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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 Ri bordy, et.al. ""Automated "plug & play' quantum key

“distribution,” 16-2117 (1998) or
the International ﬂ@#ﬁ%@dﬁﬁ%ﬁi@&&@ﬁ@@%@w " QUANTUM
CRYPTOGRAPHY DEVI CE AND METHQOD. ' (@gﬁ a quantum crypt ogr aphy
transm ssion device 100 i ncl L%CI%I Hpgr 1 connected to an opti cal
fiber 10 for conmunication, optical detector 2 for detecting a |ight
pul'se | npRPTEGALNSIGE AN @M$WS§I@%D&H%AW P THOALSIGNARuNI cat i 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 present invention relates to a transmission device for the use of,

for mstance, a quantum cryptography device of -Farada‘y mirror system.

10 Background Art
Fig. 7 shows é 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, é 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




an input pulse of the TM pol ari zation wave as the |ight pdiSbrodrytO5TE

pol ari-zati on wave, a phase nodul ator 8 for phase nodul ating the pul se

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

- lightwave of which vibration direction of electric vector is vertical to a
pl ane 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 ZATI I.s_a |.ightwave of i ch vibrati di rection of
ot | ATAREG P G 1 pdtgrabiofl mea s fla HEhEBussc e B Vi brat i on
direction,of electric vector is within,the plane of jncidence. A quantum
cr ypt ogPIFH 2L BV B2 Hg‘a‘?"é g a*f%’cgin f?élég‘a&e apedlating the.pulss on  det ect or
52, a phaoton detector 53, a polarization controller 54, a polarization

cont r ol Mepickpassesfhrapgh the phape madidatari®amiea cantrel boargd g'l‘ Herea phase
nodul ator 58, a control board 59, a |aser 60, a short optical path 61, and .
a 15 | dhe Tdppelazizapignivee (TRANSYERSEMLES TRIKe PEHABIZARION | be

expl ained referring to Fi{g. 8. The quantum crypt ography reception device
200 5n WAVEYisyehehtwave af whight vibpatiee dirdetiontod elateic veoteribeettiglt pul se P
is split by the coupler 51 and carried into the short optical path 61 and
t he | ongo aptianabf patiderfa. andf ther vibr2Gopdivectipacdhfphagwetid védter id ght pul se in
the long optical path 62 is adjusted by the polarization controller 55,

t he |i gktithinlthe plane af fricéderidar oQlle THiepdlhsisatiohovdws (TRASISVADRSEUt put to
the optical fiber 10 for comrunication by the polarization beamsplitter

56. The MAGNETI( POLARIZXTEIN WAVE) i€ al ligwh velofiwhichl viBr&igput to the
optical fiber 10 for communication. Since the long optical 25 path 62 is

| onger AfapibRef ali@ietRRlk6d isRRHHCA Yo 4 PRndi dffigERBhce AWdSHE P1 and 4
February 2005 3 7
10  vibration direction 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




P2 are output to the optical fiber 10 for comunication. Hdfebryaryt285!i ght
pul ses P1 and P2 having two different polarization nodes are output to the
optical fiber 10 for conmunication. e light pulses P1 and P2 having two
di fferent polarization nodes 5 are input to the quantum cryptography
transm ssi on device 100 through the optical fiber 10 for communi cation

Wi th staggered timngs. The light pulses P1 and P2 input through the
optical fiber 10 for conmmunication are divided into two by the coupler 1,

" respectipgel vy, and, on of ..t he.divided |light pul.ses Rl and P2.are detected
by the. beviea gy B B Shutaabin LB contl B B ) Nomiaebe 18HE, " he
light pulse B2 ou f. the |ight..pul ses P1. and P2 accordin to the timng
o *det obHRg HhEn A havinesd GfRrnat Spkriondneitorr oot B thsat | on
- planes of .t hlgfé,l())t hers of the i %ht pul ses P1 and P2 divided by the coupler
1 are afptsdicibes 14 fr GOMBMMGRIBH controller 3 so that the phase
nodul at or 8 wor ks, optimallg. At this time, the first_light pulse Pl out of
the 15 two |i ghe lightyadsesiPhpad®2 haging two diéergubpelasieation swpdaphy
transm ssion device 100 with staggered timngs is adjusted so as to have a
pol & i zare mputriodbesfuaptenTerypéographat iransmasseon devise di0ibroughéheecond
“light pulse P2 becones to have a pol arization node of a TM pol ari zati on
wave. Toptitaldiiber JhfogeowhnuhicadmsewithhstaggéredHempogsar i Pla¢ light pulsesol | er 3
and the attenuator 20 4 to direct to the Faraday mrror 7 is carried

t hr oughPil lndpR2 sepwutothitoaizhrth8 opaivel fibpr i Otfor tdmnfiarieaiayn pire dovidéd The |i ght
pul se input to the Faraday mrror 7 having the polarization node of the TE

pol ar i z@ith awoviBvihd cupl@f 1,eebpebthrely,thd o offilib Sevidedtlight Mdiped BLi zat i on
wave, and on the contrary, the light pulse of the TM pol ari zati on wave is

refl ect gdd 2 deaddtb@tl WuUileCoicad Actd@od B. PAharplZakimpduker 8The refl ected
light pulse is carried through the 4 February 2005 4 :
10 modulates only the light pulse P2 out of the light pulses P1 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




phase nmodul ator 8 again. The phase nodul ator 8 is adj ust ed FabsuaryZ0Rg by
‘the control board 9 so that the phase nodul ator 8 phase nodul ates only the
~second |ight pulse P2 out of the two,light pulses P1 and P2 which are
reflected by the Faraday mrror 7 and carried t hrough t he phase nodul at or
8. 5 The phase nodul ated light pulse P2 is transmtted toward the optical
fiber 10 for communication as if it flows backward through the optical
path of the incidence. The two |ight pulses P1 and P2 whi ch pass through

t he pha or .8 after eflect ed Far rror re directed
o the PhpseaduBHoh 8 apin ﬁ&aa&r thodifalet cadinte itk shinte BY t he 11 ght

pul ses 10 whi.c se .nmod d by nodul ator 8 he quantum

| evel %t? tltﬁ’ 1‘@5 S 'ihf@é? F’é%‘?‘i‘gﬁtﬁrtiﬁﬁ@%ﬁ%o ?%s‘“éaéé €serially

- through 3 pol arization caontroller 3 and the CO£I er 1, and is

transmstftc@H tl’fghFW@ls%gglo@élowhﬁéwoi@tﬂd?ul%ﬁhﬁpé % whichare he convent i onal

quantum cry ograph transm ssion device of 15 the Faraday mrror system
the |i gefl araday méarrgs Vi el grgisdshrongly e phhee sudnlajerifeal  pat h
as an out gor ng path and a returning path; nanely, the |light pul se passes
t hr ugiThéphpsmemwdubateddight pulseiR9els transmited i rdsthmeptited fikeght pul ses
having two different nodes: the polarization node of the TE polarization
wave i rlGvfirconimesicationhes ifiigAowsliaskwiasd thtatghvidiejoticarmdth; ofahd t he

pol ari zati on node of the TM pol ari zati on wave in which loss is very |arge
passes ihbidengh tThe padizhitqrilbed Bl ahd B wihieh pasd taughothel plgaseopt i cal
strength becones extrenely large. On adjusting the quantum cryptography

devi ce, mbdaladért 8 alidi Qeflécted byetiRvEgr-alag @aebr Part difccdedl otksl to increase
an SINratio (signal/noise ratio), however, there is a problemthat 25 the

. EI N r atdtenw@itord] UThiendtdhiiRosl ;it'@@m%t@ﬁttﬁénsﬁfe Fkl%f ﬁﬁ’é‘)ﬁgﬂ? ugRsbeconmes 4
ebruary 2005 extrenely small when the | oss the opti ca strength is
l'ange. which is phase modulated by the phase modulator 8 to the quantum level
(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




Hereinafter, the loss of the optical strength will be expAdichsery290fig. s,
L4 shows a | oss of the strength of each |ight pulse when the 1|ight pulses
P1 and P2 pass through the attenuator 4, and L8 shows a | oss of the
strength of each |ight pul se when t hd | i ght pulses PI and P2 pass through
the phase nodulator 8. In Fig. 8, the loss which is received when the
| i ght pul ses P1 and P2 pass through each el enent is shown as an arrow L.
For instance, the strength of the light pulse input fromthe optical 10
fiber 10 for gommunjcation i.s supposed as S, the loss of the TE
pol ar | , sxiselasmal v atﬁﬁ&giﬁ Lok 2pptical sfrengthy BERred-ne | oss of the T™
pol ari zati on _wave of the phase nodul ator 8 as L8 (TM,_ the other |osses as
Lz, and t hei r Hezeimaftercthplogeof thecoptpgalstrangthoyiliche paelagmed.ncl ude L4. S =
50dB L8 (TE) = 6dB L8 (TM 30dB LZ = 2dB Wen the whole |oss of the
optical strenlp Hig.$8,dubplsesia dess af the steemgih of pack bight padscoywhendheol | owi ng
equation: L =18 (TE) + LZ + L8 (TM + LZ =6+ 2 + 30 + 2 = 40dB At this
ti me, wheht phdsestl eagd P2opassithrouginthe atteavasorsdpioot b8 showd oloss 25
adj usting the quantum cryptography device with renoving the attenuator 4, 4
Febraar th€8abngthvof sachblightealsbwrhen 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
L8 (TE) = 6dB
L8 (TM) = 30dB
LZ =2dB
When the whole loss of the optical strength is supposed as L, L can be
20 obtained by the following equation:
L= L8 (TE) + LZ + L8 (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,




MES- L=50- 40=10dB As shown in the equation, the |arger the5duarydl0snes,
the less the strength M of the |ight pul se becones, and the S/Nratio is
degraded, which nakes the adjustnment difficult. Disclosure of the

I nventi on The invention provides a tralAsm ssion device for an optical
signal conmprising: a first beamsplitter for receiving the optical signal
and for sl istabtaiged bg: opt | cal SI gnal i nto a TE pol arisation optical signal

and a TM pol ar a’:sn m\(ﬁ a first optical path for receiving
the TM pol ar| Ep’t‘ g from the first beam splitter; a second

optical pag @h{)% ihqRe 'e&jhé‘@oﬁ hBe Tﬁg@@ﬂﬁ!l@@ﬂ eofRis] fR) 1e§d BiedtrenistiPN t he

first beamsplitter; a phasé nodufator located in fhe second opfical path;

a second cbiéﬂamlghhmﬂmbe@)nmﬁ:ﬂ ani ¢he SON mtidds dagraged, which makeyiliy the T™

and TE p r| sat| tlcal signals and changing the polarisation of the

TE pol ar| gﬁﬁ' signal to a changed TM pol ari sation optical signal

and t he pol arl sat ion of the TM polarisation optical signal to a changed TE

_polarlsatlon optlcal S|gnal and for returning the changed optical signals
hestwe Of Paanvaptiont er  so that the second beamsplitter splits

t he changed ™ poI arisation optical signal and changed TE pol ari sation

the 11 rst i B eliopIHRRldeS bl e evige TR A shihP BopriBlsidt Cyy
signal to the gfeqntanpiplitedr foatdreiving thb epecal digeal cindrfoegplitdngather i sati on

optical si gnal and the changed . TE polari satlon optical_ signal are

r econbi ne@ptisal shgnaliinta a%ppmsattmomca pﬁigﬂﬁ’-]oﬂil arlgvlpolargationi cal
signal in I:Y{,{Eafglénrﬁf phase of the TE pol arisation

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.




optical signal and the changed TE pol arisation optical si§dgbregye088en
nodi fi ed by the phase nodul ator. 4 February 2005 -7 Preferably the

pol ari sati on node changer conprises a J]:ar aday mrror, and wherein the
first optical path is an outgoing path’and a return path for the TM

pol ari sation optical signal and changed TM pol ari sation optical signal

r espect i VRieferabiyl thenpokesationapoide ahapgehcompaises at karadgy patthoaada et ur n

o o b B2k STl SR BRI PR
SUPELY PN Ron iSRRI S TR pRTach S gl o

control | aespéttdfeyadd tﬁ@%dd@@?ﬁé@li hdewhamtgoiddpathcanpairetina coupl er
for Sp||ttln% t he (])iptlcal si gnal . and, supplying the optical signal to the
pr

suppl y omathdbr pae BE polarisetian apticat signadasdtchanggdd B pedatisaiomoar d f or
controll Lqrig.the. hase nodulator in accordance with the timng of the
signal r % 1£‘§flthe optical detector. Preferably the second beam
"splitter is for receiving the TE polarisation optical signal and the T™M
pol ari satp | ' - effrtHett Ojlﬂgr suppl yi ng
t he si gnaIID I?T?%Bbﬁg?épglﬁg%?asg (?Igggvn%de g]%ezgcer. _}ﬁ%ﬂ&ﬁﬁéﬂ%}?ﬁ?@g&%r ovi des a
_ transm sdoosupphhng theopsicabgignahto tigfiait beannpplittenghe sppply dpticahe

optical si ﬁi‘l Lnto a TE polarisation. optical signal and a TM pol ari sation
opti cal 515?33 aviig AN atienpgtor Ppiarsation %Q%@ﬁﬁelhg the TM pol ari sati on
optical signal fromthe first beam splitter to a first optical path;

Preferably the transmission device further comprises 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 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




suppl yi ng the TE polarisation optical signal fromthe fird4fechaury 269%itter
to a second optical path; providing a phase nodulator |located in the second
optical path; supplying the TE polarisation optical signal and the TM

pol ari sation optical signal fromthe first and second optical paths to a
pol ari sati on nmode 4-February 2005 chafiger to change the pol arisation of the
TE pol ari sation optical signal to a TMpolarisation optical signal and the
pol ar i satchangef td tearigd finl polasihton ofahe TR poRirgRdion SpfcalEigRilabisat i on

optical sianal; supplying the changed optical signals to a second beam
splitter m@é@n@atsor@ RBtiealyigasl mﬁﬁbemiwatmn optlieccBM polgmasatisnd changed

TE pol ari | e signal .and suppl yi ng.the changed TM pol ari sati on
opti cal gf)gl{ﬁgfﬁlgggfhoea% Pgﬁﬂ_ﬂ%&}%gmﬂ%ﬂtﬁﬁwﬂu suppl yi ng the changed TE
pol ari sation @phi $hdbRL ' ; reyn the
changed TM pol air)iljggitl%on opt?%%l °§?§%§§§§§% t?ﬁat'eééé%ggg%é% fgﬂ%%glsgjrl?sat I on
opti cal . thgnhangedTMEpolunisatibrbyptice sl arrbelma s d TEgjolhfisafibaVvi de a

ret urni ngaggt i cal sigpal in which the phase of the TE polarisation optical
signal a 18R sypplyéng the ghnaged g palarisating oplacad Bgaal tortbei f i ed

by the pRhase I r ref € | v the arisation node chan
conprises a Ear%gg?t%ap é ﬁfﬁgﬁﬁgﬁﬁ% a}l}gefi@ﬂo?a&s%?q o m?)'?ftlﬁng@oan
out goi ngtlpasdroat dpdicabputhy i@t h for the TM pol arisation optical signal and

changed TM pol arisation optical signal respectively, and the second
optical path Whergindhegbanged M poldrisatien opticabsighal andtthe chEnped ari sati on

optLgal &4 -and cha .TE pol ari sat.i.on.20 optical signal. Preferably
t heitﬁr anrgjr%qjsbg%%ﬁ% ﬂgﬁggﬂ?’?ﬂgf aﬁ%ﬁ%o%géﬂi’é’\fg'ﬁiﬁfﬁt i’e_ﬁﬁbwa]'}ttebb? i cal path
for supmnovide & henaning htiea0dighal fh Wibcl thSbhR&A0T 8 TE Slarition

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.




supply optical path having an attenuator and a polarisatiﬁﬁkéﬁﬁ?ygppér. 25
Preferably the transm ssion nethod further conprises 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 board for
controlling the phase nodul ator in acCordance with the timng of the signa
received by the optical 3 0 detector. 4 February 2005 9 According to

opt 1 ca “StHiGine S A0, BedERToR srOPIRE LT R Besl® 2 i gna
into a & b _ﬁbg]a@i'gﬁgl c@ﬁfﬁrmﬁ signal and a TM pol ari sation optical

signal; an optical transmtting/receiving path for S&ﬁipl ying the optical
signal to thdcaenspkser faresplithagrtbe @ptical signal apio @ IIE polamsktibnom t he beam

splitter; .. .optjcal | i n at.h conneg¢ted to the beamsplitter; a phase
nodul at SPUFgln ?155313%‘9# @aflefB‘Bg‘irﬁﬁhﬁﬁtqul ?ﬁlﬂ isation node changer in the
optical | oopi L L : ' Eﬂjﬂ r so
that the T™M %@IQ) rgggg%“@gﬁ?%@?%?b%ﬁhﬁfﬁﬁﬂlyg? F@%ﬁﬁl e ggﬁ?spl itter
to the potls beanisphitterdmdieespdng thadptical Jignap btcanitbabeam sylifteral si gnal

I's supplied fromthe beamspljtter to the, phase dul ator; and wherein the
pol ari sat i onam@%hw@@ngmﬁhg@m@w@dﬁm%%&aﬂt&nﬁﬁﬁr; optical signal to a

opti cal si gnamtess P Dafs il MR ol o0 ng path o the  phase
(r)mdgl at or -ang pol@isdtior ffodeeaiangRl i tlRé opftdl Wipisk t"paﬂh énd poRftigiddat i on
ptical signal is supplied by the beamsplitter 'to the phase
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; 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




nodul at or and then travels around the optical | ooping patﬁFteBr‘faI‘iXZOOS

pol ari sati on node changer so that the TE pol arisation optical signal is
changed to a changed TM pol ari sati on 0932 cal signal which is then received
by the beamsplitter; and wherein the-eam splitter supplies the changed T™M
pol arisation optical signal and changed TE pol arisation optical signal as
t he opti ¢ht BE poddrisdiankopicdliegoglt armhTM padamnsatiomgptiealesighalyspat by

Pr ef er abl t@he ol ari sati on node changer conprises a fast/slow coupler for
changi ng %ﬁ eﬁBfﬁP 188%-i on node by connecting a fast axis and a sl ow axis of
a polarisation wave axis of an optical fibre, the optical
transmtting/receiving path is used for an outgoing path and a return path
for the drefeablytlhmapticalidansthitingtriecaivihgatingngludes as attsavatosrangh

out goi ng qpaqt)iﬂ anfi a retur&i ng path for 4 February 2005 - 9a the TE

pol ari satd BPlasISaNeR CaBtillar- and TM™ pol ari sation optical signal split by

the beamsplitter. Preferably the optical transmtting/receiving path
includes an attenuator and a polarisation controller. The invention still
further pFlyirdenton stahdnither providesadramsmissionpmietzod for gmapticahpri si ng:
splitti n%é.t hel&c%jpt ical signal into a TE polarisation optical signal and a

© TM pol ar i8R SPBRUPEE: signal by a beam splitter; providing an opti cal

; ' ans mtting/ rsgﬂftﬁﬁ' e Rptital STenal pitoyd TE ?Bﬁrisaﬁbhwti@il gfiHaltaadthe beam
plitter and receiving the opticcal signal fromthe beamsplitter;
provi di ng{dhpolarisationl apsjsiah g1gnad bycohaany splitter; t he beam splitter;
providing a pri)ar?)%idiﬁgua{na(t)ﬁtrice{l n[rénhs?nﬁﬁltli 18Leivis) ipgﬁl Bt srﬁpplying the
optical signal to 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.




provi ding a polarisation node changer in the optical | oop#igbpeark 2808
positioned rel ative to the phase nodul ator so that the TM pol ari sati on
optical signal is supplied fromthe beamsplitter to the polarisation node
changer, and the TE polarisation optical signal is supplied fromthe beam
splitter to. the phase nodul ator; whé&bei-n the pol ari sati on node changer
changes the TM pol ari sation optical signal to a changed TE pol ari sation
opti cal yraﬁbbwﬁ&@lab@aﬁ%ﬁ m&de BRARESSRIh HHsOPA if&RsISk $oapleamrt r avel

t hrough the optical 1ooping path to thée phase nodul ator and then back to
t he beanthahgigethe poldrishGiopimodaby Tenneding afast amis amdi £ alovsagisalf 4 s
supplied gf/ the. beam splitter to 'tgf hasg m),du{.ator and g]en,travel S
around t Relagpiation WIaHBﬁ‘ixhiJOfg%H‘HPPS fire, the optical transpitang/recei®ing o t hat

the TE p [ ' ' - S| ' |_ari sati on
opti cal " EPEhT Bt Ty L bGchois: BER obT & FCVPHTAh L CEPANAGH SIAREE B ST
the beantlpbptitallospiig path ishisedToPaachulibigt patksaid a&echnyatﬁi fgpal and
changed TE pol arisation optical signal as the optical signal back to the
opti cal thﬁa’%&mlansgtmemtmahglgm land{THepelazisptipeapticabsignal split iyl y t he
pol ari sa%i Oﬁ node h%janger conprises a fast/slow coupler for changing the
pol ar i sati%oRe#HB tFfconnecting a fast axis and a slow axis of a

pol ari sati on wave axis of an optical fibre, the optical
transmtting/receiving path is used for an outgoing path and a return path
for the Braferatily $hgmalticahtwhnsniibngirecaising paih inglwddshan attesadtéoandn

out gai ng paiqh_and a returning path for the TE pol arisation optical signal
and™¥M poPelArESAtIhCIPTOe: signal split by the beamsplitter. Preferably
the optical transmtting/receiving path includes an attenuator and

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.




1.0 a pol arisation controller. Brief Explanation of the DARgbigaryRR0§5 |
shows' a configuration of an optical system of a quantum cryptography
transm ssi on devi ce of Faraday m rrog,system according to the 1.5
preferred enbodi nent of the present |?1vention. Fig. 2 is a flowhart

showi ng the operation of Fig. 1. 4 February 2005 10 Fig. 3 shows a status
of light pulses. Fig. 4 shows a tinme sequential status of .the |ight pulse.
Fig. 5 shows a configuration of an optical systemaccording to the second
enbodi nent. Fig. shows confd ratlhon of an optical systemaccording to
the second e i WS %isgz.lt“f hl%bs:‘% d%heral configuration of a quantum

cryptography _devjice of a.conventignal Far ag y mrror, system Fig.. 8 shows
a status of | Fbﬁn‘i %mﬁ%é%fmeﬁﬁgumﬁgf%ew aﬁgﬁ‘%‘?ﬁui%o transni ssion
devi ce of a cgnventional Faraday mrror system Fig. 9 shows a
confi gurat i onF#- OFhapt 2 caniigysation aban opfisal sxstemeaccprding tedbedi nent . Fi g.
10 is a flowhart_showi ng the operation of Fig. 9. 15 Preferred Enbodi nents
for Car ﬁ%%’@%bodlm?ﬂtnvent ion. Enbodinment 1. Fig. | shows a configuration
of ~an -optical_systemof a quantum cryptography transm ssion device 100
wi't B n a quanFignSoyhostog capfiguratési oﬁabbpmﬁﬁfﬂm aricordingggdhem In the
quant um crypt ography 20 transm ssion device of the Faraday mrror system
accor di serond emhzodimesdnt ‘
' Fig. 7 shows a general configuration of a quantum cryptography
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




enbodi nent, the optical paths to go out and to return are4hgheagy208pent

W thin the transm ssion device by using two pol arization beamsplitters. In
the figure, the quantum cryptography transm ssion device 100 includes a
coupler 1 connected to an opti cal fier 10 for communi cation, an 25
optical detector 2 for detecting a light pulse input -fromthe optical fiber
10 for 4 February 2005 11 communication, a polarization controller 3 for
controlling the polarization node of the input |ight pulse, an attenuator

4 for attenuating the sjrength of the |ight pulse d reducing the

st r engt AOIBIMYHEAHPRR Pﬁiﬂré@%&ﬂ%ﬂtr‘?lr"&ré quéong‘{i’éﬁ’ﬂﬁﬁﬂﬁﬂ’;‘?&%@tépghy device to
the quantum |l evel (0.1 ﬁhot on per gul se), 5 polarizati o?@beam Sﬁl itters 5
and 6 foodenfdhadnput hghtpplsenpagtienuatpyfdor ptiraBatizgdhgisttpngtn ofe

pol ari zati on node; in case of the light pulse of the TE polarization wave,
swi t chi the lightinulsetdnghtedusing she @Wepatlhogﬁlevmbﬂwlplég §@§pu€ frosuthe a phase
nodul ator 8, and in case of the light pulse of the TM pol ari zati on wave,

swi t chi qgatibimrergptographpypers tpahe quantmindavelOakphetarhper pa@se), ght pul se
of the TM pol ari zation wave, a Faraday mrror 7 which reflects the input
pul s whbdlarizatmn g tspliplelra biaal € dor phtaneatinalBOswischimestherlzghdl y, reflects
the input pulse of the TE pol arization wave as the light pulse of the TM
pol ari zphiseraceanding a6 dhé pblatisiddmodapiii capeldfeholighiteuldd pbilerTEat i on

wave as the |light pulse of the TE pol arization wave, and the phase

nmodul at gslakRa8iohOk atd) asd teHikta binhtidag nivd i etivhipelbh A3swhichi pussegh t he
phase nodul ator 8 A first optical path Rl connects the attenuator 4, the

pol ari Zﬁiﬂoagh%gﬁasAémom&br%; ahfSnRakabf art ight PeRAFRhE TMr 6, and the

Faraday mrror second optical path R2 connects the polarization beam

splitt e%%@mm%n&béé@, -sﬁm]{_}gw hinSptRAObY RSNt 1 Z#hidbRsARLSBhd tter 6.

The sec opti cal pat . Is placed parallel to the first optical path
Rl. 10The]j8ﬂ9§ﬁls%‘}'{h8bl‘m p%léﬁzation wave, a Faraday mirror 7 which reflects

the input pulse with rotating its 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




pl aced at the second optical path R2. Ct her confi gurati on4dicbrurey 208are is
the sane as Fig. 7. In the follow ng, the operation wll be explained
referring to Figs. 2, 3, and 4. 25 Fig. 2 is a flowhart show ng the
operation of the quantum 4 February ]5005 12 cryptography transm ssion
device 100. Fig. 3 shows status of the light pulses at each section. Fig.
4-shows tine-sequential status of the light pulse which passes through the
. optical bypass path 1.1 and the optlcal nodul ation path 13. In Figs. 3 and

4, P, P1, and show Ises Arr 514, L5 L6, ;and bove each pul se
respect?‘%’l 981'@5’3‘%‘11'6% Sb‘?nElﬁ@c%gbﬁca#gﬁmﬁﬁaﬁ’tlsf’ﬁlgﬁ%?‘ggﬁuator 4, the
pol ari zatjon beam splitter_! e polarization beams 6, and the
phase nBHlsesageagh SF‘lt)‘O‘St eElgsée” wis té‘i’%eo"l?ﬂb}@flﬂ@l piatHs ef f ? gH}vo i ght

pul ses P1 and P2 havin wo_different polarization 10 rmdes are input to

t he quaptlpmwhigh tnﬁ@sazpayroughrtbmomceh byeassceatholl apd the optieak hrough the
optical fiber 10 for conmmunication with sta(f;ered timngs (S 1). The |ight

pul ses Pbdashetiere pabipd8. t Fn Figth % ared 4pPi Rh and Bashew pelses.cofmawscat i on ar e
split into two by the coupler 1, and ones of the |ight ul ses P1 and P2
spl ig  bl4t he, E6uphd L8lalmve edehmlﬂmlrelspecﬂ:n‘eelmsbpwallosm@ roptical5 The phase
nodul at or 8 nodul ates only the light pulse P2 out of the |ight pulses Pl
and P2 swength agthioattbaubiori4)ghe pblatétativt beprh lsplibieytd, thal ses by the
optical detector 2. The others of the light pulses of Pl and P2 split by

the copglhgizationtfeantlsphited 6f Aad thophasé aeddudatapl&t es so that the phase
nodulator 8 works optimally (S2). At this tine, the first light pulse Pl

out of @)gtgﬁvgz@qo{. laﬁfHthbihl%q%tﬁl and P2 input to the quantum cryptography
transm ssion
First, two light pulses P1 and P2 having two different polarization
10 modes are input to the quantum cryptography transmission 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




device 100 with the staggered tinings is adjusted so as t®Hebruswe 20

pol ari zati on node of the TE pol arization wave. Accordingly, the second

| i ght pul se becones the polarizatioEEﬁDde of the TM pol ari zati on wave.

Then, the attenuator 4 attenuates t strength of the light pulse (S3). The
25 light pulse directing to the Faraday mirror 7 through the polarization 4
February 2005 13 controller 3 is selected by the polarization beamsplitter
5to re-direct .the 1|ight pulse P1 having the polarization node of the TE

pol ari zati on_waye to t optical nodul gti on path whi ch ses through
t he phasentglear ﬁtI%?e@?teﬁi?Yda’(erﬁoalPF'&ﬁgoﬁjle?@ Hey %’ﬁ;ﬁ rFrf@f%‘g“@Fi zation node
of the TM pol arization 5 wave to the op&ic |, bypass path 11 directing to

t he pol dighs pulssPhawingthe palarizgtionmo %fgthev(ﬁﬁm 1Z34PR FEavetoyng P2

whi ch pass through different optical paths are conbined by the

pol ar i z4h¢ optibalampdplationepath Ehwhielppasses threuslrthaphgsemadadater@gsy . The
light pulse input to the Faraday mirror 7 is reflected; nanely, the light
pul'se hanidrihetlightpoillss P2 dwivimg thelpolafrizaiionnEode opthealM nolanizaizare i s
reflected as the light pulse P1 having the polarization node of the T™M

pol afi zatavertowhe eptiaabbypeess|paghtl 1pdiredingtd the pdierizptibnrticaa splhittevde of the
TM pol ari zation wave is reflected as the |ight pulse P2 having the

pol ari zgt(San nMPEetws lighe plilsepd band A whickeyaess(thapugl A)jffSteays dpdidal or a
returning path 15 The reflected light pulses P1 and P2 are selected by the

pol ari zghtinard@mibisel byt e folifzdgon beaat splitted 6 ghnd ipphs eo BRe of the
TE. pol ari zation wave to the optical nodul ation path 13 which passes

thr Oughﬁfabgdﬁshﬁﬁﬁromc@wt OTh ligh8pRldBrpuit 3h the Waged i} n®irrdi® i M

pol ari zati on wave to the optical bypass path 11 directing to the

P AR oy T g S R ) vt
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




pul se P2 which is reflected by the Faraday mirror 7 and p4dsbsuarki28(ah t he
phase.: nodulator 8 (S8). The light pulse Pl which is not phase nodul at ed
and the phase nodul ated |ight pul se E‘f are transmtted toward the optical
fiber 10 for comunication as it returns through the optical path of

I ncidence. 25 The two light pulses Pl and P2 which pass through the
different optical 4 February 2005 14 paths after reflected by the Faraday
mrror 7 are conbined by the polarization. beamsplitter 5 and directed to
the attenuator 4 (.S9)..7Th tenuator 4 attenuates e strength of the

li ght p&P& %é@&&%ﬁgﬁ&e%mﬁﬁ@ RS/ A58 G Hf‘e‘%ﬂl’&?‘?he quant um | evel
(0.1 photon_ per pulse) (S10). 5 Thereafter, the |ight se_passes through
the pol #plarigatim Wﬁ&h@r Sapd qiractrd thths %‘itell‘,iagﬁcfl E@)t gﬁ‘?m tted to the
optical fiber 10 for .comunication_  (S11). As shown in Fig. 4, only the

| i ght patteavaton 4attpnugtesthe srengthelihe lighiqualse phasg Wa@fgéaﬁﬁﬁ b¥ai bypass
path 11 which is a part of the first optical 10 path RL. On the other hand,
only théhe¢ phhse mﬁdsx&tot & tocthpRyyrsitam Jewel 60 1 phoben pet padsa){B305h t he
optical nodulation path 13 which is a part of the second optical path R2.
The &r dd@heoéafpers thelight ptlse pasges thdughsthespadaomatiby controdles 3Mnd A2, and A3
of Fig. 4. And further, the light pulses pass in the order of arrows A4,
A5, andti®coufletizs end idhtradneasited tohtheaypiticahfibst A8rfgt hominhinipatienpl ai ned.

For instance, the strength of the light pulse input fromthe. optical

fiber 1@fyr conmmunication is supposed as S, the loss of the strength of
the |ight pulse due to the polarization beamsplitter 5 as L5, the | oss of

e, 1St Mgiupi L gyl P T st marapt o
modul at ghsRs3hrddih 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.




other losses as LZ, and their concrete values are shown bdlRebruath@006her
| oses - LZ. includes the loss L4 of the strength of the |ight pulse due to
the attenuator 4 of Fig. 4, and so forth. Further, in Fig. 4, the loss
which is received during the light ptutses Pl and. P2 pass through each 25
part. i's shown by an arrow L. 4 February 2005 15 10 S=50dB L5=5dB L6=5dB
L8=6dB LZ = 2dB When the whole | oss of the optical strength is supposed as
L, L can be obtained by the follow ng expression: L = (L5 + L6) + LZ + (L6
+ L8 + L5) + LZ =5+5+2+5+6+5+2 = 30dB As described above, there are two
l'ight pul ses 65" 8HEBr the transnission device; the Ii ght pul ses of the TE
pol ari zation wave whi ch pass through the phase nodul ator 8 and the TM
pol ari zati on hveddBhese |ight pulses are reflected by the Faraday mrror
7, so . that the TE polarization 15 wave is reflected as the TM pol ari zati on
wave, and theL®w pdBarization wave is reflected as the TE pol ari zation
wave with rotating its polarization plate and are output fromthe
transmi ssi on H8w 6dB Conventionally, one light pulse passes through the
phase nmodul ator 8 in two different statuses; the TE polarization wave and
t he M pol ari p&t+ @dBwave. However, since the :
When the whole loss of the optical strength is supposed as L, L can be.
obtained by the following expression:
L=5+L6)+LZ+ {6+ 1L8+L5+LZ
=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 polarization 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 modulator 8 for the TM polarization wave is
Iow, 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




20 transmi ssion factor of the phase nodul ator 8 for the THsbraaryZ48050n
wave is |ow, the incident pulse is output with reduced by, for exanple,
40dB. In the present enbodi ment, the phase nodulator 8 is bypassed by the
i ght pul se of the TM pol ari zation e using the two pol arization beam
splitters 5 and 6. Only the light pulse of the TE pol ari zati on wave is
carried 25 to the phase nodulator 8. In this way, the reduction of the

i ncident pulse 4 February 2005 16 can be limted to 30dB, which inproves

~the SINratiq by 10dB. As discussed abqve, according to the present

enbodi e bedhmitgditp 3B, yehigh woproves %@\iﬁ@‘iﬁ Er&ﬂ&%gr aphy transm ssion
device 100 is separated _for the outgoing and returning paths using the two
pol ari zati on Peshisaissed iabf"éfr,éicgﬂl%ﬂhﬁgg‘? the present pmabediment) treorpticals pl aced
at either path of the optical paths in the quantum cryptography
t r ansni patlowitlenithe pfantumdyyptogriaphyrirapsmassion deviee d08nbsepaated however,
the light pulse is split by the two polarization beamsplitters 5 and 6
and pasfedhehndgging dved eiambing joOtherypng ghapivy golansatiiss beamdevi ce using
different paths. for outgoing and returning. Accordingly, the light pulse

passes §plitteghs bhd GhlasktioshdsetmodBlator § 1o plecednd dithdrheathafithef only t he
| i ght pul se having the polarization node of the TE pol ari zati on wave, so

t hat t hgptiedpathstfiehe iad€ih divheradpBy tteandtitssitindéwdoe of Fatapsaphy
transm ssi on device 100 becones 30dB when the 15 attenuator 4 is renpved,

whi ch ppeMeRsystdre. | oss of 10dB conpared with. the |oss due to the quantum
crypt ography transm ssion device 100 in the conventional art. This neans,

the SIN ratiopy ghikBREEmMRY, HRAR ! thé‘H{;H_ﬁ*)th@ il lspRt bythe Rwonabl es to
adj ust the quantum cryptography device easily.
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




20 Enbodinment 2. In Fig. 1, the polarization beam splittedFcbraary 2004hi ch
reflect the TE polarization wave and pass the TM pol ari zati on wave are
used. As shown in Fig.. 5, another | ari zati on beam splitter 5a which
reflects the TM .25 pol ari zati on wave and anot her pol arizati on beam
splitter 6a which passes 4 February 2005 17 the TE pol ari zati on wave can be
used. In another way, as shown in Fig. 6, a conbination of the polarization
beam splitter 5 which passes the TM pol ari zati on wave and the pol ari zation
asses {he TE polarization wave can be used. Yet 5

beam spljt a whj.ch
further Fh%ﬁ‘ngg?r’@BﬂBP *i“f%??‘rbt’et"‘ﬁ‘%gpol arization beamsplitter 5a which
passes the TE pol ari zation ve and_t he pol ari.zation bgdm splitter 6 which
passes the Tl\ﬁrbépa'ihefdlfﬁbﬁlsﬁ@é"rb%{hfé% %%@%ﬁ@ﬁni@tﬁ%ﬁmfﬁp@@ﬁ%t ed in
the figure. The Faraday mrror 7 is used in Fig. 1, however, another
conponeheamigplister Hwhiek passes| theglMspolarigation meivegnd thgpelagiagion e
Faraday mrror 7. Enbodiment 3. Fig. 9 shows another configuration in which
t he Far heam spilitteyr 657 wihich pesseisﬁbpd&émlarszatmmwve gantheeuae%anéfﬁt ssi on
device is provided with an optical transmtting/receiving path R3 and an
opt i £ al further, mgopadrhcoRdbinghienoyfithe glolarization beamgyplibter 5 mthighat h R3 i s
provided with the polarization controller 3, the attenuator 4, and the
pol ar i zpasses thedR pplaridation Wavd hadpblegrdlavization beam sglitter @ wiich ncl udes
three ports A, B, and C. A 20 port is connected to the optical
t ransm phddeg/the GV Woldrigatibn RaveRamdid usad, which is not illustrated in the
figure.
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




connected to one end of the optical |ooping path R4. C pofitFebsuarp@f8t ed t o
the other end of the optical |ooping path R4&. Wth this configuration, the
~optical signal output fromB port is input to C port. The optical signal
output fromC port is input to B porld8. 25 Hereinafter, it is defined as

"l oop flow' to loop the optical signal 4 February 2005 18 between B port
and C port using the optical |ooping path R4. The optical |ooping path R4
is provided with the phase nodulator 8 and a fast/slow coupler 70. The
fast/sl ow coupler 70 changes the TM pol arization wave to the TE

pol ar i zbetwaend perbynd Shpexitusing she apticablpepine mthdR4r i zation axis of the
optical fiber to a slow axis, and changes the TE polarization wave to the
TM pol ar i zat i Dhe optical IobpingasathsRéus praypded with the phasecexadpladonf a

pol ari zati on node changer. The light pul se of the TM pol ari zati on wave and
t he | i gihd puhseslofv douplerTH.poThe fzsifslon cospler d0eleagas dhe My t he

pol ari zati on beamsplitter 5 and 10 the light pulse of the TE

pol ar i zpélagizavioravave b RCTEpotarizatich vave be qhasetinpdufaat akishf The |ight
pul se of the TM pol ari zation wave is carried to the other inlet of the

phage npsldthiion&xidsPs@hoptieal e 6 halow Ak, @ind/¢harfdeg thdTH s a flowchart
showi ng the operation of the quantum .cryptography transm ssion device 100

of Fi g.pdarikatibhwatetd tHEOTMOpolarizAHbA W 4Ve. PaAHe fhREsPREEAIPIONT0eE Si
~through S4 of the step S40 for an outgoing path shown in Fig. 10 are the

oop 1170 TR B4 BBt A O 5t on e il ch 18 Split by
the The light 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.




pol ari zation beamsplitter 5 is input to the phase nodul addicbBuag@ase
nodul ated (S8). Next, the phase nodul ated |ight pulse of the TE.

pol ari zation wave is input to the faii/sl ow coupl er 70, changed its

pol ari zati on node (S12), and out put the light pulse of the TM

pol ari zation 25 wave. 4 February 2005 19 On the other hand, the |ight

pul se of the TM pol ari zati on wave split by the polarization beamsplitter
5is input to.the fast/slow coupler 70, <changed its node to the TE °

pol ari zati on wave fromthe .TM pol ari zatig S12),. and out put. The

li ght pul se oplimefﬁ%%&%db gﬂh% f‘gﬁt%&@ anﬁh\é\@ﬁf 15atIpR WayesPditow coupl er
70 is input to the phase nodulator 8, but is not phase npnodul ated and

out put thy theeolarizatiombeam sdiiesP s inpart tg the daw(lowreppien Thn. (3) Step
S60 for a returning path The operations of S9 through S11 of the step S60
for a rehangeditspaode tathesHBpelimzation wage drom the T pelarization wg#eat | ons of
SO through S 11 shown in Fig. 2. The above-descri bed the steps S40 and S60
f or out ¢8iZ)gandtauntpiing Thalight puksepdithe (T golanizatmnowaie autput from
transmtting/receiving path R3. The step S50 for a loop flowis perforned
in the @heifagt/sldwaepuplprdis iRgut {Gilephasemaondulxtor 8nbiy iy pot pimasehown in
Fig. 9 is used, the light pulse of the TE pol arization wave output fromB

port i s pi@hilatelah® obtid o thktpdlarig@sen bgathepditter 5 kdtlphwtse nodul ator 8
only once. Accordingly, the loss of the optical strength can be m nim zed,

whi ch epgldAsebhe same effect as the foregoing enbodi ments. 20 The
fast/slow coupler 70 is one exanple of a polarization node

3) Step S60 for a returning path
The operations of S9 through S11 of the stép 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.




- changer, and anot her device-can be used as long as it can4diememyt2085
pol.arization wave between TM and TE. For instance, 1/2A plate (k: wave
length) can be used. In another way, the optical conmunication cable can

- be used with twisting by 90 degrees. Further, the optical communication 25
cabl e can be connected with crossing 89 90 degrees. 4 February 2005 - 20

I ndustrial Applicability As has been described, according to the quantum
cryptography transm ssion device 100 of Faraday mirror system of preferred
- enbodi ne 5 of _the invention, the optical paths are provided for outgoing
and retuﬁﬂ%tﬁ%épﬂlé#}}ﬂWt hin the device, so that the |ight pul se passes
t hrough the ph ul at or., 8,0nl nce. Accordingly, the |l gss of the
strength can biggﬁga@gg&daesgﬂheg,haec tﬁrﬁga@itﬁe%nggﬂ} %‘B@&Wp ¥ adj usting
time of tRGnGHAHisHTde¢ick AIORSS APINA da! bP 8 Bnfleh) 8 enff ables to
adj ust the 10 transm ssion device eg??ﬁ?? F%rtﬁfeir,f’%g%%rggieng t%ﬁaeﬁ@t her

pr ef ebr edfdhb odvemtion, ohetdpgidal paths ave provided ity eigoimpandgepainings used,

whi ch avoi ds using.the Faraday mrror and _facilitates the configuration of
the devi é&Pmi%*e:bﬁ lﬂénégﬁi‘ia?éﬂ%iseﬁkﬁﬁﬂ%hghﬁﬁuﬂ% rassepthraughtheiBbasd pt i on

of the iny I 13 cant uires gtherw se due,to
xpr oss "TOERLETS by Bite ABHaloily: B B of BV 1R Rsty Gp PeaBabily.

vari at i onndsthelSA8 ratic ean besigfproved ‘2t GRpistEhH Bime bStIS§dahtur@n i ncl usive
sense, le. to specify the presence of the stated features but not to

pr ecl ude CERECBFatn bransmigsigntdeyiceot 00,0vhicht érmbléstn adjust ithe var i ous

embogh Mg Bhiskllf AONEDLAQEY, 4 February 2005 -21-

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.




- si gnal tOfrbﬁ-pl—&Bﬁ

CLAIMS: 1. A transnmission device for an optical signal cofdistenary:2095i r st
beam splitter for receiving the optical signal and for splitting the
optical signal into a TE polarisation optical signal and a TM pol ari sati on
optical signal; a first optical path_fgr-receiving the TM pol ari sati on
optical signal fromthe first beam spli tter a second optical path for
receiving the TE pol arisation optiqaf fromthe first beamsplitter;
a phase nodul ator |ocated in the secong optlcal path; a second beam
splitter; a polarisation node changer for receiving the TM and TE

-pol ari satl.on fbmtarrsmlsﬂogrdﬂ\ﬂcarﬁﬂr aﬁna)pgjcabsnghnal poinprisngi on of the TE

Bnd 1 he pol ar ‘LB dreasn sﬁﬁ%er%&n%&%ﬂﬁﬁéiﬁp Al Sieael apdar SpliffPe nanged T
pol ari Sattﬁ%ggcong nat i Eafhri@ruoh%pﬁ%y g%ﬁdlearﬁi@m G@latisS@bn Si gnal s

back to t eam sp i tt SO that cond beam splitter splits
t he changq:otuﬂ/lspgﬁai;l sation optical signal and changed TE pol ari sation

optical signal I |e he change olarisation. opgi signal to
the first opt |%§F({pﬁﬁ% Ppi ey he%‘é@*ﬁ@%ﬁl%*@?f@@opt i cal
ql,egﬁ{ hﬁl@t‘teﬁ?ath and wherein the changed TM pol ari sati on

optical si gna ﬁ%t he changed TE pol ari sation optical signal are
r econbi ned by ammdeptlwepatbﬁbr mmivmg ther Blliptdaeisateon opiisgl signat al

hanged %‘feo““' ot HEL R SpEieh si gnal have been modi f1ed by the phase.
modul ator. 2. ngﬁaéer Ridel Aok @&aieallﬁ%@@.é&sﬁu Bptital path; m 1 wherein the
pol ari sati on de changer conprises a Faraday mrror, and wherein the
first opt i cal gsedond 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.

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.




i s an.outgoing path and a return path for the TM pol ari sattilishreasyi208p
~signal and changed TM pol ari sation optical signal respectively, and the.
second optical path is an outgoing path and a return path for the TE -
pol ari sation -optical signal and changed TE pol ari sation optical signal. 4
February 2005 - 22 3. The transm ssi®h device according to claim1 or
claim2 further conprising a supply optical path for supplying the optical
signal to the first beamsplitter, the supply optical path having an
attenuator and a 5 polarisation controller. 4. The transm ssion device
accor di ng3t o ahhe brenssission devite accading tchdnim dompelasnryfiarthenipl er f or

SUppl y. o TREHISEE PRIV L SRR B SHeR it e ol Semel i@ thedtisbar d f or
trolli : tOr. ' | 7 f th
cianal 1 ok @gh%ﬁ’fﬁle ogéillgaqytﬁ‘lg? ggglg?l%g@kc%l%‘;enrﬁsﬁahggg%%?aggv?ce acgordi ng

signal receive
to an§ onmlafisatien eentrolier4 wherein the second beamsplitter is for -

receiving the TE pol arisation optical signal and 15 the TM pol ari sati on
optical signal fromthe first and second paths, and supplying the signals
to the pgj ari | node .chapger. A tr.ansm Ssion thod for tical

si gnal cgﬂr'rpri Zﬁ]eg&ggﬁﬂlﬁlf)ﬂ ThE %Cﬁﬂ'ci'ﬁllg iR ﬂf@agnq& tﬁor?a ﬁ?‘“?‘g%ﬂf ion
optical sbaiasiaged @uplerMriplitingahe UptRBI sipdal 3he }‘h in® theldptiial €AM
splitter; suppl y?ng t%e ™ g%l ari Eat i giri:, opt i{cégl SI g%p ro%ﬁtﬁﬁedpftlﬁia%t beam

splitt er stgndd tpithe supply eplicgdaqiath snbpd g pptichbddecmn] andsatintpolopt | cal
pat.h;, 25 providi ng

2 Ditbe HaB HF sPriRILRE dhp plitre motulalonin REAFLpMEYIL tho timiing of

the signal received by the optical detector.

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




suppl ying the TE pol ari sation optical signal and the TM pdlEebisayi2005
optical signal fromthe first and second optical paths to a polarisation
node changer to change the polarisation of the TE pol ari sation opti cal
signal to a TMpolarisation optical signal and the polarisation of the T™M
pol arisation 30 optical signal to a pol ari sation optical signal;

suppl yi ng_the changed optical signals to a second beamsplitter to split

t he' changtiealsignaland supplvingthe shangehiM polarsatiogcen timl signalitedbeon 4
Feb : ' i gnal v ng, t he .changed ,TM
Cebr et ARyt PR Ao A SR B IR Bl 1

changed Tiheplcand spticeNp&eH;igal signal to the second optical path; and
wherein the changed TM pol ari sati on optical signal and the changed TE
pol ari sati on ophexeah the ghahged &M gobmbsatdoh bptithlksibhakandehechahpséd er to
provi ge et ur ni optj.cal .signal in i.ch the phase of the TE . .
pol argsaﬁ‘%r}i’(’f%?‘%g‘&? g@b@ﬁa’flgﬁgﬂalfwce%é‘éhéhﬁéﬁﬁ peam shiter fxal si gnal
have bee i § i.ed, - : T r 1,881 on
mot hod adeoy g faafng BPUEIRSEn SR il the Phadk of b B do AR
conpr i sespaickhriztiay anidrtherchangdd W peldriddttor bptiéalaighsiFhawehden i S an
out goi ng pat.h and a return path for the TM polarisation optical signal and
changed ¢ érhYsla}%ha@pmpéalatgr-gnm respectively, and the second
optical path is an outgoing path and a return path for the TE pol ari sation
.15 optical signal and changed TE pol ari sation optical signal. 8. The
transn sgi on Mile@EnsmEsyish Abthed Glcabrifiz % cHifi @Jhéﬂé{ﬂfﬁé oaM¥tion' NY
providing a supply optical path for supprl ng the optica ngna to the
first betradsphanger comprisespl Favpldycalirmas and axhargimthafirsropical path a . 20
pol ari sa}si on cgnt.rol I %fl ~ .. ) .

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
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;




9. The transm ssion nmethod according to any one of cl ai ms A& ebsugy2908ner
conprising 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_thg phase nmodul ator in accordance with
the timng of the signal received by the optical detector. 10. A

transm ssi on device. f an optical signal c rising. a beamsplitter for
splitting the 8Bt°|p§5"1a?i‘?°éﬂﬁg PﬁﬁSO%HQ‘%GE(W&PBEE‘&?%W%@@Y’ON i cal signal and
~a TM pol ari sat ; o9 QBUH§RhashOhAth - 00t smtting/receiving path
for supplying t(rilgl optical ag?gna }Te ?ﬂc}l{?%eloégiélrﬁtéapﬁi tter and receiving the
optical si gnal afpoteanisdtéorb eprdesgiarigeelin theopRicdPlo6pABPPath 2fd ;ﬁ‘ﬁit?&ﬂéoﬁal
| oopi ng path .connected to the beamsplitter; a phase nodulator 1 n the
optical |1%5pKe toihe phasesmedulatar sothasdhedMmparisatioheptichl siznal dopi ng
pat h and i relative,tp the phase nodul ato o that the TM
pol ar ?s‘at | gﬁ ]‘{(%f fi}gg} the %‘%ﬁl Sipéltgq\%' to g@p‘ﬁﬁi?@&a 1PB 19 spRiithe T o t he
pol ar i satpddarieReien GpIRAEEigAl s & hs BL | | =
supplied fromthe ?ggm spll Itter %lgﬁéﬁggggéﬁ%%ﬁpgﬁkéfgaﬁ% %%%eei n the
pol ar i satthedulates aidhnger changes the TM pol arisation optical signal to a

changed TE pol a%i satipon OPt i.cal signal so the changed TE 10 polarisation
optical signal™ oS Le6aclansaighmade dinaneesichpages thy BM holagsation phase

opt i cal P ool SRR L ol R T B T i p e Stet st E Rt of ana
t heril@ r apelarisatinmdptibel sighabain treepl Bﬂﬁrﬁﬁg]fmtli_eooﬂt'ﬂ%;l 10WiaEip3dhitgthgode
changer sp that e TE polarisation optical signal is 15 changed to a
changed E%Pﬁ% M@aﬁr&p«%mw the beain splitéer, andtwiberein ¢he 3
- 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
- 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:




by the beam sputter; and wherein the beamsplitter supplid¥ebhargB88fed T™
pol ari sation optical signal and changed TE pol ari sation optical signal as
the optical signal back to the optical transmtting/receiving path. 20 11.
‘The device of claim 10 wherein the polarisation node changer conprises a
fast/sl ow coupler for changing the 60?grrsation node by connéecting a fast

axis and a slow axis of a EOl arisation wave axis of an optical fibre, the
optical transnfplitting teepiicalgsigaahinte alEBpolarisainonuptioahsigpal andrd 25 a
| oopi ng path is used

return p for the.optical, si I nd t he.opt. cal

for an ﬁ%gp%lﬁfﬁ%%ca& Sil@?%ﬁ?ﬁ ﬁg’eﬁﬁ’t Fﬁf@ Tt he TE pol ari sation opti cal
signal and TM,RREAMHSH | ' 1Bl Pl Ltter. 12.
The device of M():I ailm ﬁs) oPﬁ%f%ﬂgggkﬁ%ﬂ%ﬁﬁgﬁpﬁa%g%upﬁ%égie%ei ving 30
pat h i ncl opleealaigmilt terthatlyana splitiep cindl tezaiving tEoBptichl Siknallfonfthe

transm ssjon nethod for an optical signal conprising: 4 February 2005 25
spli t & ngb‘%adi@SB te¥al signal into a TE polarisation optical signal and a

Crapsm 1 ng! reotroEgn S AERYp St BineteCis e Poa ahlefis The “beam
splitter and rgeRidingt pRSsORIddGM Lo ifltRE obtiRdl Iddpin@ pafigm spl i tter;
provi ding an optical | ooping path connected to the begm splitter;
providing a pheswidingal pelerisationneodpthanger wmofiengptieilooping\iathrand
SR O W T NN T
siongé | signink sePplie@TdM ShBIRATNE BhlilthF o tRe hBRRA A SRULURTRAF, 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 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.




and the TE pol arisation optical signal is supplied from t Hddbeeany 2005t t er
.to the phase nodul ator; wherein the polarisation node changer changes the
TM pol arisation optical signal to a changed TE pol ari sation optical signal
- so the changed TE 15 pol arisation optical signal can travel through the
optical |ooping path to the phase rmod@l ator and then back to the beam
splitter, and wherein the TE polarisation optical signal is supplied by
the beamsplitter to the phase nodulator and then travels around the

opti cal lf pi gath t th? . pol arisation node changer so that the TE

pol ari sat +9n gﬁb gt A I3eprckhwgedeincthe atticaded TM pol ari sati on

optical sy M i ' ecekved by . the beamgsplitter; and wherein
the beamsesrgplg%n[ﬁégr%g@%% Y%gﬁ%%” g‘ﬁ‘geégaaq‘ﬁtﬁ@l“ﬁg?%%f‘&@rpdﬁﬁﬁ%‘ﬁp si gnal and
changed Tdonpedllri sati on optical signal as the optical signal back to the

optical transmtting/receiving path. 25 14. The nethod of claim 13 wherein
the p8l arisati on node changer -conprises a fast/slow coupler for changing

the pol arjsatipn node. b onnegting a fast, axis and a sl ow axis of a
pol ar i sat]li()(sbn \/ﬁg\‘?éa%ﬁl’sssélf“ é‘ﬁ“ﬁ%&‘?"c%’ll OPFlicgf gignahgubpientially as

transm t tapg; IaV] : i oyt agi h,.and 30 .a return
path for teﬁg{ﬂg)%?(? ga éégflg%gﬁyitanlg?%%g&g%? ?ggloﬁeg%‘&?l%dﬁﬁﬁ?w%ntﬁé)éd for an
out goi ng Migiesahto & aret Branidi0 patle hedorhpenyibgithafihgat i on optical signal

and TM pol arisation optical signal split by the beamsplitter. 4 February
2005 - 26 15. The nethod of claim 13 or 14 wherein the optical

tranggi £ 0o/ AR ENGBRUebN B95% Sl M Qb dlSudnf s | sation

hereinbefore described with reference to any one of the embodiments of

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




16. A transnission device for an optical signal substanti &¥spraary 2005

her ei nbef ore described with reference to any one of the enbodinents of
Figures | to 6 and 9 and 10 of the acconpanying drawi ngs. 10 17. A

transm ssion nethod for an optical siLgmal substantially as hereinbefore
described with reference to any one of the enbodinments of Figures 1to 6
and 9 and 10 of the acconpanyi ng draw ngs. Abstract An optical system of
a transm ssi on device for quantum cryptograph includes a Faraday mirror and
a phase nodul ator. The phase nodul gtor has nultiple refractivity, and it
is-inevitable to |l ose an .extrene of input due to the configuration
of the optical path. As a result, the SIN ratio is reduced, which nakes an
adj-ust nent at A epticalisystem of pduapsmigsianydevige foyegug i erp togramte '
transm ssion device includes two |light pulses of the TE polarization wave
and t he ifitiudes$ arfaradapmivagranda rhashasedwation. atlhe phasemhedulaght pul se of
the TE pol arization wave is changed to the T™M ' pol ari zati on wave by
a Far addmasmhultiple Fefrantivitieadditos inevitable do losevan estreottaamgednt of t he TE

pol ari zati on wave by rotating the polarization plate and reflecting by the
Far agay inpiit die o tlenebrdfigunationradithe lopticabpsath. s A©a rdedi cithe S/Nwatio

pol arization beamsplitters 5 and 6 ‘are used so that the |light pulse of the
TM pol ags Zeahiced, which fiiakies dnbydjasEnékteatpstase tinmsldifatalt. SA 1FHtypdlsght

pul se of the TE pol arization wave is carried to the phase nodul ator 8.

“incident to the transmission device includes two light pulses of the TE
polarization wave and the TM polarization wave for a phase modulator 8.
The light pulse of the TE polarization wave is changed to the TM
10 polarization wave by a Faraday mirror 7, and the TM polarization wave is

changed to the TE polarization wave by rotating the polarization plate and
reflecting by the Faraday mirror 7, and output from the i;ransmission device.
Two polarization beam splitters 5 and 6 are used so that the light pulse of the
™ polarization- wave should bypass the phase modulator 8. Only light

15 pulse of the TE polarization wave is carried to the phase modulator 8.




