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PrASE NODLLATI ON APPARATUS AND PHASE NCDLULATI ON - METHORSTRRR SR ZOLEG o The

‘present invention relates to a phase jmodul ation apparatus and a phase
nodul ati on nethod for perform ng a phase nodul ati on on an optical signal
at a high speed. For exanple, the invention relates to a high-speed 10
nodul at'i on apparatus and.its method for quantum cryptography of phase
nodul ati on system Background Art Figs. 14 and 15 show a net hod for phase

nodul ation in t he_ﬁﬁG%qgﬁ@mwst&qﬁléﬁ F@ﬁﬁ,@ﬁgé@@?ﬁ?ﬁf phase nodul ati on

system di scl osed in ocunent yansa, m nmechani cs and
guantum crypt ography" Mathe ' g‘JA Gi No. 402, Decenber 1996.
According to the crypt ograph;/m‘%llf~7ﬁ gf@@@@&fation system a phase

nmodul at or M o I | fi i Fig. 14. A
20 transm ﬁ%ﬁmm@ﬁm&mﬁﬁﬁgﬂﬂmﬁw se

nodul ators (PMA, PMB), respectivel Ignij_& apply vol tage corresponding to the
phase nodul ation (0, 7d2, t, Srﬁ\ﬁ:)"r QL he phase nodul ators. The quantum
crypt ography of phase nodul ati on system physically creates the system

uti 19 zing interference of photons having different phases 25 which flow

t hrough two kinds of optical paths having the same length in an
_ Technical Field

The present invention relates to a phase modulation apparatus and a
“phase modulation method for performiﬁg a phase modulation on an optical
signal at a high speed. For example, the invention relates to a high-speed
10  modulation apparatus and its method for quantum cryptography of phase

modulation system.

Background Art
Figs. 14 and 15 show a method for phase modulation in the
15 conventional quantum cryptography of phase modulation system disclos'ed in
a document: Uchjyamé,-“Baéic quantum mechanics and quantum
_cryptography” Mathematical Sciences No. 402, De'cembef 1996.
| | Accord_ihg to tﬁe éryptography of phase modulation system, a phase
~ modulator (PM) is usually placed as shown in a configuration of Fig. 14. A
20 transmitting apparatus and a receiving apparatus include phase modulators
| (PMA, PMB), respectively, and apply voltage corrésponding to the phase
modulation (0, /2, x, 3x/2) to the phase modulators.
The quanti;m cryptography of phase modulation system physically
‘creates the system utilizing interference of photons having different phases

25  which flow through two kinds of optical paths having the same length in an




25 February 2005 2 optical systemusing such as an opt beakeruey 200% t he
nodul ati on of the quantum cryptography of phase nodul ati on system each of
the transmitting apparatus and the rgeceiving apparatus usually includes
one phase nodul ator and operate phase nodul ati on between the two partners.
5 The follow ng explains concretely the conventional nethod for phase
‘nodul ation in the quantum cryptography of phase nodul ati on system usi ng

- one exanple. For exanple, an. enbodi ment of B92 protocol using a coupler at

a joint n_optical fiber is.u wil | ex ined referring to
Figs. 14 palr(fgi S&%e .Slﬂgpﬁ%{‘&‘? a}rggpt&%a@ﬁﬁ)e& eJnRﬁSrﬂl‘F‘i@é‘POé’to ertain cyclic
frequenc nd transmits t.o,a cou r..l as an optic si.gnal through the
opti cal aﬁ@?‘fﬂ %ryg?ogrﬁg gpﬁghﬁé‘? P‘girﬁ?tlf’%éyﬁm’c%ﬂc tthe thapsmpding o ai ned,
“which are critical to the, .quantum crypt o%yaph .. 15 The first one is a
first ofPPEEMYSAM the taeebnne gpraradiwgietally inchudasona phagees upwards in
Fig. 14, passes through the phase nodul ator PMA and a coupler 2, and at a
coupl er mocylpton andepeaée rhasemadulniing betyaes the tWamaabersa phase
nodul at or PMB and ﬁas_ses through a coupler 4 to reach a detector. The
secodd one i sThedeBowinmexnlaiis qpacketely the conemtidnal suefhiodrfot phake 20
| aser goes forward w thout passing through the phase nodul ator PMA and
_passes niddgtionhn the gquiastud, craptbgrtphiief phast enodylatioe dyateen ugies. upwar ds
in Fig. 14, passes through the phase nodul ator PMB, passes through the
one example. o _ .
For example, an embodiment of B92 protocol using a coupler at a
joint where an optical fiber is used will be explained referring to Figs. 14 and
10 15. |
A photon 1s oscillated from laser at a certain cyclic frequency, and
transmits to a coupler 1 as an optical signal through the optical fiber, etc.
Hereinafter, only two optical paths will be explained, which are critical to the
. quantum cryptography.
- 15 - The first one is a first optical path in which, at a coupler 1, the laser
goes upwards in Fig. 14, passes through the phaé,e modulator PMA and a
coupler 2, and at a coupler 3, the laser goes forward without passing through
- a phase modulator PMB and passes through a coupler 4 to reach a detector.
The second one is a second optical path in which at the coupler 1, the
20 laser goes forward without passing through the phase modulator PMA and
passes through the coupler 2, and at the coupler 3, the laser goes upwards in
Fig. 14, passes through the phase modulator PMB, passes through the
coupler 4 to reach-the detector.

The first optical path has the same length as the second optical path.

25 When it is assumed that one phase as ®a which modulated by the




coupler 4 to reach the detector. The first optical patRShEsbmiaey 208 | engt h
~as the second optical path. 25 Wen it is assurmed that one phase as (Da
whi ch nodul ated by the 25 February 2%05 3 phase nodul ator PMA, and the
other as Ib which nodul ated by the phase .nodul ator PMB, between the
optical paths having the sane length, an optical interference occurs
according to a difference value of (cpa -1b). The quantum cryptography of
t he phase nodul ation systemutilizes this 5 interference. As described, the

convent.ional mef hod. nmodul at i .ng. t he ase sinpl | aces pne phase
nodul at Bﬁaﬁen n%oaéﬂatgc}r élﬁ%\’ tann@’r‘ﬁ t?'gﬁé‘sd%k’/lg‘g'é‘% W&%‘édﬁ%éﬁp #%evi ce to
perform desi,red modul ation,. For exanpl.e, in order to nodul ate phases
of 0, , H%’%‘sq]r?&lfr%%?mg%‘i‘ g artiggl W%&{ak'ave%g tl{b‘i‘ S3pg SFlgahﬁ’d} ied to the
phase nodul at or. fAs shown 10 in_Fig. 15, upon applying the voltage, there
al ways eRtied! intexfexence pgcyrs aaeardingsig a diffexpnopvajieiafdOaci @hlye. Theur t her |
when one phase nodul ator continuously nodul ates different random phases
seri al | guantyppRPingraphy Pthe plag) modedatdon sygiemy itibides thist he conventi onal
phase nodul ation nethod, .the nodul ation 15 requires to apply voltages in
di f fier emtevigrencs. atAsddscyibed pedconvensional mdtbod forsmodiutetin@thed the fal
tirme TP of voltage prevents a hi gh-speed operation. For exanple, when a
phot on pbasssinplytpddcestore pleadeamodoltior in eadgobtisytrasisnijtiing debize | aser,
‘'t he phase shoul d be nodul ated synchronously with the timng of oscillating
't he phoaxdd themecditungadevier, toperfats desirdd phiase ahddagasioaor r espondi ng
For example,'in order to modulate phases of 0, #/2, =, or 3n/2,
voltages of OV, 4V, 8V, or 12V are applied to the phase modulator. As shown
10 in Fig. 15, upon applying the voltage, there alwz{ys exist a rise time LLP and a
fall time TP of the voltage. Further, when one phase modulator
continucusly modulates different random phases serially, a blank period BP
(BP=0) should be provided.
In the conventional phase modulation method, the modulation
15 requires to apply voltages in different values at a high speed, however, the
rise time LP and the fall time TP of voltage prevents a high-speed operation.
For example, when a photon is oscillated at a certain cyclic frequency using a
pulse laser, the phase should be modulated synchronously with the timing of
oscillating the photon, and therefore, various kinds of voltages corresponding
20 to the modulation amount should be applied synchronously with the above
timing. A bit rate of the quantum cryptography is in proportion with the
number of frequency of the pulse laser, so that the voltage should be
switched to a high voltage and applied to the phase modulator to perform the
-'high-.speed operation. Because of this, generally, long LP and TP cause to

25 extend the time required for applying the voltage different.from the previous




20 to the nodul ati on anbunt shoul d be applied synchron lw'a%}tg above
timng. Abit rate of the quantum cryptography is in p?%?(‘)%io \?\Abtﬁﬁ th
number of frequency of the pulse |asey, so that the voltage should be
switched to a high voltage and applied to the phase nodulator to perform
t he high-speed operation. Because of this, generally, long LP and TP cause
to 25 extend the tinme required for applying the voltage different fromthe
- previous 25 Februar¥ 2005 4 value. Ignoring this fact, if the cyclic

f requencPlyef lgnaing tais faghdf the gyclicdraemenoy (of thepsdse laspryEones hard to
be taken (BP<0), the pext timng of the voltage to rise and the previous
timng cﬁx(amféef/mliaé \BP bapomas g feres & (BisObntheneddimmg gheti on of
t he nodul at ot, and, therefore, revents the high-speed gperation. The
present PHRVE Srﬁoéfsﬁsali“it{ﬁ%ﬁ%‘gﬁyét’rﬂ"f"j’r&’»%lep@t?d%gpée@sf?ﬁga%f the phase
nodul ati on., The  objectives of e invention are to inprove bit rate,
narel y, ({Vﬁ’élaﬂpﬁﬂtg%‘é C%B%‘?Sa’f‘}agﬂlqcﬁﬁonf%ﬁth@x‘&ﬁﬂ}l&tof R HRRTEIEe r y pt ogr aphy
of the phase t| %rf.e ence s stﬁ_En Di scl osure of the Invention According to
one aspdUEVGRShE g -S%:H?tedl(ﬁ?ﬁé 1PBn, there is provided a phase nodul ation

apparatus ing¢ludes: N phase. nodul ators (N an.i.nteger equal .to reater
Thon 2 For PRt BERTGINN Alna S RRcbh A BT ERH arrosue a et on
signal which _ fl.ows.thr h,an _ opti ath:.a first.optical .switch and a
second \é\g&a[sg ﬁogﬁ%'f @ﬁg é)g]eecavlg§ &?$Le Revehtich hbd 0 iMPréveta bit rate,

namely, the high-speed operation in, for example, the quantum cryptography

of the phase interference system.

Disclosure of the Invention

According to one aspect of the present invention, there is provided a
phase modulation apparatus includes:

N phase modulators (N: an integer equal to or greater than 2) for
serially performing a random phase modulation on a photon signal which
flows through an optical path;

a first optical switch and a second optical switch for selectively
connecting one of the N phase modulators which are placed parallel to the

- optical path; and
- a control unit for ocutputting a switching signal for each photon signal
to the first optical switch and the second optical switch and making the one
of the N phase modulators connect to the optical path.

The control unit may include:

a phase modulation data memory for storing phase modulation data;

N voltage generating units each of which generates a voltage

corresponding to each of the phase modulation to the N phase modulators;




connecting one of the N phase nodul ators which are pl agﬁ%&ﬁﬁ%gp()%o t he
optical path; and a control unit for outputting a switching signa or each

photon signal to the first optical s?tch and the second optical swtch
and maki ng the one of the N phase nodul ators connect to the optical path.
The control unit may include: a phase nodul ation data nenory for storing
phase nodul ati on data; N voltage generating units each of which generates
a voltage , corresponding . to each_of the phase nodul ation to the N phase
modul at A AsswEphing yhitdes ssrighy readipe; s phpssmedubation drka plpredadi ng

t he phase nodul ati on data stored in the phase nodul ati on data nenory and
serial l ynst@ﬁpiﬂ}?rﬁ?gmpﬁé‘?%% datamameny; and sstially sapplangriberiiassge
generating . unit fqr generating the voltage to the phase nodulator to be
Sonnect SHOABIALAR dpta tead Lty YRlAERE T Sting SIE bir SRk REdRR YoRBES acond

nerory (e GRRAE R iR BB eia 5 Hieopfeivart Betie Ay
Val uce. oPislEaniBe FERGAREAL BtEh and for supplying the N fixed
Teading the PR HERUNANOR BAH%: or od i n the phase modul ation data
menory, and %uf)ﬁgéet imn&:h}lgﬁorsl\ge{[tg rrlxilé]r%ozs}ir g)r}aslto;i%rg phase modulation data

having N values;

a voltage generating unit for generating N fixed voltages corresponding
to the N values of the phase modulation data, and for supplying the N fixed
voltages to the N phase modulators, respectively; and

a switching unit for reading the phase modulation data stored in the
phase modulation data memory, and outputting the switching signal for
selecting one of the N phase modulators, to which the voltage corresponding
to a value of the phase modulation data read is supplied, to the first optical
switch and the second optical switch.

According to another aspect of the present invention, there is provided
a phase modulation apparatus comprising:

N phase modulators (N: an integer equal to or greater than 2) which

.are connected serially to an optical path for serially performing a random
phase modulation on a photon signed; and

a control unit for generating N voltages to the N phase modulators so
that a sum of the N voltages applied to the N phase modulators becomes a
voltage corresponding to a phase modulation of the photon signal, and
supplying the N voltages to the N phase modulators.

The control unit may include:




sel ecting one of the N phase nodul ators, to which the I pondi ng
to a value of the phase nodul ation data read is suppl ig ,ﬁe'?bgﬁ?ﬁgﬁpﬁ?’st
optical swtch and the second opticalg switch. According to another aspect
of the present invention, there is provided a phase nodul ati on apparatus
conprising: N phase nodulators (N. an integer equal to or greater than 2)
which are connected serially to an optical path for serially performng a
random phase nodul ati on on a photon signed; and a control unit for

gener ati ng Na&Bhaagasodyatipns datpaemony defl stosing please madudatéiemdstat he N

vol t ages aPpI led to the N phase nodul ators beconmes a voltage correspondi ng
to a ph nodul ati on of the photon signal, and supplying the N voltages
to the N phase nodul ators. The control unit may include: 25 February 2005 6
a phase nodul & Y@tagtagenarativgyufib forsganrdaratingMhsquabehltageasdV/Mtey; and a
vol tage generating unit for generating N equal voltages (V/N) by equally
di vi di ngamallyl disghny a whtage Cowhadponuespandshtn irapkasmthddatacon dkta

stored in the phase nodul ati on data nenory, by N, and supplying the N

equal vdtbagem thd phasgenerdtladon aathendinphpdey Npdonlatgrdyingedeelt i vel y.
Accordi ng to anot her aspect of the present invention, there is provided a

phase nedpladvobingese (WA dateraed @ the NerHasennoduitosy)despadtagdy. nodul ati on
on a first photon signal and a second photon signal, the phase

According to another aspect of the present invention, there is provided
a phase modulation method for serially performing a random phase
modulation on a first photon signal and a second photon signal, the phase
modulation method includes:

a first modulation step for phase modulating the first photon signal by
a first phase modulator; and

a second modulation step for switching an optical path where the
photon signal flows and for phase modulating the second photon signal by a

- second phase modulator before the first modulation step terminates.

According to another aspect of the present invention, there is provided
a phase modulation method for serially performing a random phase
modulation on a photon signal by a predetermined amount by a first phase

- modulator and a second phase modulator, the phase modulation method
comprising:

a voltage generating step for generating a first voltage and a second
voltage, a sum of which are equal to a voltage corresponding to the phase
modulation by the predetermined amount and whose rise time and fall time
are shorter than a rise time and a fall time required for generating the voltage

corresponding to the phase modulation by the predetermined amount;




modul ation nmethod includes: a first nodul ation step fobsphasaafPonbsting
the first photon signal by a first phase nodul ator; and a second

‘nodul ation step for switching an optical path where the photon signal
flows and for phase nodul ati ng the second photon signal by a second phase
“nodul ator before the first nodul ation step term nates. According to another
aspect of the present invention, there is provided a phase nodul ation

i anal by a pf BORBRRRIRPRNGAO By arerPAR BT P BPaGE (B second
Goner at 3t hape FbrTwar Sl BOPHHE KR, DT YtAgU g BeHoLUed i ol {age, a sum
he pr ogBTERR BB AT GGG RASE FPHOIMAG #31 time are shorter
cor 1 eapond nt P PRETRIGRNoR SR TG4 THE A He et RPRIAR SRS - 25
i gnar ByReRes M BB e R en e e ng b b erded peRdge
2 Second RtAAT Al b RG4S  Boes R oRe LR LBR VETGRRI . which 15
phese A ot Pl Rl PO LERUER o L SSor Phose
wherein the phase modulation method performs the phase modulation
on the photon signal by the predetermined amount with performing both the
first modulation step and the second modulation step.
| According to another aspect of the present invention, there is provided
a phase modulation apparatus of quantum cryptography comprising:
N phase modulators (N: an integer equal to or greater than 2) for
performing a phase modulation on an optical signal which flows through an
optical path;
a first optical switch and a second optical switch for selectively
connecting one of the N phase modulators which are placed in parallel to the
optical path; and
a control unit for outputting a switching signal to the first optical
switch and the second optical switch and making the one of the N phase

modulators connect to the optical path.




generating step to the second phase nodul ator, and whe

nodul ati on nmet hod perforns the phase nodul ati on on thggﬁﬁ%%§§“5?9§§| by

t he predeterm ned anmount with perfornypg both the first nodul ation step
and the second nodul ati on step. According to another aspect of the present
I nvention, there is provided a phase nodul ati on apparatus of quantum
crypt ography conprising: N phase nodulators (N an integer equal to or
greater than 2) for performng a phase nodul ati on on an optical , signal

whi ch flows tHicougimEle arpihics aiSppat ¢f the present gptendign, dhprecls prsyidedsecond

optical switch for selectivel connecting one of the N phase nodul ators
whi ch areprphagapdHapananparates ohauanpihcaypingrAphy cemPrisngr ol unit for
outputting a switching signal to the first optical switch and the second
optical sw t dhphage maddwigterseNoma bitegdreequadiase graatrtheor?) wbishect to the
optical path. 25 February 2005 7a According to another aspect of the
present ameemnicoted sdrially teaprapticddgatis ghdise nodul ati on appar at us of
guant um crypt ography conprising: N phase nodulators (N. an integer equal to
~ or greater tlagoiXrolvhnittor gerecimpeNtwdtages italthy N phase apiduwdatorpaph; and a
control unit for generating N voltages to the N phase nodulators so that a
sum of tthet N suohtaighs Nappltages fpplidie td\thph Bisghasecmlodidditordbeosmesa Vol t age
corresponding to a phase nodul ati on of an optical signal, and
~voltage corresponding to a phase modulation of an optical signal, and
supplying the N voltages to the N phase modulators.
According to another aspect of the present invention, there is provided
a phase modulation method of quantum cryptography for serially performing
a phase modulation on a first optical signal and a second optical signal, the
phase modulation method of quantum cryptography comprising:
a first modulation step for phase modulating the first optical signal by
a first phase modulator; and
a second modulation step for switching an optical path where the
optical signal flows and for phase modulating the second optical signal by a
second phase modulator before the first modulation step terminates.
According to another aspect of the present invention, there is provided
“a phase modulation method of quantum cryptography for performing a phase
modulation on an optical signal by predetermined amount by a first phase
modulator and a second phase modulator, the phase modulation method of
quantum cryptography comprising:
a voltage generating step for generating a first voltage and a second

voltage, a sum of which are equal to a voltage corresponding to the phase

modulation by the predetermined amount and whose rise time and fall time




suppl ying the N voltages to the N phase nodul ators. Acggrgli t her
aspect of the present invention, there is provided a % a@ﬁnﬁ%’ﬁ?gpson

met hod of quantum cryptography for segjally performing a phase nodul ation
on a first optical signal and a second optical signal, the phase

nodul ati on net hod of quantum cryptography conprising: a first nodul ation
step for phase nodulating the first optical signal by a first phase

modul ator; and a second nodul ati on step for switching an optical path where
the opt3Eghostegridar 2 gigs me 4wt afal seneseqitised for senecrativgritheopitagal

signal by a second phase nodul ator before the first nodul ation step

t er m nat@sresnessiag e the phase meedulepent bythe hredstenined amebtiton, there is
provi ded a phase nodul ati on net hod of quantum cryptography for performng
a phase nodu Hrstonodnlatioroptepcler phiagrahodylatirgnidtecopticad dbigmalubyt they a first
phase nodul ator and a second phase nodul ator, the phase nodul ati on nmet hod

of . qua_rﬁnshpd;laypum@dlalpmqr witinpsupplpong the/btstagitage menatated st g f or

generating a first voltage and a second voltage, a sum of which are equal
to a volvdigee@enecesiog diaytd the fisstgilesse moddidtat; amd by t he predet er m ned
anmount and whose rise tine and fall time 25 February 2005 7b are shorter
than a rise td secoanbmodidhtion st ferghdaedmbdnlgene tled bptjchihsdgnal, t age
corresponding to the phase nodul ati on by the predeterm ned anount; a first
modul at ivabnichtie pHeae mbdatatsddyl idie firgst tthedwipktiotadtepi bpahe Bgcéhd phiase st phase
nodul ator with supplying the first voltage generated by the

modulator with supplying the second voltage generated by the voltage

generating step to the second phase modulator, and

wherein the phase modulation method performs the phase modulation
on the optical signal by the predetermined amount with performing both the

first modulation step and the second modulation step.

Brief Explanation of the Drawings

Fig. 1 shows a phase modulation apparatus according to the first
embodiment.

Fig. 2 explains the operation of the phase modulation apparatus of the
first embodiment.

Fig. 3 shows an operational flowchart of a switching unit of the first
embodiment.

Fig. 4 shows a phase modulation apparatus according to the second
embodiment.

Fig. 5 explains the operation of the phase modulation apparatus of the

second embodiment.




vol tage generating step to the first phase nodul at or;
nodul ation step for phase nodul ati ng the optical si gna?,gq?e%nr?lgﬁsplagoghase

nmodul ated by the first nodul ation step, by the second phase nodulator with
supplying the second vol tage generated by the voltage generating step to

t he second phase nodul ator, and wherein the phase nodul ati on net hod
perfornms the phase nodulation on the optical signal by the predeterm ned
amount with performng both the first nodulation step and the second

nodul ati on sti&g. ophosfs @ gpsriiens gwehart pf avwidehipgginit of Heswseerphase
modul ati on apparatus according to the first enbodinment. Fig. 2 explains

t he oper&tbedine¢nt. he phase nodul ati on apparatus of the first embodi ment.
Fig. 3 shows an operational flowchart of a switching unit of the first
enbodi ment . Ffig. 74hsivens phash asedwisdivnaapraratipy acetuking ¢e theithigdt o t he
second enbodinent. Fig. 5 explains the operation of the phase nodul ation
appar at usnbédiphent. second enbodi nent. 25 February 2005 7c¢ Fig. 6 shows an
operational flowhart of a switching unit of the second enbodinment. Fig. 7
shows a phasdign8udxplaion thp ppeadtion af cloe ghage tmoddilatiohi aighbaratus of the

third embodiment.

Fig. 9 shows a wave diagram of an applied voltage.

Fig. 10 shows an operational flowchart of a voltage generating unit of
the third embodiment.

Fig. 11 shows another configuration showing a location of the phase

modulation apparatus.




.enbodi nent. Fig. 8 explains the operat.ion of the phase | at | par at us
of the third enbodinent. Fig. 9 shows a wave di agram gsngelr?rgp Iﬁgg?,
voltage. Fig. 10 shows an operational flowhart of a voltage generating
unit of the third enbodi nent. Fig. $1 shows anot her configuration show ng
a location of the phase nodul ation apparatus. 25 February 2005 8 Fig. 12
shows anot her configuration showing a |ocation of the phase nodul ation
apparatus. Fig. 13 shows another configuration showi ng a |ocation of the
phase nodul afj on_apparatus, 5 Fig. 14 shows a | ocation of a conventional
phase modul at T §n 1298rsAnptherpepfiguration sheveingvelasptiontaf she phaspe
conventiogai phase nodul ation. Preferred Enbodi nents for Carrying out the
I nvent | BRI IEHBBBAYAINE. 1. According to the first enbodiment, in the
guant um crypt ography. using the phase nodul ati on nmet hod, a hi gh-speed
modul at i on neFig@d3@¥l0W$eanQ§hahCQnﬁgmyﬁ}timlamiyag@f lopatier oftblephnsen system
wi Il be explained, in which nultiple parallel phase nodul ators are
provi dewtodnlatéon appaditas. a 15 hi gh speed by an optical switch.

5 Fig. 14 shows a location of a conventional phase modulation

apparatus.

Fig. 15 explains the operation of the conventional phase modulation.

Preferred Embodiments for Carrying out the Invention
10 Embodiment 1.

- According to the first embodiment, in the quantum cryptography
using the phase modulation method, a high-speed modulation method of the
quantum cryptography of phase modulation system will be explained, in
which multiple parallel phase modulators are provided and switched at a

15 high speed by an optical switch.
Fig. 1 shows a high-speed modulation system in the-.quantum
cryptography of the phase moduladtion system.
This modulation systém is conﬁgured by a transmitting apparatus
100, a transmission line 200, and a receiving apparatus 300. In the
20 transmitting apparatus 100, laser 91 oscillates optical signals with a cyclic
frequency C to continuously generate the optical signals. A first coupler 94
- and a second coupler 95 make the optical signal diverge and converge. A
first phase modulator 71 and a secbnd phase modulator 73 perform a phase
- modulation on the optical signal. A first optical switch 33 and a second

.25 optical switch 35 switch the operations of the first phase modulator 71 and




Fig. 1 shows a hi gh-speed nodul ati on systemin the qua aphy of
t he phase nodul ati on system This nodul ation systemi satg;ﬂr?fqrgll%}rsggggé a
~transmitting apparatus 100, a transgi ssion |ine 200, and a receiving
apparatus 300. In. the 20 transmtting apparatus 100, |aser 91 oscillates
optical signals with a cyclic frequency Cto continuously generate the
optical signals. A first coupler 94 and a second coupler 95 nake the
optical signal diverge and converge. A first phase nodulator 71 and a

second dyl ataor 73, pertgrm,a phase nodyl ajion t.he tjcal

S onal . P8 ool R ChoddigRRE 135 A BeRR BonGrra ot el 3 B EBM 55 s ¢ ch

t he opetati gns, of first phase | ator 71 and 25 February 2005 9 the

second ﬁ‘ﬁ%@%ﬁ’&ﬁr?{i W%Wltﬁﬁ%"%'éﬁ us output signal 93 is output from

the laser 91 to a swtching uni 5. Acontrol unit 51 controls the phase

nodul at i on. T‘hé’oe HEEt @%F?nfgﬁlts ﬁ?‘ﬁd?hi’&één%fi‘ﬁﬁﬁ%’é' nocf eenter] wnit 8lmenory

53, the switching unit 55, a first 5 voltage generating unit 57, and a

second insludgsea Bgﬁé‘? sadwdatian date memparsphdsteryditichimgomid Haadfmsbry 53

i nputs and stores phase nodul ation data 31. Wen the synchronous out put

si grial valtage seneratingramit tife andsesecond voltage gwinecafiing wmt 5955Thei t ches t he

first optical switch 33 and the second optical switch 35 alternately so as

to sw t phaseomodulative davesmephaydhiguitatod staresphd® mobdubsiandathase

nodul ator 73 in turn. And further, based on a value of the phase

" nodul at3hn Witea thelsysichresbusoutpet ghaed 9%0d wutpidfrof@the tawe9l, tBe t he

switching unit 55 instructs the first voltage generating unit 57 and the
- switching unit 55 switches the first optical switch 33 and the second optical

switch 35 alternately so as to switch to use the first phase modulator 71 and
10  the second phase modulator 73]in turn. And further, based on a value of the
phase modulation data 31 stored in the phase modulation data memory 53,
the switching unit 55 instructé.the ﬁrét voltage generating unit 57 and the
second voltage generating unit 59 to. génerate voltage used for the phase
modulation by the first phase modulator 71 and the second phase modulator
15 73. The first voltage generating unit 57 generates a phase voltage to the
first phase modulator 71, and the second voltage generating unit 59 -
generates the voltage for the phé;se modulation to the second phase
~ modulator 73. |
The transmission line 200 is a transmission line made of optical fiber,
20 ete.
" The receiving apparatus 300 is configured in the sarme manner with
the transmitting apparatus 100.. Different from the transmitting apparatus
100, the receiving apparatus 300 doesn’t have the laser 91 like the
transmitting apparatus 100, but includes a detector 98. The detector_98_

- 25 detects an optical interference.




second voltage generating unit 59 to. generate voltage JgseshhRiytigsphase
nmodul ation by the first phase nodulator 71 and the second phase” nodul at or
15 73. The first voltage generating unit 57 generates a phase voltage to.
the first phase nodulator 71, and tHe second vol t age generating unit 59
generates the voltage for the phase nodul ation to the second phase

modul at or 73. The transmission line. 200 is. a transm ssion |ine nade of
optical fiber, 20 etc.. The receiving apparatus 300 is configured in the
sanme manner wWith the transmtting apparatus 100.. Different fromthe
transmtting Appd hayes ﬂlﬁ)’@l?erﬁﬁ@nr‘gégﬁ%rﬁbp}éﬁ?aﬁﬂé’flﬂgatﬂl)@ldﬂ&ﬁ?cﬁnﬁave t he
|l aser 91 like the transmtting apparatus 100, but includes a. detector 98.

The det phaieg noglulgmr 4 she firghphats medulater Bleand she seepmephager y 2005 10
Fig. 2 shows the operation of the first phase nodul ator 71, the second
phase nothdwater 883 the first phase nodul ator 81, and the second phase
nmodul ator 83. In Fig. 2, (a) shows a voltage applied to the first optical
signal, and ©kh fig. % {anshewsalvoligee applieddotthe tfiret epacaicdigpali, aall si gnal . As
shown in Fig. 2, the operating time of the first phase nodul ator 71

overs apé)whikvstareoltopgs appligd to tiee sdcohdeptrabeigmphbase nodul ator 73 by a

period shown as OP. Nanely, before a first nodulation step in which the
first phase magdghewarinMigpefherdperitiagpiae of thelfikatploreanodddatéd 75t opti cal
_overlaps with the operating time of the second phase modulator 73 by a
period shown as OP. Namely, before a first modulation step in which the
first ph.ase modulator 71 performs the phase modulation on the first optical
10  signal is finished, a second modulation sfep in which the second phase
modulator 73 pérforms the phase modulation on the second optical signal is
started. In this way, it is possible to have overlapped operating time OP
between the first modulation step and the second modulation step, since the -
first phase modulator 71 and the second phase modulator 73 are connected
15 in parallel.
Fig. 3 1s a flowchart showing the operation of the switching unit 55 of
the control unit 51. |
First, the switching unit 55 obtains the phase modulation data 31
from the phase modulatidn data memory 53 serially at S11, and if there is no
.20 phase modul_ation data 31 at S12, the switching unit 55 finishes the phase - -
'modulation.pro‘cess. Next, at S 13, the switching unit 55 determines which -
_df the first phase modulator 71 and the second phase modulator 73 is used
'fdr the phase modulation of the next optical signal. In this case, the first

phase modulator 71 and the second phase modulator 73 is used alternately.

25 And in case that the first phase modulator 71 1s used at S14, the phase




10 signal is finished, a second nodul ation step in whi o # andsphase .
modul ator 73 perforns the phase nodul ati on on the second optical signal -is
started. In this way, it is possiblejto have overl apped operating tine OP

. between the first nodul ation step and the second nodul ati on step, since the
first phase nodulator 71 and the second phase nodul ator 73 are connected

15 in parallel. Fig. 3 is a flowhart showing the operation of the
“switching unit 55 of the control unit 51. First, the switching unit 55

53 cor | L TR IIAL AR L B H AR B e R SR 8T 51l 2
the aw PratBt haid, Bl e 1R MR R B IRE RSl R SR M or 72 and
opt i car 4 pRAR BeREHIE il 150 ¥PRiurled 108 RoRT 3PBRES L and t he second
odul at BeFAURg VlkE0a; Then; of RIBoHIR & nhrentie AP HOSERREIBIR at | on Gata
hand: 1 Fheciager DR ds aPisadec S Fl & MauOPaND Pl SEnskas aeTies, . {he phase
nodul at jon data 31 is transnmitted to the second voltage generating unit
59. Thelfomgtheslpser Piothe syrrichingymnib b siwitehiegribe fost ppbinal swich@Ser 91 i s
awai ted. When the synchronous out put signal 93 arrives fromthe | aser 91,
the swidrhihgysesond opsicahswileh3h toethici fixst pdppsk cuodwlatercTil 88 the
second phase modulator 73 at S16. At S17, the switching unit 55 tranémits
an-activation signal for generating the voltage based on the phase
10  modulation data 31 to the voltage generating unit whiéh applies the voltage
for the phase modulation to the phase modulator and cénn_ected by the first
optical switch 33 and the second optical switch 35. As a result, the first
voltage generating unit 57 or the second voltage generating unit 59 ocutputs
the voltage based on the phase modulatién data 31 to the first phase
15 ‘modulator 71 or the second phase modulator 73. |
In Fig. 2, at the time T1, the first voltage generating unit 57 is
gctivated, and the second voltage generating unit 59 is activated at the time
T2.
As described, the phase modulation at twice the speed at I_naximinn
j 20 isenabled by'coﬁnecting two phase modulators in parallel and switching the
operations of the two phase modulators. And further, if N phase modulators

are connected in parallel and their operations are switched, the phase

modulation at N-time the speed at maximum is enabled. -

25 Embodiment 2.




and -t he second optical switch 35 to the first phase noégl pdgriatt 2005t he
second phase nodul ator 73 at S 16_ At 517, the swtching unit 55 transmts
an activation signal for generating e voltage based on the phase 10

nodul ation data 31 to the voltage getferating unit which applies the voltage
for the phase. nodulation to the. phase nodul ator and connected by the
first optical switch 33 and the second optical switch 35. As a result, the
first voltage generating unit 57 or the second voltage generating unit 59
“outputs the yoltage based . on the phagse nodul ation data 31 to the. first.
phase 15 noduf'&- gfﬂ"%ﬁﬂ?ﬂ’@r%@%ﬁeﬁﬁ&h@tmmlﬁtﬁ%g-apnammﬂ% (02, at the
time, T1, the first voltage. generating unit 57 Is .activated, and the
second VRt regsiviggamparatiy M)t 59 is activated at the tinme T2. As

descri bed, the phase nodul ation at tw ce. the speed at nmaxinmum 20 is

enabl ed by colm%w-iﬁéomhmmdmraoﬁﬁ@ fixst pheat nedd@adorsW tibki ng t he
operations of the two phase nodul ators. And further, if N phase nodul ators
are consesonddbhiasepaodiilagdr a3 or tined phage naddudatrdie asd 4 fheadh gHaeephase

nodul ation at N-tine the speed at maxi mumis enabled. 25 -Enbodi nent 2. 25

Febr@uiar mad@datot 7 TFirg.codnsbéiedsingrottiel, saxdatinl opephtibhe ate swstehetlibyy appar at us
100 (or the receiving apparatus 300). In Fig. 4, four phase nodul ators of

the firthe firdsoptivaliswitichr3d/dnd the secaduididab aaetchhl| aks véRBaga@ third phase
nodul at or 75, and a fourth phase
 generating unit 58 always generates 0V, 4V, 8V, and 12V for the use of the
phase modulation of four kinds of amount; 0, n/2, :;t, and 3w/2. OV is supplied
to the first phase modulator 71, 4V 15 to the second phase modulator 73, 8V is
10  to the third phase modulator 75, and 12V is to the fourth phase modulator
1. |
Fig. 5 explains the operations of the first phase modulator 71, the
second phase modulator 73, the third phase modulator 75, and the fourth
| phase modulator 77 shown in Fig. 4. | |
15 ' ‘The first phase modulator 71 always perférms-the phase modulation
of OV, the second phase modulator 73 always pefform's the one of 4V, the
third phase modulator 75 always performs the one of 8V, and the fourth
phase modulator 77 always performs the one of 12V. The switching unit 55
Aswitches the first optical switch 33 and the second optical switch 35 based on
20  the four values (0, #/2, &, and 3w/2) of the phase 'modulation data 31 stored in
| the phase modulation data memory 53. For example, as shown in Fig. 5,
 when the phase modulation data 31 is 32/2, the switching unit 55 switches
~ the first optical switch 33 and the second optical switch .35 to S4. Then, the

first optical signal is phase modulated by the voltage of 12V. Next, when

- 25 the phase modulation data 31 is x, the switching unit 55 switches the first




5 "nodul ator 77 are connected in parallel, and the ope t'&ﬁa i tched
by the first optical switch 33 and the second opti cal g\?\nﬂt‘c g@@ﬁlﬁé‘

voltage generating unit 58 al ways geggrat es OV, 4V, 8V, and 12V for the
use of the phase nodul ation of four kinds of anount; 0, arl2, ar, and
3arl2. OV is supplied to the first phase nodulator 71, 4V is to the second
phase nodul ator 73, 8V is 10 to the third phase nodul ator 75, and 12V is to
the fourth phase nodulator 77. Fig. 5 explains the operations of the first
phase nodul atlorthig embldimeet dhd tiphafe swithhling tre st dptisat swvitch Blamel

nmodul ator 75, and the fourth phase nodulator 77 shown in Fig. 4. 15 The
first phieecoondloatioal Sititct Rayshoméd beshiertich by Evdtdhing habed borthe efclidv, t he
second phase nodul ator 73 always perfornms the one of 4V, the third phase
nodul at direqiferayfayter plesard dhersydlivefremnemfy GYf theaplkiotivhesehewited bypihas e

nodul at or 77 al ways perforns the one of 12V. The switching unit 55

swi t chedlas¢h@l fwhish apibleshn swirealelBBighhshdddepisaeanddapitdonal switch 35
based on 20 the four values (0, ar/2, rr, and 3W2) of the phase nodul ati on
data 31 stored in the phase nodul ati on data nenory 53. For exanple, as
shown in Fig. 5, when the phase nodul ation data 31 is 3atf2, the sw tching
unit 55 pmibbaleent 3.he first optical switch 33 and the second optical switch
35 to S4. Then, the first optical signal is phase nodul ated by the voltage
of 12V. Next,adaeding2olthe tRirasnbRiiedl ] @Nhdahtntm eryptogddph§w t ching unit
55 switches .the first 25 February 2005 13 In this enbodinment; the tine for
swtching the first optical switch 33 and




the second optical switch 35 should be shorter by sw tchy pg, gy t he
cyclic frequency faster than the cyclic frequency C of the photon
generated by the Ilaser 91, which enables an extrenely high-speed phase
nodul ati on. Enbodi nent 3. According 4 the third embodinent, in the guant um
cryptography 25 February 2005 14 enpl oyi ng the phase nodul ati on system
anot her hi gh-speed nodul ati on system for the quantum crypt ography of the
phase nodul ati on systemw || be explained, in which nultiple series phase
nmodul ators are provided and _the phase to be npdul ated is djvided and

modul at &IPPRYIRE the Rhasamadulation syere anetbemhighospeedenodulasinn t i ng
apparatus 100 (qor the receiving apparatus 300) will be discussed. In this
enbodi neiystem fenthe guaniim srymoegmelseofidwpbasy modntatiooaysteredilieri al | y

w |l be explained referring to Fig. 7. In Fig. 7, the first phase nodul ator
71, t he heealainedabrewhichuutltiple 4€riggphaseemodindatophase proddedtaad 75, and
the fourth phase nodulator 77 are serially connected. The voltage

gener at ithg plwise t6be medwasedss dividedindgsodilatdde sane val ue to the four
phase nodul ators and supplies the voltages to the phase nodul ators at the

saneb5tine. Fi §n tBissdmbsdimpatt, adottodrtagespleaftthe tfowmbaseapmdutas ors. 15
Fig. 9 shows the voltage V (V = 8V) in case of perform ng the phase

nmodul at i100 (of thé redeiviagdg@par2tuOB0WallEhd ARscussddige. of 8V, it is assumed
the rise tine LP-
' In this embodiment, a case in which the phase modulators are
connected serially will be explained refei'ring to Fig. 7.
In Fig. 7, the first phase modulater 71, the second phase modulator
1'0 * 73, the third phase modulator 75, and the fourth phase modulator 77 are
| serially connected. The voltage generating unit 56 generates the voltage of
the same value to the four phase modulators and supplies the voltages to the
phase modulators at the same time.
Fig. 8 shows applied voltages to the four phase modulators.
i5" ' Fig. 9 shows the voltage V- (V=28V) in case of ﬁerforming the phase
modulation of JE;
In-order to generate the voltage of 8V, it is assumed the rise time LP
and the fall time TP are required. In case of the phase modulation, it is
| possible to apply the voltage of 8V at once to perforni the phase modulation
20 of k, and it is also possible to apply the vbItage of 2V four times to perform
the phase modulation of x. When it is assUméd the rise time for generating
the voltage of 2V as W and the fall time as U, W = LP/4 and U = TP/4, sirice
the rise time and the fall time are in proportion with the voltage.
Accordingly, the present embodix_nent shortens the rise 'ti‘me and the fall time

25  required for generating the voltage to perform the phase modulation by




and the fall tinme TP are required. In case of the phas gw‘f&‘.é; it is.

possible to apply the voltage of 8V at once to perform%tsﬂg phas %rpgul ation
20 of it, and it is also possible tolaﬁply the voltage of 2V four tinmes to

perform the phase nodulation of it. en it is assuned the -rise tinme for

generating. the voltage of 2V as Wand the fall time as U W= LP/4 and U =
~TP/4, since the rise tinme and the fall tinme are in proportion with the

vol tage. Accordingly, the present enbodi nent shortens the rise tine and the

fall. ti f ' rati h t.age 10 rfopmthe phase
nodul at ?Eﬁl)éggfggE]ggt(raggﬁté)&)’f%gﬁl@ea%%?% %ﬁgﬁ‘l’?gﬁgbﬁl’t‘%\%‘%ﬁ ‘0 P& form t he phase
nodul at | hvidedly. Fog. anmpl S S in,Fig... 7, in ordgr to apply
t he vol Fg%%'%;[% a%escixeo?vs%m hﬁﬁ@ Hr{@’p@?’f g)da[’élg’\rl@efvé’&ﬁaggﬁﬁié P58 At%rs, each of
t he four ase nmoduyl atqrs applies 1/4 of .the,voltage. Therefore, the rise
tine anﬂpgﬁ% Hi5He qw%@&ﬁ I’Bg‘f‘ﬂ%%‘?ré‘d gagy of therforr phasego Lg,at-(flﬁe vol t ages of
2V are su&)l [ % to.the_ four gJ’uase modul ators at the sane tine. This is
because2PPIeE g‘o‘ééﬁhﬁl wltager o Jherelone theimige timpand she &l time gambet he
optical sj gngl fromthe first phase nodulator 71 through the fourth phase
modul at Brdueedde Mtnpst 0, since the distance 10 between the |ocations of
the first phase_nodul ator 71 and the fourth phase nodulator 77 is short.
If the time rbylis &4 thevobagesphyVidre suppliedito shefiatr pliasem the first phase
~nmodul ator 71 through the fourth phase nodulator 77 is too long to be
i gnor edmotihtatorsrahghe samedppey Thés Bppdcdaade Woistimgsible teaegardpibese nodul at or
shoul d be staggered a little.
time required for carrying the optical signal from the first phase modulator
71 through the fourth phase modulator 77 as almost 0, since the distance
10  between the locations of the first phase modulator 71 and the fourth phase
modulator 77 is short. If the time required for carrying the optical signal
from the first phase modulator 71 through the fourth phase modulator 77 is
too long to be ignored, the timings to supply the applied voltage to each
phase modulator should be staggered a little.
15 Fig. 10 1s a flowchart 'showing. the operation of the voltage generating
unit 56 of the control unit 51.
The voltage generating unit 56 obtains the phase modulation data 31
“from the phase modulation data memory 53 at S31. Next, if there is no
phase modulation data 31, the voltage generating unit 56 finishes the phase
20  modulation process at S32. Then, the voltage generating unit 56 awaits an
' input of the synchronous output signal 93 at $33. Turther, at S34, the
voltage generating unit 56 generates 1/4 of the voltage (V/4) of the voltage V
which is originally indicated by the phase modulation data 31 and outputs to

the four phase modulators at the same time.

25 - In the foregoing example, the voltage of 8V is divided into four.




15 Fig. 10 is a flowhart show ng the operation of theoyatdiagergenesati ng
unit 56 of the control unit 51. The voltage generating unit 56 ‘obtains the
phase nmodul ation data 31 fromthe phgage nodul ation data nenory 53 at S31.
Next, if there is no phase nodul ation data 31, the voltage generating unit
56 finishes the phase 20 nodul ati on process at S32. Then, the voltage
generating unit 56 awaits an input of the synchronous output signal 93 at
S33. Further, at S34, the voltage generating unit 56 generates 114 of the
vol t age Wen)thefapplied weltageis 4V, Wis witags obdiVgisepplipditn dachtof thdfourhe phase
nodul ati on data 31 and outputs to the four phase nodul ators at the sanme

ti me. 25phasetthedfilatensoand véremtheapplied vatagege 18V, 8ve veltaevofdddis nto f our.
25 February 2005 16 When the applied voltage is 4V, the voltage of 1V is
appl i ed appleddh eathtdi¢hé fmr pdssmoduobibia or s, and when the applied voltage
is 12V, the voltage of 3Vis applied to each of the four phase nodul ators.
Anot her conbiAmithencahbirtdigrhafSthemithseahodalatars dam lad alsoemhbetlied, 25
February 2005 17 ‘which is not illustrated here. The above phase nodul at or
can be used for the high-speed nodul ator in the quantum cryptography of

t he phase nodul ation system And further, the applicationis not limted
to the quantum crypt ography, but the phase nodulator can be al so used for
- the phase nodul ation of the optical signal.




Yet further, the above-described configuration can be @&diehmaon2pOone of .
the transnitting apparatus and the receiving apparatus. |ndustrial
Applicability 10 As has been describgd, according to the preferred

enbodi rent of the invention, the value of the bit rate can be increased in
t he quantum cryptography enpl oyi ng the phase nodul ati on system Nanely,

t he hi gh- speed operation can be done wi thout the influence of the rise
time and the fall time of the voltage to be applied for the phase

~nmodul at ' of these tinme can be extrenely reduced.
Furt her%%%%%éﬁr}gl%sg;}{thgq{%%g'ferred enbodi nent of the invention., since

t he phase no tors are con ted in,parallel and.sw tched, the phase
nodul ati on b;d/ﬂe}%g?)ﬁ‘é?p A B ITHCACBR b%a eéitéff;ﬁ?gég 'ﬁE‘?%‘f‘FB’H fokout
awai tin ntil the voltage of t phase nodu] ator in the process of the
phase ) ﬁrmtogﬁqqﬁgho{]@e(g(}}awgu&% osteme Minghfwgher phase
modul atj,on. _According to t hﬁ preferred enbodi nent of the invention, since
a pr edethé pplacation is nefimyed 49 4he jgnantwm eryapegraphy: but He phasse nodul at or
and _the (c)lp i cal signal is supplied to the phase nodul ator by sw tching
wit 1P t hRoduiter gan brealse ysed fordhgmhasganpdulationnef the apiizalsignade can be
reduced_to 0. 25 Therefore, the high-speed. phase nmodulation is enabled. 25
Febr uarﬁtM%t%@bﬁderxbedwu%awmm cahdepnseidenr @dyemeadfithent of the
invention, the phase nodulators are connected serially, and the voltage is
di vi dedransmitipyd apphrathe anddhetrecsivanglapperatakl tine of the voltage can be
reduced, which
Industrial Applicability
10 As has been described, accdr_ding to the preferred embodiment of the
invention, the value of the bit rate can be increased in the quantum
cryptography employing the phase modulation system. Namely, the high-
speed operation can be done without the influence of the rise time and the
fall time of the voltage to be applied for the phase modulation, or the
- 15 influence of these time can be extremely reduced.
Further, according to the preferred embodiment of the invention,
~ since the phase modulators are connected in parallel and switched, the phase
modulation by another phase modulator can start the operation without. -
awaiting until the voltage of the phase modulator in the process of the phase
20 modulation is fallen to OV, which enables the high-speed phase modulation.
According to the preferred embodiment of the invention, since a
predetermined level of voltage is always applied to the phase modulator, and
‘the optical signal is supplied to the phase modulator by switching with the

switch, the rise time and the fall time of the voltage can be reduced to 0.

25  Therefore, the high-speed phase modulation is enabled.




renabl es the. hi gh-speed phase nodul ati on. 25 February 2Q85FdguEai2@OS 1. A
phase nodul ati on apparatus conprising: N phase nodulators (N an integer
equal to or greater than 2) for ser'&glly perform ng a random phase

nodul ati on on a photon signal which flows through an optical path; a
first optical switch and a second optical switch for selectively

connecting one of the N phase nodul ators which are placed parallel to the
optical path; and a control unit for outputting a switching signal for each
phot on si gnal tp the fifyst optical.swich and the secand optical switch
and maki ng thge%ﬁ‘értg?r’ afﬁ%r%%ﬁ%%e %%F%ﬁdf)‘?lgbe&%%‘&ttot eR¥eRleRcal pat h.
2. The gﬂas nodul ati on apparatus Qf claim 1, wherein the control unit

i ncl ude&® BIBRR LW ﬂﬁﬂrﬁﬁgﬁo%?‘%eaéﬁﬁﬁl@yf%d thovphace adiwideshandt i on dat a;
15 N vol taﬁe _gegﬁr ating units each of which generates a voltage
cor r esp8RBIAG. t bhe zise tdmeand theladl timentdhe yealtage cas be neHueed, whighat ors;: a
switching unit_for serially reading the phase nodul ation data stored in

t he pha@éahlﬁéﬁhathlﬁh‘sﬂa@ép' aa modanatiger i al |y supplying the phase

nodul ation data read to the voltage generating unit for generating the 20
vol tage to the phase nodul ator to be connected to the optical path by the
first optical swtch and the second optical swtch. :




3. The phase nodul ati on apparatus of claim1l, wherein the control unit

i ncl udes: a phase nodul ation data nmenory for storing pBasEchmaay 2008n dat a
25 having N val ues; 25 February 2005 20 a voltage generating unit for
generating N fixed voltages corresponding to the N values of the phase
nodul ati on data, and for supplying the N fixed voltages to the N phase
nodul ators, respectively; and a switching unit for reading the phase

nodul ation data stored in the 5 phase nodul ati on data nenory, and
outputting the swtching signal forqggkecting one of the N phase

nodul ators, to which the voltage corresponding to a value of the phase

modul atipn dq&%?\%lggg%dcﬁlﬁﬁ%p%hggrea&r%%é{?@ﬁélﬁét optical switch and the

second opti cal i on“apparatus conprising: 10 N
phase nodul atgr. , ' r I r which are
connect ed ser?ﬁﬁ%&%‘@'ﬁl&%ﬁ?@aﬁ%ﬁ%ﬁeé g‘?l?ésletrgiogﬁgéts}ég?%?éiﬁoﬁ a random
phase m)(i!iglnsti op._0on _a_photon signal; and.a contr.ol unit for,.generating N
vol tagesset 0 rpeer%%%grﬁaﬁ aFlaPog 3 g@dﬁ%ngnmoo@nt%l%%gﬁages appl i ed
to ttge l\}})vpsa eom)gul ators.becones a 15 voltage corresponding to a phase
nodulPat i'0n" © BN AoPRYCA P | and supplying the N voltages to the N

phase odul At k3 adical Swith 38d P Setold ShiARRAERTS: ShieGhfty™ 4+ Wherein the
connecting one of the N phase modulators which are placed parallel to the
optical path; and
a control unit for outputting a switching signal for each photon signal
10 to the first optical switch and the second optical switch and making the one of
the N phase modulators connect to the optical path.
2. The phase modulation apparatus of claim 1, wherein the control unit
includes:
a phase modulation data memory for storing phase modulation data;
15 N voltage generating units each of which generates a voltage
corresponding to each of the phase modulation to the N phase modulators;
a switching unit for serially reading the phase modulation data
stored in the phase modulation data memory and serially supplying the
| phase modulation data read to the voltage generating unit for generating the
20  voltage to the phase modulator to be connected to the optical path by the first
optical switch and the second optical switch.
3. The phase modulation apparatus of claim 1, wherein the control unit
includes:
a phase modulation data memory for storing phase modulation data

25 havingA N values;




a phase nodul ation data nenory for storing phase nodul ati on data; 20 and a
vol tage generating unit for generating N equal voltage25SHgmpaty208ual |y
dividing a voltage V, which corresponds to the phase nodul ati on data
stored in the phase nodul ation data nenory, by N, and supplying the N
equal voltages (VIN) generated to th2ON phase nodul ators, respectively. 25
February 2005 21 6. A phase nodul ation nethod for serially performng a
random phase nodul ation on a first photon signal and a second photon

signal, the phase geRAUAOIAE NG RE NHRH vltddes HorrBPuhaiion step

for phase nodulating the first photon sighal 5 by a first phase nodul ator;

and a sggQRd N@Qﬁé@hf&{e?ﬁgé& fQHuEM AL RAd 2R fﬁ:@%@@% Wigeg the

photon signal flows and for phase nodulating t oton signal by a

secondmgjggﬁg%élqggﬂq&q?%gggfn%cﬁﬂg{”&ﬁ{%’ersgé? -O%y!ea{d on step termnates. 7. A

phase or serra rfing a random phase 10

modul ati on o &d@&ﬁhﬁ@%ﬁ%@%a&%g%@ %%[eﬁﬁ&ﬁﬂ%ﬂoﬁ% Ltd¥ddnfh St phase
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4, A phase modulation apparatus comprising:

10 N phase modulators (N: an integer equal to or greater than 2) which are
connected serially to an optical path for serially performing a random phase
modulation on a photon signal; and

a control unit for generating N voltages to the N phase modulators so
that a sum of the N voltages applied to the N phase modulators becomes a

15  voltage corresponding to a phase modulation of the photon signal, and
supplying the N voltages to the N phase modulators.

5. The phase modulation apparatus of claim 4, wherein the control unit
includes:
a phase modulation data memory for storing phase modulation data;

20 and

a voltage generating unit for generating N equal voltages (V/N} by
equally dividing a voltage V, which corresponds to the phase modulation data
stored in the phase modulation data memory, by N, and supplying the N

equal voltages (V/N) generated to the N phase modulators, respectively.




vol tage corresponding to the phase nodul ati on by the predeterm ned _anount;
a first modul ati on step for phase nodul ating the phot oRSHPHHATHYOPRe 20
first phase nodul ator with supplying the first voltage generated by the
voltage generating step to the first phase nodul ator; and a second

nodul ati on step for phase nodul ati ngzt he photon signal, which is phase
nodul ated by the first nodul ation step, by the second phase nodulator with
suppl ying the second vol tage generated by the voltage 25 generating step to

Lhe secnd peen UM Ro R FRIRY ROR-AR LB Nase
and | no SREaRyRRCT PR Sty BT R E3cOR o il RN ST Quant um
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For But ot PAg ehath PERGEE 8R4I to (he First optical  sw tch and the
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photon signal flows and for phase modulating the second photon signal by
a second phase modulator before the first modulation step terminates.
7. A phase modulation method for serially performing a random phase
10  modulation on a photon signal by a predetermined amount by a first phase
modulator and a second phase modulator, the phase modulation method
comprising:
a voltage generating step for generating a first voltage and a second
voltage, a sum of which are equal to a voltage corresponding to the phase
15  modulation by the predetermined amount and whose rise time and fall time
are shorter than a rise time and a fall time required for generating the
voltage corresponding to the phase modulation by the predetermined
amount;
a first modulation step for phase modulating the photon signal by the
20  first phase modulator with supplying the first voltage generated by the voltage
- generating step to the first phase modulator; and
a second modulation step for phase modulating the photon signal,
which is phase modulated by the first modulation step, by the second phase

modulator with supplying the second voltage generated by the voltage

25  generating step to the second phase modulator, and




9. A phase nodul ati on apparatus of quantum crypt ographé conprising: 15 N
phase nmodul ators (N: an integer equal to or greater th ﬁ%bfﬁv&%ﬁ%&%

connected serially to an optical path; and a control unit for generating N
voltages to the N phase nodul ators so that a sumof the N voltages applied
to the N phase nodul ators becones a 2%ol tage corresponding to a phase

nodul ation of an optical signal, and 20 supplying the N voltages to the N
phase nodul ators. 10. A phase nodul ati on nmet hod of quantum cryptography for

econd ”opti Care et saf pRARE kOl P URR ol oG AR L cr y ot ogr aphy
modul ot "G R PR e EpRarsietafy Ug brd L IR R it o1 ana
ol LD il R A B b o £
“phase norgaul atpl{rﬁﬁa?ree{l}?g&?%forhﬁ%%?r@ﬁ?% F@fp(i%agrf'qﬁlﬁlﬁ§n‘fpg?g]- gly fC(S’mﬁl?ﬁjng'_ phase
moduPat or - and BUeSt B IELE Mt TasPe SRR BB R TR BF hethod of |
Ot e 3 B e S RSP B o e
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a first optical switch and a second optical switch for selectively

connecting one of the N phase modulators which are placed in parallel to the

10  optical path; and
a control unit for outputting a switching signal to the first optical
switch and the second optical switch and making the one of the N phase
modulators connect to the optical path.
9. A phase modulation apparatus of quantum cryptography comprising:
15 N phase modulators (N: an integer equal to or greater than 2) which are
connected serially to an optical path; and
a control unit for generating N voltages to the N phase modulators so
that a sum of the N voltages applied to the N phase modulators becomes a
lvoltage corresponding to a phase modulation of an optical signal, and
20  supplying the N voltages to the N phase modulators.
| | 10. A phase modulation method of quantum cryptography for serially
performing a phase modulation on a first optical signal and a second
optical signal, the phase modulation method of quantum cryptography

comprising:



nodul ati on by the predeterm ned anbunt and whose rise tinme and fall tine
are shorter than arise tine and a fall tine required EorFahsHaraPRy t he
vol t age corresponding to the phase nodul ati on by the predeterm ned 15
amount; a first nodul ati on step for phase nodul ati ng the optical signal by
the first phase nodul ator with supplgBng the first voltage generated by the
vol tage generating step to the first phase nodul ator; and a second
nodul ati on step for phase nodul ating the optical signal, 20 which is phase

modul at ed by 4 e bhsciafnd gka) foeg;rr%gsggn%geataﬁgg tﬁsqaﬁl@poep@émgﬂgg' ator wth

suppl ying the second vol t age "gen vol t age gene step to
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‘ amount by a first phase modulator and a second phase modulator, the
phase modulation method of quantum cryptography comprising:

10 a voltage generating step for generating a first voltage and a second
voltage, a sum of which are equal to a voltage corresponding to the phase
modulation by the predetermined amount and whose rise time and fall
time are shorter than a rise time and a fall time required for generating the
voltage corresponding to the phase modulation by the predetermined

15  amount;

a first modulation step for phase modulating the optical signal by
the first phase modulator with supplying the first voltage generated by the
voltage generating step to the first phase modulator; and

a second modulation step for phase modulating the optical signal,

20  which is phase modulated by the first modulation step, by the second
phase modulator with supplying the second voltage generated by the
voltage generating step to the second phase modulator, and

wherein the phase modulation method performs the phase
modulation on the optical signal by the predetermined amount with

25 performing both the first modulation step and the second modulation step.




-nodul ation data 31 stored in the phase nodul ation data nenory” 53 to the 10
first voltage generating unit 57 or the second vol t age2§dfedraarynigogni t 59

‘to generate the voltage necessary for the phase nodul ation.

10

24

Abstract

In case of the high-speed operation, it is difficult to ignore the time
required for the voltage to rise to the level of voltage to be applied and the
time to fall to OV when the voltage is applied to the phase modulator. The.
first phase modulator 71 and the second phase modulator 73 are connected
in parallel, and the optical path is switched by the switching unit 55 of the
control unit 51 between the first optical switchl 33 and the second optical
switch 35. The switching unit 55 of the coﬁtrol unit 51 supplies the phase
modulation data 31 stored in the phase modulation data memory 53 to the
first voltage genei'ating unit 57 or the second voltage generating unit 59 to

generate the voltage necessary for the phase modulation.




