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- OPTI CAL SI GNAL TRANSM SSI ON DEVI CE AND OPTI CAL SI GNAL TRANSM SSI ON METHOD

Technical Field The present invention relates to a transm ssion device for
the. use of, for instance, a quanturn cryptography device of Faraday mrror
system 10 Background Art Fig. 7 shows a configuration of a quantum

crypt ography device of a conventional Faraday mrror systemshown in, for
exanple, G Ribordy, et.al. ""Automated plug & play' quantum key

‘the Internat} onal FCLASTIERANT A NG S el BURw R aShc0 - cumrm
CRYPTOGRAPHY DEVI CE AND METHQOD. a quantum crypt ogr aphy
transm ssion device 100 i ncl MCI@&'EHPM 1 connected to an opti cal

fiber 10 for conmunication, optical detector 2 for detecting a |ight
pul se i npdPTHEALNSIGNA ER&N$MJS§I®%D&H%ANDMTK®AL G‘d%&gum cati on,

a polarization controller 3 for usting a polarization nbde of the

i nput |ight pulse, an attélPRAN&MISSIéNMEﬁ‘g{QBH ng the strength of the

| i ght pul se and reducing the strength of the |ight pulse output fromthe
quand um crypt ogr aphy device to quantum |l evel (0.1 photon pér pulse), a
Faraday mrror 7 which reflects the input pulse by rotating its

pol ar i zFeclnticyl Biebd by 90 degrees, nanely, reflects an input pulse 25 of a
TE pol ari zation wave as the light pulse of a TM pol ari zati on wave and 4

February 2005TBe pRedempibventise réthide a Mmharsswatd@ribe@mhas:sbm l'i ght
pul se of -the TE

for instance, a quantum cryptography device of- Faraday mirror system.

10 Background Art
Fig. 7 shows a configuration of a quantum cryptography device of a
conventional Faraday mirror system shown in, for example, G. Ribordy, et.al. |
“Automated ‘plug & play’ quantum key distribution,” ELECTRONICS |
LETTERS Vol. 34 No. 22 pp.2116-2117 (1998) or the International Patent
- 15  Publication Gazette W098/10560 “QUANTUM CRYPTOGRAPHY DEVICE
'AND METHOD.” In Fig. 7, a quantum cryptography transmission device
iOO includes: a coupler 1 connected to an optical fiber 10 for communication,
an optical detector 2 for detecting a light pulse input to the coupler 1 from
the optical fiber 10 for communication, a polarization controller 3 for
20 adjusting a polarization mode of the input light pulse, an attenuator 4 for
attenuating the strength of the light pulse and reducing the strength of the
light pulse output from the quantum cryptography device to quantum level
(0.1 photon per pulse), a Faraday mirror 7 which reflects the input pulse by
rotating its polarization plate by 90 degrees, namely, reflects an input pulse

25  of a TE polarization wave as the light pulse of a TM polarization wave and




pol ari zati on wave, a phase nodul ator 8 for phase nodul ati ddFetimeany A6

whi ch passes through the phase nodul ator 8, and a control board 9. Here,
the TE pol ari zati on wave ( TRANSVERSE . ELECTRI C POLARI ZATION 5 WAVE) is a

| i-ght wave of which vibration directidn of electric vector is vertical to a
- plane of incidence and the vibration direction of magnetic vector is

within the plane of incidence. The TM pol ari zati onwave ( TRANSVERSE
MAGNETI C POLARI ZATION WAVE) is a |ightwave of which vibration direction of

magneti c_vector ks venti t.o a plane of incidepnce and e vi bration
directi & 4P Ipél(lfer?ﬁtb\‘?e@l]o‘?dﬁ's’m OB Y H2S &%ﬂgﬂgpuf%cqf&gﬁ@ A quantum
cryptography reception device 200 inc]ydes a coupler. 51, a photon detector
52, a pﬁ’&f A2 FRge: 3 Bhase gy ?%té&‘ié’&%r‘%‘? whating the palsari zat i on
controller, 55, a pqlarization beamsplitter 56, a circulator 57, a phase
modul at 8yhisk pagsesgthrpugh sae phase medulatar 8, amd a camel bopxd 8al Heseh 61, and
a 15 long optical path 62. In the follow ng, the operation wll be

expl ai néhe FI'&D pelarizgtion wavye WEGMLE%O’G@M BEHaARYVZATI@DE i on devi ce
200 in Fig. 7 generates a light pulse P by the laser 60. The |ight pulse P
i s spl i WAVE) kea bighpivave aflwhnth vibaative difectiontdielettivictveoptriis akrtpetln 61 and
the long optical path 62. After a 20 pol arized plane of the light pulse in
t he | ongo agptianabf patiderf? [l o ubradobyirdchenpdimagaeaiti¢c oectopid r ol | er 55,
the light pulse is carried through the phase nodul ator 58, and output to

t he opt wdthinfthieqiaié of NcideaeunTtet TMpdirizhtionpedes (PRANSVIORSE splitter
56. The light pulse in the short optical path 61 is also output to the

opti cal MAGNETIC POLARIZAMICHIWAVE) $ adecHtha veWTavRidhiwiBtat#én path 62 is
| onger than the short optical path 61, two different. pulses P1 and 4

Febr uar 4irdBén 3f BragdeficOeRitis vartibal (aR] pEdle dfiilBldehe hAW thmTuni cati on.
Nanely, the-light ~pulses P1 and P2 having two different polarization nodes
ar e1@ut PiratiOn!difoction of electric vector is within the plane of incidence. A
quantum cryptography reception device 200 includes a coupler 51, a photon
~ detector 52, a photon detector 53, a polarization controller 54, a polarization
coritroller 55, a polarization beam splitter 56, a cireculator 57, a phase
‘modulator 58, a control board 59, a laser 60, a short optical path 61, and a
15 long optical path 62. |
In the following, the operation will be explained referring to Fig. 8.
The quantum cryptography reception device 200 in Fig. 7 generates a light
pulse P by the laser 60. The light pulse P is split by the coupler 51 and
carried into the short optical path 61 and the long optical path 62. After a
20 f)olarized plane of the light pulse in the long optical path 62. is adjusted by
. the polarization controller 55, the light pulse is carried through the phase
modulator 58, and output to the optical fiber 10 for communication by the
polarization beam splitter 56. The light pulse in the short optical path 61 is

also output to the optical fiber 10 for communication. Since the long optical

95 path 62 is longer than the short optical path 61, two different pulses P1 and




optical fiber 10 for communication. The light pul ses Pl aAd‘eBudraZi0A§ t wo
different polarization nodes 5 are input to the quantum cryptography
transm ssi on device 100 t hrough the ptical fiber 10 for conmmuni cation

wi th staggered timngs. The light pul'ses P1 and P2 input through the
optical fiber 10 for conmmunication are divided into two by the coupler 1,
respectively, and ones of the divided light pulses P1 and P2 are detected
by the optical detector 2. The phase nodul ator 8 10 nodul ates only the

“light p e P2 out.of, the.light es P1 and P2 accgrdi tq. the timng
of “der ¥R HBHE sgHhe Rt 0 B Serpmiipicalfaty QORI b Bablc | o
~planes of ,th t her, f the li ul s Pl and P2 divided hy the coupler
B e’ bl BT Enaving v ditlnOtt AeRsiRebagnados min Ovthubindds
- nmodul at or .8 rks_optimally. At this tinme, the first |light pulse P1 out of
the 15 epHcalighpgr Hyfarconpuumeation.i nput to the quant um crypt ogr aphy
transm ssion device 100 with staggered tim.ngs is adjusted so as to have a
pol ar.i zati on Thedghémulsps BEapd ]%13' EHWQ)FWM!EQNAEP@}%#MF% mogessecond
light pulse P2 beconmes to have a polarization node of a TM pol ari zati on
wavel Thee inpytitto thelgenihicerypieseaphyhirangmissien devigeiiH& thanughtbeol | er 3
~and the attenuator 20 4 to direct to the Faraday mrror 7 is carried
t hr oughophiealdiizegel (hfed cortmnnizatmmdwithpstaggeredHemiag s d dbherdightpulses The | i ght
pul se input to the Faraday mrror 7 having the polarization node of the TE
pol ari zRilizondl RAwepuisthroaghabht eptaal fiber [10dht caubmmicdtivhard Mividedri zati on
wave, and on the contrary, the light pulse of the TM pol ari zati on wave is

r ef | ectiadoasrotbyetie @hiplaul,3espéctBrely,tandingadfahe ditided lightapulddePL ef | ect ed
light pulse is carried through the 4 February 2005 4 phase nodul ator 8

agai n. -Jh¢ Pohasaddtestied diyothelopticad Aletsdter 21 t Theiplidde dyduladér gontrol board 9
so that the phase nodul ator phase npdul ates only the second |ight pulse
P2 gut gbdulfet WAl (i ligRth SRS P oaPsr fike NOMCHuBESP1 and P2 according
| -to the timing of detecting the light pulses by the optical detector 2.
Polarization planes of the others of the light pulses P1 and P2 divided by the
coupler 1 are adjusted by the polarization controller 3 so that the phase
modulator 8 works optimally. At this time, the first light pulse P1 out of the .
15 two light pulses P1 and P2 input to the quantum cryptography transmission
| device 100 with staggered timings is adjusted so as to have a polariz'ation
mode of the TE polarization wave. Accordingly, the second light pulse P2
becomes to have a ;iclarization mode of 2 TM polarization wave. The light
N pulse whi'ch passes through the polarization controller 3 and the attenuator
.20 4 to direct to the Faraday mirror 7 is carried through the phase modulator 8
- and input to the Faraday mirror 7. The light pulse input to the Faraday
mirror 7 having the polarization mode of the TE polarization wave is
reflected as the light pulse of the TM polarization wave, and on the contrary,

the ]igﬁt pulse of the TM polarization wave is reflected as the light pulse of

25 the TE polarization wave. The reflected light pulse is carried through the




refl ected by the Faraday mirror 7 and carried through the4dishsearsdddpat or
8. 5 The phase nodul ated |ight pulse P2 is transmtted toward the optical
~fi'ber 10 for conmmunication as if it flows backward through the optical
path of the incidence. The two Iigh? pul ses P1 and P2 which pass through

t he phase nodulator 8 after reflected by the Faraday mrror 7 are directed
to the attenuator 4. The attenuator 4 attenuates the strength of the |ight
pul ses 10 which is phase nodul ated by the phase nodul ator 8 to the quantum

| evel (0.1 phqt r pul se), Thereafter, the.light | ses pass serially
thr ougrt B BRd e Biadhinc obe e Bbdiflatanitis ot S bl &
transmtted to.the ptical fiber 10 for co i catiopn.. In the conventional
quanturﬁ&@r?ﬁ?%&?ﬁﬁ‘}%t% 'tgi@?sﬁﬁ?‘g‘éamr%gaf%@ éﬂ-’éyo‘aﬁtg%r system
~the light pulse input_to the device passes through the sanme optical path
as an cﬁﬂ%ﬁ&r‘r’@"ﬁé’t‘ﬂs@aﬁa oxt of the kwadighitmnlsessBhangd PE which gie pul se passes
t hrough the phase npdul ator 8 twice. In addition, since the |ight pulses
havi ng teflectid hethamFarastpysmirres 7mndearyied thaough the phasemofalator®: i zat i on
wave in which loss of the light pulse is relatively 20 small; and the
pol & i ZEh¢ phaspuwdeiateddigh paisa Histtransmittel fowasd the opEealifibervery | arge
passes through the phase nodulator 8, so that a loss L of the optical
st r engt ) fsercomaeusicatiemsdsifliaflgws tackeadird shiauglt the optactlypathafithe ogr aphy
device, the attenuator 4 is renoved and each part is adjusted to increase

an Sl N mneidencé.si Thakwodigt pudséP] dndvie® evhich peseth®ughpitebplerset hat 25 the
SINratio. at adjusting tinme of the quantum cryptography device becones 4

Febr uamio@@Rboes afeiebilected Yy tMicHaidiRy @550t 70fre idifc®pd k6 8he Strength is
| arge. Hereinafter, the loss of the optical strength will be explained. In

Fig. 8ath¢hwftond. aThestt@iudioe 45ittemaitas @he 8Gehgth ahthoUhe puies the [|ight
‘pul ses P1 and P2 pass through the attenuator 4, and L8 shows a | oss of the
St neNItPhich i§3BAsé ntiul RISy WEPhhEEmdduktoP 8! 138 heRJuAftdnt TeRddSS

(0.1 photon per pulse). Thereafter, the light pulses pass serially through
the polarization controller 3 and the coupler 1, and is transmitted to the
optical fiber 10 for communication.
In the conventional quantum cryptography transmission device of
15 the Faraday mirror system, the light pulse input to the device passes
through the same optical path as an outgoing path and a returning path;
namely, the light pulse passes through the phase modulator 8 tWicé. In
addition, since the light pulses having two different modes: the polarization
mode of the TE polarization wave in which loss of the light pulse is relatively
20  small; and the polarization mode of the TM polarization wave in which loss 1s
very large passes through the phase modulator 8, so that a loss L of the
optical strength becomes extremely large. On adjusting the quantum
cryptography device, the attenuator 4 is removed and each part is adjusted

to increase an S/N ratio {signal/noise ratio), however, there is a problem that

25 the 5/N ratio at adjusting time of the quantum cryptography device becomes




through the phase nodulator 8. In Fig. 8, the loss which Adebaeayd85when
the light pulses P1 and P2 pass through each elenent is shown as an arrow
L. For instance, the strength of the_|ight pulse input fromthe optical 10
fiber 10 for comrunication is supposéd as S, the loss of the TE

pol ari zati on wave of the phase nodulator 8 as L8 (TE), the loss of the TM
pol ari zati on wave of the phase nodulator 8 as L8 (TM, the other |osses as
LZ, and their concrete values are: Here, the other |osses include L4. S =

50dB L8 (TE) = 6dB_.. L8 (TM .30 = 2dB When the whole |oss of the
opt i cal e¥treEely small E’g‘ﬁﬁcf?éc]ro%?sdﬁoi!fg‘i%gﬁ TOBR tbo'@tléF%Ped by the fol |l owi ng
equation: L =8 (TE) + LZ + L8 (TM + LZ =6 +2 + 30 + 2 = 40dB At this
time, when th&ese nthsr losyaf theppitignl steenghsybbbe explained-on 25
adj usting the_quantum cryptography device with renoving the attenuator 4, 4
February 20051® ig.i& Iegbskawiea legs: of the strerpih of eachBghs psilzewhen thae
equation, the_.larger the loss L becones, the less the strength M of the
| i ght pligbepodesitand it pass throtiglathe aitendegoadcand WBishiowsek bsstofie
adjustnment difficult. Disclosure of the Invention
5  the strength of each light pulse when the light pulses P1 and P2 pass
through the phase modulator 8. In Fig. 8, the loss which is received when
the light pulses P1 and P2 pass through each element is shown as an arrow
L.
For instance, the strength of the light pulse input from the optical
10 fiber 10 for communication is supposed as S, the loss of the TE polariZation
wave of the phase modulator 8 as L8 (TE), the loss of the TM polarization
wave of the phase modulator 8 as L8 (TM), the other losses as LZ, and their
concrete values are:
Here, the other losses include L4.
15 S=50dB
1.8 (TE) = 6dB
L8 (TM) = 30dB
1LZ =2dB
When the whole loss of the optical strength is supposed as L, L can be
20 obtained by the following equation:
L=1L8 (TE)+LZ+ 1.8 (TM) + LZ
=6+2+30+2
= 40dB
| At this time, when the strength of the Iight pulse is supposed as M on

25  adjusting the quantum cryptography device with removing the attenuator 4,




The invention provides a transnission device for an opti c&IFebrga 2005
conprising: a first beamsplitter for receiving the optical signal and for
splitting the optical signal into a TE polarisation optical signal and a TM
pol arisation optical signal; a first- éptlcal path for receiving the T™M

pol ari sati on optical signal from the first beamsplitter; a second optical
pat h for Weseabtiingdblge TE pol ari sation optical signal fromthe first beam

splitter; ul at.or ,}oc in the second optical path; a second
beam spl i tterhﬁé pﬂ?i‘r 3& 61h nﬁ@‘ggchanger for receiving the TM and TE
pol ari SatAQ@.ho%tlhftﬁé eghﬁlt'i@ﬂ thé i gePHALBY LK oRfisatHeSIRS e s@lfentgﬂ?ME

pol ari sation opti cal nal” to a changed TM pol ari sation optical signal

and t he mﬂﬂwl@mpﬂﬂsaﬁeﬁdmes i pbe S Ngativds dograded) whighhmakes the changed TE
pol ari sati.on o nal, and for returning the changed optical signals
back to tfffﬁ gggfdﬁéﬁﬁv@éﬁl]ﬁgspl itter so that the second beamsplitter splits
the changed TM pol ari sation optical signal and changed TE pol arisation
optical signal and supi)l i es the changed TM pol arisation optical signal to

the firstDoslostue o pplies the changed TE pol arisation optical
signal to the second optical path; and wherein the changed TM pol ari sati on

Fecomi nepp gy MGy SRR Y iog o BB el PRRter i,
signal in whi chfitdidbephegslittlr fbﬁﬁc{-ﬁ/lﬁ lthe bptitalaignad pinddak dplllm@ thend the
changed TE pol arisation'o tlcal sig have been” nodifie t.he phase

modul at oroptcateigralinteadst pp mwmpt}ca Iiignal and a8 diVapo! #ﬁéétlehanger

conpri ses mrror, and wherein the first optical path is an
out goi ng ?@}%Tgf'%ﬁl’ return path for the

a first optical path for receiving the TM polarisation optical signal from

the first beam splitter;

a second optical path for receiving the TE polarisation optical signal
from the first beam splitter;

a phase modulator located in the second optical path;

a second beam splitter;

a polarisation mode changer for receiving the TM and TE polarisation
optical signals and changing the polarisation of the TE polarisation optical
signal to a changed TM polarisation optical signal and the polarisation of the
TM polarisation optical signal to a changed TE polarisation optical signal,
and for returning the changed optical signals back to the second beam splitter
so that the second beam splitter splits the changed TM polarisation optical
signal and changed TE polarisation optical signal and supplies the changed
TM polarisation optical signal to the first optical path and supplies the
changed TE polarisation optical signal to the second optical path; and

wherein the changed TM polarisation optical signal and the changed
TE polarisation optical signal are recombined by the first beam splitter to
provide a returning optical signal in which the phase of the TE polarisation
optical signal and the changed TE polarisation optical signal have been
modified by the phase modulator.




TM pol ari sation optical signal and changed TM pol ari sat i oft ksprpara208bgnal
respectively, and the second optical path is an outgoing path and a return
path for the TE polarisation optical spignal and changed TE pol ari sati on
optical signal. Preferably the transnisSion device further conprises a
supply optical path for supplying the optical signal to the first beam
spl i tt er ,Prefierably the/polarisation mpatih changagcampatses auBaradagndirson@indr i sat i on
controller, Preferably the transm ssion device further conpri.seg a coupler
For spi i VhEI e TPt AL SRS P M BOIE DA RS rIpES $aED S0 ro L he
supply opi : i A | rd for
contr o1 1 of BhisR Bt on Bltice? s Bt Blar B M ol FAion Il il |

si gnal raeepy@ivdly, 4he tleptéeald opdeggpah is Bhehiepabig/pithearbaqathrheam
splitter is for receiving the TE polarisation_  optical signal _and the TM

pol ari satpath fopthe AE polgnisationeptiaad signad mndrahanged ohid pedamsatioind suppl yi ng
t he  si gnallﬁ. tﬂi@t he ;pol ari sati on node changer. The invention also provides a
transm s fgﬂf’&' for an optical signal conprising: splitting the

~optical signal into a TE polarisation optical signal and a TM pol ari sation

optical ggralabyy the fahimedsioe ey e ﬁiﬁlﬁfricoiﬂ]?ﬂké@ é‘_@uf;?ﬁrod' liofll pethsat i on

optical signal fromthe first beam splitter to a fir ptical” path;

 suppl yi ndor sapplipglthe opsicabsignat i@ the frgrisant sphtteheheisupplypepticakpl i tter
to a second optical path; E:é‘oa\ggldi ng.a.phase nodul.ator | ocated in the second

optical pthhaviggangticgua HEOHTIHIATLEOERIEAl signal and the TM

polarisation optical signal fromthe first and second optical paths to a
pol o | o RpeR e RS To BB R coRBE A TbP SRS En ©F he
the optical signal and supplying the optical signal to the supply optical path

and to an optical detector, and a control board for controlling the phase
modulator in accordance with the timing of the signal received by the optical

detector.

Preferably the second beam splitter is for receiving the TE polarisation
opticél signal and the TM polarisation optical signal from the first and
second paths, and supplying the signals to the polarisation mode changer.

The invention also provides a transmission method for an optical signal
comprising:

splitting the optical signal into a TE polarisation optical signal and a
TM polarisation optical signal with a first beam splitter;

supplying the TM polarisation optical signal from the first beam
splitter to a first optical path;

supplying the TE polarisation optical signal from the first beam
splitter to a second optical path;

providing a phase modulator located in the second optical path;

supplying the TE polarisation optical signal and the TM polarisation
optical signal from the first and second optical paths to a polarisation mode




TM pol ari sation optical signal and the polarisation of théFehiyssy30P%ation
optical signal to a TE polarisation optical signal; supplying the changed
optical signals to a second beamsplitter to split 5 the changed T™M

pol ari sation optical signal and changed TE pol arisation optical signal and
suppl-yinng the changed TM pol ari sationBoptical signal to the first. optical
path and suppl ying the changed TE pol ari sation optical signal to the
second ophhager pathangenthenbsineisatioheofaha RE dolbviRelial é)ﬁﬁédl%mttb%ﬂ si gnal
and the ;ﬁangﬁd, 10 TE Bolanisation optical signal are reconbined by the
first beadm dplagipaiion eptipalosignel anddhapelansaipan ebthesThpolarisatdonch t he
phase of . optical,..si.gnal ;and the changed TE

TE ri I on . a
pol ar i satoﬁ)gl%aloglg?l&%%%m)ﬁ%é 9n.aptical5ieRdlad by the phase nodul ator. 15
Preferably theupplvihné 8B CRA ' LLrof.. and
wher el b the { {rEp Vet SRS bRANIS SpRtardRnationl LaBhabdsih BiReltd iy Tor
the S5TM plt ahasged TM polarisaiticsi gpidtalaigh dhanbelth IO DEdIaAEAEHnOPt | cal
si gnal retsﬁgt.i x‘/efn%/l,1 and the second optical path is an outgoing path and a
return pRPRAkJenehand-gupplying $he ichanged TMpolarigatiomeptict mgeal tEthe
pol ari sagi.Qr ' S| ... Pref gr.abl e transm ssi gn et hod further
conpr i segk%rjo&é?cc?? E%Hg%? 3&5%’%6‘;{ { ea"%’?ﬁ’eﬁeﬁ '#]gpoi‘tfﬁﬂ@‘ﬁapﬁﬁ%l %E{‘?ﬂféﬂ si gnal
to the fihessedoadopsichl path; aride supply optical path having an attenuator
and a polarisation controller. 25 Preferably the transm ssion nethod

further conprV#etein theehnnged FMymlatisatign optisabgignahandithazhaaged suppl yi ng
the.qptigal_signal. to 1.he su optical. path ~a to an optical detector,
andlg_ CQ?]Erp(ﬂ%%g%‘i’%P PB%C&#S" %F%ge‘i"ﬂg’lﬂﬁgé’é’ %Qfﬂség’éﬁm sPlif¢enidance with
Lhe Ui mpievide & RetiniiabptieAPikRdl BY witich B¢ bhidke ofcih FRYfSIhAbatidn mePT UATY

. optical signal and the changed TE polarisation optical signal have been

modified by the phase modulator.

15 Preferably the polarisation mode changer comprises a Faraday mirror, and
wherein the first optical path is an outgoing path and a return path for the
TM polarisation optical signal and changed TM polarisation optical signal
 respectively, and the second op-ticai pé.th is an outgoing path and a return
7 path for the TE pdlarisation optical signal and changed TE polarisation
20 optical signal. |

Preferably the transmission method further comprises providing a supply
optic-al path for suppljing the optical signal to the first beam: splitter, the
SuppIy optical path having an attenuator and a polarisation controller.
25
Preferably the transmission method further comprises a coupler for splitting
the optical signal and supplying the optical signal to the supply optical path
and to an optical deteétor, and a control board for controlling the phase
modulator in accordance with the timing of the signal received by the optical

10 - detector.




9 According to anot her aspect, the invention provides a t f&1sERa8¥ 2085 devi ce
for an optical signal conprising: a beamsplitter for splitting the opti cal
signal into a TE polarisation optical signal and a TM pol ari sati on opti cal
signal; an optical transmtting/receiying path for supplying the optical
signal to the beamsplitter and receiving the optical signal fromthe beam
splitter; an optical |ooping path connected to the beamsplitter; a phase

dul L : : _ ) . . . h
opt i cal AsopiRg TooRio Rt ayRa: S, 1Bgbtiof 7BV Rles3F i niREsh BBARRST o "so
t hat t h@orTih p@ﬁ@_ﬁ]’ SighhPBoRiristag: signal is supplied fromthe beamsplitter

to the polarisation node changer, and the TE polarisation optical signal
i s supplied ahean speliveaforsslittingrthe optical SWE inteoaldIEapolarisati@nwherein the

pol ari sati.on. nobde, chan changes the TM pol arisation optical signal to a
changedO?Ecglcﬁlgpf‘g%’P&G%PP%%@PB%U% Stghelchanged TE pol ari sati on
optical sign oﬁﬁﬂ: : : | ' ; : phase
nodul at or anght ena:1 g&%{ﬁgn %@%Hgﬁlﬁlpf%ﬁggﬁaﬁﬂj M&i@{:ﬁb@é&%ﬁgﬁﬁat i on
opti cal teilgnbeamspdittepldrelrdeyiting the apticpl signat ftom tthe behassplittargul at or and

then travels around, the optical | oopi path to the polarisation node
changer so t ARwEptical k@magmtgézpnaﬁcfgaﬂpéﬁp sPIter; changed to a changed

ool tter: ant ASE S GE AR DR e ey IGobBBRAEE®, he changed v
pol ari sati ong pWhri§diors hihtR! clades @@H@@?ﬁﬁapﬁj@ihg PatleAndPpositadned gnal as

the optical signal back to the optical Transm fting/receiVving path.
Pr ef er ab¢lgtivado e phasanmadulatasocthahthe T polardsation epledlsiignalosupl er for

changi ng & e froth R besi SPiitfertt (2 Poistisafon mdde cRifiger2hd T @Y ax! s of
polarisation optical signal is supplied from the beam splitter to the phase
modulator; and
wherein the polarisation mode changer changes the TM polarisation
optical signal to a changed TE polarisation optical signal so the changed TE
- polarisation optical signal can travel through the optical looping path to the
phase modulator and then to the beam splitter, and wherein the TE
Vpolarisation optical signal is supplied by the beam splitter to the phase
modulator and then travels around the optical looping path to the
polarisation mode changer so that the TE polarisation optical signal is
: changed to a changed TM polarisation optical signal which is then received
by the beam splitter; and |
wherein the beam splitter supplies the changed TM polarisation
~optical signal and changed TE polarisation optical signal as the optical signal

back to the optical transmitting/receiving path.

Preferably the polarisation mode changer comprises a fast/slow coupler for

- changing the polarisation mode by connecting a fast axis and a slow axis of a
polarisation wave axis of an optical fibre, the optical transmitting/receiving
path is used for an outgoing path and a return path for the optical signal, and
the optical looping path is used for an outgoing path and a returning path for




pol ari sati on wave axis of an optical fibre, the optical 4 February 2005
transmtting/receiving path is used for an outgoing path and a return path
for the optical signal, and the optical |ooping path is used for an

out going path and a returning path f o924 Febr uary 2005 - 9a the TE

pol ari sation optical signal and TM pol arisation optical signal split by

t he beamthplTE pelariftaineopiital digealoptd T polansatidn dbptcalesighal spjitpay h

i ncludes an.,attenuator and a polarisation controller. The invention still
further pP&NCIBLSAIMEE NS ssion method for an optical signal conprising:
splitting the optical signal into a TE pol arisation optical signal and a
TM pol ari sation optical signal by a beamsplitter; providing an optical

t ransni t tRrefénablethe optipatt thadsmittingfiegenvang path omlides asiagpeabator anse beam

splitter an&lrec I ving,t f optical signal fromthe beamsplitter;
provi di ng B W‘QQICQ%’GWB %g path connected to the beamsplitter;

provi di ng a phase nodul ator in the optical |ooping path; providing a

pol arisati on node changer in the optical |ooping path and positioned

rel ati ve The trheentivasstil hert provddes hdransmaisTianpaicthad forl amopficikal  si gnal
is supplied fromthe. beamsplitter to the polarisation node changer, and
“the TE pHEACHNBHSEKE i cal signal is supplied fromthe beamsplitter to

the phase nmody ftﬂhgltﬁ’gi nﬂglﬁlé aPﬁ?}t@rdm@Iﬁri@ﬁ@n(iﬁﬁ[&@rsigﬂa@fmﬁsathe ™

pol ari sati on ptic t0 a changed TE pol ari sation optical signal so

t he chandgiddl pelarisationiopitdadsigned ibyad beagnsplitéem travel through the opti cal
| oopi ng path to

R SRR T ISR, TR ey RO AN Y RS
splitter JfidaPQidiAss the beam splitter and receiving the optical signal from the

beam splitter;

providing an optical looping path connected to the beam splitter;

providing a phase modulator in the optical looping path;

providing a polarisation mode changer in the optical looping path and
positioned relative to the phase modulator so that the TM polarisation optical
signal is supplied from the beam splitter to the polarisation mode changer,
and the TE polarisation optical signal is supplied from the beam splitter to
the phase modulator;

wherein the polarisation mode changer changes the TM polarisation
optical signal to a changed TE polarisation optical signal so the changed TE
polarisation optical signal can travel through the optical looping path to the
phase modulator and then back to the beam splitter, and wherein the TE
polarisation optical signal is supplied by the beam splitter to the phase
modulator and then travels around the optical looping path to the
polarisation mode changer so that the TE polarisation optical signal is
changed to a changed TM polarisation optical signal which is then received
by the beam splitter; and

wherein the beam splitter supplies the changed TM polarisation
optical signal and changed TE polarisation optical signal as the optical
signal back to the optical transmitting/receiving path.




nodul ator and then travels around the optical |ooping pat# Hebrugiz 2005

pol ari sati on node changer so that the TE pol arisation optical signal is
changed to a changed TM pol ari sati on optical signal which is then received
by:the beamsplitter; and wherein the beamsplitter supplies the changed TM
pol ari sation optical signal and cha®yed TE pol ari sation optical signal as
the optical signal back to the optical transmtting/receiving path. 4
Febr uary P28f2ablothe FolatRaEBLYMbNE cROhA &thhABe IR ILstAISRIBLpRAMBEI SES a
fast/sl ow coupler for changing the polarisation node by connecting a fast
axi's andchasgiog the polafisatiopohedé bpiconnectinge adastsaxit amd oplomcakisfofla e, t he
optical transmtting/receiving path_js used for_ an outgoing path and a
return pRPRIFGIGHEAZREXALP %lilaaﬁwlh b, ﬁ?ﬁ@t@ﬁ!ﬁ@aﬂsm TRRFAIEE i s used

for an o E : i r anl I pti cal
‘si gnal aﬁé%ﬁg%@q}s%??%%%%% p %Q:l ngig‘%‘%}“égﬁatﬁ‘gg” Iﬁ%@%ﬁ g’%ﬁ’)?{n gr .

Pref &5 abtle bpHcaldobpitlg pathisdet faﬁéhaﬁﬂigﬁinw?m dind ﬁ%t’lﬁ%n@%{a&hﬁﬁﬂuat or
and 1.0 a polarisation controller. Brief Explanation of the Draw ngs Fig.
| shows' the 'E“&wtblgunsatliouropcttcahalg@q@d iaodl T/ polamsation apiitcal signal splt byr aphy
transm s i0ﬁ devi ce, of Faraday mrror systemaccording to the 1.5
preferre % i tetot ¢ he present invention. Fig. 2 is a flowchart

showi ng the operation of Fig. 1. 4 February 2005 10 Fig. 3 shows a status
of light pulses. Fig. 4 shows a tine sequential status of the |ight pulse.
Fig. 5 sPreferablygdhtioptical irmmsefitiingbptéivig pytt aroludssoas atignuiatéhand

10 a polarisation controller.

Brief Explanation of the Drawings
Fig. 1 showsa conﬁgﬁration of an optical system of a quantum
cryptography transmission device of Faraday mirror system according to the
15  preferred embodiment of the present invention.

Fig. 2 is a flowchart showing the operation of Fig. 1.




second enbodi nent. Fig. 6 shows a configuration of an .optidckabragrs2805
according to the second enbodinent. Fig. 7 shows a general configuration of
a quantum cryptography device of a f&nventi onal Faraday mrror system
Fig.. 8 shows a status of light pulseS in the quantum cryptography 10
transm ssi on device of a conventional Faraday mrror system Fig. 9 shows a
configuration of an optical systemaccording to the third enbodinent. Fig.
10 is a flowhart showi ng the operation of Fig. 9. 15 Preferred Enbodi nents

for Carrying qut e lnventjion..,. odiment 1. Fig. | shows a configuration
of an optical %g%/s:{ o1 aftﬁhgn?f&ﬁ%%@ﬁ?%gr aphy transni ssion device 100
wi thin a quantum crypt ography devj.ce of a r myror system In the
quant um crypt o8 whd it} ﬁsgﬁﬂgg?%ﬁleﬁ@@ﬁ‘%%}:&eaﬁ%%{sﬁday mrror system
according to the present enbodinent, the optical paths to go ,out and to
return are madiE-@ ¥ho¥reaconfignration phay optisal sustem arsordiagdy thei ng t wo
pol ari zation beamsplitters. In the figure, the quantum cryptography
transmi §e%0d erehedimerdo i ncl udes a coupler 1 connected to an optical fiber
10 for- communjcation, an 25 optical detector 2 for detecting a light pulse
i npud from t hEig stshoars 4 configutatien oflakrepticak syse@dmctordiogrtatheat i on, a
pol-ari zation controller 3 for controlling the polarization node of the
i nput | sefondEmibedimemtat t enuator 4 for attenuating the strength of the
| i ght pul se and reducing the strength of the light pulse output fromthe
quant um cr ypt B dphpwdey geneitad cohfigarmtivniof & guahtdd. crypbegraphper pul se), 5
pol ari zation beamsplitters 5 and 6 for automatically switching the Iight
device of a conventional Faraday mirror system. ' :
Fig. 8 shows a status of light pulses in the quantum cryptography
10 transmission device of a conventional Faraday mirror system.
Fig. 9 shows a configuration of an optical system according to thé
third embodiment.

Fig.101s a ﬂowchart showing the operation of Fig. 9.

15  Preferred Embodiments for Carrying out the Invention.
Embodiment 1.
Fig. 1 shows a configuration of an optical system of a quantum
cryptography transmission device 100 within a quantum cryptography
| device of a Faraday mirror system. In the quantum cryptography
20 transmission device of the Faraday mirror syStem according to the present
embodiment, the optical paths to go out and to return are made different
“within the transmission device by using two polarization beam splitters.
In the figure, the quantum cryptography transmission device 100
includes a coupler 1 connected to an optical fiber 10 for communication, an

25 optical detector 2 for detecting a light pulse input from the optical fiber 10 for




pul se according to the polarization node; in case of the f#ifghtuasy28850f the
TE polarization wave, switching to an optical nodul ation path 13 which
passes through a phase nodul ator 8, and in case of the |light pulse of the
TM pol ari zati on wave, switching to an optical bypass path 11 which bypasses
the 10 light pulse of the TM pol ari zati on wave, a Faraday mrror 7 which
reflects the input pulse with rotating its polarization plate by 90
degrees; nanely, reflects the input pulse of the TE polarization wave as

the light pulse of the . TM pol ari zat.j on ve, . a reflects.the input pulse
of the FNPBHUHEAHGR; %Hoiw%l%cqm@liqr&%wpwqﬂ?gﬁ%%P? n Q%BI% zati on
wave, and the ﬂhase nodul at or 15 8 for phase nodul at.i ng.the pul se _which
passes vmdeufitheispphhight psbig) ap@tterglator f*if?%{ittﬁﬁﬂﬁ@&gq‘bﬁtsﬁr%gt 8fnects the
attenuator 4, the polarization beam splitter 5 the polarization beam

spl.i t t ethslighbpulsesurhrediyngithe sirengthhobdedighiopalse sutput fromtheonnect s t he
pol ari zati on beamsplitter 5, the phase nodulator 8, and the polarization
beam sphustismmeryfiloersgbyddvieptto ¢he guantudderd (Osl phatoadperapaliselel to the
first optical path RL. The phase nodulator 8 is placed at the second
optigal polatrizafidn Kddme sphicters Gural 6 dor abtonketidallyusveitching the lighte as Fig. 7.
In the follow ng, the operation will be explained referring to Figs. 2, 3,
and 4. ghlskidkcorllihg ta the poldiidtichmeidegin duseafehalighi poflsd dfthpUBRt um 4
February 2005 12 cryptography transm ssion device 100. Fig. 3 shows status

of the hiaization waoe, dwitdfifie $6 @k dhticaFinghddatiba\pathi 1Bewhidusise@l st at us
of the Tight pulse which passes through the optical bypass path 1.1 and

the opt{jaah h@guit% ! Laumbh 813ndifl cRbOSf the Hﬁﬂt PulsB.of Bhe TMD P2 show

pul ses. Arrows 5, L6, and L8 above each pul se respectively show

'S gls ;5 te ts eﬁ&lg%ﬁt%ﬁ%’aﬂt&ﬁ@é, switdERE L8 afloptREl BYHARYRIA 1 PwhidiEbPRiaks B | on beam
10 light pulse of the TM polarization wave, a Faraday mirror 7 which reflects
the input pulse with rotating it_s vpolarization plate by 90 degrees; namely,
reflects the input pulse of the TE polarization wave as the light pulse of the
TM polarization wave, and reflects the input pulse of the TM polarization
wave as the light pulse of the TE polarization wave, and the.phase modulator
15 8 for phase modulating the pulse which passes through the phase modulator
8. Afirst optical path R1 connects the attenuator 4, the polarization beam
splitter 5, the polarization beam splitter 6, and the Faraday mirror 7. A
second optical path R2 connects the polarization beam splitter 5, the phase
modulator 8, and the polarization beam splitter 6. The second obtical path
:20 R2 is placed parallel to the first optical path R1. ' The phase modulator 8 is
_placed at the second optical path R2. Other configuration of the figure 1s
the same as Fig. 7.
In the following, the operatién will be explained referring to Figs. 2, 3,
and 4.

25 Fig. 2 is a flowchart showing the operation of the quantum




pol ari zati on beam sputter 6, and the phase nodul ator 8. (4)Februgsy2805for a
outgoing path First, two |ight pulses P1 and P2 having two different '
pol ari zati on 10 nodes are input to the quantum cryptography transm ssion
device 100 of Fig. 1 through the optical fiber 10 for comunication with
staggered timngs (S 1). The light pulses P1 and P2 input through the
optical fiber 10 for comrunication are split into two by the coupler 1,

- and ones of the light pulses P1 and P2 split by the coupler 1 are detected

by the optical detector.2. 15 The ase,. | at or nodul at.es, only the

| i ght pEIYREOTAPAY: ITgPSIOLE1qn) gfyice ﬂﬁBse _lggf@?fﬁ’%%ﬂg&%afg‘?%f;‘g& the tim ngs
of detecting the ]ight pulses b)ﬁgt he. optical 'gft ector .2 ghg ot hers of the
|i ght ponlses agreaph sgefdorpy Kig drshgyvsiipe-segypnt &%P%Oéﬁ% E8H their

pol ari zation plates so that the phase nodulator 8 works optjimally (S2). At
thi s tipulsetwikichinasses thyoughthe opfrcabbypays patd hwnd the ppheabul ses P1 and
P2 input to the quantum cryptography transm ssion device 100 with the

st agger ewbdullatiom patls 18dj Us Fegs. Soand 4t B BhoorkPRisbowpprlaes.z shrmowsode of the
TE pol ari zati on wave. Accordingly, the second |ight pul se becones the

pol & i zb#j bA, hbgendLStdbevEMapb palsezeaspectively showTheses afltheaptizaliat or 4
attenuates the strength of the |ight pulse (S3). The 25 |ight pul se

di r ect i sigehgth hetlaatdayatorr4, ohe poldrizatiym bdwem pplitterdatthen 4 February 2005
13 controller 3 is selected by the polarization beamsplitter 5 to

r e- di r egélakfatiohil@aim ppligter Blahdhaghube npmlwdaiord.i on node of the TE .
pol ari zati on wave to the optical nodulation path 13 which passes through

t he ph S@?@Z@tiﬁf--aﬁ,outg&ﬁ' tshghl i ght pul se P2 having the polarization node
of theaﬁ?/l pol ari zation 5 vva\gelmt%o the optical bypass path 11 directing to

whi ch pass © G D b e hbe By ihe
POl A1 ZRLHRS aPERIPRb the Guaft@NErlPRigkab By tihsmission device 100 of Fig.
- 1 through the optical fiber 10 for communication with staggered timings (S1).
The light puises P1 and P2 input through the optical fiber 10 for
7 communication are split into two By the coupler 1, and ones of the light
pulses P1 and P2 split by the coupler 1 are detected by the optical detector 2.
15 The phase modulator 8 modulates only the light pulse P2 out of the light
pulses P1 and P2 according to the timings of detecting the light pulses by the
- optical detector 2. The others of the light pulses of P1 and P2 split by the
‘coupler 1 are adjusted their polarization plates so that thé phase modulator
8 works optimally (S2). At this time, the first light pulse P1 out of the two
20 light pulses P1 and P2 input to the quantum cryptography transmission
device 100 with .the staggered timings is adjusted so as to become the
polarization mode of the TE polarization wave. Accordingly, the second
light pulse becomes the polarization mode of the TM polarization wave.

Then, the attenuator 4 attenuates the strength of the light pulse (S3). The

25 light pulse directing to the Faraday mirror 7 through the polarization




Faraday mirror 7 (S5). The light pul se input to the Faraddfehfuarpe085i s
reflected; nanely, the light pulse having the pol arization node of the TE
10 pol ari zation wave is reflected as _the |ight pulse Pl having the

pol ari zati on node of the TM pol ari zdati on wave, and the |ight pul se having
the polarization node of the TM pol ari zation wave is reflected as the

| i ght pul se P2 having the polarization node of the TE pol ari zati on wave
(S6). (2) Step.S30 for a returning path 15 The reflected |ight pulses P1
and P2 are sel ected by the polarization, beamsplitter 6.to re-direct the
|i ght pGP%@OﬁEr gfls gelected. oﬁ%ﬁrﬁ"&l&?‘izéﬁ"%?@nl Bpﬁ‘{%%%c?ﬁtrreéda‘m% | ati on path
13 which passes through the phase ,m)dulgto 8, .and the light pulse Pl of
the T™ ME&M“%% Pbhayimgethepqlagzation e %9{)%’3’1‘% rizatigh WaMe 9y to t he
pol ari zation beamsplitter 5 (S7). The phagse nodul ator 8 20, i s adjusted its
timng Ibke ohticalompduvlatissapathol 3 whitkipassesdbreugh the phaspmadgdatorgy| se p2
which'is reflected by the Faraday mirror 7 and passes through the phase.
modul at end@hedipht pifiee PR dlavingithepalarigaition medeof thethI¥E palrdudadiaal  and t he
phase nodul ated |ight pulse P2 are transmtted toward the optical fiber 10
f or sonmaviedatthemptisal bypass path lhdioerying tetleppalesizatiantbeaim spliftéence. 25
The two |ight pulses P1 and P2 which pass through the different optical 4
Febr uar g (8295 THe pab highebubyes Y had Rwhyjch pessRiuradgly differeart optwak conbi ned
by the polarization. beamsplitter 5 and directed to the attenuator 4

(S9). ThathPhtccspnibiaed byahcqolatiestibhbeatn §rlitér 6tndiaphitgbtheul se phase
nodul ated by the phase nodulator 8 to the quantum |l evel (0.1 photon per

pul se) FGlday miffd@re@hher Thé hi%h't ip@iide Riph o RRE Fogallly onighoit Nés pol ari'zati on

controller 3'and the coupler and is'transmtted to the optical fiber 10

fl'ﬁ/lr pgloar | Zé{ilé%;in%(\e/lg,sﬂfe) lighiSp §IRe WA v EhPpokirizatlon IhBQQ bf gt TBYI se of the
10 ' polarization wave is reflected as the light pulse P1 having the polarization
mode of the TM polarization wave, and the light pulse having the
polarization mode of the TM polarization wave is reflected as the light pulse
P2 having the polarization ﬁode of the TE polarization wave (56).
(2) Step S30 for a returning path
| '_15 | | The reflected light pulses P1 and P2 are selected by the polarization
beam splitter 6 to re-direct the light pulse P2 of the TE polarization wave to
- the optical modulation path 13 Whiéh passes through the phase modulator 8,
and the light pulse P1 of tﬁe T™ polarization wave to the optical bypass path
11 directing to the polarization beam splitter 5'(S_7). The phase modulator 8
20 is adjusted its timing by the conirel board 9 to phase modulate only the light
pulse P2 which is reflected by the Faraday mirror 7 and passes through the
phase modulator 8 (58). The light pulse P1 which is not phase modulated
and thé phasé modulated light pulse P2 are transmitted toward the optical

" fiber 10 for communication as it returns through the optical path of incidence.

25 The two light pulses P1 and P2 which pass through the different optical




passes through the optical bypass path 11 which is a part 4dfebruy20p8¢
optical 10 path RL. On the other hand, only the light pulse of the TE

pol ari zati on wave passes through thf'optical nodul ati on path 13 which is a
part of the second optical path R2. ‘e order of passing of the |ight

pul ses is showmn by arrows A, A2, and A3 of Fig. 4. And further, the |ight
pul ses pass in the order of arrows A4, A5, and A6. 15 Here, the | oss of
the optical strength will be explained. For instance, the strength of the

l'ight pulse ipput fromth tical fiber 10 for.co jcation i s supposed
as S, tRathy e’b%’eti%ggii’yghﬁ&%r ay farTey fRre ﬁ%ﬁ”&’énﬂggy?bet he pol ari zati on
beam splitter 5 as L5, the |oss of the strength of t I g pul se due to
the pol #plarigation ]b@éPnSQi}F?qft%?n@dé%ecE@, tq the ’Q%QPBg@ro‘p ?Sfé?e' fengt h of the
i ght pul se due to the phase nodul ator 8 as L8, other |osses as LZ, and

their catienanton4ptienuates theosinengihool theHighitpielse phase modulated bijes t he
| oss L4 of the strength of the light pulse due to the attenuator 4 of Fig.

4, and she pbassnmodulation8, to therjupntam léwel (0.3 phajpn peripalseddeil0bd during t he
|l i ght pulses P1 and. P2 pass through each 25 part is shown by an arrow L.
4 Febr uftheredos, e lightptbeRadses shiRughothed®latigatids confrolez diavhen t he
whol e | oss of the optical strength is supposed as L, L can be obtained by
t he fol thevcagplex py &8d iotransmmtiedStothe@ptical fiber (Ddor ctiBmuniSatienl 7
| {511).
As shown in Fig. 4, only the light pulse of the TM polarization wave
passes through the optical bypass path 11 which is a part of the first optical
10 pathR1l. On the other hand, only the light pulse of the TE polarization
| | wave passes through the optical modulation path 13 which is a part of the
second optical path R2. The order of passing of the light pulses 1s shown by
arrows Al, A2, and A3 of Fig. 4. And further, the light pulses pass in the
order of arrows A4, Ab, and AG.
| 15 Here, the loss of the optical sirength will be explained.
For instancé, the strength of the light pulse input from the optical
| fiber 10 for communication is supposed as S, the loss of the strength of the
light pulse due to the polarization beam splitter 5 as L5, thé loss of the
strength of the light pulse due to the polarization beam splitter 6 as L6, the
20  loss of the strength of the light pulse due to the phase modulator 8 as L8,
- other losses as LZ, and their concrete values are shown below.
The other loseé L7 includes the loss L4 of the strength of the light
pulse due to the attenuator 4 of Fig. 4, and so forth. Further, in Fig. 4, the
loss which is received during the light pulses P1 and P2 pass through each

25  partis shown by an arrow L.




=5+5+2+5+6+5+2 = 30dB As descri bed above, there are two HiFphtugyl2908 to .
enter - the transm ssion device; the |light pulses of the TE pol arization wave
whi ch pass through the phase nndula%gr 8 and the TM pol ari zati on wave.
These light pulses are reflected by*the Faraday mrror 7, so that the TE
pol arization 15 wave is reflected as the TM pol ari zati on wave, and the T™M
pol ari zation wave is reflected as the TE polarization wave with rotating
its polarization plate and are output fromthe transm ssion device.
Conventionally, one_light pulse passes through the phase nodulator 8 in
two differentSstaPdBes; the TE pol arization wave and the TM pol ari zati on
wave. However, since the 20 transm ssion factor of the phase nodul ator 8
for the T™M poLéFfEdBion wave is low, the incident pulse is output with
reduced by, for exanple, 40dB. In the present enbodi ment, the phase
nmodul at or 8 i &6i5ypdBsed by the 1ight pulse of the TM pol arizati on wave
using the two pol arization beam splitters 5 and 6. Only the |ight pul se of
the TE pol ari L.8t=6dBwave is carried 25 to the phase nodulator 8. In this
way, the reduction of the incident pulse 4 February 2005 16 can be linmite
to 39dB, whi chZi=pdBves the SIN ratio by 10dB. As di scussed above, :
according to the present enbodinent, the optical path within the quantum
crypt ography Wisistheswhol ey bEtheléitidcd stepathiesuppededidicl. ducgebag and
returning paths using the two polarization beam5 splitters 5 and 6, and

t he phaggtarmg‘yb?ttﬁg SllbwinY eghdsdbnei ther path of the optical paths in the
quant um crypt ography transm ssion device of Faraday mrror system In this

enbodi nent, hB\A_/egg;,,_Igé)e,. L’zgihtL@mlmg]g-))s{pL'zt by the two polarization beam
splitters 5 and and passes through the quantum
- =5+5+2+5+6+5+2
10 = 30dB
As described above, there are two light pulses to enter the
transmission device; the light pulses of the TE polarization wave which pass
through the phase modulator 8 and the TM polarization wave. These light
pulseé are reflected by the Faraday mirror 7, so that the TE polarization
15 - wave is reflected as the TM polérization wave, and the TM polarization wave
is reflected as the TE polarization wave with rotating its polarization plate .
~ and are output from the transmission device. Conventionally, one light
| pulse pasées through the phase modulator 8 in two different statuses; the TE
polarization wave and the TM polarization wave. However, since the
20 transmission factor of the phase modul_ator 8 for the TM polarization wave .is
lox;v, the incident pulse is output with reduced by, for example, 40dB.
' Inthe pi*esent embodiment, the phase modulator 8 is bypassed by the
-Iight pulse of the TM polarization wave using the two polarization beam

| splitters 5 and 6. Only the light pulse of the TE polarization wave is carried

25 tothe phase modulator 8. In this way, the reduction of the incident pulse




10 cryptography transmi ssion device using different paths4 Hebruayt2§5ng and
returning. Accordingly, the light pul se passes through the phase nodul at or
8 only once and by the formof only fhe Iight pulse having the polarization
node of the TE pol arization wave, so't hat the loss of the incident pul se
due to the quantum cryptography transm ssion device 100 becones 30dB when
the 15 attenuator 4 is renoved, which prevents the |oss of 10dB conpared
with. the |oss due to the quantum cryptography transn ssion device 100 in
~the conventional art. This neans, the SIN ratio is ingproved by 10dB at

adj ust i Ay Pedanitedte 30dBapy §hfrapaerfq¥sfihet% 5MaA P AR, pt ogr aphy devi ce
easily. 20 Enbodinment 2. In Fig. 1, the polarization beamsplitters 5 and 6
whi ch’ r ef | ect Asiddscrssed gbaye, Asconshing e she paesend embadimemothe optigalon wave
are used. As shown in Fig.. 5, another polarization beamsplitter 5a which
r ef | ect patthwithin. the qeindnivetypéegraphy taadsaissior deyioe d002a separatedm
splitter 6a which passes 4 February 2005 17 the TE pol ari zati on wave can be
used. | forahetdwegoinmyandisetsinoing pathsi uping the tworgulaxitatoon bbamwhe pol ari zati on
beam splitter 5 which passes the TM pol ari zati on wave and the pol ari zation
bears spiplitters Handhd,cndidssgsadehaodalator 8ris pdddedratvatteergarthbef theed. Yet 5
further, another conbination of the polarization beamsplitter 5a which

passes épcalpaik an ithalquahtiave yptskrbpBy pedsdmkaidmodeieast Batdddyer 6 whi ch
passes the TM pol ari zati on wave can be used, which is not illustrated in
the fighf@r syBRoraraday mrror 7 is used in Fig. 1, however, another
conponent 10 can be used as long as it has the sane function as the

Faraday m rrofy, this embodiment, however, the light pulse is split by the two
polarization beam splitters 5 and 6 and passes through the quantum
10 cryptography transmission device using different paths for outgoing and
returning. Accordingly, the light pulse passes through the phase modulator
8 only once and by the form of only the light pulse having the polarization
mode of the TE polarization wave, so that the loss of the incident pulse due to
the quantum cryptography transmission device 100 becomes 30dB when the
15 aftenuator 4 is removed, which prevents the loss of 10dB compared with the
loss due to the quantum cryptography transr‘nissib_n device 100 in the
conventionai art. This means, the S/N ratio is improved by 10dB at
adjusting time, which enables to adjust the quantum cryptography device
éasily. | |
20
Embodinieﬁt 2.
In Fig. 1, the polarization beam splitters 5 and 6 Whj(;h' reflect the TE
. polarization wave and pass the TM polarization wave are used. As shown
in Fig. 5, another polarization beam splitter 5a which reflects the TM

25 polarization wave and another polarization beam splitter 6a which passes




Enbodi nent 3. Fig. 9 shows another configuration in whi ch4thebrrayady
mrror -7 is not included. 15 In Fig. 9, the transm ssion device is
provided with an opti cal transmttiﬁ;/recei ving path R3 and an opti cal

| ooping path R4. The optical transmtting/receiving path R3 is provided
with the polarization controller 3, the attenuator 4, and the polarization
beam splitter 5. The polarization beamsplitter 5 includes three ports ‘A,
B, and C. A 20 port is connected to the optical transmtting/receiving path
R3. B paort. i connected to ong end,of the optical |ooping path R4. C port
is conngléﬁ g‘h:sl?‘&ar‘FﬁE‘oBt%‘fe %g‘éflsﬁﬂe optical |ooping path R4&. Wth this
configuration, the_ optical sighal gutput from B port, js ipput to C port.
The optical siyaBPthaFYEEY “@Hb%%‘g-i%ai mf‘HOBOE(St‘? POLZ]’?}"W?‘% nafter,
it is defined as "loop flow' to | oop the optical signal 4 February 2005 18
bet weenbsamanlitierd whieh passasriger N pRlarieation gmyendid thapalarizagionont i cal

| ooping path R4 is provided with the phase nodul ator 8 and a_fast/slow
coupl er b@om splistdraGa whidwpasaesl the 6 polanization wave kan el wiedz atfebn wave to
the TE pol ari zati on wave by connecting a fast axis of 5 polarization axis
of the fptthenlanbilarconpbiaasionvefthieqolandatitmbhgemn splidtaba pdiieh i zati on wave
to the TM pol ari zati on wave. The fast/slow coupler 70 is an exanple of a
pol ar i zpasses the BE pblriationWwavé iagldt theylderigdtiom bedi gpditéer @ athicm wave and
the |ight pulse of the TE polarization wave are separated by the

pol ari zpaéses the M Rl dtikeiond waaetanlk hbel, wigh ipubs Hhwltrated ihthe

pol ari zation wave is directly carried to the phase nodul ator 8. The |ight
pul se ofiofiie TM pol ari zation wave is carried to the other inlet of the
phase nodul ator 8 through the fast/slow coupler 70.

The Faraday mirror 7 is used in Fig. 1, however, another component

10  can be used as long as it has the same function as the Faraday mirror 7.

Embodiment 3.
Fig. 9 shows another configuration in which the Faraday mirror 7 is
not included.
15 In Fig. 9, the transmission device is provided with an optical
tr;msmitting/receiving path R3 and an optical looping path R4.
| The optical transmitting/receiving path R3 is provided with the |
polarization cdntroller 3, the attenuator 4, .and the polarization beam splitter
5. The polarization beam splitter 5 includes three ports A, B,and C. A
20 port is connected to the optical transmitting/receiving path R3. B port is
| c;t)nnected to one end of the optical looping path Rﬁi. C port is connected to
i;he other end of the optical looping path R4. With this configuration, the
optical si'gnal output from B port is input to C port. The optical signal
output from C port is input to B port.

25 _ Hereinafter, it is defined as “loop flow” to loop the optical signal




Fig. 10 is a flowchart showing the operation of the quant&dhebruaryg00§r aphy
transm ssion device 100 of Fig. 9. 15 (1) Step S40 for an outgoing path The
~operations of Si through S4 of the step S40 for an outgoing path shown in
Fig. 10 are the sanme as the operati dfis of S1 through S4 shown in Fig. 2.
(2) Step S50 for a loop flow 20 The light pulse of the TE pol arization wave
which is split by the polarization beamsplitter 5is input to the phase
nodul at or 8 and phase nodulated (S8). Next, the phase nodul ated |i ght

pul se-of the TE. polarjzation wave is input  to the fast/slow coupler 70,
changedb¢tveeenpB ipart and (oporfoudng shepptierdoeningnathsRehe 1i ght pul se of the
TM pol ari zation 25 wave. 4 February 2005 19 On the other hand, the |ight
pul se of the The ppticalilpapirgrpatinvB4 sppiavidesd withethzopbasermodutatbe8m splitter
5is input to the fast/slow coupler 70, changed its node to the TE

pol ar i zahd arfastislewf compléh@0. TN he fastistat icoupleaW® chiaskey thaAtMout put. The

| ight pulse of the TE pol arization wave output from5 the fast/slow coupler

70 i s i pgldtizhbioheayhrsiha PR Yok Hration alve by cdodnepliage fasbdrisaifed and
output to the polarization beamsplitter 5 without nodulation. (3) Step

S60 & orpalarhtibhiakis GBfHe dittcalfitedtth anowlaxs) andr chiglzebthe IE t he step S60
for a returning path 10 shown in Fig. 10 are the sane as the operations of

55 e 0 Yl i ek e 540 276 S0
transm 44 bROpREsE F pitrRAttib Hrodd RBafik&P |
The lLight pulse of the TM polarization wave and the light pulse of the
TE polarization wave are separated by the polarization beam splitter 5, and
10  the light pulse of the TE polarization wave is directiy carried to the phase
modulator 8. The light pulse of the TM polarization wave is carried to the
other inlet of the phase modulator 8 through the fast/slow coupler 70.
Fig. 10 is a flowchart showing the operation of the quantum
cryptography transmission device 100 of Fig. 9. -
15 (1) Step S40 for an cutgoing path |
The operations of S1 through S4 of the step 540 for an outgoing p-ath

shown i Fig. 10 are tﬁe same as the operations of S1 through S4 shown in
Fig. 2. ’
(2) Step S50 for a loop flow
.20 The light pulse of the TE polarization wave which is split by the
polarization beam Sblitter 5 is input to the phase modulator 8 and phase
~ modulated (S8). Next,.the phase modulated light pulse of the TE
polarization wave is input to the fast/slow coupler 70, changed its

polarization mode (812), and output as the light pulse of the TM polarization

25 wave.




S50 for a loop flowis perforned in the optical |ooping pédtHebRéary]200Even
when the configuration shown in Fig. 9 is used, the light pulse of the TE
pol ari zati on wave output fromB port_is returned to C port after passing
t hrough t he phase nodul ator 8 only oftte. Accordingly, the loss of the
optical strength can be m nim zed, which enables the sanme effect as the
foregoi ng enbodi nents. 20 The fast/slow coupler 70 is one exanple of a

pol ari zati on node changer, and another device-can be used as long as it

can change the ol ari zati on waye. bet ywee M and TE.. For instance, 1/2A
plate (k: wav&n Bigether % the ight Ppﬁﬁﬁﬁﬁ ATIEROR St VeAP it |
comuni cation cable can be used with twisting by 90 degrees. Further, the
opti cal bydhenlarraten begmeslitberc ps mt@éﬁﬁb@g@ﬁ/ﬂwm@p&%‘?%g by 90
degrees. 4 February 2005 - 20 Industrial Applicability As has been

descr i betianged tbsdiode tothenBE quiarizatior ywave dromp ke TM potaizationwasei ce 100
of Faraday mrror systemof preferred enbodinent 5 of the invention, the
opti cal (Pa2YandrontputyviBhe ligbt pulsegdithg THhgolaeizatinregase patpatfromni t hi n t he
device, so that the |light pulse passes through the phase nodulator 8 only
onces A¢hefshitiddw coupler/7ss input hetlsd peagt inodalatbe 8y bdtitedot plaast t he SIN
ratio can be inproved at adjusting tinme of the quantum cryptography
transm ssidilactaVase odffut tohthepodadbiten beamdiplittert heviflibutr ansm ssi on devi ce
easily. Further, according to another preferred enbodi nent of the

i nventi @gbdulhfienopti cal | ooping path is used, which avoids using the :
Faraday mrror and facilitates the configuration of the device. 15 In the

cl ains mi%pf d R¥ ARGubRingiPathr ecedi ng description of the invention,

except ere the context requires otherw se due to express
: The operations of S9 through S11 of the step S60 for a returning path

10 shown in Fig. 10 are the same as the operations of S9 through S11 shown in
| Fig. 2.
The above-described the steps S40 and S60 for outgoing/returning
paths are performed in the optical transmitting/receiving path R3. The step
S50 for a loop flow is performed in the optical looping path R4.

'1'5.' Even when the configuration shown in F1g 9 is used, the light pulse .
of the TE polarizatioﬁ wave output from B port is returned to C port after
passing through the phase modulator 8 only once. Accordingly, the loss of
the optical strength cén be minimized, which enables the same effect as the

- foregoing embodiments.

: 20 The fast/slow coupler 70 is one examplg of a polarization mode
changer, and another device can be used as long as it can chagge the
polarization ﬁavé between TM and TE. For instance, 1/2A plate (A: wave
length) can be used. In another way, the optical communication cable can
be used with twisting by 90 degrees. Further, the optical communication

25 cable can be connected with crossing by 90 degrees.




- language or necessary inplication, the word "conprise", o# RemuayiZd0$ such
as - "conprises" or "conprising"”, is used in an inclusive sense, le. to
specify the presence of the stated features but not to preclude the

- presence or addition of 20 further features in various enbodi nents of the
invention. 4 February 2005 -21 CLAINMS5201- A transmi ssion device for an
optical signal conprising: a first beamsplitter for receiving the optica
signal and for splitting the optical signal into a TE pol arisation opti cal
~signal a TM paol arisation optical signal; a first optical path for
receivin3ﬂ¥ t ﬂf%@P&ﬁﬁEﬂFWon optical signal fromthe first beamsplitter;

a second optic f receilVving t.he TE,pol arisation optical signal
fromthe fi rstg%gggtbg(ﬁ?ﬁetq(é?,ge% ?ﬁ?g %tt?ﬁibﬁt%’raqt%ﬂa‘f’%@t?gmﬂi’é' second
optical pRhAsmiskisedetite DOVOSPAIdda§ i hSat | drthaERn O
receiving thsén'l%'Mland TE pol arf?n:%ﬁdgg’ mgg??gg%%g?gfn%ﬁ@ge%%g%c anglg%ntt he
pol ar psatufdhe ahvemtdod, Ehpaiptidad paithe aop previbed $hgmaigoing and ratgadngM

pol arisation optical, .signal] and th ol arisation of the TM_polarisation
Dot cal  SPOREAEL, WatiR ARG dleviie, soIthat be HEht apisensses gheaugh thahart

et ur ni ngpd, ' to.ih d b Litt
{hat  t ho BeRELAERARER, ORid (AboRuly” R ol e SrR R o B2TeBRot e °°
signal amsdciieGNirdito peh dei ingiiovad Rlddyasting Gined ok §uRRbiRS the changed

TM pol ari sation optical signal to the first optical path and supplies the
changed FYRisprnlvatiapsmigsiongdevicayhdl, whichrenabdeotwadjust the path; and

whergi n %&%S%%E‘?’%g‘ﬂ%egﬁ!%ﬁa‘il sation optical signal and the changed TE

pol arisation o Yare recombi ned by the first beamsplitter to
Further, according to another preferred embodiment of the invention,

. the optical looping path is used, which avoids using the Faraday mirror and
facilitates the configuration of the device. '

15 In the claims which follow and in the preceding description of the
‘invention, except where the context réquires otherwise due to express
language or necessary implication, the word “comprise”, or variations such as

' “compris'es” or “comprising”, is used in an inclusive sense, ie. to specify the
presence of the stated features but not to preclude the presence or addition of -

20 further features in various embodiments of the invention.




provide a returning optical signal in which the phase of ¢riebryary 2005

pol arisation optical signal and the changed TE pol ari sation optical signal
have been nodified by the phase nodulator. 2. The transm ssion device
according to claim1l wherein the polarjjsati on node changer conprises a
Faraday mrror, and wherein the first optical path is an outgoing path and
a return path for the TM pol ari sati@nagpjgcal signal and changed T™

pol ari sation optical signal respecti vé y, and the second optical path is
an outgoing path and a return path for the TE pol arisation optical signal

“and changkd TR prmnissivhatevape fonin optical sighaFebmpatsingn05 - 22 3. The

SUppl v opt | cald PEHPCREH SRUBRT fecenandhponicel Sienel dodRe spRREEE ' beam -
SPli L er, (heRftRAPRI dhe PhiCATIP B MurfaYioht A ST o M polBriBaiai | sati on
r . The

controlle . 1 ransm ssi o evice according to any one of clains 1 to
3 furt heroptecalsigsalng a coupler for splitting the optical signal and

| yi th tical. i . to th I tical .path tical
et octor . ana etk tA Fo o gat traebrngaRe M BB Rk B sl o

- accor dancgoi fHe fifke tehfl §8liér; the signal received by the optical detector.

5. Atransm ssion device according to any one of clains 1 to 4 wherein the
second beam spd seaand opti¢alrpathder veerivingetieel Boralarisation epbigal signaki gnal

and  supprgThte HERBILFRIEE N he pol ari sati on mode changer. A transhiss én
nmet hod for an @ghﬁé@ﬂno‘élw&t@k 16€4tRd 1A tHE seednd bptital pawd; optical signal into
a TE pol arisation optical signal and a 20 TM pol ari'sati on optical signal
with a first beseaand beanarsplidi@spl yi ng the TM pol ari sation optical signal
fromthe fir Sty Bgﬁxrlnlsation mode changer for receiving the TM and TE polarisation
optical signals and changing the polarisation of the TE polarisation optical
signal to a changed TM polarisation optical signal and the polarisation of the
~ TM polarisation optical signal to a changed TE polarisation optical signal,
- and for returning the changed optical signals back to the second beam splitter
so that the second beam splitter splits the changed TM polarisation optical
signal and changed TE polarisation optical signal and supplies the changed
TM polarisation optical signal to the first optical path and supplies the
changed TE polarisation optical signal to the second optical path; and
wherein the changed TM polarisation optical signal and the changed
~ TE polarisation optical signal are recombined by the first beam splitter to
provide a returning optical signal in which the phase of the TE polarisation
optical signal and the changed TE polarisation optical signal have been

modified by the phase modulator.

2. The transmission device according to claim 1 wherein the polarisation
mode changer comprises a Faraday mirror, and wherein the first optical path
is an outgoing path and a return path for the TM polarisation optical signal
and changed TM polarisation optical signal respectively, and the second
optical path is an outgoing path and a return path for the TE polarisation
optical signal and changed TE polarisation optical signal.




splitter to a first optical path; supplying the TE pol ari §a1:tqbélﬂﬁr8;¥[‘)p§al
.signal fromthe first beam splitter to a second optical path; 25 providing
a phase nodul ator located in the second optical path; supplying the TE -
pol ari sation optical signal and the TM pol arisation optical signal from
the first and second optical paths to2a pol arisation node changer to
change the polarisation of the TE polarisation optical signal to a TM

pol ari sation optical signal and the polarisation of the TM pol ari sati on 30
optical signal to a TE polarisation optical signal; supplying the changed
opti cal s#-gnal Fhe transseissivag desdioe sptartling ta dabplli ¢or clahm Thathed T™M

pol ari sation optical signal .and nged TE, pol.arisati.on 4 February 2005 -
23 opti CAMEY |3§HBP13’ %ﬁqm&%{{%@gﬁw@%w onfncaisigralde thetiiishl si gnal
to the fy | ' lari sation

opti cal sl?%angSBPgﬂeg’t heeogieigtgﬁgﬂ)g%tld%gﬂ %%ﬁ&%%%%&%&gﬁagﬁg changed ™™

pol ar Esatpadarieation @bntvioieal and the changed TE pol arisation optical -signal
are reconbined by the first beamsplitter to provide a returning optical
signal in which the-phase of the TE polarisation optical signal and the

changed polmari sation optigal signal. have been difi by.th hase
nodul at o-rEE 10 'ﬂ{/eﬁ: H?Wésﬁlggréeﬂ?sﬁ%.rm%&né’c% i ﬁlmﬁﬁgqoar%y mréﬁg\ﬁer ein
the pol acbfidirififg a'FPIGNRRIPTitEABhE Wi hdg i in the
first optiglgjltr pa_tgﬁl IS an ou gloi ng&pg?%%ﬂiggh?g?ﬁgﬁg?ﬁn@}gt eﬁ{?ﬁl

pol ar i sasigmldpthe stpplyopticalarathchahtredn Ditical detiestdr, andeptordadl si gnal

res tiyel and the .second, optical, path is ap outgoing path and a return
pat Iaﬁf or Y’?ﬁgd b cﬁﬁ#ﬁﬁ‘gﬁttﬁﬁr?hafg IB%‘E‘F]@&‘P" 0 WFEW ¥ upEngefar i sati on
optical gh&Bfnal Seceld by R8s BptrhPHefRldyod according to claim6 or claim?7

further

5. A transmission device according to any one of claims 1 to 4 wherein the
second beam splitter is for receiving the TE polarisation optical signal and
15  the TM polarisation optical signal from the first and second paths, and

supplying the signals to the polarisation mode changer.

6. A transmission method for an optical signal comprising:
, splitting the optical signal into a TE polarisation optical signal and a
20 T™ polarisation‘optical signal with a first beam splitter;
| supplying the TM polarisation optical signal from the first beam
splitter to a first opticél path;
supplying the TE polarisation optical signal from the first beam
splitter to a second optical path;
25 providing a phase modulator located in the second optical path;
supplying the TE polarisation optical signal and the TM polarisation
optical signal from the first and second optical paths to a polarisation mode
changer to change the polarisation of the TE polarisation optical signal to a
TM polarisation optical signal and the polarisation of the TM polarisation
30 optical signal to a TE polarisation optical signal;
supplying the changed optical signals to a second beam splitter to split
the chariged ™ polérisation'optical signal and changed TE polarisation




conpri-sing providing a supply optical path for supplying #Hebogry805si gnal
to the first beam sputter, the supply optical path having an attenuator
and a .20 polarisation controller. 9. The transm ssion nethod according to
any one of clains 6 to 8 further conprising a coupler for splitting the
optical signal and supplying the optiCal signal to the supply optical path
tor, and a control .25 board for controlling the

d i.cal
SﬂasteonggQﬂotgéagr%?ﬁﬁqe@Eﬁt ¥ Fupplyengtha chaegad Fvhpolarisation entinadisignaddoibd by
h i i ssiion dewvi ‘ i.cal .si gnal
R T R P T N

pol ari satthersecofld @pticabpati;@@ and a TM pol ari sation optical signal; an
optical transmtting/receiving path for supplying the optical signal to

t he beam spl i twhereandhe ebenged JM polapsatian optignbdighaband ke bhanpsd! i tter;
4 Febpuary,2005.- 24 an.aopt.ic | oopi ng .path connected to the beam :
splitter ;rf(Eé?o %@1%88{}8‘%8?1@ ferespr P& E’B&g@@sbi‘ﬁﬁm splgéenta sat i on
mode chang@gyide Fo&: L 684 o4 10904 RO; JRETTY Lt r .lve to the
phase- rmgﬁ? alt or so tlﬁgéé tsﬁ{elc%g%%glrlf@?cl on igécea#)éshl%ggglp%lll?&%&?nsuppl i ed
from t he opémal sighial bad the dhaggpd!'FE pehiri@idiDegticA1aAge4L handbddie TE

pol ari satiopn _optical signal is supplied fromthe beamsplitter to the phase
modul at o0 d\hyethe phaseemgdulatosat i on node changer changes the TM

pol arisation optical signal to a changed TE pol ari sation optical signal so
the changed TE 10 polarisation optical signal can travel through the
optim@l Foopi Thefhhsi@sdibe m&h@&%cﬁ&‘ﬂihé?t@ElaﬁHPG%!fé}ef.ﬂ)tl(ﬂié‘goﬁﬁ?éEt utter,
and wherein the TE polarisation optical signal 1s supplie y the beam

spl i tt er maslerdhangeasemprists| salaradaydntihen, andweheresn thofirdtheptigd ipath

| oopi n ath to t.he ‘
PI NG P&n ouggomg path and a return path for the TM polarisation optical signal

and changed TM polarisation optical signal respectively, and the second
optical path is an outgoing path and a return path for the TE polarisation
15 optical signal and changed TE polarisation optical signal.

8. The transmission method according to claim 6 or claim 7 further
comprising providing a supply optical path for supplying the optical signal to
the first beam splitter, the Supply optical path having an attenuator and a

20 polarisation controller.

9. The transmission method accorciing to any one of claims 6 to 8 further
“comprising a coupler for splitting the optical signal and supplying the optical
| signal to the supply optical path and to an optical detector, and a control
25  board for controlling the phase modulator in accordance with the timing of

the signal received by the optical detector.

10. A transmission device for an optical signal comprising:
a beam splitter for splitting the optical signal into a TE polarisation
30 optical signal and a TM polarisation optical signal;
an optical transmitting/receiving path for supplying f;he optical signal

to the beam splitter and receiving the optical signal from the beam splitter;




pol ari'sati on node changer so that the TE pol arisation opt F‘&ﬁbr%ﬂfgr?é)mi s 15
changed to a changed TM pol ari sation optical signal which is then received
by the beam sputter; and wherein the beamsplitter supplies the changed T™M
pol arisation optical signal and changgd TE pol arisation optical signal as
the optical signal back to the optical transmtting/receiving path. 20 11.

The device of c¢laim10.wherein the polarisation node changer conprises a
fast/sl ow coupflgrOp?ﬁa?&?%’ﬁﬁgﬁ’&té fen %‘Ftﬁflitgéi‘P%ﬁa%ﬁéh‘E?/r’connecti ng a fast

~axis and a sl owAss REIFRS & &aw . axi s.of an optical fibre, the
opti cal transmtr?fi&r?g/receiavﬂng{%at t?@alﬁl?éﬁm%aﬁ;gh out goi ng path and 25 a

return path foa poherispiior alodsi @ralgerandhehptial ideping FRH RAIRARidSediSEd
for an- out[gol n pgt h and a returning path for the pol ari sation opti cal
si gnal arf® EFFO?g%It ¢ Phase srodifatarado thiagrihie B palatiyation optiaal signial ier . 12.

The devi - Cf Al 0 pr. 11 rein,the optical transmtting/receiving 30
path- ?n‘clcsﬁu 5171 e?n&gﬁ é@]eug?aom S&"rﬁﬁ%& tﬁotlhé?rli’%la 1F8HOR &1 %%geriéﬁdﬁi%e TE

transni sgicdarieREibAGptRE] 81EnAR 4 ' LS Ngi e 005 25
splitti ngj t he1 oplt [ cgl Si gnal Féntg'gé@ér‘gﬁgé’f‘g?%%@‘o gﬁ% @aﬁjelsjﬁfgl%sé and a

TM pol ar medwlatosprdal signal by a beamsplitter; providing an optical

transmtting/ reﬁei Vi n paLah.fot supp] yi.ng the optical signal to the beam
splitter and recgst ﬁge PRty made ghanger shanges the Bhhnokasisatios ;

i di ' YTy INES .0 th Litter:
D ovi di noPEeap Bignal to s WA BoRBIORILT St Gal e RS RAR G T
pol &¥¢ sapplarisatilen opticglesighal ¢dittrapel ERtodgdPElid 6ptRal lodiiflg p%ﬁi.tbitﬁleed

relative {o the (ﬁﬂase nodul at or so that the TM pol ari sati on optica
bhase modulator and then to the beam splitter, and wherein the TE

- polarisatioﬁ optical signal is supplied by the beam splitter to the phase
modulator and then travels around the optical looping path to the
polarisation mode changer so that the TE polarisation optical signal is

- 15 . changed to a changed TM polarisation optical signal which is then received

| by the beam splitter; and
wherein the beam splitter supplies the changed TM polarisation

optical signal and changed TE polarisation optical signal as the optical signal
‘back to the optical transmittin'g/receiving path.

20
11. The device of claim 10 wherein the polarisation mode changer
comprises a fast/slow coupler for changing the ﬁolarisation mode by
i:orinecting a fast axis and a slow axis of a polarisation wave axis of an optical

| fibre, the optical transmittinélreceiving path is used for an outgoing path aﬁd

25 .a return path for the optical signal, and the optical looping path is used for an
outgoing path and a returning path for the TE polarisation optical signal and
TM polarisation optical signal split by the beam splitter.

12.  The device of claim 10 or 11 wherein the optical transmitting/receiving

30 path includes an attenuator and a polarisation controller.

| 13. A transmission method for an optical signal comprising:




10 signal is supplied fromthe beamsplitter to the pol ar #Febrwmy 2005
changer, and the TE pol arisation optical signal is supplied fromthe beam
splitter to the phase nodul ator; wherein the polarisation node changer

‘changes the TM pol ari sation optical gi,sgnal to a changed TE pol ari sation
optical signal so the changed TE 15 p6Farisation optical signhal can travel
through the optical |ooping path to the hase nodul ator and then back to

t he beam spl i t tRkitting thevapticalrsighal ingo agBE golarsaton opticabsiganband 4 s
supplied the beam splitt.er to .the phase ..nodul ator and then travels

ar ound th@N&BPfaééﬁa%f% W‘galpqég%ﬁtw R e PP at i on node changer so t hat
the TE pol ari sg}d jr%pé' ;51 BE _

pol ari sati on ogﬁ‘% si%%glhc%?%%gﬁﬁ?ﬁ%ﬁ&%ﬁ%%&)e%% %§%'El ﬁggﬁgg%msepl itter;
and" wher eoptitdlesipeantosiblei Hdai splifielriaesl tekeivihigobe dplivhbPsikani fohi eke opti cal
si gnal angfg:han%gd TE pol arisation optical signal as the optical signal
back o t B FPLEEET t ransmi tting/ recei ving path. 25 14. The nethod of claim

13 wherein th L arj sat | de ch - ' fast/. | |
for " thang no Paviie At ubRedO SR GRS conne Rl i G Be moiletn o ol ow
axi s of a pol grosalingh pRAS Aedeloran tﬁ@tob%!% 1Job'i¥i%gafsﬁte opt i cal

transmtting/receiving path is used for an outgoing th and 30 a return

path for the apovilingsi pplarisation mhde change in depopticaldodping pathcarkdr an
and- i Boeo i abigh b the PLhgh o dilnlar sy elldna ik EerieRBon opticabr uary
Fo0eu, 2ot TIOp A Bt 8 I AER AN B0 oy,
control | @nd the TE polarisation optical signal is supplied from the beam splitter to
the phase modulator;
- wherein the polarisation mode changer changes the TM polarisation
optical signal to a changed TE polarisation optical sigha.l so the changed TE
15 - polarisation optical signal can travel through the optical looping path to the
phase modulator and then back to the beam splitter, and wﬁerein the TE
polarisation optical signal is supplied by the beam splitter to the phase
modulator and then travels around the optical looping path to the
polarisaition mode changer so that the TE polarisation optical signal is
20 changed to a changed TM polarisation optical signal which is then received
by the beam splitter; and
| wherein the beam splitter supplies the changed TM polarisation
. optical signal and changed TE polarisation optical signal as the optical signal
| ~back to the optical transmitting/receiving path.
25 ' |
14.  The method of claim 13 wherein the polarisation mode changer
.comprises a fast/slow coupler for changing the polarisation mode by
connecting a fast axis and a slow axis of a polarisation wave axis of an optical
fibre, the optical transmitting/receiving path is used for an outgoing path and
3_0- ~ a return path for the optical signal, and the optical looping path is used for an
outgoing path and a returning path for the TE polarisation optical signal and

TM polarisation optical signal split by the beam splitter.




16. A transmni ssion device for an optical signal substanti dlHepreary 2005
-herei nbefore described with reference to any one of the enbodi nents of
Figures | to 6 and 9 and 10 of the acconpanying drawi ngs. 10 17. A
~transmi ssion nethod for an optical signal substantially as hereinbefore
described with reference to any one-of6the enbodi ments of Figures 1 to 6
and 9 and 10 of the acconpanying drawi ngs. Abstract An optical system of
a transm ssi on device for quantum cryptograph includes a Faraday mrror and
e, modul ator . has nmultiple refractivity, and it

a phase ul r. The pha

i spi nevi {Tﬁgl ea{[‘ge |n6%fé10§EPffi%mé§éara¥ﬂomb@r@im therqmticadue to the configuration
of the opt. : \ |1, ,the SIN ratio is reduced, i ch makes an
adj ust ne%hgtgﬁlslﬁgx&%y r?clﬁ%?%&(g f ;?'llhc]lﬂcp.l&]eﬁ i 6ﬁttenbla1?%rean?l ﬁcﬁ"ﬁéﬁ‘@a%ﬂt he -

transm ssdomraglidel ce i ncludes two |ight pulses of the TE polarization wave
and the TM pol ari zati on wave for a phase nodul ator 8. The |ight pul se of

the TE polarization wave is changed to the T™M pol ari zati on wave by
and.th arization wave is changed to the TE

a Farada rrpr 7 TM pol ,
pol ari za%iid(;]n \Ag\‘?éarifg}mrsﬁ’coé‘c %\SC?E%T o PrRFicabsigyal pubstantiadly a%f | ecting by the
Far aday WHeréRibef kT . SSi devi ce.  Two
pol ari zati on bgaonﬁez%%c?l?stee?& %har%? ‘%@‘?%‘5%@23} ns%odfﬁﬁgter?h%(ﬁﬂ% Otgul se of the
TM pol ar iFigaresn] vaGearshd windl DY pAsise hbomfasangdkahgs, 8. Only light
pul se of the TE polarization wave is carried to the phase _rmdul ator 8.

10 17. A transmission method for an optical signal substantially as

hereinbefore described with reference to any one of the embodiments of

Figures 1 to 6 and 9 and 10 of the accompanying drawings.






