- | - SPECI FI CATI ON DI SPERSI ON COVPENSATI ON ELEMENT,
OPTI CAL CRYSTAL, DI SPERSI ON COVPENSATI ON SYSTEM AND
DI SPERSI ON COMPENSATI ON METHOD Techni cal Field The
present invention relates to,a_di spersion

conpensati on el enent, a dispersion conpensati on system
and the |like, which conpensate chromatic di spersion
occurring when an optical pulse is transmtted.
Background Art In receRPEGEALSATdANa communi cati ons
have been under shift to those via optical fibers and
accordingly, the data transm ssion speed has been
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ransn1SS|on speed greater
using ultra-short pulses in such data connunlcatlons
via optical fibers in near future. Problens of

@é@ﬁﬁ&@hK gadigransm ssion errors always acconpany
data conmmuni cati ons, but as the data transm ssion

speedrhés ;eﬁé@m@dm\trénetmﬂt he Dt &acho opt icape pyt 58 and

the interval between optical pulses in tandemwth
eanhenthelonspbananepus| i gdeer ebse, canpbridrariefrorsy ddwen and
probl em becones very inportant. DO017 SG - 2 The

thedd kat, wihi cthebinghnsatavdiroraiioudispe neit@r patuirsing when

an optical pulse is transmitted.

Background Art

In recent years, datacommunicationshave beenundershift
to those via optical fibers and accordingly, the data
transmission speed has been enhanced more dramatically than
before.

It is under consideration te conduct communications at
a transmission speed of 160 Gbit/s which is much higher than
the current transmission speed, or greater, usingultra-short
pulses in such data communications via optical fibers in near
future.

Problems of crosstalk and transmission errors always
accompany data communications, but as the data transmission
speed is enhanced, the width of each optical pulse and the
interval between optical pulses in tandem with each other
spontaneousliydecrease, and therefore theproblembecomes very

important.
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determ ned by the refractive index of the material,
and the speed of light decreases as the refractive

i ndex increases. In materials such as gl ass,

sem conductors and optical crystals, the refractive
index varies with the frequeficy of light (wavel ength
inair) , and therefore the speed of |ight depends on

the wavelength. It is known that due to this

wavel Brgjtgpecfepdndbich dighhetrevehetiveougiex natipgrial is
wavef orm of an optical pulse is distorted and, the
9?ﬁ%rWéﬂaghbbftQQM¥%ﬁﬂ%ﬁ$Hvﬁb#§§§§s°fmhhﬁé“%?ﬁ?%ﬁﬁqcﬁﬂd the

t hr ou a material..A characteri
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erre to as sperS| on or

‘éhéP‘EEfIEQEtl@é Qﬁa Ll t}sshegom t'aﬁem@\f%&%mc tthlﬁ

optical pulse is |storte the time Tength of

Qﬁhbgﬁlan?ﬁhsﬁd hRGh eases t nMHd @ ddhenapid&dd oRUl Snt depends
travel s through opt|cal fibers, but there arises no

shothé i wand 1 HiPbh emMci@uaﬁotqhethaﬂedu@ntgd Rhief wak@length
optical pulse is large at a conventional transm ssion
sppeddehioveviet heide it tdateaai hdars tilsswane spercdf an optical
i ncreases, optical pulses in tandemw th each ot her
poieef ks diwtorteacAnddthet ingntesotbmf tbecpwbee increases
crosstal k and transm ssion errors. Therefore, data
vbadenitbat peiiaalaphilghetrajedd tampoghbe magkirdddd b
nmerely enhancing the transm ssion jﬁeed wth a

EBPFéﬁFeFééﬁﬁFq%‘éCh Rt ShAt &R FFY Ahild 9pF ot ehts gepending
ST BRaBRD  SSORL R B AORPR e
QOO as cgromatlc dispersion or merely dispersion.

As described above, the waveform of the optical pulse
isdistorted and the time length of the optical pulse increases
while the optical pulse travels through optical fibers, but
there arises no significant problem because the time length
of the optical pulse is large at a conventional transmission
speed. However, if the data transmission speed increases,
optical pulses in tandem with each other interfere with each
other, and so on, to cause crosstalk and transmission errors.
Therefore, data communication at a higher speed cannot be
achieved by merely enhancing the transmission speed with a
current technique.

For countering this problem, an attempt has been already
made to compensate chromatic dispersion using, for example,

a photonic crystal.

b0017 SG



The photonic crystal has a structure in which two
materials having different refractive indexes are
periodically arranged, and part of this arrangenent

is made defective to forma_defect wavegui de

(continuous defect part) |, ereby only |ight having

a specific frequency passes, and a wavegui de node

givin specific chromatic dispersion to the |ight
occurlhe Byobsnhg crvkice iy atguackbge inothiotmtvematerials
di spersion of an optical fiber transmssion line is

CRFPRASAEEF CBEe: SR C XU PECXREANR RO 1 PRSGRT v arranged,
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fospeLEcicTEPLENDREY 20as 800 plla AfhyelbliACCb8Ngiding
techni que using an gp rcal fiber ~di ?r ction grating

85cdi i sRalSH R COMMENAL 1 ebaimdl tight LARLEFEN®H using
as a structure simlar to that of the photonic

ehystalveglhice nsdan altemid aiepepensat &f ehropeitgl fiber
di spersion in a broad spectral band using a chirp
opaheal skibarlirk fikrachpensgtadi (xged,n Lol ahampiee p&aizathi ko
of the diffraction grating is changed al ong the
Heagth, dfodie Bpt sephmé | Dériglderopfgat exalblaeacAldnigtics
Suzuki, Shinichi Wakabayashi, "Technique for
Of sBepSPBACCOKEERAt COnPérASREECPuageguigst rEni’es",
gEtronics Co., Ltd., 2002, vol. 21, No. 4, p. )
16%1096571ng8r odi §pEFsP6RIEBAFeNeaLiioA Por Jgpeicarciety of
ul ses .gener at ed pg n,ubtra-s ort pul se | aser I .
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iffraction,grating pai ve cone into w despread

g§8£e$ﬁgge5€éc hpgﬂeg'aﬁéqﬁﬁtended for DO017 SG

In addition, a technique using an optical fiber
diffraction grating as a dispersion compensation element is
implemented as a structure similar to that of the photonic
crystal. This is an attempt to compensate chromatic
dispersion in a broad spectral band usinga chirp optical fiber
diffraction grating in which the period of the diffraction
grating is changed along the length of the optical fiber (see,
for example, Akira Suzuki, Shinichi Wakabayashi, “Technique
for Dispersion Compensation of Short Pulse”, “Optronics”,
Optronics Co., Ltd., 2002, vol. 21, No. 4, p. 161-165).

For dispersion compensation for optical pulses generated
byanultra-short pulse laser forphysicochemistry, techniques

using a prism pair or a diffraction grating pair have come

into widespread use. These techniques are intended for
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4 conpensating mainly positive chromatic dispersion
(see, for exanple, J-C D els, WRudol ph, "U trashort
Laser pul se Phenonena", USA, Academ c Press, 1996, p.
43-99). However, further enhancenent of the

transm ssion speed cannot be sufficiently

accommodat ed by sinply using the conventiona

chromati c di spersion conpensation technique described
ewepens Thind ima irghy oegtitd véi shepspbacrdbipess fepmaas for
dependenc of ,a phase of an optical pulse on the
W%ﬁgt% ?o?l%%qu%n%g}dollﬁ%r el HaFfaphpetebpEATL BUlse

h d b bove. Iy,
1&%%%@% o USh oftraarsabeors. cigpBecka 1deon -
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or der : mavelengt
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&QﬁvéﬁwﬁéﬁaPrgﬁfoﬁQEQBHBigpegb§Bﬁrébﬂﬂen@ﬁgléﬁ technlque
coefficients of terns of subsequent orders,

goettisk8nisoeE . third-order, fourth-order and

fifth-order terns follom1(see, for exanpl e, Keisuke
Ogawerhativieas uhewwaatt i cod i $pé r &t Sheetsulpsifadn Bud sependency
"U trahi gh Speed Optoel ectronics Techni qgue Handbook"

St pephOoe pdr 2 opicalamubs § o3lt h@ 603 e l€ngpihefoR fr2afency,
For the current optical pulse transm ssion speed,

tonpensitponrofeehedner i Tink bparsivaryHlomatie as described

second-order term is enough, but as . the transm ssion

abesd- i CHMhecel, HifePPRfE of éﬁgpﬁtaf:atlh‘éa‘éﬁﬁ%ﬁxpressed
ul se for use in data transn155|og'becones éf %géfent in

Ad? |F}P]13m%‘}3§el OrEEEEEGR FHBF‘S{dS ‘f’h‘éhs‘b%’fﬁ“?
baHdMA%%%éylﬁélxoB%ﬂﬁew eng@ acer931HW's l%ngth

at the center. It is known that the coefficient of the
second-order term corresponds to the lowest-order chromatic
dispersion, and as coefficients of terms of subsequent orders,
coefficients of third-order, fourth-order and fifth-order
terms follow (see, for example, Kelsuke Ogawa, “Measurement
of Ultra-Short Optical Pulse”, “Ultrahigh Speed
Optoelectronics Technigue Handbook”, Sipec Corporation,
January 31, 2003, Chapter 2, 2.4).

For the current optical pulse transmission speed,
compensationof chromaticdispersion for the second-order term
is enough, but as the transmission speed is enhanced, the time
lengthof the optical pulse foruseindatatransmissionbecomes
shorter, and in inverse proportion thereto, the spectral

bandwidth of the optical pulse increases. Thus, as the
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D0017 SG 5 transm ssion speed i s enhanced, distortion

of the waveform of the optical pul se cannot be

el i m nat ed unl ess wavel ength conpensati on

coefficients of up to higher.orders are conpensated

over a broader spectral band” In the conventiona
chromati c di spersion conpensation technique using a
photonic crystal or optical fiber grating, chromatic
Braperss ohoR aPPPRA cohpranst e £ ot sdaatt ot $deh wageform
second, third or fourth order, however, chromatic

of s‘bl'é? QRS- CadaRHEE ShE2EBRPEMS aet]e‘dmfrtﬁ't‘?ﬁj I‘thlrﬂsé ¥egelength

PEPERbaf1 ol SREFPLPTRRPERSR B B8, MEgherdnndrreantsn
Ushagh 2, Degad shegt £l band. gapuay. pegch eved. an
pee | 4rge-capacity 6p

tr angﬁ‘r ﬂ@%ddxfé%ﬂl%n@ﬁs | gnes 39 A8 QAU AR AN ?é@lon

opt1 pul se transm ssion characteristic in itsel

E@éﬁniéue'dsiﬁg aCORbL g 8 s T Bat oshf @8R Goer grating,
di spersion is zero as the entire transm ssion |ine.

thyenet i cf @f spxegpd e, can eptbsgentbbel toansadis dafer such
line laid on the sea bottomor the |ike may depart

& 5 emcoanldi it iorso r Aodethwirider  tHheveoptt cahrbmbelc dispersion
transmssion line is optimzed by influences of
tanpetabar eprnpenssphdr forpmedsapée virdeasi.onShapwat he
like. In such a situation, the chromatic dispersion
AhsSPRESHPD| @ampﬁnsé*r‘-lpflamgﬁf-é§goﬁl!:rﬁél@bin@p@ﬁﬂ y

changes between positive and negative si
é%ﬁ??agﬁpﬁﬁll:ﬁu%?t%?fa% FETEBRS R 1S St 8 hﬁu‘%fiféad spectral

anQ'EEhﬁgktbe . Egvggg sign of chromatic di spersion

An ultrahigh-speed large-capacity optical fiber
transmission line is designed so as to have an optimum optical
pulse transmission characteristic in itself. That is, it is
configured such that chromaticdispersionis zercastheentire
transmission line.

However, for example, an optical fiber transmission line
laid on the sea bottom or the like may depart from conditions
under which the optical fiber transmission line is optimized
by influences of temperature, atmospheric pressure,
vibrations and the like. 1In such a situation, the chromatic
dispersion in the optical fiber transmission line constantly
changes between positive and negative signs.

In contrast to this, in the conventional technique, it
is difficult to make the sign of chromatic dispersion

compensation variable independently of the absolute value of
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conpensati on vari abl e i ndependently of the absol ute

val ue of D0017 SG 6 chromatic dispersion when the
chromatic di spersion changes between positive and
negative signs. This neans _that it is difficult to

cope with a situation in which the chromatic

di spersion value constantly changes around zero

between positive and negative signs. The "positive"
@hF@IﬁﬁH@ @i spe¥sion Wheh dieshnema tiilge dispesgion changes

g i ncreases as the wavel ength i ncreases, and the
ﬁ%??v%@s%ﬁﬁYﬁWRWQ:Wﬂ%ﬁ&%@ﬂ SRIPAdi chRes TeaRs (that it is

%ﬁﬁﬁngiEn¥ 7RG bh ngs=bedn - el batBacOnt BacRAEoNatic
4echoL cabo PLOBLERE -7 PRdeLSCABRSEL LaokRaPLaYidBaRucen

rsion ensa
ﬁﬁgpgg§gtbga ﬁ¥§5€ﬂ%@”91 f,he like which can enhance
e transm ssi on speed optlcal pul ses. Disclosure

of thend YRt 't@ﬁreun@ﬁ'i:oﬁtﬁcﬁﬂcaﬁlQﬁéﬁgienalz‘ijdf'@&tféé Ghat the
Con”pensatl on el enent of the pr esent 1 nvention

£pEPANSA €§he M 0red 4 £ liaspensiveivedfenph eatireakbepyl &84 the
input fromoutside, and is characterized by

tnapatiival ehyawsgid dE gpe ki ingn tiheliepttiecathptl slee fapmed of
an input edge to an output edge, and dispersion
vaghtndeneaasetorsnikengavedengbheinhgeabssl-ute val ue

and the sign of chromatic dispersion given to the

opt i cHIe puksenftAnvee tiendys Been madetias aggn sByh imsahag cal
varj abl e the absolute valye and the sign of chromatic

HF@B%?@?onaB?véﬁst 8PURECopFi £QI PERNES By ddPBBEPLPHN
gg&genga 1ggsélelsg§r8|9££spé¥g{gﬁuéé¥béﬁggtf%n system and

the like which can enhance the transmission speed of optical

pulses.

Disclesure of the Invention

Under such an object, a dispersion compensation element
of the present invention compensates chromatic dispersion of
an optical pulse input from ocutside, and is characterized by
comprising a waveguide guiding the optical pulse from an input
edge to an cutput edge, and dispersion varying means for making
variable the absclute wvalue and the sign of chromatic
dispersion given to the optical pulse in the waveguide.

In this way, by making variable the absolute value and
the sign of chromatic dispersion given to the optical pulse
by dispersion varying means, dispersion compensation coping

with a variation in chromatic dispersion of the optical pulse
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with a variation in chromati c di spersion of the
optical pulse DO017 SG 7 input to the dispersion
conpensati on el enent can be perforned if such a

vari ation occurs. D spersion,varying nmeans havi ng any
configuration may be enployed, but the dispersion
varyi ng neans descri bed below is suitable. First, the
wavegui de can be fornmed by an optical elenent such
aBput gro eharpl wens ighoconbenspysral elamrnprendee eerformed
crystal is forned by alternately and periodically
hHfrangnng YabilABLER aFSURSving different dielectric
constants, and the maveg#ide an be forned

cont i AUTRISTSH O &1 gt R A7 o ki 8w ﬁ&ﬁ%gt%@tio“ may
ther . materjal. 0n.th I nt. Lnventi r.alj

lg? Tt gJTOCYneSCF’ é}l*: ftehreeﬁlt-L S ﬁgggﬁgi ‘}haah/l(\;r}]&%q@gﬂ ﬁe&sigé%lk%%%low

igeshg£$gyg[ of one material existing in the other
materiral are preferably arranged along a direction in

whi chei i, %‘éegé!{rgﬁuQQQtédw%%i £EPReQby BALILOf cON@1ement
er

mat eri al and t he ot materi al can be varied for

eaeh ueyi 88ri bxhinpakl| owsppbedusti efysfapl.urality of
regions can made to have nutually different signs of

chr onetie cpldbispet si ony$oal ops i Eatmpdl sesaloepravete and
positive and negative regions. A plurality of regions
paniocBéceabhdy dickhepeny tmoomdtserdéflshhemangcdifferent
di spersion for optical pulses. In this way,

diggéﬁi‘,réﬁ conpEnsacy oandafhge wpEebuifed cafope formed by
chromati c di spersion of positive_and negative signs
GABT1BEORELY BresérdePie MRtrEdRInS*ARFIRG i b&R pther

different sians of chromtic dispersion arp provided; .o
different in combination of the size and the interval of one
material existingintheothermaterial arepreferablyarranged
along a direction in which this waveguide continues. One or
both of one material and the other material can be varied for
each region 1f it allows production.

Apluralityof regions canmade to havemutually different
signs of chromatic dispersion for optical pulses to provide
positive and negative regions. A plurality of regions can
bemade different in order of chromatic dispersion for optical
pulses. Inthisway, dispersion compensation canbe performed
for chromatic dispersion of positive and negative signs and
of multiple orders. If regions having mutually different
signs of chromatic dispersion are provided for each order of
chromaticdispersionforthecpticalpulse, avariationbetween

positive and negative signs can be coped with for each order
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chromatic dispersion f or the optical pulse, a

vari ation between positive and negative signs can be

coped with for each order DO017 SG - 8 thereof. In

this case, the above describgd regi ons can be

provided in a number of 2(n-1) as long as the

di spersion conpensation el enent conpensates chronmatic

di spersion of up to the nth order. A plurality of

Fgrons. prigvitddd i9rachi $hrapbave @@@F@rlé@@q/ regievisdegn be

in an arrangenent in which reflection of the optica

Bﬁ?%éd%@ hﬁb%uﬂﬂ%??rb%gm%éﬂ tegR8ndong ?5n88ﬁ1@ﬂ?ﬁer31°n

each other i zed. For_ eac |ons

‘é?f&?%’&}s%*ﬁb%%%re“fe&}t OREEpSITER P rSEﬁB%llﬁ ‘ﬁb RRET 97 o‘%f up

ggegﬁélgtﬁy gg§t pressure and the |ike from outside
rOV|ded or changlng the refractive index of the

maveqybggram@e B Ji SHEL E%Qlﬁ%ﬁ%lp hlE%@@ﬁaéggFeferably

freely varying the a qu e value an

?Pé@ﬂ@éﬁ%rﬂhﬁpﬁfﬁéﬁbxﬂéﬂ/@&ﬂ@hibﬁ mlé@l&vb;seu?@%pl@gcal
ornmed. By applying a voltage at the energy supplier,

phesealt hefoutl@nsy e tifedrhecyavaguifle LrRRMA1IYArdé£ch other
and the refractive index of the wavegui de can be

thangeilmikfadt his case, a termnal wunit which has a
carrier density different fromthat of the waveguide

i's prEderedbtly @f ovielegegiihies enen gynsupyl $eppiber for
applying the voltage is electrically connected to this
iedapanfenphy sUPPHY iegnar g ePémlmClofi ¢ e phetbnipgessure
cryst al be formed with a single crystal or nmay be
?Bijn‘é]aeb%%%nﬁ?fﬂ’at PBRSbfea lSpPEF’éﬂlFiteﬁ1 5Prs€B§P9tlé‘g the

sta as | it co
racL%ve%n o?%hewave ulée,w%erebydlsper51onvarylng

means for freely varying the absolute value and the sign of
chromatic dispersion given to the optical pulse can be formed.

By applying a voltage at the energy supplier, the carrier
density of the waveguide can be varied, and the refractive
index of the waveguide canbe changed. Inthiscase, aterminal
unit which has a carrier density different from that of the
waveguide is preferably provided. The energy supplier for
applyingthevoltageiselectricallyconnectedtothisterminal
unit.

The crystal element of the photonic crystal may be formed
with a single crystal or may be formed by combination of a
plurality of separate crystals as long as it comprises a
plurality of regions as described above.

The present invention may be considered as a dispersion

compensationelement comprisingawaveguideguidinganoptical
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plurality of regions as descri bed above. The present

i nvention may be considered as a di spersion

conpensati on el enent conprising a wavegui de gui di ng an
optical DO017 SG 9 pulse_fgoman input edge to an

out put edge, and dispersion “varying nmeans which has a
carrier density different fromthat of the wavegui de,
andnmakes vari abl e chromatic di spersion given to the
ppipeafreml ek inPythedgs dguiade MErafplafidey angolbiggersion
fromoutside to change the refractive index of the
mwgﬁga%eanwaf—ghm%é CRF BhaF |d@ncﬁ1§r¥e?éﬁ§ﬁr8f1tt$fépm that

09%?1%?3“& & Sdc%n%%%@ﬁi‘%%?%ﬁt R L S aRe HPE 3 ven
ﬂﬁééq l; f t
n%t‘na?é on %) l}egll;ﬁ;%énd%?ﬁég{l% Ia%&%llglrfn a '\Bitage

E?Bﬁrd&*és Cfé(ltétd‘.l{l&l(%]@ t%%?cﬁfilﬁétf% efrlcﬁé éEecr?é LARgeHige,

ong a I rection wavegul cont1 nues,

DHb r BBy %é%ﬂk&%ﬂ@ﬂw@ﬁ%@ﬂe&s1@W§Eafh@%1f‘ﬂcé’flp}ﬁlcg@ input
regi on having a single conbination of the size and

themi hesvak 9 eompaBbeteal existing in the other
material. The present invention may be considered as

an optuclab dicrpestsion tempénsathoas lansrdl nay aser y phaltonic
That is, the optical «crystal of the present invention
compresesnawpérhodi pluaniahyeménrebapes Hoffedeby in
alternately and Eerlodlcally arranging two materials
REVPhBadi Phepénthdi ereet ARd ébﬁs#aﬁ?§valcﬁ§rQéﬁemﬁi@@lal
in that in the periodi¢c arrangenent | ayer,

EEREFRDBUS JBFRENPAME G i @R e andsst ?‘éPng a direction

PE D b var R oont intes) BRE AE) 1 usé MBfbronic

crystal having only one region having a single combination
of the size and the interval of one material existing in the
other material.

The present invention may be considered as an optical
crystal itself suchasaphotoniccrystal. Thatis, theoptical
crystal of the present invention comprises a periodic
arrangement layer formed by alternately and periodicaliy
arranging twomaterials havingdifferent dielectric constants,
characterized in that in the periodic arrangement layer, a
continucous defect part in which one material pericdically
arranged in the other material is made continuously defective
is formed, and a plurality of regions different in
characteristics associated with periodic arrangement of one

material in the other material are formed.
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is formed, and a plurality of regions different in
characteristics associated with periodic arrangenent

of one material in the other material are forned.

D0017 SG - 10 The character|§t|cs associated with
periodi c arrangenent |nclu&' the size, the interval

and the like of one material arranged in the other
material. In this periodic arrangenent |ayer, a

pl ur aThe 9h@ra¢égréﬁ§lcaﬁ@ sgﬁéfaénealmytfnmnaoﬁyc arrangement

different in absolute value or sign of chromatic
ansperie; bhe giikdr ttda Hetegipdapnpulie ks ¢hene material
he conti nuous def ect

| | h
ﬁg%%ggiﬂpgﬁf?Eglo §§§:5§gsgha Fso be formed by
d di
eposxﬁ%ﬂ%s%@rloﬁﬁcﬁﬁﬁ¥o | S arr ?%gegﬂxg%¥§%gfn°%reglons

Iayer orme

ﬁé(réjfé% f}r’]tﬂlJ d%ﬂ tayP@lt:Lf(}ferIel?l% Ht QS&OEFEESr+£iue or Slgn

ng the perio rangenent ayer e contl nuous

Q%f@z@for@@ﬁc Wsﬂ@rgﬂfﬂ%qvetrmt%etgén@ﬁ@i@@?lﬁdl@é‘ ¥ the
periodi c arrangenent |ayer, but preferably it is

bptmedit poidenpassenathyoligh tABRr evhegntbes eagecef part.
the design and production. For the sane reason, the

cont i Aot ideflecir yparal icanf alsedoti fieaidy By Qm;mﬁte'mﬂg on
side of the periodic arrangenent |ayer toward the
bhhepeehddstderrahgemefit Wyeyiamwdiedi fdwrentometsintith a
having a carrier density different fromthat of the
BoRerhadUr et at rpbra crbydd ndsxnad f@ﬁeﬂhefm itb@itcof the
arrangenent layer. In this case, the region

aFhesr @ﬁ{:eaéﬁéu £9rpingetABI 9eﬁé§décc§ﬁflrﬁ€€ea‘€ﬁ§| dpyer.

N ohefy o L8N 1L T ol PEEOPELLURYS S8 BSLnBE !

three-dimensionally on the periodic arrangement layer, but
preferably it is formed two-dimensionally for improving the
ease of the design and production. For the same reason, the
continuous defect part is formed linearly from one end side
of the periodic arrangement layer toward the other end side
thereof.

A region of different density having a carrier density
different fromthat of the continucus defect part may be formed
on the periodic arrangement layer. In this case, the region
of different density preferably has a carrier density higher
than that of the continuous defect part.

An electrode for applying a voltage to the periodic
arrangement layer is connected to this region of different
density. That is, the region of different density functions

as a terminal unit. In this case, the region of different
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An el ectrode for applying a voltage to the periodic
arrangenent |ayer is connected to this region of

different density. That is, the region of different
density functions as a termpal unit. In this case,

the region of different DOO17 SG - 11 density

preferably has an area |larger than the areas of the
plurality of regions described above in order to

deneibly phefeprbltyrhas rassiasteandergtmetprasehe areas of the
i nvention may be considered as a di spersion

BoHpehdhY| oh EEH Fgscanbsst reave pit sedsropagermigrol the
via an, optical pulse transm ssion |line. The

aﬁgﬁgF%Fo eébﬁﬁ@ﬁggtion systemin this case picks up

h ' I d wvi h ical l. .
TSP T s SRS £l e
S ERed o B B 0k UL SIS A4 s o

tege@ag@tp%qsye Brdlni OPLbeak nBUl Send HABSALESHAR JriRe ¥ 1on

e di spersion conpensation wunit to conpensate

shEesnti€ thisPes 5&hcid ubhtBe tdg®cdinpul 8BSt MbLgated via
val ue and the sign of chromatic dispersion given to

the cqpticesl pplks e dan drbies gliwp et ae Wy enmprisatli pals8idi ckup
are feedback-controlled by a control unit based on
thetgptdwdaled puitbe quttkedl pplby tirke sopisisdain pulseand give
pi ckup unit. The dispersion conpensation unit may '
ebrphmpsé cad iRl o tcbhprorihep b pyilpeaprepaghted via the
regions mutually different in_ chromatic dispersion ,
apgéﬁatl&%lﬁ@ ot TR SHHPR & 1PN the BhFrekElsptGaEiensation
Bﬁg e_transm ssion line, and an ener.gy suEglier

P ER ST b 1 6 SEREdORy  Re. Fers dcifisre the
Lpdst oL §he.0oeoudesf 69 AU sl de ior 588D, £98ho0 Lh o
the optical pulse by the dispersion compensation unit are
feedback-controlled by a control unit based on the optical
pulse picked up by the optical pulse pickup unit.

The dispersion compensationunitmay comprise awaveguide
comprising a plurality of regions mutually different in
chromatic dispersioﬁ given to the optical pulse input from
the optical pulse transmission line, and an energy supplier
for independently supplying energy changing the refractive
index of the waveguide from outside for each region of the
waveguide. The control unit controls the amount of energy
supplied by the energy supplier to control the absolute value
and the sign of chromatic dispersion given to the optical pulse

by the dispersion compensation unit.
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wavegui de. The control unit controls the anmount of

energy supplied by the energy supplier to control the
absol ute value and the sign of chromatic di spersion
given to the optical pulsq_]Ey_;he di spersion
conpensation unit. DO017 SG™-" 12 The dispersion
conpensation unit can further conprise a data storage
unit storing data associating the characteristics of

t he oP1¢ cHl SERITSeOTpi skEEER thyon hhidptdagalfurhdiese comprise
gickup unit to the anmbunt of energy supplied by the
.n%?59 SEQpPEEePtIFnStRF4NFadR 2t RESEEARFONIURDE

CRLPLEPSPES e BBl EOR L PP O s
BB b e B B Lt Pabnb sl ey BREGIIBRIEERe Sheray
QH%%FiegUd ﬂptcﬁ'igscéj%,at%fe Epﬁtﬁg&) i@&e?@?%%ﬁes the data
supplied by the energy suppliér. The control unit

5D6Pa NIl 52588 orPPROIME ¢ Ali8 ANG o HE +HOPpPical pulse
chromatic dispersion given to the optical pulse by

pbekdispprbiyopheospensat i paldsi pibaspdunen,data ofnihe

anmount of energy. The present invention nmay be

poascdepedsasiandospeesi opul comiensated b8 yeirdmdtim@nhis

optical pul se propagated via an optical pul se

ophhsal gsilee | drmbobtanpsidsiteg Bibheptriccalt puesergpisckogd ied

unit provided on the optical pulse transm ssion |ine

BRdt e e upaard igst cdhepapsbrpl opagatidtevieontrols the

ogtical pul se transm ssion |line, a dispersion, )

2BRpEHESt T eAd thRov P IoRPERBRSAC @APPRLFSEN given to
ansm ssi on |.ine ang ivin chromati c di spersion, t

PRSPt T cal R oHr GPAgat BaoT LR M R OB Based

Lh208PLSEEORLL! D8, uRRd02 ¥RLEGge control unit -

The present invention may be considered as a dispersion
compensation system for an optical pulse propagated via an
optical pulse transmission line, comprising an optical pulse
pickup unit provided on the optical pulse transmission line
and picking up the optical pulse propagated via the optical
pulse transmission line, a dispersion compensation unit
provided on the optical pulse transmission line and giving
chromatic dispersion to the optical pulse propagated via the
optical pulse transmission line, and a voltage control unit
controlling a voltage applied to the dispersion compensation
unit for changing the refractive index of the dispersion
compensation unit by varying the carrier .density of the

dispersion compensation unit basedon the optical pulse picked

up by the optical pulse pickup unit.
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controlling a voltage applied to the dispersion
conpensation wunit for changing the refractive index

of the dispersion conpensation unit by varying the
carrier density of the dispgfsion conpensation unit
based on the optical pulse pitked up by the optica

pul se pickup unit. D0017 SG - 13 The present

i nvention may consi dered as a di spersion conpensation
net hothe appesenhginhentsiepsnay  cpnekimgedpaana dpspeakion
pul se propagated via an optical pulse transm ssion
FPW@enaéPéPﬁ1%?ﬁ@oﬂh%o%kébﬁhﬁﬁ %%?u%t%m@ Qﬂﬁ;Rﬂ%ﬁi&ﬁ up an
chronat i di spersion glven to the o ul se

8%@&@%% W@%%@&@@HP% St JaFELssion

PERES it Siaild £ BtAh Db e aaﬁqrﬁg%ié%rétf‘c%wmatic
ggggggg%sqhéa@ehh€0095§cegt pggephﬁaes Bid gggteh;@ga the

determ ne value™a
epEopRti gudks p€£§h§’:ﬂls§ibﬁflﬂ?§%é§éd Uh oa‘hé %%tlcal pulse
Drawi ngs FI G IS a perspective view show ng't

peakéQUﬁgtlaﬁd eérglﬂgs@ﬁ&@maﬁléoaﬁ@@%@%u@ﬁ %h@%%n&d Rhe
t hi s enmbodi nent |G 2A is a sectional view of the

dpspeadi pnl €omeniaaidtornd valeemRbt opfléal IMlse arPldmission
view of FIG 2A;, FIG 3 is a perspective view of a

tone bayed;onrlthe deteraifnceyabsolunayeahuebend the sign of
characteristic curve, and shows a difference in
shvegarde Abdpepheiwaen regions of (1) and (11); FIG

5 shows a relationship between a normalized wave

Brief Description of the Drawings

FIG. 1 is a perspective view showing the configuration
of a dispersion compensation element in this embodiment;

FIG. 2Aisasectional viewof the dispersion compensation
element;

FIG. 2B is a plan view of FIG. 24;

FIG. 3 is a perspective view of a core layer;

FIG. 4 is a frequency-wave number characteristic curve,
and shows a difference in waveguide mode between regions of
{I) and (II};

FIG. 5 shows a relationship between a normalized wave
number and a normalized frequency, wherein FIG. 5A shows the
case where branches of the waveguide mode are closest to each
other at zero wave number, and FIG. 5B shows the case where

the branches are closest to each other at a boundary with a

Brillouln zone;
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nunber and a normalized frequency, wherein FIG 5A
shows the case where branches of the wavegui de node
are closest to each other at zero wave nunber, and

FIG 5B shows the case where ,the branches are closest
to each other at a boundary With a Brillouin zone;

D0017 SG - 14 FIG 6 shows the configuration of the

di spersi on_conpensation el ement where di spersion

conpehbat i onshews ntihe | prefbrderties pértbenddispeheienn

FIG 6Ais a plan view of the core layer, and FIG 6B

SABRENS2HiL PRePERPETN VAV By O8RS FBAB FelReBsatdgnond:;

Fl . 7.sho a_conpensation prjncipl e where di spersion

BORGSRLE TERCEF L PERrE G or BEFE BaFT Or (i SP GrLap view
outl iped c L.g tion_of .a.di spersion .

S Ot gy a7 b8l & R O RERRG Rty vaveguide

ol agﬁggtﬁgeﬁxggghgngt the dispersion conmpensation
e r

enment whose ractive index is made variable by

var yi pgct he GRiJd 8r c88pshiye 0bn 3 Aef el 1 0auegu dRispersion
FIG 10 is a plan view show ng an exanpl e of the

dbspenshenonCoPRNSaibos ehaaRat iBayehdoRmeHySSs
section structure showmmn in FIG 9; FIG 11 is a plan

vi ew Bhewihghamat tiee c@xdanpleed ebntfigurditdper SFan dispersion
conpensati on el enent having the cross section
strpengpéishowysitrmFl G 9; FIG 12 is a perspective

view showi ng still another exanple of the dispersion
conpeh5@at i dniel aneptthenahgvipe showingesrnjonample of the

structure shown in FIG 9; and o )
dispersion compensationelement whose refractive index ismade

variable by varying the carrier density of a defect waveguide;

FIG. 10 is aplan view showing an example of the dispersion
compensation element having a cross section structure shown
in FIG. 9;

FIG. 11 is a plan view showing another example of the
dispersion compensation element having the cross section
structure shown in FIG. 9;

FIG. 1l2isaperspectiveviewshowingstill anotherexample
of thedispersioncompensationelement havingthecrosssection
structure shown in FIG. 9; and

FIG. 13 shows another example of the dispersion

compensation element.
Best Mode for Carrying Out the Invention

This invention will be described in detail below based

on the embodiment shown in accompanying drawings.
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FIG 13 shows anot her exanple of the dispersion

conpensation el enent. Best Mdde for Carrying Qut the

Invention This invention will be described in detai

bel ow based on the enbodingﬁg shown i n acconpanyi ng
I

drawi ngs. D0017 SG - 15 FI 1is aviewfor

explaining the outlined configuration of a dispersion
conpensation el enment constituting a dispersion

conmpefsat Larf aydeeniomernlsieabadinmenetl isedivonmt liomration
FIGS, 1 and 2, a dispersion_conpensation elenent ,

? 8 PSHEIRE TTH- YORPEASAE # BACH FiLENMeDEXE UbtHpk t Wekn@a dispersion
shotonic crystal ,unit 28 and gg 8Lectrode (di spersion
SPOPRGAEHRANSYSEREr §) ShppI FBPPA3BSPlovi ded on one

id h ] I it,20. Th h ' .
1yl 4B B o D S B
I - 1,Qdj - 2 [

516458 M LPSTLRC|upLLAOETEn ey o3 epasuted

%Qét@ﬁﬁmrﬁ/stasﬂ Lh¢ernd ghd an %ﬂ%c%lr%_glel Y EEp@2s{Sn rx]raryingr

ormed with a silicon oxide ilm(SiQ2) or silico

fnebhkderfddgP sapsl i be) o Eerday@id 33 ons siaeMEdc M bhocronic
silicon crystal (Si) that is a dielectric material.
trnpetaliesiareOadded to the substrate 21 for inparting
conductivity thereto. As shown in FIG 3, holes 24 are

f or nEthgphpbdhéaldnystal whet E0hmd apdrdZ®ydm (bhhsr Layer)
way, the core layer 23 is formed in such a manner

tRand accowr daivalrts (hevieglidifrmanganafitellager) 23 deposited

constants (refractive indexes) are alternately and
onasubstrate 21, the substrate2l 1s formedwith, for example,

silicon (Si}, the clad layer 22 is formed with a silicon oxide
film (Si0z) or silicon nitride film, and the core layer 23
is formed with a silicon crystal (Si) that is a dielectric
material.

Impurities are added to the substrate 21 for imparting
conductivity thereto.

As shown in FIG. 3, holes 24 are formed periodically in
the core layer 23. 1In this way, the core layer 23 is formed
insuchamanner that twomaterialshavingdifferentdielectric
constants (refractive indexes) are alternately and
periodically arranged with a base material (e.g. Si) of the
core layer 23 and a material filling portions of the holes
24 {generally a gas such as air is filled, but other materials
may be filled).

In FIG. 3, holes 24 are formed not only in the core layer

23, but also in the clad layer 22, but this is for production
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A

periodically arranged wwth a base material (e.g. Si)
of the core layer 23 and a material filling portions

of the holes 24 (generally a gas such as air is

filled, but other materials y be filled). In FIG

3, holes 24 are formed not oh y in the core |ayer 23,

but also in the clad layer 22, but this is for

production DO0017 SG - 16 reasons, and thus holes 24
SRBEPBSheandrippigs itplas |2dashopig beofernggein 28t I4ssds the
24 formed in_the core |ayer 23 each has a
FPEBet8¥REnéd-radi us (size) r, and are arranged in a

7 anbrkeS b Ao TRl LePef 2E%adh uae: s

d i ned , | I h_ of
S3EbePhenghafetal, bt S a1 T.ned 424 ol dl endhiegl or

ne si he tegul ri

SIS 8 a0anl ot b lyotle 30,pRgton s e cev,

deachbbed ahove. cddh LY St CU R | T e U8 AR G mined
| ost (no holes 24 are fornmed) linearly continuously

iAntardalectiengeh et bhegsitbr eWghneedeqns at! krakdgle) a.
(I'l'), whereby so called a defect waveguide

(wav etiue dnrecdatyienudBscaepetie pardgictds 1(T)f andedIiI] nset so
t he photonic crystal unit 20 having such a
eentd g atiiffiprerdt her radiesi alanddvitegwilf Bep€nthe hole 24
refractive indexes exist on the upper and | ower
dapradbsdopbpHe.core | ayer 23, respectively (clad
| ayer_22 on the |l ower side and air_on the upper side)
. wWhER bR F i e | FPRT fr-omittes it iRige Tt e holes 24
def ect wayegui de 25 on ane edge side i r opagat ed
e OJFIgﬁa%{égtJj-rr}%a%][Zy tq?@t?}ﬁwu % %.n a dfrgCtEOg ofe cutting
through regions (I) and (II), whereby so called a defect
waveguide (waveguilde, continuous defect part) 25 is formed.
Inthephotoniccrystalunit20havingsuchaconfiguration}
other materials having different refractive indexes exist on
the upper and lower surfaces of the core layer 23, respectively
(clad layer 22 on the lower side and air on the upper side),
whereby light input from the input edge of the defect waveguide
25 on one edge side is propagated while reflecting at the upper
and lower surfaces of the core layer 23, and is output from
the output edge of the defect waveguide 25 on the other edge
side. When light is propagated through the defect waveguide
25, thelight receiveschromaticdispersionmatchingthe radius
r and the interval a of the hole 24 of the region (I) while
it is propagated through the region (I} of the core layer 23,

andthe light receiveschromaticdispersionmatchingthe radius
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and | ower surfaces of the core layer 23, and is output
from the output edge of the defect wavegui de 25 on

the other edge side. Wen light is propagated through
the defect waveguide 25, t | ight receives chromatic

di spersion matching the radius r and the interval a

of the hole 24 of the region (1) while it is

propagat ed t hrough the region (1) of the core |ayer

p3End e tweteiruvgl%{ ar g et ve i @tapifctie sprysdn(II) while
matchi ng the radius DO0O17 SG 17 r and the interval a

oF IheURseaveatdy PRePRE]FBA (hy9ugthithe regipg (II). That

T W PR R S P A . o
SR1 8 8 PLe e TR Y UG AP e rogions

Z2nqt herel ectrode 30 is provided on one side of
?Eg pﬁotgnfg crystal unit 20, specifically not on the

substgats A hut reast he side fagngi the caLe3d aYerh 1231 ded
The el ectrode 30 is intended for supplying energy

ehasngd Badet be tief pastbneci Aeext O e 0l espaYEFidBl1ly not
fromoutside. In this enbodi nent, as the el ectrode

36, tled extroades <30A laund 30Bheas d@rimdides] thedepeadentdy 23.
in correspondence with the regions (I) and (I1),
Thepetechedge 20 & eotrendedvitrr soynpdey i(mpte nstromwn chamgiing
a controller (not shown) controlling the anount of

tbet bgbrappi vedindes e tdleecpriec Lppaer 280tk ee ateside. In
externally connected to el ectrodes 30A and 30

WHEPeHIPAT LRSI GF FhPyPHECHEARS 1% POPRBGOSRP 40A and 308
{0h SIS S oL LageN 5 apel Led Belueen ol ect(odes o,
{I) and (II), respectively.

An electric power source (not shown) and a controller
{(not shown) contrelling the amount of voltage applied at the
electric power source are externally connected to electrodes
30A and 30B, whereby dispersion varying means is formed.

If avoltage (bias voltage) is applied between electrodes
302, 30B and the substrate 21 having conductivity, the
refractive indexes of regions (I) and (II) of the core layer
23 are changed according to the applied voltage. Utilizing
this, voltages applied from the electric power source to the
electrode 30A of the region (I) and the electrode 30B of the
region (II) are individually controlled to vary chromatic
dispersiongivenat regions (I) and (II) independently, whereby

optimum dispersion compensation is performed.
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refractive indexes of regions (I) and (Il) of the core

| ayer 23 are changed according to the applied

voltage. Utilizing this, voltages applied fromthe

el ectric power source to the . electrode 30A of the

region (1) and the eIectrodeE§OB of the region (I1)

are individually controlled to vary chronatic

di spersion _given at regions (1) and (I I)

|ndeﬂ%dﬁ@%¥¢§me@w&#%m® e opf | Fiuen i spersion compensation
ensation is perfornmed. DO017 SG - 18 A preferred

SXaRENE 10K HRCTHRGSEARP B Vi dhReisR PBRCLEL EfehY dpGXR T 1bed.
des"éé% %s§%9é%s\%%%vsﬂ%fﬁe BE bt 2 28R pas Brotonic

g%glg%czn(yrsg%ggm%g “;lstﬁs% as OW & conoatllcl{lir%/% Wptltrﬁé:les
%Jaaéjs lt@/ﬁ v%zcbﬁdile{zi@gfég‘ t1lf‘he % Sﬁcl 'l%&% o?hdfs ffé%rmed with

or silicon nitri and t e c ayer

éoéﬂPﬂcc\MtcﬂuQieS'fh'lﬁP@SQDy)StcﬁJ sG¥ikohhat tk$d8, and the core
dielectric material. The thicknesses of the clad | ayer

22yeand3t he @et@eaawgchQ aneitea0chisand 220 )NHhat is a
respectively. These thicknesses of the clad Iayer 22

dndléehertoreatayeal 23 Thedthicloorids ot wiHeh ol avke 22
transverse node of the defect waveguide 25 is single

228 e teodllawamiZCharespbff o andriemsey relseetatiicrely.
%TE) pol arized light). Assum ng that refractive

haéﬁe%hh@k%@$se$ﬁéf@@ﬁecﬂaye#ayas25h@nﬁhéh@|@mm¢eaqyer 23

22 are represented by nair, ncore and ncl ad
PREpet CPPERY 1oPhEYtArdhich the heppsersegodrpfethe defect
S7°a 0 Bere Y 3 Esht 44 0N Ta AlPB A TR o d e e
éfgg{:rgg (%E? 80&51%9%%@ Tlg%%) .

Assuming that refractive indexes of air, the core layer
23 and the clad layer 22 are represented by Nair, Neore @and Neiaq,
respectively, they are set to nair = 1.00, Neore = 3.50 and neiag
= 1.45.

In this photonic crystal unit 20, a resist is coated on
a material forming the core layer 23, and a predetermined
pattern of holes 24 is formed on the resist by a method such
as photolithography. A pattern of holes 24 for forming the
defect waveguide 25 1s formed on the material forming the core
layer 23 by dry etching. In this case, the portion of the
hole 24 is constituted by air.

Holes 24 are arranged in a form of a triangular grating

having a regular triangle as a unit cell, and regions (I} and

(II) are different in period. The period is set to a = 493
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pattern of holes 24 is formed on the resist by a

nmet hod such as photolithography. A pattern of holes

24 for formng the defect waveguide 25 is formed on

the material formng the core, |ayer 23 by dry

etching. In this case, the tion of the hole 24 is

constituted by air. Holes 24 are arranged in a form of

a triangular grating having a regular triangle as a

omiftox &he, ragdoredi oasd( &)= 4Ad nplior she defienefillin For

geriod. The period is set to a = 493 D0017 SG - - -

both_regicons, the redigm Foks t3fE teginent (Hhe s cemprg of
For both regions, the radius

f i .
PTh Pl e e SR bvha. o P runenpo T A2 ghipeepic o e
i | d.b h 4 i ,
LRLRERE B DRI Pl o 23,8 SRRy DOUNELY o
| f er | i , ]
L L KA B ol D09 o

WA Chn | | Oite | So rRLORAGAL S @Sy @ L A hsth?P@hfP{gﬁg is

along a line PI-P2 wwth "the line at the center,

bhbpaget egthamveqihdar2shise fosmes brd bl 1 18e (FRIGNG: tn
defective) the hole 24 of the region (1) in an anount

ensilMaleeat dloe epathel, eandhe iw débeot WhefdefRED5 is formed
wavegui de 25 of the region (11) is nade equal to that

oy fhklinegimmakirig dEfedtengt)h tdfe hbéedfecf teweagyider (1)
25 in each of regions (1) and (I1) is 100 m and the
ot apengtheotivahengdfeonewavtgui dthewidiht b the defect
di spersi on conpensation elenent. 10X is 200 gm FIG 4
EABREU AT ew Fothexprdianngl T hel priasé praasfto that of the

di spersi conpensatiqQn in the di spersion conpensati on
regfon (?P. %Hg lengé% of the defé%t waveguide 25 in each

of regions (I} and (II) is 100 um, and the total length of
the defect waveguide 25 in the dispersion compensation element
10X is 200 pm.

FIG. 4 shows a view for explaining the principle of
dispersion compensation in the dispersion compensation
element 10X. ,

Regions (I) and (II) of the photonic crystal unit 20 each
have a band characteristic characterizing light wave
propagation shown in FIG. 4. In the defect waveguide 25,
waveguide modes of branches 1 and 2 different in sign of
curvature are formed in photonic gaps.

The longitudinal axis and horizontal axis of the graph
of FIG. 4 represents a frequency of light and a wave number

normalized by 1/a. The waveguide mode is in a transverse
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el ement 10X. Regions (lI) and (I1) of the photonic

crystal unit 20 each have a band characteristic

characterizing |light wave propagati on shown in FlIG

4. In the defect wavegui de _wavegui de nodes of

branches 1 and 2 different im sign of curvature are

formed in photonic gaps. The |ongitudinal axis and

hori zontal axis of the graph of FIG 4 represents a

¢teghehey(TH) ppyhriand ldokvetababerIn fbemiefeedwayeguide

1/a. _The wavegui de node is in a transverse D0017 SG -

20, elebtrie prepagarafi xedthpgRedst afethenbrpachefleor 2-

wavequi de light_is propagated in the node. of the

br anctF AL s gi aF@ég Bﬁ% a(rle)é’%ﬂao(qs F9 bgRuseel Ly dgd fegent

be nutual di . ferent r adi r and ijterv

PR ePRar g 2 %%dm%‘ievﬁae 3 e RS PR et Ranc ode
[ eqi e

el LA ?&Qﬁﬁ%d% i ek oinad 18 i @ of

L Be QRNEIAL %%v'e%ullal% 569,00 t@el 1}10&@% tt'?f‘e ?8\%5%1@3 branch

frequency of an input optlca pulse is a specif

iﬁﬁﬂ@@Wéka&Qﬁlhhﬁh rﬂQIﬁqdﬁhehhﬁﬁétﬁﬁﬁnﬁﬁ§%§equency
wher e branches and 2 are closest to each other ‘at
@Er@nmmupuBUGbeica$ phove iknaFkBechAicwWieequbhey.
branches are closest to each other at a Brillouin

zone hourider wayegshicenmorel| Ghe 58, a nad-dsh wieses branehes
appl i cabl e, but this enbodi nent covers the photonic

tramst 3l arquvﬁ@athéo@mla@tt@ﬁxsatcrsem WRVE. nBibe Wieh siown
S|tuat|on in which |i i's propagated through a

hﬁt%¥$a1 Shis VEELR YOS, %53P€P§§|6ﬁ§thOB@FRe%% Q%&h other at

ngtulr%ﬂ %g%[etr]hgur\é\lgggyngsng owlnsl}l Iotgt %t, an }:t>cp’éh cases
areapplicable,butthlsembodlmentcoversthephotoniccrystal
having the characteristics of FIG. 5A.

When a situation in which light is propagated through

a material is examined, a relationship between the frequency
and the wave number is important. By this relationship, the
speed at which light is propagated through a material is
determined. This speed refers to a speed at which the center
of gravity of the optical pulse moves, and is called a group
velocity. The group velocity is given as a gradient
(differential coefficient) of a frequency-wave number
characteristic curve. In vacuum cor air, the frequency-wave
number characteristic has a linear shape, and the group
velocity is constant independently of the frequency, but in
a material such as a glass, semiconductor or metal, the

frequency-wave number characteristic dces not have a linear
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speed at which light is propagated through a materi al

is determned. This speed refers to a speed at which

the center of gravity of the optical pulse noves, and

is called a group velocity., The group velocity is

given as a gradi ent (differé%&ial coefficient) of a
frequency-wave nunber characteristic curve. In vacuum

or air, the frequency-wave nunber characteristic has
ahpPReaNSSHap 6 roaRd aline igrouer 1 9 Hepenying wohbe dmequency.
I ndependent|ly of the frequency, but in a material

SheR- okt digitds dnpreénf EOR it e ssesmbhgPughhe material, the
freguen wave number characteristjic does not have a

FAdHr v BhoT 7 B AT 2 ASRARA A HE® gt BRB SRFHCi Y ch may
' ' h Th i.f Iight

¥%%h????eﬁ?§??npsggééngﬁﬁiﬁéﬁeigﬁgFe%Pﬁﬁ? ?ﬁ@mfgﬁSup The

PPsmer i S eATORE PR MY PR e AL B a1s0

¥H8i00Bt ek 1BHLER EBRHUABELRO! 2AR! ¥har8iFB9ke s the group
wavel engt h, but "al so Vvarious wavel ength conponents,

aadotheyed@saendd drhenarPapel ¥8408] tthdeReRBsSoenHd@ptical
wavel ength, the width of the optical pulse increases

pslkt irscypapagatett tilr pugbatheeduitefdwadh taBthatdtital, and
the waveformis distorted. Wien the group velocity
tbpentbeornavhéomavekbedgshoftbedf. r dfuemcyhe ¢heup velocity
dependency is called chromatic dispersion. The rate
deraprehor Hrgmays Llengtdcilpy Jaedesndgpenthaglapendancy is
wavel ength (frequency) is called group velocity
grspeAsFBROMTRECoFdGpCVEL BRIt yThY| Epef srbnvlyeRl 8he group
%gignd-order.differenéial of the freguency-wave

B EENEPEEE R FISRFRALRY VT HHE (AT RVE T diresamnGyy i

EQ?lE&eg%gﬂ%y%e %81@§”H§%persion. The group velocity

dispersion equals second-order differential of the
frequency-wave number characteristic curve.

In the curve representing the frequency-wave number
relationship shown in FIG. 4, branches 1 and 2 have mutually
inverted signs of group velocity dispersion. Thus, by
adjusting bias voltages applied to regions (I) and (II), the
curve 1s varied, whereby positive, zero or negative group
velocity dispersion can be generated as the entire defect
waveguide 25 including regions (I} and (II). When a certain
optical fiber transmission line is targeted, bias voltages
(I) and (II) are changed so that group velocity dispersion
in an amount opposite in sign and equal in absolute value to

group velocity dispersion of the optical fiber transmission
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rel ati onship shown in FIG 4, branches 1 and 2 have
mutual ly inverted signs of group velocity dispersion.
Thus, by adjusting bias voltages applied to regions
(1) and (Il), the curve is %fpjed, wher eby positive,
zero or negative group velé%'ty di spersion can be
generated as the entire defect waveguide 25 incl uding
regions (1) and (Il) . When a certain optical fiber
tiagshs sseArdier, ivherghietde diiromatdla ageperdiomamnd the
(I'l') are changed so that group velocity dispersion in
AT aRbEAt OBppEelt E1PRTsEgANERESE4OEI 1iRcabSolralevedl ue
to roup,vel ocity dispersion of the optical fiber

{ r ansTHS SR BHVEN SSFENI3 e & 1FEaacd SiRFely FIG-
h h tic.di ion of the, t ted tical, .
i PR Re st SR e beaddids e Srrs Raspersion
T H A

peapesnsat ELBEEF%@@%§§§ dNS A SRET SRR CRIMERIAELIN: term of

el enment in I's I ntended for dispersion

ferpepsat benetsr a termof multiple orders. A
di spersi on conpensati on el enent (dispersion

conpemsdd ¢ o b ) cditYeh Sa bash cal dnesamed aspéheion

di spersion conpensation elenent | OX shown in FIG 1,

angpéhestioneugbhirohlY conpeareintsl ly esaassisgnathesaispersion
synbol s and descriptions thereof are not presented,

pompeheaphonenliamagyty sPAIshavint 120 Ifas! t ked thexe fayecommon
22 and the core |ayer 23 deposited on the substrate
QMPFRBNE AANAF S ARACH et ¥Rl s ansfdgpresppyons thereof

?

g%%ltlg%l_— gpa%%%q’;q%ﬂ%dqg %@teh%h%%ggilcaxg;sggloanigezO has the
clad layer 22 and the core layer 23 deposited on the substrate
21.

The radius r and the interval a of holes 24 periodically
formed in the core layer 23 of the photonic crystal unit 20
is set so as to be different for each region.

The dispersion compensation element 10Y accommodating
dispersion compensation of multiple orders has 2 (n-1) regions
if it achieves dispersion compensation of terms of up to the
nth order.

As shown in FIG. 6, if dispersion compensation of terms
of up to third order is performed, n equals 3 and the number
of regions is 2(n-1) = 2(3-1) = 4. 1In these four recjions (1),
{(£I), (III) and (IV), the radius r and the interval a of the

hole 24 is set so that total four ways of chromatic dispersion,
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IS set so as to be different for each region. The

di spersi on conpensation el enment |0Y accommobdating 3

di spersi on conpensation of nultiple orders has 2(n-1)
regions if it achieves dlsQ£§S|on conpensation of

terms of up to the nth order. As shown in FIG 6, if

di spersion conpensation of terms of up to third order

is performed, n equals 3 and the nunber of regions is

D. %n tlje B YtEvy andsnepatineseffohe yegpmhsoxdgr term and

g &Eﬁa) and (1V), the radius r and the interval a

reprs rﬂn?ga evesd thathisfarresatsmyareprovided.

o Bk Tk BV P40 ToucoRa o) BEPOTIHFARE VTS 2l sperSion
L h t

o9ghthig.20d BPoRLiye ot bhethidy a.%%@ﬁae@%e%%zggmed

wher e dli SREESILAN soenPensald and regqgas go.s‘itlve

order 1s per own I n

&é@%lghﬁﬁﬁ QPStBéV§e08ﬁMeb§ﬂgEht@Emth%héeQQGQOﬁqur gives
term the region (1) gives negative chromatic

A&gaet sk afh dmd friec SHEPHEOIdieb it ehE) séddndLesHiep Hdim,) the
gi ves positive chromatic di spersion of the

tbgidrnof J8L) t et meandotsheivegchnofnbk)cgivepernedan w&E the
chromatic dispersion of third-order term the curve
tBiedpredsed-duyn ahd theyuaviions(BF ) gives- m@g@tim chromatic
region (1V); k = c'2v2 for ion (1); = -c"

SYOPEBYBOR GIE ﬁégrénogﬁﬁw)ter@nghe«c&r@ ts gypressyydy the

Each _equati gn expresses the frequency-wave nunber
equaticns of:

k = -c,v? for region (IV);:
k = c’,v¢ for region (I);
k = -c’’v*-c3v® for region {III); and
k = ¢’ vite gve.,
Each equation expresses the frequency-wave number
characteristic curve in the vicinity of the central frequency
by approximation with a power of v.
k is a wave number, c is a positive number, and v is a
frequency represented with a central frequency as an origin.
In the equation of k = (¢’ ,-co+c’ "' o—c’ ) V¥4 (¢’ 3—c3)V° as
the total of the regions (I) to (IV), the coefficient of the
second-order term: (c’z-cztc’’’,;-c¢’’,} gives a second-order
dispersion compensation value in the dispersion compensation
element 10Y, and the coefficient of the third-order term:
(c"3—c3) gives a third-oxder dispersion compensation value

in the dispersion compensation element 10Y.
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characteristic curve in the vicinity of the centra

frequency by approximation with a power of v. kis a

wave nunber, c is a positive nunber, and v is a

frequency represented with entral frequency as an

origin. In the equation of = (c' 2-c2+c' ' ' 2-c'

2) v2+ (c¢' 3-C3) V3 as the total of the regions (1) to

(1V), the coefficient of the second-order term

(c' 2-Hpeisperpion compgnghvesn £ lsmsmidl 0  dgscribed above

di spersi on conpensation value in the dispersion .

CORNPERSEPT OFPT S 169urarRgt pes colef fhiccil éMY - oput Her the

third-order term C 3-C3) gives .,a third-order ,

a?gﬁ%%tésréﬁﬁ%f?w FERE P SET 0K 4PRPRE st bh comprises

nsation el ement 1QY. DO017Z SG - The .

BB b 2o RpaREaD T ot drenBRtoT Rl BedtAY BoasaBEDELn F1G-
npL. f e f regLon ! 0 t

B P he3%3ns TEpcd 2 Rndeq; SHERCPHRCCSRE el pikdhatdte by

20¥1£08PEhSESsui PLEE PFof ™ &1 &8 Me ity ir%fwagft%rv%g'i%dex

that as shown in Fl 6B, regions are arranged suc

sbathepbbeahaalyt BEUALEANrBYiohef haghteAtr esubbbRIckhe is
a difference in refractive'index at the boundary

hehieenedeqi Ssc B @Ceng, tix eackiadiiiemlies thdnindggets (I)
Specifically, it is desirable that regions (I) to
tOWIVar eraraargesed nnt tiee ordier of meagnittutkeo6ftiddnterval
interval a. FIG 8 shows the configuration of a

dit spersion conpensation system 50 confi gured using

the dispersion conpensation elenment [ OX or 10Y

descrited BpdVRs THee drepet$rbrt Eonpehsat $bFPeystem 50

S Brovided on an ogbical fiber transm ssion_ |line .
ﬁ@@_ensatlon system configured using the dispersion

compensation element 10X or 10Y described above.

The dispersion compensation system 50 is provided on an
optical fiber transmission line 100.

The optical fiber transmission line 100 is laid over a
long distance on, for example, a sea bottom or the like
, and an optical pulse string input from the input unit 101
side of a transmission server or the like is transmitted via
the optical fiber transmission line 100 and exits from the
output unit 102 side of a reception server or the like.

The dispersion compensation system 50 is provided in the
vicinity of the output unit 102, and comprises a coupler (pulse
pickup unit) 51, a monitor 52, a controller (control unit,
voltage control unit) 53, and the dispersion compensation

element 10X or 10Y (hereinafter abbreviated simply as 10X).
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The optical fiber transmssion line 100 is |laid over a
| ong di stance on, for exanple, a sea bottomor the
like and an optical pulse string input fromthe input
unit 101 ' _; = side of a trgqi§1§sion server or the
like is transmtted via the optical fiber

transm ssion line 100 and exits fromthe output unit
102 side of a reception server or the |like. The

di speFks eeupdiepent atiicdis spsarearsdcid prbwe degm phe lwptical
vicinity of the output unit 102, and conprises a
géBBFeFréﬁﬁmééSlBPcE&Beuﬁpp) 51, a nonitor 52, a
controller (contrql unit, vog%age control unit

53
and t T2 AIYPErST Gif EENGENSSt L8R CBFERBMtPRESE Gr1FRE up by
i b i d sj | 10X). D0017..SG 25
Che" Sh8i e 2B EdRfes] Tlae g SO BTS00 50 cox
° ¢ Up t1cal’ purse . |
FELERCLnel LEPLLHCNA AL e Hbe Y (R TBub1e.

éadww%fﬂaygﬁﬁéw89§§bmﬁbf@ﬁé%@&iaayﬂﬁaéﬁ;fgbedﬁﬁfaally,

the influence of chromatic dispersion is negligible,

and wankters dmechavyafademoel at henopspeat rid! $€ .the optical
Specifically, the waveformon the plane of a

puireespbetasdimpff rbhetioptdalca pdlive rptekagmilpsi oam ime 100
optical fiber transm ssion line 100 is nonitored
t reasur bdy¢dchmenstred i spersnani ossassetidy pddmessed by
optical pulse under waveformcontrol is resolved into
ahecert el dntlgprunstich vevgdio o chatdetlet fi preleed into a
the coefficient is output as chromatic di spersion
FRESEHELPBR. TOFORP2FRI STRBAI £6r P52 Aok cgBriEgur andoikhe
described in, for exanple, K qgﬁma, "Real -tine _
PREGIL FYEEpbit B am Tedlth BRI GHSRA AT AhREommation.
982%%@5é%%f@grg%h@?eé%@i&&?é??o% e%rﬂfﬁy&igt§orexample,
K Ogawa, “Real-time intuitive spectrogram measurement of
ultrashort optical pulses using two-photon absorption in a
semiconductor”, [online], March1ll, 2002, Optics Express, Vol.
10, No. 5, p.262-267, Optical Scciety of America, [search:
January 14, 2003], Internet
URL:http://www.opticsexpress.org/abstract.cfm?URI=0PEX-10
-5-262, and therefore detailed description thereof is not
particularly presented.

The controller 53 receives chromatic dispersion
informationoutput fromthemonitor 52 via short optical fibers
55. This controller 53 comprises a database (data storage

unit) 56, and in this data base 56, data of the amount of voltage

applied at electrodes 30A and 30B of the dispersion
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sem conductor”, [online], March 11, 2002, Optics

Express, Vol. 10, No. 5, p.262-267, Optical Society

of America, [search: January 14, 2003], Internet
URL:http://MMMLopticsexprQ§§g$(g/abstract.cfnPURI:OPEX
-10 -5-262, and therefore all ed description

thereof is not particularly presented. The controller
53 receives chromatic dispersion information output
teoRen At N ebementyilfXshyhichbpnatahesi bbessigb. amki $he
controll er 53 conprises a_ database (data storage
ahrpiubs, vahaei Aft Ahgonatacpdiarsssignr aisf stREedrount

[ d 30B qf th
gif S\éo riiatg% 5%8%@%6? 5§|z ?cgﬁlrfgrg@egi_ 3%S?Dne_r_s_ion_ gn_fogglation

' I whi.ch h h ' .
SREPERCELATCRLSpERL 3o u e DB s 1B RLARSs 1o

absolu

;&géfgméa {Qeosgﬁﬁo&é@ét?jgtnrg&n{at%gg}g s %eft%{g@eg gpplied

nformati on output from IS recei

Q@t@P@§€r§§e533oﬁe5ﬁ&e@@gdfBQ ehtapn sfata;igh Egﬁpgggation

anount of voltage applie at el ectrodes 30A and

£Deméhe 1ASPeHEheR ateMReNSRt 0Ndi 8beMBAbN X d10in absolute
generate chromatic di spersion equal in absolute value

aatdueppndi bppbaiskgint eiyhetehthgatheclagper siepersion

i nformation (coefficient of chromatic dispersion)
ie€ermationr bno¢ htiobant orf 5hromBtel o otisipead idat)a refceived
t he amount of voltage applied is output to the
frespénsiren compensat Tiom cekampad dEOR oThaedimperspbivoltage
conpensation elenment |1 OX is provided such that the
aeggé?dmggapaé 5 thpadl SRR EHECD FOMPENSAtpen element 10X.

ran i,on line 100, and an opti cal | se propagat ed
:h?oﬁg%gsigpersgoncompensatibn%hementnﬂN(ié%rgggdedsuch

that the defect waveguide 25 lies on the optical fiber
transmissionline 100, and anoptical pulse propagated through
the optical fiber transmission line 100 is input from the input
edge of the defect waveguide 25 on one edge side, and is output
from the output edge on the other edge side to the optical
fiber transmission line 100.

Anelectricpower source (not shown) forapplyingvoltages
to electrodes 30A and 30B of the dispersion compensation
element 10X, and a controller (not shown) controlling the
amount of voltage applied at the electric power source are
connected to the dispersion compensaticon element 10X.

The data of the amount of voltage applied, output from
the controller 53, is transferred to a controller (not shown)
of the dispersion compensation element 10X via optical fibers

57. In the controller, predetermined voltages are applied
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the optical fiber transmssion |ine 100 is input from

the input edge of the defect wavegui de 25 on one edge
side, and is output fromthe output edge on the other
edge side to the opti cal flfyr transm ssion |ine 100.

7 An el ectric power source (hot shown) for applying
voltages to el ectrodes 30A and 30B of the dispersion
conpensation elenment | OX, and a controller (not

SREMHhE BAEEBELFMRPYaTe SO8NEEnto 6 ersirodgs aphlansi3aB based
the electric power source are connected to the

apdier §?6ﬁ188ﬁﬁéﬁ§a?ﬁ (Fﬁleefi]@%ﬁf' ofcyel rpge gped i Emghange
unt ol tage .a |Ie% 8 ut fron1 he controller

i Fgffﬁgﬁévsrgsaegg oftFor e rrot the

di | t t

'Speﬁ 'ﬁ?&%% oife 9%&%%”?2%% &%@f? @t'eligrarsefs e 50,

e R R e S e S

@@ﬁ@d1OQn15hﬁoﬁ@ﬁSkéﬁdeaEﬁeoﬁohH%o%”@Qnta%h %%% A9%n the
applied to change the refractive indexés of

chgbaBsic! HiapdrElibh. ihfickhibgiway, tha bﬁ@u@ks@gf%bQﬁage
conpensati on system 50, an optical pul se picked up

dppinieHeaoptheabibkpbesibnansiibgaisaniohi 8@ ek@dti 10X is
nmoni tored by the nonitor 52, and based on the
chnomatlileddbypehsi onnimbdilrat ©8n, IThetlihwuwaypf optimum
voltage applied at the di spersion conpensation

di sReRE L POCPBPeRYHE F o | &N b pRefesmedorpretagtlyeven if
this way, aptimum dispersion conpensation can be
EéFﬁéFﬁ@BSééh%?%%wO%%éﬁSPPla\Féﬂ.%%ﬁgrﬁpﬁreBHam Wether

i a with tenperature, ther and the [i
BE0US hEFRE S B TS BEF PP areHrSoi 5 AT Si6n: Line 100.

In the dispersion compensation element 10X, the sign of
chromatic dispersion compensation is made variable
independently of the absolute value of chromatic dispersion,
whereby positive and negative dispersion compensation can be
performed, thus making it possible to perform dispersion
compensationeven if chromatic dispersion in the optical fiber
transmission line 100 constantly varies between positive and
negative signs.

The above discussion is similarly applied to not only
use of the dispersion compensation element 10X but also use
of the dispersion compensation element 10Y, and if the
dispersion compensation element 10Y is employed, not only

positive and negative dispersion compensation but also

dispersion compensation of multiple orders can be performed.
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In the dispersion conpensation elenment 10X, the sign

of chromatic dispersion conpensation is made vari abl e

i ndependent|ly of the absol ute value of chromatic

di spersion, whereby positiveg,and negative dispersion

conpensati on can be perforned, thus making it

possi bl e to performdispersion conpensation even if

chromatic dispersion in the optical fiber

t r anst® dsies LG ey wedng dist AhIPSL 301 eempen@eshon elements

iBSiti¥e nd negative signs. The above, discussion is
|§§%ﬁﬁ}

fri #3 q &8t BLABETEAPY ComBeBF2E hendtEpessiYh using
D SP S LNy OTUAT AL BT ORIV - A9 e dispersion
O Ben s s aBE RS a Ry N e bi o e SR N e b Gpacity
OBt D peefhanEt At Rip SO URERSE ! 203k, BHelre BhLf San be

hbBRidi-eRer £h08 mAWRERsati gRsslienents she¥ianednlqy andiecve
t he di spersion conpensati on system 50 using the

digphesi enhanapRasat ben tekeeahsmiBioRBEpe . Sper si on

conmpensati on accommodati ng ul trahi gh-speed

| ar gePzapacit yrlpptilcalicperyiocnatoapsnast hgnae smatks 10X

spectral band can be achieved, thus naking it

podsiBFehavesuéfichennéye by made dfif¢tert enharscbinentr and

of the transm ssion speed. Particularly, the

drSpevsilor ednplRsEPILEN 241 eaBrt $hEORLOZRA PO Make have a
ons nerelg?nade different in radius r and

f?gtglswa!laalaf et hot bS 4T e Wifer £PUFeT@68RINbE ReARED1e
B, BRRLEF) BHR RRE RELSH, Sb bz s, TR gl
|OM/Cf§tthe controller 53, information previously stored in
the database 56 is referenced to control the amount of voltage
applied at electrodes 30A and 30B, and it is not necessary
to perform complicated processing and the like on the spot,
thus making it possible to fabricate the controller 53 itself
at a low cost.

In the above dispersion compensation element 10X or 10Y,
a bias voltage is applied using the electrode 30 to change
the refractive index of the photonic crystal unit 20, but by
injectingacarrier (electronsorpositiveholes) asimpurities
into the core layer 23 and applying a bias voltage, the
absorption spectrum (imaginary part of refractive index) of
the photonic crystal unit 20 can be changed.

FIG. 9 shows an example of such a dispersion compensation

element 10Z.
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In the controller 53, information previously stored in
the database 56 is referenced to control the anount of

vol tage applied at electrodes 30A and 30B, and it is

not necessary to perfornypqgg[jcated processi ng and

the like on the spot, thus king it possible to
fabricate the controller 53 itself at a lowcost. In

t he above di spersion conpensation elenment 10X or 10Y,

a bi & wélowageniBLGpPl.i eheudi siee t Hieok | cautnerd® 3 element
change the refractive index of the photonic crystal

LRF IR phtY RS PnfeEEThgra Bamiiish tBreetrdnsayRr 22 and

05|t|ve ol es) s |ngfr|t|es into the core layer 2

%l APpDF %e% Lehen dhospt &F%@tlrfu%nd a
éig@%‘ %r y6§‘}.§0deé%%s fr%ct : ééedcg%fee a;@ersﬁg hé)ts%gs%rate

crystal” uni

t
S5 KaplbeFin S UgRatLon, cormRr Rl %%g%g%-lsxem
@9%@@@talr%nf@hﬁé@a&thlaoélgge%ﬁ%wd@ﬁm @élwqtc% 8ifcon
which the clad |ayer 22 and the core |ayer 23’ a

depesié et 0N, thel substepbelRler @M i reladd|yes a6Q1I1§con
deposited on the core layer 23. The substrate 21 is

foysedlwsh) float exanpldelsddicion fSidrial.heTelkeadubstrate
| ayers 22 and 60 are forned with a silicon oxide film
I5iKRy artisickoans oft ride fidmplandddia Goe hgyehe?dlad
is formed with a silicon crystal (Si) that is a
HreeBet 47 At iealch Tagesabshiakreslohasfar exagkdess 200
of, for exanple, about 500 pm the clad |ayers 22 and
161@ *@acih wew eand G e ss o SPesr fdmmesaap 1200 ansimthe  tore

ayer 933hgsnn]€§1 ggeCIflcagéagp gb and the core

The dispersion compensationelement 10Z has the substrate
21, the clad layer 22, the core layer 23 and the clad layer
60 formed so as to elongate laterally from a region R1
(hereinafter referred to as photonic crystal region) in which
holes 24 are formed ina cross section orthogonal toadirection
in which the defect wavequide 25 continues, i.e. the cross
section shown in FIG. 9. That is, the photonic crystal region
Rl in which holes 24 are formed exists in both sides of the
defect waveguide 25 at the center, and an extension region
R2 in which no hole 24 is formed is formed outside the photonic
crystal region RL.

On the core layer 23 sandwiched between the clad layers
22 and 60 in its top and bottom, a region (region of different

density) differentincarrierdensity fromthedefectwaveguide
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| ayer 23 has a thickness of about 250 nm The

di spersion conpensation el enment 10Z has the substrate
21, the clad layer 22, the core |layer 23 and the clad
| ayer 60 formed so as to §I$¢1g§te laterally froma
region RL (hereinafter refefred to as photonic
crystal region) in which holes 24 are forned in a
cross section orthogonal to a direction in which the
def ettthaveguiee 25 toméedues, the exitdnsiorossegisectRbms a
shown in FIG 9. That is, the photonic crystal region
RerPanAki BRLRoI’Bs 24 are forned exists in both sides
of the ﬂefeqt wavequi de 25 at the center, and an

ext enst GALPEHiTHRFTRE T FORRERA hbORSHLEMSR L 0% npRed s rode
f or ned gut%ide t he photonic crystal re i?n gﬂ On tqg,
(81 B S P R el o R heriEaY PHEPLERT | B9 bt 2ppLving
Y : . e |
Ve 4 EeReed. 2oL oMo ALY PR ERLRREN s 70,

%Hs QSE@@Er@@E@gEhg@t@QQé78§GE%Q s%?p%&i%@eap§%%%Eéd%e

ornmed in the extension region R2 rm nal unit

gOtehBibii $sdispEE 51001 CONBENSALEOA € eIt M+ 21 on
el ectrode (dispersion varying nmeans, energy supplier)

8Ref botappl yiidg. a voltage is electrically connected
to the termnal unit 70, and a reference electrode 81
for sTippltyirmg nalrefier §0ces mpokeent f e rest dnecdritat ldgnsity
connected to the substrate 21 on the bottom side. The
f ephitha dehe et FO vieguinde? dblfdaming pn wataniery teadisyninal
fromthe defect waveguide 25 by dopi ng or undoping the
vei R’ L thirpuy bt v ¢ Helpphrrrses pesekivohelep) contained
ositive holes) coptained
En the core a;er 25. If the electrode 80 is electrically
connected to the terminal unit 70, andabias voltage is applied
to the terminal unit 70, electrons or positive holes move due
to a difference in carrier density between the part of the
defectwavequide2bandthepart of the terminal unit 70, whereby
the carrier density of the part of the defect wavequide 25
is changed, and the absorption spectrum is changed. For
example, whenp-type elements are used as impurities, positive
holes gather in the defect waveguide 25 at the center from
the terminal unit 70 on both sides to increase the carrier
density of the defect waveguide 25 if + (positive) bias voltage
is applied, and positive holes move to the terminal unit 70
on both sides from the defect waveguide 25 to decrease the

carrier density of the defect waveguide 25 if - (negative)

bias voltage is applied.
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in the core layer 23. If the electrode 80 is
electrically connected to the termnal unit 70, and a
bias voltage is applied to the termnal unit 70,
el ectrons or positive holes ﬂﬁyg due to a difference
in carrier density between t part of the defect
wavegui de 25 and the part of the termnal unit 70,
whereby the carrier density of the part of the defect
waveglielecPEries dvmmier], ohndhe heeabson bt koht specnaynpe
i s changed. For "-j exanple, when p-type elenents are
9@@68%@%59@@?—”@@ tosihe iRArt HOf dhqyatafact wadpguide 25,
t he term nal

BREerl e 000 £R e PReceiL Sl KBRS oF Cirigrynel
d de 2

051+ 00T 6oL PSR R0 1 o BRRBIAA YR BB comyeanice

9%93519%1& 79 dcé@@ee aseh'r*ﬁ 1%£f&@§3§ﬁ%e%p sgtion or

wavegul 25'to carrier Sit

dabegt xwavem dej 25, dfausd nfﬁalt,ﬂlé(eéarpiéﬁ? &Qﬁé?@? b the
applied. DO017 SG 31 The carrier density of th

terminal wniid 7@@8Wﬁ&s&ﬁébﬁgéﬁgd%@@é 9@&% bBe defect
part of the defect waveguide 25, but it 1s preferable

tvhatghhde@dr, rites cetlenstiy rebishanterdediadasdiat t R0 tdeSminal
i ncreased conpared to the part of the defect wavegui de
281 tridned yhilchithalepedt wotid 8i0npmicbhnestheyl, iard the electric
injection or the like. This is because if the carrier
gefdptyner ¢hethe earthalf thetdgdets waewabde Tompamsdises
to the part of the defect wavegui de25, the electric
FesfafahibalecreRSERCARLARE Pér RLRGET iGnitdetdSto whi ch

t he e%ectrode Sgéls,co nected, and.the electric

resi stAMRETBHIE part APie" ¥Rt BLETRAY S Wer 2B (Poron)
Pﬂcgg Sﬁfnum (?Clgéﬁ HBOh%Gh%Eg&&SH Of ghﬁftE%%lllum)
and n-type elements such as N (nitrogen), P (phosphorus), As
{(arsenic), Sb {(antimony) and Bi (bismuth), which are also used
in semiconductors. Among them, for the p-type element, B
(boron) is especially suitable because of easy doping.

When B (boron) of p-type elements is used as impurities
for doping, the carrier density of the terminal unit 70 is
preferably 5x10'® to 5x10**/cn®, e.g. 1x10*®/cm® if the carrier
density (the number of impurity elements) of the defect
waveguide 25 is 10'"/cm®, for example.

In this case, it is preferable that the substrate 21 has
a carrier density equivalent to that of the defect waveguide
25. This is because if the substrate 21 and the defect

waveguide 25 are different in carrier density, a charge
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Such inpurities include p-type elenents such as B

(boron) , Al (alumnum, G (gallium, In (indium

and Tl (thallium, and n-type elenents such as N
(nitrogen), P (phosphorus), ff _(arsenic) , Sb

(antinony) and Bi (bisnuth) 7 which are also used in

sem conductors. Anong them for the p-type elenent, B
(boron% Is especially suitable because of easy dopi ng.
dhel rebpbépomcoir poeyrpecsl dhentts tenpbedas the design and
I mpurities for doping, the carrier density of the
feemlA&P-unit 70 is preferably 5x1018 to 5x1019/ cnB,

e.g. 1019/ ¢ if the carrier density (the nunber_ of
i n%urﬁylselpéf P15t thaé fefaea 2%&89@5@12@@ geference

. | e. hi it i f bl .
AR U gl IO
. it Thi
I ALt
wavegside 125 jareqdhtferen ui@af@ﬁfHﬁftﬂ%&S%£¥’f5E eﬁ$q%le,

charge DO017 SG - 32 distribution occurs ween the

taecoBphigateuthhe design and the like. It is
preferable that a face 21a in which the reference

el ect Fode 1lshswewieekadple ¢éhehsubbipateidl donpdered ion
wth inpurities for decreasing the electric

pésimenant? Bavihgta crobassactarmisrrwdenstd yshown in FIG.
equi valent to that of, for exanple, the termnal unit

?0. FIG 10 shows one exanpl e of the dispersion
conpensation element 10Z having a cross section

st ruckBrdStvvi® TG &0, 9. ApEpeRDler iGPImen sapior element

i.spersi on conpensati on el enent
QOE? {5 mounted on a mount %O and formed such that the area

of the terminal unit 70 formed on the extension region R2 on
both sides of the photonic crystal region R1 is relatively
large compared to the area of the photonic crystal region R1,
and thus has substantially a zygal shape when viewed planewise.
This is intended for increasing the area of the terminal unit
70 wherever possible to decrease its electric resistance.
Like the dispersion compensation element 10X shown in
FIG. 1, this dispersion compensation element 10%Z; has regions
(I) and (II} set so as to be different in radius r and interval
aofholes?24. Forapplyingbiasvoltagestorespective regions
(I) and (I} independently, the dispersion compensation
element 10Z; has terminal units 70 and electrodes 80 provided
onbothsides of regions (I) and (II}, andanexternal electrode
86 provided on the mount 90 is electrically connected via a

lead 85 to each of four electrodes 80.
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1021 is nmounted on a nount 90 and forned such that the
area of the termnal unit 70 fornmed on the extension
region R2 on both sides of the photonic crystal

region R is relatively L@ggf_ponpared to the area of

t he photonic crystal region , and thus has
substantially a zygal shape when viewed pl anew se.

This is intended for increasing the area of the

t er miHemispheri ol weded eptiosdi bibere Heccendacetsin such
el ectric resistance. Like the dispersion conpensation

2| epRpe T | TK hdwes Rothl ends, of hike disirgsivgrveguide 25 of
conpensati on el enent 10Z1 has regions (1) and (11)

5Bt BRBCELtE PeYEFHt eT%‘ih’tOI? Lf”r'ad”i | S0 P Giteely P Llses are
f.hol 4 .. F ' ' '
TS Fy <aefe PR R R SRR TEREAL Ve
ERIREDSA| 815 SLEVBR. cMgLages b nal unl o 70 an

and (f1d) 11 a&%@{e&%&@tﬁé‘ l £l fG1L OJE 136 &iQﬁﬁ{agggogg

the mount 90 1s electrically connected via a

tOnpagsbabloh@Uen@n@ctiPHEs:1 89 a ML/ SG B3 st ructure shown
Hem spheri cal -ended optical fibers F are placed in

stichtca panner as to face both ends of the defect
wavegui de 25 of the photonic crystal region R1,

wher eby siptwicdln piGseslare dippated dro ddmpedefation element
wavegui de 25, and guided to outside after receiving

U0 8persi orrrehpardattitat. G el tshgles Sdhetriterithex agpimg na l
of the dispersion conpensation elenment .

4oFhall RERCHLESS QrdtivR*$EngdOlr BeGhOWR2 ERLEREGINg omdoth
shown in FIG 11, a dispersion conpensation el enent

§6295i QT iItTER RN G FEAY SR EPELPPOTE BT diifReRPidal (or

%25 .Qggpe relative to the photonic crystal region R1. 1In
this way, it is possible to provide increased areas of the
terminal unit 70 and the electrode 80 while the distance to
the photonic crystal region R1 having a small area compared
to the terminal unit 70 and the electrode 80 is shortened
wherever possible. This is also effective for decreasing the
electric resistance of the terminal unit 70.

FIG. 12 shows still another example of the dispersion
compensationelement 10Zhavingacross sectionstructure shown
in FIG. 9.

As shown in FIG. 12, a dispersion compensation element
1025 is formed such that only the surface thereof has
substantially a zygal shape like the dispersion compensation
element 10Z; shown in FIG. 10, and the areas of the terminal

unit 70 and the electrode 80 extending on both sides of the
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unit 70 provided on the extension region R2 extending

on both sides of the photonic crystal region Rl has
trapezoidal (or fan) shape relative to the photonic
crystal region RL. In this y, it is possible to
provi de i ncreased areas of the ~terminal unit 70 and

the el ectrode 80 while the distance to the photonic
crystal region RL having a small area conpared to the
Pepdnad amisttad0raadontl alrect 2 vge BOpayeshoettgmeghotonic
wherever possible. This is also effective for

gerFeakitrRp e Rle| edbrike radissiaice 20 PREYiERFrivpaler part

unit 70. FIG 12 shows still another exanp]e_of the

R 8 pRIRT AP EtDhpe s AN I SrERMIE HEYISTg R 1epsed se, and
ectjon struc{:ure shown, _i Fig 9. As showT in EIG
© jao‘é?]ép%?ié oﬁa%o%%ﬁ‘é%?%ﬁ Y efrehECt 70991 PE PBRREQYDED

§¥8Qe&h81 Qnl.ycthe surface thereof has substantially
a zygal s%ape TTke the di spersi on conpensati on

el emepy; Q@1 o, f dildfanddh i AL TG €857 0F ot BB tained

termnal wuni't 70 and the el ectrode 80 extending on

botdesd Hasi 1 ohhenOWEtGtte 34 tREURIH GaGk¥SPAl the core

region Rl are large conpared to the photonic crystal
I1egeon2 R andinthbecsabst aake 80, tonkyrinhhe bppek Rakting a
has substantially a zygal shape when viewed pl anew se,
nadtatdel howenapardthdrasrissesd gritdreawise raect ahgol @emoving
shape when viewed pl anewi se. This dispersion
thepenstenbn erpednl 197 SRbimittel sisle ddpdsith wgds of
on the substrate 21 the clad | ayer 22, the core |ayer

ohe fRifedle W wmPYidrr oot 6TFHLRGackl BeR hhke g £orm step

rect angul ar shape. when, vi ewed, pl anewi se, and then
p%ﬁ%@p g 91. Atpthis time, raiégé?portions 92 are formed at

both ends of the defect waveguide 25 of the photonic crystal
region R1l, and optical fibers F are made to face the raised
portions 92. For this purpose, the depth of the step portion
91 is preferably set according to the outer diameter of the
optical fiber F.

The dispersion compensation elements 10Z; to 10Z; shown
in FIGS. 10 to 12 have regions (I) and {(II) set so as to be
different in radius r and interval a of holes 24, but they
may have three or meore regions, for example four regions like
the dispersion compensation element 10Y shown in FIG. 6. In
this case, terminal units 70 are provided according to the
number of regions.

In this dispersion compensation element 10Z, the

dispersioncompensation system 50 shown in FIG. 8 may be formed.
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t he photonic crystal region Rl on the side of both

ends of the defect wavegui de 25 by etching or the

like to formstep portions 91. At this tine, raised
portions 92 are forned at _ h ends of the defect
wavegui de 25 of the photonic’trystal region Rl, and
optical fibers F are nade to face the raised portions

92. For this purpose, the depth of the step portion

91 i slprigfiey alfise,sén fbeocdinhgolderhe3 pudatra difardteemmount
of the optical fiber F. The dispersion conpensation
efefeht39202pPLded028 ShewalerhrPRes801b0t she2dhgpersion

T T A CT LN
h h .eqi f | e f [
PELEe O sl i s RBeREat 1 ore e AT 1Y CRGE T 56"
Ehcéhe(s:colrﬁrotlli'esr 58S qngohé Sgg]agglseu@é tissl ZgFﬁESnBreavﬂ:g%%tain
according to the “nlunber "of réegions.” I1n this

dheRes 81 PR CONPERSALE %ﬂﬁ@@ﬁ&ﬂ%a the tl‘f%%q_f%gcrsénrgﬁie 80,

conpensation system 50 shown in'FIG 8 may

PROEK ®&tch38hrémat N A LASEr s i dh e SO T ] #eRBived from

data of the amount of voltage applied at the
ehecinondeoB0520 the dhesperskons eQEpeRSabi BhcekerpRirsion
| @Z, which match the sign and the absolute val ue of
chmpeatatidnspéesenh, 108.stored in the database 56.

In the controller 53, the database 56 is referenced to

obt ai Phe déata off the amount of voltage agplied, atuttthg from
el ectrode 80, which match chromatic dispersion
FRegioRit T bl #eoei vl treami i@ dbhia 6PnsZolaRd et shown)

data i s.output to the dispersion conpensation el enent
Q%ie}le Ecz'{lspegm_on compensa’é)ion element 10%Z via optical fibers

57. The controller generates a predetermined voltage from
the electric power source based on the received data of the
amount of voltage applied, and applies the voltage to the
terminal unit 70 via the electrode 80 to change the refractive
indexes of regions (I} and (II) of the defect waveguide 25.
In this way, in the case of the dispersion compensation
element 10Z, optimum dispersion compensation can be performed
constantly even if variations in conditions associated with
temperature, weather and the like occur in the optical fiber
transmission line 100, owing to the dispersion compensation
system 50. As a result, chromatic dispersion compensation
accommodating ultrahigh-speed large-capacity communications
using a broad spectral band can be achieved, and further
enhancement of the transmission speed can be sufficiently

achieved.
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The data of the anmpbunt of voltage applied, output from
the controller 53, is transferred to a controller (not
shown) of the dispersion conpensation element 1QZ via
optical fibers 57. The cqptiﬁller generates a
predet erm ned vol tage from e electric power source
based on the received data of the anpunt of voltage
applied, and applies the voltage to the termnal unit

70 V|%ﬂt%@ee¢@%@¢b@%n80d@%Céhhﬁ@eabﬁﬁereimabhevélsperslon
i ndexes of regions (l)_ and (11) of the defect

ﬁﬁ@@@f}?aélgg ejr%“‘?‘h?% T, 1% eRe d8%e Bhretdkectrode 30 is

sSi on Co nsatlon el enent, 107,

di

aFs fg.%?@c% "B ta5R BB BRAReE it ity index
d ted th

PLne %O?%énaitmﬁe%? esfcg&ﬁglqtl!ﬁté(ﬁf RIS EThEY foee By inansed

‘sbSEngEQ%H‘ &5k engéggoﬁﬁea@y ng to the di spersi on

conpensati on sys aresult, chromatic
di Spessi 0k SAFDENSAL 0Nt « ACCOBRARINY 1] AN %g%%ed and

| ar ge- capacity communi cations  using a broad spectral

haadreantbesapghisevadrhandghuthbencagrhancerril; 0k the
transm ssion speed can be sufficiently achieved.

PefihEr8Gure36f Lhet herenhagctent.dessindpetedmborvetutrs

the di spersion conpensation elenents 10X, 10Y and
depentiracel et tthedee 80acbiveasiedia:n appl ghwonm ase vidlsiegesion
to change the refractive index of the photonic
efysraPhahprioGrifitabvasegrbdasarahe shangsf tasontribute
di spersi on _conpensation neans. For exanple, a heater

8 5?69W8§&C|ﬁléﬁéﬁsﬂéﬁ|Sﬁmpéﬁéatéoéurrent is passed

22:2 gﬁégg%g?%%ﬁ%ﬁ%g?gh%é%g?ﬁ%g ie%?ggg£%&ﬁﬁ$fggeEQIfthe

photonic crystal unit 20 from a piezoelectric element to add
a distortion, thereby changing the refractive index.

In the photonic crystal unit 20, as shown in FIG. 133,
only the clad layer 22 and core layer 23 are provided on the
substrate 21, and air contacts one side of the core layer 23,
but instead thereof, a clad layer (another layer) 26 may be
further provided on the upper side of the core layer 23 as
shown in FIG. 13B. 1In this case, for the clad layer 26, Si0;
may be used as in the case of the clad layer 22. The thickness
of the clad layer 22 is 500 nm as a preferred aspect. The
thicknesses of other parts are same as those described above.

The linear defect waveguide 25 is formed on the core layer
23, but the defect waveguide is not limited to a linear shape,
and may have a bended or curved shape. Moreover, in the

embodiment described above, the defect waveguide 25 is
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dependence of the refractive index, the chromatic

di spersion .r" of the photonic crystal wavegui de can

be changed to contribute to chromatic dispersion
conpensation. Moreover, str es can be applied from

both faces of the photonic Ctrystal unit 20 froma

pi ezoel ectric elenment to add a distortion, thereby
changing the refractive index. In the photonic crystal
triprdauengsospbhl forneds bigAlt may yog kdreradirgpeiopally
and core layer 23 are provided on the substrate 21,
EAa™&fr contacts one side of the core layer 23, but

be PR e AT LBy ched B paShi A BP9k Eoreofb?‘cyﬁélféﬁ?g% other
| aor I

R PR P AT TR, Pt L e S B e =

¢had 4 ay¥ek 2eay QGCBEEBE@?L%? onditsfth%hr,l%liE;qq kexefi%?t,i $hich

500" nm as preferred aspect. The cknesses 0

okhegupakt endr eoSaABLage5RRsBdeaphi/Red above. The
i near defect waveguide 25 is forned on the core | ayer

23, bt ddwe wefrectinvanegdi geetsiontcdhpeistti®n dystem 50,
I i near shape, and may have a bended or curved shape.
theeopeical pthee Eenhodiinentedlesct idiegheatzdve copensation
def ect waveguide 25 is D0017 SG 37 two-dinensionally

f srgmd rdputed bymelye ot iree 58i aptidilenabhyrofioapparatws 53,
addi tion, optical materials and optical elenents other
PHEnt%d%%%ﬂ]@ltht ahs ey ber e @DR theusompyoller 53 can
Eroblens as long as the¥ have, a capability of _ ,

P PR iT h TP TYRR CORFERT F5SRYES Y SRFPEE Sefden in the
descri hed above. . . . . . .

case of an operating environment in which optical pulse
propagation conditions in the optical fiber transmission line
100 are neot significantly varied.

Servers, various kinds of terminals and the like which
are used in the input unit 101 and the output unit 102 usually
send signals to and receive signals from the optical fiber
transmission line 100. The dispersion compensation system
50 preferably performs dispersion compensation just before
receptionof asignal andtherefore, actually, it ispreferable
that the dispersion compensation system 50 is provided at both
ends of the optical fiber transmission line 100.

In addition, for the dispersion compensation system 50,
the monitor 52, the controller 53 and the dispersion

compensation element 10X, 10Y or 10Z may be integrated as one

apparatus, or they may be separate units.
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In addition, in the dispersion conpensation system 50,

the optical pulse is nonitored and di spersion
conpensation is controlled by the nonitor 52 and the
control apparatus 53, but_t;g coupler 51, the nonitor

52 and the controller 53 can be omtted to perform
constant di spersion conpensation in the case of an
operating environment in which optical pulse _

pr opaatddsh tdewdi thensonfigheagprneatiesepebed in the above
transm ssion line 100 are not significantly varied.
GRPORIBENGAARBURS IAIRREA Verif IRfedn Pt KEandes iq gfther
are_used jn the input unjt 101 and the output unjt 102
CRUETPYT b LAR il SR ot aFa "4 BanV S FERELE 97 b BRESent
995589&0 I ber transm ssion |ine 100. The di spersion
conpensation system 50 preferably perforns dispersion
conpensation just before reception of a signal and
therefore, actually, it is preferable that the

dhaner sk an ggﬂpgeggglgeysysten150 is proyided at both
ends of the optical fiber transm ssion line 100. In

addi taekord Dig t Be hei (sed $i O In¢eAPERs Al PN SYBL b BRegions
the monitor 52, the controller 53 and the dispersion
goappnsatied, ekraeaby 10Kpor18¥anpli/poBy theei Aheghaigadive
as one apparatus, or they may be separate units.

Doep#r s 88coirpenddl i ponantihdieprirsgonatbopsndesdonbed

i n_the above enbodi nent nmay be adopted or rejected,
BrlEhRhgedrdorst Gk be @y iprmed onShaemadproprissiegsion in
wthin the spirit. of the present _invention, .
PRADKSILAD Applarisist VG TRBYOYRE RS UtRe7 P e éd the sign

ipvention,,a plurality of regions, .
o? chromatic &EsperSLQE compensation can be made variable.

Alternatively, dispersion compensation can be performed
by applying a voltage to vary the carrier densityof a waveguide
to change the refractive index of the waveguide.

Optical pulses picked up from an optical fiber
transmission line is monitored, and chromatic dispersion is
controlled based on the chromatic dispersion information,
whereby optimum dispersion compensation can be performed
constantly even if variations in conditions associated with
temperature, weather and the like occur in the optical fiber
transmission line.

As a result, chromatic dispersion compensation
accommodatingultrahigh-speed large-capacity communications
using a broad spectral band can be achieved, and further
enhancement of the transmission speed can be sufficiently

achieved.
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are provided, whereby, for exanple, positive and
negati ve dispersion conpensation and di spersion
conpensation of rmultiple orders can be perforned.
Chromatic dispersion in eachyregion is varied,
wher eby the absolute value and the sign of chromatic
di spersi on conpensati on can be nade vari abl e.
Al ternatively, dispersion conpensation can be ,
performed by applying a véldfe to vary the carrier
densitg_of a wavegui de to change the refractive index
bf t HedHRRBHHL 8B COMPENEAl 1M Beang e RYPEPEPS 7 F bR¢ ghromatic
@gtical.fibeg tranﬁnisiion line is ngnitored,, nd
TRRRE RN dPEpBPsPBhiFet BBAPFolMRHEpALEY BHEPRES!
chLonBlLe, dLspersLonoLalopaetion, | wher eby optimum
I Spérsion conpensa PR tAR " be perfornmed constantly
oven i o < i an L at oy
R B Y

tbbgh ohitpnentagkonahine. As a result, chromatic
di spersi on conpéensati on accomodating ul trahi gh-speed

| ar gedoapaes 1 on ¢QRYING GRENGNSo r S kREgdrd1iedd soesbbablute
band can be achi eved, and further enhancenent of the

tahnspinsisitons speed carore isudif s0éesi by gigehitevedid optical
D0017 SG - 39 - CLAIMS 1. A dispersion conpensation
eleseninceapdnsaregygidhromati ¢ di spersi on of an

optical pulse input fromoutside, characterized by
conprising: a wavegui de guiding said optical pulse
froman input edge to an output edge; and _ .
2. The dispersion compensation element according to claim
1, characterized in that said dispersion compensation element
is formed by arranging two materials having different
dielectric constants alternately and periodically in a
direction in which said waveguide continues, and a plurality
of regionsdifferentincombinationof thesize andthe interval
of one said material existing in the other said material are

arranged along a direction in which said waveguide continues.

3. The dispersion compensation element according to claim
2, characterized in that a plurality of said regions are
mutually different in sign of chromatic dispersion for said

optical pulse.

4. The dispersion compensation element according to claim

2, characterized in that a plurality of said regions are
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di spersion varying nmeans formaki ng variable the

absol ute value and the sign of chromatic dispersion
given to said optical pulse in said waveguide. 2. The

di spersi on conpensati on engﬁpL_according toclaim 1,
characterized in that said dispersion conpensation

element is fornmed by arranging two materials having
different dielectric constants alternately and
BeEradlEAIfferent igi peder onf ichrahiadh csdidpameegni fer said
continues, and a plurality of regions different in
eBhbFRat PBASEF the size and the interval of one said
material existing in the other said material are

arranged along a direction in which said wavegui de

ont i : I [ [ 0 i on_ el enent .
ecor otb taoth S BEREAETeE MRERRY Reft gy co c1ain
@l,. LHI‘%JJ:'atd{:eq_'flz%Qﬁ dnr G083 88 @f%li%lnl do é1f1§%1?{]<5 'S ement
sign of chromatic dispersion £6r 'sai d opiica pu?se.
BomPBE st 8 BEEISE SHia EOERENSRI OB EbeNEPt R¢eRr ARG r, and
claim 2, characterized in that a plurality of said

r egi ofwidreegDORd 72 565 dhoviakkdial hya dhihiesendsi m(grder

of chromatic dispersion for said optical pulse. 5.

The di spersion conpensation el enment according to claim

4, characterized in that said dispersion conpensation

él enefite diampersiatesoripeosatiiondesprestoncobrding dd daim
nth order, and said regions are provided in a nunber

éf gharpytegizefdelini spaksporlesapéhyapriionaséteeations are
according-to claim 2, characterized_ in tha

- hat a .
pravafre Qﬁ“§5F6n96@?8ﬁ§QﬂﬁfhﬁF6@ﬁ&§&tﬂﬁmﬁﬁSaldOPtlcal
8{15_32 'enngplte t?oufrpdgpfhe%%felarelcstallf r%%i%%lsdir?%taln%aelm with each

other is minimized.

7. The dispersion compensation element according to claim
2, characterizedbycomprisinganenergysupplier for supplying
energy changing the refractive index of said waveguide
independently from outside for each said region of said

waveguide as sald dispersion varying means.

8. The dispersion compensation element according to claim
7, characterizedin that saidenergy supplier applies avoltage
to vary the carrier density of said waveguide to change the

refractive index of said waveguide.

9. The dispersion compensation element according to claim

8, characterized in that said dispersion compensation element
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pul se in the boundary between said regions in tandem

wWth each other is mnimzed. 7. The di spersion
conpensati on el enent according to claim 2,

characterized by conprising energy supplier for

suppl ying energy changing the refractive index of

sai d wavegui de i ndependently from outside for each

said region of said waveguide as said dispersion
faryhag crEmTs sed 2 Thendingpdish bl E6rpensadr earelengensity
gccordina toclaim 7, characterized in that said
ReRgy2LHpPPYEPUARGr i 88%a voltage to vary the carrier

densi t wgf sai d wavegui de Eo change.the refractiye

| ndox TrS SHRGF SV EdR HECE 9E T HEPRT KhRf of oFoLEage 18
i L . ai 8.

ERERERDELL0) EPAMERLEACES! ShT8 LoRRaT hlir i on

el enent DO017 SG 41 further conprises a term na
unit different in carrier density fromsaid

1BY egul d8pe 28808 dlothp RNV P&t £8fipaRBLY I AY Aromatic
voltage is electrically connected to said term na
dbhsperdfonPodi spebptoBagoppensat hpntekedRnbutside,
conpensating chromatic dispersion of an optical pulse
chpubcteoizodt biydepmpethatagteri zed by conprising: a
wavegui de gui ding said optical pulse froman input

edge a Kavegan deudpidiegge;l darplt déabendisent yam pinngnput edge
means which is different in carrier density fromsaid
haveguPrderdhdeAERésaPdri abl e chromatic di spersion

given to said optical pulse in said,maveguide by )
dispersion varying means which is different’in carrier

density from said wawveguide and makes variable chromatic
dispersion given to said optical pulse in said waveguide by
applying a voltage fromoutside to change the refractive index

of said waveguide.

11. An optical crystal characterized in that said optical
crystal comprises a periodic arrangement layer formed by
arranging alternately and periodically two materials having
different dielectric constants, and

said periodic arrangement layer is provided thereon with
a continuous defect part in which one of saidmaterial arranged
pericdically in the other material is made continuously
defective, and

a plurality of regions different in characteristics

associated with periodic arrangement of one said material in

DO017 SG



appl ying a voltage fromoutside to change the

refractive index of said waveguide. 11. An optica
crystal characterized in that said optical crysta
conprises a periodic arrangepent |ayer formed by
arranging alternately and periodically two materials
having different dielectric constants, and said

eriodic arrangenent layer is provided thereon with a
EBﬁt Phighsesetdl phi ta M ugttelrorie ofhisdl ¢ adet @cinglinuous

rr.anged eriodi,cally in the other material is nade
§AEFhuBASFy COREEBEEPYVBLCah@THS - ural ity of regions
different in characteristics associated with periodic
arrangenent of one said material in DO0017 SG - 42

e r Ri ' i rect. I i ch, said .
L ThIE e L By o e e b Al ho B acfiggizec

ORttcal hYSiah Seeas .é‘gaff)arﬁﬁé}ﬁéﬁélliaa\%gf adgtp%fdré%ty of

in that 1 n said period c arrangenent

BhuBatdd orf arsahdk i£0l PR rats- M YAl dysstifderantiel Hv sign
absol ute value or sign of chromatic dispersion given

b0 cnropit taldingses Whenyisaird tocophi 6t 1 Pyl S®uPASSASen said
t hrough said continuous defect part. 13. The optica
cpystall puteedpagste thabnghlsadtHaraeténuped defekchabpart.
another layer forned with a material different in
refractive index fromsaid other nmaterial form ng the

eriodic arrangenment |ayer is deposited on said _

éri otite ORtigAdemEnttal gperrding thelepm thi chayacilerized
acco ding to claim 11, characterized in that in said
bBngaFc BPFRRGerBHET| ApERedsHi b nltphGsdel different in

refractive index fromsaid othermaterial forming the periodic
arrangement layer is deposited on said periodic arrangement

layer.

14. The optical crystal according to claim 11, characterized
in that in said periodic arrangement layer, said continuous

defect part is two-dimensionally formed.

15. The optical crystal according to claim 11, characterized
in that said continuous defect part is formed linearly from
one end side of said periodic arrangement layer toward the

other end side thereof.

16. The optical crystal according to claim 11, characterized

in that said periodic arrangement layer is provided thereon
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defect part is two-dinensionally formed. 15. The
optical crystal according to claim11l, characterized
in that said continuous defect part is forned linearly
from one end side of said pefiodic arrangenent | ayer
toward the other end side thereof. 16. The optica
crystal according to claim1l, characterized in that
sai d periodic arrangenent |ayer is provided thereon
DObR 7 By 4an ofiditf fehendi dpndityoifépspntdenspryier density
ifferent in carrier gegsity fromsaid continuous
EPBcPapdr FONEFNUPHE BREPERI PEFYstal according to
claim 16, characterized in that said region of
different density has a carrier density higher than
at ' nt i fect. : The ical .

L7 5ot Bt SBsarang ToOaF aPEeRE RS caplln Teg Mk ffpri e
[ ; re r.e r :
PR R R s ST T Bty A St B P ens ey

BigherstAANCORRENsEt kaRdsS¥shemhliehsale@RELCRL Ul SE
propagated via an optical pulse transm ssion |ine,
characteri zed by conprising: an optical pulse pickup

unit provided on said optical pulse transm ssion |line
38d priokiopd iga lsar s opt acalo rplinget o prlepaghé e dhaira csaird zed
optical pulse transm ssion line; a dispersion
tdnpeataid bh npdiomprdyddédesrnsafddneptiyclahs pulassa larger
transm ssion line and giving_chromatic dispersion to
thanophpcarepsl eé prépagabEadlity o4 degpensal pul se
transm ssion line; and a control unit controlling the
absol ute val ue and the

19. Dispersion compensation system for an optical pulse
propagated via an optical pulse transmission line,
characterized by comprising:

an optical pulse pickup unit provided on said optical
pulse transmission line and picking up said optical pulse
propagated via said optical pulse transmission line;

a dispersion compensation unit provided on said optical
pulse transmission line and giving chromatic dispersion to
the optical pulse propagated via sald optical pulse
transmission line; and

a control unit controlling the absolute wvalue and the
sign of chromatic dispersion given to said optical pulse by
said dispersion compensation unit based on said optical pulse

picked up by said optical pulse pickup unit.
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sign of chromatic dispersion given to said optica
pul se by said dispersion conpensation unit based on
said optical pulse picked up by said optical pulse
pi ckup unit. D0017 SG 44 20,, The di spersion
conpensati on system according to claim 19,
characterized in that said dispersion conpensation
unit conprises: a wavegui de conprising a plurality of
Rgi ot ARG TS oni Fsasia b P vt @ afiogsemst ¢ claim
Lven to said,qg%Lcal pul se, input fromsaid optical ,
%é;s ITHATELETONN thet SRYDH TRFHIPR rpmsatgen unit
gug§£¥igg.energy changing the refractive index of
SR WAvY gui de i ndependently from outside for each
sai d [ f [ I de j tr.al uni
cont ol e S feebd IR 821888 P2y b L M nd Bk ga 11y
. t, _ ' ' .
T b e o T T el gyt e
sapde dEspRr 8508 6pTREASAHLI0BcUREnsAlssThE digRer ahan
conpensation system according to claim 20,
char ant esneagly | suphbde saf olr s SPEL $1 09 €COEPEPSEhAVPing the
system further conprises a data storage unit storing
daf pachiwhiicldexchasadiderd segesdefi nsizipenojehitdal £ poth et side
pi cked up by said optical 3 pulse pickup unit are
aesoenrahedapilt heghenanbuaeidf wvarmegyydesuppti ed by said
energy supplier, and said control unit controls the _
absol tr % ¢anke cdneni heondirgd sofhe kRt efdngersisopplied
iven to said opti pul se b¥815aid di spersion

a
Bie APPSR URTER L LRE GRIFRB 61t HeS GRSR Lot © PRAuS and the

%glg?gnct)f oghrsoarrlla iecngi%e?:bsti%nn%q.v%% ng seélegccgplpicsﬁ %ulse by

said dispersion compensation unit.

21. The dispersion compensation system according to claim
20, characterized in that said dispersion compensation system
further comprises a data storage unit storing data in which
characteristicsof saidoptical pulse pickedupbysaidoptical
pulse pickup unit are associated with the amount of energy
supplied by said energy supplier, and

said control unit controls the absolute value and the
sign of chromatic dispersion given to said optical pulse by
said dispersion compensation unit, according to the data of
the amount of said energy obtained by referencing said data
storage unit, based on said optical pulse picked up by said

optical pulse pickup unit.
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storage unit, based on said optical pulse picked up by
said optical pulse pickup unit. D0O017 SG 45 22. A
di spersi on conpensation system for an optical pulse
propagated via an optical pulse transmission |ine,
characterized by conprising: an optical pulse pickup
unit provided on said optical pulse transm ssion |line
and picking up said optical pulse propagated via said
opt i cal VptRYES I MR 19 hesS Y R Fropptical pulse
conpensati.on.unit proyvi ded OE said opti.cal, pulse
PPARSARLSOR LR AB RRALGRYI RELERr SRAREELaRdpeEr 4i9f t o

i.cal pulse propagated via the optica
%Egﬁgﬁfégﬁéﬁg|#xe? mggagéHQOItage control unit
contrgl I i.ng: npl | - dj Si .
conpe%éaé%%yni%%d?%re %h%dgglg&lt glfrbgfflgiac i%\r/ne S%qr?ldé)?tlcal

phisai drdhspessign coARensat b9PxkYALt uBY s\ét%ybggi%& pulse
carrier density of said dispersion conpensation unit,

paspdgatadsaid eptHCaptrpPuhsephicked rHRshY s§abeh ARkEGA
pul se pickup wunit. 23. A dispersion conpensation

met hod dibareactien zedpbysatienonipt ipsiovd ddieoftepsd @fctical
pi cking up an optical pul se propagated via an optica
pulse tramsmnission lime;amdteirmimg mg tdmesabsaliwpersion to
val ue and the sign of chromatic dispersion given to

the oppticed Pkl ser prapaled #davile el dcabprhvamnipglion Lime;
transm ssion |ine, based on said optical pulse picked
#pd and

a voltage control unit controlling a voltage applied to
the dispersion compensation unit for changing the refractive
index of said dispersion compensation unit by varying the
carrier density of said dispersion compensation unit, based
on said optical pulse picked up by said optical pulse pickup

unit.

23. A dispersion compensation method characterized by
comprising the steps of:

picking up an optical pulse propagated via an optical
pulse transmission line;

determining the absolute value and the sign of chromatic
dispersion given to the optical pulse propagated via said
optical pulse transmission line, based on said optical pulse
picked up; and

varying chromatic dispersion given to the optical pulse

propagated via said optical pulse transmission line, based
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varying chromatic di spersion given to the optical

pul se propagated via said optical pulse transm ssion
line, based D0017 SG 46 on the determ ned absol ute
val ue and sign of said chr_on&aéi_c di spersion. D0017 SG

on the determined absolute value and sign of said chromatic

dispersion.
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