep. Prog. Phys. 68 1129
[16] Unsleber S, Schneider C, Maier S, He Y M, Gerhardt S, [20] Kammerer C, Cassabois G, Voisin C, Perrin M, Dela-

LuCY, Pan J W, Kamp M, Hofling S 2015 Opt. Ezpress
23 32977

lande C, Roussignol P, Gérard J 2002 Appl. Phys. Lett.
81 2737

1.3 pm single photon emission from InAs/GaAs
quantum dots”

Zhang Zhi-Wei?  Zhao Cui-LanY?  Sun Bao-Quan??

1) (College of Physics and Electronic Information, Inner Mongolia University for Nationalities, Tongliao 028043, China)
2) (State Key Laboratory for Superlattices and Microstructures, Institute of Semiconductors, Chinese Academy of Sciences,
Beijing 100083, China)

( Received 24 August 2018; revised manuscript received 26 September 2018 )

Abstract

Single-photon emitters are crucial for the applications in quantum communication, random number generation and
quantum information processing. Self-assembled InAs/GaAs quantum dots (QDs) have demonstrated to have single-
photon emission with high extraction efficiency, single-photon purity, and photon indistinguishability. Thus they are
considered as the promising deterministic single-photon emitters. To extend the emission wavelength of InAs/GaAs QDs
to telecom band, several methods have been developed, such as the strain engineered metamorphic quantum dots, the use
of strain reducing layers and the strain-coupled bilayer of QDs. In fact, it is reported on single-photon emissions based
on InAs/InP QDs with an emission wavelength of 1.55 um, but it is difficult to combine such QDs with a high-quality
distributed Bragg reflector (DBR) cavity because the refractive index difference between InP and InGaAsP is too small
to obtain a DBR cavity with high quality factor. Here we investigate 1.3 um single-photon emissions based on self-
assembled strain-coupled bilayer of InAs QDs embedded in micropillar cavities. The studied InAs/GaAs self-assembled
QDs are grown by molecular beam epitaxy on a semi-insulating (100) GaAs substrate through strain-coupled bilayer
of InAs QDs, where the active QDs are formed on the seed QDs capped with an InGaAs layer, and two-layer QDs are
vertically coupled with each other. In such a structure the emission wavelength of QDs can be extended to 1.3 um. The
QDs with a low density of about 6 x 10® cm ™2 are embedded inside a planar 1-A GaAs microcavity sandwiched between
20 and 8 pairs of Alg.9Gap.1As/GaAs as the bottom and top mirror of a DBR planar cavity, respectively. Then the QD
samples are etched into 3 pm diameter micropillar by photolithography and dry etching. The measured quality factor of
studied pillar cavity has a typical value of approximately 300. Photoluminescence (PL) spectra of QDs at a temperature
of 5 K are examined by using a micro-photoluminescence setup equipped with a 300 mm monochromator and an InGaAs

linear photodiode array detector. A diode laser with a continuous wave or a pulsed excitation repetition rate of 80 MHz
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and an excitation wavelength of 640 nm is used to excite QDs through an near-infrared objective (N A 0.5), and the PL
emission is collected by the same objective. The time-resolved PL of the QDs is obtained by a time-correlated single
photon counting. The second-order correlation function is checked by a Hanbury-Brown and Twiss setup through using
ID 230 infrared single-photon detectors.

In summary, we find that the 1.3 um QD exciton lifetime at 5 K is measured to be approximately 1 ns, which
has the same value as the 920 nm QD exciton lifetime. The second-order correlation function is measured to be 0.015,
showing a good characteristic of 1.3 um single photon emission. To measure the coherence time, i.e., to perform high-
resolution linewidth measurements, of the QDs emitted at the wavelength of 920 and 1300 nm, we insert a Michelson
interferometer in front of the spectrometer. The obtained coherence time for 1.3 pym QDs is 22 ps, corresponding to a
linewidth of approximately 30 p1eV. Whereas, the coherence time is 216 ps for 920 nm QDs, corresponding to a linewidth
of approximately 3 peV. Furthermore, both emission spectral lineshapes are different. The former is of Gaussian-like

type, while the latter is of Lorentzian type.

Keywords: InAs/GaAs quantum dots, 1.3 pm, single photon emission

PACS: 78.67.Hc, 78.55.Cr, 42.50.Ct DOI: 10.7498 /aps.67.20181592

237802-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20181592

	1引    言
	2实    验
	Fig 1

	3实验结果与分析
	Fig 2
	Fig 3


	4结    论
	References
	Abstract

