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1 1 DEC, 2006 DI SPERSI ON COVPENSATI ON DEVI CE -
BACKGROUND OF THE I NVENTION 5 FIELD OF THE INVENTI&“ b
This invention relates to a di spersion conpensation
device, particularly, this invention relates to a

| ow- 1 oss dispersion conpensation device which is
provided with a photonic crystal region and a core

region for |eagi %égﬁ P heL £ By t Hey phgt oni ¢

crystal reglon an e core'region are separately
formed. DESCRI PTI ON OF THE RELATED ARTS In recent
years, |ong-haul data conmmuni cation has been 15

performed throughcepkboab birbens, Tawgntment ransni ssion
rate of data has risen drastically fromthe past.

Wth respect to the data comuni cation through such
optical fibers, communication using ultrashort
SPELOALFpUHEeI NHVENT ICAt e of 160 Gbit/s or nore, which
rate is extrenely higher than the 20 rate presently
used, iShhaw nertlionvestdiyatiton.a Whepapeiiosr fPRgenkation
data communi cation, usually, the problens about
@€H§§PalRaéﬁéCPﬁéﬁgﬁlsghbﬁ éPY%Pt%BEI%ﬁ%ﬁﬁﬁﬁ'ﬁb TRy -loss

t | t f t th
B A T, Goar B FRT e P D S ovSEn &
i nt | 25 b di
cPbbhdl EoxOeLYan ) AR Al SR ALG BB Addhg 1ignt,

szﬁa%ge%o%é%ﬁo%%%%ﬂéfl AP ARk méncg@relre@m

separately formed.

DESCRIPTION OF THE RELATED ARTS

In recent years, long-~haul data communicatiocn has been
performed through optical fibers, and the transmission rate
of data has risen drasticaliy from the past. With respect
to the data communication through such optical fibers,
communication using ultrashort optical pulses at a rate of
160 Ghit/s or more, which rate is extremely highexr than the
rate presently used, is now under investigation.

When performing the data communication, usually, the
problems about crosstalk and transmissicon error would come
up. The higher transmission veloclty of thedata, the narrower
temporal width of individual optical pulse and time interval
between adjacent pulses are naturally provided. Therefore,
the above mentiocned problems will grow into particularly

important things.
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The speed that |ight passes through a material is 14 e
linmited by the refractive index of the material. The' YEL 2005
| arger refractive index, the |lesser light speed is

provided. In the material such as gl ass,

sem conductor, or optical crystal, 5 the refractive

index is varied by the frequency of |ight (wavel ength

in air) and t he re, e I.gRt . ;
T S e S (e

gyﬁliggdtlﬂf +hidl Qggggyt:?@e oﬂ;n@& iocfa{:hg%%itﬂ .ougﬁlealarger

nmaterial ‘the wavetorns of the optical pulses are

distort edehfichtgedanandensenef s dded elsrgedé v@ed ndent the
on wavel ength, and whi ch phenonenon will becone a

fhactor 20f shbhe ¢ eadsesd nge<afi ddhelwpidcabrpubsesailncriyheal,
time domain. Hereinafter, such a characteristic that

the rkifghttipeednidsxvars echiiyed Hey wavel Engthenéyt hé 1ight
light is referred to as "chromatic dispersion” or
swapkyenttihsipee sk bn'andlBhase hene i dhed by el duithgerends
the propagation through optical fibers, the optica

pul Bes veree IRt eddthanti 9bk oaddnéd FROTRsERqngluring the
wi dth. At the conyeniio al transm.ssion rate, since
PrRREARALANGT PREL Ot PEAP Fulse 1Y arﬂ&&%ﬂr&ﬁy‘:h? Yrggtorms
originally, such .distortiqn_and,br.ocadeni ar t
agvg]lil%poéﬂ%t %aj;éjﬁlosuess pr gbﬁérsr% .Orﬁﬁggg}{ he' éc}gtaa Bplflactle of

%?@%gkﬁﬁgoﬁadgﬁtgni§abE§%ﬁa§ﬁq’aﬂﬂmﬁﬁgEh ﬁngnomenon will

crossta a transm ssion “error are caused since the

adi-arent, puLegs £PNMBnd iU BIL BIE o MR @3%h Rlihefilisks in
front and behind, or by sone other adverse events.

Thust i bymBy nan Rees Basetén, Ehehtd anarassiean stalet 5t the
under the conventional technology, it is inpossible to
neaghitzapeahi ophirdald ot mwiacatlieo tato @thedhemhtdat aeferred
rate. Considering such problens, studies of .
conpensahinegatthe Plispersion' or simply, "dispersion'.

As mentioned above, during the propagation through
optical fibers, the optical pulses are distorted, and
broadened inits timewidth. Attheconventional transmission
rate, since time width of the optical pulse is also amply
large originally, such distortion and broadening are not
developed to serious problems. When the data transmission
rate is increased, however, the crosstalk and transmission
error are caused since the adjacent pulses come to interfere
with each other in front and behind, or by some other adverse
events. Thus, only by an increase in the transmission rate
under the conventicnal technology, it is impossible torealize

an optical communication at a higher data rate.

Considering suchproblems, studies of compensating the
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{ 1 DEC xi O chromatic dispersion with using a
photonic crystal, etc. have already attenpted. Thé | Dl
photoni ¢ crystal has a structure where two material s

of which refractive indexes are nutually different are
5 arranged periodically. Wien a defect wavegui de,

i.e., continuous defects part IS forned in the

hrogrgarl] giyﬁe@51quw%?fl av?jng%h %g_t Q?@aﬁ)a tt:Cthc':r\;re

e rra eC|f|c reqlenc

ﬁ a%ggﬁﬂggdthe wavegui de, and a mavegU|de nDde
églves a specific wavel ength 10 distribution to

the |i e bBoEERAL 0Ey sUSING d b Sruaveguinde remidenatbeials
chromatic dispersion in the optical fiber

LFaR3iceS| oRrtafeivs dcanpensateace pdeealfor dExdglent are
Non- pat ent docunent 1.) Patent Docunent 1

£ YO200440GFrADdidiaddlyosesiWhenls dilspersi omveguide, i.e.,
conpensation device which can provide a proper

respéctpve dhFerhei padisper spoRe@hangescwintpespectystal
to each order of chromatic dispersion terns in _
bt R BFOPRaLRY AR H5ES WMadePBRt A (O Hdqlenoply & 1ight

SaSuhgrte S ER ter il ey 3o vevemmice.
d t t.al t

R (Rdr BT Toof, Sl o it socinds ofloe

%is@EHG'tEBnHE’ e f—’ﬂ'i?;, %El@r cif@é&uymm ) lt'hggtwavegulde

ransm sSsi on C aracteristics coupl ed- def ect

WBMegUi ggei NephOhoni € Qiﬂgﬁéﬂéhdﬁn in Ditgest og%ienit heiper
63rd autumn neeting of Japan Applied Physics, The

dapaBmiSeecbat y1 ohe Appd | etbripfetsd Ssd Septserher £34, 2082ple,
vol .3, p. 917,
Non-patent document 1.)

Patent Document 1 (W02004/063797) discloses a
dispersion compensation device which can provide a proper
respective chromatic dispersion changes with respect to each
order of chromatic dispersion terms in optical phase against
wavelength (or fregquency, hereinafter, they are simply
referred to as "wavelength".) to the transmitted light by
providing in photonic crystals defect waveguides along which
the light is transmitted.

Non—-Patent Document 1: Kazuhiko Hosomi and Toshio
Katsuyama, "Light +transmission characteristics of a
coupled-defect waveguide in photonic crystals (2)", Digest
on the 63 autumn meeting of Japan Applied Physics, The Japan

Society of Applied Physics, September 24, 2002, vol.3, p.

817;
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3 Dr~~ C ?BOQ Patent Docunment 1: W2004/ 063797 .
SUMVARY OF THE | NVENTION I n accordance with the {
construction of the dispersion 5 conpensation device
of the prior art, since the wavegui des (defect
wavegui des) through which the optical pulses are
transmtted are provided in the photonic crystals, the

sizes of,lhe M@X&&&gfﬁésgﬁ%@%%@??g?0” the

t hi ckness or sizée o oni c crystals |ayer
thus, as a result, the obtained 10 waveguides have
smal | cross-sectional areas. \Wen optical pul ses are

| aunched i nto sucghpawayegtide: havingr @ smal |
cross-sectional area, |oss through the waveguide wll

be veryrhargerdandeswhandilye pessithhe tionapplihe tihepersion
di spersi on conpensation device of such a high loss to
tbmpkesaltiraf dsviandof arlge wapacidnt optinca the waveguides
conmuni cation wutilizing a broad spectral band.

THefefdr @avielivg diesy erfthiro i mh i@ prlewi det bicabwoulses are
di spersi on conpensati on device of a |ow |l oss and ,
&ApaBMeé tored FBAMTANRGSA AR gHE? PRPARSHCSSTHRt 7 af e s s12es

the opti cal ul se. .20 To sol ve. t he above, nti oned .

B B RS Saf S, e Roat P e § r size of
npensating chr tic. dispersion _of optical .puls .

FAGrEhaH T FormCiie et STSF "ackor Hitig o -t he' gy Ssent > "<

g%ﬁ%gh&%%si%a%ga%ﬁ%ﬁﬁrE%%%sbﬁé€¥ﬂ®ﬂéii%& s Wavegui de

~photonic crystal part, the wavegui de 25
CONpr i s{Rgn dpRArRIPaht s £9ra:qul dihRgnbhe ARt kGah PUksesuide

from an input end to an output end and a clad part
Cansingt isngsafzll cross-sectional area, loss through the
waveguide will be very large. It is hardly possible to apply
the dispersion compensation device of such a high loss to
the ultrafast and large capacity optical communication
utilizing a broad spectral band.

Therefore, this invention aims to provide a new
dispersion compensation device of a low loss and capable of.
realizing a higher transmission rate for the optical pulse.

To solve the above mentioned problems, the dispersion
compensation device for compensating chromatic dispersicn
of optical pulses launched from the exterior according to
the present inventicn is characterized by comprising a
wavegulde and a photonic crystal part, the waveguide
comprising a core part for guiding the optical pulses from
an input end to an output end and a clad part consisting of

afirstcladlayerandasecondcladlayer, thephotoniccrystal

? f"}?"‘:ﬁ -~

.ﬁﬁi.z £ .'.
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a first clad layer and a second clad | ayer, the 1§ nEe
photonic crystal 4 1 1 part providing a chromatic
di spersion variation of a proper dispersion
characteristic to the optical pulses guided through

t he wavegui de, the chromatic di spersion variation
havi ng an absol ute value of the variation and a

ggs?lttfn}[@v;p&;g’g rge%tflo\ﬁ%tilcga&swe%%ﬁ w&@la%ﬁwa proper
rystal part s layered onto the first clad | ayer,

hhepeoLecnardhd sad ool £6h Onte the: ppetenic wiysdal guided
part, and the second clad part is forned so that a
parbugn efiewhkebgiisdkayeredchptnathe phepemstoarystahtion
part and a renmmi ning part of which covers the upper
Barfagean lamhise dex lour fodcehef veheatbre patta ppgitive or
accordance with this construction, since the photonic
ceygstabepatgnf orhepraomi dilhrﬁ?gpbﬁfﬂéﬁaﬂl ergs spbrzinon igndayered
t he waveguide for guiding the lig i s prepared
§€’p?8r§}fl%l%lrs’fb(§t1ﬁdt ﬁéyﬁﬁot%}hﬁ? &%frey&aérﬁ b%r]taﬁéﬁ'ﬁxeq fpgto the

d be d 1 tual | dent
WRREPHFS “FBSSPh p%?r';% <28 54Fpell dEE B el phgormed
RRC R S Heor (o AL PO thesﬁx%%%'éid%%%é%e G g rar

?% J’lg é)rx%%al %%7(1 eo% &ﬁi{:l@%é\y@rg@ﬁee%%%%% surface
ere us,

etween. T he di spersion conpensation

dewl %gd@n@utrrﬁc@ptoufc%Ihezgofﬂeb%r@re jointed in order
to launch the optical pulse into the dispersion
conpensahi eirdedged remhbheopt i eahstikbetionit disnce the
possible to take the optical pulse of adequate quality
phbachie deyscel wiabtt Reegimy itdiend obsomatacrmimmpamian and
order to nake dispersion conpensation reliably.

Ehet Hevegsideef e ha @Bligwr éhpat tohs I npared rest sepheately,
ghotonlc crystal part, the light qguided throqu t he

6r-d T phe n%%eéw@aﬁmr&mqﬂFH%W@Hﬁaﬁéﬂe&a edesigned

mutually independently. What this possibility means is a free

is,,

designof thecross—sectionareaof thewaveguide, forinstance,
a material modification between the core part and clad part
in order to provide a refractive difference therebetween.
Thus, when the dispersion compensation device and the optical
fiber are jointed in order to launch the optical pulse into
the dispersion compensation device from the optical fiber,
it is possible to take the optical pulse of adequate quality
into the device with keeping the loss to a minimum in corder
tomake dispersion compensationreliably. Further, since the
corepart is layered onte the photonic crystal part, the light
guided through the corepart canreceivereliably thechromatic

dispersion variation from the photonic crystal part.

2005
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di spersion variation fromthe photonic crystal part.,5 ;.-
W.~i.. b~$f ~c~ | | In a preferred enbodi nent of th& bt
present invention, the photonic crystal part is nade
of a first material and a second nmaterial, the
refractive index of the first and second nmaterials
being different fromeach other, and pl ane-shaped 5

s Gt e hed L AIRLE B 200 BRC0cRRVIAGeRc ton,

predet ermn Si'zé being arrayed at et erm ned

%Qég%ﬁ@%én'Encnggtgﬁtﬁé§tn§gem9&et89 segondr nmiestaki and
nt b n

I S enbodi t, since the first materi al which has

A di-bherenteF el achicve 4 ngdex J4 oAukRalf Ol Fhessegondecond
material 10 can be arrayed as plane | am nae of a

P edet g1 Bimerh §icze fatr cpriedeber ax ded tinter wakdspl ate- s heped
second material, it is possible to provide the

thspeasi omeconpénsidte ol idevi ceatactal diamg teathe having a
present invention with a relatively |ow cost and
prehebernihagdsel inbeloenpreryed of beessticruings 1aberyRals
a further enbodi ment, the photonic crystal part
eBnphpsBatEws BRAROPE 8§ 6RSONAT BF & 3 ai d al ong the

ti di ti th i . | . ‘
propasel| on o scyon el LIS OPLLES L SE8e OUL 1% e
the fi t { iLal, . in. h i ; )
L8 158 AL IR0 S5 0,208 UL S 0o

Lffere I.Sper si racterisid g, ' Ocj
(R LT aRn P Al AL B 5 ety
bheabibst i rabenidle MRIGh {8t&r easged dond hevsacend, it is

material fromregion to region, it is possible to
peakiBee pOSi pirveide negat Hyepsirghish dispessiodnon device
conpensati on, and

according to the present invention with a relatively low cost
and without a lapse into complexity of constitution.

In a further embodiment, the photonic crystal part
comprises two or more regions which are laid along the
propagation direction of the optical pulses guided through
the waveguide, and the size and interval of the firstmaterial
in each region are determined so that the respective regions
have a mutually different dispersion characteristic.

According to this embodiment, by varying the size and
interval of the first material which is arranged in the second
material from region to region, it is possible to realize
positive or negative signs' dispersion compensation, and
multiple-order dispersion compensation.

In another embodiment of the present invention, the

dispersion compensation device further comprises an energy
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25 nul tipl e-order dispersion conpensation. In anot@egpgp
enbodi nent of the present invention, the dispersion "
conpensati on device further conprises an energy 6 |
Ci.." 235 supplying part fromwhich an energy is
supplied to the photonic crystal part so that the

absol ute value and the sign of the chromatic

di spersion is controlled b% changi ng the refractive
7 e kY bP I PRE TiAAh P AED & ARREPHTyS tioPthfd to the photonic

STOcTabdPuht it car oiie anceldrs,Yelts S ariderap of tne
UL Bl 0T PregaULe, ENEraX. SXLEIALLY 800 ¢ re ropractive
dentTy, pabl € of ¢

i ndependen , the energy béing angi ng

{heeLebFactvgaibdeXae0f the waveguide, it is possible

to control freely the chromatic 10 di spersion

vari at i gfcd i thet Ophii6admud 58S+ | Bidckunidi®drgy supplying
enbodi nent of the present invention, the energy

Bappl yi g pardedivindsht heneger gyat aridweyy dict dyaklectric,
regi ons of the photonic crystal part. According to
thesmehbodi peassuséneect e, eprtgynalbysappl yindgreadehely,
made to the regions separately, it is possible to
tbﬁt@@er@hebgé§@t¢@@ahga ﬁéggzﬁvgiéggﬁ e gpEpersivh index
conpensation, _or_ the multiple-order dispersion )
%SggéﬂﬁﬂQQH%d%m+Eﬁsﬁpé%%Qﬁ%F%yoPﬁaP@idﬁﬁlﬂ¥%ﬁ6ﬂ§°matlc
inde%endentlg..lg.a s%ilk further gnboﬁinent, t he

dLEBRES hBP el FAF 25026 "E8nPEGAGECt BFIRAch possesses

a predef erm et CRTLIGIa ASNSLLY HOEr. 108 SHRLLNARY, he
state, and the energy supﬁ?ylng part Tnpartfs an

ERELGY LApLAG;RBOLARIC [ryst alhPaldersP thathet Dfaividual

ener gy inducés a change in the carrier density in the
regions of the photonic crystal part.

&}
At

According to this embodiment, since the energy
supplying can be made to the regions separately, it is possible
to control_ﬁhe positive and negative signs' dispersion
compensation, or the multiple—order dispersion compensation
which are aimed by individual regions independently.

In a still further embodiment, the second material is
a semiconductor which possesses a predetermined carrier
density under the staticnary state, and the energy supplying
part imparts an energy to the photonic crystal part, so that
the energy induces a change in the carrier density in the
semiconductor.

According to this embodiment, by varyving the carrier
density of the semiconductor as the second material in the

photonic crystal part, it is possible to provide the chromatic

T R i
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sem conductor. 25 According to this enbodinent, by
varying the carrier density of the seniconductor as Uil
the second material in the photonic crystal part, it

is possible to provide the chromatic 7 dispersion
variation to the optical pul se guided through the
wavegui de. In a preferable enbodi nent of the present
inventiqgn, the ener suppl yin art conpri.ses_.a
(OFERgE AP IF hYCPar (20 BURMEH GpbRds L8P tage GHaian the
t he %ho%onic crystal part in order to vary the

EarFisr génsity in the sem conductor. According to

this embodl el ol e REEREAL AN PMA O o . ARRLENRG o,

vol tage to the photonic crystal part soas to vary

the EﬁéEg?rsﬁﬁﬂﬁigﬂb'ﬁ&x&h%o%%%ﬁ%%@déc&6!t£§eEﬂﬁﬂﬁ%&&ﬁ%art
10 material in the photonic crystal part, 1t is
ROSShbAEp1 De PROVItERe dREo AHDPRbEEndESPEfSiONpart in order
variation to the optical pulses guided through the

wav egutydehel maa rfient bien sprtef émabilhe emdrddiomehictdrhe

energy supplying part conprises a potential holding

part fohchokding tolbhihenpoddmendl o bftheher ssgondnvention,
material to a prescribed |evel. chordin% to this

&b eddRing. Vol tegepsssithee Phe theEG CENE tedt ERETaECofs to
the second material in the photonic crgstal art to a
PPEYCEPBetP TBvRl  dRHUSTY i F8eXpRtERET AP the thfosgcond
st abl e dispersipon._conpensat.ion can be .perforned o the.
S5 TGt da Ut BBOT R AR CeNBod MRTE T of CORG g Coprovide
Ihvent] t. .dj Si tion Vi : t her
e 31 £ 1F B UL P ce
RRARRYALHIY & the hisghlyard which

e

In a further preferable embodiment, the energy

supplying part comprises a potential holding part for holding

the potential of the second material to a prescribed level.

According to this embodiment,tit is possikle toc helid
the potential of the second material in the photonic crystal
part to a prescribed level, thus, it is expected that the
more stable dispersion compensation can be performed to the
optical pulse

In an embodiment of the present invention, the
dispersion compensation device further comprises barrier
regions which inhibit the propagation of the light and which
are formed along the light propagation direction in the both
sides of the photonic crystal part.

According to this embodiment, by preventing the

diffusion of the light at the direction perpendicular to the

Lo e
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are formed along the |Iight propagation direction in

the both 25 sides of the photonic crystal part. 4 e sann
According to this enbodi nent, by preventing the P LLL i
di ffusion of the light at the direction perpendicul ar

tothe 8 MM Ilight progressive direction, it is

possible to nmake transmt light surely precisely. As

i bed abov. i.ng to, th t inventi |
SERFL Sodh SREVE, GO (oL BLSSERL LINGRLI6D: s
' ' ' i dth i de f
e b ey B O B e ety it i

possi bl £5 h2sPEOMEHR IR VO ¢t @581t 8BS P b sent invention,
conpensation device where a free design of the

61Q88- sREt HhABranea ebtybheiwpregurde gapvheipgagt Egednatic
the optical pulses can take into the device with
Keepengibhe ahdsshk0 waeannide Mon @ndidditisndg hehe light is
di spersion conpensation can make reliably. BRI EF
DESGRKPH| ORp@EaTHEYDRAW NSSpFiEgiblei soapcpusdesaciponloss
of a dispersion conpensation 15 device according to
gherenbbarneptrehsehéopr ES¥AES HREHei anfrefi gespanj gf the
an illustrative view of a photonic crystal region R
FRO&SpRBESAPE éFﬁétﬁﬁ FE?eWaH?gFFS? 5Bnj §egRracticed, the
illustrative view of light ich is gui. t hr ough
PRE O L= A7t SPKF 65 ERP T 196 "B hL SRTEL Y yaieat 022
Q Layer. 4: Fig. ' [ fiv ' f.:
favegiietinackq pobd Ble Rt et Rt Rle s pam e

?g%§ggh | ayer 4; Fig. 4 is illustrative views of
abrication procedures

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross section of a dispersion compensation
device according to one embodiment of the present invention;

Fig. 2A is an illustrative view of a photonic crystal
region R1 in a photonic crystal laver 4;

Fig. 2B isanillustrativeviewof 1ight which is guided
through the photonic crystal region Rl in the photoniccrystal
layer 4;

Fig. 3 is an illustrative view of waveguide modes in
individual regions of the photonic crystal layer 4;

Fig. 4is illustrative views of fabrication procedures
of a dispersion compensation device 1;

FPig. 5is illustrativeviews cf fabrication procedures
of a dispersion compensation device 1;

Fig. 6 is iliustrative views of fabrication procedures
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of a dispersion conpensation device 1; 25 Fig. 5is
illustrative views of fabrication procedures of a ¢4 e
di spersi on conpensation device 1; Fig. 6 is Povk
illustrative views of fabrication procedures 9 1 1D
of a dispersion conpensation device 1; Fig. 7Ais a
schemati ¢ di agram of a di spersion conpensation device
D8VLNG; 3,R00L BN1 EoRLYRLEYs LAY B Rl gui ded with
arrier rayers, d. 'S an 1l Tustrative view for
the co uction; . of, t | Si Fompe atj o, :
devicemﬁggingAa %%oﬁbn?%hgﬁéggéal Q%yer 4ggréiigégper810n
WhihBehakik 8h deyi@lsShatifg a®Hot AHh d bﬁg&a@tﬂa\g@m B¥ovided
for another nodified construction enbodi ment of the
dispepairencgonpensati on device 10 having a photonic
crystal layer provided with barrier layers; Fig. 9is
a graphrisdi ctt shows theushaamgevefvidie fghasée agashstction
the frequency of light. Fig. 10 is a graph which shows
phe télvarfewiriihen phogeenyerson deyifteedqipeiicye of Phghenic
when hole 41 is 242 nmin dianeter; 15 Fig. 11 is an
CrVEsetatpVEerviteREeV 18eEnhid ikt Pé Tdisfe SRS /

conpensati on devi ce .using a _nulti-node waveguij de; nd,
o 1ot e T 1o e N 67 dhforprees modlfiea
dis G:Sic r;'locorrrr%ﬁon 1an¥ein nofi%}{ie%%susejrn %é§0té§§§%ion device
58B%Iiﬁg. 26 SHowh T e above draw Nngs

A

e nuneral s
R R

Fig. 9 is a graph which shows the change of the phase
against the freguency of light.

Fig. 10 is a graph which shows the change of the phase
versus the frequencyof lightwhenhole 4l is24Znmindiameter;

Fig. 11 is an illustrative wview of a chromatic
dispersion compensation deviceusing a multi-mode waveguide;
and

Fig. 12 is an illustrative view of a chromatic
dispersion compensation device using directional coupling.

" The numerals shown in the above drawings represent the

following articles or parts, respectively:

1 dispersion compensation device
2 substrate

3 clad layer

4 photonic crystal layer

41 hole

42 terminal part

10
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2 substrate 3 clad |layer 25 4 photonic crystal |ayer
41 hole 42 termnal part 10 5, 5A, 5B, core layer +6; yp o
clad layer 7 internal electrode 7' electrode 5 8a, % -
el ectrodes 9 reference el ectrode RL photonic crystal
region R2 extended region a, d intervals 10 r radius
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS OF THE

I NVENTION Now, the present invention will be

desefr bel i n FOF& MY/t h reference to some

gnbodi Hg which are non-restrictive 15 ones, and
i scl os ntS¥%r the purpose of facilitating the

gllustrfﬁéégh (%#g§%¥§égnding of the present
<Consti

i nvention. ution and function of dispersion
gonpensatdon-device> 20 At first, the constitution and
function of the dispersion conpensation device

gecopdi ng to an eyhediszent of the present invention
will be expl ained with referring to Figs. 1 to 3.

Fig. 1 tsfaretoassebectiofe of a di spersion conpensation
R1 photonic crystal region

R2 extended region

a, d intervals

r radius

DESCRIPTICN OF THE PREFERRED EMBODIMENTS OF THE TINVENTION

Now, the present invention will be described in detail
with reference to some embodiments which are non—-restrictive
ones, and disclosed only for the ﬁurpose of facilitating the

illustration and understanding of the present invention.

<Constitution and funciion of
dispersion compensation device>

At first, the constituticon and function of the
dispersion compensation device according to an embodiment
of the present invention will be explained with referring
to Figs. 1 to 3.

Fig. 1 is a cross section of a dispersion compensation
device according to cne embodiment of the present invention.

As shown in Fig. 1, dispersion compensation device 1

of this embodiment is composed of a substrate 2, a photonic
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25 device according to one enbodi nent of the present
invention. As shown in Fig. 1, dispersion U] onpe
conpensation device 1 of this enbodinment is conposed ~
of a substrate 2, a photonic 11 crystal |ayer

(photonic crystal part) 4, core layer for conducting
optical pulse (core part) 5, a clad layer (first clad

| ayer) 3 and a clad | ayer (second clad | ayer) 6 which
¢EnEEF bnlay chaV@e @@ it Tofbihat PARtW fh (W& corayer for

| ayer 5, 5 and. an i nternal electrode 7, an e] ectrode._,
oo BLeg s G G B coReaPar el 1 el o SavPRgdrirst
9 ich e trodes f.unction S _ener S [ vi .
guid LR L b 55 lhardPa nsCoRry T IYREY © wnicn
V. - Eqr ; r
[REPEERAE, SRR 4o JERRRRS LB RIS AR 0 5

and dpWHddRs anecdeped N of defediOrody Q¥ dBicctrodes 8a
el ectrical conductivity. The clad layer 3 functions as

ihe srwaveguibde fdrecoibilBatiroaevd t hhi bR 0@y daaieer fnction
and the clad layer 6, and is made of silicon oxide
£ Sic@rdyi Enppolyshbimont nifori seodlyimg plsdear redanpl energy
and is layered on the substrate 2. The photonic
teyshal réayertiviescrhetnenberef sempeovi.ding a
chromatic dispersion variation of a dispersion
char act eri sti §oSKRBPLRghtS iiidéd et Arba§hathes . 1t may be
di spersion cggpgnsation devi ce t he di spersij

2

. 1, i on
BRAF att eF 1 §¢F SicFEﬁih@pﬁﬁlﬁbgﬁlﬁfﬁ UaPge bf theer to

varlaﬁlon aggr§ g SLLI .negative sign. For

e _.or
%ﬁ%ﬁﬁ %,e}ﬁ|s pﬁo onre 8F§%F$Fyrayer 4 is fabricated

o o A PR 0, gl B o
combination with the core laver 5 and the clad layer 6, and
is made of silicon oxide (5i0;) film or silicon nitride film,
for example, and is layered on the substrate 2.

The photoniccrystal layer 4 is themember for providing
a chromatic dispersion variation of a dispersion
characteristic to the light guided through the dispersion
compensation device 1, the dispersion characteristic
including an absolute value of the variation and a positive
or negative sign. For example, this photonic crystal layer
4 is fabricated by using 5i as a second material which is

the matrix of the layer, and is layered cn the clad layer

3.

More specifically, the photonic crystal layer 4 is

composed of photonic crystal reglon Rl and extended regions

RZ2, the photonic crystal region Rl being prepared by providing
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25 More specifically, the photonic crystal layer 4 is
conposed of photonic crystal region RL and extended

regions R2, the photonic crystal reglon Rl bei ng?! § 0i0 7005
prepared by providing 12 | lj:r: t “7ilnj2 1 t1l a

pl ural nunber of plane-shaped holes 41 to the host

material which is made of Si, for exanple, and then
filling up the holes 41 with a first material such as
SO TG WAPERT 1/oPAGHETENaBERSE ARSI &L AT Fie S HoRE L A1
that. of the mat erlal and 5 the exte

EGT b Ag Phchtedt St GEHRELE dcenBr ERR BhOLBRACYP the
f8t ot o e agg&%%'&gedno(gg{gyhgggfwhﬁwgseygg@m

@Qﬁggaﬁé fg'&yﬁﬁ§}éﬁqh%qgnpiﬁ§%t&Pgﬂﬂ%KE&%&EMﬁaterlal and

dinmensions in otoni c cryst ayer , such as

£$§EXEEEH%&¥EH¥%n§&@Thém%ca%@d@%%6¥%§1@E¥$@ﬂhé§ﬁ§ﬁonlc

4 1s formed with a shape which is conposed of a
§o0bt nat f OFi 6h SOMEhL Wty e rovdidedl GORD Raki ABle 41.
of curved faces and flat faces during the

manuf acti i"pg spreoceésped't hecdr nangenemtamd diige shelpeawhich
shape of the photonic crystal layer is involved in

i heatphapedshapehe asréaries Pf thn EEOf@hm@nehoae thethe
photonic crystal in the present invention
provPal Ag e achi 8HEEiL aPspersiféa vk ae T %Thap&rt j"dien the

preferabl e, homever t hat .t he photoni c crystal
PYOFORREACTEE Tohe IAVAE |a}ﬁe-@ﬁ%fpeéi T e e%%%?n%mch is
[ an cO S|der|n t he Ilnearlty of t he

F?@ﬁ?ngﬁﬁ g%m?%n? 8O0 56 ST h e &Y Bh T ES P endd F4 FgRpination
gﬁ%h%%e%f;ggégﬁ&%ﬁét@% %ﬁ@hfﬂ§%kﬂ¥%§ndfﬁégﬁ%lng rocess,

ot oni ¢ cryst fegion e photoni ¢ crysta
kﬁ¥e£rﬁa£&@ﬁéh9n§l@§gtgﬁhh a shape of the photonic crystal

layer is involved in the "plane-shape", as far as it can
function as the photonic crystal in the present invention
of providing the chromatic dispersion variation. It 1is
preferable, however, that the photoniccrystal layer is formed
as the flat plane-shape as one embodiment of plane-shape,
considering the linearity of the light launched to the
dispersion compensation device 1.

The matrix material ($§1) part in the photonic crystal
region Rl of the photonic crystal layer 4 functions as the
second material according to this invention, and the hole
41 {81C;) part functions as the first material according to
the present inventicn. Incidentally, with respect to the
detailed explanation of the photonic crystal layer 4 and the

chromatic dispersion variation which is promoted by the
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second material according to this invention, and the
hole 41 (Si02) part functions as the first materi al

according to 25 the present invention. Incidentall¥y,} [ 200

h

[ RS

with respect to the detailed explanation of the

photonic crystal layer 4 and the chromatic dispersion
variation which is pronoted by the 13 ft ~(e UEC
photonic crystal layer 4, it will be explained |ater.
Phetoorie kayerad flanewi dns 1ds wiHd Wavegwildd riag later.
conbination with the clad lLayer 3 and clad layer 6. |t
is uselh®orcHy® didgethe optRehiopal s FR8m™E@YsHpde in

end to an 5 ouytput. end. of the dispersion ensation. .
&QWP&QaPOlﬁoF’ltE‘xEHﬁI %%a‘fiti?-%e T 19 doR T ?gh dét is
Si ,.and. it i.s |ayere on t he_photonic crysta
bestoRo R o SrS g e PRSI, sk rROR, O SRy MY, o an

| 6 f . . . . ‘ nat i
R?%%Ethﬁﬁfgﬁéqﬂ%ga&%ééﬁ? 3 ﬁgy%ﬂéehgat}QnCSEQ&E@ hon por

| ayer ore er 5. For exanpl e,

ebab®10RdEe: 0f mei@% £ 4] M Okn hhersihbi conwj t bhde fid ThgSred
in case of the clad layer 3. And it is |ayered on the

ear enkayebtbniandrpletoniregebystal olfayBe gnhs@chhat cirystal
covers the upper surface and side surface of core
partr54., and thus covered 15 with the clad |ayer 6.

For exanple, the internal electrode 7 is nade of

al um nuih¢ Alglaahdlspeon,b afdnisipagerad dhet heawdaulide in
layer 6 so as to be arranged on the upper side of the
coFd ingydon witiThbe cApermale b aafsde 2 Yehet i oh’r ggample,

an en$%%%esup$l¥in 20 part agdia quxqgf apgl¥32g_

5§r%§ P F4H 2585?¢W§§h§ 5111CO itride 11 in case
of the clad layer 3. And it is layered on the core layer 5
and photonic crystal layer 4 so that it covers the upper
surface and side surface of core part 5. , and thus covered
with the clad layer 6.

For example, the internal electrodg 7 is made of
aluminum {(Al} and so on, and is layered on the clad layer
6 50 as to be arranged on the upper side of the core layer
5. The internal electrode 7 functions as an energy supplying
part and a voltage applying part, and is for applying a
predetermined bilas voltage to the photonic crystal layer 4.
Incidentally, when the photonic crystal layer includes four
regions (I) - (IV) as mentioned in details later, the internal
eilectrodes 7 are provided for every four regions (I} - (IV)
independently, in order to apply the bias voltage to every
regions separately. By this impression, the carrier density

of thephotoniccrystal layerisvaried, andthentherefractive

14

I3

14




10

15

20

25

predeterm ned bias voltage to the photonic crystal

| ayer 4. Incidentally, when the photonic crystal ; 1

| ayer includes four regions (1) - (1V) as menti onéd’ “**

in details later, the internal electrodes 7 are

provi ded for every four regions (1) - (1V) 25

i ndependently, in order to apply the bias voltage to

every i ons ,separately. i s | npression,

Pt ohaeRet: % %aPﬁgdpﬁé’t DI oty RGeS derefide the
and then t refract.i 1

s‘fﬁaa%r%ﬁaiﬁesw?snéﬁ%ﬁaad V3G aaen ot qrdg glses-

pu 5 ésﬁp&;g g&gs%fpe@éaébxgprxﬁ%ﬁé' ;?Bsiel&geaﬁ@tﬁ&egtwe

IS possible to con the positive

é‘ﬂ?n@egaéiélﬁerﬁ&rﬁls cHSRES1 Qh comRensaki Oflul Oiptbeorder
tiple-order 5 dispersion conpensatlon whi ch are

Ak BBEr by oh ndimt il + iregiiensh arkdenesdipptingiviial regions
internal electrode 7 can be prepared in any fashion
asdkpegdastily . carhde romntrl kéedy ctke?i oah Hedpakpared in
regi ons i ndependently. Therefore, it is possible to
pngplarseh ioneasel est rasdé tpean der @gnﬁnoléﬁdtw phepar@igpdual
el ectrode unit 10 which conprises two or nore
speéprEdeiqRANART §AY nddpeiddre . Thé sopett e &P Prepare
and e] ectrodes 8a, 8b are made of titaniumthe ni

8Pr°—o?l<e@n:w§e£ﬁjr ﬂ afeRGRr chipE? RATRE S CA #e:Tpge unit
th h h d |

Hﬁanﬁﬁﬁmiﬁﬁﬁ%ﬁﬁ %%ﬁ%ﬁ%gfeﬁ% %ctﬁo es%brua %g ?%gpengent

Ui tani ugLhe I8, aﬁé@i aud&y I 185 are mage of

relatively har oy, i nterface 't hereo

@lksﬁgu A(E%e(ﬂ?&kéboé[\ﬂ)o I Smflq\f me%nwazahqmaﬁu%gﬁageéuoy
which is relatively soft alloy. Wt

Q@@@hbﬁ&@ﬂﬁkamﬁlés possi it € t oo adhereof vi tha Hel & adyer
| ayer 6 or the photonic crystal layer 4 via the
6 and the photonic crystal layer 4 is formed by the titanium/the
nickel alloy (TiNi) which is relatively hard alloy, and the
interface thereof with a lead wire {(not shown} is formed by
aluminum/copper alloy (AlCu) which is relatively soft alloy.
With this constitution, it is possible to adhere it
to the clad layer 6 or the photonic crystal layer 4 via the
titanium/the nickel alloy {(TiNi) firmly, and tc adhere it
to the lead wire or the like via the aluminum/copper alloy
{AlCu) firmly. Therefore, these electrodes can be
electrically connectedwithanexternal electrode (not shown)
via the lead line, and thus, the voltage controls to the
electrode 7', and the electrodes 8a and 8b can be practiced
via the external electrode.

Also, the electredes 8a and 8b function as the energy
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20 titaniumthe nickel alloy (TiNi) firmy, and to

adhere it to the lead wire or the like via the T NEe enng
al um num copper alloy (AICu) firmy. Therefore, these* <%t
el ectrodes can be electrically connected with an

external electrode (not shown) via the |lead |line, and

thus, the voltage controls to the 25 electrode 7', and

the electrodes 8a and 8b can be practiced via the
SRPelyandelPeédt 686l AARsBIovHEles] et thges¥ggraR@IgEreas R2
function as the energy. 15 supplying part and are
ﬁﬁﬁﬁﬂ&@ﬁdon1@ﬁ§xéxtené96ﬁ ar-B8as ROCTABAILSASH /| atbRY are

W.t h _thi i ion, th | i cal |

R S 24 Spar e o bhPt CBERGt Rhen | THo 1ol CHL g Then
t ' 4 as ' ral. ...
7% BB bnatoRtc iR a Ly P RV L B e

ﬁr%]daéatquéS_’L' olet +HUNGtdQNsi @% A Aetentiak- hol g NG Rartaf Qart,

ing the potential of the second material.
B bel s , whepuh bei eh£elr 90 82 tii$ 10955 fie @@ raSf & AN ding
in FET (Field Effect Transistor), and the el ectrode 8b
ithe Hoteonsiadersd tas el atckdsiaGND connected, it
is possible to apply a bias on the Si part which is
t he mat Fuxthaterwladn tihe £hecphoterfix icrgstaideaydrasidrain
This bias is applied to be positive when the
dond&ed iSildh&ftf cic Arepwdstand | mndadde eflechaoge 8b 1is
type, it to be a negative bias. 15 According to this, .
tFre SicsFErs ion SONECAC PEM 85 ENParoTBE Gedlsped By Possible
measuring the el ectric current

(o S8PLE PORCES 6 dHIF &8, PARG WBRFLoHT rig s MEcar T el
505 yFEER O g 1 0 RIGLBLa LAl e
Qﬁ§§%%¥%élw%en the concerned Si part is n type, and in case
of the p type, it to be a negative bias.

According to this, the dispersion characteristic can
be grasped by measuring the electric current which flows
between the electrodes 8a and &b, and monitoring the carrier
density change of the Si part in the photonic crystal layer
4 outsidely. Further, by applving a bias between the
electrodes 8a and 8b, the voltage applied to the Si part in
the photonic crystal layver 4 can be changed by small units,
and thus, the tuning for the carrier density inf the concerned
Si part can be made with a high resclution.

Inaddition, when carriers are trappedat the interface
states between the Si part of the photonic crystal layer 4
and the hole 41 formed by the 5i0; film, there is a case that

the carrier density in the $1i part of the photonic crystal
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20 el ectrodes 8a and 8b, the voltage applied to the S
part in the photonic crystal |ayer 4 can he changeg
by small units, and thus, the tuning for the carri
density inf the concerned Si part can be nmade with a
hi gh resolution. In addition, when carriers are
trapped at the interface 25 states betmeen the S

PaV it P ThE S G2aren SERAFeoTE % CUEh Lhape TRetae 1o
%@%ﬁ&f%. U8n2hE oy BckRBaR, sDar| TRTSHDA RNOLOD Cof" ¥pbeing

"ayer 4 does not ¢

ﬁftbgbgfgévye&veﬂeleflet&ero\eéé 898 riSeb a@%lce&gﬂexwerapped_

ect In such a case, by applying voltage
Q@ttmhﬁé@faa&@ﬁé@ee&a&aa@ﬂel§£>sea hen@amthisershd iappednce
at the interface states can be rel eased, and thus |,
bhethef huese€abeoktthesi nhar bacelsnahesedanabd the change
elimnated, and the change of carrier density in the
8if partiem tlkesphgt oni ther st phxt| yekhd phatbeic crystal
snoot hly pronoted. The reference el ectrode9 can be
ratlerof ghunPRURTMCAIL]LYE gromeamel-e. It is provided for
t he purgose of giving_.a 10 redetern1ned ref erence

vol t age™h® rﬁﬁerﬁweoéﬁ%%%we?%waq %é‘}a 9 ﬂé.ac}ém%qny (Al),

f the fab t
3 ek 200l QL proeruss ol SLSBeL 08 iving o
| at 15 .<Phot o t b
e Qﬂr%ese‘?5hjc9%§r%°‘\st§%§ SRS
Qggggnlc crystal region Rl and extended reglons

e

Incidentally, as for the fabrication procedures of
dispersion compensation device 1, it is in detail explained

later.

<Photonic crystal layer>

As mentioned above, the photonic crystal layer 4 is
compesedofthephotoniccrystalregioanandextendedregions
R2, the photonic crystal region Rl being prepared by providing
aplural number of holes 41 in the direction of two dimensional
face1i>thehostnmterialwhichisrmﬂkaofsi,andthenfilling
up the holes 41 with SiC; film as the first material of which
dielectric constant is different from that of the matrix
material, and the extended regions being located at both sides
of the photonic crystal region Rl and being not provided with
the hole 41.

Now, the photonic crystal region Rl of the photonric

17




10

i5

20

25

R2, the photonic crystal region R being prepared by
providing 20 a plural nunber of holes 41 in the

material which is made of Si, and then filling up the
holes 41 with Si02 filmas the first material of which
dielectric constant is different fromthat of the

matri x_ material, and the extended regi ons bein ,
Féyatéd é?Y66t%V@ﬂdegez%e%$r%%%dﬂﬁﬂﬁbﬁﬁéeéﬁ?§€a © Fig. 2A.
region R and being, not provided with he hol e 41.

oot HELBnGrort crct JDuaFFRELT S r OF YR BRboeH rvetal
17 1L L i)Y C ilh"' J .cry |.. layer i 11 be

G58erPoBY it FrFerbrentdt S oA Y 2 e an

I Tust r@ﬁé"l?o]}’é§"f¥1°%o&ﬁ@dpbﬂt% BroR¥eh@ orf 88N Rion r1
in the photonic crystal layer 4. The holes 41 forned

b7 the pROLORic erystall negianRve 5 ofrddee PhaheRd Gadius
crystal |ayer have a predeterm ned radius (size) r,

ard zithey angdanhangede arthedsd anguhar trathigeeart hettice
unit cell of which is an equilateral triangle, and
amengnihotekl 4F ahiehchs uni equellkteprédet éanyhed and among
intervals (one piece of length of the equilateral _
thoilasgt bpteagleugi varelon phed¢deaniangememrvalsefone pdece
photonic crystal region Rl is conposed of the areas

eify Lepaith, ofi the gadilaperadf Whicel ! vhé cadi g vienoen the
the hole 41 and the interval a are nutuallﬁ , .
GEFPOLEMER By t hi 8°Bondtid UePORCPHE FEYFEEdi Bty RY 18
realize .t i spersi_on -conp ati f tiple .
é%%ﬁ%%?eﬁbp ;ﬁ%eoﬁff€§|(f§'pdﬁ§§s N%%; eaﬁgbégﬁbdeééogglCh
WhlChabs 8ukdsd LI alaf. Ue .ol SRer £ PO COIPENSA htually

Vi ce Incidentally, as for t romatic
i gensien vaki ahl oM ChedSi i van tQ $Hes Pt &6 realize
thedispersioncompensationofmultipleorders for theoptical
pulses in the waveguide mode which is guided through the
d;spersion compensation device 1. Incidentally, as for the
chromatic dispersion variation which is given to the optical
pulses in each area, it is in detall explained later.

As shown in Fig. 2A, the respective areas are arranged
so that the light attenuationby the reflectionwhich is caused
by the refractive-index difference at the boundary section
between the neighboring areas is set t0o be minimum. Namely,
if the refractive-index difference between the neighboring
areas is large, it becomes easy for the propagation light
tobereflectedat theboundary sectionbetweentheneighboring
areas, and then, the light loss become large with this

reflection, and this reflection also interferes to the other

18
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pul ses in each area, it is in detail explained |ater.

As shown in Fig. 2A, the respective areas are arraqggdﬁr
20 so that the light attenuation by the reflection i
which is caused by the refractive-index difference at

t he boundary section between the neighboring areas is
set to be mninmum Nanely, if the refractive-index

et e LA 183 5 b dson

propagati on
refl ect ed at bou tion betyeen -ihee «
Wé?pger{bsoaf 'lnog]rl Vtaaltrlgla(les', gﬁﬂ%&f\éﬁégg't hg ['1 ght If)ss %ec%rﬁsrrange

ﬁ}?% gaej%é‘éé hst hiSatr ehkeckireRctand-tihiexr efil il e the
interferes to the other 18 propagati on waves, thus it

hasyan i uenees on, tihecthe pes ssaa 1 cesppasatboa.

value. Therefore, it is desirable to arrange the

areas 3@ thatmthersef ractinvehindexboiifentncdaof thheareas
nei ghboring areas to beconme as small as possible. 5 As
showr rangBidgin 2primlidrics teapodipaemtt L oghéar ablap o4sl 1oht,
are arranged in turn along the propagatjon direction

ofey gt arrehepdaie W aﬁg@a PR iHer AT gppterval &, the
increasing interval a, the igterval a bein

t he .
Hhseanee %é%ﬁgghfgﬁig&éﬁ@nﬁ& gtwfepnadaﬁcgﬂgagoles 41 in
Further, the interyal befween, adjace | f .10
Sheidien 40 HoTe 5E%or  BHOURBL 5t o Ar LHE Tautdary T ©F
section of. the ngj i r i _
SRE T g haT e Eh S R bpR o F28s P S LB P L St o

L td [£881 6hel Yer aSSiHTithg 1ar
%ﬁgﬁh?a%qgh%%§9%%<é¥§as@j§§§t LOmer e it arger

ntervalm a between the 15 holes 41 in the

anea, £l dnhd Sindlrvathe Hatiersal halket weehinhhehehokspedtive
In the area (Il1) is "a2", which is larger than the
hptggval a between holes 41 in area (Il11) is "a3",

whi eh Concretely, assuming that the interval a between the
holes 41 in the area (I) is "a:;", the interval a between the
holes 41 in the area (IT) is "a", which is larger than "ai1",
the interval & between hoies 41 in area {III) is "as", which
is larger than "&;", and the interval & between the holes 41
in the area (IV) is "a.", which is larger than "asz", the areas
are arranged in the order of increasing interval a, namely,
in the order of area (I}, area (II), area (ILII), and area
(IV). Additicnally, the interval "ch" between the adjacent
hole 41 in the area (I) and hole 41 in the area {(IT) at the
boundary section of the area (I) and the area (1) is set
tobeshorterthan"az“,theinterva}”df‘betweentheadjacent
hole 41 in the area (II) and hole 41 in the area (ILI) at

the boundary section of the area (II) and the area (III) is

19
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is larger than "a2" , and the interval a between the
holes 41 in the area (1V) is "a4", which is |arger

than "a3", the areas 20 are arranged in the order of { [l
increasing interval a, nanely, in the order of area

(1), area (I1), area (1I11), and area (IV)

Additionally, the interval "dl" betmeen the adjacent

sﬁ'tf RN R R AL AL L Y 161“)@’? F%*a:ween
b aggta%%htzioﬁ% g%"ﬁ %O%Sr FE@”( 'ﬁlaeho@tee[’l}I in the
ween the adjacent fe area (I

a@@ah%@) 4dei fhd R RAIRA Ll |c)t1%tn tfhﬁhgoé'f‘tg@rbﬁlslqma'n@ the
of the area (II) and the area (IIl) is 19 set to be

shagt grrvhhan 'sa3" tcane e dtrrerraln "d3" hekweerigthen) .
adj acent hol e 41 inthe area (I11) and hole 41 in the
area (Ivhuat the bogndalyusentiofirofs the anpat(khh) cf the
and the area (l1V) is set to be shorter than "a4"
SeperEiigpn 2ApebsThdeon dheitipghttd aume ek o rlegmearhé which
i nput end of the dispersion conpensation device into
thepgovddegyat Epmﬁrcﬁldﬁ?so%r’fd\ﬁ R e i gery sdinde lover 4.
the photonic _crystal |ay ,. receives individual .
6ﬁF@ﬁ=ﬁ’ﬁSc i petSidh \Fé’ﬁ%fdﬁs PhSPEEEdPRant Vi tiPms in
nterval a of the respective 10 are a8, e

ta??r?% Graz %??qﬁhe( s lnsﬁlavif\?)of § Fgepec
sho AR L9 ORI E) L (FBr) MErd ) | Dol fprBBaBE ting

%L%@’qef QP hc% %tep% gh€nd nWhtisgh bg er ouhded 9B rig. 2B
anot er si e of the |sperS| on corrpensatlon devi ce.

9 Thatai sow! heilnaghty gehder: dit tiRe et @EHOF r &h 130QF Butput
layer 5 which is prOV|ded on the upper side of the

phat omicicryst atovi@giionnRhniothiche ghid off ctheydatiabersion
layer 4 is transmtted in
compensation device.

That is, the light guided in the interior of core layer
5 which is provided on the upper side of the photonic crystal
regiocn R1 in the photonic crystal layer 4 is transmitted in
the core layer 5, while being reflected both with the clad
layver 3 which is provided at the substrate side (bottom side
in Fig. 1) o©f the core layer 5 and the clad layer 6 which
is provided so as to cover the exposure surface, i.e., the
upper surface and side surface of the core layer 5.
Incidentally, because the interface of the core layer 5 and
the clad layer 3 and the interface of the core layer 5 and
the clad layexr 6 do noit become complete reflection surfaces,

the light conducting in the interior of core layer 5 is not

fully confined within the core layer 5 in actual fact.
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the core layer 5, while being reflected both with the
clad layer 3 which is provided at the substrate Sldﬁ
(bottomside 20 in Fig. 1) of the core layer 5 and t e
clad layer 6 which 1is provided so as to cover the
exposure surface, i.e., the upper surface and side
surface of the core layer 5. Incidentally, because

ot e PR IR S S A i laﬂéf’ersfé“%a%%%'dax%er 6
ghad chayer Qsd@PQORaQeegqeecqwlt%tee tpL 86t i QR ention.

surfaces, i ght conducting iIn e interior of

core | aﬁ’@fl@g'@lé‘qtlgﬁﬂlbhﬁd(i@z@f inednwi ddid 1A LOkBen the
| ayer 5 in actual fact. 20 Therefore, the clad |ayer
3igeeres kayaembtand cladthayefed (1aref taermbamiderystal
wavegui de in the present invention. During the |ight
guidicngt | nthdeldghe |vapler , rehenvehe d¢hglaisc dispersion
transmtted over the area (1) of the photonic crystal
Sakapddios, inhackpghense| Witdcéhgeradéheomat pé hole 41 and
di spersion variation in accordance with the radius, rl .
bPLREVE L4 Tantn ithCerde® allli n t A% eaf} EhRQextioht is

the | ht t tted th |
Fﬁggﬁﬁ‘éﬂl&ﬁlfjgo%?gﬁ% CRRTHES fto FBC PEREOhET vl gaver

g COROMRLi ¢, 4] Spersi ony yar] at).n. 10 J 0,8660dance LD, o

157
iz

Lo

the Padiue r2"of " Hole 41 and terva

I c§b%g?yﬁy‘§lweﬂ‘zé %c{ 'LgshEZ' 8ftlrz§f§n2}£ a% 1M val a2

e areas the light wll receive a

Qﬂrgﬂﬁté§e9|§m@f3|@Em!@%&@&lOQhEH accordance swkt-BnkRetteq
radius r3 and interval a2 in the area (111) , and

bhatr itheacnasgancer1p whbh (the ,r atdieust ightand int eevalve a
a4 in the area (1V) respectively. Nanmely, the |ight
wihirohaits codit pot r § fomvishiisitdereihayerordance with the radius
r3 and interval a2 in the area (I111), and that in accordance
with the radius r4 and interval a4 1in the area (IV),
respectively.

Namely, the light which is cutput from this core layer

has received the chromatic dispersion variations in all areas

(I} - (IV) in the photonic crystal layer 4.

<Chromatic dispersion variation>
Next, the chromatic dispersion variation which is due
to the photonic crystal layer 4 is described concretely.
As the photonic crystal to be used in the dispersion
compensationdevice according to the present invention, there
is two types of crystal, namely, a photonic crystal where

the frequency of the light to ke transmitted is correspond
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has received the chromatic dispersion variations in
all areas (lI) - (IV) in the photonic crystal |ayer, 4. . .
20 <Chromatic dispersion variation> Next, the RS e
chromatic dispersion variation which is due to the
photonic crystal layer 4 is described concretely. As

the photonic crystal to be used in the dispersion 25
conpensati on devi ce according tq the pr.esent
FRVBRE BAOCERET e 15B Ty pEs Ot Ict yerdl Omniher §o-galled
phot oni ¢ _crysta d [ ncy e Ligh :
oSG rretbatis g e baRa 1o RAmshat o e BaRgonte
honwhichyhsc haid apakherne- pabledi <" baperzbigac
%E%Fo%??qggngﬁrggion", naner, Fﬁe p éfo?i?e Eange Roves:
FegiRRnWil chind s pRdebntbec Phot ONivhaaap +8t tREhONESIof the
frequency, and a photonic crystal where the frequency
ofi ghhte t9 [Hegr dra e ot opaged £tk 4150801 t€Sph8duppekhBranch
upper - branch photoni c band region, nanely, the
photteniic band reegicon mAnehy , i shopaotohé d baerdtregion which
photonic gap, and both types are applicable. 1In the
fisldast hie dvboditngim b ombhewer ,anchieo bR flvassta oharpblicable.
be made in the case of using a photonic crystal in _
WRi ERebf ahtPesng 19 RN haVEgUR o node EoRe 2epddest will
to. By the way, when exam ni the state_that. the
bEgIRCE 18 B Gt oL REGUGH SO 67 aFS i v i apraRches
of. frequency .and wavenumnber .beco i mportant. The
SFedt “wien SERE TR BRES 16T GRabarad Whr ough  he
mat eri a}., | etermned from.thi l,atd ons _Thi : oh
speed n% ngh?héﬁébeed t hat tIgug%ﬁﬁFa%g%%%Egpa¥pEﬁ§ellg ¢
%Vﬁa%o%ggéﬁgd! SnfRbdied marewp avel erbtye1atilhe o3 e¥Bquency
velocity’is given as the slope (the differentia
ceef #hokflkhber becomes important. The speed when the light

is propagated through the material is determined from this
relation. This speedmeans the speed that the entire optical
pulse moves to and is called "group velocity". The group
velocity is given as the slope (thedifferential coefficient)
of the frequency — wavenumber characteristic curve. In the
vacuum or the air, the frequency- wavenumber characteristic
becomes a straight line and the group velocity is constant
regardless of the frequency. Insomematerialssuchasglass,
semiconductor, metal, and etc., the frequency - wavenumber
characteristic deoes not provide a straight line and the group
velocityisvariedbythe frequency. Therefore, whenthelight
which is launched from the air into the material, according
to the freguency (permitted to paraphrase as "wavelength")

of the light which is launched from the air, the group velocity
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of the frequency - wavenunber characteristic curve. In
the vacuumor the air, the frequency- wavenunber
characteristic 20 becomes a straight line and the{ { i 908
group velocity is constant regardless of the ST e
frequency. In sonme materials such as gl ass,

sem conductor, netal, and etc., the frequency -

wavenunber characteristic does not provide a straight
shaslde Viee igdoupBevarsei the o igdileBubyet Heontain a wide
frequency. Therefore, when the light 25 mhicg IS

FAURERGE f FOHFLRBIANT SRS IHE Smbgki & , S 4k FarageLlegath

the f mtted.t h . . .
L SRUETS BRI BF0- PR 2B IS0L08 e prppii
L t i . i .
L e L

§oppaRents Ol WAwinglgnavekepgt hya COrPanent subhected to
optical pulses spread in the tinme domain with beéing

aropagat ed .t hiesghnthe ol el & i thespkhas@not: wavelength
velocity 5 depends on the wavel ength, and the waveform

i(8rSulyeect@tyieanc i St ohti arpeWienciehe sgroalp: @l bchtymatic
depends on the wavelength (or the frequency), the
déperdence"i.s Ehibedttehsbomti et dhspbrshenyropbspelocity
the sl ope at which the group velocity changes in
abeopgantie afioor dele endi e et Hayed epREDS f @ ddrrc§yegnency)
is called "group velocjty dispersjon". The grou .
v8l BRLL9d UPEpER TR FELBIP Y iHe seddraZsPger velocity

i.fferentiation of. the fregyenc

hSPEEERPPat F CoRUF eto NEI bR T (e fagafopRemtiation of
%hr%t%%'egne@huca QEGHEB LS UCI & WAy, § DeLYdes o reover,
multTp ? s h as 2Znd, %rg,

=order chromatic dispersion suc 2N
the@dy 336 PRI & s e add thonH 8 2898t i ¥ PP LiaYeinel udes

zero piece of chromatic dispersion. Therefore, "these
fQuk 13neas rik)k chidMit 8¢ @ ifs@di®d diNsuch as 2nd, 3rd, ...and
more, in addition to negative, positive, or zero piece of
chromatic dispersion.

Therefore, these four areas {I} - (IV) are formed in
the photonic crystal layer as mentioned above, and by using
the internal electrode 7 which is prepared in every four area
(I}, (ITI), (III) and {(IV) independently, the bias voliage
is applied to the respective area independently. Therefore,
in each area the carrier density in the photonic crystal layer
4 is changed in order to vary the refractive index. Thus,
the dispersiocn compensation up to the 3rd-order term can be
performed. More concretely, in order that the plus or minus

of the 2nd-ordercoefficient, theplusorminusof the3rd-order

coefficient, totally four numbers of chromatic dispersion
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t he photonic crystal |ayer as nentioned above, and by
using the internal electrode 7 which is prepared in

every four area 20 (1), (Il), (1l1) and (IV) TN 9

i ndependently, the bias voltage is appi led to the
respective area i ndependently. Therefore, in each
area the carrier density in the photonic crystal |ayer
4 s chang 3}|n order to va e refractive.in

fhneotEnd i sper i o xaﬁﬁéﬁigp.oﬁrsppFBVeﬁsdsrgﬁ%kasﬁius
t b f d. tely d
Fhat Take oTLe sl SHAIE S The Shatoraes bssrie arez are
%Q? FFUﬁFgElgthsaggvghe 3rd- order coeff|C|ent,

ota

our nunbers of chromatic dispersion 23t
U . E%M 115 (Ghrsomatd G- i SRERSIQN Makladbh@ieafBdes in
prOV|ded the radius r of hole 41 and the interval a
ohat beduespesyiyves afeahas phosehiascrpathdriedy@boves shown
Fig.3is an illustrative view of wavegui de nodes in 5
indt vg diggl whegi oins zofed H@)photondescx ydtramaltdyedispgrsion
shown in Fig. 3, when the area (I) provides a
wheorabi thailgdersider conéférnephe 2mgsdtdere, the area (IV)
coefficient is positive, the area (1V) provides a
BRPEBAEESC i %@m%éﬁépﬁrﬁﬁ@mn‘ﬂh%ﬁ?%@ the 2nd-order
coefficient {s negative, the area él I@pr | des

hé! Bkt

Eﬁ?éﬁﬁ?ﬁ@nfolﬁ| Eﬁ%ﬁ] Bt G5 a @hromatic
oefficient

d.th |||
ERPGRUCTc” AP EBaPSI B AREr BrA° 1 AEearactPlk, 1o BbiTEive,
Sﬂﬁf H’l% §Pé ' F’If]f)g% o\l\%défbea 'JPS_«'O EH dﬁs%%srsﬂazﬁ}/ﬁherein

aracterrstics whi'ch are expresse y the I 'owi ng

%ﬂéaﬁf@nor&érldb@ﬂ’ieacj(ér)t ik=g2 a%ﬂr@ a‘E}?@ ibdividual areas
c2',, In area (1) k= 02""2+cg

have characteristics which are expressed by the following

egquation:
In area (I), k=c,,%
Ip area (I}, k:—CZ‘nz;
In area {I), kmcfyf+03”2§ and

2 2
In area {(IV), k=-c"',"—c's3,

The respective equations, however, represent the
frequency ~ wavenumber characteristic curve around the center
frequency by approximating with the power series of v, wherein
k is the wavenu&ber, € 1is a positive number, and vV is the
fregquency measured with respect to the center frequency as
the origin.

In equation (1) which is obtained by composition of
the above equations for the area (I) - (IV), the coefficient:

{co—c'stcts—c"'3) of the 2nd-order termprovides the Znd-order
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In area (IV), k=-c2""2-c'3"2 The respective equati ons,
however, represent the 20 frequency - wavenunber , , nre of
characteristic curve around the center frequency %§~ﬁ*“‘
approximating with the power series of v, wherein Kk

is the wavenunber, c is a positive nunber, and v is

the frequency neasured with respect to the center

f th i gin. 5 i 1) which is.

S Fofop Bt oh e b Sl G ihafs ForoRided

th ) - (LV). ., th Fficient: . _

t5. Bh5T speryithy GfReEl A STl ki sPovildes T4 ©Pe
i 24 di s . at,| t es e

GRErPLORLn 2T (ELSPENSION CATPSARALLAN,Y Halfhy Wk difhes <n

deyigeadr @ndhdhe: ogaeffi o &nts o GAriue3 ) Phnkh€ight which

3rd-order termprovides the 3rd-order dispersion
conpengali on yRkugikpetBeohi gbkpwhkaRioh Hsv@ueded in
t he di spersion conpensation device 1 k= (C2-C 2+C2-C'
'2) ..2+ (C3-C 3) ,,3 Therefore, by adjusting the

bi as voltage applied to 10 each area with the
internab=Bbecfﬁ@dézﬁb%bﬂa§+ﬁgsv@ry.fhe curves, a
chromatic dispersion variation can be provided to the
optical pulse which is guided by the core layer 5. In
this enbodinent, in order to performthe dispersion,

conpens&t §6HE ByE prificdiing HiRe dforatiSc Vai spaFsfBRTed to

varbation 1 o.t

5 3rd-ord h
LRChotren wone Drt Chb e R SR b T SRt S gAY the

EQ%V?%?Q%&%h%ﬂﬁﬁ%ﬂpgggggEQQOqe¥gg%a%i?gt 5n@ﬂ9%%§b§ded to

crys ayer I's” constructed so as_ av_e our
gﬁsaépehbal EhYEe-wh@wﬁvgg,gamhgdbﬁyl@ﬁee@%k@glg er 5.

ecreasi ng the nunber of thé areas, the nunber o
terms tH, this embodiment, in order to perform the dispersion
compensation by providing the chromatic dispersion variation
up to the 3rd-order term to the waveguide mode of the optical
pulses guided through the dispersion compensation device 1,
the photonic crystal layer 4 1s constructed sc as to have
the four areas (I} - (IV). However, only by increasing or
decreasing the number of the areas, the number of terms to
be varied can be increased or decreased easily. Namely, when
it is intended that the dispersion compensation is performed
by providing the chromatic dispersion variations up to the
n®™ item, what is necessitated is only to provide 2 (n—1) areas
in the photonic crystal layer 4.

In the embodiment mentioned above, the areas are

arranged in the order of increasing the interval a between

the hole 41 within the respective areas, in order to minimize
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20 be varied can be increased or decreased easily.
Nanely, when it is intended that the dispersion
conpensation is performed by providing the chr omat it ¢l
di spersion variations up to the nth item what is
necessitated is only to provide 2 (n-1) areas in the
photonic crystal layer 4. 25 In the enbodinent

d_ab h
MG B LR P
t t
i e S

Bﬁft&g%gmer ﬁﬁéatc%%tm;& gé.. refd éﬁ’%h@%ﬁ‘ré’@&é&ﬁén@tls not

ection et ween the adj acent areas.

HOWe¥EeH, +1 8L 86 aYeNBNLsi 8n8X rrdddddatk el et aimASe the
far as the arrangenent can mnimze the 5 difference

af rrhechebrac thver d ndax: bef weaaxtdwe adiraerptadileamt 80eas
as to mnimze the light attenuation by the reflection
dueatotbheidififerenbe dighheanteunabktiefiragtthe radéxction
val ues, any arrangenent may be adaptable. Such as the
dondi¢ itdre thaferehecarbddicanetupt arryech ¢ hi thd ngegeradfies,
decreasing the interval 10 a between the hole 41

#Vh A REereRpaEt Pe adatakie t RIChcBAdiG GRTEY tipe that

order of at random na e adapt ab <Fabri c

Wscaemﬁ%%faﬁww%ﬁ iR BBfpendaEF BRC LBV seon p el
t he f r|c tion pr. edur s of dispersion

80??55?3’?53 ond vﬁ arle(ijdlensc‘rskl1 e TR T5f ef ehice PH the

é;tl%n ofF%%%tor%%EomgiC%b§%5%5% 2m '%%O%@%?fgﬁie.

clad layer 3 h consist's o
Iayered (See Fig.4 (a)) . For 20 exanple, as for the
substrate 2, it may have about 500"min
<FPabrication procedures c¢f the dispersion compensation

device>

Next, the fabrication procedures of dispersion
compensation device 1 are described with reference to Figs.
4-6.

Firgt, onto a substrate 2 which-consists of S8i, & clad
layer 3 which consists of S10; is layered (See Fig.4(a)). For
example, as for the substrate 2, it may have about 500,m in
thickness, and as for the clad layer 3, it may have about
300 nm in thickness.

Next, onto the clad layer 3, Si which comes to form
amatrix of photeniccrystal layer 4 is layered (SeeFig.4 (b)) .

Then, at a prescribed size and interval, holes 41 are
patterned in this 8i (corresponding to thé photonic crystal

region R1 in photonic crystal layer 4), and simultaneously,
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thi ckness, and as for the clad layer 3, it may have
about 300 nmin thickness. Next, onto the clad |ayer
3, Si which cones to form a matrix of phot oni ¢
crystal layer 4 is layered (See Fig. 4 (b) ) . 25
Then, at a prescribed size and interval, holes 41 are
patterned in this Si (corresponding to the photonic
crystal on in hoto crystal.layer 4 and ..
ﬁm?%e%?% Boart BYShed! & (bUPh Tt aft ol ot eeBiBaing
re for a .si_des ,(¢cor
gxt%}h%eed{ At c{ecp %i%in% ?(% £R {iféc'ﬁ)%%dcor}glci q%ylsqgll 12}7er 4)

9|0nS photoni'c crys
(See EE% ? . Such a photonic crystal layer 4 is
prepare or exanple 5 by applying a resist onto

the Shhuﬂ@é%%dﬂdﬂié$¥y§€§l§Ey§9ﬁl@§p&@p&@%@tﬂE%example
pattern of les 41 on the resist in the prescribed

Birzgspaptnd i erad st Wi h ey gispeeitireed ingdicnieduakist so
areas (lI) - (I'V) with a known techni que such as
phatbaidtrholge aphy e rnanftht hem 4 1drytlet chehgttimettsd bresnribed
41 so as to formthe pattern 10 of holes 41 in the

Si.zeSepadatetgrvehe wbitﬂhnﬂerﬁaﬁpgcﬂ?iadei@@pé@dwﬁl hareas

urities by a known techni que such as
Kgglan&%ﬁh Uﬁth ?h@?%%@ teHE kB risah ﬁér?%oﬁ?l%Bhﬂﬁ¥%ﬁhyr
electrodes 8a, w1l be electrically copnected cope
?8 AnRRE 1 S%Yr%"s‘f%%n%w S35 G 4his, a¥ﬁ8 PERteePattern
|ekd tengg Qge gncentrated between the parts. As
PhESi u%lt aiy ‘p type devices such as B (boron)

kthallluﬂ#y% e?@e(g%%%hg%§' %€%%'32L%%%%«%%%:ja§1th
Hmbﬁk&%@ggn%ya Pkﬁ@QﬁSEQ@ﬁH§hue such as ion implantation.
Thereby, the terminal parts 42 to which electrodes 8a, 8b
will be electrically connected come to have low resistivity,
and thus, the electric field tends to be concentrated between
the parts.

As for theimpurity, anyptypedevices suchasB (boron),
Al (aluminum), Ga (galliium), In (indium), T1 (thaliium), and
etc.,oranyntypedevicessuchasN(nitrogen),P(phosphorus),
As (arsenic), Sb {(antimony), Bi (bismuth} and etc., which
devices are also used in the semiconductor industries, can
be used. Among them, as the p type device, B (the boron) is
preferable because it facilitates doping.

Next, $10; film is utilized thereon (See Fig. 4(4)),
in order to fill the interior spaces of the holes 41 with

the silicon oxide £film of which dielectric constant 1is

different fromthat of the silicon (thematrix of the photonic
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20 As (arsenic), Sb (antinony), Bi (bisnuth) and etc.,
whi ch devices are also used in the sem conductor
i ndustries, can be used. Anmpbng them as the p type'
device, B (the boron) is preferable because it
facilitates doping. Next, Si02 filmis utilized
thereon (See Fig. 4(d)), 25 in order to fill the
interior spaces of the holes 41 wi.th t si L .
T Hea ¥ itPinedt T hhifOR BFeF et P& Lonst an EJ'e%hé G rerayide
fromthat of the silicon.(th ' he ;phet@m cs1y ) |
by TEPPIER PY 3)921;82‘)’ ?‘%hgme?x e@%ﬁ/éeg(lpgifrea})oné 5t the )
si Licon oxjde s remgvedrhypoLi shy €o8toCMPe clad layer
?%esn? cal ;\%c%;nlﬁgc'al ol i sh)), andyso®on (See Fig.

4E) 0 LhisoNBY, cPPsat heapbads layeen Sondherphof oniicon
cfystal layer 4 which consists of silicon 5 oxide film
6L ER) raneh sidi®On 4£:Si) sof iwbinch(sli)el e€t nihd cheohist bt sric
are nutually different, and the SiQ2 filmis arranged
Fohothhes Srelraytera it Bifherpnesemididie §i.Pe§idnd s arranged
intervals which were specified individual areas () -
(h¥p tkefdinbayeNextthsthecpnesaripedesisrsNgyd| Aykprvals
is layered on the 10 photonic crystal |ayer A} i, N a
whileh wort gmacine ebiadigisiuag arsae (Y.~ 40) 1SThepred-
the Si3N4 | ayer ,is subjected . patt.ernin i th

pr escr i Bt wisdt CaRE ﬂéf‘ﬁﬁge( e]eglp\lﬁf g oY g)sv%aﬁ.reﬁ:%?%n the

le, 1 "mi i dt h d 4 ; ot
g%gggagﬁ Fﬁg§g%%n£$%e%e%a¥n SO0 pm d Cb%i%%% AbeeUsgder s

O optimze al ues 1 n

cor dance ,wi the incident beam dianeter of the
g‘éfefecgllgpulﬁ‘\gﬂgs?d be targeted for giving the

di sper s{-Qn, COJHQ@%%@N%QW@% t Bes &b $HEE 64 Ofb paRPensdticoni th
devi ce. Next, onto’the photonic crystal |ayer 4 and

the UL ribed width andheight (SeeFig. 5(g)). Forexample,
1 ,m in width and 400 nm in height are used,_although they
are set to optimized values in accordance with the incident
beam diameter of the optical pulse to be targeted for giving
the dispersion compensation in the dispersion compensation
device.

Next, onto the photonic crystal layer 4 and the core
layer 5, 5i0; film is layered in order to prepare the clad
layer 6 (See Fig. 5(h}}), excessive portions of the silicon
oxide are removed by CMP, etc. After the removing, aluminum
(Al) is evapcrated and deposited thereon in order to prepare
the interior electrode 7 (See Fig. 5{i)}.

The deposited aluminum {Al) is shaped in a prescribed
size so as to locate it over the core layer 5 (See Fig. 5(4)).

Then,ontotheSiOzfilmwhichislayeredonthephotonic
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20 layer 5, Si2 filmis layered in order to prepare
the clad layer 6 (See Fig. 5(h)), excessive portions

of the silicon oxide are renobved by CMP, etc. Aftlef I Zi

Arnd

the renoving, alumnum (Al) is evaporated and
deposited thereon in order to prepare the interior
el ectrode 7 (See Fig. 5(i)). 25 The deposited al um num
(Al') is shaped in a prescribed size so as to |locate
ttyevel fhgecode &ngernto (See FHynimunijlayer, afipgmer 510z
onto the Si02 filmwhich is |ayered on the photonic _.
281m/ s dnysthdr Layered, and e it apgfsnammihgy et licon
another Si02 filmis further |ayered, and excessive
paifs b¥ TS PEIHE ofitde i EOFmiv BBy SAVP! EitSurtace
for the purpose of the surface. stahilizing.t t ment
AL e (B RT S T8 S 1 Br sekiir st such
the interior_electrode 7.i ' d | ] F 1
BTGP EE (305 ¢ o S Tayar B TRERLPAS S HigRg 1 teon
Lde fi;hmis subj ected tq,patkgrning (See Fig.
g?f)%.fﬁggtﬁ%ﬁggresging ofythe i02 film

titani ughghckele sih0 Al Oyx (Jé i) manos ) 146 Uit 6 @AR@E rning
alloy (Al Cu) which are the material for electrode 7

(sardrelectsrqdes 8a, 8b, are layered sequentially on

the whole surface area of the | ayered product (See

Fi g 6(mhitetheattemeynar e fsubjee@icd tfolpat ttéeranngngmickel
the area of clad layer 6 so as to formthe el ectrode
Zllovah@iNib eheéctlnodes 84 oBiry Sdd o ¢A6CH) )which are the
| ndependently, on the lower surface of substrate 2,

alrhnrigh {oF )2 liactensfor ar e R EEPESPEEts i Hlortfe? 1Py ered
.S %gg%ﬂr {)gft reetr«]rlgxglglseucltgazocgeaea?:e(ctstaeg tlExlegla%e?}gd product
(See Fig 6{(m)), then, they are subjected to patterning on
the area of clad layer 6 so as to form the electrode 77, and
eclectrodes 8a, 8b (See Fig 6{(n)).

independently, on the lower surface of substrate 2,
aluminum (Al) is evaporated and deposited in order to prepare
the reference electrode 9 (See Fig 6(o)). With respect to
+he lower surface of substrate 2 to which the reference
electrode 9 isconnected,ii;ispreferabletx)dopeimpurities
therein in order to decrease the electric resistance, for
example, as same level with that of the terminal parts 42.

With respect to the dispersion compensation device 1
which is fabricated according to the above explanation, it
is possible that the design of photonic crystal layer 4 and
the design of the wave guide aremutually independent, because

the photonic crystal layer 4 for giving the chromatic
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the | ower surface of substrate 2 to which the
reference 20 electrode 9 is connected, it is
preferable to dope inpurities therein in order te1n
decrease the electric resistance, for exanple, as
same level with that of the termnal parts 42. Wth
respect to the dispersion conpensation device 1 mhich

is fabricated accqrd to the ab I
%Spgrf)bgglw @Wdtd 3pags gﬁoﬁfﬁ{)%éf )%g@nl&fey?% guiding

oSt aonerh SR O RSB Py oo
2
LI5S CIBOURL! 78, Gh DSy Beovl et apationce

FM@& tfctheydiamslera9histhayl ikabt spukser csreehatioves.
arge, the |ight pulse can be easily launched into

t he devircs, byecadiystinrg-dhe1sige 50fs cocetkayertibe photonic
Al so, because the core layer 5 is located on the
photeniciageyst althayerght, iisds gti gpukses twhhehiated by
transmtted by the core |layer 5 securely receive the
theooat ¢ claly sper siegriralar irgtdedy aiibeh chsopadvicdégspgrsion
the photonic crystal layer 4. 10 Therefore, when the
vpriahlopurBéshwhb chr av edpicREdthapPhPEANE ReCBEEFRAl Laver
fiber transmssion |ine are nonitored, and then, on

fhe basis of the infornation for chronatic dispersion

obt ai ned t he efro chroma per si
control 1€ D 5%."‘1% Qf[}be o or%pceansé%‘ﬁ g’r‘?ssffst 1S 25 picked

USI 99%1% %5 ﬁf@ff Sﬂl%f%%isqrbrgq\ﬂn%eal’e monitored,

a cor I's I nventlon e system it 1s

QRES't*?Je% tQ,PeffOr By OPL1 UM GicS PBY & Ak t LANPESSaLheBmatic
on all occasions even if any condition change by

F@gﬁ@&@&@he@bﬂ@aheart}a@ﬂeﬁﬁo@n heppensnatt itche iepkiredlon is
cgniiolledknra dispersion compensation system, by using the
dispersion compensation device 1 according to this invention
in the system, it is possible to perform optimum dispersion
compensation on all occasions even if any condition change
by temperature, weather and so on happens at the optical fiber
transmission line.

As a result, the chromatic dispersion compensation to
support the ultrafast and large—capaclty optical
communication which utilizes a wide spectral band can be
realized and further speeding-up of the transmission rate
is also able to be sufficiently realized.

in above mentiocned embodiment, the refractive index
is changed by applying bias voltage using the internal

electrode 7 which is provided in each area of the photonic
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transm ssion line. 20 As a result, the chromatic

di spersion conpensation to support the ul traf ast and
| ar ge- capacity optical communication which utilizésla g
wi de spectral band can be realized and further

speedi ng-up of the transmssion rate is also able to
be sufficiently realized 25 I n above nentioned

Efgg%ﬁei‘ e%hzf ref LAckive, Pdg%(he S, ) e‘?lece%/roeeh can

yi ng as vol t'age usrng he i n erna

HAI GBelbs r Qyeded iy eaehoaranobathe photonic 30 -

........ il crys | ayer 4. However, any

other apber @Jdmtﬁémt hed canpokeiwsed as tﬂ}%&ﬁ% O¥eaters
supplying part. For exanple, it is possible to prepare

heat efisluallngi fdduad by sperttihe amwsfect) ve @wasakd plkatric
(I'V) , and electric 5 current is applied to each
heatrenti nicoraepliedrtee ehled trerpesat une cofiephdtonrtse the
crystal layer 4, because of the tenperature
@éﬁ‘éﬁ@‘éﬁ@éeofoft HehQ st FvBSEadexaVAS the hemanie oft the
possi bl e to change the refractive index of the
ﬁﬁepéﬁﬁﬂ&ureﬂﬁa@érdqu zhemfmr?etrlﬁfaﬁr%w Vifehhgresult,

prescrlbed SS.iS rezoelectrlc devij

D HaET PoRSRIE T o hin Bt o GEATS SPEn Physie Fhofonic
f&onrthelgoth i de thereof it is possible to create
&lgﬁorgl AYES photonlc crystal | ayer 4 so as to change

the %r@grr £1 408X Dled N ANAIONIG FIYSAL, r%e%%% ivén by

15 | nci enta t he above mentioned enbodi
%Eﬁedd@ié&ﬂﬁ%&é@@f@eaﬁHGﬁ:£Ha%b§1é§%@&§&éﬁﬁb@@ﬁi@cr?%tai

nmenber s are exenplified on the assunption that the
dizgper 81 ©om the both side thereof, it is possible to create
distortion te photonic crystal laver 4 so as to change the
refractive index of the photonic crystal layer 4.

Incidentally, in the above mentioned embodiment, the
indicated sizes, etc. of the respective parts, or members,
are exemplified on the assumption that the dispersion
compensation is performed to the optical pulse having a
frequency of 1.55 ,m band which is a wavelength band for the
communication.
<Modified examples of the photonic crystal laver>

The other modified configuration examples of the
photonic crystal layer 4 are described below.
(1) Mecdified exanmple 1 of the photonic crystal layer

A modified configuration example of the photonic

crystal layer 4 is described with reference to Figs. 7.

Intheabovedescribed embodiment, thephotoniccrystal
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conpensation is performed to the optical pul se having
a frequency of 1.55 "m band which is a wavel ength
t he photonic crystal |ayer> The other nodified P
configuration exanples of the photonic crystal |ayer
4 are described below (1) Mdified exanple 1 of the
photonic crystal |ayer 25 A nodified configuration
lagganpl ésof°PRESFRoPENITEE PPPSCRILCl ay&F ta i Feddor Fdegnd
mﬁtg reference t Figs. E. I n the above describ%d ,
exERBOEI R CPRe Rphotdfi £CY T4l C§¥S|L£;ierfe@li°§ Rl being
compased. of the.photoni,c crystal region Rl a
PR e e Rt b . e St P e crb S Sl Riiotes
4106 R RIEPAY ADcRY ANOVE ALAG A BhUB! s NUBREIcdn £5115ng
pl ane- shaped holes 41 to the matrix material which is
uphede 18188, 4:8rd trhend,i FLiag 6 Wit diheikalees 14l WobhiRBtant
Si02 filmof which dielectric constant is different
isfdidmdrdeatt of ot heatat £ ithenad teriahatandal hamktiendedended
regi ons being |located at both sides of the photonic
regigssabelnegiom Rid @id bygingidets pf ovigedholiatic keystal
hole 41. In this nodified exanple, further b _
regigli Bi e d e Byt Aicdy regiickes re thothanhiel ¢ %g-t&n this
restrain the propagation of the |ight and which are
mOfGF g ByAPREL of WAL ERePY dTARIT VB | ok 26f i ERILPES
smal] ler . than, Si_at_both side of the photonic crystal
tor aBoR Rt e Tefhoeth prll i B e g lana
- r.ansm, t h : t h hG
T e BN R Thod a8 Fras e EheT TRt hEen
iskihl 74 k8aa sChemebts Ldighand pRodbaRersiPital region
conpensati on device having a photonic crystal |ayer 4
RLprovideghossible to transmit the light transmitted by the

band for the 20 communication. <Mdified exanples of, ..

core layer 5 only on the photonic crystal region Rl without
diffusing the light.

Fig. 7A 1is a schematic diagram of a dispersion
compensationdevice havingaphotoniccrystal laver 4 provided
withbarrierlayers,andFig.7Bisamoreconcreteillustrative
view for the construction of the photonic crystal layer 4
provided with barrier layers.

AsshowninFigs. 7Aand 7B, by providingbarrier regions
at both sides of the photonic crystal area R1 along the light
propagation direction, wherein the barrier regions are made
of a material the refractive index of which is smaller than
silicon (51i), it is possible o repress The light diffusion

to the direction (being the right and left direction of the

for o

paper of Fig. 7) perpendicular to the light propagation direction
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with barrier layers, andFig. 7B is a nore concrete
illustrative view for the construction of the e e
photonic crystal layer 4 20 provided with barrier: i &
| ayers. As shown in Figs . 7A and 7B, by providing
barrier regions at both sides of the photonic crystal
area R along the light propagation direction,

erein the barrier [ [ .
ettt P08 Trae of SrciTe enal OF hongEbr Fie-
| 11600 ¢ {0k G POSSIBIE it Qe8RS ohiRe th8YPhotonic
73% ffagls({wggl%s%’ottohéud??ect%on g.(qlbei r?g tr?efioght andrt% ec%tO *
9%35%&1 0p.Qf ot hR1 , PaRRE1 9T Eing7)inpeependisybarsto

the [ight propagation direction 32 1 (being fromthe

bot t ompt - iiHher Uppehcsirden efiot.heB pageprofidi gy the feanthal
thus, to guide the light securely onto the photonic '
C4aySt al2 rsagithe Rirrnametygiatondit He peseibagetobfunction
Further, as shown in Fig. 7B, bx@groviding t he

tiee emali o5 g tonxas potene isdrkd kdinegprons With gannecting

possible to function the barrier regions as potentia

hol thage part500RE h82 oRRect? myS Hlo® t HeOBR det7 bRegasneray
and 8b_as the above nentioned energy supplying parts.
AMPROYGATI R2AbBve nentioned exanple, the barrier

I { d b i02 fil i L i:tri

o o e Rk 18 R eert i dd LOMAD &1 he MY fEvers
l gge{orﬁn%cﬁ"b C{S?QZ lf@d r8) si1ids %@Ltt%riid@ £t $nNBlich is the
fimite e?é 0, as far as ﬁhe mat eri al has a

ag&gqgé{¥§iéﬂQQ¥tWQ&pgfi@h@QﬁkkﬁﬂaEQQnBthﬁicﬂﬁuimﬁygk 6),

ich is the matrix material of the photonic crystal

Layeratdbidl {2hdwdifiieddexnspkec? of fahe aphohennsterial
crystal layer. Another nodified configuration exanple
akst herphodoniee index which is smaller than that of the Si
which is the matrix material of the phctonic crystal layer
£,
(2) Modified example 2 of the photonic crystal layer.

Aanothermodified configuration example of the photonic
crystal layer 4 is described with reference.to Fig. 8. In
this example, the barrier areas as mentioned above can be
realized by forming holes 41 in a different condition from
that of above mentioned embodiment in the photonic crystal
area RIL.

Fig. 8 is an illustrative view for another modified
construction example of the photonic crystal layer 4 which
has holes 41 formed in the photonic crystal region R1 with

a modified condition.

An interval {pitch) between heles 41 in each area is

33

e
,:;Eg: %

hak

EEE S

i
Pt

i




10

15

20

25

crystal layer 4 is described with reference.to Fig. 8.

In this exanple, the barrier areas as nentioned a@oyeﬁr
can be 20 realized by forming holes 41 in a different "~
condition from that of above nentioned enbodi nent in

the photonic crystal area Rl. Fig. 8 is an

illustrative view for another nodified construction
exanpl e of the photonic crystal |ayer 4 which 25 has
Hepesikeds BPABE FAIthE - phbEohieNeR{4Y al "FeBFBRORE W'eh V€

T T L e

L nci_dent , th | ai n_t LG
P e R RhBF 8 Re ThOt SE DA P Sron s e B R T REn e

ga (L%sQp area (11) as the | ower-branchphotonic
Egng region. 5 Assum ng that the interval (pitch)

bet ween, hohgsnd lend 0 dhe sphoteniic @hived! peegicen Roiks 41
aRl, the interval (pitch) between holes 41 in the

barti€phbegnor ¢syahR2l rhg orCrhtier at.0- teatiertdmiAr (akitch)
bet ween hol es 41 which are adjacent at the boundary
okttvkenbanheiles régi am andthda hbaphdteani cegipst ai s10ar2, the
region RL is dx. Wen it is intended the barrier _
cegitem - thurenitensi e tviel phtveandgas fbghésh ayradjacent
rel ati onship between the interval aRl for holes 41 in
elietlphbPoRFe reryis taP Raeyi i rRIIGARTIhEPPRIG IR QRYY Stal
for holes 41 in the_barrier, region .should satisfy the,
FBPALROR 4R % aROPOLS s i B CAd Bh bagrie! roSion
enter-to-center.interval_ d' _ _bet n holes. 4 Leh
R B N

%ﬂg EH%ePOQ&Q&LCf&fwﬁhﬁksQggkﬁnuagzﬁﬂgﬂhgxp%rystal region

R1 and the interval ar; for holes 41 in the barrier region
should satisfy the relation, am < @r2.

At this condition, the center-to-center interval d,
between holes 41 which are adjacent at the boundary of the
barrier region and the photonic crystal reglon R1 should be
set the following conditions. The reason why the lower limit
of the center-to-center interval d; between holes 41 is to
avold that holes 41 mutually adjacent at the boundary of the
barrier region and the photenic crystal region Rl are
overlapped, while the upper limit is set in order to avoid

the light is trapped at the boundary.
aRi+aR2<dx<aRl+aR2+% Tt (1)

Theholes 4l ineacharecaare formed tomeet theabovecondition.

For one example, in the area (I), 1t is possible teo set that
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set the follow ng conditions. The reason why the | ower
limt of the center-to-center interval d,; between

g e

holes 41 is to 20 avoid that holes 41 nutually R I
adj acent at the boundary of the barrier region and

the photonic crystal region RlL are overlapped, while
the upper limt is set in order to avoid the light is
trapped at the boundary. aRl+aR2 <Cdx <a., +taR2+~4/ . .
the 2BtFhEahofesiad ol emdh APehbareh el G Sedt region
t he above condition. For one exanple, in the area (1)
RllFsl%OBO%%rbW%?tQ?@&HStQﬂnls:%@%Iﬂ?q Er vARFCIRE 1f gr2 for

I hot t al
toles 00, Hie arsLemL st o e o, B 200
DL B G AL (g o

%ftet}?eﬂb%% Bhry & +hie, popndary Q6 figs hak Oé}%tér%@é QRvstal

e photonic crystal region Rl is

Reg3hl &1t anmlee e barrier region as thephotonlc
gap, when the correl ation between the radius rR of

hol e 411tiim ddwes Piot eome kerttsd lah rr £gt @agRbnadtiaghuvsonic
rR2 of hole 41 10 in the barrier region satisfies the
pelat wbanr Bhe c®R2rebyenonibetheen ntler vadsiof hethdlods 41
41 in the respective areas are the sane (nanely, aRl
iraRRp. phatohis eagetasi peelenerl phvt emidiuer yrsz glf hole 41
region and the barrier region do not differ (be
dguiPy Pﬁrfé?ﬁsr%tal%es%ﬁfﬂfeﬂea‘f t(*]ﬁ FERR TP Rar ﬁolre?s even
ﬁ# % t here | % ?r sett ? t he cond%tlon
t ‘éejrﬁ"e‘r‘r‘t’% diet&fic (lI?e BPnaf TRTC T HET é’:\freef"d6 are
cent tg cenfer inferval); d, s, b en, holes 4
I th
ﬁ% ch” are (a Fgcght at th ‘Bgundaﬁ§ 5F % wgbarr jer’c® e
ﬁﬂyﬂyﬂf@ﬂiﬂyg%al region and the barrier region do not differ
(be equal) in terms of the interval (pitch)} of the holes 41,
there 1s no need for setting the condition of +the
center-to-center distance {(hereinafter, referred +to as
center-to-center interval) dy between holes 41 which are
adjacent at the boundary of the barrier regiocn and the
photonic-crystal region Rl. For example, when the intervals
gr1 and agz for holes 41 in the individual regions are set to
403 nm and the radius Ir; of holes 41 in the photonic crystal
region R1 is set to 121 nm, the radius Ipz of holes 41 in the
barrier region may be set to 110 nm.
On the other hand, in the case of the photonric crystal
where the photonic-crystal region is laid on the area (III)

or area (IV) as the upper-branch photonic band region, to

make the barrier region as the photonic gap can ke attained
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photoni c-crystal region RL. For exanple, when the
intervals 20 aRl and aR2 for holes 41 in the i
i ndi vidual regions are set to 403 nmand the radi ug |
rpl of holes 41 in the photonic crystal region R is
set to 121 nm the radius rR2 of holes 41 in the
barrier region nay be set to 110 nm On the other
hand, in the case of the photonic crystal 25 where

]Pﬁea‘éhBFBi’aP@ E]F?S%%Ifr(?%@Fb(ﬁn RetueeR o I'F@CErleé)f( Ihloll)‘as in
| th -b h ph t band

Phe HeaR iy Do Gy SRBHS RLAED BIGL 5&%%%%&@3&%&@

égtCal ned gslﬁaérva%gy&ﬁg éﬁ?éép Er}leOle(H’ rl%. %S‘ll ogesgectlve

tween e ra e respective reqgi

EEg?Sn%%o e 521 $ %y %S tv&é{?&ets%%c%%é §lifd LOR+tcPetWeeB ter

I nterval s pltc of holeées in the respective

hegienaitd heralln BOQB% 4 Wh DchesRestj48=4P8t the boundary
center-to-center 5 interval d, between holes 41 which

areradpacentratedim bﬁunﬂﬁyhoﬁcﬁni@ecb@staerrerga@mm under
and the photonic-crystal region Rl under this
shtwasivonationsate skt itdfy dbeveboeatnanethbred atdlert i(2) (2)
is required as in the above nentioned case.

Abt geaaticgel ps o ithealedovgogsinglienss walee the barrier

10 region as the photoni¢c gap, when the correl ation

bet meenA%h%rn%aav%Yr Rt 6F HeleP2ISiRleHe pREEOTIT Parrier
crystal i on radi_us e 41 in
BEEFPEra? %§§PP§F.%§ptH@“ﬂ}éﬁgt?%ﬁr?£at%°?ﬁfﬂwgvahthe
if the nterv the oIe Ln_the o |ve r eas
sl ?%2%& 00 LB ot e L ERRE R AR 3 ana

g@%@@s'9~th§fa£ & ﬂPdiﬁ'EHe 590 gur at.| Qeneégaﬁg@lés the
y provi |ng the termnal parts 42 at the barrier
LedL@ASn Irf, kSrposslbhe;  aHungt-0n atiRecharhé&ioles in the
respective areas are the same (namely, ag1 = dga) .
Incidentally, as shown 1in the above modified
configuration example 1, by providing the terminal parts 42
at the barrier regions, it is possible to function the barrier

regions as potential holding parts with connecting to the

electrodes 8a and 8b.

< Other application of the photonic crystal layer>

The photonic crystal layer 4 described above mentioned
embodiment is one which comprises two or more photonic crystal
regions, and by varying the size and interval of the holes
41 which are arranged in the respective regicns, 1t canrealize
positive or negative signs' dispersion compensation, and

multiple—-order dispersion compensation. The dispersion

36




10

15

20

25

regions as potential holding parts with connecting to

the electrodes 8a and 8b. 20 < O her application of

the photonic crystal |ayer> The photonic crystal layeriy 755
4 descri bed above nmentioned enbodinment is one which
conprises two or nore photonic crystal regions, and

by varying the size and interval of the holes 25 41

whi ch are arranged in the respective regions, .it can
PERPEREA 4861 SV B SHEGhEN G &1 GHALC AEdars) bRYCF 15 also
co ensation,dangi mul_tipl e-order dispersion
85%@5&?39i&ﬁ. Tiv& 1di §5ePS°01T " 36 conpensating devi ce

using the.photon g or ¥st aledaxer.d & Al oa eXPLAI BRd Liove

detail as above. entally, as Cri in detail

LAnbRemadheventenhedi rent-cgnRtit! adsFeh-Qmat ke riation> with
di spersion variation> with 5 reference to Fig. 3, the
pheteRhecCrystal .| ayethd samtv@ly dipst€l racidvel inRgexary
by changing the carrier density when bias voltage is

appl redraChange indetkheyr eheactinge thedex rlrédads deheg ity when
change in the phase (radian) of the light to be

gukdetl Far 18 arpltiksl gr &phngkovi hetdsd elvdrigee phdehd eads
phase 10 to the frequency of |ight when the dianeters
boofhehEchdnethd 1Phas € her hbiohi ¢f ki tidghtayer b gudded.

282 nm 270 nm and 260 nm. respectively. In Fig. 9,

the sol Fa9ti hetTurhRe SRl S}ﬁﬂ‘h’slgg c%ﬁ“_y% Cifhg:he bhase
UL 21pLt 2 0,00 ool ot D PRCLL s S B, pono
Rl AP0 il AL PLoLaR, Hore S VG ano
sepl he! thedianpiey  B:obihol e, 4hd so1tbel bhadsirdd@nows
phase change of the |ight

phase change when the diameters Dof the hole 41 in the photonic
crystal layer 4 is 282 nm (D282), the dotted line curve shows
that of 270 nm (D27¢}, and the brokenrline curve shows that
of 260 nm (D260) . As shown in Fig. 9, the smaller the diameter
D of hole 41 is, the bigger the phase change of the light
becomes.

Fig. 10 is a graph showing the change ¢f the phase to
the freguency of 1ight when the hole 41 of the photeoniccrystal
layer 4 is 242 nm in diameter, and the bias voltage is of
0V, +100 VvV, -100 V. In this way, according to the magnitude
of the bias voltage to be applied to the photonic crystal
layer 4, the phase of the light can change variously.

When 1t is at normal state (i.e., not applilying bias
voltage to the photonic crystal layer 4), the characteristic

curve of the light which is represented by the wavenumber
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becomes. Fig. 10 is a graph show ng the change of the
phase to 20 the frequency of [ight when the hole 41

of the photonic crystal layer 4 is 242 nmin Y1OED
di aneter, and the bias voltage is of 0V, +100 V,

-100 V. In this way, according to the nmagnitude of

the bias voltage to be applied to the photonic crystal

3vhen 1ERBE Rt Mol R BRI sRRy s e
(R B oW BB E B P ety pen thebias

S e

nt.ed t e .an fir y
{ERESBENLET oL Ve COUBDERo 3T ANG LR I SURREYS, che
%BLOGIE YK G 533 ca RfQROTY# opRE §oghki Gisethanthan 4h6und the
bras voltage is applied to the photonic crystal |ayer

phothaicChapachaeirstthe quwrieceicet be lkihghtoHos oshanges .

around the 5 photonic gap under the influence of the

phot oni Gspagp. thdsi tigathetehasatterdfSt pobobvbnphotonistal as

crystal as nentioned above, it is possible to provide

trhe tébnedatibovedi sigerisi are corpenste | pRodeYE cehe ( chrppatic

techni que of the application to the chromatic 10

diispersiion compensatiion d&Vidé€ by nulti-nodes Fig. 11

is an illustrative view of a chronatic dispe siog .

conb%hsﬁ??OHGHEVFSEGUQFn§@¥lﬁHR%*?ﬁﬁﬁ?W@&%gﬁgae? rpgptic
e purpose of illu tratkﬂgfmﬁth easqj;h%KLynction as

th
Qﬁép@ﬁfﬁﬁﬁtﬁgmﬁﬁﬂﬁgiiqﬁ1co_cghgﬁf¥h deviCe “of the
phOtonlg'%S QHYfaglehﬁy§ﬁi E@rgkgvelxdfgpeof a chromztic

constitutrons other than the photonic crystal |ayer

and fhe ter M R3bn PAE L Sn 4231 @8 Ad 8dnul AS- Bk Bguide.
Fig. 11, the photonic crystal layer 4 conprises
For the purpose of illustrating with ease the function as
the chromatic dispersion compensation device of the photonic
crystal layer, in Fig. 11, the coastitutions other than the
photoniccrystallayer<1andtheterminalpartsfﬂZareomitted.
As shown inFig. 11, the photonic crystal layer 4 comprises
single mode regions at the input end and the ocutput end, and
a photonic crystal region Rl at themiddle area of the photonic
crystal laver 4 in which holes 41 are formed.

FProm the single mode region at the input end to the
center portion of the photonic crystal layer 4, the
cross—-section areas perpendicular to the light propagation
direction (the direction tb the bottem of the paper of Fig.
11) are gradually increased along the light propagation

direction. Then, from the center portion of the pholtonic

crystal layer 4 to the single mode region at the output end,
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singl e node regions at the input end and the out put
end, and a photonic crystal region R at the niddle
area of the photonic 20 crystal layer 4 in whichs

hol es 41 are forned. Fromthe single node region ét
the input end to the center portion of the photonlc
crystal layer 4, the cross-section areas

perpendi cular to the |ight propagation direction (the
#heectrER ST6 e OBot BEMGT (IR RSApbrC O Fi gto 2501g) Light

are graduyal ly i ncreased al on e p
HFPB%EPG&OH C?%Wfﬁ@r@@%eeﬁyp%?%%gsﬁ BHaY B diane
Ehotonl . st al er 4 to the single node region at

hEPEEE ane &rec§§ %he cross-section areas
pefpendﬁ&@fei& t ﬁe' 11N, p&ﬁf@%aﬁsor{r%!ﬂs%ﬁtﬂ% a8 the

gradual 'y decreaSed al on propagati on
Bb'b%%h'l%ncrg eLefolpr t’-lhﬁ}/lkiegerg %‘1@%(1' §ithansdiddredl ayer
t he otoni c crystal |ayer 4 by being guided
wiitth Eﬁﬁxﬁ@hedﬁﬂﬂﬂ;mdﬂd|lﬁ§ﬁ£”@¥bp&@&te@ﬁdﬁ thghbhotonic
propagated on the photonic crystal region Rl, and on
theshadi se@fort Re , birasounditieages tonttrohe bapplvedtam: thetrol
term nal parts 42 located at both side of the
photdmidctoryist dlenmdgiadnpRrtas4? | lamsstreat ed bathi @idqpf the
the 10 nulti-node |ight conducts_via various paths.
rhetopddi virdaal lvaro8es Bat RS, LABSTAAFCddal Fidde 1éfr "the

t he 1ight passes t he photoni¢ crystal regio
ﬁ‘é‘\}ltﬁgmgd\?aﬁéa Hi ‘gi Cty Ffehotar4qus n*ﬁTe

SBRTE Bl FerehRobBrhE BBt oL Rand{ BRTRE spe 1iome
?)%%gs’%@tﬁhe ﬂgtoslst@}ggcéa%dr&gleﬁ ff@@ynst@h Arl@@qlameter

chromati c “di spersron a ue at € region

¢OLEERPOPRAI NG t@ent PRI eOHERSY Pt RB1LI BDtid @B ed, the
propagat ed cones to change.

frequency position of the photonic gap is varied, and the

In the

photonic band is subjected to frequency shift, and thus, the
chromatic dispersion value at the region corresponding to
the frequency of the light to be propagated comes to change.
Therefore, by using the multi-mode waveguide, it is possible
to control variably the chromatic dispersion wvalue with
controlling the 1ight transmission paths by applying the bias
voltage.

For example, when the above waveguide is fabricated
by constructing that the photenic crystal layer provides the
lower-branch photonic band region, and setting the wavelength
of the incident light to 1530-1560 nm, namely, the light in
the optical communication wavelength band which is called

"c-band", setting thepitch (interval) betweenhcles 41 formed
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Therefore, by using the nmulti-node waveguide, it is
possible to control variably the chromatic di spersion
value with 20 controlling the [ight transm ssion nathsyx
by applying the bias voltage. For exanple, when the -+
above wavegui de is fabricated by constructing that

the photonic crystal |ayer provides the |ower-branch
photoni c band region, and setting the wavel ength 25 of
thethacpdenen it ghtysbalsBb- 18660 A, napketimat hee | dypmeter

in the optical conmunication wavel ength band which |§
Raifl dae hoderdnbe ansBiayTHgv e hea Bl ecR ‘(}F%FéPgﬁl‘fbf ot wekhnm

hol f d [ h h

%ﬁ?gﬁﬁwﬁ’ 5 ogim be Trrgterte dhaBtalt e e
1t f

N R R PN R R

g%lf&(lzer@gr? ng&ﬂéjechltoqna]@g: '@I‘s#ef}%:&m 3iR¢din the range

romat 1 c di spersion conpensati o devi ce can vary

&Ben&ﬁwﬂaaiscp@ﬁ@ﬂ% Si0MNteN-500t B8 ¢ 3ngeim ObnBoEABE,
di spersion value of -500 to O ps/nm and thus, it is

abl grt e RPHOGHERING RN erdxaNaip g AIMV-I:@\S{C@SEW oghRtbm@atic
di spersi on conpensati on device. Further, because of no
aeederef catdrerpaonponentisyitke | Bsstioért hedaught ofaww need
be reduced. 10 (2) The techni que of the application to
pheotheonatigoneispershon ephpenddts dioglévicae by rhduced.
directionality conbination The other application
technlqb%)éﬁmtﬁ@cbﬁéﬁéﬁl%f6¥V%FEP11P§§é?n£x?§he chromatic
described with reference t

ﬁFPB§FFé9PveCQWBQPSFtéOBhr ﬁﬁﬁ g d%gp g?on&lreCtlonaTlty
coMBensRLLan

The other application techniqueof thephotoniccrystal
layer 4 is described with reference to Fig. 12. Fig. 12 is
an illustrative view of a chromatic dispersion compensation
device using directional coupling as another application
technigue using the photoniccrystal layer 4. For thepurpose
of illustrating with ease the function as the chromatic
dispersion compensation device of the photonic crystal layver,
in Fig. 12, the constitutions other than the photonic crystal
layer 4, core layer 5 and the terminal parts 42 are omitted.

As shown in Fig. 12, two or more areas each of which
has a diameter D of the hole 41 in the photonic crystal layer
the diameter being mutually different from that in the other
photonic crystal layer, are provided in a direction
perpendicular to the light propagation direction. In Fig.

12, two areas areprovided, namely, anareaof havingarelative
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devi ce using directional coupling as another
application technique using the photonic crystal

| ayer 4. For the purpose of illustrating with easef{ D" 2086

the function as the chromatic dispersion conpensation
devi ce of the photonic crystal layer, 20 in Fig. 12,

the constitutions other than the photonic crystal

| ayer 4, core layer 5 and the term nal parts 42 are ,

oargeedlanatesfowd PALE 4 Wohtwsice mBriehamsaeesadénfiy-
of which has a di ter D of the hole 41 in the

DRot OHFE T opa OfapEr in0ne G HHET G bet Y mieRatpT D of
ifferent_ fromthat .in_the_other _25.photagnic crystal

ﬁ8§8r§?a#%65?03% Sdlpntéedpﬁgg i S %é peh%?Cular to

the i gﬂr&ﬁgpa%%%' Q%gg {158&5%1&1’9 C%%n%'ris_lszthé%re layer

areas are provi an area of having a

sel atbve, r 40 Jarge dnatBtere 808+ hob ey Adad 1dOhheSphHBtonic
In the paper of Fig. 12) , and an area of having a
eelathvel yysred Isediammiary D oh rhel et 4l (ehtvegte der are
the paper of Fig. 12). Further, the wavegui des which
peophided,t hemedye kayeweghbiBe ehdchaiecladated onrthéayer
respective areas of the photonic crystal layer 4
§aparatiehypothnrFivgved2idewshwaredgocdedesr @ cproviidedr 5B,
namel y, a wavegui de whi ch includes a core |ayer 5A,

and ol heh tsevégarde Mhikh TRABPGEeY ea i Jdgper TBBa S sed
and the lights guided with the respect.ive wavegu

es
aPet R aedya1d vort  her st ¢41937 BRFF foé?éﬁ§”é§%ﬁlameter
havi_ng,a vari ed.di.a er .D,of ,the hole.41 in _the
Bh8§o%ﬁ€ ﬁpﬁgtgﬂ It ”3&94P50§ﬁw%ﬁgFFY€ﬁgitéﬁ%ﬁ%ﬂ parts
42A, 42B, HeIAfZCtﬁrge Bz%rr(?nv:ﬂn%eid ggftgoaaﬁct IBY and 42¢ are

electrically tot otoni c crystal ayer 4 and thus
B&%%ﬁ@b@gf§ﬁ%k%%e%Q§ﬁﬁfQleé@??gaim§3§>tﬂé;ﬁﬁﬁﬂhﬁﬁicrystal

parts, the termnal part 42A is |ocated at the right
layer 4 and thus providing energy thereto. Among these
terminal parts, the terminal part 422 is located at the right
side of the photonic crystal layer 4 in the paper of Fig.
12, the terminal part 42B is located at the left upper side
of the photonic crystal layer 4 in the paper of Fig. 12, and
the terminal part 42C is located at the left lower side of
the photonic crystal layer 4 in the paper of Fig. 12.
According to the above constitutlion, the path of the
light can be continuously varied by the voltage applied to
the terminal parts 42A, 42B and 42C, and the bias voltage
applied to the referential electrode 9 (See Fig. 1}.
ConcretelydescribedwithreferencetoFig. 12, atfirst,

the light launched inte the core layer 5A (shown as the

alternate long and short dash line in Fig. 12}, is passed
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side of the photonic crystal |ayer 4 in the paper of

Fig. 12, the terminal part 42B is |located at the left, . ..,

upper side of the photonic crystal layer 4 in the ' ' “t

paper of Fig. 12, and the termnal part 42Cis

| ocated at the left |ower side of 20 the photonic

crystal layer 4 in the paper of Fig. 12. According to

t he above constitution, the path of the 1ight can be
tbaekalotlt ywatdr PedhBynt e Rigtheyd @spinelido 14 hehen the

termnal parts 42A, 42B_and 42C, and the bias vglta%e
BppFi BALL89ENESr BPEr B8RP APYePEELFEHe toS( S8EMRPGL BRI T 422

FEe ST B R SRR B B o
y ) l. | i i
GERE0 A 1 U TS5 008, SECL AeEf 0% B0 o

grgFgQ I%gethg Eb91gl3;when the bias voltage is not
app ieg etween the termnal part 42A and the

ref ereni i al 1@lseclanedeaBovihigevibennhendbasswal 1age: from
(for exanple, 10 V) is applied to, it passed through

theopad hanp 1Bvahowenasnuibesagl,i dhéineyh#As rddsustssdtcedpath
above, by varying the bias voltage from zero to any
kewebecontthuousbyy ¢hengedhfromapsth gsiton medtth B,camr path
be continuously changed frompath Ato path B, or path

B to path A. Thi&siispbeaayeephberdanéchansdi $ssgBpeert to
to 10 frequency shift by the bias voltage, and then,
fHEIYRASY sPiffelohdd pdtimen’thkegymatytiRy, the phase
asynmetry des of e _connected veguide is

A NGRaTErBREVERS AP OREITCCOY SH o DTS e TIogiesy @ f the
like the . ca f. th |t node wavegui de, changed
5?“PﬁgtﬁgtWf%%fglggcgﬁggj¥¥é§%a'ght is transmtted
throuthH@ﬁ[QﬂﬁaQﬁﬁﬁﬁﬁgﬂic dispersion value is, as like the

case of the multiple mode wavegulde, changed by the path,
because the light is transmitted through various photonic
crystal regions having a respectively different diameter in
accordance with the c¢hange of the transmission path.
Therefore, it is possible to control the chromatic dispersion
continuously and variably by using this waveguide.
Asdescribedabove, byprovidinginthephotoniccrystal

layer 4, two or more areas which have mutually different
diameter D of hole 41, or interval (pitch), etc., in the
direction of perpendicular to the light propagationdirection,
and providing two or more terminal parts 42, it is possible
to give a desirable modulation to the light launched to the
chromatic dispersion compensation device variously.

Therefore, it is possible torealize the chromatic dispersion
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crystal regions having a respectively different
di aneter in accordance wth the change of the {1 nee annn
transmi ssion path. Therefore, it is possible to ' ¢ bus £l
control the chromatic dispersion continuously and

variably by using this waveguide. 20 As descri bed

above , byproviding in the photonic crystal |ayer 4,

two or nore areas which have nutually different

@rapeter trofdeplec4af arcrRPeFbaln( pir-e€hprdefclovi gost.

the direction of .perpendicular to the |ight .
propadﬂh%ﬁéﬂ??%Eﬂgﬁﬁ%t%éﬁﬁﬁ¥gﬁ?ﬁ?&ﬁaﬁ%gapqﬂﬁ%Spelelc
' [, t 2, it.i ible 25 t [ .
ST ni e bt SEPARCE6 T hEEP ROt aASHORad £ 801 passential
o d : : . . ous
GIEPIRLLE BLEDET LD SOEnSAlL OB A0 VALLANRLYe  ana
Gi SRET 8k Oy 4%, SOMpens atd o deV:Ge e iﬁogﬁﬁcf:e%ﬁects as

size and a low cost. The present invention may be

erbedt edrife otthehospesd €4 Lo f DFap tMd begbedepantl Dvention
fromthe spirit or essential characteristics thereof.
ghenr esenta esbody nend sappandsd exaaphesrateet henefiobe the
to be considered in all respects as illustrative and
fotegeshyidts welpthen sgope léf chhangeavent¢lomontsewaghin the
i ndi cated by the appended clains rather than by the
hereyod iy HESEOEPP F I Eith 1 Ct RaAnges G ¢tf eédfetherefore
within the nmeaning and range of equival ency of the
trheneedr 8ot her efbracedot'Ait&alled to be enbraced

therein. 43 WHAT IS CLAIMED IS: 1. A dispersion
conpensati on device for conpensating chronmatic

di spersion of optical pulses |aunched fromthe

exterior,
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5 conprising a wavegui de and a photonic crystal part,
sai d wavegui de conprising a core part for guiding the
optical pulse froman input end to an output end andua
clad part consisting of a first clad | ayer and at DC0 700
second cl ad | ayer, said photonic crystal part

providing a chromatic 10 dispersion variation of a
proper dispersion characteristic -to the optica

pul ses gui ded t hr odffi*t nE® viavelitfi'det® the chromatic

I spersjo varlatlon hav bspl ut

arlatl% Qé rSlon R Ee%%a%g§§|4%9%§% yg%mgogéekggtlng
EF%afaE%&e%ﬁs re3£§.t1%|n %%rtoﬁtﬁc}aﬁy%@s@yti)aﬁﬁ@héé FEEbAL the

ayer e core part ayered onto the photonic

cryst-abrpart, and the second clad part is forned so.
that a portion of which is layered onto the photonic
crystal cpaptisang @ wermiuidyg farta ohosindl eeverslt part,
upper surface and side surface of the core part. 20
2. A di spedsivegdnpensapirds idgva o e perdi Hgr tom idiaignthe
1, wherein said photonic crystal part is nmade of a
pbrstalmpnéspafrandia isaocongndater ARl GUERE rastd aerd weclad
i ndex of the first and second materials bein
difteremnt it im edch fé{rﬁsé:rcl%ﬁ&%rp%ﬁea §ﬁ§ﬁ@g JAH hager,
made of the flrst material an eac
pr edet e?fit hed™ §F?§l&a9ﬁf F$%ygar5tpﬁﬂ%ﬁéﬁhﬁrﬁnggromatlc

interval.s in matri made of  t,he second
S §ar#?8%8pe?§.oﬁ”“%ﬁﬁéﬁégP'on evcggraCterlStlc

QAeC %%' rrg;ta%ag LM 2 m% & 1133 ORj.G o q&e&f |
part

rses WO Or regi on V\Ih|(ﬁ'] ar e
al ong tQﬁe@HHEME%&@Qlgbé%QEbQW&ﬁlatlonhav1ngaulabsolute

value of the variation and a positive or negative sign,

wherein the photonic crystal part is layered onto the
first clad layer, the core part is layered onto the photonic
crystal part, and the second clad part is formed so:that a
portion of which is layered onto the photonic crystal part
and a remaining part of which covers the upper surface and
side surface of the core part.
2. A dispersion compensation device according to Claim
1, wherein said photonic crystal part is made of a first
material and a second material,

the refractive index oi the first and second materials
being different from each other, and

plarie-shaped laminae made of the first material and
each having a predetermined size being arrayed at

predetermined intervals in the matrix made of the second
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5 the optical pul se guidedthrough said wavegui de, and

the size and interval of the first material in each
region are determined so that the respective regions
have a nutually different dispersion characteristiic. 75
4. A di spersion conpensation device according to any

one 10 of Cains 1 to 3 wherein said dispersion
%%Q%%qgﬁpion device further conprises an energy
supplying part fromwhich an energy is supplied to

he phoﬁ‘)@i%’%@f&f&?lc%én%i&??dé%@%dﬂﬁn‘@alt%eClaim
and the si of the chromatic dispersion is

eonyhebked byighangidg c Bathe1r hractbmpri 8dexe®d or more
said wavegui de. 5. A dispersion conpensation device
aeeabtisnghtiehChaiemi a4 d wherei rhkherepengy isuppliyieagion of
part gives the energy to the individual regions of
saiedophdt @hipoileyey ghiabepahtrouGh $aiil sperssidnie, and the size
conpensati on device according to Caim 20 4 or 5,
wheliol re el gBebad irstarad e ri sl ansamhcordiet aredhitelmined
possesses a predeterm ned carrier density under the
seattitgiarip st e @nd’ e hee e gyP3uppPylHGupary different
supplies an _ener t.o .the photonic crystal part, so
@HéPeFﬁéO@néﬁﬁfﬁﬁﬁéﬁﬁi§l%{change in the carrier

%enSi tyAicpisE hee ssieorpl %%I%dlé%t %EcioZSd?' ic':Ae dai 3 oer\rl(azlinonto one
conpensatloﬁ) evi ce acgoralng to o aim™®s, erern The
gﬂg&g%ﬁ§gp@J%kp% part conprises a voltage applying

part i ch provides voltage on the photonic crystal

45 4 N 21 D OEPEE s L On VakY hRQ RN d&F i depsttdet Rold@ises
sem conductor. 8. A dispersion conpensation device
aeCendinyg tepgdlgiiy parwherein whieherer @ynesupliyi Bepplied
part conprises a potentia

to the photonic crystal part so that the absclute value and

the sign of the chromatic dispersion is controlled by changing
the refractive index of said waveguide.

5. A dispersion compensation device according to Claim
4, wherein the energy supplying part gives the energy to the
individual regions of said photonic crystal part.

5. A dispersion compensation device according to Claim
4 or 5, wherein the second material is a semiconductor which
possesses a predetermined carriler density under the
stationary state, and the energy supplying part supplies an
energy Lo thephotonic crystal part, so that the energy induces
a change in the carrier density in the semiconductcr.

7. A dispersion compensation device according to Claim
6, wherein the energy supplying part comprises a voltage

applying part which provides voltage on the photonic crystal
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hol di ng part for holding the potential of the second
material 5 to a prescribed level. 9. A dispersion
conpensation device according to any one of d aj nsnl-
to 8, wherein said dispersion conpensation device "
further conprises barrier regions which inhibit
propagation of the light and which are forned al ong

%giﬁkggg%gE%ﬁggggiggggﬁgﬁgﬁigggéggi%gj&ﬁ@hgg%%i%b%%%ctor.
8. A dispersion compensation device according to Claim

7, wherein the energy supplying part comprises a potential

helding part for holding the potential of the second material
to a prescribed level.

9. A dispersion compensation device according to any cne
of Claims 1 to 8, wherein said dispersion compensation device
further comprises barrier regions which inhibit propagation

of the 1ight and which are formed along the light propagation

direction in the both sides of the photonic crystal part.
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