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‘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 cryptography" Mat hena%éﬁﬁgfﬁhﬁéasam. 402, Decenber 1996.

According to the cryptography tion 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

cryptography 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 sanme length in an 25 February
2005  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
_ t:ry'ptogra'phy” 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




2 optical systemusing such as an optical fiber. In thes Copoef the
quant um crypt ography of phase nodul ati on system each of the transmtting
apparatus and the receiving apparatugausually i ncl udes one phase nodul at or
and operate phase nodul ati on betweenthe two partners. 5 The foll ow ng

expl ains concretely the conventional nethod for phase nodulation in the
-quant um crypt ogr aphy of phase nodul ati on system using one exanple. For

- exanpl e, an. enbodi nent of B92 protocol using a coupler at a joint where

an optical.fiber, is used wll be explained referring to. Fi 14 and 10
15. A pﬁ%tt lgﬁi ?fs.teg%‘é‘?‘lpgftu\é% afgr%h?ﬁ’ég%ﬁmé?n a IBétFlF &?ﬁ‘ﬂbl)?gﬂopc‘%?tpﬁquency, and
transmts to a coupl er a n optigal .signal throug he optical fiber,
etc. Hé’l”@i“ﬁgﬂ ‘érlpr?ﬁTla?hF \Hg Pgﬁﬁ‘? E‘&%dclﬂatlﬁggswﬁﬁmb@ I"gﬁﬁéﬂ?smﬁitﬁ}g are
“critical to the qg ntum cr.ypt ography. 15 The first one is a first optical
pat h i n BRRAERtUSANGE pBang appaEatusisiallypmeludasamesphaseri g. 14, passes

t hrough the phase podul ator PMA and a coupler 2, and at a coupler 3, the
| aser g&adylaterand apenabe Phpse madylatipn bghween the swomsatmensor PMB and
passes through a coupler 4 to reach a detector. The second one is a second
opti2al pat h ifhedallewing exlainsoppiceetely; théeonvimticnsd mefbeod hophasel wi t hout
passing through the phase nodul ator PVA and passes through the coupler 2,
~and at wnistwatiphén tBe quastitaseyptpsrsphypliphdse mmodWBationsystqrasssdsgt hr ough
the phase nodul ator PMB, passes through the coupler 4 to reach the

det ect opne Eraendple.st optical path has the sane length as the second optical
pat h. _

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




25 When it is assuned that one phase as (Da which nodulRatEcbiwary 28025 |

~February 2005 3 phase nodul ator PMA, and the other as |Ib which nodul ated by
t he phase .nodul ator PMB, between t optical paths having the sane

| ength, an optical interference occurs according to a difference val ue of

(cpa -1b). The quantum cryptography of the phase nodul ati on system
utilizes this 5 interference. As described, the conventional nethod. for
nodul ating the phase sinply places one phase nodul ator in each of the

transmtting devi,c t he receivin evi.ce to rfarm desiyed phase
ot at PBAS® RRr SR, A by 2o pablaced Bt Bbsse, or a1z,
vol t ages ov ,,or 12V are plied to the phase nodul ator. As shown
10 in FF&’%&%‘EOI'W%WW%@’? ARt E‘%@éﬁ’%"lﬁ’éﬁ %ﬁwgleeg&stara rise time LP -
and a ‘fal.l tinme TP of the voltage. Further, when one phase nodul ator
cont i nuBREr3 mberferances ogrunscrceardingtosndifeaenee walueof|(Pa @b).arkbeeri od BP
(BP>O) should be provided. In the conventional phase nodul ation nethod, .the
nodul at isAntwmcEEptaesaphy ofphs phass peagedation aystear vtilizesthiss at a hi gh
speed,  however, the rise tinme LP and the fall time TP of voltage prevents
a high- Bpenigrems: atAsodescribed, theacmiventiomeh nethbd fonmiodubstieng theed at a
certain cyclic frequency using a pulse |aser, the phase should be
nodul at phiassy siniplymdacdsyone pladehmotintitog imkeacloeftld fainsmitting daoicen, and
‘therefore, various kinds of voltages corresponding 20 to the nodul ation
-anmount  aiwd thel roeeivimng devicesyonsdrfan uiebiredighase meodtlatien. ti ming. A bit rate
of the quantum cryptography is in proportion with the nunber of frequency
of the pul se Fasexampl, iotdér moluhge pHaged 6f Bev2, x, or 3w/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




switched to a high voltage and applied to the phase nodul form
the high-speed operation. Because of this, generally, QPO%&EB}}Q%QB$P cause

to 25 extend the tinme required for applying the voltage different fromthe
-previous 25 February 2005 4 value. Ignoring this fact, if the cyclic
frequency (of the pulse |laser, for exanple) is raised, BP becones hard to
be taken (BP<0), the next timng of the voltage to rise and the previous
timng of the voltage to fall are _overlapped, which_causes mal function of
the nodiekeer IgnRring Heisdest df theeyclisnrequeneshioghbe padee \seraioron. The
present inventjon ai to _perform a high-speed_processing of the _phase
modul at iSRMBREISIBRS iIRR bespmen hard e q‘éﬂ&“?&r@%ﬁ@)’i e ppg of at e,

nanel y, the high-speed operation in,. for exanpl t he guant um crypt ography
of the p}hﬁs}’ Tfia%?é?frb?ee?f&‘gté?/??‘é‘ﬁ?‘lﬁjt%ﬁn&?}f@‘eo‘fﬁi%@ tPrfgﬁrﬂrPon According to
one aspect of the present invention, there is ovi de ase nodul ation
appar at i%' eﬂﬁ??ﬁ%e@’%‘ HRYsSE W&{H%@Ps&(etﬁe @Hdgﬁﬂ@ﬁépﬁegﬂﬁﬁ%??r&’ or greater

than 2) for serialll Fé)erform' ng a random phase nodul ati on on a photon

si gnal \Hﬂeg‘liptsftﬁ“ﬁa%‘g]}/’ RASGHORET 6B cal path: a first optical switch and a

d opti itch f | ectivel ti f the N
modul at or s wHlEPSPEbiRsatoRRY & bpeOPRCE highPesrd presessiicbont o

unit for_outputting. a swtching.si for each photon signal. to the first
opt 1 ca RAREGHOA R, *Tht ShiAGiEs Elithe ierifih e P b FaToes it
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;




of the N phase nodul ators connect to the optical path. nit may
I ncl ude: a phase nodul ati on data nenory for storing ph§§2ﬁ%%§§%%?P8§ dat a;
N vol tage generating units each of which generates a voltage corresponding
to each of the phase nodul ation to the N phase nodul ators; 25 February 2005
5 and a switching unit for serially reading the phase nodul ati on data
stored in the phase nodul ati on data nenory and serially supplying the
phase nodul ation data read to the voltage generating unit for generating
the volt 3 SWHRBIYLE Iepgariatlp readingdhephasa wedidation data stogpdpat h by
the first optical switch and the second optical sw tch. The control unit
may | nc|1f}o¢§1ﬂ %Pap‘%?a@@w %ﬁﬁ%ﬂmm@%ﬁynﬁw SUPHLYIRG tBR ¥ SFodul at i on
data havi N, val ues; vol.tage generating unit for generatjn fixed

vol t aged eBRIAtiBLARTHEPa 1P thrcvoltdts SreTeRg IR fRisEe TroaURahEolAES, and

for supplying.the N fixed voltages to, the N phase ul at or.s, .

respect |t\99t?‘1§%1‘§}§8 RodRatoRita e eF%ﬁ'd t% u?%ep%ﬁ‘g@éa?ﬁ)ﬁ{ﬁta‘mt%ﬁ?ldata
stored in.rlge a se nod Iatict%ﬂ‘(}j\% menory, and outputting the sw tching
si gnal * O CR BRI TTCBRE WHPhEVN Phase nodul ators, to which the vol tage

correspondin to val ue of th hase nodul ation data read is supplied, to
“the first op'%{}tea orﬂé'\:}\f‘tlgﬁ BAY l?ﬁél%gecond optical switch. According to

ﬁgghpg{ i gﬁpg%%gﬁt%?%gleo%ﬁsg%g\{g&%h% forts glr'i%gi pshepsreol\ll‘tio %?aﬁt?n BQ 5
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:




N phase nodul ators (N an integer eqUaI to or greater ?@%b%haig@bﬁﬂ are
connected serially to an optical path for serially periormng rangom

phase nodul ati on on a photon signed; gnhd 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 voltage corresponding to a phase
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 ati on dé& Bhasegdylagtiontdats maepnng ongeting plascmogulation) dataol t age
generating unit for generating N equal voltages (V/N) by equally dividing
a vol taggd/, which corresponds to the phase nodul ati on data stored in the
phase nodul ation data nenmory, by N, and supplying the N equal voltages
(VIN) gener at edveltagehgen¢rptingeurib forl garmratingd¥ paual vatagesA¥¢dY diyng t o
anot her aspect of the present invention, there is provided a phase
nmodul at icomaliytdisilifhgr wdtdgel V,ywhismtf comrespprads entlenphbass modwdidbatdada on a
first photon signal and a second photon signal, the phase nodul ation
nmet hod ' istotaddestheaphases mathdatian idata shepotyrbypNasednothplainigndpet He fir st
photon signal by a first phase nodul ator; and a second nodul ati on step for
swi t chi regjuaih volrthes (V (16}t genstrated tohithe Nhiase mbduiltofd, aespentilelyar phase
nodul ati ng the second photon signal by a second phase nodul ator before the
first nodul atAcordingptot @idtheatepect 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;




According to another aspect of the present invention, bBRefghigrppopsded a
phase nodul ation nethod for serially perform ng a random phase * nodul ati on
‘on a photon signal by a predeterm ned-anmount by a first phase nodul ator
and a second phase nodul ator, the phase nodul ati on nethod conprising: a
“vol tage generating step for generating a first voltage and a second

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

nodul ati on by the predeterm ned, angunt and whose rise tinme and fall tine
are shorter t%gFPta‘gPﬁklgtH%teé’nfGrgﬂﬁlelmPiiHan%ﬂ'ierB]EPtP& sigeabPutheg t he

25 Fobr i) PR30 oUW BT A Bt ONtagh SSBCHIBRIE % 1 he phot on
genor at SRR EREr SRR A ol SRS CBORIAE $H st phase mpul ator: and
Phase. modul arbRCHa s orIe Gon MK e ircren diais Fae BBt dmte
gener at FH3CE S PR b AR R ST SRR ShE BRaPtiokoond Biale
" The pr edBPaPRAEHERBORETRR A% BrRaFLTRa o e by fBe “Ala8F ot on st op
oS £ e 55 PRG,BUM) B U5 R pARECLALAIS RRRI T espect of the present
Cr YDt 09" aphy GONREL AL Bhabl BRARRAFRAULRHSIE ptMorAl thE':HRE A0k eardh O
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.




perform ng a phase nodul ati on on an optical signal whi | gh an
optical path; a first optical swtch and a second opti %E#%’WB?%

sel ectively connecting one of the N phase nodul ators which are placed in
parallel to the optical path; and a control unit for outputting a
switching signal to the first optical swtch and the second optical switch
and nmaeki ng the one of the N phase nodulators connect to the optical path.
25 February 2005 7a According to another aspect of theﬁﬁr esent invention,

there i s proAwegding tererethes @spact ontheppresantinventipna thers erggevistedaphy
conprising: N phase nodulators (N. an integer equal to or greater than 2)
‘whi ch & phashmedwaties Appargtupobauaptus arypwerapbnomprdnngol unit for
generating N voltages to the N phase nodulators so that a sumof the N

vol t ages applN phease medulRtensade amihiegerorgidldo omegreatenibbnagjevishr espondi ng
to a phase nodul ati on of an optical signal, and supplying the N voltages
to t he MNuplasmentsiuseriahsto Avcoptitiahgatiy ambdt her aspect of the present

i nvention, there is provided a phase nodul ati on net hod of quantum

- crypt ogr aphy & contser uaitifpr genéxatmgly vodtaghase theduphbsomatulatdrisrset opti cal
signal and a second optical signal, the phase nodul ati on nethod of quantum

crypt ogrthphy ssonpfitke Ny voltages applietitd dhe Nnplsd sepmiodilploas beomttebat | Ng t he
first optical signal by a first phase nodulator; and a second nodul ati on
st ep f orvobtaigk @oirrgpandiag tcalppakmobielaionef 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




optical signal flows and for phase nodul ating the seco I hgnal by
a second phase nodul ator before the first nodul ation gtge%%ttﬂéraﬁggpgs.

According to another aspect of the pregent invention, there is provided a
phase nodul ati on nmet hod of quantum cryptography for perform ng a phase
nodul ati on on an optical signal by predeterm ned amount by a first phase
nodul at or and a second phase nodul ator, the phase nodul ati on net hod of
quantum crypt ography conprising: a voltage generating step for generating a
first voaneéé@rgﬁ{dh@%@mdlmvcﬂnda@éaﬂ sime re@niregh femsenaratingdhetveltagool t age
corresponding to the phase nodul ation by the predeterm ned anount and
whose riesaresnending te she phiage medyebiondhy) tropsedateamineshamonnty han a ri se
time and a fall time required for generating the voltage corresponding to
t he phase mcﬁ:ﬁmﬁmndbiaﬁdmsmf@emgmﬁemddalmmg theaoplicdtsigmaldhratticon st ep
for phase nodul ating the optical signal by the first phase nodul ator with
suppl yi dirst phase msedwiatonyehganeplaimngithe/fitdteoltagkigrgerafeddmatiieng step to
the first phase nodul ator; and a second nodul ati on step for phase

nmodul at ivedtaghecopratiag stimgathe fivdti giasesmpiataonpaiud at ed by the first

nodul ati on step, by the second phase nodul ator with supplying the second
vol t age generasamritlynidde]axiddn agep faagiedsat moduidttme tiee bpticalesigngl, phase
‘modul at or, and wherein the phase nodul ati on nmet hod perforns the phase
nmodul at iwanichds gHeseapbidatdteditgnidie finst tthedpiatidet sep] e dhaseosid phiake
performng both the first nodulation step and the second nodul ati on step.

Bri ef Bspbaukitopwittf shipplydig@hd8écond 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.




Fig. 1 shows a phase nodul ati on apparatus according to %flg FE;

enbodi nent. Fig. 2 explains the operation of the phase Rodt I“on apparat us
of the first enbodinment. Fig. 3 shows.an operational flowchart of a
switching unit of the first enbodinment. Fig. 4 shows a phase nodul ation
apparatus according to the second enbodinment. Fig. 5 explains the
operation of the phase nodul ati on apparatus of the second enbodi nent. 25
February 2005 7c Fig. 6 shows an operational flowchart of a switching unit
of the secondFigefifdivenn operafiomaldinyighart b asewitehingainis of shp seeand
according to the third enbodinment. Fig. 8 explains the operation of the
phase mﬂmbaﬂiwfapparat us of the third enbodinment. Fig. 9 shows a wave
di agram of an applied voltage. Fig. 10 shows an operational flowchart of a
vol t age generEigi Aghows a phase eodhiatidneaeatiatres eccdiiding td tedthigdanot her
configuration showing a |ocation of the phase nodul ation apparatus. 25
Febr uar yer2bodingent.

Fig. 8 explains the operation of the phase modulation apparatus 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.




.Fig. 12 shows anot her configuration show ng a | ocati on,@ft h
nodul ati on apparatus. Fig. 13 shows anot her confi gurat ?gnFeshE%\?mP%gags

| ocation of 'the phase nodulation apparatus. 5 Fig. 14 shows a |ocation of
a conventional phase nodul ation appdratus. Fig. 15 explains the operation
of the conventional phase nodul ation. Preferred Enbodi nents for Carrying
out the Invention 10 Enbodinment 1. According to the first enbodinent, in

t he quantum cryptography using the phase nodul ati on net hod, a hi gh-speed
nodul ati on nejhod_of the quantum cryptography of_ phase npdul ati on system
will be expl af Hed? showsanqthergontigneating sheveingmlocatigpafithe phasar e

provi ded gnd switched at a 15 high speed by an optical switch. Fig. 1 shows
_a high- teriaPRaTHBNSsystem i n the quantum cryptography of the phase
nodul ati on system This nodul ati on systemis configured by a transmtting
apparatus 10Big. d3tshamsrdnpthenconfigu20®n shhwiagreeleationgf shepbases 300. | n.
the 20 transmtting apparatus 100, |aser 91 oscillates optical signals with
a cycl imodlagipreapya@tue. conti nuously generate the optical signals. A first
coupler 94 and a second coupler 95 make the optical signal diverge and
comberge. A Figr 3t shhwse hodtibatobn cohvantionabphanedmplakeaismdul at or 73 _
performa phase nodulation on the optical signal. A first optical switch
33 and appaaoud] 25 optical switch 35 switch the operations of the first
phase nodul ator 71 and 25 February 2005 - _

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




"9 the second phase nodul ator 73. A synchrondus out put 'g%%] b gut'put .
fromthe laser 91 to a switching unit 55. A control un?? rgtg)%rof)s t he

. phase nodul ati on. The control unit 5 i ncl udes a phase nodul ati on data
menory 53, the switching unit 55, a first 5 voltage generating unit 57,
and a second voltage generating unit 59. The phase nodul ati on data nenory
53 inputs and stores phase nodul ati on data 31. When the synchronous out put
signal 93 is output fromthe laser 91, the switching unit 55 switches the

first opglcal swiych 33,and t second. optical . switch alternately so as
o svi ¢ Cpt FalopltRd i Gat 78, *ASdArLRBious utnit siehl S4B it has
modul at@r 73, in turn., And fuyther,. ed on a value of the phase

nodul at ?"&‘Pgé‘?&Se?sj?risff)(f’r%‘altf’ﬁmﬁfémﬁﬁe nodul ati on data nenory 53, the
switching unit 55 i?str_u ts the first volta(gg %_enerating unit 57 and the
second vol taq‘écﬁﬁﬁ@ gpitryl comtrolsthe phage meodulationy 1 e epndroliunit fle phase
modul atjon by the first phase nodul ator 71 and the second phase nodul ator

15 73. medudésaphase masdailagtinn data memaoary 53, theawitching uniphdse fust t age t o.

the first phase nodulator 71, and the second voltage generating unit 59
genet at veltagrgensdratipg Wit 57hengasssond doltage @enevatihg wet59d Fhase
nmodul ator 73. The transmission line. 200 is. a transmission line nmade of
opt i cal phassemodabatinc dataremeyd)d/inpmta ppdrsiores [Hdsel modalftiqudeth i n t he
same manner wWith the transmtting apparatus 100.. Different fromthe
- transm 31.i nWeppdeaynchrdfifys dutput eigial i930isampputfesn 806 1akee D1, théave t he
| aser 91 like the transmitting apparatus 100, but includes a. detector 98.
‘The detswitchingBunit 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 instructs.the first voltage generating unit 57 and the
second voltage generating unit 59 to generate 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.




25 detects an optical interference. 25 February 2005 1@s#é&bruary @S the
operation of the first phase nodulator 71, the second phase nodul ator 73,
the first phase nodul ator 81, and the second phase nodulator 83. In Fig.
2, (a) shows a voltage applied to the first optical signal, and 5 (b)
shows a voltage applied to the second optical signal. As shown in Fig. 2,
the operating tine of the first phase nodulator 71 overlaps with the
operating tine of the second phase nodul ator 73 by a period shown as OP.
Nanely, before.a first ydul ation step.in which the first phase npodul ator

71 perforns t Hig-phdhaw parpbna the dirst paseomopuiator 31sthesacopd

finished, a second nodul ation step in which the second phase nodul ator 73
per f or nBhase mudadatonyd ithe fast phaseaodualatat 8dpand she seepmsd phase started. | n

this way, it is possible to have overl apped operating tinme OP between the
first nmomdudatosdstep and the second nodul ation step, since the first phase
nodul ator 71 and the second phase nodul ator 73 are connected 15 in

paral | el . Fi gln Fig.2, 4af $lewehanvioltsige applietite thpdirat opticadfsigia, anidt chi ng uni t
55 of the control unit 51. First, the switching unit 55 obtains the phase
moduj at (rshdatsea Bdltage applibe tetias seconduwpdicabeigthada nmenory 53 serially at
S11, and if there is no 20 phase nodul ation data 31 at S12, the swi tching
unit 55 fini sheshowa iplBige2ieéWperating @06 ef she fifstiphale rodwlatéd el SWi t chi ng

unit 55 determ nes which of the first phase nodulator 71 and the second
phase npeiHl A} PwithtHeSopttating 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




for the phase nodul ation of the next optical signal. |pshiseaseooshe
first phase nodulator 71 and the second phase nodul ator 73 is used :
‘alternately. 25 And in case that theypfirst phase nodulator 71 is used at

. S14, the phase 25 February 2005 11 nodul ation data 31 is transmtted to the
first voltage generating unit 57. On the other hand, in case that the
second phase nodul ator 73 is used at 514, the phase nodul ation data 31 is
“transnitted to the second voltage generating unit 59. Then, at 515, the

synchr opRu1 kbR Wt BIN8 krbulitQA 1ol (15 4123 Solidbel SnBYRhE fnit/hen L he

synchronous out put signa arrives tromthe ra he " SwWitching unit
55 swit t kL | ] 3 and the ;second. optical itch 35
Co the Prrie et hank BPidsERhaf ¥ Sctoid nilRE moRREE RS itfeadi s34 °s To_
At 517, it chi ng.uni;t, 55, transm t. n ,activation, signal for
gener at ?}%%E}P%%& I\f'g)pflg%éorbg'%‘@dgjohs &ﬁ' s gts‘?gatf(f ﬁﬁ&ﬁ‘?’é‘i VBita8ata 31 to the
vol t age_generatin It I ch | j,es the voltage for. the phase.
modul at PEFTABDEHE t%ﬁasé‘%ﬁ‘dﬁf gﬁgr h%f'n%y AR AuRRtsignal 9£ﬁo%pt i cal
switch 33 and the second optjcal. swtch 35. As a result, the first voltage
genét at ager Play aﬁ’lalttege 5@% the syrchyongus entrvtngznal 93 serigesputs  t he
vol tage, based on the phase nodul ation data 31 to the. first. phase 15
modul at Bpavthegasendl sthesmitehiagamib 80iswitehephefirskogtical switchi®8 time, T1,
the first_voltage. generating unit 57 is .activated, and the second
vol t ageanbhles sgdond aptical switich 3icto thet fixstathashenodwlatai?71 s thescri bed, t he
phase nodul ation at twi ce. the speed at maxi num 20 is enabl ed by
connectdegond whaph sl uwlatby| 23 ar S16.n HLBAT) He switchisig wihiti§ trhnsmits
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 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 ocutputs
the voltage based on the phase modulation 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
activated, 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  is enabled by connecting 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.




operations of the two phase nodul ators. And further, ibsNeghaseyvodsl at ors
are connected in parallel and their operations are switched, the phase
nodul ation at N-tinme the speed at maxé mum i s enabl ed. 25 -Enbodi nent 2. 25
February 2005 12 Fig. 4 shows anot het exanple of the transmtting apparatus
100 (or the receiving apparatus 300). In Fig. 4, four phase nodul ators of
the first phase nodul ator 71, the second phase nodul ator 73, a third phase
nodul ator 75, and a fourth phase 5 'nodulator 77 are connected in
“parallel, and_the erations are s 't(i;hed by the first optical switch 33
and the second¥®ptsheyrs appt ﬁ%ﬂml\’anﬂ@ e tragemifiing pprppretusni0 68 al ways
generates OV, .4V, 8V, and 12V for the use of the" phase nodul ati on of four
ki nds ofheresgiving@mpparatus 330). and 3ar12. OV is supplied to the first phase
modul ator 71, 4V is to the second phase nodulator 73, 8Vis 10 to the third
phase nodul at bt Fis 4, ferr nhasd modulatioes 6Hihret firsp ipbeee mpatitlater 70, theFi g. 5
expl ains the operations of the first phase nodul ator 71, the second phase
nodul at second, phase moduliteh?3 e tiviadIpdtse niGulatod 75 anfdou fddrthpilase nodul at or
77 shown in Fig. 4. 15 The first phase nodulator 71 always perforns the

phas®e noohdudatonY7 axk dMpetted inquoadlelhaskthsnpierations 48e awidghednsr f orns the
‘one of 4V, the third phase nodul ator 75 always perforns the one of 8V,

.and t hthd firuttdpticahawétchBised ohe Sdconldvepticad ewitehss.t MEhoReltake 12V. The
switching unit 55 switches .the first optical switch 33 and the second
optical gendrb€ihgdmiba8adwass 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 m 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




20 the four values (0, ar/2, rr, and 3W2) of the phase,ansyl gt ta 31
stored in the phase nodul ation data nmenory 53. For exgnplefagbpggg§n in

Fig. 5, when the phase nodul ation daﬁg 31 is 3atf2, 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 nodul ated by the voltage of
12V. Next, when 25 the phase nodul ation data 31 is n, the swtching unit 55
switches .the first 25 February 2005 13 In this enbodinent, the tinme for

swi t chi ng t hdnftihisembptiment, she tiohe 88 switthing the Scdngtiopt swikh SBidrch 35
shoul d be shorter by swi tching based on the cyclic frequency faster than

t he cyclthe decend eptigalGwitch B6 shivodd be ghoeteabgdwitchihg babad en tBd cyalid ch
enabl es an extrenely hi gh-speed phase nodul ati on. Enbodi nent 3. Accordi ng
to the tihequbreyifastentinin the cydle fequrtnom € of {lioghatphyeeerdethyathe 2005 14
enpl oyi ng the phase nodul ati on system another hi gh-speed nodul ation

syst em flagert DB, whizhtarablesyph egtrapiely hight- fiscadnstsasemadlibitdioann systemwill  be
expl ained, in which multiple series phase nodul ators are provided and the
phase to be nodul ated is divided and nodul ated. 5 In this enbodi nent,

anot her exanple of the transmtting apparatus 100 (or the receiving

appar at usmde)mant 3. be di scussed. In this enbodinent, a case in which the
phase nodul ators are connected serially will be explained referring to

Fig. 7. In Fighcofdinkh8 thé tBirdRAASSIIRGY] @t e flanthibe cSetendppase nodul at or




10 73, the third phase nodulator 75, and the fourth ph@':fgi‘pmg:ﬁtﬁ()S?? are
serially connected. The voltage generating unit 56 -generates the voltage
of the sanme value to the four phase nodul ators and supplies the voltages
to the phase nodul ators at the same i me. Fi g. 8 shows applied voltages to
the four phase nodulators. 15 Fig. 9 shows the voltage V (V = 8V) in case
of perform ng the phase nodulation of it.. In order to. generate the

vol tage.of 8V, it is assuned the rise time LP and the fall time TP are
required. In case of the phase nodulation, it is_ possible to apply the

vol t age FPPEOYILE ﬁ&ﬁﬁ}éaﬁeomﬁai”f%ﬁ% gYrbeph aaetherdbish-speedomodalation and it is
al so possible to apply the voltage of 2V four tinmes to perform the phase
modul at iyitesn fox thegeantum icsypliogranhy ohidie phase mioduldtion gesterawilthg t he
voltage of 2V as Wand the fall time as U, W= LP/4 and U = TP/ 4, since

t he ri sde¢xpdained, ithwhich muliiple senies phascomodulatorsard privddedandge.
Accordingly, the present enbodi nent shortens the rise tine and the fall
tinme 2%heeduise dd beonodrdaedis diyidddeand hichdatel. per f orm t he phase

nodul ati on by 25 February 2005 15 applying the voltage to performthe phase
nmodubat i on di IndhiH mbédimerex anptleer @nsplews the thAigsmitinghapidatud 0 apply
the voltage to be essentially applied using four phase nodul ators, each of

t he fourlook(aseh@mb@iﬁhgr@paaﬁﬁ{g:ﬁm)mm dideqsyqi .t age. Therefore, the rise
time and the fall tinme can be 5 reduced to 1/4. In Fig. 8, the voltages of

2V are suppl i 6 thid diBodiddntPH288e i RHERERE Phabe Wi sHge. This is
Vbecause it is possible to regard the ‘
connected serially will be explained referring 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 atonce 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




time required for carrying the optical signal fromthej‘gﬁgﬁqﬂ%? 0 .
nodul ator 71 through the fourth phase nodul ator 77 as al nbst sZs:t‘)l r15ce t he

di stance 10 between the |ocations of 1.’% he first phase nodulator 71 and the
fourth phase nodulator 77 is short. If the time required for carrying the
optical signal fromthe first phase nodul ator 71 through the fourth phase
modul ator 77 is too long to be ignored, the timngs to supply the applied
voltage to each phase nodul ator should be staggered a little. 15 Fig. 10

is a fl ' | O f . th ltage.geperating unit 56 of
t he cont9 %ﬁ%itpggﬁﬁgﬁ@%g@g%?}%ﬁ%%ﬁ ‘.E‘r‘fg“lli’?ﬂ‘l“ ‘g'émg%(ﬂ%i n§°t he phase
nodul at | 3 fromit he, phas dul ation dat a ry 53 .af, S31. Next,
't hor X mb b thons AW T FARRIGTR Sa0viRe <GlrEads PGesePatANg un ¢ 6
finishes the,phase.20 dul atiaon, process at, S32. Then, t vol t age
gener at F‘Rﬁﬂﬁ‘ﬁ E’Fl%foé\ﬁrﬂ eéﬁo‘i"ﬁﬁb » §Re Hgﬂgeyér‘c‘:‘ﬁ Plﬁ@éﬁé%gﬁﬁﬁﬂrssi gnal 93 at
'S33. Further, _at 4, the vgltage generating unit 56 generates 114 of the
vol t agea?lr?}x/?ﬁs) 1&"&2‘@ ‘(Pi‘fatgﬁge%‘berﬂgi'%ﬁm@%ﬁ tigeand {he fé—l tmeeamnhet he phase
nodul ati on dat a 31 and outputs to the four phase nodul ators at the sane
time 2reducedie Wy egoi ng exanple, the voltage of 8V is divided into four.
25 February 2005 16 Wien the applied voltage is 4V, the voltage of 1V is
appl i ed to eabihFis. & libe volingeppial¥ aredupalied 30 thefowplmsehe applied vol t age
is 12V, the voltage of 3V is applied to each of the four phase nodul ators.
Anot hermodnintons ab bhesamhdiphas Fhinthbeanoss itcapdssiblé sorarrddbed, 25
February 2005
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.




17 which is not illustrated here. The above phase mpdubgtmihrgap; beoygsed for
t he hi gh-speed nodul ator in the quantum cryptography of the phase

nodul ation system And further, the ggplication is not limted to the
guant um crypt ography, but the phase nodulator can be al so used for the
phase nodul ati on of the optical signal. Yet further, the above-described
configuration can be used in only one of the transmtting apparatus and
the receiving apparatus. Industrial Applicability 10 As has been descri bed,
accor di nWheo theepplied apltage enb¥dihesvoltage of Y isiapplinditogach lof thafave of the
bit rate can be increased in the quantum cryptography enploying the phase
nmodul at i passymodwiatoesieng whereths ghplishedthgepe 2V, tne valtageeofd®ies wi t hout
the influence of the rise tine and the fall time of the voltage to be

appl i ed daplietiite galahsd the tuirgphase, moduldters. i nf | uence of these tinme can be
extrenely reduced. Further, according to the preferred enbodi nent of the

i nvention., ZAadther thvabpleaie obidiel ghasesnadelatannedt sdalso gmabedieé) and

swi tched, the phase nodul ation by anot her phase nodul ator can start the
operation without awaiting until the voltage of the phase nodulator in the
process of the phase 20 nodulation is fallen to OV, which enables the

hi gh- speed phase nodul ati on. According to the preferred enbodi nent of the
~invention, since a predeterm ned | evel of voltage -is always applied to the
phase nodul ator, and the optical signal is supplied to the phase nodul at or
by swtching with the switch, the rise time and the fall tine of the

vol tage can be reduced to 0. 25 Therefore, the hi gh-speed. phase nodul ati on
i s enabl ed.




25 February 2005 18 Yet further, according to the pref &bréebrewmop@OMent of .
the invention, the phase nodul ators are connected serially, and the
voltage is divided and applied. Thesise tinme and the fall tine of the
vol tage can be reduced, which enables the high-speed phase nodul ation. 25
February 2005 19 Caims 1. A phase nodul ation apparatus conprising: N
phase nodul ators (N:. an integer equal to or greater than 2) for serially
perform ng a random phase nodul ati on on a photon signal which 5 flows

~through ' : rst optical switch and a second optical swtch
for sel g@?‘f@ﬁ?@%ﬁ?\%@?ﬁ%&%ﬂe of the N phase nodul ators which are placed

arallel tot tical path:, ;and a gontraol.unjt. far outputting a
gvvi t ching si g'ir:g? a?)§¥é ngﬁgﬁ?@%%% icﬂﬁjie ung fPB%‘F\@lgOtPFE?eh B dt°|§vvi tch and
t he second optical sw tch and ing the one of the N phase nodul ators
connect M 5% #&21 _c?ﬁthBﬁWP%}?‘? %%bqﬁs@oaﬁm}%$ﬁe@pp£ﬂaiﬂ§'tb¢r,c:c aimli,
wh in.th ontrol. unit, in¢ludes: a phase nodul ati on data nenory for

ori nﬂtﬂé@@%mﬂ igmabdimiied to the quapspmagrariegrephyi bt the phaseach of whi ch

storing :
generates .a voltagi] correspondi ng to each of the phase nodulation to the N

phade nB@drlater san beslpe upedhiprithierrhiase medulation ofddeiopgical signadse

modul ati on data ] '
Yet further, the above-described configuration can be used in only one of the

transmitting apparatus and the receiving apparatus.

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.




‘stored in the phase nodul ati on data nmenory and seri al | R5sEgipiupirn @00De

phase nodul ation data read to the voltage generating unit for generating
the 20 voltage to the phase nodul atoFl to be connected to the optical path
by the first optical switch and the %econd optical switch. 3. The phase
nodul ati on apparatus of claim1l, wherein the control unit includes: a
phase nodul ation data nenory for storing phase nodul ati on data 25 having N
val ues; 25 February 2005 20 a voltage generating unit for generating N
fixed voltage rrespondi 0,1 he N.values. of. the se nodyl ati on data,
and for suppl ?Fﬁg”itﬁggﬁc??@ﬂgttQS#‘? Bﬁ%énf ?Iﬁéo‘i}“b‘l’féts‘gth darenien, -
respectiyvely; and switching unit for, readi (t;ht he, phase_npdu] ati on data
stored thePHase B §@rﬁﬁaﬁlc3’9?%ﬁ¥e@§?ﬁlah§nﬂ“£, exettage pudividel end swi t chi ng
signal for. . selecting one of the N phase nodul ators, to which the voltage
corres_p@ﬂﬂhﬁ@ f‘@ealaﬁdm@ agyd thecfalifame ofdhavaltage cantsg neduged, whighpl i ed, to
“the first optical . switch and the second optical switch. 4. A phase

nodul at PBables the high-speedphasemnodidationhase nodul ators (N an integer equal
to or greater than 2) which are connected serially to an optical path for
serially perform ng a random phase nodul ation on a photon signal; and a
control unit for generating N voltages to the N phase nodulators so that a
sum of the N voltages applied to the N phase nodul ators becones a 15
vol t age corresponding to a phase nodul ati on of the photon signal, and




supplying the N voltages to the N phase nodul ators. 5. The phase nodul ati on
apparatus of claim4, wherein the control unit includ&$:Febrplagg@005

nodul ati on data nmenory for storing phase nodul ati on data; 20 and a voltage
generating unit for generating N equal voltages (V/N) by equally dividing
a voltage V, which corresponds to tha9ophase nodul ati on data stored in the
phase nodul ati on data nenory, by N, and supplying the N equal voltages
(VIN) generated to the N phase nodul ators, respectively. 25 February 2005
21 6. A phase nodul ati on net hod forclgﬁ_ggally perform ng a random phase
nodul ati on on a first photon signal and a second photon signal, the phase

nodul atipn ne gm' alok I,r St ;;ﬁgul lon step for phase nodul ating
the fi rs%)' pho%g%gglggnadlégg%?pgaﬁt{r%tcop ase]ﬂérbdul ator; and a second

nmodul ati on st f ' ' a [ t.h ton signal

fl ows and forIQ hggéﬁrr%&dj&%ﬂggﬁ' %ﬁ%Qéeggg%@?%ﬁgto\g%?éﬁs}ﬁg?a%gr%g second phase
nmodul at of fare-the first ;mdul ation s termnates. .7. A phase

nodul at iséerll‘f')ﬁl tlf%—fc'l) Fore & gPFlyp%%?ff g’roﬁiuﬁéfoa{l P3 tﬁﬂfé%lalw%ﬁﬁdul ation on

a phaton, sigpnal by a predeternined anount by a first phase nodulator and a
seconid gﬂ%%%&ﬁ%%&?ﬁcfaﬁ@ ase modul ati on method conprising: a voltage

general 10 ot eh Ao RSTLA A Lok Noligee, and,a second, vol tege. a sum
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;




15 nodul ati on by the predeterm ned amount and whose rise tinme and fall tine
are shorter than a rise time and a fall time required 2brFejeneralfdg t he
vol tage corresponding to the phase nodul ati on by the predeterm ned anount;
a first nodul ation step for phase nodul ating the photon signal by the 20
first phase nodul ator with supplying2@he 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 ng the photon signal, which is phase

modul ated by éﬁtﬁgﬁ?ﬁe%ﬁ Bhit38r 8diRRatiRY N RSN sRBRRRpoABEH ator with

suppl ying the second vol tage generated by the voltage 25 generating step to

the secqpdnhpResAuEPdphat @gas@l%daiiafoep&aﬁ[ finaQ%s@ﬁplyﬁg giherwtf&edphase

nodul ati on net hod perfor the phase nodulation o oton signal by

the pr e%ﬁtﬁ%é@ &eﬁgﬂﬁ%e\ﬁéﬁﬁa&%j%sgh% t he first nodul ation step

and the secdnd no tion step. ase rodul ati on apparatus for quantum

crypt ogr aphy COMpink kit 17 MANBSE TINL AL, A SRLEHSE Baual to of

greater than performng I"on on an optical signal
whi ch fl i.cal h; kL opti.cal sw nd a second
opt i gal p%w\%?ér%&ﬁgf%glg{agg F}i/ééﬁ @y’ %%ﬁnd&t??l%%n%ﬁée g‘%"t‘%’%@gﬁl aglgglamdul ators
whi ch- are, pl.aced i arallel to .t 10 opt.i,cal h: and a copntrol unit
For “out SelHRE e BEN bR phdhtiars o Hivk Bhe BBols Eedhobfifa « ne
second ® tal Vga%!le (s)w;};[ecp Eias%dmggﬁia%r} Qaetaorggd% sﬁﬂgﬁ&'i,QQ%ﬁg first optical

switch and the second optical switch.

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.




nodul at ors connect to the optical path. 9. A phase nodul ati on apEarat us of
quant um crypt ography conprising: 15 N phase nodul at or 89 (W rHATY 408 er
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

nodul ators so that a sumof the N vpitages applied to the N phase

nodul at ors becones a voltage corresponding to a phase nodul ati on of an
optical signal, and 20 supplying the N voltages to the N phase nodul at or s.

10. A plhase j00uLal bl ELIATnghd ts%paﬁg“ LAY, FAlIGE Rl

-performng a p atron on a & s&ond

comr 1 s efBsopOF e Higen slal PO clp?lgﬁé‘li%?g&%ﬁyﬁ* dE"”

rmdulatln first, optical nal by a first phase nodulator; and a
second 1D ’%lgt%mgnmgiié (Pfjgl?’lpgﬁl? hing an optical path where the optical

Sedond LLS!’Z a%%afrﬁ%%lﬁ’f‘a%‘%ﬁ%%%ﬁh bhidg %@eﬁ%&‘*gﬁpfwia%f SRR hil.a A
phas m?)dtr%ll ﬁS rret ho%u?%oguan um cryptography for perform ng a phase

nmoduP at i8] "i'ﬁﬁﬁn(? by a predeterm ned ampunt by a first phase
nodul ator and a se se m)du ator, the phase nodul atl on_net hod of
quant um cryplaoiﬁcé?f} ﬁgarti%} AP P@W‘%HW&&@ it Rathgvheegheor

enerating a first voI ta and. a second .voltage, a_sum of which are equal
tg 0 a vo:p[hg’ l gtg ferph hage pigdating thegsecond photon signal by q

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




nodul ati on by the predeterm ned anbunt and whose rise tinme and fall tine
are shorter than a rise tine and a fall time required PorFefameriidoe® 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 supplgfng 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

modut ated by gherclh kil pa@e'n%a@au%h%g{ebmc% hBfofEeaRd tpag@se modul ator w th

suppl yi ng t he secon tage generate VO tag génerating step to

:)g(raf ifﬁs t%e E)glségq%é gh?aq[nl Ogﬂ%jr']‘{ﬁfﬁf?ég ‘%‘%Ega‘?’%é rﬁé{g{ %eZpFEEjg?gr m ged
modul at i rﬁﬂ %ééfjﬁg%ﬁﬁsg?ﬁ&%@%é@% i s%%%ﬁ’ sl sleil gn S poed
oper at i re-.the tine ired,for the voltageto

di ff |1; t
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wh th | t d th h | at t ph -
moduPat or 71 GRA %%@@%%ﬁ&s B e i L .ﬁ parallel,
dth | h d b th 1z trol
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35. The svma]glP unit 55 of the control unlt 51 supplies the phase
modul at {%9HC %ﬂ%l stored in the phase nodul ati on data nmermory’ 53 to the

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:



10 first voltage generating unit 57 or the second voltage enerating uni t
590 to generate the voltage necessary for the phase nodallghrgary 200

23

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
S a second phase modulator before the first modulation step terminates.
11. A phase modulation method of quantum cryptography for
performing a phase modulation on an optical signal by a predetermined
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.





