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Unlocking Quantum Key Distribution

Hung-Pin Chung’

Postdoctoral Fellow, Department of Optics and Photonics, National Central University

Abstract

This paper outlines the major development of quantum key distribution (QKD) systems. Starting from
the introduction of two basic laws of fundamental uncertainty principle and quantum entanglement in con-
junction with a comprehensive list of international companies with this technology, the author introduced the
application framework of five common QKD protocols, analyzed their development paths, and explored the
difficulties that various communication protocols may extend to a wide range of application terminals in the
future. On the other hand, in the fourth chapter of this paper, the author has compiled the research ideas on
how to use optical quantum technology and integrated optical circuits in recent years and provides research
and development of integrated quantum light sources. The concept of an integrated quantum platform, the fu-
ture of quantum systems, can be highly integrated into a single heterogeneous material substrate, in conjunc-
tion with a significant reduction in system scale, to increase the breadth and depth of quantum applications;
and at the end of the paper, the author explored how to conform this integrated quantum platform into the
popular QKD system in the future.

Keywords: quantum light source, quantum key distribution (QKD), QKD protocols, quantum entanglement,
integrated quantum platform
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%2 BELRAHREE QKD A8 & AT

B B e 2R a0 QKD % 5ue7 4p B Hje WA
e United States MagiQ Technologies 1999  MagiQ QPN BBg&4
United States Quantum Xchange 2018  Phio N/A®
United States Raytheon 2005 N/A N/A
United States Nucrypt 2003  EPS, CPDS, and Polarization N/A
Analyzer
United States Qubitekk 2012 Quantum DataLoc™ Key Server BBM92
~E 7 Australia QuintessenceLabs 2006  qOptica N/A
B Switzerland ID Quantique 2001  Clavis3 QKD Platform CoOwW
Germany qutools GmbH 2005 N/A N/A
United Kingdom QinetiQ 2004 N/A N/A
United Kingdom KETS Quantum 2016  Quantum Photonics N/A
Security
Finland NOKIA 2016  (Work with SK Telecom and COW (?)°
IDQ)
Netherlands KPN 2016  (Collaborating with IDQ) BB8&4 (?)
Ergu South Korea SK Telecom 2016  (Work with NOKIA and IDQ) COW (?)
Japan Oki Electric 2000 N/A N/A
Japan NTT 2000 DPS-QKD BB84
Japan Mitsubishi Electric 2001  (Work with NTT, NEC, and BBM92, DPS,
Toshiba) SARG04
Japan Toshiba 2010  Quantum Encryption System T12, Decoy
State BB84
China Anhui Qasky 2009  Quantum Key Distribution Decoy State
Terminal BB84
China QuantumCtek 2009  QKD-PHA300 Series Decoy State
BB84
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Detection System °
DRSS B E R0 A

WHMPELETA LR L27BEFE QKD Hhas - *NALTAETA -
it i€ % i gL T 0™ %k o EPS: Entangled Photon Source; CPDS: Correlated Photon
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EHF R AR AR AR EET DL AR LT AP T )Y L L
el iR o g AR S FRng g 2SR, ww B B e
SHAPBEE > LS RNALMNIHA LI o P ER P B o PEIE TET D%
R ,%ﬂ,me,ﬁbiggﬁp%wwp%ﬁg’@;ﬂﬁzﬁﬁ S SUE A

EBERFELY o RERAL BN LR RARFEHLA

(=) RHpHEPm> L1 3P FELERE BRI AEE L LT
REARFTREFEFTA -

(=) BF MaEfirad 3B g e fi ol > RRA ARG 30 6 > AL e A
EPREEapFE I BETRELLE Pt SR FLELRIFES
Bt B Hrans kB hoiRM eng F Fis s A Center for Ultrahigh Bandwidth Devices for
Optical Systems (CUDOS) *t 2003 & d ;£ /Fﬂ 17 =% ¢ (Australian Research Council,

(Z2) B+ T %D BER Y 2 P/ J SR Hima e v 58 > 7 res 223k -
BIASEL Y CBIVE A4 B BME 25 FRRLE - &Y LRy

EFREFRE LB DT R RS EZDTRAR -
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PR AR e QKD kP EE S Ko hE R R R BRI T A B
& 2 g A ’iﬁd#iQmﬂ%am n&%ﬁwﬂé’QﬁZFﬁ{N@mﬂkﬁw
IR A FTAHEAT N PR3 % R ER SR B U auE o T A LT AF
2 QKD fa %2 A -

— ~ BB84 i@ i €

1984 # 4% 1 chBB84 i 3t % 0 A & d Fixay Alice 1| * H k3 R P A I F o
A LT o iptRene kR A B § 4~ £ B (Beam Splitter, BS) £ = 0 iz & 48 4P
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=22 4] (Phase Modulation, PM ) #+41] » >* & - B ® TN p$3 ¥ - BREA AP E >
Tt Eefsh Bob o £ 1% - m g Alice 4p e A kL KB |ITH 7 T A 5%
e faRE T (# 7 Alice & f 4 + Bob ‘®@/% » 22 Alice ‘®/% 4r + Bob & /%) 4@l 3 #7F ©
TLih b o oA RS f PR b PF4siE Det | & & Det 2 193 Alice &7 Bob 418 # i1
Basis (f1* fp = 4] BB EHR) l%gd A HZ FTHRE BB AR T RIL > VY
#- Alice 22 Bob % p if #% <7 Basis ;‘gvj B LAk E o E A QKD R e

Alice Bob
B
Single- BT Det 1
photon €
source
- L . “I—’ or X
Basis = e Basis
Det 2

Bl 3 BBS84 QKD @A E#EAL

TR KR T p g AL

= > BBM92 i# AT

1992 & 4k f% & ] % £ 5 HHEE 2 A F S BBMO2 {3 iE 20 H PR A Blheo W 4 4
7+ 22 BB84 £+ 17 F 3t BBM92 i | * £ 3 X4 £ 3 (Entangled Photon-Pair, EPP or
EPR pair) ¥ i QKD ek 3 Jh o FJpt » MG L3 RgE > 2 LEFZ R A Alice &2 Bob &

iR TR

EPR

source

&
“.  Bob

f

L
Det 1 * L * Det 1
R
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orx

Det 2 Det 2

9

?{ i it )

?{ = ?

I

4 HHEFE (BBM92) QKD i A2 A

3L : PBS: Polarization Beam Splitter ©
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G- 0 TR R FZ0E T I RIEROGEFER - B A rRER GRS H R
g i 3 Alice 22 Bob @ 3 » ©d Alice ¥2 Bob & ¥ & W|fg & i% ke 3 e bR i -
d Rt Bk IR 2 R G S A 2 A E KSR T g ok B M- B R
ZEied/ EETIEE L NI %%@I’(? ( Man-in-the-Middle Attack ) ( Wang, Wang, Li, and Huang,
2009) & F H-kF o B oA ik %%@ 77 Photon Number Splitting (PNS) Attack ( Liitkenhaus
and Jahma, 2002 ) ~ Beam-Splitting Attack ( DuSek, Haderka, and Hendrych, 1999) % = ;¢ o

= ~ Decoy State i@ 3 €

¥ - 25 > 32000 # % 4= ¥ > Decoy State -7 BB84 {4 2+ B 4o4k 4% ) 0 22 BB84 #f 1 >
Decoy State t» .+ £ _d P grengd ¥ xh Alice I * % rg SR i dpH L3 Jh > 24 b 7 -
w2 k&5 EASE (Intensity Modulator, IM) » 4cB] 5 #7177 » 2 IM i5% ¥ s K enfl B »
L%i@ﬁﬁ%m Fo WA Beensk R B R B R o F] o e a2 {8 > i L BB84
¥ 2 WG Ap 23 410w i 0 @ Decoy State (o BB84 15 % Al PFE 5 7 3 R B4 ehd 1 H
fo 0 ode FEFE— i 4R R ek (7 andd T o

Alice Bob

W 5 _n
facer — M Det 1

Basis [ro—— ‘ Basis 4—1_' or X

Det 2

E

B 5 Decoy State &5 BB84 QKD i@l 52 # it &
ir AT : "% 655 & % % (Attenuator) o
ijuju;;,q : |F-+"p 74 "‘@Ugi‘“

g~ COW @A <

2005 & XA mAMYEEEGE D ca N BB84 ]L% R SN RSO S &
COW » # Bl_\ﬂ\é#ﬁz& 3 G fi  BBSA 2 4R 0 4] 6 4T 0 H Alice 5 i o447 0238 So il
o BRI IME4e  vANEERREFRFE (' Variable Optlcal Attenuator, VOA ) ¥ AT »
T3t Bob el ¥ Z e kB E BRI nE kI B A Fena ko | = B H LS
R % (Det B~Det Ml ~Det M2) &7 fo ) 73 S Bcg B > d 205 — w8 k3 @R
% (Single-Photon Detector ) Det B 4% & & P& Jczg ek 3 i > COW 2 2.7 M3k § 11 F 5o ¥
s Fuld 0 4o © PNS Attack ~ Beam-Splitting Attack ~ Man-in-the-Middle Attack ~ Intercept and
Resend (IRA ) Attack (Curty and Liitkenhaus, 2005 )
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Alice

PD

I 7 2 Al
Ried L (v EROA —BE— AT

laser

‘A oo Basis «

/\‘ bit 1 /\/\decoy AR Det M2

B6 FFAEMKX (COW) QKD i@ LA
TR KR TR p TR

Det M1

% ~ DPS-QKD i@ €

pANTT A 7 By 32000 & RA4= 8 » A ee a3V enzb 0 2 fs B2 2 2 28 B
£ Z LM QKD £ % (DPS-QKD) » 4] 7 #1710 22 COW 2 T+ &~ » DPS %
HARHGE > 24 )% e 3 kR IM~PM &2 AT > 7 (£ 3 Alice # #3a% 3 R
% > 3t Bob ez Pl 0 F iR % FHE O T iRt 2R R 2 g e 4, % o DPS ¥ %> ¥ ™
F AT 1 T s ¥ > 4 PNS Attack ~ Beam-Splitting Attack ~ Man-in-the-Middle Attack ~ IRA
Attack ~ Denial of Service (DoS) Attack ( Hugues-Salas et al., 2018)

Alice Bob

[EIEEYEIR 50%

Coherent IM PM AT ETEE - Det M1

source — a— — 50%

Basis < Basis
E (L BRSNS Det M2

B7 Zs#4X (DPS) QKD @RARMEMK S
TR KR TR p R

7~ BAEW R AE SR BE AT

YT R R TG 3w end BT > BB84 &2 BBMO2 T v A Wi A A fEE F 4]
25N s %R IR TR %ﬁ’ﬁbffrﬁ‘\‘ka“ﬁwﬂ”%? e d A S k2 BB PR AR
oL TG M ?éﬁ/ﬁs i 0t Jo (Abushgra and Elleithy, 2016) - d *t 5 74 % it 3 f&
BAGNDIARY > TRFZF R E 0 FROEF BB TR Y 0 F 241 Decoy
State erits T M 4T £ 0 T AT H IR kosiak Raduat 4] B3 R R R f’»'rﬁ *oiben
DPS & COW % %% 5o » B £ 8 2B 4 p 4 &4 QKD i «umf’”}‘ CAETT ¢ AR

FrPERBITIRYCORTEFRITE R EF P AR TN F’“’? ’ ?Hﬁiik* -
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TRH2 P BFLRERIRE PO R AP T o M AR T B
R+ R4k B LI A0 2 M2 IERHA T 0 A %‘?‘é\?é%k Renner (2008) ° &
R AR % > 45 0 5%~ Scarani, Bechmann-Pasquinucci, Cerf, Dusek, Liitkenhaus, and
Peev (2009) o 12} ”’Ti&ﬂ 7 fAF L QKD % E o “}rf BBMO92 5 4 #* & F Mgtz ¢k
HoeE R & %% 35 7% R g & (Attenuated Weak Coherence Laser) k% iT4g 8 £+ &k >

AE TR H kI R fed A 4 kB Tk B TS 2 ¥ % o i {840 - QKD i stig
73 % e wﬁﬁ,ggmxé%l g e kF AT BT &4 ;&é QKD s stk %
W EF & HLFE A AT o

(—) #8C QKD ;LRIRIF 03 5 &

SR QKD A B kR BBk R R T e S RN E S WIE
“_Ei B3k R o LR R B *\@i;rmﬁ kI hod W RREZEMTIELEEREAE
NEHAER T FRALBEL 2 TAFRI NEFEFES RS o T
oo FREFHELR MR IHOE S WH LT AF > e ERIFHE G -
g F '4@Jc+§{-;}$ﬁ§4sk’vz3—;}$ﬁﬁ4ﬁ3~‘,r/.%iéi}a 2 F e QKD o i3 ngfi%‘fbk’
ARE P ESURDELAE 0 BT P B AR RS T T - F &G { FHwanfid

:E\r—
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(=) 2R THERBHELRITEE

QKD s sei 27 A A kih B4 GREErEe AR BP9 > Aad 35 @ %
B AAFBEAACAFE TN A SR RELFARE AT FRIIFAEK
B MR R B o d e TS Fr ki ERPIBEALHF AT HEH 1 FRR
B RAPHF o dom E LS FREBEFMGET - RS AL TRRSOT LR R
LA b R B SUPReDBAEZ - o

(=) kZHEGHERED

QKD i@ﬁiﬁ&ﬁ%ﬁﬂ Btk *»»“@ﬁz?]@ﬁﬂ ERRFESF o d LTV RE RS R R E
T ¥t Sl :uj}a ENBIERnTEg o EREd kRN Fpd % mﬁ]:}ﬁi%é )
g s ang k3 o £ 3 a2ty oA FEERE PR R AR B s B
GEH LT PR EANABRL T - 26 o R PRI HII AR Pl g6 TR P L
FHATRIFEBERIAEI bl BRI HNERRER > A TR LI MG
P H 20 BE A Bk R T T ‘rﬁf@”‘g%—» i T e FUERAE T RA LI Heohg
Pl @ T L2 iWE A gd s ] Ao iR B ‘”i?;"o—* R E e g 0K
T xR R RE L KA = SlARR AT o

(w9) %4 B ik o SARH 25 6 37

d%?%ﬁﬁﬁﬁﬂ’iﬂﬁ W%*@%Immﬁ%’%ﬂ: LAB T A P FEI A
4 oA AP A BRI A F gD Nl ERY P W F T A d *:“@ﬁa?li@ﬁ_d )
= %fé%#%#ﬁ PciCNS T UN Nl ”’fkmlﬁ%%%pﬁ‘%% FRE B 7R BB EDIR
MLBFERD > FEFEREFH SR A ERD %ﬁ",% TR H PR il
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Ve EHRACE] PR AR LR TR - FIE o RS TR ] R
£ RAGAH DR 0 A f R (R

() 2R EBOTRARE

AR ERZ T EF AR 0 f BBMO2 R b A BRI S kT R EL

ki e P2 R SHASAFIFERE TRES D Z EH L :rxﬁ,?ﬁnrppm%{ﬁ"ﬁﬁ&fp o @ i #

G I BBMO2 PG & e w H kS R B N F i 7RI KRS iR o fdept

ﬁﬂ”“##* AR AT AR AR (R H R “.%fx) o SRR iR TR
NE KGRI RS I o E s REBL S AN LY o

B BETPHAR  ARETARTE

BIAFRHRAG S EP  BEEARE ST F paiF Bell 2 E0 R %2 E
FHREFHREEAF & > QKD k ¥id Bennett ¥ Brassard (1984) # 1z £ 31 7 R 1T
SREA 218 o gt R BT 2000 & RS B 4nEE H ib o TR EE S R '5,\'{‘;‘? Rk T
voo B B3 RIEE RS FET U ET JWiesner(1983) BalTEFRBE > a3 1990

EROEE LR R & FUES ST P Fuﬁ P FIE G PR S B ORE i BT R EA RS
FHEACRIFERT Y - X R (Horodeck1 Horodeckl Horodecki, and Horodecki,
2009) o k3 A Az B S ?éﬁév\’}‘ m“ﬁ oo B AIBEY 2007 E kS L P
144 22 > & a £RI D H P20k (Ursin et al., 2007 ) o gt ek > )% %%ﬁﬁ;ﬁ";ﬁv P2 e
3 kA p AOBE 2013 E S H A P LT A F 300 22 o &k Ea BRI H P
(Inagaki, Matsuda, Tadanaga, Asobe, and Takesue, 2013) ° A& F & F g% g ? » i &
ZELENBoaw 2 2 REFRITBESEIROEF - EF R F B it £
ZEEoREFIRRA TR 0 PRARFAMEFI KRRV IGEELANT R ¢ 7 L HEI R
( Single-Photon Source, SPS) (Lounis and Orrit, 2005) ~ £ 573 ¥ £ 3 & (Heralded Single
Photon Source, HSPS) (Fasel et al., 2004 ) ® £_%' % & + ¥ (Kurtsiefer, Oberparleiter, and
Weinfurter, 2001 ) - H ¢ > H k3 v 4% 3 ¥ (Kuhn, Hennrich, and Rempe, 2002 )
28 3 %45 (Pelton et al,, 2002) A 24 » & £ JI* 33 33 /& (Weak Coherence Source,
WCS) (Brendel, Gisin, Tittel, and Zbinden, 1999) 7 %] » @ A 553 & k3 JHp| 7 4] * 2L
PR PRI A LA AL D T - S § o AATES RRY o HELTHE G
MaEu L A Fg o ek gﬁ\i”Tﬁi » ¥ % EPR Paradox ~ ¥ ¢ » § Fl#rh £ 4L i #
LERHRHIEFIEY W IR IRE R ARG FRE REES A
eIL 3 L* P A AIAT B R BERPEEN RS MRS HF ﬁ”l? R L T i A
Td o e s @ 845 p ok S E T #4EiE 4 (Spontaneous Parametric Down-Conversion,
SPDC) od 3% SPDC » fie & 3 TIFEHATA 2 ch gk + 5 > @ i3 £ <+ (Biphoton)
% ¥ & $#4 (Indistinguishability ) (Dousse et al., 2010) > F]pt » A3 3 FE2H R
* 53 PERELROBNPEEERESAIN Y > AR R ET PR ARG RS L
B PRI P oenzb A RO > - R A S = ] (Type) @ % - A 5d 2
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SE 4 SPDC 4718 » 4o% Rjf % (Pump) ~ # 5Lk (Signal) ~ B % & (Idler) % >t
1k ARk G PF 0 fLE Type-0 SPDC; % = f& > 4r % M EL L L F § X %%wk’&ﬁﬁ
FEIR L IRDT L PF o G Type-I SPDC: $ = f6 > AL LEPE X2 BIRFTRESL TR
PF o it % Type-Il SPDC > o *t Type-Il SPDC 2. 3 8Lk &2 FF 5 X B 5 fhir @ 2 «hff B {2
s 5 SPDC 2 3k 3+ % fl 5 mIRAp M K 5 (Polarlzatlon—Correlated Photon-Pairs ) > # L3
EREFRRIEERF DT HRY c HWEFHZ AT AP EI R W L ,éﬁ*qj
* 50 150 A kAL M-T 304 ke 3 g %%+l%é(mm%meMMW%)
% 2 HOM 1 % (Hong, Ou, and Mandel, 1987) - f1* & 47 HOM B > ¥ 12 5 3+ k3 i’%z’v’ﬂ»
TS o T b RS BIRM B %S G o @ F 7 £3 &4 (Quantum
State Tomography, QST ) #3= ;% (Thew, Nemoto, White, and Munro, 2002 ) i& 7 » QST it 33
wHEF SR (Purity) BRI A F G HER 2 51* 0 eH L3 R RS
PF R e 48 & B (Time-to-Digital Convertor, TDC ) 4-#f3k 3+ $f:2 {7 o L &2 R EH 7 &
3+ #c (Coincidence Counts) & p|¥2 53t » £ fI* B F st en= 0 £2 0 LR HEF
ik 2. % & 4B (Density Matrix )
FHBREF EORFFL > L FER Y LA FRTATME T RPF R FARGU
2 fEME S RIRS GRS Y A AR T ez LR S M L U L E RO A
42 k3 &3 iRdRAp B %‘d FoRFEH Oy vy NE S 7 R
Beng 3 gk 3 kiR o d SN LE4E L £ G ﬁ& 2 ZRElE e~ Rk Tl s Pldg B 4t IR
FLERF U Eahir it Gk > 0 A% Lpha 5 M B LR R 6T L E P
BRhe AT~ L% RELLMP e FENT IRV HRML 2 A2 0 7 I HWE M
%k (Lallieretal., 1991) ~ H4F 42 %~ ¢ (Bortz and Fejer, 1991) ~ B # 7 *A4p =3 4] F
(Ghione et al., 1999) ~ B # 3 »cF 2444 < 2 (Parameswaran, Route, Kurz, Roussev, Fejer,
and Fujimura, 2002) ~ & %A #/m#A £ (Huang, Lin, Chen, and Huang, 2007 ) ~ % ij &t %
=k % (Waters and Fritz, 1992) ~ £ £ ¥ # % {8 & £ (Papuchon etal, 1975) ~ ##8
# iv 7 £ (Suchoski, Findakly, and Leonberger, 1988 ) % o F|pt » i7& k< £ 2 LF*LF'“ i F N B
TREBELMY LR T2 T BiRAM 0 H RIZ S d 3 SPDC ALY 4p e R
ARk s 2 G B EE k> NI EFHRFHR)  LFEFTOFTHRERT T HERE
BB R LR PR A REAT A BN AR SRS LR AR
MeF Al MERALS R TROR e 0 LHEBMGRFHE S RREL S A R8AT o

\

AR T RIRAELRS A

AFTRERZ? L A F2AHF 4G 5L+ (Nonlinear Integrated Laser Photonics,
NILP) # % 3 2 ftpa 2l i fmit F B r22 8" W = +~ & (The Australian National
University, ANU ) 244432 ¢ & (Nonlinear Physics Center, NPC) 2 %4 sk 3 9 5% 27 & 47
P ERERFNE RS- BRMPFLG RN I HAL AP ABRIT LS L TP AR
BOCABAILGN D PR R s =~ 2 (Multifunctional Integrated Ti-Diffused PPLN
Waveguide [MIT-PPLNWG] Devices) o gt ~ iz d ¢ & * B LT NILPF &% 3 @iv > ¥ 3
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ANU SiNPC # 3% Z & TR HEA 4T < » & PO R EATSRMN Z &= 3 B S TR i
EHMES RRA 2 4] JIr A EN G #4884 B (Adiabatic Couplers, AC) 1% //éyli
Frido B A Mmool B L 2 B¢ & F o SPDC 3 {8 F148 R i # 18k R
6“%%ﬁﬂ’@ﬂ%%ﬁW§%QW*5W%§ﬁﬂ’d*@ﬁgﬁ%iﬁuil%@”

BRI R A RULER DR LR DR o NP AHE LTS MY
Rmii g ke Saesuck > RMHE B BT RS H %%*ml:vt’ﬂ“%_"o + g2 BB o 295
AEFRGE > APEFRSFREEET B ?i?ﬂr_a?—z?ﬁ_ LEERT2ZFTEIZLAFTR
(THFEHF 1>90~98% ~ 34 % > 100~ 200 nm) , }fElfé’- %Mﬁﬂﬁg;@ LR~ KF S
AFTRLIvPBER AL M ERMERFE AR R LI R 2EFRAREWARTILA
(Chung et al., 2015)

fede FEY 0 ARk S E T (0 H i 5 2L (Degeneracy Point) > i€ & jF k-
MELEE R R KRR A uKE 1785 nm -~ 1,570 nm 2 1,570 nm > AF R X E Y g
EHIGYAEAL 27 PR T 20 FodTH S > 22 - AHAGUA R BT S AR
B A g L2 FRM % - £8P I AT TS R FRE LT
ek 28 2 2 g o A i g i 2§ @S I SPDC AR 0 1 IR H R
J 2 1wkt (Signal-to-Noise Ratio, SNR) » M # B A8+ M HF %P Ol B - At &%
PO HAES S BT E Y RRA L RARRF R TR AP R BARR LG EBEALE
Bl JI* R ER LT B R ap M R B0 RERE DR RS L LR PELE
RRESZ A 2B AR ¢ BN A uEk s IR R LR 2 A ke
Food S Ry Fﬁs?]* (Chung et al., 2019) © f|#* pt2& - > ANU B Ff = 1% g g2
TR S AR R T B RAERE BRI FIEREFERE RGP R FERA GRS
ik It B2 R f kgt 5 & 7 & 72 dB (Wu, Solntsev, Neshev, and Sukhorukov,
2014) -

AR RRL Y%A R 0 L R4 £ H02016~2017 & F 0 I ANUE 7R S
¥ SR R SR SkE 0 T8 ANU Bl & b i 7 A3 QST F %k 7 1 o ANU B fj 4%
T - EEARK A G S (Metasurface, MS) 0 0 MS T I 2 B i aR AR R A %
gL s E ;f&:imw QST #5% & clict 2 & £ 5 cnib R E A L H ¥ 3 +
AZRe L o RELFEMPRBGEDH L FoOFREF LRH Y EL LR @..‘ﬁj
7 @..mQST"';'Ee‘E"Lr,ﬁ‘% it ey By o 732018 & &2 £ ivy i Kai Wangi%ﬁ A g1y
P REE TS E R P L 4 Science ¥ 7|7 (Wang et al., 2018 )

RIREF T Y o NP R - B TR ﬂ}{, i * 1 Type-Il SPDC & + %R 2 i
FHRHR A Ao 0 W 66.82% o 1P F A 4T 0 AP g RAgE % kAL A h
e AR R 2 > d AP D WE S BRI EELRL Y 0 H Type-Il SPDC #§ & f
SITEEM RS A F (~1nm) > P d N5 BREFRFOEFIHRE  APEY HEF KL
e B HEI- AT Bk FAF A 47 RER L 444 Type-1l SPDC f§ & fi if i 5k
BREE k2 ﬁ?p‘&'ﬂﬁﬁ'f'} PR PIAE IRk "fup ¥ ugr]pm.li%f T n—\ﬁwﬂ'g’}'ﬂ'i}iw
7 4L 0 9 SPDCBL LB B L AMF b chA T » i2m A3 MA L3 $7 A
(Partially Distinguishable ) th% % » @ F/RL T AMFRH I I BEEE T 37 A5el o ERE
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FHEERIHERTE B ZEFTRIEAEASAFREELATHEERLEENT o V- 35 0 F
i * Type-0 SPDC e7fi2) T » BEFR R B ~ MELE ~ FFE k2 BirdAple » R F4p =7
iE % 4 type-11 SPDC kel e £ 5 & ® T 747 SPDC %3 2 Lk > B F &4
AR A B (Spectrum Filter) & {74f F g%k » F|gt > 4p b 3 Type-II SPDC £ & > Type-0

SPDC Ja;}g::ié-jgf% 3 b pr AR ek 3 4 Hokg s ﬁ’r)ggﬁﬂ_,. P EF TR o
Real part Absolute value
07 07
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Quantum System-on-a-Chip (QSoC)

Packaged IQP device - entangled photon source

- all-fiber pigtailed - passive elements (filters/ splitter/ combiner)

- hermetic seal - active elements (compensator/convertor/rotator)
- temp. controller, detector, ... co-packaging - states preparation and analyzer (SP/PA)
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