1 - 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 dispersion

conpensation 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 rec flgta comuni cati ons
; (%%E fﬁﬁ : .
have been under shift éy aé%TV|a optical fibers and

accordingly, the data transm ssion speed has been
enhanced nore dramatically than before. It is under
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transm ssion speed of 160 Gbhit/s which is nmuch higher
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using ultra-short pulses in such data communi cations

via optical fibers in near future. Problens of

crosstal k and transm ssion errors always acconpany

Testha ismidiedat | ons, but as the data transmission

speed is enhanced, the width of each optical pulse and
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each other spontaneously decrease, and therefore the
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' i terial is
éﬂéf@%éﬁwhig %Jﬁg@gggiééﬁégﬁgkfbg?spersionoccurringwhen

an optical pulse is transmitted.

Background Art

Inrecent years, data communications havebeenunder shift
to those via optical fibers and accordingly, the data
transmission speed has been enhanced more dramatically than
before.

It is under consideration to conduct communications at
a transmission speed of 160 Gbit/s which is much higher than
the current transmission speed, or greater, using ultra-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
spontaneouslydecrease,andthereforetheproblembecomesvery

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 material ssuch as gl ass, _

sem conduct ors andoptical crystals, the refractive

index varies with the frequency of light (wavel ength

inair) , and therefore the speed of |ight depends on

the wavelength. It is known that due to this

wavel.engt h ependence of .the refractive index, the, ,
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wavel ength of light 1n this way i ereina
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di spersion. As described above, the waveform of the

tojet iredrautlise dirsiadi staoried wnch thee tff@q&@ﬂ“@* hoof1idmer
optical pulse increases while the optical pul se
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signi ficant problem because the tine length of the
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speed. However, if the data transm ssion speed
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interfere with each other, and so on, to cause
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to as chromatic dispersion or merely dispersion.

As described above, the waveform of the optical pulse
isdistortedand 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, i1f 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.
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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 waveguide
(continuous defect part), whereby only |light having a
specific frequency passes, and a wavegui de node gi ving
specific chromatic dispersion to the |ight occurs. By
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Sept enber 24, 2002, p. 917). In addition, a technique
auamlaﬁlcopftnarpierfqybgrasscbé f raed | owareduhde asode giving
di spersion conpensation elenent is inplenented as a
speidiigr ehspmipkar dspémsion tchéhphblioht ocaoryst aBy using
This is an attenpt to conpensate chromatic dispersion
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grating pair have cone into w despread us
Seeckaibgues 49r @ dort,enpded 1for, 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 using a 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-shortpulselaserforphysicochemistry,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 ssi on speed cannot-be sufficiently
accommodat ed by sinply using the conventiona
chromati c di spersion conpensation technique described

cgjgrgjve% a-@i%g gn?ﬂg(ig{qgggﬂ:?vgl&ﬁ)? rﬁén? nef 'SSU|etrSsifc%rrg ste%e, for

endency §é of an optical ~pul’se on
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pol ynom al expression expanded with terns different in

or deHolp@wR!, EREEXErointiecyayet engtthart-BnamgektdnnNspeed
wavel ength at the center. It is known that the

azoefdt dieerdu fffi ditent Ise corebmnalds t ¢ @ rivy cotmesponssnd Ot he
the | owest-order chromatic dispersion, and as
oefdritdicammt]s dfrarertinss ol i spdsseiuentompe®sstion technique
coefficients of third-order, fourth-order and
deFaHmdacoverms fol l ow (see, for exanple, Keisuke
Qgawa, "Measurenent  of U tra-Short Cgtical Pul se"

Ul t FRREGH Spakemehi 6 Slspersricest Teehhs drertdrideprndency

' Co ti , 31, 2003, . Chapt 2, 2.4).
ISR b LI 3, 2000, Chabl 9 2, 2.8),
SYBIALOD SE NPT LS PeroL QRS oo cergranec

di d, ' ¥
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aﬁﬂ%ﬁ%?ﬁé‘ﬁﬁ?hﬁii’;@m?ﬂ é)F};%ﬁc.tlé’d Wi %%%%cf ahffereﬁlt in
ptical pul'se I ncreases. _ us, as the
order (power index) of the wavelengthwitha certainwavelength
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, Keisuke Ogawa, “Measurement
of Ultra-Short Optical Pulse”, “Ultrahigh Speed
Optoelectronics Technique 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 theopticalpulse 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 conpensation
coefficients of up to higher orders are conpensated
over a broader spectral bands 4n the conventiona
chromati c di spersion conpensation technique using a
photonic crystal or optical fiber grating, chronmatic

ﬂya J%kgﬁngﬂﬁgg%%%?Eggégggg fa&s%%%%i%rd%% ?ﬁ%hwaggform

secon u er,” ’however, ~Cchr oima
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using a broad spectral band cannot be achieved. An

diinigeaty e peed: |AngeCRPAGiecoRil Gadnd| ber

transmission line is designed so as to have an opti mum
opti Gal thputsevénahsnaisthnonhataciespsirstohncbhsehfation
That is, it is configured such that chromatic
tdicipersgiconsisgzerhdasntihecegsicré ot raisindskifabvelr geat ing,
However, for exanple, an optical fiber transm ssion
qhneaatig dispetivd oseaabope orerpendrte¢d Ko nmadepader such
fromconditions wunder which the optical fiber _
A5 SRR ISsFBAT ORI Whe T AF £ e B OWEY SitnfFhicHeaisl @flispersion

at nosph C pressure, vibrations and the

BT HF S SR AT D PR GHRRTES Ol e or?
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band cannot be achieved.

An ultrehigh-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 chromaticdispersion is zeroas the entire
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. In 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

DOOQ17 sSG




conpensati on vari abl e i ndependently of the absol ute
val ue of D0017 SG 6 chromatic dispersion when the
chromati c di spersion changes between positive and
negative signs. This neans that it is difficult to
cope with a situation in whigh-the chromatic

di spersion val ue constantly changes around zero

bet ween positive and negative signs. The "positive"

i ' ' Lndi h he,. d, of
LR S TG S LW NG —

I NCreases as e wave

5&%%%946}5%;#&&@"55&%' §9§@§i§£%ﬁ§giv Les F%%%ts LRt it is

spe g ecreases as el eng I NCr eases.
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technical problens, and its object Is to provi

ddispRelsSicen vaO0erprsrid-et 18} eifiige A USRI SEON between
conpensati on systemand the |ike which can enhance

phofse. thirvan smds siega tipeed iafnopt i cal  pul ses. Di scl osure
of the Invention Under such an object, a dispersion
conp@&hsatposi el extnthrafatt hre dirsgsardti dmiedtiicanes that the
conpensat es chromatic dispersion of an optical pulse
spreet of ridrahdui srdeasanad s $hehervelengzbdirmyreases, and the
JLonmprising a wavegui de guiding the optical pulse from
AfJehge” ehgertblandbeppusiedgendbert ef Sheartsitdie speed of
Vahxiﬁg neans for king wvariable the absol ute val ue
138 LG 5t a@hgg’ﬁat‘“’laé’elrﬁ%é‘r SIS RASAST to the
optigal _pulse.i.n the waveguide. In this , by maki ng
var | ABFBLERETSHIIEITE VA 08 PRRE MAIRPET ghobre v G kel
[ i 0 [ . ti.cal pul.s by, .di_ spersi on
pggﬁggﬁg’nggggﬁ%gié%@%%ﬁbﬁgigﬁbgﬁéﬁ%é%1%xﬂﬁ%ﬁ%kSlon
compensation element, a dispersion compensation system and
the like which can enhance the transmission speed of optical

pulses,

Disclosure of the Invention

Under such an object, a dispersion compensation element
of the present invention compensates chromatic dispersion of
an optical pulse input from outside, and is characterized by
comprising a waveguide guiding the optical pulse from an input
edge to an output edge, and dispersion varying means for making
variable the absolute value 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 chromatic 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. Dispersion varying nmeans having any
configuration may be enpl-oyrd; but the dispersion
varyi ng neans descri bed below is suitable. First, the
wavegui de can be fornmed by an optical elenent such

Byl 0 PR Ee: 8 DAL LY 1) KIS PR Bl o rormea
ffrgﬁgﬂrg;@&y%#gaéyi&géﬁggyn ng different dielectric

{
constants, and the wavegul de can be fornmed by

cont pRYRESkY o %gkpgnﬁnﬁe%geﬁa%n@xaﬁpl B8nENghiP8tion may
other material. In the present invention, a plurality

¥ ehpUb0BE, Hitf ERETilsddY Ll At ol Bfat HeleSicza kddbe 1 ow
the interval of one material existing in the other
iratseriitalblar.e preferably arranged along a direction in
whi ch this wavegui de continues. One or both of one
mat eFiiak tanth¢ e vetichedenaaerbalf coamedby\ar bpd ifcarl element
each region if it allows production. A plurality of

S oy dar magenle hay eharual ¢ yeulysfakent  signs of
chromatic_di spersion for optical pulses to provide

posi £ PGePARGCREGartVEtrdgiicnL OTRSS drvald i e tedgi i
can he made different in order of chronatic
RSSO  GHERGta 8 TS 1T iRy g, AL fTerent
SIS Comelial! S PRSI Yo tomea by
B S Y L CPEnS I Nl e
nfa¥e 880N Ofdern9fpresent invention, a plurality of regions
different in combination of the size and the interwval cf one
materialexistingintheothermaterial arepreferablyarranged
along a directioﬁ in which this waveguide continues. One or
both of one material and the other material can be varied for
each region if it allows production.
Apluralityofregions canmade tohavemutually different
signs of chromatic dispersion for optical pulses to provide
positive and negative regions. A plurality of regions can
be made 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

chromaticdispersionfortheopticalpulse, avariationbetween

positive and negative signs can be coped with for each order
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chromatic dispersion for the optical pulse, a
variation between positive and negative signs can be
coped with for each order DO017 SG - 8 thereof. In
this case, the above described regi ons can be

provided in a nunber of 2(--dl)-as long as the

di spersion conpensation el enent conpensates chronmatic
di spersion of up to the nth order. A plurality of

Hﬁa¥e99§ p&8V£H§g Egséhléhﬁa Slecﬁrgégggg%%reQLSVIdggn be

n an arrangenent ron O I Ca

p‘ildeS_L%e fi‘u %Oll‘ﬁuﬁjr@e& bat ‘C”rﬁﬁ'ﬂ_-olr egslé)@m#(f %@n&?@a\isﬁer81on

each IS mnkmze r each e region
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electricity, heat, pressure and the |ike from outside

tKStm@ommﬁe@fh@&,changing the refractive index of the
wavegui de, whereby di spersion varying neans for

fr eeBy varaliing ¢ hecghsalsuyb sovaded ianthiheagiagre wfeferably
chromatic dispersion given to the optical pulse can be
prormeigd By sappryangenenst| imgdiath rhéleneigy slipple eptical
the carrier density of the wavegui de can be varied,
PEAG S Ak & BPPHadarYebetweaeR 1fg idies wavbgodes widmh pach other
changed. In this case, a termnal unit which has a
isar¥iidmigsssity different fromthat of the waveguide

i's ef erably provided. The enerqgy supplier for
app%PﬁgeﬁﬁE 901 £age P eree ﬁnc%nlef%pp RBISER i

e. crgsta e OtO

e e S e SR TRV SF IGrboLPy ST al it s eBaure
o TS PEOTRAR AR Ao pgfwlaécy Pl SERALA &y the

crys s as lon
refractive index of the waveguide, whereby dispersion varying

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 enexrgy 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
applyingtheveltageiselectricallyconnectedtothisterminal
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 comprisingawaveguide guidinganoptical
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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 waveguide guiding an
optical DO017 SG - 9 pulse froman input edge to an
out put edge, and dispersion gvarying nmeans which has a
carrier density different fromthat of the wavegui de,
and makes variable chromatic dispersion given to the

tic ul.se.in th vequide hy applying a vol.tage .
PP e gl ebBra gt 8 rEr e Rk OC oK hAE Bt ph %8s om

. [ o h . L ener s

'\}(/%ct\ﬁgﬁ ﬁlg_a SM}E&& 'ﬂatsfg C%Wrglr% gén%%ﬁ?aﬁfﬁf@r%ﬁ%ﬂ%&n&lhat

pul'se i nput Fom o npensate

' HAREORRRNSAld i S0t i
iﬁ%ﬁfgﬁﬁﬁgg&%ich a pIuﬁg???%§%$QFggﬁ§$§¥%§%ereﬁ%ﬂ?gglven

P RPieN8bt0Ba0f philge Si & e e eyl e MA@l ARG a voltage
mat eri a existing in the other material are arranged
falcenguasideasd changent i@t ddmiane gudde e rhicgseguide,
but may al so use a photonic crystal having only one
whegicdm likei ngramatngl @i spabs hat i o thef ophd cailzeuand input
the interval of one material existing in the other

frrgte udis 1dEhe prassmangatasht i on may be considered as

an optical crystal itself such as a photonic crystal.
That SP&§D & AéSBREFéan CARBAaAt igin ehempnederit uppveRRPbRNic
conprises a . periodic arrangenent |ayer forned by
C&Iﬁ%ﬁﬂat@ VR FeRidtidd iy chrremithy bt eateki B s
hayi.ng .di ffer di el ectri onstants characterized
FREARIR (o G 10 HIT drigenthto] ikror o0 material
sy, o8 FIEIER C
SAVCHET ¥ SEhelirohiFhei: REFMBbEEime & Ahgeotion
iGORhE BHAUR % a98H8G WV Bont inues, but may also use a photonic
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 itselfsuchasaphotoniccrystal. Thatis, theoptical
crystal of the present invention comprises a periodic
arrangement layer formed by alternately and periodicalrly
arranging twomaterials having différent dielectric constants,
characterized in that in the periodic arrangement layer, a
continuous defect part in which one material periodically
arranged in the other material is made continuously defective
is formed, and a plurality of regioné 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 characteristics associated with
periodi c arrangenent inclutle the size, the interval
and the |like of one material arranged in the other
material. In this periodic arrangenent |ayer, a

Pl ur ah bty 0% S8 QRS - égfgfg@9h¥hg%yﬁ§dﬂéarrangement
n chromati c

di fferent 1 n absolute value or sig

i9cIReSkAR GiYEN {19 the: OPfd CalnPYHe 1WRRNENERe material
optical pul se passes through the continuous defect

aRdEhgedn iopihealteystaltgamnial so be formed by
depositing on the periodic arrangenent |ayer another

| ay e nftorimgsk middi @ar pahgeinahtNavwiarg aplakbadtiywes regions

index different fromthat of the other nmaterial

afrer predetrbblypeniiodh tl pradanferent drapdsollie vadtienobusign

defect part may be formed three-dinensionally on the

ofechodhetacr ahgeeepionaykyen bt ther ebdriaslly putl seswhen the

formed two-dimensionally for inproving the ease of

Opfié Cdds Pt S&n @ 3FE6du TN I Fdh e moddi e st eg¢heoart.

contjnuous,defect part is faorned linearly fromone end
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m%%%tr'l%liollﬁxtfgﬁésag%e?: ?%EF%@X :Pr?dé}? rc{].ﬁfgferrgegll% E%o%&rﬂ& 'o% the

arrangenen S case,

S SR IS K A MRS, AP Rl e

The continuous defect part may be formed
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 continuous defect part may be formed
on the periodic arrangement layer. 1In 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 termnal unit. In this case,
the region of different DO0317 SG - 11 density
preferably has an area |larger than the areas of the
plurality of regions described above in order to

d%%% % tr%%er%%ﬁ%t Blg rgflelgégs aar%%rs é‘F j:ﬁ'le areas of the

| nve e COﬂSI
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via an Optl ca se transm ssi on

dicshperis g Gumensation systemin this case picks up
the optical pulse propagated via the optical pul se

tr an.&‘médpj:@ébﬂlt R VB tEbrORaCBE PN SRIPHEK WS aW dpersion
provi ded on the optical pulsSe transm ssion |line, and

cgimpes s adtilcoimetyist et $per ahobptackepabkecgkopibsted via an
propagated via the optical pulse transmssion |ine by
ofte cdilgper 2 bnagsmpessathildme .unThetdd spepErsat@mpensation
chromatic dispersion. At this time, the absolute

syatga and-hie casgrp bt ke hothe @p’dl@@bmlcae girepagated via
the optical pulse by the dispersion conpensation unit
theeop é%@b@@&sgoW&WmJe@SbynéwY@n eRit i chhped serpickup

s Uit o B el @ﬁ‘i@?@%{mhef’f%%fcﬁ}'mﬁ%%nd gives
id

C?léfga%s%nﬁ%ﬁfg? LRt o opht et %ﬁ%ﬁ&tﬁ%ﬁw the

ST e SR LERLPULSS LN LA L8 QPLL SRl o on

ransm SSi on ener

'n'l e@%”?&tﬁ%}éﬂsg‘t’@ pél'y €Pe rc@’sp‘?%%rpg the fekr E‘ﬂnév the

ex o e vvavegw rom out or each reg
a‘b@%lute value and the sign of chromatic dispersion given to

the optical pulse by the dispersion compensation unit are
feedback-controlled by a control unit based con the optical
pulse picked up by the optical pulse pickup unit.
Thedispersioncompensationunitmaycompriseawaveguide
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 dispersiongiven 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 pulse by the dispersion
conpensation unit. DO017 SGi2 12 The di spersion
conpensation unit can further conprise a data storage
unit storing data associating the characteristics of

h i gal I icked b he. ' | .
L T
' ool thi: t ! '
U e Sonld ol ML 38 U o2l W

ERARGH11 31 S o Bt Hh 8p9@§:ia_‘iaﬂ>u]?§‘%iﬁck@cp{ﬁg%f RuYohPecal
e. 1 pre-c

optical pulse pickup unit, I. npensat i on

RRideCad c b 8818t RedmdyinoRE Lakr8Y Ul i &Pbl&de energy
pul se, and obtains data of the anmount of energy

ssipipiliiead Dy tHies eneegytiseipRintafol Thet cantddnds tthe data
then controls the absolute value and the sign of
stlorenet 1ol dbspedsonnhgi vienrd ot et het bpt icfat hpuwipdd dayl pulse
t he di spersion conpensation unit based on data of the
Pamst U benhdhgy oPtheadr gndrite iphatg omitmy bee. the
considered as a di spersion congensation systemfor an
PESiCOAIP A E Opr Opad&RedPilgeanbtaphedabypupsétoring this
transm ssjion |ine, conprising an optical pulse picku

ORFC Rt 2B PG 10511 OF HISARP dHs RESHGTY FheD 2 ed
09 pBLE LR R0 281 L Pl PSS Y ORRIRLES VL H1S) . e
<SR ATUNS LSO 05 OB ST RUSE, ipen o
cHUEBEL LR CBM2 PLAPILEL o0t ReppBFLEILPUAE nacec
on data of the amount of energy.

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 based on 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 dispersion conpensation unit
based on the optical pul se piacked up by the optical
pul se pickup unit. D0017 SG - 13 The present
invention nmay considered as a dispersion compensati on

S B I L TSR A B
{
4«#& PR e a0 SIS o

ase :ﬁﬁh\@ g;ptl ;%gla%%ﬁ Galy %IH'CEEEEEQESghgé\l?g?réhgﬁlssmn

lleHéJ-nHétErﬁhﬁ@ﬁ?%kﬁ‘aﬁé&?ﬁtb%élﬂﬁe aﬁetﬂr@gleﬂlosfechromatlc
propagated via fhe optical pulse transmssion |ine

diaged oot hei wat erdrded ebsobat eplym,@ep@@?aw@eal gDaofhe
chromatic dispersion. Brief Description o

davgaigpllsd thansmd spEspadiney ®avieeWoshewengptheal pulse
configuration of a dispersion conpensation elenent in
pivledrpdiarshtvar Fng @frisaaicedispentivhegivént he the
di spersion conpensation elenment; FIG 2B is a plan
aptelgadf PRlGe pAcPEpEted via atfp@rcwgté@talv@u\hsewtuanamlss1on
core layer; FIG 4 is a freq uencX wave numnber

&ese&d o hedveermined steselat e fakemad ithe sign of

mave U|de de between regions of (1) and (I1); FIG
BIRRTOrEhi p bet ween a normal i zed wave

Brief Description of the Drawings

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

FIG. 2A isa sectional view of the dispersion compensation
element;

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

FIG. 3 1s 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

Brillouin 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 cl osest
to each other at a boundaryiwith a Brillouin zone;
D0017 SG - 14 FIG 6 shows the configuration of the
di spersion conpensation el emrent where dispersion
conp ation. of Itiple orders is perforned, wherein
FIC TaRi & &ha‘%?n%ﬁee ONAHS st Qhaydie PRI OBB
shows a difference .in wavegui de npde between regi on
TR S BET e ST O BITHET BT WGP 7 SHaR spbn

[ f. ' der.s i.s. forped; FIG, 8 _.
e R e P R R i S F TG C o k7 gn et view

SOFRENSALd 91 Byst ey G 6851’%@5 se§iFpoaln YL gy waveguide

showi ng an exanpl e of the spersi on conpensati on

lemntcwhase-dgfdmet i ve index is made variable by
varying the carrier density of a defect wavegui de;

FIG FIG.i 3 shpham doaipesRewikth atiexdmlewhbrbth@ispersion
di spersion conpensation el ement having a cross

cegidrora tsitorucifumer shigyire drddd €6, 19, pdtforidd} s a pl an

vi ew show ng anot her exanple of the dispersion

conpéi&at 8 crhat e iévet ohblingdtdentigssasichicha dispersion
structure shown in FIG 9; FIG 12 is a perspective
GAMRESIIWATY Ststdmianot her exanpl e of the dispersion
conpensation el enent having the cross section

struftfre IsHéwA SRCELERag; Vigy showing an example of the

dispersioncompensationelement whose refractive index ismade
variable by varying the carrier density of a defect waveguide;

FIG. 10is 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. l1Zisaperspectiveviewshowingstill anotherexample
of thedispersioncompensationelement havingthe crosssection
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

I nvention This invention will be described in detail
bel ow based on the enbodi nent shown in acconpanyi ng
drawi ngs. D0017 SG - 15 ElGs 1 is a view for
explaining the outlined configuration of a dispersion
conpensati on el enent constituting a dispersion
conpensatipon systemin this enbodi nent. .As shown.in ,
FI GRE L8t 2, VL iF 8 &6 i eRE Gt e8] et gtrat ion
(di spersion conpensatian _unit) |1.0OX conprises a .. .
b AP e 8r g LT B er S0 S R o B Er Bu T Cheehdh e ion
A £ TR, ERETGY SUAPIdfifd Gr ovi ded on one

Side of t

e pHotoni ¢  crystal unit " The photonic

cryshal sHkh 28 Bagsa ¢l addl ayen Qi dompah 319 on

a core layer (periodic arrangenent |ayer) 23 deposited

QR U bEtilsted SAbn tdigydiisdtiale Zlid)s fox nesipthsed 04
exanple, silicon (Si) , the clad layer 22 is forned
phdtora stk iyeonal axiide20faddmaS 029t osds i (ldiepr rmiitoh derying
film and the core layer 23 is fornmed with a silicon
rmeyayst,abné Sy stpatl ilex ) a3 @pebgdtedoon materidd of the photonic
mpurities are added to the substrate 21 for inparting
ceorsdgct iwniitty 2thereto. As shown in FIG 3, holes 24 are
fornmed periodically in the core layer 23. In this

way, ThEPhSraniageyspal vgitortieds & pladeryainfn@r layer)
that two naterials having different dielectric X
%ﬁgtﬂawgreﬂew%t(ip\%%%ig@xégyaa%mspw%Iél ¥ 3afgposited

on a substrate 21, the substrate 21 is formedwith, for example,
silicon (5i), the clad layer 22 is formed with a silicon oxide
film (Si0Oy) 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 fermed periodically in
the core layer 23. In this way, the core layer 23 is formed
in such amanner that twomaterialshavingdifferent dielectric
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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periodically arranged with a base material (e.g. Si)
of the core layer 23 and a materi al 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- ad v in the core layer 23,
but also in the clad layer 22, but this is for
production DO0017 SG 16 reasons, and thus hol es 24

b | a ore |ayer 23. _Hol es
SISO 13 LOCEholE e YN B0 1R

fsesetefan neg, radius (size) r, and are arranged in a
formof a triangular grating having a regul ar

tri angllesasda fotrideccald theangdholies &4 i HAN Ty
cell are spaced at predetermned intervals (length of

mnelsigeniofed tadiegul(at ze) i BNGHR) ade dRRa60E8 1RYLKZR of
conprises regions (I) and (1l1) set so as to be
drtrfengniarmprading havand 4 negulalr ar dinghe shok @ird4 cel1,
descri bed above. In this core layer 23, holes 24 are
qrssthalies Kl é& 2achapsitoradd) akenepabydcant pnedest ymined
in a direction of cutting through regions (1) and
HIEVakfer QP ff 19 s ext thewveggulber triangle) a.
(wavegui de, continuous defect part) 25 is fornmed. In
the pRGLSRTE HYRt 45 GRS RabPRGoBGcHTh and (51) st oo
onfiguration ot her terials having different
erranti Vet X es BAE n ™ RS Hppe "Rhe [ note 24
f e core |layer 23, respectively cl a
ﬁ%ﬂgﬁa 2 gﬁx%%? | ower side and air on the upper side)

vl i i ' d f,th
o 1P SRR LI el o0h 00

aMal Fermetlh ecihdgral e MPRSEs1ly in a direction of cutting
through regions (I) and (II), whereby so called a defect
waveguide (waveguide, coﬁtinuous defect part) 25 is formed.
Inthephotoniccrystalunit 20 havingsucha configuration,
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 £rom 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 receiveschromaticdispersion matchingthe 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 receives chromaticdispersion matchingthe 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, the light receives chromatic
di spersion matching the raditgs_ r and the interval a
of the hole 24 of the region (1) while it is
propagated through the region (1) of the core |ayer

dihe |i . h o di .
rnabenfhG {mf;e;%%?é?%%é%&%e@%fer%é ‘%gﬁ%i‘%ﬁé%bﬁ?mawhne
.a of t h 4 t ' N i L
i ST op Ry R b bROLHE TRprewicn f 1) hafhat
ilsS 1|i'g91tEt e§é5%h§g fEBRchQedQ %E?ﬁt w%@gggyhgeZ §5?9f tlIlQeCOI'e
coreé” “Tayer ecelves chromatic dispérsron o

1GQE @%drE@€F98§ cﬁk%méegc(&i%peﬁiééﬂo&\@ é&nlﬂlﬁ%do)%egions

and 2, the electrode 30 is provi on one si

(tzthe gpot@mic crystal unit 20, specifically not on the
substrate 21 but on the side facing the core |ayer 23.
The mkeshowdlelBEIGES.I nt endedl, fidfe sURPIHIME 80 §Yprovided
changing the refractive index of the core |ayer 23

ofr one Guitds dé. then phidiion ienbedsmeitynas Athespkedtfiad@ly not
30, electrodes 30A and 30B are provided i ndependently
oontherswsdondendd it hon Héver egidenacing el qolde) layer 23.
respectively. An electric power source (not shown) and
TaecsRECSIPEe 30nbe shbanyicdoher oPIPREYiRG emetey @fanging

yoltage applied at the electric power source are.
tag &f APFYLEBNhBEEE AT - 1t cATDdEYCBBAR skGM3pRESide. In

Y SR ARELELEN el X0, a5 LU L B0 nc s0m
a%%’oﬁﬁ r C?\p Pd &4 q.nhg% e%%%%‘i:rl%/t & c2:]c3 rI%ae\éip%% d%%rclzdeuvg { Jc 1)1/ itth)é’ r c-tz clgq 1e ons
(I) and (II), respectively.

An electric power source (not shown) and a controller
(not shown) controlling 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 appliedbetween electrodes
30A, 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
dispersiongivenatregions (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 el ectrodeg30B of the region (I1)
are individually controlled to vary chronmatic

di spersion given at regions (1) and (I1)

i nde ende nunldléfer5|on

compinEaersites BEAE fedt COBLF SRS LR g o

SALeL o oL SRR, COMRERSaN o A BN k¥ snea.
As dggcaéé@&tpécﬁékgvlﬁg% %?xhecﬁgtéﬁéﬂcﬁtélzlo%gt%}% photonic

photoni ¢ crysta I con

&%tadlnmgls fH&ii&rletd ﬁ&thsglpﬁcéﬁ mv)e c%%%‘htlh\g* iﬁ{pukh@les
cl'ad | ayer 22 is formed wwth a silicon oxide"f

dS2} o Hawd ldgRudtitwiide, tardcthe Toyer 1ayiey f%%mle&l with
formed with a silicon crystal (Si) that is a

disellacbni exhatefihh. (SE® )t birckhesses roft # e cladi kageeore
22 and the core layer 23 are 1000 nm and 220 nm
Iresspecid vigd yornmBtesal tthix kaieksisem ofrydea k| 68i) ayeat 22s a
and the core layer 23 neet a condition with which the
dirsgdriitarise medde iGfl + h8hgetbéckneasegurdeths rFdadi hgher 22
(23 nmto 240 nmnmith respect to transverse electric
a(”F\E)th;?oPQFlezéﬂYPFg%@)ar%]sQQﬁ A eRgk 228f Pllet Foapectively.

air core |la 23 and the cl ad
Saergiﬂgﬁff‘%éﬁtsea %éﬁaa’ﬁréaﬁéf éﬁda%lfafbe core %ayer 23

RE0E e tiert PR R RIS R Ry eBarf B detect
f
ﬁ%%? %é§% asﬁn%?%%ﬁ?%gﬂto%ﬁﬁﬁhﬁ&ﬁékre%ﬁ@é%képgaﬁgggrse

electric (TE) polarized light).

Assuming that refractive indexes of air, the core layer
23 and the clad layer 22 are represented by Nair, Neore and Neiag,
respectively, they are set to ngir = 1.00, Neore = 3.50 and Neiaa
= 1.45,

In this photeonic 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 is formed on the material forming the core
layer 23 by dry etching. 1In 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

(IT) 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 pertion of the hole 24 is
constituted by air. Holes 24 are arranged in a form of
a triangul ar grating having a regular triangle as a

“%Q?%a&%%ﬁ&%ﬁgﬁr o8 d%étlt@@ nt ﬁfgé %b%:)f%ig%f@%ig?&himn

| F 473 ||
oo Sﬁoﬁ%' ot o%asﬁ”%sn% Taofes U8 ifler Ml SALRD  Cithe of
0 DSTENtogl (/07 0o TRd Menual of BELUEER: 2o cne

es 2 a jacent at t Souna: ary of region

b@hhha&%e fﬁ} 1éﬁs Sgﬁ&'@fltn%%e the . V?jQ% Qﬁzimgr than

|'ar ger “peri od of the trlangular grating, i.e

thRevsBhe el YRy agUigde gori 88 uubhwh ethddwhdr hating, i.e.

propagated has a linear shape forned along a line
4R3- B2 W The tib€ektneaatghhaecesdt @hroanth Whishdefiett is
wavegui de 25 is forned by filling (making defective)
pirivpalgelted2iaef a tlhergaayisbapgl formadanl anpuntl iequbiaP2ntith
to one hole. The width of the defect waveguide 25 of
tﬂ%lmgﬁdntbem)en@emaedem ded edtavaveguhde e gisobormed
(1). _The length of the defect waveguide 25 in each of
byediidhdngl )(mahanelqle;fﬁﬁ%tlre)@ nfhamPthe 4 @tfthPeﬁ@ghOBf I)
.the defect mave%plde 25 in the dlsper3|on conpensat i

1@1 o ﬁqausl 33671 LRITBS Bodiows THOVF BT GIE Che detect
BP9, SRR 9L SBRLSL O UREORLL e cne
region (I). The length of the defect waveguide 25 in each
of regions (I) and (II) is 100 pm, and the total length of
the defect waveguide 25 in the dispersion compensation element
10X is 200 upm.

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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Regions (I) and (11) of the photonic crystal unit 20
each have a band characteristic characterizing |light
wave propagation shown in FIG 4. In the defect
wavegui de 25, wavegui de nodes of branches 1 and 2
different in sign of curvapgre are fornmed in photonic
gaps. The longitudinal axis and horizontal axis of the
graph of FIG 4 represents a frequency of light and a

TEREEL R S S e oo T Y Fe S0 T T e
épgr gg'tagq%t % Pl Aot R NG 2 zﬂ.’ AL or 2.
(1) @\B%lehls) Bf §n§e(tI1910a§§ sk® heaautdpl %t@hflflg;ﬁgfféfent

radi usr and interval a of the hole 24 so at 't

iaaditls handppatesiee Brarchhd helgeperabethhf tRE mode
region (1) of the defect wavegui de 25 and the node of

dihehkouwppesi steddbranaith  is generated im dHe re@@iodn (I) of
(1'1) when the central frequency of an input optica

e defestavspegiide 25 egdetrtey mdeer ofhehavdvwegit dédanideanch
there are cases where branches 1 and 2 are closest to
leashootperted izetbewaeeinunbel) atieshdwe centERG fBAguency
where the branches are cl osest to each other at a

OBr iF FEIE Bz SRS Is6Un draryB Sast Ss o i & ¢t 1R G, £ BBIuiel bot h

cases are applicaple, but this enbodi nent covers t he
phot EﬁFct%?y‘gf‘é%uh%%.r@f@ﬂ%rh&W e FrSERcYhBrePprpnches

1[ ﬁps%%@e:cia%égﬁ 1 petaained © ererat %ﬁgﬁq%per 2 shown
QF%%%?” % eﬁﬁé?% é?é%pons agg1€ig¥é Fc oERer at

rport an ip, spee

g Bgﬁﬁlbﬁlﬂrﬁ&?@@o%daquogghsk?m@t:ﬁ{ k8.1 83, and both cases
areapplicable, but thisembodiment covers the photoniccrystal
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 or air, the freguency-wave
number characteristic has a linear shape, and the group
velocity is constant independently of the freguency, but in
a material such as a glass, semiconductor or metal, the

frequency-wave number characteristic does not have a linear
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determined. 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 gradient (differential coefficient) of a
frequency-wave nunber charagteristic curve. In vacuum
or air, the frequency-wave nunber characteristic has
a linear shape, and the group velocity is constant

. | T - Al
ésﬂl}g%«‘qgglqg [E%llez‘gsrgcgué leé{:fgg AN e s cﬁgn%‘%rqaﬁia’_gg ﬁgxttef{e' ?requency .

em conductor or

uercys : d L SLI
AR QD R EE S 0 kSRR, e
MU vedepandi pero8st HepdR@INENSY thel BYSqudndy hhich may

I nput fromair passes through a material,” the™ group
telrogidne viard e svaependitlg oF thedi equeneyr tomi £hr Mayrhe
translate into wavel ength) of light input fromair.
ofitel cadppiitak jutsedenabidesl nat sbdnbyeawsvalDdegth, but also
wavel ength, but also various wavel ength conponents,
Ve aure refusrlendtit hngraymnt siel ol thhelepbods Dh tihe group
wavel ength, the width of the optical pulse increases
sl qal s dgpepagade d-hah Weygh enigd hmat Bei widtamf thigugptical
the waveformis distorted. Wen the group velocity
RYSRhdBCER2ERE mvdl SR RIPPEsa trceihEREgN, thegaterial, and
ependency is. called chromatic dispersion. The rate .
AR HEGHTup-S VEIBA TP Yrar MESTddPen @R R lRsity
vel ength,_{frequenc is, called group | ocit .
i seglecfs si%%’nfcg?h‘“é%?gﬁ%%yél St e%eg}?eyﬁs’i %ﬁleeéﬁgfggdency +S
c%%cr%o%}g' L‘d)q‘f{a@cf.f 'rs%gfsa_i!ono.f tT'Pl% rfart%q%ecn%i\’&vech group
nunber characteristi'c curve. I'nthe curve represeﬁiﬁ%g

Hd1& dMEAYRRGL-IVRLR SATRET on! hat L 2pshbRgE RO LBUELG)) is
4, branches 1 and 2 have nutually

called group wvelocity dispersion. The group velocity
dispérsion 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 veltages applied to regions (I) and (II), the
curve is 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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inverted signs of group velocity dispersion. Thus, by
adj usting bias voltages applied to regions (lI) and
(I'1), the <curve is varied, whereby positive, zero or
negative group velocity dispersion can be generated
as the entire defect wavegppde 25 including regions
(') and (1) Wien a certain optical fiber
transmssion line is targeted, bias voltages (1) and
Sio

. . h h | oci [ j
ko) 3 SpFRRRSed, op0ab, CuD-ELeLLX Sl perslon ob ne

rte’l equa ute

t%?:ge%reﬁu R, \éﬁhlc%l(ﬁ% b iés fﬁ%%%'sﬂﬂ_ s%fi otnh 9 i i icsal T (g,n{(%}mzeé(; dr ‘eby

nsm sSs Ine 1's generate

the ghrogatierdi SReESHO 9518 iahgst efo@Pin&@h in Fic.
fiber transmssion [ine is renoved. The dispersion

1co8pansatdan rekeaBni « ¥ Xy ive Bh@ nedat $ve M 88k i on
for achieving positive and negative di spersion
confperRsdliion), wNkes £a3 hiehei sihepet sharongsmensiadn element in
element in FIG 6 is intended for dispersion
F@gnpénsatirdgrerided dotedizpérsiuhtephremsgeicn r a term of
di spersi on conpensation el enent (di spersion
medipedsavirsiexgni t) 10Y is basically same as the

di spersion conpensation elenent | OX shown in FIG 1

and BhéiePBreleBnfibRPCE6APOABNES CHEB L adSiiGRET SSQRe
synbol s and descrigtions t hereof . are not presented,

CBHPePITE tH96t BRIAE) cL)St AF BAPECo61KaZaRRea s cHaR Jgiprsion
E AN O e LT TS -
CHRBEANEEY s pRPLIRR LBy BRET B8R 0 PR oot
2h @ n8RCHrEEALPBA, but the photonic crystal unit 20 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
1ls set so as to be different for each region.

The dispersion compensation element 10Y accommodating
dispersioncompensationofnmltipleordershas2{n—l)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 regions (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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The di spersi on conpensation el enment | 0Y accommodati ng
di spersion conpensation of nultiple orders has 2(n-1)
regions if it achieves di spersion conpensation of
terms of up to the nth order. As shown in FIG 6, if
di spersion conpensation of perss of up to third order
is perfornmed, n equals 3 and the nunber of regions is
2 (n-1) =2 (3-1) = 4. In these four regions (I) ,

(()][ | 2 Ijt]:él(el h%%iﬂ%gg I(%A%ex%écga‘?t{xﬁ a%gc%?l% ' r}:td%“’% A and

our ways

dﬁH@i’c‘ﬁvQ'aﬁEier{ ﬂv%@& nglr@oraefaeEHﬁaf@ﬁkBHSed.

negatlve of t e secon er terman

pOS' e ARG Hegaky f@r@cxﬁl%_ﬁlh'ld dhardese L2l Espersion
provided. FIG 7 is a view for ‘explaining the case

cmgfeamshtﬁpﬁf IO aPessaip ot afhied Br@ér Upstpeibbrfled.
or is perforned. As shown in FIG 7, if the region

(1'V) rgi edewposht FY8. Wavéfenhehrefidhe (3erogdvesdpositive
term the region (lI) gives negative chromatic
wiivsplerrsiton of thve sevont-order term the reegoon({] I gives
gi ves positive chromatic dispersion of the
nag ety geroreticaddspresieyi oh tha pegionss qistpa iteggm, the
chromatic dlsper3|on of , third-order tern1 the curve
qeéﬁé%(br d W@tﬂw@@f@qiﬂaw o%rceﬂatw 1%9%128%%@ of the

S horb s AU of SR L g g hronac

serBran 5 BIFRTH) ; TanaIRY S gogap imgphromatic
uatlon expr sse freque waye nunber

de e ol SR R R e e raRe g by the
gdgg%g%gélogy apprOX|nat|on MAth a pomer of wv.

k = "'C2V2 for region (IV);

k = ¢’,v? for region (I);

k = -c’’,v?-c3v® for region (III); and

k = 77 ;v3+c’ v0,
Each eguation 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, ¢ is a positive number, and v is a
frequency represented with a central frequency as an origin.

In the equation of k = (¢’ s—ca+c’ "7 =c’ '5)v¥+ {c’3—c3) Vv° as
the total ¢f the regions (I) to (IV), the coefficient of the
second-order term: (c’z-cz+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-order dispersion compensation value

in the dispersion compensation element 10Y.
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k is a wave nunber, c is a positive nunber, and v is a
frequency represented with a central frequency as an
origin. 1In the equation of k = (c¢' 2-c2+c' 11 2-c'
2) v2+ (c' 3-C3) V3 as the total of the regions (1) to
(1V), the coefficient of theg second-order term
(c'2-c2+c ''" '2-¢c ' ' 2) gives a second-order
di spersi on conpensation value in the dispersion

e _co

' ! 10Y dt fficient af t
coPSAROLL BB co| SRk i, L 08,5081 (471205 S0P cve

| Sl .on LO A disp j O .
et SRR PR L I G s ML SRR Phut n ehe
A SPehekan KON O §Eﬁﬁgﬂgaﬂ'93nd§f§xﬂélp@?0$8¥ﬁ%r%ses
conprises, for exanple, four regions (I) to (I , bu
dHrdder K868 Mhplchd herdi RFsi OMPIIRERsah s Wh&heTBNF1G,
| OY conprises three or nore regions, it is preferable
aRatreasi @liowrd raftBgeBBudlegiions @bei @d1 angeshsathon by
that optical attenuation by reflection resulting from
ra fdiddtareence sul triefg debive dhdérreatet he befndatyve index
bet ween regi ons adj acent to each other is mnimzed.
agpddief irairdary thetyatasirediens had)j aegibnso (édchtother is
(V) are arranged in_the order of magnitude of the
MREARD - aSPPrEGEigadhsws ithéscdafigabaei bhadf ragions (I)
di ge sion conpensation system 50 confi gured using
tt%z 85sap%%§F6ﬁn9€8nlp%ﬁ§§t%ﬁeé|%@ﬁ9nll©x grofi e interval
descri bed above. The di spersion conpensati on system 50
i's provided on an optical fiber transm ssion |ine

. heal. fi ' | 00 is laid
over 3071 ngh6Re, ke Coh P RTaRn o, °E Bk BB or

d&%%édég%ion sysfem 50 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
vicinityoftheoutputunit102,andcompriseseacoupler(pulse
pickup unit) 51, a monitor 52, a contreller (control unit,
voltage control unit) 53, and the dispersion compensation

element 10X cor 10Y (hereinafter abbreviated simply as 10X).
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and an optical pulse string input fromthe input unit
101 side of a transm ssion server or the like is
transmitted via the optical fiber transm ssion |ine
100 and exits fromthe output unit 102 side of a
reception server or the |ikes The di spersion
conpensation system50 is provided in the vicinity of
the output unit 102, and conpri ses a coupler (pul se

i S E PR e s S i e

Hpensay qu it r 10Y (herelnafter
ﬁbbr evl at eﬁgﬁm npl'y [ing %g@' D0017 SG -25- The coupl er
51 pitgkSmBbRidBropti fake PPkserd QiBﬂlh‘?apgaéel < ifdk%%r up by

transm ssion line 100. The nonitor 52 r

0 iczalp Il $8. piiekedowp ey bagl@q@pbgﬁ:&&wﬂbers 54 for
shortest possible optical flbers 54 for which the

wWhifdueree ioff lckenerabifc clirsparsiconi kpenegbngi bl ﬁeglﬂ@ﬂble,
noni tors the waveform of the optical pulse.
pbuphitatrs yhe wawee fivmned Oroneorp t hea pbateeof 8Specifically,
ti me-spectrum of the optical pulse picked up fromthe
st Weale forBeent FhRskpd a%¢ ont 14 rdMEGGPEa menictfotbe optical

asured), chromatic dispersion possessed by the
Fé’dﬁecﬁllcﬁﬁlds‘éplﬁﬁfé? t%@v@Pg#ﬁﬁéohb%lf YA sawicl sdexh iline 100

coefficient for each order tqQ be determ ned, and
IEhBORIEA Qe FST6GY puE AS kA6 ELFEeaRaper BPBRCSsed by

s monitor 52, a configuration

f
F %é%rrge&alHulﬁgrugﬁ%ﬁrw%ye%@g@xﬁﬁﬁgrm#%%ﬂ = ved into a
dorétffll ha@ﬁe%shlgoc% @é‘t egéer 1t ré‘Sh é the

opti ca ses USI ng two on absorptl

%@fﬂ%ﬁq SR
Eﬂiﬁﬂ@éh@ﬂ&tb&QﬁLCQbonflguratlondescrlbed1n,forexample,
K Ogawa, “Real-time intuiltive spectrogram measurement of
ultrashort optical pulses using two-photon absorption in a
semiconductor”, {online], March 11, 2002, Optics Express, Vol.
10, No. 5, p.262-267, Optical Society 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,andinthisdatabaseSG,dataoftheamountofvoltage

applied at electrodes 30A and 30B of the dispersion
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January 14, 2003], Internet

URL: http://ww. opti csexpress. org/ abstract. cf nf?URI =OPEX
-10 -5-262, and therefore detail ed description
thereof is not particularly presented. The controller
53 receives chromatic di spepsien information output
fromthe nonitor 52 via short optical fibers 55. This
controller 53 conprises a database (data st or age

f th
RN R e J%’%o%l%fa%‘rﬁ fne

y/ qﬂpﬁﬂggg X,
q%ﬁ%gﬁﬁﬁésgkgggﬁﬁ%%gFgﬁéghégt e a séﬂﬂte VE$H% 0

chromat { fe dhSDEFST O I35 %h?bﬁlgtllcndlQﬁe?gﬂﬁﬁoirllf%rég’t1on
chromatic dispersion i nf or mati on out put fromthe

JIHPUOre rodn ithy ecgiMesd: 52 dad ahase il S defasencesk s
to obtain data of the anmount of voltage applied at

red feotemodes t30Abard n36Bthonft hRedaspensi 66 coDPens adpPehied
el ement| OX to generate chromatic di spersion equal in
agbsolagtteodeal P arrdhbpiits il ithesidirsger 3 hen clvmpet st ion
di spersion information (coefficient of chromatic
edieéfk?é’rtsl%jiorgﬁéiw chrefpthe divtHasY1 BReqTad in absolute

talned data of the anpunt of voltage appliedis
Lb?uta AR i Sp s | TrPTE drip Sifisat G tekre ril L Siee s e

d i.on co sati on eIe nt | OX is, provided such .
ﬁf&f’ & o SOET é&&tdef ShTPBathR ‘Phgp%ﬁﬂ%? ¥epRived

%“%3%%8' R0k . afp R e Eh 8oy %ﬁaﬁéﬁ%?é“ftdage
Ytef £ 01 t@%éeeewh aggg ?fs ;H &@quf %Li'e%% %glox.

ne edge e ou put ed

on t hgeqthgle2das ébﬁﬁehgaﬁ:tﬂ%no@férﬁéﬁt 10X is provided such
that the defect waveguide 25 lies on the optical fiber
transmission line 100, and an optical pulse propagated through
theopticalfibertransmissionlinelOOisinputfromtheinput
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.

Anelectricpowersource(notshown)forapplyihgvoltages
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 compensation 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. 1In the controller, predetermined voltages are applied
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fiber transmssion line 100. An electric power source
(not shown) for applying voltages to electrodes 30A
and 30B of the dispersion conpensation elenment 10X,
and a controller (not shown) controlling the anount

of voltage applied at the-ebectric power source are
connected to the dispersion conpensation el enent 10X
The data of the amount of voltage appl i ed, output from

s transf d to a.co

RS P I GEF & B R Pt THEeT ahEnt g Ge R rased
F¥§§es5é§?§%%%? of BI5GB BB et oL

168 d Q RIBLd Qﬁ@%ﬁ&&% OBy P)as%sid f ne

recelv data of the anmount of tage applied to

changg thhe %&£f) acl itve Wndexesioh EBRpEAGLEASH(L)sfBA 50,
(I'1). I'n this way, in the dispersion conpensati on

asyspental pular ©PtkEeAhippElt St tpieCkeeh ¢l frigart feansmission
optical fiber transmssion line 100 is nonitored by
ltilmes il ticr nE?itanckdasedhen ndrel tahrahataded dbsped seonthe
i nformati on, the anount of voltage applied at the
chirsyyersl o il icmgrensat iiof etmateimn | Gtd samewnt rof | edl tyge
the controller 53. In this way, optinmum _dispersion
@Y diec & SRe fscdro raRsbIutRstia | gl ement | 30X is

variations in conditions associated with tenperature,

Hedrledh Ry (e 1GE TR i hénoﬁhléalwafyub@@tlmum

t.ransm.,ssion |ine In the dis ersugn conpen ation

U B TOROmPRESEF g o An i G e 17 even i
R P A PRI St s
POSLAL S :ANG:089a YR YS! 2nERPelsah] 905 SA1108 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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performed, thus making it possible to perform

di spersion conpensation even if chromatic di spersion
in the optical fiber transm ssion Iine 100 constantly
vari es between positive and negative signs. The above
di scussion is simlarly appbkiged to not only use of

t he di spersion conpensation el enment | OX but al so use
of the dispersion conpensation el enent 10Y, and if the

di sper.sion._c nsat.ion_el erent 10Y i s _enpl oyed, not
only PSGbET PTOE" BNa HERaT 16 8 arparer s REe s Ghements
I di i t] f | ti Rl rders. .
4 P 80,302 D SOENSRU R AR R Sl Puscne
e AiSRAIIAN EAPRARSRL PN GLERRRES chPXmaRd18YsB88s10n
t he di spersion conpensation system 50 using the _
CHG PR S 0IbrC MERGRId 00 18 QBN $h 1 G Q@S A C1 I §PLESH R ty
conpensat i on accommodati ng ul t rahi gh-speed
datiges It apaeidn/i caitd roal u ST Sed A D NSp 1St AGL b BR@adan be
spectral band can be achieved, thus making it
Fuosisiydd, thhwsuifdlcirentity @edd Bviee farddefi epdmbtenechieve
of the transm ssion speed. Particularly, the
Tdesiahagsgrasatd ot fed dnpansnilgd oranspdey. have
regions nmerely made different in radius r and
i nt eFRAT-1&UeRINe Rof < DapeBHECR IfomEgysa tdous cAsmengwel 0X
a _particularly conplicated structure, thus making it
%ﬁm &avEy TEEHPBFe ERE LabBpE e i ééE T8N ta lReFadivel § and
dqw cost. In the contr er 53, .information prevjousl
RS 2 T s d e 41 e SeeSouet ofave
t . f Lt a ' el.ectraodes 30A and .
st AR bt e ssE BB BBl oo ot MeCoS foapBao b1e

Y AR8ssd g t"’f'fgj atﬂlﬁré ié‘.ﬁé)cpt tai‘te ac‘ppélatively low cost.

In the 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) as impurities
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 107Z.
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thus making it possible to fabricate the controller 53
itself at a low cost. In the above di spersion
conpensation el enent | OX or 10Y, a bias voltage is
applied using the electrode 30 to change the
refractive index of the phopgnic crystal unit 20, but
by injectinga carrier (electrons or positive hol es)
asinpurities into the core layer 23 and applying a

bi as,vol t age,

ot T RFEAAS i Roe, S o He LR Chih BRER SR, Shftent
F

T g eR et R b S T S Al B G E R 22 amd

A %Qgﬂnlb ekl &3 %retBsﬁgbiﬂéasbH“tﬁ@"ESBégk%gg 2%, and a

el ement Z generally a structure in

Qlaad1 4 §r602izs aBgostiRe e %hleac%?fe 23yare flepasid 8o 8Prate
the substrate 21, and a «clad |ayer go i s deposited on

2Alhes iy Bnd dyerth? 3fof R aifisd r atieicdh (Sif prumd cWaihlavers
for exanple, silicon (Si) , the clad layers 22 and 6%
2ar #nd Gitnede Wiotrheal with ecni oixdéste okiibm £iSiO2F 106 ) 8id & LOhcon
nitride film and the core layer 23 is forned with a
ngitiniigien fidmysemdl I8 codeat ayera2di et dotnmies] mattdr batilicon
The substrate 21 has a thickness of, for exanple,

capEHa 506 im thRée ésad diayersriz matesdadachThaveulstrate
t hi ckness of, for exanple, 200 nmto 1 m and 300 nm

2ds hassgeépiréneganple, fanderperéer eabpuyep0f3unasthe clad

thlckn s of out 2 nm_ The sper si_on_conpensa |on
21 880 AL FH SUHE it %%feﬁéhe e|£ar| yeprs; 2
and the clad | ormed ,so, as

|
056} dniBe obhdk DAY 17 o SFEhTn RiampLS, "Sna T core

layer 23 has a thickness of about 250 nm.

Thedispersioncompensationelement 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 waveguide 25 continues, i.e. the cross
section shown in FIG. 9. That is, the photonic crystal region
R1 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 RI1.

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 fromthe defect waveguide
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(hereinafter referred to as photonic crystal region)
in which holes 24 are fornmed in a cross section
orthogonal to a direction in which the defect
wavegui de 25 continues, i.e. the cross section shown
in FIG 9. That is, the photgnic crystal region Rl in
whi ch holes 24 are forned exists in both sides of the
def ect maveguide 25 at the center, and an extension

TS GBS RENBeL b EoCEF s CRl tPEGPBhERFLotnTEREOBoRE 25 2

r._23 d hed between the clad |layers 22 and 60
ﬂé@ﬁ% é%(ﬁ¥¥%1 )jottom a region (region of different

densiiy) fg&{gggfélbﬂc%%@%n%%ﬂ*@%%féhéﬁ@ﬂbﬁh%uﬁ@i@&{rode

wavegui de D001 at the center is fornmed In

(e dtansi 98 rkeaioRe RRsaSefe rd @ 4l i 180780y Spplying

thls di spersi on conpensation el'enent | QZ, an el ectrode

A dbspaysi D arat MidTEHaNSoneReStGH SUPPhé efdrmlhd10tnit 70,
applying a voltage is electrically connected to the

arer m nafamdrice/ @lecimbde r&f efemceamg legingpde Bdfdoence
supplying a reference potential is electrically
Fedrerdcitadd itso ettee tailgsitldat eoRhegtedt he bbet snbstdeteThd on
termnal unit 70 is made different in carrier density
theomattemefists- wavegui de 25 by dopi ng or undoping the
term_nal unjt 70 with inpurities (electrons or,

posi ?P@etwje‘ﬁl s8atal héd mﬁ“iile fjﬁéf@é@éltl Byeprriendensity

G PP AE 0SS h e %fpa&%"ﬁﬁﬁtaﬁgpéﬁ:@e teminal

08 PR Bl Do B RO pUrl B B
PR O %o&%elayer 23. If the electrode 80 is electrlcally
connected to the terminal unit 70, andabiasvoltage isapplied
to the terminal unit 70, electrons or positive holes move due
to a difference in carrier density between the part of the
defect waveguide 25 andthepart of the terminal unit 70, whereby
the carrier density of the part of the defect waveguide 25
is changed, and the absorption spectrum is changed. For

example, when p-typeelements areused as impurities, positive
heles 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 1if + (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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def ect wavegui de 25 and the part of the term nal unit
70, whereby the carrier density of the part of the
def ect wavegui de 25 is changed, and the absorption
spectrumis changed. For exanple, when p-type

el ements are used as inpucighes, positive holes
gather in the defect wavegui de 25 at the center from
the terminal unit 70 on both sides to increase the

d [ f the def [ 25 if
(posifryeriaias dorsisy St thbol eedi ot Wodi (14 gay be
t { ' | it .7 { i d
N SR
Lty of f Lde.25 if. - ' |
eV ags T e s 2h TBobty 4 (g prmanal
Henst g qufnctrlé%ste%fégrﬁ]ﬁf redtd +AQ S b th@%%@@a}r’?ﬁui de

conpared to the part of the defect wavegui de 25,

a3, insmenef erabledbbatl WhencanpueitdeBsblyyish 1h$ection or
termnal wunit 70 1's increased conpared to the part of
tiHee defeact Thavegyi decadbe A&Mehy ichrirs cdopRGsWItih of the
inmpurities by ion injection or the like. This is
teereusd wifiit i@ icainceeadedsiompacfed tie thegrainal tiei defect
70 is increased conpared to the part of the defect
WRAREUice? D5t he lrd egitadorias isfsimtaneerdeseeasdshatethienal
terminal unit 70 to which the electrode 80 is

Worinée tedhut bae lecéaoded 0 iesigmaniedf anfdhsepteotric
t he def ect vegui de 25 increases to facilitate
TESER PontOE RIEEGE EE grdsCtsHeRepHpaE: £pebncreases

e e S et 25,8 Lhor o) g
Doy 0 408, L BIROBE UGD 5 A oeEony
A0PISAYRRhum) W & 1 AlBP, USEdindium) and T1 (thallium),
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%%/cm®, e.qg. 1x10*%/cn® if the carrier
density (the number of impurity elements) of the defect
waveguide 25 is 10Y/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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in sem conductors. Anong them for the p-type el enent,
B (boron) is especially suitable because of easy

dopi ng. When B (boron) of p-type elenents is used as
inmpurities for doping, the carrier density of the
termnal unit 70 is preferagbly 5x1018 to 5x| 019/ cn8,
e.g. 1x1019/cnB if the carrier density (the nunber of
inmpurity el ements) of the defect waveguide 25 is
1017/cnB, for exanple. In this case, it is preferahle

dtlﬁiir TOM0RE At & PP HRED tasE A F@?‘pééﬁéfc?ythe design and

ui,val ent to that of the defect waveguide 25. This
& se if the substrate 21 and the defect

ﬁéfge o B e R S BRI Me e trspos
ﬁ%cQgggL'gﬁtEg: ?@éﬁ@& f%“%hérgﬁﬂséﬁ%tegb I S5 doped with

pref let ace 2la in which the reference

ieleGtinade 8y aeegeag%%dthe Lhecsubstrakes2dnks, dopethat
with inmpurities for deCreasing the electric

ikeBhstaRCe rise thakitit chasvaleatrterciensift,yfor example,
equi valent to that of, for exanple, the termnal unit

the. telr@inkQ sindws 7dne exanpl e of the dispersion
conpensation elenment 1OZ having a cross section

st rutLGr el bbewsi onEle@amd.e A§ tdlwudnsprrBLGh dfypensation
di spersion conpensation elenent |QZ1 is nounted on a
edsientod Ognbiavénged SueRStAAEtine afbuactefet peown in FIG.
tern1na| unit 70 formed on the extension region R2 on
Yot h sides of the photonic crystal region R is

relativel | ar ompared to the, area of the photo
crys 5| 5 ?% & é{ q%, a dgsperSLOn compensatgon e ement

10Z; is mounted on a mount 20 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 10Z; has regions
(I) and (II) set so as to be different in radius r and interval
aofholes?24. Forapplyingbiasvoltagestorespectiveregions
(I) and (II} independently, the dispersion compensation
element 10Z; has terminal units 70 and electrodes 80 provided
onboth sides of regions {I) and (I1I}), andan external electrode
86 provided on the mount 90 is electrically connected via a

lead 85 to each of four electrodes 80.
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and thus has substantially a zygal shape when vi ewed
pl anewi se. This is intended for increasing the area
of the termnal unit 70 wherever possible to decrease
its electric resistance. Like the dispersion
conpensation element | OX shewn_in FIG 1, this

di spersi on conpensation el enent 10Zlhas regions (1)
and (Il1) set so as to be different in radius r and

[ I f h b I
Itgt ?é‘é‘%‘l&ép?‘@&% &ng%(?ﬁaﬁafpﬁ%ﬁ ﬁe%fé‘%e%fﬁ% e
1 t
RPE 0 SR fO T EEE Taniet wE SRy eéﬁa%ow%f?j%ige of® ©f
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tﬁﬁgéﬂgﬁé%ik A gs% l)re e an, e%BSEQB&|8b€EEEQ ?uéggs are

provi nmount i's electrica y- connec

Fuidepdo8nd geeaeh Mvédgwd@b%ﬁ&&%h%%d ’E@Qﬂc& @de after

33 Hem spherical -ended optical fibérs F are place

rSedl v ih JTRIINGYe 188 40 dagesrboit @nds of the def ect

wavegui de 25 of the photonic crystal region Ri,

wher i1 .ontli sabwgulasies hare exgutipded offo tihike Cd_ey‘;%?ﬁsion
wavegui de 25, and guided to outside after receiving
aingpers o rcehpeest il DEma vENG a ¢toshews tdont Sizruexanpskown
of the dispersion conpensation elenment 10Z havi nga

igy 8 skt ion structure shown in FIG 9. As shown in

FIG i, a dispersion conpensation element 1022 is
for 8§ shennt HatFihe 1l -ect o8BSO 1aRICORBENERRE ARl ©lement

nit 70 _provided on the extension r n R2 extending
]:g??bétsh formgds SyFhy FEthBpﬁn?ieEF’ﬁ%g%I gPe@P@nUP& Eggmmal

PSS o Bk b L8] Ste L IE BOOLONS, o
5%&@@ %% %nggﬁéggnﬁéqg§y§%airF%glon Rl has trapezcidal (or
fan) shape 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 Rl 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 10Z havingacross sectionstructure shown
in FIG. 9.

As shown in FIG. 12, a dispersion compensation element
10Z3; is formed such that only the surface thereof has
substantially a zygal shape like the dispersion compensation
element 107; shownrin FIG. 10, and the areas of the terminal

unit 70 and the electrode 80 extending on both sides of the
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termnal unit 70 and the el ectrode 80 while the

di stance to the photonic crystal region Rl having a
smal|l area conpared to the termnal unit 70 and the
el ectrode 80 is shortened wherever possible. This is
al so effective for decreasing the electric resistance
of the termnal unit 70. FIG 12 shows still another
exanpl e of the dispersion conpensation elenent |QZ
havi nga crosgaiection ructure shown in FIG

9. As
PO hCEY B 24 2 S At §Pe? 5F ot iBnpeRBaTr Pt E8feRpOtonic
i-s_ farned t hat th f t f h
NS P AT BTy o DirapUPE KB ERL oy Shek rign ot part
[ | Z ' 0
SRR g 0o UG TR, ELSied O B8RS, anc

ﬁﬁ@‘ﬂBﬂéﬂJ§§}éNHéb5§dﬁ§%éﬁtf§fﬁ§xg”£%é¥éﬁ?§&% Fgﬁ%§%”&hen

crystal region R are large coripared to the photonic

vl lp regiwasdl . In the substrate 21, only the upper
part has substantially a zygal shape when vi ewed

pl anemisediapdrstbe kLowpenparttohaslsulstaniizal iy ébtained
rect angul ar shape when viewed pl anew se. This
kgl dpprsibangompamsatibatehéredl 318 bbyar sy, thy core
depositing on the substrate 21 the clad | ayer 22, the
legteg 2Zaypaerd Iheamd achd agted dGyey Born o2 flokoela Hdotkg a
having a rectangul ar shape when vi ewed pl anew se, and
NS YBHRA $§aPehehgRovVériedcpyanalipegi endrRihen removing
i de_of bath ends of the defect waveguide 25 b
tzﬁbﬁﬁﬁ§o@ﬂfiﬁéﬂsﬁ 696 MRt 8p tBSrPFGﬁsoélbO%Q ¢hfg of

SN R AR L CRE I E N AR .
portions 91. At this time, raised portions 92 are formed at
both ends of the defect waveguide 25 of the photonic crystal
region R1, and optical fibers F are made to face the raised
portions 92. For this purpose, the depth of the step portion
°1 is preferably set according to the outer diametér of the
optical fiber F.

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

In this dispersion compensation element 10%Z, the

dispersioncompensationsystem50 shown in FIG. 8 may be formed.
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region Rl, and optical fibers F are nade to face the
rai sed 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

di spersion conpensation elepggnts 10Z1 to 1023 shown
in FIGS. 10 to 12 have regions (lI) and (Il1) set so as
to be different in radius r and interval a of holes

24, h h h ' i

examblieERbi o7EG! ot 119G e A Spers: B Loftbehba: FBRNAL
0 in E . [ t i.hal .

o%l & 1 a};\é)%l%% Icégcd éh% a Cﬁén%k%&g”téﬁoectaosﬁt eerecgllg%g)]gr51on

units provi accor [0) n

. : . ( acee i
PRI i 0308 o PRIBEIREY SRS Fypuce
vEBYRE ot Os HBGnat DOUiGpeesicid, 1lNstbhed £@%%e Hﬁttagﬁsg 56.

controller 53, data of the amount of voltage applie
Iat thbecaleed Yose 580 thetdhe (HEREES 08 rLmensa! koNobtain

el ement |1 QZ, which match the sign and the absolute
dedlaue foft heheowanitc odi spetatyenappiistioaedth8 &éhectrode 80,
dat abase 56. In the controller 53, the database 56 is
whéfcér macedt rtbrobesin didsparefionhenfioomatioh veteéayed from
applied at the electrode 80, which match chromatic
tées porsitey id-oramet ithre rdadd vied Futamt tie Honidispspsion
and the data i.s output to the dispersion conpensation
COreFEA tEER. SISt 4 - t he ampunt of vol t age
appl i,ed, ,output from the caontroller 53, is
T anShRE; RHA LB RO MBI to P 1 HOL CaABWARP bRy pgutput from
IS ' nsati on g%enen 17 via optical fibers
e R COhET o1 o B e St 5 & (P BT eAr § dPPlge o)
ol O dispersion compensation element 10Z 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, optimumdispersion 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 electric power source based on the received data
of the anount of voltage applied, and applies the
voltage to the termnal unit 70 via the el ectrode 80
to change the refractive indexes of regions (1) and
(I'l') of the defect wavegui-dgg25. In this way, in the
case of the dispersion conpensation elenent 1QZ,

opti mum di spersi on conpensation can be perforned

COmS A Bl SRR (B0 o A o
cgﬂ@e%aéatfi'c%e%le}nré%%mﬁﬁl, 0fp 'Qf?%é‘l% Q:\Men%lte%tgcla%e 30 is
I Spersion compensation 'sysiem 50.” As a result,

EIUPTRL Loodloaas 6L oy SMENSA! AnRCEAITPORELRG 1 ve index

ultrahig | ar ge-capacity co nications using a

Ji ead sRecbhat bange £anbe 200 Buedot ROE ddidd@lay be used
enhancenent of the transm ssion speed can be

Sufdiigpeanilon anparedtid00eaz - 36 In the

enbodi nent descri bed above, in the dispersion

conp@osatkampébemanheatBX, id0yrantdddé@Zint beckl eefionde and

30 is wused to apply a bias voltage to change the

F efurpsnitve § eecedfthtmughotiomitecatrystad eldtat2d, tibat

ot her nmeans may be used as dispersion conpensation

teEmeratgre ©faiple, Carcheaar i%'JPpr Silded tempegeiture

region, and_a current is passed through the heater to

ERSstER et thergetaagtd V5t 1RARX cdilee FRyemasic dsspgrsion

t eratyre, dependence of the refractjve index, the,

o BT o Spet K7 b A7 S JoOR DRRCRFYaRQILo contribute
v [ .can,.he changed tqo contribute to chromatic

'tuéggﬁﬁgﬁﬁiégﬁﬁ ﬁ?g%éﬁmcqwﬁ%ﬁﬁ%ﬁ%ogtresses can be

appl M%Q‘efo(fgm bﬁpeggégsbaq{ bghﬁoplied from both faces of the

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. 13A,
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. In this case, for the clad layer 26, S$i0s
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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photonic crystal unit 20 from a piezoelectric el enent
to add a distortion, thereby changing the refractive
i ndex. In the photonic crystal unit 20, as shown in
FIG 13A, only the clad layer 22 and core | ayer 23
are provided on the substrate-21, and air contacts
one side of the core layer 23, but instead thereof, a
clad | ayer (another layer) 26 may be further provided

- | f _th | 23 [
Mg At FHHE R BP0 L e e 24T G egonat 1y

fq?h%?g used as in the case of the clad |ayer 22. The
thickness of the clad layer 22 is 500 nmas a

prefQwéﬁhfﬁﬁgwtopgﬂéalH@ﬂéﬁ¥§¥gﬁh?ﬁﬁgﬁgggé%%ﬂéh@gSther

same as those descri bed above. The ear defect

IMMEPH AT IS @RI e} bReuserewhianett 23y PYbbLBRs as
defect waveguide is not limted to a |linear Shape,

landy BByt hay ¢ aarebe natashion] Cky \bﬁfdd$BlaQESiNﬁrMQri,ghit!’J which

the enbodi nent described above, the defect wavegui de

i26 e iBGIEASGo t3Aat toamsali itensianaddy fornmed, but it

may be three-dinensionally forned. In addition,

opt i ¢al agdi e pal slardiopgtiiseslr ssleanewre cotsladriont kgatem 50,
photonic crystals may be used without any problens as

Ghén§rds AHe PUREFe 18 BapabPritlyanf dispersien ¢empensation

,Iight mﬁgcg is.equivalent to that described above.

s CoRbFPLORD B HhfeManEheF st DRNCoRPE R il Spdrémtss, 53,

the. optical . pul i, nmoni t.ored_and %L ersian

e 8RO TR S e BPrad oy S e i GEreF ke fd oan
ont & 3 qéyg l.er d& t he ni t.or

HBOBRS Ok pAIREEELES: R ondiil B FUBLER Sho e IROALYY cne

LA AN | GRALH Ofy GHPSSHLAN 4D $€h optical pulse

propagation conditions in the optical fiber transmission line

100 are not significantly wvaried.

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 a signal and therefore, 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 menitor 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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case of an operating environnment in which optica

pul se propagation conditions in the optical fiber
transmission line 100 are not significantly vari ed.
Servers, various kinds of termnals and the |ike which
are used in the input unit 3@l-and the output unit 102
usually send signals to and receive signals fromthe
optical fiber transm ssion |line 100. The di spersion

RO B3 B SRR SLEL R PRI PLAPELS! e
e %&B&%ﬁ&f%%gu@el%dob&eﬁSoEr%%ﬁ%g%%g,pggaEBéESEF Egt%ther

I'spersion conpensation syste rovi

R Pl AP Gl el DS S9N 18 00nd resent

or t spersion conpensation system5

sthedmmdor 52, the controller 53 and the dispersion
conpensati on el enent 10X, 10Y or 1QZ may be integrated
as one apparatus, or they nay be separate units.
D0017 SG 38 In addition, the configurations described
Trludter isddoreop leidxdddi Intent may be adopted or rejected,
or changed to other configurations as appropriate
wi t hRecolreliggitrd theprelenprigsmntt iomvapiluoality of regions
| ndustri al Applicabilitg According to the present .
gingy @nairechplviasishwoff e gizimpe lar 09 bivi edand negative
whereby, for exanple, positive and negative ,

iS5 §iBh il HIpRFEIOn coMpRRSRiion of

|.t.iple orders can_be perforned. romatic di spersion ,
i bk celiion S0 bar FBA CoRBEehy CERETah40! (it bSERbGh Ln

%&%ﬁ%gglégﬁnsaggélg E owr[‘?et}e Qkﬁgeét?'éc?fué’é’ I;rr%%.%%aézilg Tl gn
of chromatic dispersion compensation can be made variable.

Alternatively, dispersion compensation can be performed
by applying avoltage tovary the carrier densityof awaveguide
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 compensaticon 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
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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Al ternatively, dispersion conpensation can be
performed by applying a voltage to vary the carrier
density of a waveguide to change the refractive index
of the wavegui de. Opti cal %%I%es pi cked up from an
optical fiber transmssion line is nonitored, and
chromatic dispersion is controlled based on the
chromati c di spersion i nfarami3d on, whereby optinum
di spersion conpensation can be performed constantly
even if variations in conditions associated with
tenperature, weather and the |ike occur in the optica
1. i bR ddeadSHrssbapeh s H€ioAS 13 mc@IWdmp & HTBLd €hromatic
~ di spersion conpensation _accomodating ul trahi gh-speed
dispgrgéorap&di t YAk onfibki€ati oRs L S@si nbr oBBOBpetgide,
chabapde¢an.hepgchipuedsiagd further enhancenent of the
transm ssion speed can be sufficiently achieved.
D00 - - -4 ' [ s
eIe#%H?g%gﬁggﬁg%tlndyfﬁﬁégﬁﬁéggﬁg%é%%%d%ggﬁggﬁﬂhhgpEdge
to ept po&pupuksgeirnpotd from outside, characterized by
conpri sing: a wavegui de gui ding said optical pulse
fromaspenpidn edgeyihg aranust pfidr etlgetaandndbspey smaking

varyi ng nmeans f i pst ant aneousl maki n vari abl e the
variahle the Simnote GhEpErE: it TRITOTIE TP ERSIRR te L Tom
theakisob Ut €e vad Lg= Ofp fChheBRbk € cOl $88E 85 08N Wih £k 115 @i to

to said optical pulse in said waveguide. 2. The
salfj spELSRONPEbABeR8atProft EREAREBHLAGecording to claim

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 regions different in combination of the size and the 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 c¢laim
2, characterized in that a plurality of said regions are
mutually different in sign of chromatic dispersion for said

cptical pulse.

4, The dispersion compensation element according to claim

2, characterized in that a plurality of said regions are



1, characterized in that said dispersion conpensation
element is formed by arranging two materials having
different dielectric constants alternately and
periodically in a directih in which said wavegui de
continues, and a plurality of regions different in
conbi nation of 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 _
mUt GO NS TSIt THa YisPersi GHICHRTe s ATER e eRe Pt Said
opt 86£0rgihngeto claim 2, characterized in that a .
plurality of said regions are nutually different in
sign of chromatic dispersion for said optical pulse.
4. The di spersion conpensation el enent according to
cl a 3 ' |1 st hat l f e -
5 Feqrohs APE e 0 TUECRlTY 1T rarshty Respyetngr e tain
4, chromdteci & der shett $aidshiapenpidr alompeinseti®n Fhement

di spersion conpensati on el enent.accqrding to.claim 4
o PR e T e P rat SRas ol SHert orF doMpELapRgRT, and

el enent, conmpensates chromatic. di spersion o to the

ot b e SR S A I b 1 OPBRE i9F o Htfler

of 2(n-1). 6. The dispersion conpensation el ement

according to claim 2, characterized in that a

plurality of said re%;ons are provided in an

6. ar r Eig e SUCH (PSR EAN 6 Freardoptiiegl to claim

2, RulsadtRlibeooundanybel weel s8¢y r 8@l QRS d Ned MK are
wth each other is mnimzed. 7. The dispersion _
PToEsfpensatncHr B eIRiTRN aceendt iyt e felegithorpot sald optical

r COLPY - r F
P o CSher &y Chag ng LN FBrFat: [ie ThUgk gr " eoch
othsal tlswavegui ded.

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

waveguide as said dispersion varying means.

8. The dispersion compensation element according to claim
7, characterized in that said energy supplier applies a voltage
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



i ndependently from outside for each said region of

said wavegui de as said dispersion varying neans. 8.

The di spersion conpensatiop el ement according to claim

7, characterized in that said energy supplier applies

a voltage to vary the carrier density of said

wavegui de to change the refractive index of said

wavegui de. 9. The di spersion conpensation el enent

r |2 Il N

furgﬁggéggﬂgﬂf%%%peggg??%%fhﬁ%ﬁgﬁgffé§%nt 15*%?rf¥%fjden51ty
frowompiidsesvaegtiedsi nahdunit different in carrier density

fromsaid wavegui de, and said energy supplier for

appsyidg anwoyyageuppliekectorcabpplgdngectedvbataged is

termn uni A_di sper,sion co ensa i on el ement
eLebEhpeAaLY | NGIERFORG: 6 SBEOpbREFoR-Df UBatopti cal pul se

i nput fromoutside, characterized by conprising: a

wavegui de guiding said optical pulse froman input

edge ~to an output edge; and_a dispersion varyin _
10 meah divimisds iog ‘g?lﬁ?%?%%*%l‘??] e&&@@lnércorﬁ%‘?%ﬁ‘?l@? 8%7‘5@51?810

dlsw@\_ﬂ@%hde And Jmkespt RShant aneaus! yi iard abl_rsomt hgugisqRe,
chromatic dispersion independently fromthe

Chaﬁb§§ﬁ@#éedabwecémpéhﬁéﬁﬁt|c di spersion which is given
to said optical pulse in said wavegui de by applying a
vol d agerdfqugire gutdide ol bandeatheut et facm gs inmex edge

to gh sai.d vwayeguide ., 11. An optical crysta
aracteri zed i n Pﬁat said optical «crystal conprises

di | ayer f
o PE s L YRR na TS e SR ERRD i carrier

dendii tiyef et sdiiel egt&dei doOnsicankSesattbtantaneously variable
the sign of chromatic dispersion independently from the
absolute value of chromatic dispersion which is given to said
optical pulse in said waveguide by applying a voltage from

outside 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 said material arranged
periodically 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



sai d periodic arrangenent |ayer is provided thereon
wWth a continuous defect part in which one of said
material arranged periodically in the other materi al

i s made continuously def ettive, and a plurality of
regions different in characteristics associated with
periodi c arrangenent of one said material in - 42 the
other material in a direction in which said continuous

defect part continues are formed, 12. The optical
thecp§§€§lH@&@éﬁéﬁndjidic@%ﬁ?ﬁqﬂ9nch%rﬁﬁ%ghi?éad CRUERGHOUS

defbBtSBLYtPERheUhGar h2RUEBBRAL L ayer, a plurality of
said regions are nmutually different in absol ute val ue

or sign of chromatic dispersion given to an optica
pul se when said optical pulse passes through said

cont,y , f t T i ry I :
12. OO A BE YRl actdea I LA RRL £ Y Shlkackprized
in thkyednf e negpaniddiac matrengahmedicf Ieyent a plureliagtoiveaid
.. ndex fron1§ai$ otge% nate%ial fﬁrngng the geriodic £
regiPPEngéneht thaydy FETEERGEMt &8 BRCaFRSp&PLGE &F STIn ©
chrafmkangel®derdiayeqivad.colhe oppltiicedl pel ¥s ke nasLod dbRdcal
to claim1l, characterized .in that in said periodic
pulﬁ?r@ﬁﬁéﬁﬁthngép,SééﬁdC@BHFPHBBESdeégﬁécPaﬁért is
two-di nensionally forned. 15. The optical crystal
according to claim 11, characterized in that said
continuous defect part is forned linearly from one
13. endTh¢ dwtgfcadardvpéril otk eovd it deonehdinalder chewacderpeed
; r i d r 6..:The .opt. Y -
in B AR Cla o 10y LA LY Forent i
refperctodecimteadfgematitayerer sapeaiiadedothéngdrhe 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 sald periodic arrangement layer toward the other

end side thereof.

1l6. The optical crystal according to c¢laim 11, characterized

in that said periodic arrangement layer is provided thereon



- 43 wth a region of different density different in
carrier density fromsaid continuous defect part. 17.
The optical crystal accorq%pg to cl ai m 16,
characterized in that said region of different
density has a carrier density higher than that of
sai d continuous defect part. 18. The optical crystal
according to clain116 characterized in that said

withFIBRARR G “Udra b ATH bR A aE. L6  oRerahtY

fro@08peAsabhoMnsystenetortapaepti cal pul se prODagated
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characterized in that said dispersion conpensation

unit conpri ses:

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 said optical pulse transmission

line; and

a control unit instantaneously controlling the sign of
chromatic dispersion independently from the absolute value 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.



a wavegui de conprising a plurality of regions nmutually
different in chromatic dispersion given to said
optical pulse input frqp1@@{§ opti cal pul se
transm ssion line; and an ergy supplier for
suppl ying energy changing the refractive index of
sai d wavegui de i ndependently from outside for each
said region of said wavegui de, and said control unit
controls the anount of ener supplied by.said ener
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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
characteristics of said optical pulse picked up by said optical
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 cbtained by referencing said data storage
unit, based on said optical pulse picked up by said optical pulse

pickup unit.



propagated via said optical pulse transmssion line; a
di spersi on conpensation unit provided on said optica
pul se transm ssion |ine angd giving chromatic
di spersion to the optical pulse propagated via the
optical pulse transmssion |line; and a voltage
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instantaneously controlling the sign of chromatic dispersion,
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which is given to the optical pulse, independently from the
absolute value of chromatic dispersion 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

instantaneously varying the sign of <c¢hromatic
dispersion independently from the absolute value of chromatic
dispersion which is given to the optical pulse propagated via

said optical pulse transmission line, based




on the determined absolute value and sign of said chromatic

dispersion.



