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Single-Photon and Entangle Photon Pair Generation and Long-Distance
Distribution in Telecommunication Bands

Hidehiko KAMADA*' Takehiko TAWARA*, Takao YAMAGUCHI*, Toshimori HONJO*,
Hiroki TAKESUE*, Yoshiki NISHIDA** Osamu TADANAGA** Masaki ASOBE**
and Kyo INOUE***

In recent years, an increasing demand for secure communication accelerates development speed
of a new generation telecommunication based on the quantum mechanics. Specifically quantum
key distribution (QKD) is expected to be a key technology in the realization of unconditionally
secure communication networks. As a result, generation of single photons and entangled photon
pair attract attention. With this regard, we developed quantum dot based single photon emitters
and entangled photon sources based on wavelength conversion by nonlinear waveguides, both of
which operate in the fiber communication wavelength. A micropillar cavity with SiO,/TiO, and
GaAs/AlGaAs distributed Bragg reflectors, embedding 1240-nm InAs quantum dots (QDs),
demonstrates non-classical photon emissions. Also demonstrated is entangled photon pair genera-
tion and high-frequency photon detection, both which exploit efficient wavelength conversion with
LiNbO; nonlinear waveguids based on periodical poling technology. An experimental demonstra-
tion of the distribution of time-bin entangled photon pairs over 100 km of dispersion shifted fiber.
We confirmed a 81.6% visibility without subtracting any background noise, violating Bell’s
inequality.

Key words: single photon, entangled photon pair, quantum dot, microcavity, wavelength conver-
sion, quasi-phase matching, single photon detector, quantum key distribution
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BTy MhEFOERBH 2 RES 2113, HIREA
CEFNy N 2EOADLERH L, S oI AR LY —
FOfRHERIE S fe 1z, iR QEERE L, FHE
WCHABH ST 2 R E— FOE— MR Z/NS S
ERRRERE VA Y RN a1 DR 1 | O B S KL i
77w 7K &% (distributed Bragg reflector: DBR) T
TRy N 2EUEERAAAIHESLZ, FOLNE L REE
OEOERICIMLLIbDTH 5.

bbb HMEELL oM 1X, GaAs/AlGaAs DBR (TF1Al)
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BTy F 7 AR 2T (Cly-based), InAs =T
Ky MEB X GaAs/AlGaAs DBRE® v F > 7 L
72O, FEBIL Tz 1 um ZED N4 7)) v K DBR ¥ 77—kt
AR D REFGZR 1 1TRT,

DBR#Z LOK E lumZED /N4 7Y v KDBR E Z
—PREIERO 7 LI 2R (PL) A7 MR 2
R, I CICEERI R BRI ER T E 5. HRERE

ot F



Si0,/TiO, DBR

InAs.QDs
in GaAs cavity

GaAs/AlGaAs DBR

X1 GaAs/AlGaAsDBR (T#B) & SiO,/TiO, DBR ()
@iz £ 7z InAs QDs/GaAs #H 3 574 7V v K DBR
7 —RILHES 1um ).

— FAFEHRH T 28T Py bOBIE, HIRHE—NOW
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Around cavity mode

12;0 1 2;0 1 2&0 1 2;0
/AVELENGT

LUMINESCENCE INTENSITY (arb. unit)

1235 1240 1245
WAVELENGTH (nm)

B2 DBRZELDFEKE E lumBFEOE 7 —HIRIBO 7 5 b v
SAEVA AT M, (a) HIEHLE LA TORA~RZ b
W, BEY, (b) 1umBEOE T —HIEEHD A7 d v, (b)
FORHITRE L T AV ¥ —fHRIC e 2 & % (b)
[N

LUMINESCENCE INTENSITY (arb. unit)

-2.0 Dl 2.‘0 4.0 6.0
DELAY INTERVAL (ns)

B3 RS Z LD InAs By bEEtE (7Y v FDBR ¥
7 —IRBINEARER O PL 50 O R,

TeBF Ny PRAET 2 BRKE OIEE I 2P D 5 7:
», X7 7 A /N—~X—Z @ Hanbury-Brown Twiss &+
TEBEHIE S 2 BRH L 72, s 1.5 mW (ALO,/Ti v
—H—) THiER L 7k S OFHIE, 7 7 A N IR
% 50%/50% 43I v 75 —Ic TS R, ZREROH
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Pump pulse stream
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& Bob O i#R TR EHAI T I R FTFELIES L
2131720

B 6 1cx >y v 7 VHFHEROERRE R, SR
R E2ET 28 E Y —5 —» 5 0 1551 nmE#EFEEH X
LiNbO, i & > TV AFIc s g, v

37% 875 (2008)

Pump suppression > 140

i prism

Pump
- —\
Signal s ey >
B __N..éiﬁi R o J
woMm | mrf ‘gmwj “
coupler “Module prism
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» o RS R (TIA) 12 X - CREREHIEHRE S
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EHEALTCWS, 1.5umBONTFEBOR Y 7N ERE
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Si-APD S ORI « ARMEF L FIR SR TR 522729,
ZOBHEEBRERIES — b E— R TEESE SN BDT, Si-
APD 235385 TE 2 VAl E TES/SOVADED KL
A E BB 2 ENTES, MTIE, FRBEEEAEEY
FRHIBO Y b7 v TRRLTWS, T TR D
WX 976 nm TH 229, 1.5 um FFOHT I, WRELEY
FAN—D Y T T —IC ko TR 7RI PPLN
HPEFRIC L 5T, NTORAR S NS, FHEE/ A
TANY—, VRN, BLOZEMT 4 V& — 350K
THEERFETDDICHEE I N T WS, REIZ Si-APD
B et TRt s s, 20 Si-APD i
1GHz VR L DFFH 2#AITE 29 v ¥ —HHE
%67 %. PPLN #H ¥ O A AHEE A5 80E 1% 25 GHz T
HbHicw, FELE, PPLN EEEIIPFE DO N> K o¥2
74 VF—E LTEL. Si-APD LA EbYBOLk
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i < S s H
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12 & BFRRDCT O PR (A REFL), B L U5
HT OEPRFUR T O 2 H 9 2 6T,

BRI L, EH LRy 7HERED 30 mW O & & 1547
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keps)., BERHO T 2 FRIE R Y THIC L 287 2 b Y
v 7 BRI & Ry THORBAEFKETH 2 L HF 2T
5., T2 NVHTFRERESE LR TNHEIEE
100GHz & L7 & &, (iHEEHEHIES L 0 Rni
DIEEJRTENFRIL 1.4% 125> 7z,
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N=RAF—=Nix LTEBREITS 12, KIE74 F 7 —bFI2
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—TFBED 2 DD7 — A OHERI R A EZE 2 2 72D
TWEHOWRE 2Z 2 TR EHE L. (7 F -7
— LAOTWEOWEREE). K8, AUy 7 )
WHT O EDH D OIROEREEIECE, +FIE7 4 FF
—HTFOEKRERT (YT FNVETART—DH Y > b
FF 31 & 28 keps)., FEtofifHzE%2 (REZ) Zs
¥DE, BY Y INRP—EDF LFRRFHEENAE S EH
ENBZEPBHENG, 22T, BROFEEEED
WRR BNy 7 7T Y FEHIDGI EE BT TWLigw,
FNTH 93.1% OHRENE SN TS, ZOHEICT
a2 HEEROCIME X 96.1% TH D, FEERERIZC
MIZIER AT,

Rz, FEXTETAF T HFORAFEIHL T, 50
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50 km @ DSF 2 7 — VD £4E%1310.5dB Th -7z, K
8 (TH) WEBEREZRT, BACIAIEY 7 F VTR
b7z b OERFEREHEER, 7714 F 7 —btFatseR
2T, BonERESE 7Y > Y ORI 81.6% T
Ha, FEERBBICZZTOLhRRENY 7757 FEHK
DFELFIE 1T Twiawy, ZOBHEBEDEIZ VDA
FErf-oTHBY, i, B THEIWBHFE 80.4%
WIEEICHTY, 20D & 912 time-bin = > ¥ > 7 v LUz
Fxf& 100 km Bk T & 7. SO TR OMEEE, FF
ARG UL & R b E AR - R EDON—F T =
7 eV 7 b TEMOERIC Lo T, RTHEEEOE
LI Z 5L R WRBRICER I N D725 5,
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