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DI SPERSI ON COMPENSATI ON DEVI CE BACKGROUND OF THE

I NVENTI ON 5 FI ELD OF THE | NVENTI ON Thi s invention
relates to a di spersion conpensation device,
particularly, this invention relates to a | ow 1| o0ss

di spersi on conpensati on device which is provided with
a photonic crystal region and a core region for

| eadi ng |i ght [ [ tal region
and the coreﬁ@éﬁ%ﬁaﬁ\g &M%ﬁ(ﬁpf%‘% :
DESCRI PTI ON OF THE RELATED ARTS In recent years,

| ong- haul data communi cation has been 15 perforned

through opticahabkBRpSNpaBE ThE tReBRFLERIOn rate of
data has risen drastically fromthe past. Wth respect

to the data comuni cation through such optical fibers,
comruni cation using ultrashort optical pulses at a
rrate of THEO IGWENTIOSr nore, which rate is extrenely

hi gher than the 20 rate presently used, is now under

i nvest Tyasi omwevihieon peyfaorad i ehdidataséomuaiparganion
usual ly, the robl ens about crosstal k and

devameni §§iﬁféhce5ﬁéﬂ~y\/\/ouws CORESN AR D TR Aigghée & low-loss
transm ssion velocity of the data, the narrower

A ERESEAP W P BF5 3 ATV | Wik CopYieal pal s oaidad netth a
t dj t I
e R e
t Qg%
Wﬁ%ee&%rﬁ §%5¥§ pa§g§J ]¥5&8qggr%§§é?$£: r%gIB?e%re

s@% gg%e&§f&%g%kge i ndex of the material. The | ar ger
ractive index, the lesser light speed is provided.

In t he

DESCRIPTION OF THE RELATED ARTS

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

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

important things.
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material such as gl ass, sem conductor, or optical
crystal, 5 the refractive index is varied by the
frequency of light (wavelength in air) , and
therefore, the speed of |ight depends on the

wavel ength of the light. It is known that during the
propagati on of optical pulses through a material the

 dopeHnEEST SO Fet T a0t Ve ook B Tl @ R “aha"S
gﬁ%%hgﬂﬁﬁ Qﬁﬁggﬁrg%khvepﬁﬁﬁgfo?‘%ﬁggﬁﬁﬁ§gu$P§ he larger

e optica ses I n e tine domal n.

rgl@&sb@%teefndéycfeh@ 1%?&&9&%&1%%;%4&1% Ahssidd@ht 14 the

speed 1s varied by t he wavel ength of the light is

mheEerpedsutn 88 JIdWPMRlnG BrepRSON o robpsi BRlYerystal ,
"di spersion". 15 , As nentioned above, during the

tpeopadgakicanviehriadghk ieptidled ithertshe tfe@ptncal of light
pul ses are distorted, and broadened in its tine
(vikdehengthtieatohvemd onat e feans mhesiwred pﬁtleigmi fepends
time wdth of the optical pulse is also anply rge

opr by e vsA erstidh odi sheriigh- andtbﬁéaﬂ'élfé?}‘i”hdihﬁ'tedﬁétlngothe
devel oped to serijous problens. Wien the data

PEPRASAISSPGIT Obhi € § B ACP dAARO b B REVEF Lot e wave forms

oBePRE A AT PReefreth S fRLRCHBH AR R
f&%@Etﬁng 9§Hdeonoaanzagg%hotQﬁa aﬂySﬁsgheﬁxﬁgﬁén Jpill

an I ncrease the ' transm ssion rat

bu,%@ﬁ% 5h§a898¥e@f'ﬁ{@lbﬂ§éﬂlﬂﬁrﬁﬁbf thel gpw@%sb{qh@egom

rea an optical comunication at a higher data

that€ime GORShEEr | MGr SUCHPEOD] ei®h SEHAFestokistic that the
conpensating the 2 chromatic dispersion wth using a

1photkoniee ol y vhali edadicth bawe e lahpeadyl ahe énphedis Thferred
photoni c crystal has a structure where two materials
to as "chromatic dispersion" or simply, "dispersion".

As mentioned above, during the propagation through
optical fibers, the optical pulses are distorted, and
broadenedinits 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 conventional technology, 1t is impossible torealize

an optical communication at a higher data rate.

Considering suchproblems, studies of compensating the
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of which refractive indexes are nutually different are
5 arranged periodically. Wien a defect wavegui de,

i.e., continuous defects part is formed in the
photoni c crystal by introducing defects in a part of
the array, only a light having a specific frequency
can pass through the wavegui de, and a wavegui de node

LD OLyes 3086/ L] e vavslenath Q. di syl but ] gl ave

¢reat ed

afpgg tégtghﬁFg&S|on in the opti cal flber

transm ssion [Ine is conpensated. (See, for exanple,

Non- pagieibh GOSHNEREy &+ h 1 Ratens + BostiBAhire twomaterials
(WD2004/ 063797) discloses a 15 dispersion

o EONPaRrRsAt + Oftr feviwe whtleRegamxy owithea Bl Pr dp€ferent are
respective chromatic di spersion changes with respect
atpapgett pendediefaldhr.omaihendisspdebéon teveguide, 1.e.
optical phase against wavelength (or frequency,
chetenngﬂ&e@ef@ﬂ‘éy e Bt si fpf9rme@df b rehe tRhQisonic crystal
"wavel ength".) to the transmtted |ight by 20
bbrb@@%ﬁ@ﬁF%?ﬁpﬁﬁﬁ%ﬁﬁﬁ:¥§r?sP%F§ %%f?ﬁﬁ %ﬁ%@éguPaég Al HRPE

which the [, is transm tted. n Docune
h 4 R A BGS Hs i SaHG R SR et Dies Ty Gaan Fh P Setide,
trransm ssi on. chara terlstlcs ef
v\gvéaguvrvave ul& N o(%l c crys J(_)\;?g) %lfy%ﬁ%(}eg:t elength

f |3
. TG

m¥8k. 3, tRe  Silomadk Rat entsJacument 15 WA20045063497 fJ_ber

SUMVARY OF THE | NVENTI ON I n accordance with the
reanshisetiban dDinéheidi speisine@ated. (See, for example,
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 frequency, 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 637 autumn meeting of Japan Applied Physics, The Japan
Society of Applied Physics, September 24, 2002, vol.3, p.
917;
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5 conpensation device of the prior art, since the
wavegui des (defect wavegui des) through which the
optical pulses are transnitted are provided in the
photonic crystals, the sizes of the wavegui des shoul d
depend on the thickness or size of the photonic
crystals layer, thus, as a result, the obtained 10

waveg 9@5‘ haye. spell froﬁézét?%/%é’?‘?%?areas- When

optica fses”@re I aunched into such a wavegui de
havi ng a snall cross-sectional area, |oss through the
wavegui de will be very large. It is hardly possible to

apply the di spengivrcaenpensatiomdenice of such a
high loss to 15 the ultrafast and | arge capacity

opt i catn c@ENHiacatd ¥hthuiid cahegrachiead Speet datkpersion
band. Therefore, this invention ains to provide a new
cdinppessitonncdapénsat f orhalewiicer efrta kdwckosbeanmgveguides
capable of realizing a higher transm ssion rate for
(théeopt eakopildss) rpycdo el athelheth oviet renk | pinbees are
probl ens, the dispersion conpensation device for
tééﬁﬁ@ﬁ§§ﬁfirf”gr ® ﬁ’rr&‘r’&tdieéi él’l'lstd”é’r BPBAHONGF W?*ﬁ%}rs pG}Ih§e§lzes

Iaugched fromthe ext%{lor accordj resent

h
o BT OFE TS At ] S8ReRs ob }e?swgc]%lee%ﬁg%gaﬁas of
(B, IPLONIC 7S LD Ly e MRYSEUGE. 28 cteina

e par ui din ‘cal

wa%% 1@@5'%&9% %B lﬁoc@%s%u%%@El%ﬁglaQQegsC|ad part

consi sting of Irst clad layer and a second cl ad

|ayer1Wﬁ@§cﬁﬂﬁkﬁﬂJ§u§§¥§%&E:ﬂa@@&ﬁe@ﬁ@Mkﬁéﬂghaawavegulde
chromatic dispersion variation of a proper dispersion

hehanacter isshild terdéhe-optttahapulases guided trhraugh the
t he wavegui de, the chromatic di spersion variation
whaeigng danw Bbs dleureryalaugyeof fhel v arirdiiiygpoamtb ke to apply
pOSI tive or

the dispersion compensation device of such a high loss to
the ultrafast and large capacity optical communication
utilizing a brecad 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 cptical pulse.

To solve the above mentioned problems, the dispersion
compensation device for compensating chromatic dispersion
of optical pulses launched from the exterior according to
the present invention is characterized by comprising a
waveguide 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

afirsteladilayerandasecondciadlayer, thephotoniccrystal
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5 negative sign, wherein the photonic crystal part is
| ayered onto the first clad |ayer, the core part is
| ayered 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
remai ni ng part of mhich covers the upper surface
urface., 0 part. ln accorda
pSRF SHERTeE SrZourhce TherPiitennhGrodis %%eavwbef
di t I spersi h g
ot g B b ng e T :ifggpﬁﬁpg?gd oBNaral ey o e
tﬁilsueﬂ%%l&a%g&@é pert aneohbe: wayegulde: saNvdeiation
designed 15 nutual ly independently. Wat 'this
hBeS8GHDLN id1s JTRANS viaS u& bEEEhe deSt QL dn iRl a positive or
cross-section area of the waveguide, for instance, a
neghetial s pdj fileatdion thet pleehot he corstgpaptrandsclagered
part in order to provide a refractive difference
otherighetiiemt. clFHubayahertitchecdiesparsiioh leowgessanionthe
device and the_ optical 20 fiber are jointed in order
rhotpalifcATYRE2bpPREA) wﬂséhﬁn%w{l%ecé@@p@%?ohs formed
conpensati on device fronlihe optical fib
Sﬁd@sﬁt’o‘f" UG HOARE ¥R CEpt S sweﬁsﬁso@fa t]aa@@&}toéu&u%mﬁl
o] tge device . wth k%eg%qgl q§ I%%%g a.n1négug%£Fgce
PaF 719 1% TR TP ShBRSToR T COMpERSA N rellaBP

r t C I d to th
b Sak, o Bk 2ERs) B8 2R PREPRELE  yuitied through the

Cor € PALL 260 HEGRIY e, L ek | «%l%lﬁé thenSHFOBRLI4L, since the
di spersion variation fromthe photonic crystal part. 5
phBtanpeed efs €l pakedifenlroofi dihe @ esent i d AMepkireion and

the photonic crystal part is made of a first materi al
taBdwadegetoad cmberiiddng the Yefhradts pecpader ofpidhetely,
first and second materials being different from each
bothehe pingt gt anerghapesart and thewaveguide canbedesigned

mutually independently. What this possibility means is a free

designof the cross—-sectionareaof thewaveguide, for instance,

a material modification between the core part and cliad 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 order
tomakedispersion compensationreliabliy. Further, since the
core part is layered onto the photonic crystal part, the light
guided through the corepart canreceivereliably thechromatic

dispersion variation from the photonic crystal part.
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5 [ am nae made of the first material and each having a
predeterm ned size being arrayed at predeterm ned
intervals in the matrix made of the second material .
In this enbodi nent, since the first material which has
a different refractive index fromthat of the second
material 10 can be arrayed as plane | am nae of a
predet erm ned size a ed intervals jnto the

t det erm
Second- Tt SIS PEPOSGIEMH & 1t GBI BYPHENE P veRTion,
' Lot tion, deyi dj t he. .
BB EREoRRGen e ohooi PACE T8I SEFoars T ol BBbeme hggial and
2o e eBEEE Ik SR G LnBx GG FYE LR AndSedtna

mG@BRE E$EShd WOy Ofi fRY R e @i-BRSe Y Chi1RNe habid, Bl 000K hseq
propagati on direction of the optical pul ses guided

1kRiadah ndde wavegu deirand hdecsize and | edeh valavahg a
the first material 1in each region are determ ned so
pirhdattbheinesdpect ¢ weinegeonsy20 hapeecdempetrudhky intervals
di fferent dispersion characteristic. According to
inhitbeembbdiimenadebypfvahygi ngcrhd mpzeramd. interval of
the first material which is arranged in the second
mat er i Bp thisnerled Hret e, sdgicenthe £ irs tysasepie!l pdich has
realize positive or negative signs' dispersion )
2 BRE tafic VoSt T pPE. Oryer fdrspersioan material
congensation. In noth%y enbodi nent _of .the present . t
CPRvRRt TR YT He™S Rttt SiBH K SmSen§aPr Ao devi¢BEFur RS2
prROREL3 RS 80 %%%eg%a‘iss%p&%' Dge PALELROMMUGR AN 3¢ 55
energy 1S supplied to the photonic crystal part ‘so

pblatphhe @bspluyeqralye andsHhes shaN R 2 tGRHONBE; Cce
di spersion is controlled by changing the refractive
akcpdexial thenwayvegsdgle invention with a relatively low cost
and without a lapse intoc complexity of constitution.

In a further embcdiment, 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
pesitive or negative signs' dispersion compensation, and
multiple-order dispersion compensation.

In ancther embodiment of the present invention, the

dispersion compensation device further comprises an energy
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5 According to this enbodi ment, since an energy
supplying part is provided which can give an energy
such as electric, thernmal or pressure energy,
external ly and independently, the energy being
capabl e of changing the refractive index of the wave
guide, it is possible to control freely the chromatic
10 dispersion_variation to the qgptical, pulses. |

SPRPL KR I SIGdT TR OF IS PPEZEAL §HRRITTDAO fgnotonic
Lyl ' he _.

FRAFILRB T Togrone BF FHE pHOE N Lo GryAf AT opgin of the

cg\gggg%%fs etﬂyi%nef?%%@%ﬁaea'wshgﬁgjﬁsgge refPactive

ying can be nmade to the regi‘ons sépa y, It Is

i98§§ilethgowgggbﬁggethe positive and negative signs'
di spersion conpénsation, or the nultiple-order

di sperst @t SORP enSatiisinb M redh 1Bf €1 Ak aae e gyt wibsiiad ng

regi ons i ndependently. In a still further enbodi nent,
phbe Seqonsy imdenihdlch san2fiae semearendnctsochwhscdilectric,

possesses a predeterm ned carrier density under the
teamrdnarypstaterecandetr g, epergynsuppl yndgingeapendently,

Inparts an energy to the photonic crystal part, so
thhaenerpy bAépgyCrRdbiesch ehangenyntbhereaFifetve index
density in the ,sem conductor. 25 Accaording to this )
CEMOEHHEIU LIy YRr§ires e el FPBFroaéﬁﬁe&g’ gye ¢ipgematic
dsem’conductor.a?the seggnd tertial gn the photonic
CPYSEALCBar I PELPE pBs&B 8PH6CBrolPd&the chromati c

7 disp [ i.at | { j ' '

{br ough Ehe U= bE E o e (D ERL R o B CE p R e e
chBe R eSS viiR¥e Phlr@N g1 ddie eNerdye SUPPLY i % PAREividual

conpii ses a voltage applying part
regions of the photonic crystal part.

According to this embodiment, since the energy
supplying can bemade to the regions separately, 1t is possible
to contrel the positive and negative signs' dispersion
compensation,<n:thenmltiple—orderdispersioncompensation
which are aimed by individual reglons independently.

In a still further embodiment, the second material is
a semiconductor which possesses a predetermined carrier
density under the stationary 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 varying the carrier

density of the semiconductor as the second material in the

photonic crystal part, it is possible to provide the chromatic
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5 which applies voltage onto the photonic crystal part
in order to vary the carrier density in the

sem conductor. According to this enbodi nent of the
present invention, by applying voltage to the
photonic crystal part so as to vary the carrier
density in the sem conductor as the second 10 nateri al

in the photonic crystal part, it is_possible
AbRBoT DR Ot K AP L B SO E DA S G & Rean e
oetical pul ses guided through the waveguide. In a
"EUPPHER®pr ef er abl e enbodi ment, the energy supplying

part cp r%%%%e a%?%fﬁﬁbé&iﬂ@éghﬂgt%. r%%ég@olQ%@Stion,

15 the potentia e second nateria

taéeéﬁéﬁgﬁ%dﬁ@qyin%ﬁgggﬁd&aapEQS&Qiéxﬁﬂhggknaﬁbayhhgiﬁart

possi bl e to hold e potential of the second materi al
whRchhg ot HRbE teprsdato tharphdGoli Prregeriahes:tevel order
thus, it is expected that the nore stable dispersion
teofrpepsahkonacancbedpesfiayned toet hemi2Ondptitoal. pul se
In an enbodi ment of the present invention, the '
di spera¢omrdonpéasatl vrmgedinenturi hbe rdefsnitsegvention,
barrier regions which inhibit the propagation of the
blvi ghplaadowkPéhagar 6°f 6hAeBlarBRgCt REYFFghtPart so as to
propagation direction in the both 25, sides of hge q
VBR&t BRE Y5t aldSFE Y ABChREi Hg't TP H St EntiSditENE SO
b reventi.n h diffusion of the lLight at .the .
G PRGEr o HaY BBHAPR AP £F TS SHE s 1T Gie HoPSgPasaaRrovide
Ly | AL s gggi I ke transm t.1jght
tgﬁrgﬁyogﬁgéfseﬁ%ﬂ% _2%5?%%§§E§EBJ23 acco?%#ng top%ﬁzes
gpﬁ%%%n%thﬁ%ﬂtE%@awa%b@%%d%he photonic crystal part

or providing a chromatic

In a further preferable embodiment, the energy
supplying part comprises apotential hoiding part for holding
the potential of the second material to a prescribed level.

According to this embodiment, it is possible to hold
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 cof the light and which
are formed along the light propagaticon 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
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5 di spersion and the wavegui de for conducting the
light is prepared separately, it is possible to
provide a |low | oss dispersion conpensation device
where a free design of the cross-section area of the
wavegui de can be practiced, the optical pulses can
take into the device with keeping the loss 10 to a

m pimum_and thus.the_di spersi.on_co sati on, can_make.
16PN A1 3 B DESCRI PP ON: BF STRES DRAW NGSTRIG, it T ¢

a cross_section di spersi on conpensation 15
lﬁ%é?cguggggragﬁﬁgggﬁghe enbodi nent of the present

invenPAQHéscEEE?d%%o%§,%Qﬂdﬂé%ﬁ&@éEﬁgﬁgéﬁ@ﬁgiéhention,
photonic crystal region R 1n a photonic crystal

shayertfte Fh8toBBel Srabthll ysttatbyepvbeviohgld obliromatic
which is guided through the photonic crystal region
aRkpkRstibe phat @nieC werpstdlde ZOd ayerduktikig.t1®: iki@gnt is
illustrative view of wavegui de nodes in individua
ptegbhord ebpkhetphyt ontcisryssaiblayer droFidge 4 lew loss
illustrative views of fabrication procedures of a
ddsppersponcepnpeAsat Pondgeiiceewhergsa Ffgeesdegign of the
illustrative views of fabrication procedures of a
cHPSPeFSFEACBoABBASAE RS dBIT eeutdeTn BejRracticed, the
illustratjve views of .fabrjicatjon proc res 9 of . a
OB SpeLsh O CoIBENCAET d Gebtea g 5T oA T ipd o Loss
schematic_di agr f I Sper.si.on i [
Raviig 4 phoran orary B S FTE S pn FATREITAR, £8 ffee
rgﬁﬁgbg%_layers; 5 Fig. 7Bis an illustrative view for
the construction

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 layer 4;

Fig. 2Bisanillustrative viewof light 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. 4 is illustrative views of fabrication procedures
of a dispersion compensation device 1;

Fig. 5is illiustrativeviews of fabrication procedures
0f a dispersion compensatlon device 1;

Fig. 6is illustrative views of fabrication procedures
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of the dispersion conpensation device having a
photonic crystal layer 4 provided with barrier

| ayers; Fig. 8 is an illustrative view for another
nodi fied construction enbodi mrent of the dispersion
conpensation device 10 having a photonic crystal

| ayer provided with barrier layers; Fig. 9 is a graph

whi ch, shows t he change of thg ghase ~agai nst the
Of r 2qEbRRGT BT GRTPERFHE190 FEVACGraph whi ch shows the

change, of t phase versus the frequency.of |]i .
when ﬁ%ﬁ% 4PSi§£§4§ ﬁéﬁﬁg%ﬁ%ﬂegé??%aTS |g? fﬁ%ﬁ?%ﬁ%on

Lipisheatbinagion ol sehiamyn doperct onycr gprorige

w8 - pd2risr-anaiblystrative view of a chromatic
di spersi on conpensati on device using directiona

coupl iggy. 2@ TBeanUWEna srShionn viirwt e raboy ecdi satngsion
represent the following articles or parts,
of espectdivglarsibrdi sparst ot conpéasateohadéngce Zhotonic
substrate 3 clad layer 25 4 photonic crystal layer 41
chpbbad2lapeni AabrputdedowbthsparsBercoprgerayer 6 clad
| ayer 7 internal electrode 7' electrode 5 8a, 8b
el ect rioges 8 is an illustrative view for another modified
construction embodiment of thedispersion compensationdevice
having a photonic crystal layer providedwith barrier layers;
Fig. 9 is a graph which shows the change of the phase
against the frequency of light.
Fig. 10 is a graph which shows the change of the phase
versus the frequencyof lightwhenhole4lis24Znmindiameter;
Fig. 11 is an illustrative view of a chromatic
dispersion compensation device using amulti-mode waveguide;
and
Fig. 12 is an 1iilustrative view o©f 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 cilad layer

4 photonic crystal laver

41 hole

42 terminal part

10
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9 reference el ectrode Rl photonic crystal region R2
extended region a, d intervals 10 r radius
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS OF THE

I NVENTI ON  Now, the present invention will be
described in detail with reference to sone enbodi nents
whi ch are non-restrictive 15 ones, and disclosed only
fog t he _purpose of facilitating the illustration and
Sun %rsggndin506@ £h¢S5r esent i nvention. <Constitution
and functi di spersi on conpensation device> 20 At
6first,cfﬂ%QH%ﬁ%¥itution and function of the

di spersi j devi ce according to an
7enbodi%%ﬁ%kﬁ%?nfﬂ%§%$§2%nt invention will be explained
Wth referfid@® to Figs. 1 to 3. Fig. 1 is a cross
section of a dispersion conpensation 25 device
gaccendi ng tocqrewidiedi ment of the present invention.
As shown in Fig. 1, dispersion conpensation device 1
Sof thisetmbodceentessredaposed of a substrate 2, a
photonic 11 crystal |ayer (photonic crystal part) 4,
Réore |plyerotr crondrctieglioptical pul se (core part)

5, aclad layer (first clad layer) 3 and a clad | ayer
REsecont ¢ d a/293°% which function as wavegui de in
conbinatjon wth the core layer 5, 5 and an interna
el ctrﬁ%%e§Y¥%% electrode 7', electrodes 8a and 8b,
and a {g&f&gnce el ectrode 9, which el ectrodes function
as energy Supplying parts for supplying predeterm ned
ener gy

DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTICN
Now, the present invention will be described in detail
with reference to some embodiments which are non—-restrictive

ones, and disclosed only for the purpose of facilitating the

illustration and understanding of the present invention.

<Constitution and function of
dispersion compensation device>

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

Fig. 1jjsalcross section of a dispersion compensation
device according to one 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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to the respective constructive nenbers. For exanpl e,
as for the substrate 2, it may be 10 nmade of silicon
(Si) and inpurities are doped in order to provide

el ectrical conductivity. The clad | ayer 3 functions as
t he waveguide in conbination with the core layer 5
and the clad layer 6, and is made of silicon oxide

(Si02) filmor silicon nitride fil 5 for exanpl e,
cSRATAL 1 ayBFod I (G S UHRI TSt e B2F Fhe fph6R0H daVer for
crystal |ayer.4 js the nmber fo ovi di,n a .
CEARBiratPY WP Sher b VaratoR of & dispers) saver (First
cggér§§§§£ksgléﬁé(%t4¥%d'ﬁyjeIQQEQ%%nHEEggghlg gr) 5 which
I Spersio conpensation device 1, the dispersion

rahacaghesd std e R0 ddheludbngian+absol it Mal ueref 15her 5,
variation and a posi tive or negat Ive SiIgn. For

agxagmpl et dhisl phelanictecrnysialelayeroad 7i's kabeikeated 8a
by using Si as a second material which is the matrix
aafl dtheahayerefanshds ellayerededn, vheéckledd:dtayeres3funbion
More specifically, the photonic crystal layer 4 is
asomposad sobrpliénanpar s Yotras uprely oy RE caled cextiagdednergy
regions R2, the photonic crystal region Rl being
tpr épar 86sSPPCHrYSi 8PR§LIRCAIBRUREMPREfber of
pl ane- shaped hol es 41 to the hoz% mat er i al W?ich i S
made of Si, FOF EXARPLE, ahd théhe FRPPRGAED $he ™ M3y be
hal es 41 . wi.th_a firtst terial,such_as $i.02.0f which
TAREL 86 i BB AdOhhe ST UTPFBF BRECT Pom TR of P LRBICE t0
P B&bé gﬁ%%&&@'alaggnéu%ngg% ?”ded regions being
ocated at both sides of thephotonic crystal region
RL andrhegi Rg jaot 1 ppovi dedewhthithe hel ecdd. wallkQuide in

"pl ane- shaped” used herein neans the shape which
combination with the core layer 5 and the clad layer 6, and
is made of silicon oxide (510;) filmor silicon nitride £ilm,
for example, and is layered on the substrate 2.

The photonic crystal layer 4 is themember for providing
a chromatic dispersion wvarilation of a dispersion
characteristic to the light guided through the dispersicn
compensation device 1, the dispersion characteristic
including an absoclute value of the variation and a positive
or negative sign. For example, this photonic crystal layer
4 is fabricated by using Si as a second material which 1s
the matrix of the laver, and is layered on the clad layer
3.

More specifically, the photonic crystal layer 4 is

composed of photonic crystal region Rl and extended regions

R2, the photonic crystal regicn Rl beingprepared by providing

12
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is arranged to the direction of the two dinensions in
the photonic crystal layer 4, such as flat

pl ane- shape. When the 10 photonic crystal layer 4 is
formed with a shape which is conposed of a conbi nation
of some curved faces, or a conbination of curved
faces and flat faces during the manufacturing process,

» Syt SRR BoRRdtbaher ORRE 4l hatlpee hrer e
f it 5.1 ti h hot oni tal |

AR oSs et Sal UnELL 0N Bipt e, pheLanLe eryStal 1D cne

h?%g Q &Sy, i, \Laf ifa% % Fﬁ%‘t elrti ahSsu Stseg 2| & wﬁg\ﬁ'ﬁ/cgi{ el é@@fl C

éphotoni'c ‘crys l"ayer "is forne as t

Bl angr shape; jas ang, erbedi FRRL Of HAR8+$haPRaterial, and
considering the linearity of the light launched to the

+ RO oS- SRELS 1y iIGREN5RY | 6B adeviatadth Ih@e 8B photonic
material (Si) part in the photonic crystal region Rl
cofsthe pboieoni Kl criysttalirdgyer: driwdckdonstasthbhehole 41,

second material according to this invention, and the
hol e Te ('$il2)epdrpedinusrdnsensin eedriy ¢hemahepearhich
according to 25 the present invention. Incidentally,
igi ehrepgpdctot hehdirdet apnedf ekpf abia? | dH e igpes in the
Bhotonic crystal layer 4 and the chromatic dispetrsio
DD&FPREF G Wi FEChrbBEEl B TLRE PR PRGIGHT CFyeral e

I A, 0t ilLl .b | ai | at ...Ih | 5,
PP AREDH Gns ds SPhe LANTEGU Q8 ™ Comi T 1 brr WAt TR L3
&l ags'cag)eeff &ﬁpﬁng@gn LaYehnBoutded Bacysed f00 a0 i 0gon

the op icat pul'ses Troman 1 nput end to an 5 out put

o8N, Qfe 4 fe- Ll $PRQ1S 1N LUPENS hdy OB M 8 o Qg process
exanple, 1t 1s made of siliconnitride (Si3N4) , and it

£hs hayehgEmeAN AhSnPhoiomiL oiayst alf £BEI PRoRAnOE ¢hpstal
phot oni ¢ 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 wvariation. It 1is
preferable, however, that thephotoniccrystal layer is formed
as the flat plane-shape as cone embodiment of plane-shape,
considering the linearity of the 1light launched to the
dispersion compensation device 1.

The matrixz material (Si) part in the photonic crystal
reglion R1 of the photonic crystal layer 4 functions as the
second material according to this invention, and the hole
41 (5i0;) part functions as the first material according to
the present invention. Incidentally, with respect to the

detailed explanation of the photonic crystal layer 4 and the

chromatic dispersion wvariation which is promoted by the
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| ayer 4. The clad |l ayer 6 functions as the wavegui de
in 10 conbination with the clad |ayer 3 and core

| ayer 5. For exanple, it is nade of Si02 filmor the
silicon nitride filmas in case of the clad |ayer 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, and thus. covere 15
BRI e Tl SELT oy oY =8 4 Fof el Be BHBL R HERN nAf Lor

electrode 7 is de of um num ( Al d so_on, a )
O e g CaRd, Mt 2ys) TP ORL et e 292PRaeBle 1n

cgﬁi{;&ygg%%éﬁ of the 158 layers c@adTﬁggithgr.nait is

ctrode 7 functions as an energy supplying 20 part

u8b4 @qujdi%%gﬁmleybagieantpuﬁggsiﬁérprar@mbwtngna to an
predet erm ned bias voltage to the photonic crystal

oh8¥et énd bAcigentaldparshen ddwehotonic ddyisdall. For
| ayer includes four regions (1) - (l1V) as nentioned
ekamgetaiiksi d mb@e p ftdhid lictren matidel(8dctROdesnd iare layered
provided for every four regions (1) - (1V) 25
onntlepepdehthyc ¢nvetrabrrepiapphy ehetld ashvoinagectstal
every regions separately. By this inpression, the
le#@eri ér density of the photonic crystal layer is
varied, and_then the refractive 14 indeﬁlthereof L% ,
changet!'® o tRSt 13YTonds THPrviHe2the- N YEPTRIHE 10
conpensat i on riation.to t optical., pul ses. . Thus
CPEDF G hoSBIDIE T CORTAON ot Hee FOSPErVETARA nedsti VEimPle:
1B A% dll 3P0 GOTEORBLL Ok o O HLRE s BUI ] Bh i dlase
5 'di spersion conpensati on Ich are ainmed by
o Ngh¥i duah rgaions hAdependentdyerchen Rhernpale 1ayer 5

el ectrode 7 can be prepared in "any fashion as |ong as
ahli gAptbgieontyekhedlbyethe EbdiMbduak covers the upper
surface and side surface of core part 5. , and thus covered
with the clad layer 6.

For example, the internal electrode 7 is made of
aluminum (Al) and so on, and is layvered on the clad layer
6 s0 as to be arranged on the upper side of the core layer
5. The internal electrcde 7 functions as an energy supplying
part and a voltage applying part, and is for applying a
predetermined bias voltage to the photonic crystal layer 4.
Incidentally, when the photonic crystal layer includes four
regicns {I) - (IV) as mentioned indetails later, the internal
electrodes 7 are provided for every four reglons (I) — (IV)
independently, in order to apply the bias voltage to every
regions separately. By this impression, the carrier density

of thephotoniccrystal layerisvaried, andthentherefractive
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regi ons i ndependently. Therefore, it is possible to
prepare one electrode per a region, or to prepare an
el ectrode unit 10 which conprises two or nore

el ectrodes nutually independent. The electrode 7',
and el ectrodes 8a, 8b are nmade of titaniunthe nicke
alloy (TiNi) and al um num copper alloy (A Cu) , for

AR REgmtots gl oo 12 Gl e S
mthe 15 T

dﬁsps?' s$8h, RerbRndaiiEh JAB do MUE Ll dicar putses.

lﬁ @3%5}6?& Wg 2@0%) 1>§t£85rf€ﬁeb osslky%ngﬂécl@@ §£J_ve

is relativel t alloy. Wth

sQ%ﬁ%b'tHEEQQrsién|&x&%%%é&&id@ aQHﬁrthtln@DtiﬁEeﬁbﬁger
| ayer 6 or the photonic crystal layer 4 via the 20

dikbarsdmhtdiengdrkel i @l ¥oyck EHld § idféd BlyYindnd du ladbet ens
it tothe lead wire or the |like via the
iaBependehcdgper Tlad | oyt e {nM 10e)l efcitmwidye. 7 Twer éfcope epilieslein
el ectrodes can be electrically connected with an

apyt B2 slal orleeci poder { AGt CamdinFongraliRe hiedde {pelvidgal
thus, the voltage controls to the 25 electrode 7 r
rgAdopfel kil geerdriesl 38a IRETSETEn be 5rReTFLiRbe P RrERRTe
external el ectrode. so, the el ectrodes 8a.a

OFgnEt FOR-aSc " &1&9&905}5 BB o6 VTP EraRdcgrEoTe unit
w&f? IQ%%@PPS%Q % Q%E%p éggéodesngﬂékﬂﬂ.d ﬁgégé?

COR3tIt I on, are - electric

Wi th t"f’ﬁesél@@{foéé hﬁ pa&rﬁd 1%%5&&@% 8t heSBOI«a?eA’%aQE of

the photonic crystal layer 4) as the matrix 5 materi al
0k ahheryhekont exelyst 8by | ayari 4 a‘h'cﬁaﬁ@fzﬂhﬁﬁ'/ cBapbr alloy

and thus, it functions as a potential holding part for
mgbﬁnnqoﬁé&ampﬁ@ntmﬂeiﬁtéf&ﬁ@@ﬁﬂéﬂeﬂﬁw&thahecladlayer
6 and the photoniccrystal layer 4 is formed by the titanium/the
nickel alloy (TiNi1) 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 to adhere it
to the lead wire or the like via the aluminum/copper alloy
(AlCu) firmly. Therefore, these electrodes can bhe
electrically connectedwith an external electrode (not shown)
via the lead line, and thus, the voltage controls to the
electrode 77, and the electrodes 8a and 8b can be practiced

via the external electrecde.

Alsco, the electrodes 8a and 8b function as the energy
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Further, when the electrode 8a is considered as drain
in FET (Field Effect Transistor), and the el ectrode 8b
is 10 considered as source and is G\D connected, it
is possible to apply a bias on the Si part which is
the matrix material in the photonic crystal |ayer 4.
This bias is applied to be positive when t he

d Si
s§§§i$588 P beohl nega PUET biag. o5t aé§%$a¢%@1?% e ®2
di h t d
eGP TRECHS oot ATLELur s Camon ety FLORAED Mhey are
%Q&;@gsg& des, 8 c@%g@,u@@% n%%'rttortégg LReCHELLE  than

eénsi nge o t he part t he otonic crysta

th@yﬁ51e449q$§'ﬂka YhdrdiRelor oY% appkyerd 48 Badhe matrix
bet ween the 20 electrodes 8a and 8b, the voltage

mappkigd &9 dhe pBioteatitc thysthe pheéon &ier ystalinkayesrt,
4 can be changed by small units, and thus, the tuning
ahartie, carfurertidensasy pofetheat dmderimedpaSt fparito baimg
be made with a high resolution. In addition, when
thar ppéestaré pfappedsatondemphesifdce 25 states
between the Si part of the photonic crystal |ayer 4
and t hléuh’@ll%r AYDEEY KRl DYt s @@ %?I%nstlhjérr@q gsgdrain

he carrier densi

f
BREEaniE el PoREFoch Tapas atabbs b eEﬁ%ngﬁrfgt?ode o is

Blacifsan % %ﬁ%@ghia%geééiéﬁﬁﬁéo%%%ﬁgﬁ' 'E0H plSsane
B%g@ﬁﬂ? ing e_J, eqt rades; 83, And, 8.y, tihe ¢ @%ggr.»ﬁxtrﬁg@ﬁ@ﬁal

e’ int er ace states can be rel ease

ihnfhuenee onaf thedant erfaces st ates sabsbes eljgminat ed ve
and the change of carrier density in the Si part in

pbRe tphet ARke €r¥Stahcelayers# wan e smopbl,yand in case
pr onot ed.
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 8b, and monitoring the carrier
density change of the Si part in the photonic crystal layer
4 outsidely. Further, by applying a bias between the
electrodes 8a and 8b, the voltage applied to the Si part in
the photonic crystal layer 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 resolution.

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 S$i0; film, there is a case that

the carrier density in the Si part of the photonic crystal
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The reference el ectrode9 can be made of al um num (Al)
for exanple. It is provided for the purpose of giving
a 10 predeterm ned reference voltage to the photonic
crystal layer. Incidentally, as for the fabrication
procedures of dispersion conpensation device 1, it is
in detail explained later. 15 <Photonic crystal
| ayer > nment i oned above, . t he ot gni c .c tal er
19028 € dirsocad OREPRE PHOE bt CBrgera ddgrBh Yal HaE oo
ext ended region he, phat onj rys regi o :
a%#ﬁagpg%pgg%degflcgggg/%d?ng ?‘(Faél%f%r%lé%uenber o%bﬁylng
[ [ [ f i j L5 of
s R Al Cun Chors e g G TR SRt eh 3 Erdfbea
abichlel N e R dde: hod €824 M d e R D2, Ahdimas , the fifSience
material of which dielectric constant is different
ofrentt bateptatbespates Xcanaber é bl mianted heaeXt @ndechange
regions being |located at both sides 25 of the photonic
ofrystaleredenani Ry andthei gy pottpiovildedwwidnic herystal
hol e 41. Now, the photonic crystal region RL of the
lphetodi can7ber gspathldypronoRitl be described with
reference to Fig. 2A. Fig. 2Ais an illustrative view
of t helhEESRTEDERYRL M Er¢ERYT GRTRAC MAderet promIAmR (A1),
crystal layer _4. .The hol.es 41 forned in the p@ptonic
fery&FarPrEgi ontRIS grgﬁlgﬁg RSt dhice FFPRHER Gaytving @
have. a_ predeterm ned radi i ze) t hey
pﬁ??%ﬁﬁéglpﬁgtﬁggkffaﬁﬁhfggﬁ?%% iéé t?ﬁe%ﬁ%?¥ﬂ§é1?£%¥5tal
lﬂ@%%h is an equilateral triangle, and anong

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

later.

<Pheotonic 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
face to the host material which is made of Si, and then filling
up the holes 41 with $10; 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 photonic
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hol es 41 at each unit cell, predeterm ned intervals
(one piece of length of the equilateral triangle) a
are given on the 10 arrangenent. Then, the photonic
crystal region RL is conposed of the areas (1), (I1),
(rrr) and (1V), of which the radius r of the hole 41
and the interval a are nutually different. By this
consti tution,

avahatsl SHeE dbdrda P OIE a5 TRAT P BoFAEPEEPEF GhE1o- 28
opt i C 15 z%ujhgc‘%%eiﬁdjgj@rg@/\?@k} de J‘P‘Hﬁe"ﬂ?{ C%ﬂlc cryj'_stal

gw ded rou I Spersion corrpensatl on devi ce

rlegﬁlo&te ahalily p @S pfh%rtoh% cRsqnmt i (dirsper si on
riation which is given to"the optical pulses in

each argandied 91i Rogebaiin expl phoednt at@fys#Asl skewdn rR1
in Fig. 2A, the respective areas are arranged 20 so

ofthahet hbaokioght attenuat iapehyhthe mepredttoenmwhiedhridius
caused by the refractive-index difference at the
(sdurdanry sectitbey beeweematbednénghber tngangeasri sasetice
to be mnimum Nanely, if the refractive-index

titief fei breel betfwskhch hes Re gHBbLEERGT 3 Ar'eax1 1%l ¢ arge, aneng
beconmes easy for the propagation |ight 25 to_be

hodpisett 8d %Cft H’é%&%&ar@/r%%%?‘?@ﬁl%%‘? \}vééﬁrf’ﬁés (one piece

| oss become

hb
oo Rty it fPe B R ATk e an e FY PerPRePrERapEothe
'”ta%f fe%fee%l to the ot h%elfsprpgtoo%gcatEQgs%@ye%ga%S it is

uence on’the di'spersi

1 re, 1§ ydesirabl appan th
dﬂﬂ %%gggQ?LS%% %geﬁgfﬁzétl35&?ndg§&gﬁf%e?e%gg}ofgfhgthh

t’f'l%‘ ghberisng & ease he1keeanenastisaal dtasy POsshbkenubudsly
shown in Fig. 2, in this enbodi nent, when the areas

darfe eafgrangedyi "Dhi&lrd’ﬂ)raﬂtﬁr’tg;ﬁm ,plimpagammtduer ect realize
of light, they are arranged in the order of

tiheot esseé ngiomtempahsatithefmultiple orders for the optical
pulses in the waveguide mode which is guided through the
dispersion compensation device 1. Incidentally, as for the
chromatic dispersion variation which is given to the optical
pulses in each area, it is in detail explained later.

As shown in Fig. 2A, the respective areas are arranged
so that the light attenuaticon by the reflectionwhich is caused
by the refractive-index difference at the boundary section
between the neighboring areas is set to be minimum. Namely,
if the refractive-index difference between the neighboring
areas is large, it becomes easy for the propagation light
tobereflectedat theboundary sectionbetween theneighboring

areas, and then, the light loss become large with this

reflection, and this reflection also interferes to the other
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interval a being the distance between adjacent hol es
41 in an area. Further, the interval between adjacent
hol e 41 of 10 one area and hole 41 of another area at
t he boundary section of the neighboring areas is set
to be smaller than the larger one of the intervals a
bet ween holes within the respective areas.

pJRBELELE LY APSHITLAG. ! et e, LOtaral. A hetueen. Lhes s on

he area nt erva
cgﬁb\éﬁgatmﬁ Othé 4lrﬂ&éf@r@r ea (gl heks rbdde, tmgbange
'arger than "a, the interval a between holes

tha areas(ldd st "aR T MY L 3 3 S il gerdad Ak Srads ,oﬁnghe
the interval a between the holes 41 in the area (1V)

neSghbad4'ing whieeB k8 barger tBaBmhla3hs, pbBeiateas 20

are arranged in the order of increasing interval a,

nanel yaAs showrhénofder 2of Lartde § ebpdameat( Iv)en threarcas
(I11) , and area (IV) Additionally, the interval "d,"

apetaenadrelndjracent ontishe ICRaa heomfeaccrycams hovkt,

41 in the area (I1) at the boundary section of the

tﬁleé(aa{?)a%rr?d“q izrehe (qu}@J? §tsbhCoBag NPl rsforiay 2. the
t han "a2" d2" between the adja

SHOEEVAT FrPThET e G5 e A sead apggep f1 o

at __the [ t h t area

BT s e OR s S s R e B SR nd oA 28 P

o'n@t gE%Q'a &j:l)’l l%e;l‘ive@f' aﬁdﬁ@b@%g%t hﬁl\;e)e b%%m'dﬁrfyhgectlon

area (11 and hole 41 in th area (I

OROLNERIA FB 101y gtzegselsa@,%& tb1da sﬁBleBethé:H Q&e( 1 Mger
is set to be shorter than "a4" (See, Fig. 2A). 5 Thus,

ohlkeocki ght 1atechels f4 aatverd mplleserd tbfint BRe respective
di spersi on conpensation device into the core |layer 5
awleiach i s provided at upper side of the photonic

crystal |ayer 4,

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 (II) is "&az", which is larger than "a;",
the interval a between holes 41 in area (III} is "“a3", which
is larger than "a;", and the interval a between the holes 41
in the area (IV) is "&a4", which is larger than "az", the areas
are arranged in the order of increasing interval a, namely,
in the order of area (I), area (I1}, area (III}, and area
(IV) . Additionally, the interval "d;" between the adjacent
hole 41 in the area (I) and heole 41 in the area (II) at the
boundary section of the area (I) and the area (II) is set
to be shorter than "a;", the interval "d)" between the adjacent

hole 41 in the area (II) and heole 41 in the area {(III) at

the boundary section of the area (II1) and the area (III) is
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recei ves individual chromatic dispersion variations in
accordance with the radius r and interval a of the
respective 10 areas at the areas (I) , (Il) , (I11) ,
and (1V) , while propagating fromthe left to the
right in Fig. 2B as shown in Fig. 2B by the arrow
Finally, the light is emtted fromthe output end

<001 £h s phovided on, anplher (é%eoanttaﬁvgllsparsgg ween

npensati on devi 15 °TH tthe'l ur d

tﬁgea&ﬁl&@éhgrheiecm e; ), aygs a§e¥‘h'(ff‘zi Sa Rl %ﬂ@dz;pnlﬁ hene
upper side of the photonic crystal region Rl in the

aphat oy e Lof tsteabohayakvdsksttbANSHIdHe G rick (Lhe)care the
| ayer 5, while being reflected both with the cl ad

alayen18) whschetstprbri dedratrt heasubsit at®es) deig. 23).
(bottomside 20 in Fig. 1) of the core layer 5 and the
cl ad |&yes, 6tiwhilctoht st geoctelddt som aghe olxowerendect the
exposure surface, i.e., the upper surface and side

déapeaeéonf coheeEdRr B PAy@RVECe THG dént &Py, LBEBRUIevnich
the interface of the core Ia er 5 and, the clag L%y

18 BRAVEARY| Mt HRRYe VA% RE EOFePPAYePiE GhESSS er 4,

SR dy o, B TR s e  S  dt ki dptgpns i
TR R e e

a?eeag%rteal@a(@éaé@md cl@d | ayer, Qndqrx%fwmcé@lsoﬁ 2ting
wavegui de in the present invention. During the Iight

rgdindiAg LBftheocere rayet, iwhedgt hes &&08kows in Fig. 2B
transmtted over the area (1) of the photonic crystal
b teayerrvbw t heiheghty , wihé lriedeai ve enthredefiricm the output
di spersion variation in accordance with the radius r1l
eofl WhlieMIisamgrovideat vah ahothetheidee®( IYhe dNexersion
when the light is
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
region R1 in the photonic crystal layer 4 is transmitted in
the core layer 5, while being reflected both with the clad
layer 3 which is provided at the substrate side (bottem side
in Fig. 1) of the core layer 5 and the clad layer & 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 layver 5 and
the clad layer 3 and the interface of the core layer 5 and
the clad layer 6 do not 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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transmtted over the area (IT) of the photonic crystal
layer 4, the light will receive a chromatic

di spersion variation 10 in accordance with the radius
r2 of hole 41 and interval a2 in the area (IT)
Simlarly, when the light is transmtted over the

aLeas (1) and (1V) , the light will receive a .
SFRRRRLES PASDFL T LU L2 A dn ascedanaect i be: o

akgakokm acggr@ﬁECQa%égmﬁhe anetaédb9§SEétaaqva%§5Mal

in the area respectively. Nanely, the Iight

whi ch - oM RUe firemit Bsacaneihayes cdras 16geei Vedahhene
chromatic dispersion variations in all areas ) -

1§V} intkhespboetedicrear yatalrdayey of tR2O pChromat ¢ tystal
di spersion variation> Next, the chromatic dispersion
lugeiratd ,ontivdhi chohs dudl toethevphet afimrerhist aflispgesion
4 is described concretely. As the photonic crystal to

vbélagednumntﬁéc@répépguwmthzsh@oﬁ@éﬁéatrbnOEeh@%% 41 and
according to the present invention, there

1pypEyadf ac]fyé’%a[thena?r@%/ (& )photN@ﬁ‘“ito CFRRR althﬁ/héfl@ht 18

the f f th d
kR et LA e SR E BR L b © ene S ek ted 1aves
| t.h lled "l h b

TS EMER A cmg SLIE hoﬁgﬁﬁéogr%ng aRBLADS fn S0 ation

1HnQSEo£H§n@QQ$P?%aﬁﬁﬁQa%EuEh§2|QFE§$leﬁﬁ?%ﬂ%”ﬁ%te@@Qlaaz

photoni c crysta ere the frequency of the 5 light to

iherpeopagated)i s coniespeRd 4Rk hendippehtb anthansmitted
phot oni ¢ band regi on, nanely, the photonic band region

owBirChhd suxeesy ther) oxest (phipt orhe gaghtand lothedypes a
are applicable.
chromatic dispersion variation in accordance with the radius
r3 and interval a2 in the area (III), and that in accordance
with the radius r4 and interval a4 in the area (IV),
respectively.

Namely, the light which is output from this core layer

has received the chromatic dispersionvariations in all areas

(I) — (IV) in the photonic crystal laver 4.

<Chreomatic dispersion variation>
Next, the chromatic dispersion variation which is due
Lo 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 be transmitted is correspond
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In the foll ow ng enbodi nent, however, the explanation
will be made in the case of using a photonic crystal
i n which branches 10 of the wavegui de node cone

cl osest to. By the way, when exam ning the state that
the light 1is propagated through a material, the
relation of frequency and wavenunber becones

cp L AN s 1E (ERREE SR LAG 9Bt 12k BE PRI Sk a11 e

emater term ne
uis&éklgga p §h§98§§cnsgﬂé £QSL§Heedn£ﬂ@iyEh@hgrﬁﬁéé%nlc
optica noves and cal [ ed

p¥EkOeELYon dhecar Qypuna§£0@héyph§t@hy@n?@1§ éflet}Sé Op§west
(the dlfferentlal coefficient) of the frequency -

syayeaHaberachargebeshsti erpditae whemet fite ftaeiumaor offhene
air, the frequency- wavenunber characteristic 20
1bghonmes aesprapgla tleidne sanh ttes mrralpc v etltoci dypés-branch
constant regardl ess of the frequency. In sone

phaterialkalickodsngl aemsely séiccphdtiends band grgigndihich
etc., the frequency - wavenunber characterlstlc does
1ﬁ@tvea;v5b/¢ él@wg%tszgmlq gﬁ@ aAd RIE §¥BER ar\?eﬁlwwa%e
varj ed the fre refore, en th

RS AR AL o L O S A 8 riplapaflonRin
bggn%.o edixg] hetco ste;]oef I(l)% J?thﬁ:r%ﬁyo‘{]c{) n&{,}tag aunc%@{}&?gﬁches

wavel engt rom

h%ha'&avggﬁlagomedgeheﬁbtxlaéeéﬁoebd be vari ed.

ecause the optical pulses contain a wde range of

vavel eggt{h£apRoNeMess, R¥ard Sidgke=wavekenghht the 1ight
conponent the optical pulses spread in the tinme

idopRbpadbtba deiagpropagatredlt hiiodgh ithe ompberfatquency
when the group velocity 5 depends on the wavel engt h,
aaddw i henwavef drandrse subjreatted tt.o Tdesimred omerVhbn 1heght
group velocity depends on the wavel ength (or the

ifr pgopnaogFedt Her depe nden @ e icdl Heddeghropaefcfrom this

relation. This speed means the speed that the entire optical
pulse moves to and is called "group velocity". The group
velocity is given as the slope (the differential coefficient)
of the fregquency — wavenumber characteristic curve. In the
vacuum or the air, the freguency- wavenumber characteristic
becomes a straight line and the group velocity 1ls constant
regardless of the frequency. Insomematerials suchasglass,
semiconductor, metal, and etc., the fregquency — wavenumber
characteristic does not provide a straight line and the group
velocityisvariedby the frequency. Therefore, whenthelight
which is launched from the air into the material, according
to the frequency (permitted to paraphrase as "wavelength")

of the light which is launched from the air, the group velocity
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di spersion”. Also, the slope at which the group

vel ocity changes in accordance with the wavel ength

(or the frequency) 10 is called "group velocity

di spersion”. The group velocity dispersion is equa

to the second-order differentiation of the frequency

- wavenunber characteristic curve. Mreover, the

vef.arm di stortign which .occurs i . .

e e
réafde U wave1 8AGeAS I d AL AdIbL AN L0 BEIANLVE engtn
positive, or zer0 piece o chromati c di spersion.
cohghabare. i dese sfaur paieas dddead (hinaredouaRd ihnvitn
t he photonic crystal Fayer as nentioned above, and by
bH$hRG rdheyd tietRabughattd adecfinbhivelen shprepaiedeldcity
every four area 20 (1), (11), (111) and (IV)
depdapendeniiey watied chices ,vehtlages wasvafppin éd sobfheted to
respective area i ndependently. Therefore, in each
dastarthencar¥her tHengioy Vel adict pAepend e coryistat ve hyeath
4 is changed in order to vary the refractive_ index. ,
(PHUghe tHee Wi persi oRh @ oRBERBAENER dF T 4IRS 3reRbrdRElc
termcan be 25 perforned, Mre concretelg, in orde
G RRETERETAI USKBE® mi TS S HFPE het JNALGh e CBBIF i ehpci ty

hepl us, or mn of th r.d- orde coefficient
bRy T AT RGeS o™ oA E BB Sher el Gh e eauency)

(o g, g flgpeiolgn bard s ar e PR s ety

di8SREGL b\e: 8r 84u A 6co SGle a2 cMBRL-LRE aboyereht¥at3ohSof
an“illustrative view of wavegui de nodes in 5

thedf ¥égah c ¥ egkenenahbthephotond el eriystcak vieay emorésver,
shown 1n Fig. 3, when the area (l) provides a

thler eaatf ordi dpetrsioion wheredi pcthes2hd-order way includes
coefficient is positive, the area (1V)

multiple-order chromatic dispersion such as 2nd, 3rd, ...and
more, in addition to negative, positive, or zero plece 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
(1), (II), (III) and (IV) independently, the bias voltage
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 dispersion compensation up to the 3rd-order term can be
performed. More concretely, in order that the plus or minus

of the 2nd~order coefficient, theplusorminusof the3rd-oxder

coefficient, totally four numbers of chromatic dispersion
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provi des a chromatic dispersion wherein the 2nd-order
coefficient is negative, the area (lI1) provides a
chromatic 10 di spersion wherein the 3rd-order
coefficient is positive, and the area (I111) provides
a chromatic dispersion wherein the 3rd-order
coefficient is negati ve, the individual areas have

(ERALAELEE' ALLERLRLE N aLEaRARE PSR DYoL DEHO LA Pl us
r gfégqfé ed;‘l (Aé)c,i ktéh@ rnt%’]"{?gi’ 3 %f’ tﬁ@dregﬂeé"&gée(&f@a are

e respective equations,

shevevercnkephesentotl;ae 20 frequency -wavenumber
characteristic curve around the center frequency by

appr oxr 1l 3 ngs Wirt 1 Mhe feeweves etiieds odf wiyeghedei modks in
is the wavenunber, c is a positive nunber, and Vis
ibhevifinequeagyoneasintée phohonéspecystal tiherecent 86 shown
frequency as the origin. 25 In equation (1) which is
iobt&F ned bjevobposindaon lof prevedapcyehsgquationdigpersion
the area (1) (IV) , the coefficient: (C-C 1| 2+C 11
wizeeemzsh%fmdh@rﬁﬁdr BPBEF L ERPRT provPaésivRe Biuasrdef V)
di spersion conpensati on value ta the, |
pgaivasas ERN e ton bﬁp%ﬁﬁsﬁsa‘fﬁ%@%v%‘@& ot dex
oe f|C|ent

CSFE\J;IlgéLga the r(%“:;tl(vccjagr gh%) ag g (r?qroq;l%%r ge o matlc

dIS ers ensatlon va

di8 %%mhg%egeaﬁhmé E%a%&:ggg beemc%ﬁ@eié'ﬁ@sulve,

ensat1 on devi ce

aﬁ@3tﬁé aBla, ﬁIﬂh%ﬁﬁHﬁH&%s @ycﬁ@b%ékhﬁgdﬁgﬁebbaﬁn wherein
vol t age applled to
the 3rd-order coefficient is negative, the individual areas
have characteristics which are expressed by the following
equation:

In area (I}, k=c;,°

In area (I}, k=-c3',%>

In area (I}, k=cp",*+cs:,?; and

In area (IV}, k:—cf‘ﬁfmc'gﬂz

The respective equations, however, represent the
freguency - wavenumber characteristic curve around the center
frequency by approximating with the power series of v, wherein
k is the wavenu&ber, ¢ is a positive number, and Vv is the
frequency 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:

{(Ca—c's+c"s—c" ') of the 2nd-crder termprovides the Z2nd-order
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10 each area with the internal electrode 7 so as to
vary the 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 conpensation by providing the
chromatic dispersion variation 15 up to the 3rd-order
term h ' f opt.i cal e
dlspse%%ohr SR S e Sr S d Ot o ehrEe quiced

he t@l@t gdaf%é:&/lscs@' &&Mﬁénéat§oﬁ°n§1%(7%d€%ed 1S0 3&3’1&0 the

ave ur areas . However, only by
cbe%%%ﬁg O.r(c3d@cg>ea§f nﬁhbh@r@um%roftetrﬁﬁ Pt @asded hene
nunber of terns to 20 be varied can be increased or
zdachedseddeaskl yioNan@hyensdrenon intalse it ehdedighatwhich
t he di spersion conpensation is performed by providing
ithguédedmati ¢hei spepsirenoracoabeors tapnt detvheenth

item what is necessitated is only to provide 2 (n-1)
areas in the photonic crystal layer 4. 25 In the
enmbodi ment menti oned above, the ar%as are arranged in
the or¥efCofc iz eas! My + REPnEetival a between the

hole 41 within the respective areas, in order to
mnimze 25 the |ight attenuation by the reflection

due to.the difference |, oref,
val uesTﬁa?r?ﬁor% Ir?%aarci/j ‘%fé%lt&g 1{%b(ée%?{\/é\}esesr ?he adggﬁggtgé to
e%r%aéreéowg¥ th%hQn@EEﬁﬁgegﬁgEtkéd@O? B'Qgtgg varysthe

fhereto. ar as the arrangenent can mninize th

ceirffer ea%mmé@ﬁ: IeforRctdive vadexthehween dherovided to
adj acent areas so as to minimze the |ight

talet epudiciaon phy sehehriehl eet vandedueyt ehkeheodef flayencé .

of the mutual refractive index values, any
arrangénﬁﬂwnmambb@imdaptabierd§MOh3asrfhemd@ﬁﬂﬁt$pﬁrsion
that the areas are arranged in the order of
c@g@ﬁ@§§¢ﬁ@nﬂwep¢@yéﬁgag1juechromatlccilsper51cn1varlatlon

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 is comnstructed so 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
nﬂ’itenu what is necessitated is only to provide 2(n-1} areas
in the phectonic 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 tominimize
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10 a between the hole 41 within the respective area,
or the condition of the order of at random may be
adapt abl e. <Fabrication procedures of the dispersion
conpensati on device> 15 Next, the fabrication
procedures of dispersion conpensation device 1 are
described wth reference to Figs. 4-6. First, onto a

e L R S Y s E
ogo eé‘%ﬂ%g%xaiéa%fxbee agwﬁ g’at'E dgg%yg@ggya@@y{m

ness for t e cla r
LERY ?Vﬁqégﬁﬂ%cegqoaf‘é%é n tf@wféﬂfleexssth@ea(ﬁrargfgn%rt@gs not
cl 8 ayer 3, which cones to form a matrix of

1Pheteni enerystalnd Fper ad i5e | ayenefbrSee hingmidifib}e)the
. 25 Then, at a prescribed size and interval, holes
d4irarenpatdferned d firadiiiss St nfeptregseendihg atdg atthe t areas
photonic crystal region RL in photonic crystal |ayer
s4) ag andmsnpmbtanebaslygh26ateeniabiopabystde mekiection
formed at both sideﬁbécorrespondlng to the extended
dpegiondisRAifRerhacp GhieceEyst al eﬁra"}Fé?rWL% ln(iSéevqﬂr‘@es
4(c)). Such a photonic crystal | ayer 4 is
apgr 2 BRARPPRCT t 5 Yhhe AR HY & rsé’é:lhs?sotrﬂeocf’ﬁéllélon that

tt th to formthe patt f
RB14E 44 °8r Ve v ke e ?ﬁ%e%r ef"%%“%%%s 8538 i)

rval s r -
R AL S R
c%%@lk %rxheteEaeg B@ea%'Eb%86m4lm§9 as geageaguehe
pattern O of holes 41 in the .

<Fabrication procedures of the dispersion compensation
device>

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

First, onto a substrate 2 which consists of $i, a clad
layer 3 which consists of 510, 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 photoniccrystal layer 4 is layered (SeeFig.4 (b)) .

Then, at a prescribed size and interval, holes 41 are
patterned in this 5i (correspoending to the photonic crystal

region Rl in photonic crystal layer 4), and simultaneously,
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Separately, the termnal parts 42 are doped with
inpurities by a known techni que such as ion

i npl antation. Thereby, the termnal parts 42 to which
el ectrodes 8a, 8b wll be electrically connected cone
to have lowresistivity, 15 and thus, the electric
field tends to be concentrated between the parts. As

for the inmpurity, anyptype. devices such as B (boron).,
o LT 12 G ST T i (SO HE SEoHd Lng

t.hal li ..and .etc. or .an e _devic such as
e eregnned Bo BhesahotY e B par Lk ey ST F
t & ony { (bismuth) and etc., which devices are
(é€€o#£§édaf%ﬁihe sem conductor industries, can be
used.c APNGHHRBAY cas 8 1P L yPL sdevi £8paBedt e rROIP1 e,
is preferable because it facilitates dopi ng. Next,
bﬁi%ﬁpiﬁm i5 Addildzedticheneopi( SeetEegnid§dihe 2541t so
order to fill the interior spaces of the holes 41 with
at he fRirn donpextdenbifltimlofs Whbohok et £icd & ko thenstettrils=d
different fromthat of the silicon (the matrix of the

s phot omi¢ PYterystalvhbylervee sl Shabsiidie isbral gieas

of the silicon oxide is _renoved bg pol i sh, e.
nd

. CWP
(I Chrenildal wiBEhakin BEIGNEHIE Suchngs S I : FHaphy .,
4E) In this way,, onto the clad quer S,H;he gFotonic
apiyiedl: PEYSCA NI ERecohst S 4458 Eorf B ok aLF i 1 5h2
i 0 a siljicon.(Si) of which dielectric constants
ngéoﬁ%?uggl§nd#??e§éht? andt heSi 02 filmis arranged

N0 the Sodauer WINLRReesrihed #1765 ablpey it

interv were specifredin ar eas

ihbVYitSehopped. kNoxt , cSkhiLoOne Hids igde (3 3Dy ion.
I's layered on the 10 photonic crystal layer 4 in

TREHEPyt Othor fethengDrpeatayes2 5to 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 the impurity, anyptypedevices suchasB (boron) ,
Al (aluminum}, Ga (gallium), In {(indium), Tl (thailium), and
etc.,oranyntypedevicessuchasN(nitrogen),P(phosphorus),
As (arsenic), Sb (antimony), Bi (kismuth) 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, Si0z; £ilm is utilized thereon (See Fig. 4(d)},
in order to f£fill the interior spaces of the hcles 41 with

the sgilicen oxide film of which dielectric constant is

different fromthat of the silicon (thematrix of the photeonic
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(See Fig. 4(f)). Then, the Si3N4 |ayer is subjected to
patterning with the prescribed width and hei ght (See
Fig. 5(g) ) . For exanple, 1 ,min width and 400 nm
in height are used, although they 15 are set to
opti m zed val ues in accordance with the incident beam
di aneter of the optical pulse to be targeted for
g|V|gg the s enilon cor ensatlon in_the d| per sion

CEBﬁﬁ s]aflyedﬁ EXCRERE ed?ﬁ%tjt?fésﬁﬁo? %lsé F}‘?&%}Flde
4 2
lFﬁy§%H§¥P$ repa?;etﬁ kaﬂg8$%§%?§%9%,%gn Caﬁ]%§¥h ﬁf’
f ot |
TP 1oy, e g org

3evaﬁgr?tqs€o§mg deposht edaBer £0pn i 8L OkERE 1 § €5 PSEPR Bicon
the interior electrode 7 (See Fig. 5(i)). 25 The

ofdepesiftigeh alsidHunfdl kils cehapesti)i nod prraseridesdlectric
size so as to locate it over the core layer 5 (See
chhgtabtgjaromutudhendidneoethe aSid02h¢ Bty #hilwh s srranged
| ayered on the photonic 28 crystal |layer 4, and onto
ithe ahanﬁmuhﬂyayewlthnbhﬁeprﬁﬁGleeﬁlﬁi?%sfﬂm@hémtefvals
| ayered, and excessive parts of the silicon_oxid

whé ABVEET ByS VR i d Andipgdueteaparpost) of tIF{é éér?%&ed

stabi |l i zi ng treatnent assi vat ion). (See.Fi
By SUER" 35611688&&%#? RE (obfT barese Buesrq b the

ng gdded 0 the siligop oxide fi)mdsi00) (slad Layer s

f€6he OXI 5451 ma P40 jecte
t in ee Fig. 5(1)). Adter patternlng of the
B i (1%

I'm” titanium nickel 10 alloy (TiN) and

al um neE copREY sal koY afArCu) W -td-8d@ th@atterning with
the prescribedwidth and height (SeeFig. 5(g)). Forexample,
1 ,m in width and 400 nm in height are used,ralthough 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, Si0; 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 evaporated 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(3}).

Then, onto the $i0; filmwhich is layered on the photonic
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material for electrode 7', and el ectrodes 8a, 8b, are
| ayered sequentially on the whole surface area of the
| ayered product (See Fig 6(m), then, they are
subjected to patterning on the area of clad | ayer 6
so as to formthe electrode 7° , and 15 el ectrodes
8a, 8b (See Fig 6(n)). Independently, on the Iomer
surface of substrate 2, alum_num ( Alé i s eva ted

caﬁataépb%:if?éd‘hrﬁ%%%ﬁq &5t Epare " oY er GROLAET 5102
¢ S th tt

€4 et Lo ehbet Patee %‘t%?%ﬁsﬁseﬁiif’é%mﬁce% = H¥ton

ﬁgctt_eglde vk GORARSt ed. [ Ued S RILHELBBLE 40 HBPGrFace

in’in ordér o dec e the electric

s{:%ﬁﬁ.ﬂtQgﬁﬁ’trfe%rtme@@%§31@§t§w (b@é%‘l L4 P fhat B such

e term parts 4 Wth respect to the dispersion

pEeRRensati amdavi &ei dr e Whkehokis 7Hiabehsadedd aacared N con
to the above explanation, it 25 is possible that the

odesbgniofi pbabeni ccraystayet agyer 4 and the design of

the wave guide are nutual ly i ndependent, because the
phot orfltercy yeeali liaper ok ifdy £ glviagublie ctiedamapd tteoning
di spersion is provided apart fromthe wavegui de for
(§epdFAg.- bH&)Dight. Therefore, even if the di amet er of
the |i pulse is relative large, _the I|]

[ ht pul se,
can beg%%%¥IQaFE%ﬁ%h%@ of nibet FeCeelt tor b§ 'ﬁ%??%bCkEI
h f b
and5ur B E) | SRl e s omraron) t5F cARRu "Rufdl Sge the
m%%%rhaghcnpgh%?%r@%%CP ar cféf‘§@}5%§98§ &Bh%;%pigyered
seclri ey recel ve he c Fona i'spef si o

S\éaqlleﬁttllg@ lWI‘P lEh'eSw}PcE ovizded Ry 1 hes RO RING velr V\]’ﬁfoduct
'ayer 4. O Therefore, when the optical pulses

(8@ PheKedm)), then, they are subjected to patterning on

the area of clad layer 6 so as to form the electrode 7', and

electrodes 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
the lower surface of substrate 2 to which the reference
electrode 9 is connected, it is preferable to dope impurities
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 are mutually independent, because

the photonic crystal layer 4 for giving the chromatic
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up fromthe optical fiber transm ssion line are
nonitored, and then, on the basis of the information
for chromatic dispersion obtained therefrom the
chromatic dispersion is controlled by a dispersion
conpensati on system by using the 15 dispersion
conpensation device 1 according to this invention in
the syste | I 0
dange¥1onn15 rov%_c%cf%ggr% %9 Iﬁel{l{e L %nkorfgulcgllng

sl on on‘pensa on a occasl ons even

tﬁgg‘ggﬁ@n %H%‘i}g%orgyae%xﬁ‘egwg%%ﬂg 8: aMeat heJr and ﬁ%otgbulse

s at ‘the opti¢ transm ssion |1 ne

18 resikivet N8 6T OPREI €1 8hEPBEBEONCERMPENSAL L DR 1Hunched
support the ul traf ast and | ar ge- capacity optica

ig@AMYRkLCcakiyonewbiyCAdtiEkiagStAeWsteaspeEctbak bhapdrcan
be realized and further speedi ng-up of the
t ransm kst pheratee tihe alisolabke Stic becsteéd poitgmpiyotonic
realized. 25 In above nentioned enbodi nent, the
crgbiadt i yeerntiexthd sicianged siep applchi Agebraanydltagd by
using the internal electrode 7 which is provided in
téﬁcﬁoﬁﬁe%ﬁiﬁrt?u?%ﬂﬂﬁ@%¥ 6e§@1ﬂﬁy§P§Iché9%?tﬁc @%@%@ Lon
an ot her rnative
Ve RER Gy CBuBBE TGS PR Y RO B¥ahbe BirEoRSe posti b taver
4Prepare heaters individually for the respective areas
(1) to (IV) ,and electric 5 current is applied to

each é 5Peoﬂﬁ§§ n hd g %Jkﬁﬁ_%% eLalHE enofre picked

photonic crystal l|ayer 4, ecause the tenperature

upependence éﬁtﬁ&éﬂrﬁﬁﬂéﬂnﬂﬁ@%smﬁ@%&onA§1h€ea£§3m6ﬁ1totéd
I's possible to change the refractive index of the

apROtORING af ysial bhayer of. the Aldfermattivel yiomhenramatic
prescribed stress is given by

dispersion obtained therefrom, the chromatic dispersion is
controlledﬂbyeidispérsion 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
transmissicn 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 cf the transmission rate
is also able to be sufficiently realized.

In above mentioned embodiment, the refractive index

is changed by applying bias voltage using the internal

electrode 7 which is provided in each area of the photonic

30




10

15

20

25

a piezoelectric device and it is applied to the
photonic crystal |ayer 4 fromthe both side thereof,
it is possible to create distortion to photonic
crystal layer 4 so as to change the refractive index
of the photonic crystal layer 4. 15 Incidentally, in
t he above nentioned enbodi nent, the indicated sizes,

t f_th ti ts, .
BEHBEI HER o ¢ e RS Sapt o THE e S aeerainod can
b%OHESBSQE'%He'gn%$ﬁgggﬂgg%ggggaﬁathlcal pul se havi ng

requency o Ich is a wavel ength

band 5, t & ang LOMnicat beas i shadi£i eqhexanmpl egeffers
t he photonic crystal |ayer> The other nodified

166 ausat o exeapkeseot i-Ba repRotOnis (QNystald bayetric
4 are described below (1) Mdified exanple 1 of the
cphetani dcrymgbbied ayer e2ohA mmdidfy edh confiegurat idise the
exanpl e of the photonic crystal layer 4 is described
teinpk reéfigeende piviFgs: Jrystalt havabovde deserissedrf the
enbodi nent, the photonic crystal 31 layer 4 is

teanposéd refdaraa i ehe\prac oG Bl - afg the result
extended regions R2, the photonic crystal r %jon R .
ikethgospredar e W%Wai%@f%%ﬁﬂf%ﬁnﬂﬁﬁbﬁ 4f photonic

%%ane-sqaggg oles 41 to the matrix material which is
“hE&&24f "€ T arid then filling 5 up the hol es 41 with

Si 02 f] i ch, diglectyi t s odi £
From DA 61 TRERAE T il SLiaT. ad €8 6t enaga ™ 7

a8 NS el NG hocatednati tbot b si des «sfentdi phatani systal
crystal region and being not provided with the

189ke 4lfrdm thidl BotADgH dé ethedel e farddgridiye to create
providing the barrier regions to inhibit or to
diesbraiinnt he phopagati onyoftal heayexght sands 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 layer>

The other modified configuration examples cf the
photonic crystal layer 4 are described below.
{1} Modified example 1 of the photonic crystal layer

A modified configuration example of the photonic

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

Inthe abovedescribed embodiment, thephotoniccrystal
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which are formed by a material the refractive index of
which is smaller than Si at both side of the photonic
crystal region R, it is possible to transmt the
light transmtted by the core layer 5 only on the
photonic crystal region R without 15 diffusing the
Iight Fig. 7TAis a schematic diagram of a di spersion

d h
ASOmEnSaLl on, el e oV} 10,5, phpl ani, et lel ayeh: o
f
%ﬁgﬁﬁ%fgﬁbé%@%;g%g.“%payg%ﬁéﬂ;st DEyCORsLELGLLNS et

phayahad A% S §urZWk§@r @f B&QY)'edlsﬂgped holes

barrier regions at bo?h si des of the photonic crystal

sareatRe 1ok hheekightwh fropagalidons diireghd @hen £illing
wherein the barrier regions are nade of a materi al

ubheheefic aet 14l windex 1ot which fi srhdrdl Héelehani2bconstant
silicon (Si) , it is possible to repress the |ight
ididffufstmant foonhdadi oetheom (el nytehbaki ghtl Wrdekbénded
direction of the paper of Fig. 7) horizontal to the
rﬁ@éﬁﬂspb@baga}Q%ﬁtﬁiﬁ@bppéﬁ §2dF§e?%éjF?@ﬁpﬁﬁél60?¥5ﬁ$al
t he_upper. side of the a er. of nd t hus,
rtealga. de The DG "Sdcwral )}d@r‘?t BlFﬁ g‘b%o‘i%lrﬁ 4t cry8t 5i4s
the care Ia 5 Fur t her

I
m?% edneﬁﬁﬁpggByf%a{h?ov?%hproﬁﬁglq rnlnaﬁrréer r%%lons
%%%ﬁglgh% parrier.Legl ons.,d qspa%%s%om et thumsghenand

arrier regions as poten ng parts w

whaRRestkNeb rrid BHhea %@@fﬂﬁ%n%%@ﬁ%@@ﬁé theabevenich

nenti oned energy” supplying parts. Al though in above
iEeshd pned texanpl et bhehbard e drayehstoddc ane sftennedyion

by Si02 filmor silicon nitride filmwhich is the

Ri, it is possible to transmit the light transmitted by the
core layer 5 only on the photonic crystal region R1 without
diffusing the light.

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

AsshowninFigs. 72and 7B, byprovidingbarrier regions
at both sides of the photonic crystal area Rl along the light
propagation direction, wherein the barrier regions are made
of a material the refractive index of which is smaller than
silicon (Si), it is possible to repress the light diffusion
to the direction (being the right and left direction of the

paper of Fig. 7) horizontal to the light propagationdirection
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same material as that of the clad |ayer 3 (or clad
layer 6) , the material is not limted thereto, as
far as the material has a refractive index which is
smal l er than that of the Si  which is the matrix
material of the photonic crystal layer 15 4. (2)
Modi fied exanple 2 of the photonic crystal |ayer.

Anot h dified fi ti I f. th hot anj
(EF yRTaA Tayd® AOFSOHADITEEUPRPY Ir 17 67 oo Hy o o B9

[ I th J [ .
PLn el ST Gt P o eI PRSPl
CFRB%E, PR LA bl DB R Lopefccmipelrsnt i

i1 ustyatiyer VeewH ok, anatiner 7808 h 26k 1 §ORASthUCté ORinal
exanpl e of the photonic crystal |ayer 4 which 25 has

phekesi4lad amedairsitherphobnai ci€rigsbak siegicoto Riumd t on
a nodified condition. An interval (pitch) between
theltexr dEr re@hels asg® tie tdd ldestd ibedavseng. th gonBecting
I ncidental ly, we suppose that we explain the photonic
tor yheaklahéredehe8phandnble danthe egpone mentipedrerdesy
area (I) or area (I1) as the |ower-branch photonic
spRRAYrBEi BATTS-Assum ng that the interval (pitch)

bet ween holes 41 _in themghoto ic cr stah regi an i's
aR , thethedr vBRPOYEEH) F Bt et TROT es Efﬁgﬁrﬁeﬁe ayers

SRR LB 80,1 %A%, L8 SO g1t CPTLEL | Metualye
s8hele: DAL L1 & f:edlopang thephatani ¢ @yshal ver 6),
regi on I's d.. when it is intended the barrier
+h80hQPerial is not limited thereto, as far as the material
has a refractive index which is smaller than that of the Si
which is the matrix material of the photonic crystal layer
4.
(2) Modified example 2 of the photonic crystal layer.

Anothermodifiedconfigurationexample of the phetonic
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 menticned embodiment in the photonic crystal
area RI1.

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 holes 41 in each area is
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functions as the photonic gap region, the relationship
between the interval aRl for holes 41 in the photonic
crystal region R and the interval aR2 for holes 41
in the barrier region should satisfy the relation,

aRl < aR2 15 At this condition, the center-to-center
interval between holes 41 which are adjacent at the
boundarg of the_ barrier_region and the photonic

desgsiar ré@iﬂéﬁ Rigshbul dderdertathe o7 | DR that we
dit
conesh O rebeat R Rle ol WSEa I prigThbd cahapdegton

i%g aVOId tg%%ﬁeojﬁsoégrggtQﬁblgé@gga%%%Edﬂiéﬂgﬁ?hotonlc

am ary 0 arrier region and the photo

ﬁgsgg?lggglon RI are overl apped, while the upper
s set in order to avoid the light is trapped at

the boundafhg PRt treR8ntervaaRl(pttkBRbeY¥deen holes 41
(1) 25 Theholes 41 in each area are fornmed toneet the

;. ahouepeondhiconeyHorl ergiexamplie, ad;n the iateavel) (pitdh)
is possible to set that 34 the interval aRl for holes

bétweant hieophst ohi ¢ ior yshal begirdonr RiegscAO03immasehe the
radius rR1 is 121 nm the interval aR2 for holes 41

centehetbareneeriggicdiyalseaBae amolRé $ladhugh pRe 5,1@ acent
130 nm the nean interval dx between holes 41 whic

azrid aBPRBEAEY B Tt D e hd I GTdaR - OF at“ﬁ]etlb%PPPé?Pnrlgg‘F]@hStal
d th hot t al 60
ADSHSPIZ O ¢ GRUELEL LU Bl A0 AL egion
wh t
P 150 Jﬂ“%é%%%b%‘%lg%%c?yé%“@?”F%%%a%%%%}#&@ﬁa%%‘;een

t552l9£e199£f 1 40 i itheshal fi@le 18GHeRi3abL$ELES ta§ion
relatron rRI>rR2, even if the intervals of the holes
r412hR the ﬁﬁﬁ@EGERVQMaEQQShaﬂés 41 in the barrier region
should satisfy the relatlion, &g < ag:z.

At this condition, the center—-to-center interval dy
between holes 41 which are adiacent at the boundary of the
barrier region and the photonic crystal region Rl should be
set the following conditions. The reascon why the lower limit
of the center—-to-center interval d, betwsen holes 41 is to
avoid that holes 41 mutually adjacent at the boundary of the
barrier region and the photonic crystal region Rl are

overlapped, while the upper limit is set in order to avoid

the light 1s trapped at the boundary.

am‘*“azzz<dx<am+am+% e o (1)

Theholes 4l ineachareaare formed tomeet theabovecondition.

For one example, in the area (I), it is possible to set that
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the sane (nanely, aR = aR2). In this case, since the
phot oni c-crystal region and the barrier region do not
differ (be equal) in terns of the interval (pitch) of
the holes 41, 15 there is no need for setting the
condition of the <center-to-center distance
(hereinafter, referred to as center-to-center

interval) dx between _holes 41 which are adkacen at |
thel BbtRtat yroft ChEBE&S féri T edioRargifecrystal reglion

hot opi ¢- | region Rl.. F when th
R erDaT 9750 ARL A0 AR & RGRGET AL TR ThEorvar ar for
RS . | or nel | |
PR ot ot e o THe SSOrOnE Crpothr CPegr A e i

1%@%ﬂ¥%ﬂ@%@ﬁmiﬁ{E%JéﬁayﬁeEﬁgeﬁ%&ﬂ&ﬁﬁl%%ibﬂéﬂghdjacent

arrier region may be set to 110 nm On the other

ahand phinbheyCcAsenefbdhe Aok gnbE Gy skalphcdorukeseystal
the photonic-crystal region is laid on the area (I11)

regianeai( bY) 6asntihe upper-branch photoni c band region,
to make the barrier region as the photonic gap can be
at t ai nedi3%dysiddjeust nagetihe lworrietareohobetvidepriidieonic
radii of holes in the respective regions tobe rR <

grR2 sbeastho ewirehw: kur fEtaaen thsetaddnst R of hole 41
dintervals (pitches) of holes in the respective
ine§henkhe BOPEC dRFY SEERX eIy G Rledpeeratigufngre of hole 41
.center-to-center 5 interval, dbetween.holes 41 whjch

i DB SEBHEL AT B My S ofe RELBL? Phef r bgtgn °vem

;L%ln héhien‘gg]ro\}a%naj %'fq:%ﬁ%tl?cklé§giilognqh%.rl%esr&?ct ixﬁe areafzire

uation, to satis e above nention rel ation

che regured.as in the abqye) mentiongd;i £as8se, since the
A'ternatively, if is also possible to nmake the barrier

ph@ tbedi-0R 3% thher SHOb ORInG AR bavien: i hegeonr@ abitodiffer
between the radius rRlL of hole 41 in the photonic
(@eystrak 1y egt ars i odnthe interval (pitch) of the holes 41,
there is no need for setting the condition of the
center-to~center distance ({(hereinafter, referred tc¢ as
center—-to—-center interval) dy between holes 41 which are
adjacent at the boundary of the barrier region and the
photonic-crystal region Rl. For example, when the intervals
az1 and agz for holes 41 in the individual regions are set to
403 nm and the radius rg; of holes 41 in the photonic crystal
region Rl is set to 121 nm, the radius I of holes 41 in the
barrier region may be set to 110 nm.

On the other hand, in the case of the photonic 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 be attained
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radius rR2 of hole 41 in the barrier region satisfies
the relation rRI < rR2, even if the intervals of the
holes in the respective areas are the sane (nanely,

aRl = aR2) . 15 Incidentally, as shown in the above
nodi fied configuration exanple 1, by providing the
termnal parts 42 at the barrier regions, it is
possi bl e to function the barrier i ons as gten i al,

DY o i Rt P '8 T e ﬂ?&%eﬁrwg SeF&ftrodeshah®s i1
d 8b. 20 < O h i cati f th hot oni t al
0 BochY s e, ApRLLcat Lan, of e, Rhetan! & pry St Alon
pUEDLLONEL. SIROMLIRNL (S BN WRICRLGATPE hSese M0, ot i ve

re photonic crystal “regions, and by varying the

r§{;§§n§r\% Lat s;ir%v@aggf e rhpLese. 2P 4l 1 Whi S8 e ro-center
a

ranged I n the respective regions, it can realize
1 ROSHLEY QL Me thRGAE h¥Ee §l4ans 1 ¢l SPEISI Rt GARERSA Ohdary
and nultiple-order dispersion conpensation. The
o dit3per st die 3G cgarpensathagdendrcieusiyig dlheephot Gliender
crystal layer is also explained in detail as above.
thhsistemation, ¢ desdpifbethe reldetairenitionlkd abogbion (2)
enbodi nent entitled <chromatic dispersion variation>
igi rhqubredf apehBethd FpgvesmenkécpRot 6AFE-cryst al
| ayer 4 can vary its refractive index by chan%hn% the,er

carri M- ERAST Y Shen 1 tht 28 1661 R R 5° &ppTd e
cEBabiced TLShYE O, | gats e Shanssn b phasee
S R R R
radius Iy, of hole 41 in the barrier region satisfies the
relation Im < Izz, even if the intervals of the holes in the
respective areas are the same (namely, &r = &gr2).
Incidentally, as shown in 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.

< QOther 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 regions, itcanrealize
positive or negative signs' dispersion compensation, and

mulitiple-order dispersion compensation. Thne dispersicn

36




10

15

20

25

41 in the photonic crystal layer 4 are 282 nm 270 nm

and 260 nm respectively. In Fig. 9, the solid line

curve shows phase change when the dianeters D of the

hole 41 in the photonic crystal layer 4 is 282 nm

(D282) , the dotted |ine curve shows 15 that of 270 nm

(D270) , and the broken line curve shows that of 260
snal er it

AT 8F 2 T i BoA101 € RO BT ger T RS pRASE chade®

t 10 is a graph showi ng the
e%%lébge%fQﬁh%eg%g§2§§oagég the frequency of |ight when

the h%&faﬂerpéaltﬂﬁ phot ok ergryst ah gbaven 44 &}%%me
in diameter, and the bias voltage is of 0V, +100 V,

emﬂ@@lﬁ«{entnexthiezé\@ym}aﬁ@:@éﬂi@gdt@p@helmgmﬁw@omf with
the bias voltage to be applied to the photonic crystal
réByeende the phase athd biokioght cagschangyeyear i oust Wwary
25 When it is at normal state (i.e., not applying bias
ivel tafratbivheiphor opy cchzysinad thyeramyier tdensity when
characteristic curve of the light whichis
biepﬁf@éémqedlwpphée%ave@u@%@ lB?t%HefﬁeCﬁ‘é‘a&@ﬁ@? rads
proportij onal relatlonshlp with ht vel ocit
t@ae%aw%pmtttb‘ﬁaq et FHrchiam). O\théﬁettuég Pk Rl d

is applied ta t photoni c.cr staI t
char act’sfi sti'é cE‘r grgtpﬁllt ﬁelof” tlhg cﬁan sbhrte Fhase

ed”ar oun

téhehé fﬁ%‘%ﬁ%%ﬁa ar e 't%f' a&zgﬁetetst Beoﬁhet@rn&le

Cteristic of photonic crystal as

45"35.]1':1' %%MI@IC i dpy S PO9ShRIL 4t @ Rr 0¥bdgmt N870 nm, and
chromati ¢ di spersion conpensation device. (1) The

2bechni g pei-tiike1anp! Taati®n of,othbes€ht@maieCculPe shows

di spersi on conpensati on devi ce by mul ti-nodes
phase change when the dlameters Dof thehole 41 in the photonic
crystal layer 4 is 282 nm (D282), the dotted line curve shows
that of 270 nm (D270), 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 of the phase to
the freguency of light when the hole 41 of the photonic crystal
layer 4 is 242 nm in diameter, and the bias voltage is of
0V, #100V, -100 V. 1In this way, according to the magnitude
of the bias voltage to be applied to the photenic crystal
layer 4, the phase of the light can change variously.

When it is at normal state (i.e., not applying bias

voltage to the photonic crystal layver 4), the characteristic

curve of the light which is represented by the wavenumber
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Fig. 11 is an illustrative view of a chromatic

di spersi on conpensation device using a nulti-node
wavegui de. For the purpose of illustrating with ease
the function as the chromatic di spersion conpensation
devi ce of the photonic 15 crystal layer, in Fig. 11,
the constitutions other than the photonic crystal

| ayer 4_and the term nal parts 42 _are.om.tted. As
ABRoWA® | TEEF Y 9, " hé Bﬁ(S’g&ﬁit&o@ﬁ}sFSIlaltéi?Engtp With the
coppri ses..singl L £t I:Nput e t

B e Ana S APoRBr o BT v oo AaE e
V%&!Qh@ area, of) ithe @%9@' Bho20nSkYSt@lsthayernhd i, the

ich holes ™41 are fornmed. Fromthe single node region

c8hrthecik-Aput cend L@ tdre tgent eghPorkl Whfgdderound the
photonic crystal |layer 4, the <cross-section areas
pRetpandi gubauntiert heel ight uphepagat ithe pbteatiogapt he
direction to the bottom of the paper of Fig. 25 11)

are gragiad| yhiencceasedtatbagithefl i ghttpropagatisdgal as
direction. Then, fromthe center portion of the .
mphotionied abeystalitl dyerr s 2idlchet it el Fpde ¢ egrvpmatic
t he output end, 38 the cross-section areas
dpEPFERAPEUCAFPED SEke OF §RYCFropagati on direction are

dual ]y d d along the light . t] .

di Flot Tof. CTREFGABFeOTt RO IR WR'CHT - r o PTREREAC
the. 5 photoni tal .l 4 by . bej i ded

e i g A e

proPag?{g@ qn the EHPtQD}Qst££¥§&Q|vH%QJOQfR%, BRE-RB: 5 ¢
the basi 3 of the bias voltage control applied to the

dt pirRalb nhdhSefda t DSaLEd 1 at Oty sirde tOf-nd¥R: waveguide.
photonic crystal region R as illustrated in Fig. 11,
rblte the pukboseode Lightteenduet sivhacuaei ous patbhsiohnas
tLgechromaticcdispersion.compensation(jevice of the photonic
crystal layer, in Fig. 11, the constitutions other than the
photoniccrystal layer 4 and the terminal parts 42 are onitted.

As shown in Fig. 11, the photonic crystal layer 4 comprises
single mode regions at the input end and the output end, and
aphotonic crystal region Rl at themiddle area of the photonic
crystal layer 4 in which holes 41 are formed.

From 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 bottom of the paper of Fig.
11) are gradually increased along the light propagation

direction. Then, from the center portion of the photonic

crystal layer 4 to the single mode region at the output end,
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i ndi vi dual various paths, the individual node of the
light passes the photonic crystal region R having a
varied dianeter D of hole 41. \Wen the dianeter D of
hole 41 is varied, the frequency position of the
photonic gap is varied, and the 15 photonic band is
subjected to frequency shift, and thus, the chromatic

di spersion val yue_at the region corresponding t t he.
thpoqaEREs aF CEHE™ | GRESo B BFORISIIET cofbs i Laont

h , _Th fore, b [ [ i~ [
o088 TR G B 8,0 1 veN e e

' ! it h 20 trolli the |ight
ofLERELELON MELUE ML 20 controlling the light

exanplg, e Wheh-4 hecabovegnaveglide is tabhkgatedd Ry the
constructing that the photonic crystal |ayer provides

phBeonk every bfanch yehot afy Gehardguegeanyia@ndhsetbrediayer
t he wavel ength 25 of the incident [ight to 1530-1560
whirl. bapehgs e thiFgbtiel dighbhe roptdacetecommunitoatplomtonic
wavel engt h band which is called " c-band", setting
ctrhetpitwdy (dmRer wald) o shweers ipPéss b i of ved 139 ¢ ¢grrhec 1
photonic crystal Rl to 403nm_setting the diameter D
applikd holldiutersiaglapdiihe %rliogﬁlt@%i ATt #ige 8f the
230-280nm and further §ettin the | ength o%.thell th
PROFEP FoBEYREGeghFde°nt B 18 Uphkbbtathegtd- *+- thE

chromati.c dis ersi on co ensagiqpla deviégt%%n va
n e

G CRP Ihat | SO0 SO TR T 1 % the

€ ran of nor

iﬁéﬁ@%&ﬁ%ﬁ”v%?&Hﬁs%%%ﬁ§99-E&é(lﬂEﬂq} ud%h%oﬁ%uéf Eﬁe i?ght

e to produce a re conpact an ow cost chromatic

pdESREr S OPNEPAREATAL AR 108 £6n REUA Ny aheGaLsEd Oinder
need of other conmponents, the loss of the Iight can

pbesresiused. . 18nER) tdheltacdniguecofhd he applsi cariied,tohe
the chromatic

fregquency position of the photonic gap is varied, and 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 value with
contrelling the 1ight transmission paths by applying the bias
voltage.

For example, when the above waveguide 1s fabricated
by constructing that the photonic 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) betweenholes 41 formed
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di spersi on conpensation device by the directionality
conbi nation The other application technique of the
photonic crystal layer 4 is described with reference
to Fig. 12. Fig. 12 is 15 an illustrative view of a
chromati c di spersion conpensation device using
directional coupling as another application technique

th hot . F h
LT HOS PR FRBL i ChY 8550 Rhet? (HELTEN SSETIE cHiofdateter
d t d f,
DR Ro0% AR R S A6 fe I EORR RS A R
?Hoﬂ?ﬂl’? crystal, g | @{Srlem?ﬁ‘?ro% lt@%eﬁu§t§ﬂrqoﬁg%avle uide

parts are omt own in Fig )

tém@o@rmﬂor@h@r@@'@a?@@@ &b r Wi €1 N@Ss e i aiBt @mf2ation
the hole 41 in the photonic crystal 1layer the

ddi;anet e£n bed ng MK udldondiifd erieptefsriom thah in the range
ot her 25 photonic crystal |ayer, are provided in a

ofi fietha Ord ipgrepenidirc wadruet o ft RBODI ght0 psdpagathndnthus, it
direction. In Fig. 12, two areas are provided,

inambly, tenpacdacel shawing ot iand 400 arqet d¢@f@ﬁ%‘?lc
D of hole 41 (right side in the paper of Fig.

dapdeaniapeergtetfafimg: devierat |E/1é¥§/h%1ﬁabﬁcaﬂ1§ﬁeq%rl0@eed

f hole 41 (left sid th f
oRuPERSF  CORROWEYGuI TR R CoRey 18 ENEeRare T

55, e y re .|l ocated on t e respectjive e h
photongg j@?yg?gﬁnﬁg &% séb%?é?e?a y?an}%ﬁe : ﬁatlc
' d,
R B SO st i
-bhekudes.a core layer 5B, and the lights guided with

the respective wavegui des arepassed 10 on the nutually
dif f ereptnhareasleach ikavidghm et bedhdipamaieric crystal

layer 4 is described with reference to Fig. 12. Fig. 12 1is
an illustrative view of a chromatic dispersion compensation
device using directional coupling as another application
technigque using the photonic crystal layer 4. For thepurpose
of illiustrating with ease the function as the chromatic
dispersion compensationdevice of thephotoniccrystal layer,
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 are provided, namely, anareaof havingarelative
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D of the hole 41 in the photonic crystal |ayer 4.
Further, the term nal parts 42A, 42B and 42C are
provi ded for connecting electrically to the photonic
crystal layer 4 and thus providing energy thereto.
Among these 15 termnal parts, the term nal part 42A
is located at the right side of the photonic crystal
| ayer 4 in the paper_of Fig. 12, the term nal par%
lapgeidipebred af RRbe|tf t(Tdphér 53AGel M of'® REPSHoP N £ -
crystal layer 4 in _the paper of Fig. 12 nd. th
1Eb RIS DA 9E PEVTBALE GF HE A S loWer "o caE BroT
20 t ot.oni_¢ ,cryst I 4 _in.the er of Fig,
h?g? Qipgg?%%nalgg #ﬁe%g oééségngkifkgrogépfhe path of
the l4ghiycanhe COPLLAVEUS M, MAT ek stgr@ié/@btr@ggayer

n
applied to the termnal parts 42A, 42B and 42C, an
st her bi asr v ald-ageq appthedrd Sodbeivefarent bal tpkeshsose: c
9 (See Fig. 1). 25 Concretely described with reference
ckQskhy. 1d2erad dfdgastateityhe bhghigl aumched wavegtihdes are
core |layer 5A (shown as the alternate |ong and short
pashdkednenemeFiyg. al@)vegsipassbdchlinhiodgh &hecpat hayer
shown as broken line in Fig. 12, when the bias
5ol eageansther wppkbbeddbeviéeh theludedi aaFopartauon 5,
and the referential electrode 9, while when the bias
apdlthegkl o FopueRarpidh Hee YR SPEChppR ey <Gy IPf JrfsiRagsed
t hrough th ath. 5 B shown as the sqlid_ line.
o P Hhiata by bE Shh b AEFARG T He 6 e /B EAgE T S bATeter
zero.to any | evel._contin i.gh ngm ssi on
ngght%ga%o%§ ggnﬁﬁnﬁgﬁsngﬁﬁéﬁgegqgﬁgﬁgpgﬁkgi ?6 pat h

B, or PgkneB, ! 9npaldb oA nlhl Sod Scbeganse phoLont cuands:e
is subject to 10 frequency shift by the bias voltage,
284 ihRens ot RerPRA%8 ng electrically to the photonic crystal
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 constitution, the path of the
light can be continucusly 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 into the core layer 5A (shown as the

alternate long and short dash line in Fig. 12), is passed
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di fference between the symmetry and asymetry nodes of
the connected wavegui de is changed. Then, the
chromatic dispersion value is, as |like the case of
the nultiple node wavegui de, changed by the path, 15
because the light is transmtted through various

phot oni ¢ cryst al regions havi ng a respectively

di ff t di t th th
tpiagu&%iﬁ%@%%e%awn asr e SRR LY LR IR
t th h t t I d
0§ kBr5hES o) RAEt prRthED e HaRen SERL LB} ke 42a
ﬁQQ&%;r%%ee%%%'%un ELESeRPO%%EhE:&ﬁgﬁt eabhaxe&oftage

Oof “nmoreé areas ave mutually different

(%ér@zﬁﬁp_@e ofy ohg] %ééPPQEeanﬁ@r val péggégmhrcﬂg% thkeMbath

he direction of perpendicular to the [ight

Bpgggagaggoahglggggaomineand provi ding two or nore
termnal parts 42, it is possible 25 to give a
desi r atd ¢ 1nodikatiecrebovd heyl vght i t@wheHeth ¢ ooflhege from
chromati c di spersion conpensation device variously.
z&nered arg; lievellscpossibbesty, rdum ilZghtthérehsoiasiien path
di spersion 42 conpensati on device of a conpact in size
candba Fow:Ev3PYsS NIRRT IR dn SRayBEeRbolT gt th
i n other speC|f|c forms without depart fron1the
BspPr Pethr Ressemtf atS RAGHATE S PQE? %Ctm%g% ct to

t t .9 | t f t
R RO PR, 0 AT 34 e
S s T L

cBﬁh%%QngwQ%%eﬁ&BE'QQ apdngkh .changes which cone
hin the neaning and range of equival ency of the

Clhal nmeTRéE, ther ehobaatl@ dnkpadedohovdBuenty aeedlike the
c;siri}nfhe multiple mode waveguide, changed by the path,
because the light is transmitted through variocus photonic
crystal regions having a respectively different diameter in
accordance with the change of the fransmission path.
Therefore, it is possible to contrel the chromatic dispersion
continuously and variably by using this waveguide.

As describedabove, 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 to realize the chromatic dispersion
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43 WHAT IS CLAIMED I'S: 1. A dispersion conpensation
devi ce for conpensating chromatic dispersion of
opti cal pul ses |launched fromthe exterior, 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 and a
cl ad ggrt c&nsisting of a first,clad |ayer ang a c
CYBROMER tf 3l Faysre Raid BROPORFc Erystal “pdre oY cost
Provi diyfigy 8 COLOMAL G 110, il S BEISH R 1AL | AL BB Al eic
proper  di Spersion characteristic to the optica
£RHhses, Qui4lad h'étb%lfgﬁnbh_eff@ﬁ{e%@e'spti%tchBQrméé§ential
di spersion variation having an absolute value of the
carkatépnsandsa asiddve orriegatriewens gembowh@estd and
the photonic crystal part is |ayered onto the 15 first
eghagléayere dherebfee par bd echayereddonhoal her pdotons cas
crystal part, and the second clad part is formed so
it hastaatpoetammhnot wid thi¢sivayahedsonpe athéhphotoarition
crystal part and a remaining part of which covers the
bepper isdrfacedapd thederBepdedecbt inpereeher peran o the
2. A dispersion conpensation device accaording to C aim
faregpépei Fe 3T P pHIt Gl 2dhyShardpartt i rade Bt tain the
first material apd a second material,, the refractiv
mEROLRIGT REECrat St GO Rkt BYT 416 TBerRg CHeretore
.different from h h nd 25 pl ane-shaped | ani nae
h gggg %Heggi?gggﬁﬁgérﬁéﬁrgg " each having a
predeterm ned size being arrayed at predeterm ned
intervals in the matrix made of the second
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44 material. 3. A dispersion conpensation device
according to Caim 2, wherein said photonic crystal
part conprises two or nore regions which are laid

al ong the propagation direction of 5 the optical pulse
gui dedt hrough sai d wavegui de, and the size and

interval of the first material in each region are
determined so that the respective regions have a

nut ual Iy di fferent™ & sherioi®haracteristic. 4. A

di spersion_c at.i ' a din .
10" 0r o B LD e B 3 RABP oL A aard Tty o Gn M Eifating

cfieBReEsal BQ@PQ§¥ii8% Ly thal CaMiiSess BRMRIDYsrom the
supplying part tromwhich an energy is supplied to

ckbherphetonic crystal part so that the absol ute val ue

and the sign of the chromatic dispersion is

cont r ot diesl byi Ehangiangegulizld hed ef pactbweci adextel part,
said wavegui de. 5. A dispersion conpensation device
accor dsad e vElcmiime 4omphésehg 4 lnerenpagy Supplyidagy the
part gives the energy to the individual regions of
op&iidaphpubae cf eery sAralinpartt eng, ta ¥ speiitognd and a clad

conpensati on device‘accordin% to daim 20 4 or 5,
PAREr TS 1 Hel RS fAEPér Fh1d 16 Y& 'sa CoRBItRR OO 1l thHY ST -

possesses a_predeterm ne arrier densi.ty under the .
ot osarg  BRaE e it ner bt s HEaTyEigtngr chibematic

Li h i .
GSHBRE R SRar L A 4 YRR OBt B ethecsc

eneér gy “i hduces

tgeQﬁgtXg%ﬁc%ﬁepﬁﬁgkgoﬁg%@ Al th%3ubh Andl $REESHLEAE,

conmpensation device according to aim 6, wherein the
ener gy S&RPIARG iRAA L s SOAPL b S % ra aMAldnagev i APRIYEBgolute

part which provides voltage on the photonic crystal
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 of the first and secondmaterials
being different from each other, and

plane-shaped laminae made of the first material and

each having a predetermined size Dbeing arrayed at

predetermined intervals in the matrix made of the second
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45 part in order to vary the carrier density in the
sem conductor. 8. A dispersion conpensation device
according to Caim 7, wherein the energy supplying
part conprises a potential holding part for hol ding
the potential of the second material 5 to a
prescribed level. 9. A dispersion conpensation device
according to any one of Clains 1 to 8, wherein said
Mg &péPsi-on conpensation device further conprises

3parrie£ &e%ééggggﬁﬂé%hééH%#%Ioﬁ”&%%i t%%%orgﬁn h%o Claim
I"i ght and Whi ch ar e rme glong the 11 ght propagation
2%2&;?&)‘3%%}1' o0 d S At Bsisdes gt heoRhotanl ¢ ¥stabre
regioﬁs which are laid along the propagation direction of
the optical pulse guidedthrough said waveguide, and the size
and intervalofthefirstmaterial ineachregionaredetermined
so that the respective regions have a mutually different
dispersion characteristic.

4, A dispersion compensation device according to any one
of Claims 1 to 3
whereinsalddispersioncompensationdevice further comprises
an energy supplying part from which an energy is supplied
toc the photonic crystal part so that the absolute 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 phoftonic crystal part.

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

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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part inorder tovary thecarrierdensity in the semiconductor.
8. A dispersion compensation device according to Claim
7, wherein the energy supplying part comprises a potential
holding part for holding the potential of the second material
to a prescribed level.

9. A dispersion compensation device according to any one
of Claims 1 to 8, wherelin said dispersicn 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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