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MODULATI ON APPARATUS AND PHASE MODULATION METHOD 5 Technical Field The
present invention relates to a phase ngdul ati on appar at us ancﬂll’ﬁmu"mmmﬁwmw"
nodul ati on net hod for perform ng a phase nodul ati on on an opt

at a high speed. For exanple, the invention relates to a high-speadssi0

nodul ati on apparatus and its nmethod for quantum cryptography of phase
nodul ati on system Background Art Figs. 14 and 15 show a net hod for phase

System di scl osed | n S CHS Rt RAR S RO R R PR oo chani o5 and
quantum cryptography” Mathemati Qf@iﬁgﬁ@ 0. 402, Decenber 1996.
According to the cryptography of i on system a phase

nodul at or (PWS uSuUa ﬁiAaH gﬁ\zm@&, i éb ion of Fig. 14. A
20 t tt ] ! ANBPHA %aﬁbim
m)dulr:'?z;ns ( PMA, IER%), respectivel )i\/l an\ﬁ%ijp% vol talge corresponding to the
phase nodulation (0, n/2, n, 3n/2) FIHA phase nodul ators. The quantum

cryptography of phase nodul ati on system physically
5
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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 disclosed in
a document: Uchiyama, “Basic quantum mechanics and quantum
cryptography” Mathematical Sciences No. 402, December 1996.
According to the cryptography 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 corresponding to the phase
modulation (0, w/2, &, 3n/2) to the phase modulators.
The quantum 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
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creates the systemutilizing interference of photons having different
phases 25 which flow through two kinds of optical paths having the sane
length in an *@00002* 2 optical systemusing such as an optical fiber. In
t he nodul ation of the quantum cryptography of phase nodul ati on system
each of the transmtting apparatus and the receiving apparatus usually

I ncl udes one phase nodul ator and operate phase nodul ati on between the two
partners. 5 The followi ng explains concretely the conventional nethod for

phase nodulati ' t [ hy raf . phas dul athon system
usi ng ongB ]telgén%fk éé%érlﬁg%&g‘gl%@éﬂgﬁﬁ%ﬁﬁengﬁcypgéﬁ%&‘b%{(’&%tt sing a
coupler at_a_.joint ere,anqoptical fiber is ysed will,he explained
referring nﬁ*"é‘s‘?ry?%]g}ﬁahyf(g p ?eﬁ?fi']ﬂﬁﬁﬂnisgs'f%i ‘F‘?cé’t%%t?‘lertﬁﬁg?% &t a
certain cyclic frequency, apnd transmts to coypler 1 as an opti cal

si gnal thF‘BB@FPW’?@M&%%‘?“?‘PBEra,ppétl'%t.“s waéﬁhwhl\éq&%swyﬁ@% optical paths
w il be exp(lgiai ned, V\(,Pi ch are_critical to the quantum cryptography. 15 The
first onemaeduatqrand eperate phase modplatipatbetyeen thedpogartnexse | aser goes
upwards in Fig. 14, passes through the phase nodul ator PMA and a_ coupl er
2, and®at a couplherfolowingexplains eancretely fhe gonyentienalmethadyforphasgh a
phase nodul ator PMB and passes through a coupler 4 to reach a detector. The
second on@madnlationdnithe gprandum eryphognaphiyi aflp hase trhed elatijvinesystemt wsing 20

| aser goes forward w thout passing through the phase nodul at or PVMA and
one example.

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 is 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 phase 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



passes through the coupler 2, and at the coupler 3, the | aser goes upwards
in Fig. 14, passes through the phase nodul ator PMB, passes through the
coupler 4 to reach the detector. The figst optical path has the sane |length
as the second optical path. 25 Wen it"is assuned that one phase as (Da
whi ch nodul ated by the 3 phase nodul ator PMA, and the other as (Db which
nodul at ed by the phase nodul ator PMB, between the optical paths having the
sanme length, an optical interference occurs according to a difference

System ut) Qa%s'gnhﬁ%‘t%rTﬁﬁr{@?%’@ci‘M@eﬁ%@b%ﬂ%@%oé@%ﬁ%@%33#&’? o :t irr]gtnhﬁd.
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nodul ati on. For, exanpple, in order to nodul ate phases of 0, nl2, n, or 37d2,
vol t ages @pticel inpgrfegencepccups/aggordinmite adifference vahue ef (Baui®h)or Thas shown
10 in Fig. 15, upon applying the voltage, there always exist a rise tinme LP
and a falquantym quypgegrapdy\af|the phaspumedidationtsystemeantplizesethindul at or

conti nuously nodul ates different random phases serially, a blank period BP
( BP>0) 5shanteafdrenpe.ovAs ddscribed, ithe conventiomalahe thuakfor madulstingnthet hod, t he
nodul ation 15 requires to apply voltages in different values at a high
speed, hophase simply places ohé phak® nesdhlater incddchtofrthe Eranémvisirigdevips event s
a hi gh-speed operation. For exanple, when a photon is oscillated at a

certai n cyaldithefreeeiveng devise g perfoptd désitébphasd hddplaienshoul d be
nodul at ed synchronously with the timng of oscillating the photon, and
therefore, vari @ég ekaftfile O ordel 36 BfodiflatEpRAGE oTD), /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 always exist a rise time LP and a
fall time TP of the voltage. Further, when one phase modulator
continuously modulates different random phases serially, a blank period BP
(BP>0) should be provided.
In the conventional phase modulation method, the modulation
156 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 LLP and TP cause to

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



20 to the nodul ati on amobunt shoul d be applied synchronously with the above
timng. Abit rate of the quantum cryptography is in proportion wth the
nunber of frequency of the pulse |aser,,so that the voltage should be
switched to a high voltage and applied 40 the phase nodul ator 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 4 value. Ignoring this fact, if the cyclic frequency (of the pul se
| aser, for

exanpl e).i s rai,sed,,. BP becones hard tp _be taken (BPsO, the
next tim NGLEg- Tﬂﬁ@%}}ﬂ thig dagt, lfrﬁ%@ecyﬁ H%EEQ%“*BFX&‘P Rylge i@seé'f tIE()’tl'he vol t age
to fall are overl|apped, which causes ma] function_of the nodul ator and,
t her ef or e eX8MRple) ergadsad, B bgeameehard prebetaken (BRsOpthe mext theing obn ai ns
to performa high-speed processing of the phase nodul ation. The objectives
of the i nthatvoliagarte riee antthe previous tining, of tharveltagettodaliagh- speed
operation in, for exanple, the quantum cryptography of the phase
i nt er f er enverlappeénwhikh @iusekasalfenction hfthamediul stor Andy thereforey t he
present invention, a phase nodul ati on apparatus includes: N phase
modul abor préventarthetighapeedopbrdatiomr greater than 2) for 15 performng a
phase nodul ati on on an optical signal which flows through an optical path;
a first optical Thea presentihvensactith Ot parddris W high-dppedSaoesdsing b the
connecting one of the N phase nodul ators which are placed parallTel to the
phase modulation. The objectives of the invention are to improve a bit rate,
namely, the high-speed operation in, for example, the quantum cryptography
of the phase interference system.
10
Disclosure of the Invention
According to the present invention, a phase modulation apparatus
includes:
N phase modulators (N: an integer equal to or greater than 2) for
15 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 parallel to the
optical path; and
20 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.
The control unit includes:

a phase modulation data memory for storing phase modulation data;

25 N voltage generating units each of which generates a voltage



optical path; and 20 a control unit for outputting a swtching signal to
the first optical switch and the second optical switch and maki ng the one
of the N phase nodul ators connect to the optical path. The control unit

i ncl udes: a phase nodul ation data nenory for storing phase nodul ati on dat a;
25 N vol tage generating units each of which generates a voltage 5
correspondi ng to each of the phase nodulation to the N phase nodul at ors;
and a switching unit for serially reading the phase nodul ati on data stored

in the ph { t tially,.sugplying the hase
nmodul at i o%gg%{ggg#%%g {t?)ge Q{éﬁe&vtg? %%egﬁ%%‘?%tlloﬁgtoyut%\e?ﬁfpg%sﬁgﬂ8‘?%31%?1 't he
vol tage t ont he phase nodul ator to be connected to the optical path by the
first optai al switch and the second optical switch. The control unit
i ncludes: a phase nodul atian_ data.nenory. for_ stqring phase, nodul ati on data
10 having N val ﬁ‘e?"nl% 198 Yy forysatially r lﬁﬂitbeﬁ’g’@sﬁéﬁ@? 108 ¢ata) xed
vol tages corresponding to the N values of the phase nodul ati on data, and
for suppitered 1!1}%9@}?%35%6180 wlatogedatagnemory| qmg@eélalbdaumlamg the
respectively; and a switching unit for reading the phase nodul ati on data
st or ed5i n phiage malylption datawead tethe yolage gensratingiuviitfongenerptingthe
swtching signal for selecting one of the N phase nodul ators, to which the
vol t age cuphegesotheghaseomodmdatos tobetdoanptaddortbd wpsicabpatiabp the fiatst s
supplied, to the first optical
optical switch and the second optical switch.
The control unit includes:
a phase modulation data memory for storing phase modulation data
10  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
15 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 6ptica1
switch and the second optical switch.
According to the present invention, a phase modulation apparatus
20 includes:
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

25 voltage corresponding to a phase modulation of an optical signal, and



switch and the second optical switch. According to the present invention, a
phase nodul ati on apparatus 20 includes: N phase nodulators (N an integer
equal to or greater than 2) which are &onnected serially to an opti cal
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 at ors becones a 25 voltage corresponding to a phase nodul ati on of an
optical signal, and 6 supplying the N voltages to the N phase nodul at ors.

The contral uni.t includes: a phase ul ati gn,data menory for storing phase
nodul at | or‘?’uBQBQ,ngatﬁ& Nlé’oﬁ;a%? E%@ée Bg&g@%ﬁ‘inﬁ wators.f or generating N equal
vol tages (VI N) equal Iy di vi cii Hg a voltage V, which corresponds to the
phase nodul atio gontraiymt anclndesie phase nodul ation data nemory, by N,
and supplying the N equal voltages (V/N) generated to the N phase
modul ators, res@dehasganpdulation daigmemanydopstaring phase madsatianladiae
nmodul ation nmethod for 10 serially perform ng a phase nodul ation on a first
optical siagdal and a second optical signal, the phase nmodul ati on method
i ncludes: a first nodul ation step for phase nodulating the first optical
signal 5 by a fi astoliHgesgenerdtingtwrit fargbreratingrN eqodlivalthges 62 Byor phase
nodul ating the second optical 15 signal by a second phase nodul at or before
the first equdllyalividing heltagerVyiwlick sorresponds 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.
According to the present invention, a phase modulation method for
10  serially performing a phase modulation on a first optical signal and a second
optical signal, the phase modulation method includes:
a first modulation step for phase modulating the first optical signal
by a first phase modulator; and
a second modulation step for phase modulating the second optical
156  signal by a second phase modulator before the first modulation step
terminates.
According to the present invention, a phase modulation method for
performing a phase modulation on an optical signal by a predetermined
amount includes:
20 a first modulation step for phase modulating the optical signal by a
first phase modulator; and
a second modulation step for phase modulating the optical signal,
which is phase modulated by the first modulation step, by a second phase

modulator, and

25 the phase modulation method performs the phase modulation on the



According to the present invention, a phase nodul ati on nethod for
perform ng a phase nodul ati on on an optical signal by a predeterm ned
anount includes: 20 a first nodul ation step for phase nodul ating the
optical signal by a first phase nodul ator; and a second nodul ati on step
for phase nodul ating the optical signal, which is phase nodul ated by the
first nodul ation step, by a second phase nodul ator, and 25 the phase
nodul ati on net hod perforns the phase nodul ation on the 7 optical signal by

th det ) i . i bot h..t he f.irst l,atLon step
and {he sobeg SERiRTRY e tubeRShiRET At EL o o??e:gflfrﬁﬁ’eg %ﬂi«zﬁbhegér% P 0. 1
h dul at i t ing.to the first enbodinent. Fig.
; g;/(\/Fs)l gi ﬁts}g ?‘ﬁ%ﬂglﬁglr%fab%@P%a#goﬁaﬁi&%g'ﬁpgﬁwﬂn apparatus of the first
enbodi ment. Fig. 3 shows an operational flowhart of a switching unit of

the first 10 enbodinent. Fig. 4 shows a phase nodul ati on appar at us

according .t o e second g diment. Fig. 5 explains the operation of the
phase nod ré‘ééﬁﬁp]&ﬁﬁﬁoﬁt@s&gf rawyi@ggecond enbodi ment. 15 Fig. 6 shows an

operational flowhart of a switching unit of the second enbodi nent.
5 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
10 embodiment.
Fig. 4 shows a phase modulation apparatus according to the second
embodiment.
Fig. 5 explains the operation of the phase modulation appé.ratus of
the second embodiment.
15 Fig. 6 shows an operational flowchart of a switching unit of the
second embodiment.
Fig. 7 shows a phase modulation apparatus according to the third
embodiment.
Fig. 8 explains the operation of the phase modulation apparatus of
20  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

25 modulation apparatus.



Fig. 7 shows a phase nodul ati on apparatus according to the third

enbodi nent. Fig. 8 explains the operation of the phase nodul ati on appar at us
of 20 the third enbodinent. Fig. 9 shq*s a wave di agram of an applied
voltage. Fig. 10 shows an operational flowhart of a voltage generating
unit of the third enbodinent. Fig. 11 shows another configuration show ng
a location of the phase 25 nodul ation apparatus. 8 Fig. 12 shows anot her
configuration showing a |ocation of the phase nodul ation apparatus. Fig.

13 shows anot her,.configuration show a _.location of. the phase dul ation
apparatus. 5 Fi J.lg'lﬂi §ﬂ%‘(ﬂ§ alaloﬁggaqopgﬁ%(ggtlgn@ Wéﬂgiaolﬁﬁ?‘“%‘ﬁggh%ggﬁ%t i on
apparatus. Fj g.,.15 explains the operation of the conventional phase
nmodul atiomo‘*iﬁéflgflraéﬁ’al‘:‘ﬁf)‘&ﬁ:li ments for Carrying out the Invention 10
Enbodi ment 1. Acgording to the first enbadinment, in _the quantum
cryptography u irilgrglgt slows asathasnonfigusatins shewing aHpeatiem ebtherphasert i on
met hod of the_ quantum cryptography of phase nodul ati on systemw || be
expl ai nedﬁqwlamncﬂpmatu%l e parallel phase nodul ators are provided and
switched at a 15 high speed by an optical switch. Fig. 1 shows a hi gh-speed
modul aéi on syst &ng.i k shewsadocation 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 modulation system.

This modulation system 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 second 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



cryptography of the phase nodul ati on system This nodul ation systemis
configured by a transmtting apparatus 100, a transm ssion line 200, and a
recei ving apparatus 300. In the 20 transgmtting apparatus 100, |aser 91
oscillates optical signals with a cyclic frequency C to continuously
generate the optical signals. Afirst coupler 94 and a second coupler 95
make the optical signal diverge and converge. A first phase nodul ator 71
and a second phase nodul ator 73 perform a phase nodul ation on the optical

signal. A/Lr ' ' and econd 25 opti.cal Ltch 35 switch
the oper attlilg A géoo‘gp{)h%&lf it ?@%@5?@' rrgﬁﬂﬁécﬁl&ﬁn%‘is 3?19“.8/ Etlﬁléa]sg%hb%ﬁu&ﬂ’r’gse

nodul at or ,73. nc ous Q ut si. | 93 is output fromthe |aser 91
to a sw téﬁqrﬂéﬁﬁj# erggfp%aégﬁfcﬁﬁpgmt?g%l control s the phase nodul ation.
The control unit, 51 i.ncludes a phase npdul ation data penory 53, the

swi t ching unit gsc,on&rqliqrgg% §°VB'F£%\§EB gﬁﬁ%erﬁlpﬂﬁgat&?ﬁ-t 'gﬁ‘? cantrohuBEchd

vol t age genératﬁi ng unit 59. The phase nodul ati on data nmenory 53 inputs and
stores phaddugeyaphassimadulatiomdatpapmors Sy the swatshing unifuBs,5 frstl 93 i s
output fromthe laser 91, the swtching unit 55 switches the first optical
swi t ch533 vahasge generating upit tand aweeard veltage gemerading wnitsi9.t Theni tch to
use the first phase nodulator 71 and 10 the second phase nodul ator 73 in

turn. Andphase neodulbtiondlata memary6§3dhputeandktires phagé modudatianala?a st or ed
in the phase nodul ati on data nenory 53, the switching unit 55 instructs

the first 3ol V¥ben ghaeynthmpousioutimrt sigral 82 is eetmrtdfron thaglasgedes did ng
unit 59 to generate voltage used for the phase nodulation by the first

phase nodewitching initndb sWwitches ohel fiphtasistical dwitdho83 hAndthe sbaénd opsical ol t age
generating unit 57 generates a phase voltage to the
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 phase 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 same 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.



first phase nodul ator 71, and the second voltage generating unit 59
generates the voltage for the phase nodul ation to the second phase

nodul ator 73. The transmi ssion line 200.is a transm ssion |ine made of
optical fiber, 20 etc. The receiving apparatus 300 is configured in the
same manner with the transmtting apparatus 100. Different fromthe
transmtting apparatus 100, the receiving apparatus 300 doesn't have the
| aser 91 like the transmitting apparatus 100, but includes a detector 98.

The detector 98..2 etecf,s an optic i nterference., 10 Fig. shows, t he
operation of thEi§i4 3ROV, eeol?ﬁf@&ogt(gjrth‘? %‘,trs{ HEa?eMdﬁaWa@e tﬁ%ﬁﬁ‘i’%dor 73,
the first phase ul at 1,. and. the second ase dul ator . 83. In Fig.
2, (a) s thgS%"ersriD‘ﬂ%@é ﬁ{oﬁﬁ? dast phasg tog &1y agd ér‘i%gﬁ?&P?g phases (b)
shows a volta?e applied to the second optical signal. As shown in Fig. 2,
t he oper am%*g‘ @‘ioﬁed?of the first phase nodul ator 71 overlaps with the
operating time of the second phase nodulator 73 by a period shown as OP.
Nanel y, before Infig.sd, (abshows powltagemnpliedtiocthetfinst optical sigmateanddul at or
71 perforns the phase nodul ation on the first optical 10 signal is
fi ni shied, (n showsmnivaltage appbiad $0 the secomd epticalsigmedond phase nodul ator 73
performs the phase nodul ati on on the second optical signal is started. In
this way, it isApehewhlia Fig. Batle operatingpinheafe¢hafiragphasemodulderWwden t he
first nodulation step and the second nodul ation step, since the first
phase nodovedaps withatle sperasepotithendfahe sebsid phase Aibdailatordr3bg aed
period shown as OP. Namely, before a first modulation step in which the
first phase modulator 71 performs the phase modulation on the first optical
10 signalis finished, a second modulation step in which the second phase
modulator 73 performs 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
16 in parallel.
Fig. 3 is 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 modulation data memory 53 serially at S11, and if there is no
20 phase modulation data 31 at S12, the switching unit 55 finishes the phase
modulation process. Next, at S 13, the switching unit 55 determines which
of the first phase modulator 71 and the second phase modulator 73 is used
for 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 is used at S14, the phase



15 in parallel. Fig. 3 is a flowhart show ng the operation of the
swtching unit 55 of the control unit 51. First, the swtching unit 55
obt ai ns the phase nodul ati on data 31 E{Oﬁ]the phase nodul ati on data nenory
53 serially at S11, and if there is no "~ 20 phase nodul ation data 31 at S12,
the switching unit 55 finishes the phase nodul ati on process. Next, at S 13,
the switching unit 55 determ nes which of the first phase nodulator 71 and
t he second phase nodulator 73 is used for the phase nodul ati on of the next

optical si . . $1C: he firs hase dul ator .71 and .the second
phase nodufa c%?tlbg dltz’lrs&l Sigelg%g??@ﬁg?%%.khezgr%nﬁol 4R ERNSTARNE ‘f‘Hg ¥irst phase
nodul ator ~7/1,i s used at, S14, the ase 11 dul ati.on data 31 i transmtted
T the. 1 O tReSpUHRE Badid, Bt ghee i3 HPE SeeonanbasmopRlaton s tend ek hat
t he secon hase nodul at.or 73 is .used at, S14, the phase_nodul ation data 31
is trans n?]g{)ggag%n}ogiéxlggeg ﬁ&tﬁéﬁtlééﬁan%@%ﬁ the sacondswltageen, at S15, the
synchronous output sjignal 93 from5 the laser 91 is awaited. \Wen the
synchr ono88neyatng unitgith) BrematiSAds the sprehronougoutpot sigmad 98dremwhi ng uni t
55 switches the first optical switch 33 and the second optical switch 35
to thedfithelasandd igwanaitedr Whesrthersyncheennws Qpus signhl 93 arrivie® at  S16.
At S17, the switching unit 55 transmts an activation signal for
gener at i nfronhthe/ lHsea$d, bbe ewitchingenjpHisewitchenthe firstoopties awdfck 83 t he
vol tage generating unit which applies the voltage for the phase nodul ation
to the phasé thedetatdboptacal swibete85 ¢d thy firsephasesmodupatozrdll aviHech 33 and
the second optical switch 35. As a result, the first voltage generating
unit 57 osedond pemendodulateg?3 aeiBl6at At 17ithe 3¥itHiAg it 55 transmits
an activation signal for generating the voltage based on the phase
10 modulation data 31 to the voltage generating unit which 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 outputs
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 maximum
20  1is 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.



t he vol tage based on the phase nodul ation data 31 to the first phase 15
nodul ator 71 or the second phase nodulator 73. In Fig. 2, at the tinme T1,
the first voltage generating unit 57 i? activated, and the second voltage
generating unit 59 is activated at the time T2. As descri bed, the phase
nodul ation at twice the speed at maxinum 20 is enabl ed by connecting two
phase nodul ators in parallel and switching the operations of the two phase
nodul ators. And further, if N phase nodul ators are connected in parall el

pecd at maxi mibel gRags BHotE SisbRf Bhe dradunitge apuatanns AN0Aer
exanpl e of, the tnansm'ttiglgs %&?rat us 100 (or the receiving apparatus

300). In ENGYeSeIVing apRaTa | ators of the first phase nodul ator 71, the
second phase ”Dﬂi"f“t or 73, a third, phase nodul ator 75, and a fourth phase
1

5 nodul ator 77 gohfeur phape mpdulatars of she firstepbase modudatoz 7, ¢he t ched
by the first optical switch 33 and the second optical switch 35. The
vol tage §esrandaphase medulaer IBwathindephaset modWaton U5, avd adfodrtlPphase t he
use of the (ggase nodul ati on of four kinds of ampbunt; 0, n/2, a, and 3n/2.
OV i s Bupprddadatard/t sike danrecteshisparadtil) andthd dperitions are dwitckhetbpd phase
nmodul ator 73, 8V is 10 to the third phase nodul ator 75, and 12V is to the
f ourt h phtlsefirsteptiatad switch 88 gnd3he)setandoptibsl swpitclaiB50NThef vilbwegd i r st
phase nodul ator 71, the second phase nodulator 73, the third phase
modul at or geherating thit 580alwdys generates 0V, 4V, 8V, and 12V for the use of the
phase modulation of four kinds of amount; 0, /2, n, and 37/2. 0V is supplied
to the first phase modulator 71, 4V is to the second phase modulator 73, 8V is
10  to the third phase modulator 75, and 12V is to the fourth phase modulator
71.
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 performs the phase modulation
of OV, the second phase modulator 73 always performs 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
switches the first optical switch 33 and the second optical switch 35 based on
20 the four values (0, n/2, n, and 37/2) 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 3n/2, the switching unit 55 switches
the first optical switch 33 and thé second optical switch 35 to S4. Then, the
first optical signal is phase modulated by the voltage of 12V. Next, when

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



phase nodul ator 77 shown in Fig. 4. 15 The first phase nodul ator 71 al ways
perfornms the phase nodul ation of OV, the second phase nodul ator 73 al ways
perfornms the one of 4V, the third phase nodul ator 75 always perfornms the
one of 8V, and the fourth phase nodul afor 77 al ways perforns the one of
12V. The switching unit 55 switches the first optical switch 33 and the
second optical switch 35 based on 20 the four values (0, nl2, n, and 3n/2)
of the phase nodul ation 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
3ni 2, the %\rﬁfcﬁgﬁwﬁﬁh@% @n‘%ﬁh%ﬁﬁ®@ﬁé§3thahéwﬂﬁchs3§ tppBcand then,dhezecend t he
second optical switch 35 to S4. Then, the first optical signal is phase
nodul at ed 9pjicehsigpsl imphasg mpgvlatedhy, 8Vhen 25 the phase nodul ation data 31
is it, the switching unit 55 switches the first 13 optical switch 33 and
the second opti &ag. Gis a flevahartsi8syingthet dperativhefthe emdtchipg nndt 55ofnal i s
phase nodul ated by 8V. Fig. 6 is a flowhart show ng the operation of the
swi t chi ng thaicon&®l uhit $ hehewntindligudi t 51 shown in Fig. 4. 5 First, at S21,
the switching unit 55 obtains the phase nodul ation data 31 stored in the

phase #odul ati offirkt} at S82ipthe SBitskinigahniy 55Nbthinsthe TRase mbddulawidehi ng uni t
55 finishes the phase nodul ation process if there is no phase nodul ation

data 31. \dhea 31hgoreded tHeSphdiR PBAGRLIOIINAGRE IR G5B sédlally.NENEXY, taghi ng
unit 55 awaits the synchronous output signal 93 fromthe 10 | aser 91 at

S23. \When g29e tly BRitcRIH EnRB P HhisHed TRE phAsh sné@lﬂﬁ'tmﬁgq%{owég iftthérd Aser 91,

at S24, the switching unit 55 instructs'to swtch I rst optica switch

33 and t Ngo§ffRBInOPilatRn EihiFN IWhBATRGPEkibhE N MEscthollifatRiRdSta

31, the switching unit 55 awaits the synchronous output signal 93 from the
10 laser 91 at S23. When the synchronous output signal 93 is received from
the laser 91, at S24, the switching unit 55 instructs to switch the first optical
switch 33 and the second optical switch 35 based on the value of the phase
modulation data 31.
In the present embodiment, each of the four phase modulators
15 always performs one phase modulation (0, 7/2, &, or 3w/2), and the phase
modulator is selected by the first optical switch 33 and the second optical
switch 35. Accordingly, there is no need to consider the rise time and the
fall time of the voltage, which enables a high-speed phase modulation.
In this embodiment, the time for switching the first optical switch 33
20 and the second optical switch 35 should be shorter by switching based on the
cyclic frequency faster than the cyclic frequency C of the photon generated by

the laser 91, which enables an extremely high-speed phase modulation.

Embodiment 3.

25 According to the third embodiment, in the quantum cryptography



nodul ati on data 31. In the present enbodi nent, each of the four phase

nodul ators 15 al ways perforns one phase nodul ation (0, nl12, n, or 37/2),
and the phase .nodulator is selected by ,the first optical switch 33 and the
second optical switch 35. Accordingly,4there I's no need to consider the
rise tinme and the fall time of the voltage, which enables a high-speed
phase nodul ation. In this enbodinment, the time for swtching the first
optical switch 33 20 and the second optical switch 35 should be shorter by
swi t chi ng based. on,th cyclic, frequency faster than the cygljc frequency C
of the ph&PUHO¥MEtheRhpssymodylationsgystem, apather kighnineedanodulation| v

hi gh- speed phas dul ation. Enbodi nent 3. 25 According to the third

enmbodi menfystem ?(ert UHHTIRE comtegranity ofithephaseynadulation Rystermwalll at i on
system anot her high-speed nodul ation systemfor the quantum cryptography
of the phbgéem&mueaz jrowhighs marltipde seriesep miodulhtors avhprovided aindl e seri es
phase nodul ators are provided and the phase to be nodul ated is divided and
nmodul at edth& phase bo be antxbdateshis diaidedhand enahphtedof the transmitting
apparatus 100 (or the receiving apparatus 300) will be discussed. In this

enbodi frent, a cés¢hisrembodiménte apbtiser exadupletoithe aFensmittiiRcissheens al | y
wll be explained referring to Fig. 7. In Fig. 7, the first phase nodul at or

71, the se00r(6r fliaseeivEelyapparatudd300, wilhbe Hi¥cugdsddhase nodul ator 75, and
the fourth phase nodulator 77 are serially connected. The voltage

e oL L1, A LRt k00U 1 P ot e o
connected serially will be explained referring to Fig. 7.
In Fig. 7, the first phase modulator 71, the second phase modulator
10 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.

15 Fig. 9 shows the voltage V (V = 8V) in case of performing the phase
modulation of x.

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 perform the phase modulation

20 ofm, and it is also possible to apply the voltage of 2V four times to perform
the phase modulation of x. When it is assumed the rise time for generating
the voltage of 2V as W and the fall time as U, W = LP/4 and U = TP/4, since
the rise time and the fall time are in proportion with the voltage.

Accordingly, the present embodiment shortens the rise time and the fall time

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



phase nodul ators at the sanme tine. Fig. 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 nodul ation of n. kn order to generate the voltage of
8V, it is assunmed the rise tinme LP an& the fall time TP are required. In
case of the phase nodulation, it is possible to apply the voltage of 8V at
once to performthe phase nodulation 20 of a, and it is also possible to
apply the voltage of 2V four tinmes to perform the phase nodul ati on of n.

When it is_assu the rise ti for nerating ..t he.val e of 2V as Wand
the fall @P lgget?],e XRfteigep pexfrn the Bhase Radidation dividedB’s i ana 't he
fall time are i.n proportion,.wth the voltage. Accqrdingly, the present
enbodi nentexgmﬂl?'eﬁ%gﬁ%nﬂp?égt ’?’H\?‘E §r tt‘i’iépggﬂ the y gez%’ g‘éaﬁﬁer”étﬂu)br
generating the voltage to performthe phase npdul ati on by 15 applying the
vol t age t%pBBPfiWG Wﬂéﬁlaé’f’r%ﬁaél Wi dhelfqur phaase modwhaters as shown

in Fig. 7, in order to apply the voltage to be essential li/ ~applied using
four phas@PRUEs L of the veltagert Therefarer thamuise time and:thesallpme can ¢ 4 of

the voltage. Therefore, the rise tine and the fall time can be 5 reduced
to 1/45 | tedigpd ® 1Mhe vol tages of 2V are supplied to the four phase
nodul ators at the sanme tinme. This is because it is possible to regard the
time required fon Rigr8ythegvdltazes of 2¥ahressuppdied toothet foar fplhiast phase
nodul ator 71 through the fourth phase nodul ator 77 as al nost 0, since the
di stance hibcdateremttthe saavatingns Thistibbeédusetit i possibledisl wigakd the and t he
fourth phase nmodulator 77 is short. If the time required for carrying the
optical skigh@kequired 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 is 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 S33. Further, 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.



fromthe first phase nodulator 71 through the fourth phase nodulator 77 is
too long to be ignored, the timngs to supply the applied voltage to each
phase nodul ator should be staggered a | ttle. 15 Fig. 10 is a flowhart
showi ng the operation of the voltage gé erating unit 56 of the control

unit 51. The voltage generating unit 56 obtains the phase nodul ation data
31 fromthe phase nodul ation data nenory 53 at S31. Next, if there is no
phase nodul ati on data 31, the voltage generating unit 56 finishes the phase

20 nodul akiAN ces t 932. .T t he vol t .gener.ating upit, 56 awaits
an i nput E"gﬁe?%gé?ﬁ@ﬁaa’ﬁﬁﬁgedﬁpwh%f’ age Qg?gtl Qﬁﬁile JP%@@R,(’% €334, the
vol tage generating unit 56 generates. 1/4 of the voltage (V/4)_ of the

vol tage V O%Pa%"f‘]sq ?ogpﬁ‘ﬂioﬁ%%rﬁﬂewg‘ﬁP(,té‘f‘é’d’Pg&f’dt‘ﬁ’it%ﬂ?ﬁelgz%((ﬂbPé(PthBeG’ﬁta 31
and outputsg[.to he four pt}a e nodul ators at the sane tinme. 25 In the

f or egoi ng S¥xErANRIed; toLach| atg‘é four ghase madplatoasi nto four. 16 Wen the
applied voltage is 4V, the voltage of 1V is applied to each of the four
phase nodul at or Accendingfie the presemslenghpdinlensghl phaseavodulatoroatrege of 3V
is applied to each of the four phase nodul ators. According to the present
enmbodi frenconnggsed seriatlsiuwhicdr cararedicedbe meset Bthesand dhé Fall wime o dAN, r educe
the rise tine and the fall tine to 11N, respectively. In this enbodi nent,

t he first respietiselyng step in which the optical signal is phase nodul ated
by the first phase nodul ator 71, the second nodulating step in which the

optical signal Imshisiembédistentpehé fitsttmaduldieng Stelpi inswhiBdtheapticalst ep i s
further phase nodul ated by the second phase
signal is phase modulated by the first phase modulator 71, the second
modulating step in which the optical signal that is phase modulated at the
10 first modulating step is further phase modulated by the second phase
modulator 73, and the third and the fourth modulating steps are provided.
By executing these first through fourth modulating steps serially, a desired
phase modulation of the predetermined amount can be performed. In this
way, multiple phase modulators are connected serially and the modulated
15 phase is divided and applied, so that the rise time and the fall time of the
voltage are reduced, which enables a high-speed operation.
Figs. 11 through 13 show examples of connecting the transmitting
apparatus 100 and the receiving apparatus 300.
Fig. 11 shows a case in which N phase modulators are connected -
20 serially.
Fig. 12 shows a case in which the phase modulators are connected in
serial and partially in parallel.
Fig. 13 shows a case in which the phase modulators are connected in

parallel, and further connected in serial.

25 Another combination of the phase modulators can be also embodied,



nmodul ator 73, and the third and the fourth nodul ati ng steps are provided.
By executing these first through fourth nodul ating steps serially, a
desired phase nodul ati on of the predetierm ned amount can be perforned. In
this way, multiple phase nodul ators are connected serially and the
nodul at ed 15 phase is divided and applied, so that the rise tine and the
fall time of the voltage are reduced, which enabl es a hi gh-speed
operation. Figs. 11 through 13 show exanpl es of connecting the transmtting

appar at us “}Ql(&hagglg%gﬁgétgggeiﬁéhg%nappar atus 300. Fig. 11 shows a case in

whi ch N phase nected 20 serially. Fig. 12 shows a case in
whi ch the phase dul at or,s are connected,in rial and partially in

paral lel . Fig. i]gloes Y @%ﬂ&s@(’&’ﬁpﬁkﬁwwbﬁ@ssﬁw rsied mpdulasenect ed
in parall, and further conn d. in_serial, 25 Another conbi nation of

| t
the phase 1ﬁﬁhﬁ |W§%%1WPB%8@P§§ 02 he @ihage modylption systema: Amd rthared

here. The above_ phase nodul ator can be used for the high-speed nodul ator
in the qu&ﬁ? @RPLEYIPB e aghlimited tothsmavantig eryptognaplyy tharh thamhaser t her
the application is not limted to the quantum cryptography, but the phase 5
nmodul aPor mednlptorgaspbe atay Ysed fonshepheee mathilationrof she bpticabsignal. si gnal .
Yet further, the above-described configuration can be used in only one of
the trandlket fuithgr,dheatmvesleandbed eonfigaratiorgcappanaeddn dnlyvakof dhe
Applicability 10 As has been described, according to the preferred -
enmbodi mentraxfsmitting apparatus and the receiving apparatus.

Industrial Applicability

10 As has been described, according 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

16  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.



invention, the value of the bit rate can be increased in the gquantum

crypt ography enpl oyi ng the phase nodul ati on system Nanely, the high- speed
operation can be done w thout the inflqgnce of the rise tine and the fal
time of the voltage to be applied for the phase nodul ation, or the 15

i nfluence of these tinme can be extrenely reduced. Further, according to the
preferred enbodi nent of the invention, since the phase nodul ators are
connected in parallel and switched, the phase nodul ation by anot her phase
nodul at or can start. the operaj.i o it hou ayai ti until the voltage of

t he phase nodul X%B&u{t?}ef, CB’F%BSQQ%? R rﬁ?fgg@tb?agﬁﬁﬂhpg’f}?%’rp‘i?tﬁo&l’l en to
OV, which enabl es the high-speed phase npdqul ati op. ccording tq the
preferred tgﬁi? ﬁé‘i\?ﬁgf’{qq‘ﬁé‘rﬁr%’ﬁﬁf’?tﬁﬁ,se§ﬁ(1§'ea§d tBPé’G’ erip divdedwnd of
voltage is always _applied to the phase nodul ator, and the optical signal

i s suppl i 8¥PLS thg‘%ﬁﬁa%eetl%ﬁm‘bﬂw fad] timg elcilervpliagercamke redycednwhicle v se
time and the fall tine of the voltage can be reduced to 0. 25 Therefore,

t he hi gh- ¢pablesghgdishwperdmhageimodilabiond. 18 Yet further, according to
the preferred enbodi nent of the invention, the phase nodul ators are
connected serially, and the voltage is divided and applied. The rise tine
and the fall tinme of the voltage can be reduced, which enables the

hi gh- speed phase nodul ation. 19 Cainms 1. A phase nodul ati on appar at us
conprising: N phase nodulators (N:. an integer equal to or greater than 2)
for perform ng a phase nodul ati on on an optical signal which flows through
an :



5 optical path; a first optical swtch and a second optical switch for

sel ectively connecting one of the N phase nodul ators which are pl aced
parallel to the optical path; and a cq?trol unit for outputting a
switching signal to the first optical 0 switch and the second optica
switch and meki ng the one of the N phase nodul ators connect to the optical
path. 2. The phase nodul ati on apparatus of claim1l, wherein the control

unit includes: a phase nodul ati on data nenory for storing phase nodul ation
data; 15 N voltage generating unitiéﬁach of which generates a vol tage
corresponding to each of the phase 81™8fi on to the N phase nodul ators;
and a sw tching t for seriall t he phase nodul ati on data stored

uni'a r eadi an é
in the phadse nodhPARsGOPOgR{ation aBPYratug cCOBRTAING: suppl yi ng the 20 phase
nodul ati on dat a egg érgmtdﬂ vol tg’ge generating_unit for generating the
vol tage to the 61518 8 ators (N pa 1ntegeraas@l to or geeatsritban Dfen by t he
first optical switch and the second optical switch. 3. The phase
modul at i oReEsEHAE #sPhasecmadnlationpe aai opticed signalwhichflaws thwdughbean 25 a
phase nodul ati on data nenory for storing phase nodul ati on data 20 having N
val uesb aopticahpathjenerating unit for generating N fixed vol t ages
corresponding to the N values of the phase nodul ati on data, and for
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 outputting a switching signal to the first optical
10 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;
and
a switching unit for serially reading the phase modulation data
stored in the phase modulation data memory and serially supplying the
20 phase modulation data read to the voltage generating unit for generating the
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:

25 a phase modulation data memory for storing phase modulation data



supplying the N fixed voltages to the N phase nodul ators, respectively; and
5 a switching unit for reading the phase nodul ation data stored in the
phase nodul ati on data nenory, and outp%bting the switching signal for

sel ecting one of the N phase nodul atorsS, to which the vol tage correspondi ng
to a value of the phase nodul ation data read is supplied, to the first
optical switch and the second optical switch. 10 4. A phase nodul ati on
apparatus conprising: N phase nodulators (N an integer equal to or greater

- than 2) I.Gh e fonnected serially to an optical path; and a control
uni t for%é?%ﬁﬁﬁf S&/oltages to the N phase nodul ators so that a sum of

the N vol tages appliied to the N phase nodul at or econes a 15 vol tage
correspondi ng t@‘%’lh‘?ﬁ?s%eqﬁfag‘ﬁt rb‘ﬁ%?ﬁ g%fwrablﬂgc@igsng\ﬁra}ge&nd suppl yi ng
the N voltages to.the N phase_ nodulators. 5. The phase nodul ati on appar at us
of claim s&w&wa@w&%@%@wwﬂ the phage medulatiqmdata, ndufoxt i on dat a
menory for stori ng phase nodul ation data; 20 and a voltage generating unit
for gener 8uPRlyingdhedY fixefdveltages v the B phaspmiodplators,diespectivadyt anéd V,
whi ch corresponds to the phase nodul ation data stored in the phase
nodul afi on dat a arsvideRinghnififorarendéng phy phgse hwdulatignalata starmgden the/ N)
generated to the N phase nodul ators, respectively. 25 6. A phase nodul ati on
met hod f ophaee naddylatienfdataimemary rasko@puttidgltheiswitcing signasltfoppt i cal
signal and a second optical signal, the phase nodul ation nethod
conpri si ngelecting 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.
10 4. 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; 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 an optical 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.

25 6. A phase modulation method for serially performing a phase



a first nodul ation step for phase nodulating the first optical signal by a
first phase nodul ator; and 5 a second nodul ati on step for phase nodul ati ng
the second optical signal by a secondzPhase nodul at or before the first
nodul ation step termnates. 7. A phasé& nodul ation nethod for performng a
phase nodul ati on on an optical signal by a predeterm ned anount
conprising: 10 a first nodul ation step for phase nodul ating the opti cal
signal by a first phase nodulator; and a second nodul ati on step for phase

nmodul atin i cal esignal. whi ch i s phase, nodul at.ed the first
nodul at i ogm;sc{lgﬁ ) Bhy‘ﬁ‘a‘ll g% ggﬂﬁnﬁ‘ﬂas‘%%nw papgond 3}),@03@81&,}@*3 éhﬁ p?}q@e phase
nodul ati on tlhgld perforns the phase nodulation on the optical signal by
the predet®HHALGRIAGHOD SHRPFISINE f or i ng both the first nodul ation step

and the second ul ati st ep. , ) )
a first mO(i)uqatlonpstep for phase modulating the first optical signal

by a first phase modulator; and
5 a second modulation step for phase modulating the second optical
signal by a second phase modulator before the first modulation step
terminates.
7. A phase modulation method for performing a phase modulation on an
optical signal by a predetermined amount comprising:
10 a first modulation step for phase modulating the optical signal by a
first phase modulator; and
a second modulation step for phase modulating the optical signal,
which is phase modulated by the first modulation step, by a second phase
modulator, and
15 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.



