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Technical Field The present invention rpelates to a transmi ssi

the use of, for instance, a quantum cryptography device of Faradayssiddsrror
system 10 Background Art Fig. 7 shows a configuration of a quantum

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

the. 1nternat’ onal  PASILISH ERANREAYION FOR POTipRRIARLE ?&ZN(@%%) o
CRYPTOGRAPHY DEVI CE AND METHQCD. kg
transm ssion device 100 incl ude%Ptg:IE!ﬁéITipl\i 23(';223{2?%/3'[ ggrggt iycal

fiber 10 fo nj j QN I Gal r f tecli l'i ght
pul se i nputépﬁﬁ&i‘ gg@ﬁ‘@f TM%§W@%&E¢\?§¢IBW§Q8§’6%@ é@@m cation,
a polarization controller 3 for 20 adjusting a _palarization node of the

i nput |ight pulse, an at t enubBRANSML IO&@WH&D‘IQ the strength of the

| i ght pul se and reducing the strength of the |ight pulse output fromthe
quant um cr ypt ogr aphy device to quantum | evel

Technical Field

The present invention relates to a transmission device for the use of,

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
100 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
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(0.1 photon per pulse), a Faraday mrror 7 which reflects the input pulse
by rotating its polarization plate by 90 degrees, nanely, reflects an

i nput pul se 25 of a TE polarization waye as the light pulse of a TM

pol ari zati on wave and *@00002* 2 an in&.lt pul se of the TM pol ari zati on wave
as the light pulse of the TE polarization wave, a phase nodul ator 8 for
phase nodul ati ng the pul se which passes through the phase nodul ator 8, and
a control board 9. Here, the TE polarization wave ( TRANSVERSE ELECTRI C

PCOLARI ZATI ON 5 VE) is.a ldghtwave of which yibration.dirgcti of
electric \‘i‘é‘c]f’(?i“\{i\%%‘%%ﬁe?f‘ih@a’twpQ}aQIZBF]QHeW%Ye Pﬁgl%liz‘gk‘é pLlse ‘Pﬁé‘evfﬁr ation
direction of magnetic vector is i.thin the plane Qf_ incidence, The T™M
pol ari zat iPBIT'“ R ‘VRXRB%’E&QE‘* “R%&Eﬁqr@ %‘@_H{FGSEA‘FP afgthe Bulpe; | ght wave
of which vibration direction of magnetic vector is vertical to _a plane of
i nci dence veHgh presesthrpghithe phdise aeed Water 8,.candacontrpd board O Ferki n t he
pl ane of incidence. A quantum cryptography reception device 200 includes a
coupl er SLhea‘thdlamizatMW@VQ(TRAﬁ% R&Foﬁldi‘e@ IGPOBARIZAJIEGN zat i on
controller 54, a polarization controller 55, a polarization beamsplitter
56, a &ir WAWEDis & Tightwphe of wiichiviiratioh8lirectiomndfredéctivivavedt@dis wertiaaker 60,
a short optical path 61, and a 15 long optical path 62. In the follow ng,
t he oper ato arplané bf hecidemdecam® the efbrationglirectiongof Magnétie vgotortism
cryptography reception device 200 in Fig. 7 generates a |light pulse P by

t he | aser withinfthe plagbiof pmdidend?.i STlpTM pblariZzagiocnowave (TRANSVERSE ri ed
into the short optical path 61 and the |ong optical path 62. After a 20

E;l ari zedMAGNEDIC POLARIZATPIONSWAVE) 136 1ighew &% bE#hidalibrafiohs adj usted

direction of magnetic vector is vertical to a plane of incidence and the

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
controller 55, a polarization beam splitter 56, a circulator 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 polarized 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

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



the pol arization controller 55, the light pulse is carried through the
phase nodul ator 58, and output to the optical fiber 10 for comrunication
by the polarization beamsplitter 56. gThe light pulse in the short optical
path 61 is also output to the optical fiber 10 for comunication. Since
the long optical 25 path 62 is |onger than the short optical path 61, two
different pulses P1 and 3 P2 are output to the optical fiber 10 for

comuni cation. Nanely, the light pulses P1 and P2 having two different
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P1 and P2 Ipl%];ﬁé%{rjﬂf hrthe optical fiber 10 for comruni cati on are divi ded

into two BY ¢pm CH9%el y, and ones of the divided |ight
detected by the optical detector_ 2. The phase

pul ses P1 and %ﬂa[ C . Th
nodul ator 8 10 Jightqulges Uland P2 having fwe different pelatization gradesul ses P1
and P2 according to the timng of detecting the |ight pul ses by the
optical dereinwit to themmantupmersitogramsstransorigsion levicect0Q throughtthepul ses
P1 and P2 divided by the coupler 1 are adjusted by the polarization
cont r ol | eppticabfibéralO fdrecopiravaicatihuivathostaggexedkenopgs.malThy light pulses t i ne,
the first light pulse Pl out of the 15 two light pulses P1 and P2 input to
t he quant Brh and/ PRdgpap byraughnthe qeticad fibde Vi0cfer tomMmmunhievatioagyerdididedn ngs i s
adj usted so as to have a polarization node of the TE pol ari zati on wave.
Accor di nginto thwhebys tisocshpler bf raspbetivdl®, adoneesf the diavdedlight pulseafilon node
of a TM pol arization wave. The |ight pulse which passes through the
pol ari zat kAl RDatd @élettedSbytlte bpical dstoctdt @. The phase modulator 8
10 modulates only the light pulse P2 out of the light f)ulses 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 polarization
mode of the TE polarization wave. Accordingly, the second light pulse P2
becomes to have a polarization mode of a TM polarization wave. The light
p_ulse which 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 light 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



20 4 to direct to the Faraday mrror 7 is carried through the phase

nodul ator 8 and input to the Faraday mrror 7. The light pul se input to
the Faraday mrror 7 having the pol ar|4fzat|on node of the TE pol ari zation
wave is reflected as the |ight pulse the TM pol ari zati on wave, and on
the contrary, the light pulse of the TM pol ari zation wave is reflected as
the light pulse of 25 the TE pol ari zati on wave. The reflected |ight pulse
is carried through the 4 phase nodul ator 8 agai n. The phase m)dul ator 8 is

adj ust ed tim €. COnRt,r board | ator 8
phase rmdt?fhg? mf P‘i{’hseag@é’co%q Phrse Wé%atlgﬁ o'ﬁt (%?Stteﬁe‘%ﬁ pul ses
P1 and P2 |ch a refl ect e Far m rr.or d carrr t hr ough
the phase® aﬁrfgpiﬁo dfé T‘ﬁ%t %Bga‘?ﬁ)ﬂlﬂ 197§ %lpﬁlsep@pgglqigs,og Bésmitted
toward the opt er. r co catjon_as if it flqws backward

t hr ough tﬁ@ccaﬁhéhfr pbﬁerl’?oput rmﬁgiatcenlspﬁé’lc apd Eywhighases P1 and P2
whi ch pass through the phase m)dul ator 8 after reflected by the Faraday
mrror 7 aeféeqipdgyttbe Rayadng migrechandsarged theough thaphase modulatonS es t he
strength of the light pulses 10 which is phase nodul ated by the phase

nmodul a8 or Thetphaseengdulatednlight eulse B2 is prayisomitiesk towdrdethe ofitécad ftheer , t he

| i ght pul ses pass serially through the polarization controller 3 and the
coupl er 1]10dorcomnumnation tasdf itdflave bacow ard thfoughr theCogdtical pavnofithat i on.

In the conventional quantum cryptography transm ssion device of 15 the

Far aday mitidcidéncsy stBhg twhtight phlsep P Eantd MRivhich phes through thagsamse t hr ough
the sanme optical path as an outgoing path and a returning path; nanely,

the |ight nppdwlgtaredsafter réflestad byttheMaadayasitrét Plar8 dimiceéd td the addi tion,
since the light pulses having two different nodes: the polarization

attenuator 4. The attenuator 4 attenuates the strength of the light pulses

10  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 twice. 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 is
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 S/N ratio at adjusting time of the quantum cryptography device becomes



node of the TE pol arization wave in which |oss of the Iight pulse is
relatively 20 snmall; and the polarization node of the TM pol ari zati on wave
in which loss is very |arge passes th%ugh t he phase nodul ator 8, so that
a loss L of the optical strength becones extrenely large. On adjusting the
guantum cryptography device, the attenuator 4 is renoved and each part is
adjusted to increase an S/INratio (signal/noise ratio), however, there is
a problemthat 25 the S/INratio at adjusting tinme of the quantum

cryptography devi ce cgnes,.5 extrenely smal |l when the loss L of the
optical strerfguelysmsg P@Ent}l@eﬁé?ﬁa&te@e,oﬂtﬁ@llls%§l%h i$ largspt i cal strength
w |l be explai nfﬁi. lntFi g., 8, L4 shows a |oss of the strength of each |ight
pul se when the Herghaiten theloss of the pptisakstrengduwnll becexplaimedat or 4, and
L8 shows a loss _of 5 the strength of each lIight pulse when the |ight

pul ses P1 and PIngiigs8ikhd shewswahlesppfithe stvengti of esgh lightpylsesyhemshé oss
which is received when the |light pulses P1 and P2 pass through each

el enent i dightt@amlsessPhandrP2pass thovughrideattenuatioe 45 andrigd khows ahless ofjht

pul se input fromthe optical 10 fiber 10 for comrunication is supposed as

S, thebl oshe sfrength tEepch dight pulenwhendheoflighteylbesP1 mdP2ipass 8 as L8
(TE), the loss of the TM pol ari zation wave of the phase nodul ator 8 as L8

(TM, theththegh tlasphaseamoddlaten®. t HaiFig. 80thy ke whith @S rétetved@hen t he
other | osses include L4. 15 S = 50dB L8 (TE) = 6dB L8 (TM = 30dB

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 L.8 (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 light pulse is supposed as M on

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



LZ = 2dB Wen the whole | oss of the optical strength is supposed as L, L
can be 20 obtained by the followi ng equation: L =18 (TE) + LZ + L8 (TM +
LZ =6+ 2 + 30 + 2 =40dB At this tine, when the strength of the |ight
pul se is supposed as Mon 25 adjusti ngﬁthe guant um crypt ography devi ce
with renoving the attenuator 4, 6 Mis obtained by: M=S-L=50-40=10dB As
shown in the equation, the larger the loss L becones, the less the strength
M of the Iight pul se beconmes, and the S/INratio is degraded, which makes
the 5 adj nt, difficult. The present invention ainms to provide the
quant um cr |d§8 Faéﬂﬁ‘} Yéransm ssi on device in which the | oss of the optical
strength is small on adJ usti ng antum crypt ograph. 10 D sclosure of the
| nventi on Accor MigSt & T1HO Qs B nvention, a transm ssion device for an
optical signal includes: a f| rst optical path for receiving the optical
si gnal , belsghawn optheequation itheflarger thetlosal. becgmas, therldss tlmstrengting t he
optical signal; 15 first and second pol ari zati on beam splitters provi ded at
the first M@[ﬁtheﬁghpaulseﬂmcoamsl andhe (SAN rapiol isalegsadedIwhichrmbkes the st
optical path; a second optical path provided between the first and second
5 adjustment difficult.
The present invention aims to provide the quantum cryptography
transmission device in which the loss of the optical strength is small on

adjusting quantum cryptograph.

10  Disclosure of the Invention

According to the present invention, a transmission device for an
optical signal includes:

a first optical path for receiving the optical signal, being an optical
path of the optical signal, and transmitting the optical signal,;

15 first and second polarization beam splitters provided at the first
optical path for splitting the optical signal from the first optical path;

a second optical path provided between the first and second
polarization beam splitters for being an optical path of the optical signal split
by the first and second polarization splitters; and

20 a phase modulator provided at the second optical path for phase
modulating the optical signal.

The transmission device for the optical signal further includes:

a mirror provided at an end of the first optical path for changing a
polarization mode of the optical signal and reflecting the optical signal, and

25 the first optical path is used for an outgoing path and a returning



pol ari zati on beamsplitters for being an optical path of the optical signal
split by the first and second polarization splitters; and 20 a phase
nodul at or provided at the second optic path for phase nodulating the
optical signal. The transm ssion device for the optical signal further
Includes: a mrror provided at an end of the first optical path for
changing a polarization node of the optical signal and reflecting the
optical signal, and 25 the first optical path is used for an outgoing path

and a returmi ng,./ a.h f. the optical signal; and the second optical path
I's used fgﬁggﬁggh?gglﬁ@ﬁﬁgPﬂfgﬁﬁ a returning path of the optical signa
which is split the first econd olarlz t|on I|tters 5 The
flret optical piinspong %tgcaﬁ 183 et 1 Sh.anoepiO ngth AMGATOHITEEE of
TE polarizatlo wave and .a pul s pol |zat|on wave the first
and secon®ap gﬂuz aptiea! 4ign wgmlu ltgtm the {y' It andysacopd) Ralarigatione TE
pol ari zati on wave, and the phase nodul at or phase nodul ates the Iight pulse
of the TEbeéglﬁﬂﬂéﬁﬂtatlon wave. According to the present invention, a
transm ssion nethod for an optical signal includes: a splitting step for
splittbng a TE pgdeditstaptical patherdoetiastthe apsical aignadihgvang adight pulses a
first optical path and has the TE pol ari zati on wave and 15 a TM
pol ari zat bba Ta peldrzdtoommaste tamdaa $ight palsepof £ TM paldrizatiphwasenodul at i ng
step for phase nodul ating the TE pol ari zati on
the first and second polarization beam splitters split the light pulse
of the TE polarization wave, and
the phase modulator phase modulates the light pulse of the TE
10 polarization wave.
According to the present invention, a transmission method for an
optical signal includes:
a splitting step for splitting a TE polarization wave from the optical
signal which flows a first optical path and has the TE polarization wave and
15 a TM polarization wave to forward to a second optical path;
a phase modulating step for phase modulating the TE polarization
wave which is split to forward to the second optical path by the splitting step;
and
a combining step for combining the TE polarization wave phase
20 modulated by the phase modulating step to the first optical path.
The transmission method for the optical signal further includes an
outgoing path step and a returning path step for makiﬁg the optical signal go
and return through the optical path by reflecting the optical signal, and
the phase modulating step is performed at the returning path step.

25 According to the present invention, a transmission device for an



wave which is split to forward to the second optical path by the splitting
step; and a conbining step for conbining the TE pol ari zati on wave phase 20
nodul at ed by the phase nodul ating step jo the first optical path. The
transm ssion nethod for the optical signal further includes an outgoing
path step and a returning path step for nmaking the optical signal go and
return through the optical path by reflecting the optical signal, and the
phase nodul ating step is perforned at the returning path step. 25

According t giatge Er pse t .invention, a transm ssion device for an 8 optical
si gnal i nOPHEasS1844 Hﬁﬁ}l@e&? transmitting/receiving path for receiving the
optical signal, beipg,an optjcal path, of the optical signal, and
transnmitting t h@ngpticalfransmittne/receiving pat @Firﬁ?ﬁlﬁ%ﬁﬁ@p‘l’mﬂ‘i*’gﬁlﬁﬂaﬁvi ded
at an end_of the optical ~transmtting/receiving path for splitting the
optical sbgig apopficahpadpef the optigal signal; apd transmifting the:epticad opt i cal
| oopi ng path connected to the polarization beamsplitter at both ends for
bei ng an é&ignadal path which | oops the optical signal split by the 10
pol ari zation beamsplitter to the polarization beamsplitter; a phase
nmodul abor provi dgwlatizatien bpaircsplititenprowidedah ahcmdbshe optichll ati ng t he
optical signal; and a polarization node changer provided at the optical
| oopi ng patdnsmmittingheogivinge patiofarspiatingrtheugdioal sigral dfumahe opitigahl . 15
The pol ari zati on node changer includes a fast/slow coupler for
transmitting/receiving path;
an optical looping path connected to the polarization beam splitter at
both ends for being an optical path which loops the optical signal split by the
10  polarization beam splitter to the polarization beam splitter;
a phase modulator provided at the optical looping path for phase
modulating the optical signal; and
a polarization mode changer provided at the optical looping path for
changing a polarization mode of the optical signal.
15 The polarization mode changer includes a fast/slow coupler for
changing the polarization mode by connecting a fast axis and a slow axis of a
polarization wave axis of an optical fiber;
the optical transmitting/receiving path is used for an outgoing path
and a returning path for the optical signal; and
20 the optical looping path is used for an outgoing path and a returning
path for the optical signal split by the polarization beam splitter.
The optical transmitting/receiving path receives the optical signal
having a light pulse of a TE polarization wave and a light pulse of a TM

polarization wave, and

25 the polarization beam splitter splits the light pulse of the TE




changi ng the pol ari zation node by connecting a fast axis and a sl ow axis of
a polarization wave axis of an optical fiber; the optical
transmitting/receiving path is used for_an outgoing path and a returning
path for the optical signal; and 20 thé’optical | oopi ng path is used for an
outgoi ng path and a returning path for the optical signal split by the

pol ari zati on beamsplitter. The optical transmtting/receiving path
receives the optical signal having a light pulse of a TE pol arization wave
and a light.pulse of a TM, A polarjzatjon wav and 25 the pol ari zati on beam
splitter é’ﬁﬂéﬁ‘ﬂ%ﬂtﬂ% Wﬁvgrﬁndpﬁresﬁgia‘f Pfdﬁs of & gml%ﬁi@%ﬂ% Wiakee agfidhene | ght
pul se of the TM pol ari zati on wave, and the phase nodul ator phase nodul ates
the |ight bhaseanedulafer praseomadnlates she light pulsecefoihei hE nodariratipn esent

i nvention, a transm ssion nethod for an 5 optical signal includes: a
splittingvawep for splitting the optical signal which flows an optical
transmtting/receiving path and having a TE pol ari zati on wave and a TM

pol ari zati on waiecardingub phe presprthiavéitipn) @ trareniissionawe tlaodifdrhen TM

pol ari zati on wave to one end and the other end of an optical |ooping path;
10 a pbaseptimdlsighahindtdes:f or phase nodul ating the TE pol arization wave
split by the splitting step in the optical |ooping path; and a conbi ning
step for combi niargplittiggapep e splitgiigd theusptidal fsigmaltwkichowe ad dpticahe

optical |ooping path and the optical signal output fromthe other end of

the opti cgtanRiting/feeéiving path and having a TE polarization wave and a TM
polarization wave and outputting the TE polarization wave and the TM
polarization wave to one end and the other end of an optical looping path;

10 a phase modulating step for phase modulating the TE polarization
wave split by the splitting step in the optical looping path; and

a combining step for combining the optical signal output from the one
end of the optical looping path and the optical signal output from the other
end of the optical looping path.

15 The transmission method for the optical signal further includes an
outgoing path step and a returning path step for making the optical signal go
and return through the optical transmitting/receiving path, and a loop flow
step for looping the optical signal in the optical looping path, and the phase
modulating step is performed at the loop flow step.

20
Brief Explanation of the Drawings

Fig. 1 shows a configuration of an optical system of a quantum
cryptography transmission device of Faraday mirror system according to the

preferred embodiment of the present invention.

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



15 The transm ssion nethod for the optical signal further includes an
outgoing path step and a returning path step for neking the optical signal
go and return through the optical traﬁémttl ng/ recei ving path, and a | oop
flow step for |looping the optical sig in the optical |ooping path, and
the phase nodulating step is perfornmed at the loop flow step. 20 Bri ef
Expl anation of the Drawings Fig. 1 shows a configuration of an opti cal
system of a quantum cryptography transm ssion device of Faraday mrror

syst em accor di nakto tﬂ preferrg{j od ment of the present invention. 25
Fig. 2is a flokdka? 8 gwmﬂa% B BFSSﬁ of Fig. 1. 10 Fig. 3 shows a

status of |ight I;Epul ses ows a ti sequent lal status of the |ight
pul se. Fig. 5 sHdgsts ewﬁﬁgmea‘tq%lﬁnwlawt@stoiéhe lightparlseaccording to the
second enbodinent. 5 Fig. 6 shows a configuration of an optical system
according to thdig s@ébmsammdimntmnrafgn aptitad wystenyenerding bmtheur at i on
of a quantum crypt og_r aphy device of a conventional Faraday mrror system
Fi g. 8 sheesorad embodiment.| i ght pul ses in the quantum cryptography 10
transm ssion device of a conventional Faraday mrror system Fig. 9 shows a
confi géirati on offigr6 shows al cosfipueatian of aai optidad sybtem abeordiggptotherent . Fi g.
10 is a flowhart showi ng the operation of Fig. 9.
second embodiment.
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 the
third embodiment.

Fig. 10 is 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



15 Preferred Enbodi ments for Carrying out the Invention Enbodinment 1. Fig.
1 shows a configuration of an optical system of a quantum cryptography
transm ssion device 100 within a quantqq1cryptography devi ce of a Faraday
mrror system In the quantum cryptography 20 transm ssion device of the
Faraday mrror systemaccording to the present enbodi nent, the optical
paths to go out and to return are nade different wthin the transm ssion
device by using two polarization beamsplitters. In the figure, the quantum
cryptographépﬁransnission devi ce 100 1 connected to an

e i.ncl,udes a cqupl er
optical fif TBNPB}OHCarﬂﬂ}ﬁlégﬂ?’&ﬁ?ngﬁhelz'@%gbp?’&tgpﬂlfgga&‘fB?lailméwr’det ecting
a light pulse ipput. fr e tical fiber 10 .for 11 comrupi cation, a
pol ari zat i”&?ﬁ&cﬁﬂ qpé‘gqllfgthfqd)rqu%rﬂnr attenHate f%’cﬂté?li‘i%fﬂ‘%ﬁﬂe gbreagsh of he
i nput |ight pulse, .an attenuator 4 for attenuating the strength of the
light pul §f@e i}ﬁ!ltméd%ﬂﬁé reduciagithg gtrengthiafdhe iltﬁh% nilse eutnutpfromf them t he
qguant um crypt ography device to the quantumlevel (0.1 photon per pulse), 5
pol ar i zat iG@NERBENEIYPLognaphy devigedtostfeoquantvondeved 40 yphatongrermpulsd)e | i ght
pul se according to the polarization node; in case of the light pulse of the
TE pobar ipelatizatiembeamssplittdrsrigand 6afor automakicallghsmatcingghelight whi ch
passes through a phase nodul ator 8, and in case of the light pul se of the
TM pol ar i paiseoaconading tovihiegiilarizationmags;iinahsdyptisslipht pulsk ofthelTRypasses
the 10 light pulse of the TM pol ari zati on wave, a Faraday mrror 7 which
refl ects polerizatper wawesewitching tot @i bptical mofalatioy patlon3 pvlich gass&9
degrees; nanely, reflects the input pulse of the TE pol ari zation wave as

the |ight thedugh 8fphiake mddilaedras, izl irpeasecofehedipthtfflk&€6f shd M811 nput pul se
of the TM pol ari zation
polarization wave, switching to an optical bypass path 11 which bypasses the
10 light pulse of the TM polarization wave, a Faraday mirror 7 which reflects
the input pulse with rotating its polarization 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
16 8 for phase modulating the pulse which passes through the phase modulator
8. A first 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 optical path
20 R2is 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 is
the same as Fig. 7.
In the following, the operation will be explained referring to Figs. 2, 3,

and 4.

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



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

nodul ator 15 8 for phase nodul ati ng the pul se which passes through the
phase nodul ator 8. A first optical paH? R1 connects the attenuator 4, the
pol ari zati on beam splitter 5, the pol arization beamsplitter 6, and the
Faraday mrror 7. A second optical path R2 connects the polarization beam
splitter 5 the phase nodulator 8, and the polarization beamsplitter 6.
The second optical path 20 R2 is placed parallel to the first optical path

R1. The phase, nodul ator 8 is. placed the second optical pat.h . Ot her
confi gur atoFmtogFam%’qu]@S]iog cie[chee l@‘]sre E@' %i %‘.(’Wﬁ. sifaﬁ.‘,u§ Htt}f%ilggazng, t he
operation wi.ll be explained referring to Figs. 2, 3, and 4, ij lg. 2is a
f1 owchar t PHERA Hoeaqhesestionat iFgﬁ %Pi‘?'%é tﬂﬂﬁﬁgﬁﬁ?rﬁaﬁ?%?%@é% gg ansni ssi on
device 100. Fig., .3 shows status of the light pulses at each section. Fig.
4 shows t iese Whighpasgesdhzpugh the pplical masspathel Land theartieal ¢ hr ough t he
optical bypass path 11 and the optical nodulation gat h 13. In Figs. 3 and
4, P, P1, medulppionmathpld.sds Figsr 8vands4, B P1,mind B2 shaw p@lsapovArreoash pul se
respectively show | osses of the optical strength at the attenuator 4, the
pol ari gat ilgh Ifedb, apdi L8 abows eadtepulsel raspectivedy shewrosysi dfithe odpticahd t he
phase nodul ator 8. (1) Step S20 for an outgoing path First, two |ight
pul ses P1 strechgfR atdhe mgtenuatdr #f theepolapizhsionAaianosplitterdgebear e i nput to
t he quantum crypt ography transm ssion device 100 of Fig. 1 through the
optical fipbbariddtidrobeamreplittexes,i aid the phasag@dudstori8ri ngs (S1). The |ight
pul ses P1 and P2 input through the optical fiber 10 for
(1) Step S20 for an outgoing path
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 pulses P1 and P2 input through the optical fiber 10 for
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 the 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



comuni cation are split into two by the coupler 1, and ones of the |ight

pul ses P1 and P2 split by the coupler 1 are detected by the optical

detector 2. 15 The phase nodul ator 8 nﬁgulates only the light pulse P2 out
of the light pulses P1 and P2 accordi to the timngs of detecting the

i ght pulses by the optical detector 2. The others of the |ight pul ses of
P1 and P2 split by the coupler 1 are adjusted their polarization plates so
that the phase nodulator 8 works optimally (S2). At this tinme, the first

i ght pul se P1.out, of th O I'jght pulses Pl .and I nput t he

quant um ¢ CoBRSYEE S selested bE ¢fig polatikatian Bedmanitbin taraiack e f mi ngs i s
adj usted so_as to hecone the polarizatio d the TE pol arization
vave. Acci’rgaﬁtd@h?‘? drhavang the pqur tigy, eﬁéﬁﬁg@ PRRTFAtIN WAVE 4R node of
the TM pol ari zati on wave. Then, the attenuator 4 attenuates the strength
of the Ii ghe opticabmodujatiompaths 1Biwkichnasses thnoaghi thg rhasenmoduladen, mirror
7 through the polarization 13 controller 3 is selected by the polarization
beam spl i tamdrth® lightrpulge BZchaving theipgplaripatier npadenefitihegl lasizationat i on
node of the TE pol arization wave to the optical nodul ation path 13 which
passesbt hmoughta the quitasé bypdsd patdr 1B direatingtthahk ipgharizatice beamheplitter t he

pol ari zati on node of the TM pol arization 5 wave to the optical bypass path

11 direction@4)o The tpollightzailsenPheard Bpiwhickipass thfesijgh different optighl
pul ses P1 and P2 which pass through different optical paths are conbined

by the polathgaté eombaasd bpthd heYarfzadiveh bentsplittdriGanfanpapiyo the ror 7
(S5). The light pulse input to the Faraday mrror 7 is reflected; nanely,

f he |ight Rashdgy Mivra07 (5. qu}ﬁrlii%l% peReRAGt & tRdPardelshPmiiPlodr7 #at i on wave
s reflected as the light pulse P1 having the polarization node of the TM
pol ari zat iygfleBY Enadly, tHE light PuldthEeingaHeEblaRgation mode of the TE
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 mode of the TE polarization wave (S6).
(2) Step S30 for a returning path
16 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 which passes through the phase modulator 8,
and the light pulse P1 of the TM polarization wave to the optical bypass path
11 directing to the polarization beam splitter 5 (S7). The phase modulator 8
20  is adjusted its timing by the control 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 (S8). The light pulse P1 which is not phase modulated
and the phase 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



pol ari zati on node of the TM pol arization wave is reflected as the |ight
pul se P2 having the polarization node of the TE pol ari zati on wave (S6).
(2) Step S30 for a returning path 15 qu reflected |ight pulses P1 and P2
are selected by the polarization beam'splitter 6 to re-direct the |ight
pul se P2 of the TE pol arization wave to the optical nodul ation path 13
whi ch passes through the phase nodulator 8, and the light pulse Pl of the
TM pol ari zati on wave to the optical bypass path 11 directing to the

pol ari zati on, beam splitter, 5 .( . Jhe phase nodul at.or 20 is adjusted its
g by RS caft vBeptsihy dhs BhindricrBRR 408 ORRymeAdY thehe ~pul se. P2
which is retllect ed by the Faraday myrror 7 agd passes thkgugh the phase
modul at or Belamggtion-hgam splittey,p andmiregted foithe atenyinter 458l alB®  and t he
phase nodul ated |ight pulse P2 are transmtted toward the optical @ fiber 10
for commurfittenyasar isatmn%ttea the stuengtiylef the light pulge phase wodulateddiyce. 25
The two |ight pulses P1 and P2 which pass through the different optical 14
pat hs aft éﬂe mefase anedulpjon § o Fhe guantumrlevel (. hpbotwanpempualsby (F1).

pol ari zati on beamsplitter 5 and directed to the attenuator 4 (S9). The

at t enuéit orTheraafter the dightipmlse pesspsithodugih¢he pglarizadicecpitaskem®dnidat ed by
t he phase nodul ator 8 to the quantum |l evel (0.1 photon per pulse) (S10). 5

Ther eaf t ethetcbaplerdhtandulsseapamittsd td tloo ghtitdicfilpanl B0 foradonom utddiition | er 3
and the coupler 1, and is transmtted to the optical fiber 10 for
comuni catBaen). (S11). As shown in Fig. 4, only the light pulse of the T™M
pol ari zati on wave passes through the optical bypass path 11 which is a

Bﬁlr g em; f t Pﬁef ITrE a%owfg% IF})% DIty Ble 1light padseddidle TRINSblaf2biiohReavd ght

passes through the optical bypass path 11 which is a part of the first optical

10 path R1. 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 is shown by
arrows Al, A2, and A3 of Fig. 4. And further, the light pulses pass in the
order of arrows A4, A5, and A6.

15 Here, the loss of the optical strength will be explained.

For instance, 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, the 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 loses LZ 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 part is shown by an arrow L.



wave passes through the optical nodul ation path 13 which is a part of the
second optical path R2. The order of passing of the lIight pulses is shown
by arrows A, A2, and A3 of Fig. 4. And further, the light pul ses pass in
the order of arrows A4, A5, and A6. 13°Here, the loss of the opti cal
strength will be explained. For instance, the strength of the |light pulse
I nput fromthe optical fiber 10 for conmunication is supposed as S, the
| oss of the strength of the 1light pulse due to the polarization beam
splitter 5 as L5 _theéoss of the strength of the light pulse due to the
pol ari zati on bea?m'sﬁﬂdi ter 6 as L6, the 20 loss of the strength of the
| i ght pul se due to the phase nodul ator 8 as L8, other |losses as LZ, and
their concrete it GdslBare shown bel ow. The other loses LZ includes the |oss
L4 of the strength of the Iight pulse due to the attenuator 4 of Fig. 4,
and so forth. FUiaédBin Fig. 4, the loss which is received during the
| i ght pul ses P1 and P2 pass through each 25 part is shown by an arrow L.
15 S = 50dB L51:85@@B L6 = 5dB L8 = 6dB 5 LZ = 2dB Wen the whol e | oss of
the optical strength is supposed as L, L can be obtained by the follow ng
expression: L= (lAH=2dB) + LZ + (L6 + L8 + L5) + LZ =5+5+2+5+6+5+2
When the whole loss of the optical strength is supposed as L, L can be
obtained by the following expression:
L=0L5+1L6)+LZ+ (1.6+L8+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
pulses are reflected by the Faraday mirror 7, so that the TE polarization
15 wave 1s 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 passes 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
low, the incident pulse is output with reduced by, for example, 40dB.
In the present embodiment, the phase modulator 8 is bypassed by the
light 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  to the phase modulator 8. In this way, the reduction of the incident pulse



10 = 30dB As descri bed above, there are two |ight pulses to enter the
transm ssion device; the light pulses of the TE pol ari zati on wave whi ch
pass through the phase nodul ator 8 ang the TM pol ari zati on wave. These
light pulses are reflected by the Far ﬁay mrror 7, so that the TE

pol ari zation 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.
Conventional Iy, .one {1 pul se passes r h th h nodul ator 8 in
two di ffelﬂgﬁt%s]t"é’tl@e@%% W‘E‘c %“r"i"‘z’%&ﬂ%%ﬁé@é‘ﬁﬁgﬁa@ TM pol ari zati on
wave. However, since the 20 transm ssion factor of the phase podul ator 8
for the TM pol ariS/Hpeutse Vesacqphng todhepregent embhordinent, $he spticad t h
reduced by, for exanple, 40dB. In the present enbodi nment, the phase

modul at or Pathgvishusthe-quantum eryptographstransstission devigsol 00 isanasatadhve
using the two polarization beam splitters 5 and 6. Only the |ight pul se of
the TE poliferr theseutgeingendirstwming pathsusing the twapelarizationtlgar8. I n this
way, the reduction of the incident pulse 16 can be limted to 30dB, which
i nprovés shbti@rsbrand 6, dyd thel Bhages niidsdats lisgilaved ateithedipath bbthée
present enbodi nent, the optical path within the quantum cryptography

t ransmi ssiopticdbpatdes ihOthe quaemar atygdogfaphyt traneniigsibnglesivéd of Favadagg pat hs
using the two polarization beam5 splitters 5 and 6, and the phase

modul at or nfirkér Pisded at either path of the optical paths in the quantum
crypt ography transm ssion device of Faraday mrror system In this

enmbodi ment, howgy ghis driBodindétit, Rdwe@et, The Mghit gilsd RPNy 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 attenuator 4 is removed, which prevents the loss of 10dB compared with the
loss due to the quantum cryptography transmission device 100 in the
conventional art. This means, the S/N ratio is improved by 10dB at
adjusting time, which enables to adjust the quantum cryptography device
easily.

20
Embodiment 2.

In Fig. 1, the polarization beam splitters 5 and 6 which 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



pol ari zati on beamsplitters 5 and 6 and passes through the quantum 10

crypt ography transm ssion device using different paths for outgoing and
returning. Accordingly, the light pul 527 passes through the phase nodul at or
8 only once and by the formof only the'light pul se having the polarization
node of the TE pol arization wave, so that the |loss of the incident pulse
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 hoslﬁ?hdule t o .t he quant u? crséat ography transm ssion device 100 in
the convdheildhBplagization,wavecan oe 4sgl- s/N ratio is i nproved by 10dB at
adjusting tine, _which enables to adju t he quapt um cryptography device
easily. 20 Enbo@?ﬁélﬁ&%wﬁﬁﬁﬁ!o"if} 17 Kd8-fo| A amadie frthes&’ﬁal?‘%“tzéFIQHS and 6
which reflect the TE polarizatiqon wave and pass the TM pol ari zati.on wave
are used. baamsspliiter b wipch passesitha FM polarigation wawe B@érﬁ%@mqlar@atlga whi ch
reflects the TM 25 pol arizati on wave and another polarization_beamsplitter
6a whi ch peswesplitter iz wirich plassésythe TR podaxization peaviesean be usedot ¥elr way, as
shown in Fig. 6, a conbination of the polarization beamsplitter 5 which
passes5t héuithlepamthentombivation ofithet palapightion Awainp splitteabaswhidh er 6a

whi ch passes the TE pol arization wave can be used. Yet 5 further, another
conbi nat i passds thecTPalodarization waveamdstid polarizasiontheam splistees whechlE

pol ari zati on wave and the pol arization beamsplitter 6 which passes the T™M
pol ari zat passesthe THNpdlarizacidn wivetan be tgkd;] whicH 1sahatdiiustidied 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
transmitting/receiving path R3 and an optical looping path R4.
The optical transmitting/receiving path R3 is provided with the
polarization controller 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
connected to one end of the optical looping path R4. C port is connected to
the other end of the optical looping path R4. With this configuration, the
optical signal 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



figure. The Faraday 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 mrror 7.
Enbodi mrent 3. Fig. 9 shows another configuration in which the Faraday
mrror 7 is not included. 15 In Fig. 88 "t he transnission device is
provided with an optical transmtting/receiving path R3 and an opti cal

| oopi ng path R4. The optical transmtting/receiving path R3 is provided
with the polarization controller 3, the attenuator 4, and the polarization
beamsplitter 5. The poJarization heamsplitter 5 includes three ports A,
B, and C. bﬂtweelp@rpontsar@oamt@aln&thwwlil%nmgrmbr#@ti ng/ r ecei vi ng path
R3. B port is connected to one end of the optical |ooping path R4. C port
i s connected t o Therptinahdooping pathBisqroviddd witdpthegphagehmpdulator 8 t hi s
configuration, the optical signal output fromB port is input to C port.
The opti candsa fastislowebpplerfito mThepfast/slev coypler 70 dhamges the T'Mier ei naft er,
it is defined as "loop flow' to | oop the optical signal 18 between B port
and C por polmiizgtidrheravptto the T pplarizatainhwiee bylvenapttingla fagopkisgpfpat h R4
is provided with the phase nodulator 8 and a fast/slow coupler 70. The

f ast/ showpotuization @xishAnbedptieal fibkr poh aldw aki) andesttarigestthe TH:
pol ari zati on wave by connecting a fast axis of 5 polarization axis of the

5o, i hnwis e Tippuchaar e, TRtttz o (o
pol ari zat ix@Ne¥iReFledTaN8larization mode changer.
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 directly 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 outgoing path
The operations of S1 through S4 of the step S40 for an outgoing path
shown in Fig. 10 are the 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 splitter 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 (S12), and output as the light pulse of the TM polarization

25 wave.



The l'ight pul se of the TM pol ari zati on wave and the |ight pulse of the TE
pol ari zati on wave are separated by the polarization beamsplitter 5, and
10 the light pulse of the TE polarizatlgn wave is directly carried to the
phase nodul ator 8. The light pulse of the TM pol ari zation wave is carried
to the other inlet of the phase nodul ator 8 through the fast/sl ow coupler
70. Fig. 10 is a flowhart showi ng the operation of the quantum

crypt ogr aphy transnission device 100 of Fig. 9. 15 (1) Step S40 for an

out goi n ath T er f.S rQ 0, 340 fo

Ut 5ot ng path  STIRE PR ndic?hshs*{% RS8R TM Bt o avE prld

t hr ough ) S50 f fl | i ght

pul segof tq‘?l?‘ﬂﬁpé? lﬁﬂtﬁeaﬂﬂ éﬁ%‘/@ |1§ APt go:)'f}}%t }aﬁ%]{ ¢ ‘béfﬁwgat : gn beam
slltter5|S| utt se nodul.ator 8 and ph dul at ed (S8
Ngxt t he CBH&S@ h%"dBP ﬁ!ﬁpﬂg:tpqiﬁ}"%gtleﬁ e é@n t@xﬂa’ﬁﬁ E%irg’ﬁ W"S‘Y%) i nput
to the fast/ sl ow coupl er changed its ’EOl ari zation node (812) and

out put as (BKQ), |ainglmutpu!:seTb¢ light prisgef the Etnqlﬁrlzmowe autpmt from ot her

hand, the |i pul se of the TM pol ari zati on wave split y the
pol ari gat itbﬁ% aetégtowpionplas 7(Gis input patthe p hase medilatroly b:ltmplrmt phase changed
Its node to the TE pol ari zati on wave fromthe TM pol ari zati on wave (S12),
and out putmodidlatéd ghd omtpeetothe palafizapiohdreanaspbitendveithouput from 5 t he
fast/slow coupler 70 is input to the phase nodul ator 8, but is not phase
nodul at ed modhilatiioput to the pol arization beamsplitter 5 w thout
(3) Step S60 for a returning path
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.
15 Even when the configuration shown in Fig. 9 is used, the light pulse
of the TE polarization 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 can be minimized, which enables the same effect as the
foregoing embodiments.
20 The fast/slow coupler 70 is one example of a polarization mode
changer, and another device can be used as long as it can change the
polarization wave between TM and TE. For instance, 1/2) 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.



nodul ation. (3) Step S60 for a returning path The operations of S9 through
S11 of the step S60 for a returning path 10 shown in Fig. 10 are the sane
as the operations of S9 through S11 shown in Fig. 2. The above-descri bed
the steps S40 and S60 for outgoing/ret@Pning paths are performed in the
optical transmtting/receiving path R3. The step S50 for a loop flowis
performed in the optical |ooping path R4. 15 Even when the configuration
shown in Fig. 9 is used, the light pulse of the TE pol arization wave
output fromB port is returned to C port after passing through the phase
nodul ator 8 only once. Accordingly, the loss of the optical strength can
be mnimzed, which enables the same effect as the foregoing enbodi nments.
20 The fadndysvalapplieability i s one exanpl e of a polarization node changer
and anot her device can be used as long as it can change the polarization
wave bet ween TMAmnblagBeerFdesariteidancenrding o theatrafittmwayptographyh) can be
used. In another way, the optical comunication cable can be used with
twi sting hyadnitsipredsvicé100 € Farhay apirraadyscanmofprefirred erfbodadleat can be
connected with crossing by 90 degrees. 20 Industrial Applicability As has
been dssciof bkel inwartiv]ithe optichhpathpdieupposidad ﬁﬂroaﬂEUing drd séfurhign devi ce
100 of Faraday mrror system of preferred enbodi nent of the invention,
the opti cabpaaitely withiRtRYiddoftef 86 tIoal €t BghPPElsk Padsed frotghahat el y within
the device, so that the |light pul se passes through the

phase modulator 8 only once. Accordingly, the loss of the strength can be
reduced, and the S/N ratio can be improved at adjusting time of the quantum
cryptography transmission device 100, which enables to adjust the
10 transmission device easily.
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.



phase nodul ator 8 only once. Accordingly, the loss of the strength can be
reduced, and the S/INratio can be inproved at adjusting tine of the quantum
cryptography transm ssi on device 100, which enables to adjust the 10
transm ssi on device easily. Further, acéor di ng to anot her preferred

enbodi nent of the invention, the optical |ooping path is used, which

avoi ds using the Faraday mrror and facilitates the configuration of the
device. 21 Cainms ‘1. A transm ssion device for an optical signal
conprising: a first optical path for receiving the optical signal, being an
optical path of the optical signal, @aumsransmitti ng the optical signal; 5
first and second pol arization beamsplitters provided at the first optical
path for dlplittiAtransmisgiohclevicsifgnan dptinal stgnalicostprigingcal path; a second
optical path provided between the first and second polarization beam
splitters for beifuptapticpl path foateheiving bise opticaladigaalybaing phioptichl t he
first and second polarization splitters; and 10 a phase nodul ator provided
at the seqath ofphe opticpbsignhhrandhiaaasmittihug she optitdlesignal;cal signal. 2. The
transm ssion device for the optical signal of claiml further conprising:

a mrrer provi détshndRecsill pblariation sdam@RplicRlrs paovide@ratahafiishg a 15
pol ari zati on node of the optical signal and reflecting the optical signal,

and  wher @pgichlgafl fortspPRiingaheRptital SighadrdRtha HirstbpaLAIpAM h and a
returning path of the optical signal; and
a second optical path provided between the first and second
polarization beam splitters for being an optical path of the optical signal split
by the first and second polarization splitters; and |
10 a phase modulator provided at the second optical path for phase
modulating the optical signal.
2. The transmission device for the optical signal of claim 1 further
comprising:
a mirror provided at an end of the first optical path for changing a
15 polarization mode of the optical signal and reflecting the optical signal, and
wherein the first optical path is used for an outgoing path and a
returning path of the optical signal; and
wherein the second optical path is used for an outgoing path and a
returning path of the optical signal which is split by the first and second
20 polarization beam splitters.
3. The transmission device for the optical signal of claim 1, wherein
the first optical path receives the optical signal having a light pulse
of a TE polarization wave and a light pulse of a TM polarization wave, |

the first and second polarization beam splitters split the light pulse

25  of the TE polarization wave, and



wherein the second optical path is used for an outgoing path and a
returning path of the optical signal which is split by the first and second
20 pol arization beamsplitters. 3. The_transm ssion device for the opti cal
signal of claiml1, wherein the first aétical path receives the optical
signal having a light pulse of a TE polarization wave and a |ight pul se of
a TM pol ari zation wave, the first and second pol ari zati on beam splitters
split the light pulse 25 of the TE pol arization wave, and 22 the phase
nodul at or phase podul ates the light pul se of the TE polar]zatjqQn wave. 4.
A transmi ssion fBe phase srodHamip e@péﬁbﬁte%éh%hgbrﬁg.seao et ing step
for splitting a TE polarization wave fromthe optical 5 signal which flows
a first opolaxzatpen wayed has the TE pol ari zation wave and a TM

pol ari zati on wave to forward to a second optical path; a phase nodul ati ng
step for phase wothanamisgjohheethiéddfor aniodidadsigned cemplrisihgi s split to
forward to the second optical path by the splitting step; and 10 a

conbi ni ng step facsplittiny stepdor sdittmga TR pohirizatiomawave fiase thedptizbbd by

t he phase nodulating step to the first optical path. 5. The transn ssion

met hodsf ofsigid whichdfidws hdhiat opfical wath #nd hat ke TE polarizition waveandoi ng
path step and a returning path step for nmaking the optical signal go and

return t hropBhpélagiARionCwhve 8d forartablLsddond dpbabphtligal 15 signal, and
wherein the phase nodul ating step is performed at the returning
a phase modulating step for phase modulating the TE polarization
wave which is split to forward to the second optical path by the splitting step;
and
10 a combining step for combining the TE polarization wave phase
modulated by the phase modulating step to the first optical path.
5. The transmission method for the optical signal of claim 4 further
comprising an outgoing path step and a returning path step for making the
optical signal go and return through the optical path by reflecting the optical
15 signal, and
wherein the phase modulating step is performed at the returning
path step.
6. A transmission device for an optical signal comprising:
an optical transmitting/receiving path for receiving the optical signal,
20 being an optical path of the optical signal, and transmitting the optical
signal;
a polarization beam splitter provided at an end of the optical
transmitting/receiving path for splitting the optical signal from the optical
transmitting/receiving path;

25 an optical looping path connected to the polarization beam splitter at



path step. 6. A transm ssion device for an optical signal conprising: an
optical transmtting/receiving path for receiving the optical signal, 20
being an optical path of the optical signal, and transmtting the optical
signal; a polarization beamsplitter plngi ded at an end of the opti cal
transmtting/receiving path for splitting the optical signal fromthe
optical transmtting/receiving path; 25 an optical |ooping path connected
to the polarization beamsplitter at 23 both ends for being an optical path
whi ch | oops the optical signal, split by the polarizatjon beamsplitter to
the pol ar ﬁ%ﬁﬁie@#mf%h?% an 9@?19a@%@g1%@epatb¢ optisd] signahsplihby shei cal

| oopi ng path for phase nmodulating the optical signal; and 5 a polarization
node chandg@latiration bgany spliéenin theapolasizption heamn sphitterchangi ng a

pol ari zati on node of the optical signal. 7. The transm ssion device for the
optical signal afpkaseimodnlathepedvided aé thelopticahldopmgrpath irarlypese i ncl udes
a fast/slow coupler for changing the polarization node by connecting a
fast axi s modulatmgothecopticadfsignalPapdl ari zati on wave axis of an optical
fiber; the optical transmtting/receiving path is used for an outgoing path

and a get ur ni ng apgdlArizatiohtodpthowgersnonided atthd fistieltlosping! prahifog pat h
Is used for an outgoing path and a returning path for the optical signal

split by tchanpiigi pobiriftidie aivderfithe ®ptichbPsignalhe transm ssion device for
the optical signal of claimbé,
7. The transmission device for the optical signal of claim 6, wherein
the polarization mode changer includes a fast/slow coupler for
changing the polarization mode by connecting a fast axis and a slow axis of a
10 polarization wave axis of an optical fiber;
the optical transmitting/receiving path is used for an outgoing path
and a returning path for the optical signal; and
the optical looping path is used for an outgoing path and a returning
path for the optical signal split by the polarization beam splitter.
15 8. The transmission device for the optical signal of claim 6,
wherein the optical transmitting/receiving path receives the optical
signal having a light pulse of a TE polarization wave and a light pulse of a
TM polarization wave, and
wherein the polarization beam splitter splits the light pulse of the TE
20 polarization wave and the light pulse of the TM polarization wave, and the
phése modulator phase modulates the light pulse of the TE polarization
wave.
9. A transmission method for an optical signal comprising:
a splitting step for splitting the optical signal which flows an optical

25  transmitting/receiving path and having a TE polarization wave and a TM



wherein the optical transmtting/receiving path receives the optical

signal having a |ight pulse of a TE pol ari zation wave and a |ight pul se of
a TMpol arization wave, and wherein tgﬁ pol ari zati on beamsplitter splits
the light pulse of the TE 20 pol arizat9on wave and the |ight pulse of the
TM pol ari zati on wave, and the phase nodul at or phase nodul ates the |ight
pul se of the TE polarization wave. 9. A transm ssion nethod for an optical
signal conprising: a splitting step for splitting the optical signal which
flows an optical .. 25 transmtting/receiyjng. path and having a TE

pol ar i zat iRSHATHAYEOR Hpve Qﬁtwg]é’tgi tg’é’t’i%rpq}\%}éafd% wp%nf theyTMie TE

pol ari zation wave and the TM pol arization wave to one end and the other
end of an Roparigation ywyerty ge end andihe othewemdof ag optissl lasping assh;

modul ating the TE polarization wave split by the splitting step in the
optical | ooping ase modubatang stepi for pdrase epodulatingritheI'H ol sk zatpen cal
signal output fromthe one end of the optical |ooping path and the optical
si gnal outwane spluinby blee sphiging steg inf thehwptigad loaping paphpangat h. 10. The
transm ssion nethod for the optical signal of claim9 further conprising
an out §oi ng pat la cinelpindng stepr fer combigingathe qitimal sigmalwkitpat frioem tHOowet | cal
signal go and return through the optical transmtting/receiving path, and a
| oop fl owesidegf theroptivaplowpih$ patipbindahesipgival sighal batpwt freal thoetlierg pat h,
and wherein the phase nodul ating step is perforned at the | oop fl ow step.

end of the optical looping path.

10. The transmission method for the optical signal of claim 9 further

comprising an outgoing path step and a returning path step for making the
10  optical signal go and return through the optical transmitting/receiving path,

and a loop flow step for looping the optical signal in the optical looping path,

and wherein the phase modulating step is performed at the loop flow step.



