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the strong gravitatiomal bending of light rays®. Ths, i s very Likely
that VIR nlmﬂ\.nimiﬂfSp' A* at | mm or shorter will reach the
reginn comiparahle eo its shadew, vlich can be used to differentiate
between the SMBH scenario and other mlp'nn.usiw e I\lqwnir
stargt¥,

The tue-point fit o the well determined intrirsic siss at 7
and 35mm shows o A -dependence of the intrirsic source size
with _13 L0 (Fig. 2) Also plotted in Fig. 2 are two inferred
Tonver limiits of 002 and OU00 mas to the intrinsic siz wd
g, pespectively, frorm the absence of refractiv
These lewer limits ase consistent with the earapolation of the
AP-dependence, Honvever, we note that these oo lover limits are
only abowt 2 and 08 R, which ave sraller than the last sable orbit
(1500 vadius of 38, for 2 non-retating {Scdverzsclild) Back bobe
There i some evidena that Sgr A” 15 2 mlating black hole™. For
progrde moamally mlatmg Fere black hole, the 150 radis is
050, The 150 extablishes the lower limit i the emision region
size. Hence the A™-dependence will eventually reach 2 minimum. As
such, the tum-over fraquency™ seen in the endire spectnam of Sgr A”
might tell us the smallest size of the emission, which can be further
used to comstrain its spin, if any.

The extrapolated intrinsic size at 1.35cm is 0.555 t mas. This,
when compared to the scattering angle of 1576 & D036 mas, is
cnnsistent with the idea that the scattering effect dominates the
obhserved source sime at 135 om. This dedoced source size is alsoe
formmalty comsistent with the reported detection of 0.7 5
within tle urcertainties”,

The devived A'™-deperdence requires that the emission at differ-
ent warelengtlis is dominated by different ernitting regions, and thus
comdusively suchudes. those medels without the stratified emission
strcture. Along with the detected ntrinsic major axis size, we can
derivee 2 bower limat to the intrinsic brightness temperatune as
Thy = 136 % 107 %50 K here S, 38 the flus density in [y af wavelength
Ain cm, and & 12 the intrinsic major axis siee nomas.
There is a wavelength dependence of the bower limit T), as
A7 assuming 5 o A7 ). Using the flux dens of 1.0 and
1.2[yat 7 and 3.5 mm, sctivedy, the enmresponding minimal T is
0.9 10" and 1.2 x I . greater than the prediction of rlle'
spherical aceretion model™. However, this lower limit of 10",
aned the spatial distribution of the radio emission, can be explained
casily by the inbomogenenus jet model™*, in whidh the magnetic
fiedd amed the electrom number density vanywith the dissance (7] oo the
origin of the jetas v and ¢, respectively, On the other hand, e
radiatively inefficient accretion fow (RIAF) model of Ser A® (ref. 28)
<an aleor account for a brightness temperature of =107 K as well as
thee abseervid apectral encrgydistribation. The prodiction af A from
the bbric therval-ponthermal splrotron sadiation from REAF
{refl 291 % in agreement with the etimated A% 55 rdation. Here,
thee posibibe exstence of strong cutfles from the zccretion disk was
et taken into account. To further discern between them, it s
impartant o siudy the correlation between the detected X-ray
variahility and the variations frequently seen in the radio to sub
millimetre wanadengths, which would vield further information on
the intrinsic density structure of the ermtting aone.
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Active control of slow light on a chip with photonic

crystal waveguides

Yurii A, Viasov', Martin O'Boyle | Hendrik F. Hamann' & Sharee J. McHab'

Tt is borwovam thiat light can be slowed down in dispersive materials
near resanances'. Dramatic reduction of the light group velocity—
and even hringing light pulses to a te halt—has heen
demaonstrated pecently in varions ato anad solid state sys-
tems™ ", where the material ahsorption is cancelled via quantum
aptical coherent effects" ', Explodtation of slow lrght phetometia
has potential for applications rargitg from all-optical storsge o
all-optical switching® ", Existing schermes, however, are restricied
to the mareow frequency range of the aesterial resomice, which
Himins the operation frequency, mainmmm data rate and storge
capactty', Moreover, the ingplementation of exterial lam‘s. lorw
presaires andfor b e% prevenls mini and
hinders practical applications. Here we experimentally demon-
strate an over 3-fold reduction -D.I'I]! groug vebocity on a silicon

chip via an ultra-compact phatoni lieﬁru.ler.l circuit using low-
boss silicon lelnmc crystal waveguides' ' that can ri an
ical mode with a mlltrncmmﬂ'rem-ﬁcﬂlm"" In addition,

we show Fast {100 ns) and efficient (2 mWelectric ] active
comtrol nflhegmupwhﬂl'p by boculized heating of the
ide with an in micro-heater,

The propegation of light pulses in o dielectric mediom with
refractive index sl A) is dwnh«l b the group velocity, defined
as ¥y mo)fin — AdifdA) viere ¢ s the speed of light in
»-.uuum e i the phase |1.ﬁ‘.u.[|l-'|. index, Als the wavelength, and s
e growp irdes. When dispersion is negative and large fda fdd < D:u,
e puilses can be agrificantly ddaved with rspect o free space
propagation. Slow group velncity was measured recently i plastonic
crystal structures with ultrafast pulse propesation: techigues'*
Surface couplmg, o dowe light modes was also inferred from the
absence ol transmasgon of light 2t wavelengthe correponding 0
“mngdi:rwnjnn ', Hewever, the accuracy of the group velocity
determination in bath of these approaches & limited, 25 they are
relying heavily on messuremients af the amplitude of the ransmitted
light, whereas the dispersion is inherenthy connected with its plhiasse.
Tor cxamiple, significant amplitude reshaping of short optical pulses
eving o strong group velociny dispersion makes the groap dday
assigment progressividy inaccurate’™ in the show group velogity
regime, In contrast, phase-sensitive optical techniques hased on
vhacrvation of interferance fingss in trrdmission spectia were
suceessfilly used 1o aocurately measure group indices approaching
Loy (refs 14, 190, To unilize this interferometric approsch, we
disigned and fabricated an integrated Macdh—Zelwsder interferameter
(MED emiploying photonic crystal waveguides,

Silicon ]\lmru:u. crvatal waveguides used in our experiments are
shiwm i Fige 1 These are resonant photonee structures formed
etching a periodic amay (periodialy @ = 137 nm) of holes with
radius (L% in a 223-nmethick silicon suspended membrane. The
light is compled 0 the photnnic crystal waveguide through a polymer
hased fibre coupler and single-mode acoess strip waveguide butt:
coupled tn the photomic crpstal ¥, Details of the stnactural parmmeters

BWA T | Wgiaan Be

b Cerde, Yeekioan Heghis, Kew 3,154

and device fahricatiom are described in Methods, The wtilization of
laterally taperad spot-sized comerters and careful tormination of the
phwitomic crystal lattice™ at o position half way through the holes
mearest to the wavepuide (see Fig, 1a) allows efficient coupling to the

Figure 1| SEM inages of a passive unbalaneed Mach-Zehnder

it ater Usiag photenic cryatal waveguides. &, [npei seclion of the
phintemic crysial wavegide showing the suspended sifionn membrane
whched with hobes and buii-coupled foa
the photonic erystal lattice a1 the coupling interface is chosen to obeain
highest soupling efficiency in the slow Fghi regime. b, Broader view of the
photamic crystal wavegnide membrane and input sirp waveguide. After
passing through a sharp #0° bend with radius B = 5 um, the mode 1s
widemed in the tapered secthan Lo heter manch the phatonic crpseal dow
light muode. €, View of the input of the Mach-Fehnder inpeefe Ler (MZL
with referende {leity and signal {righth arma snd & compadt 15° angle
W-junetion that spfis the light squally bBetween the arms, The sutpud side of
thr npiical dncuit has an analognus Y-juncion and is lerminated by a singhe
ouipul srip waveguide,

pwavrguade, The lermmadion of
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slowe light mode. A typical trananision spectrum aof 2 straight

phetonic crystal waveguide of 2540 am len; r&!l\ i showm in Tig. 2a

{hlack curve). According o |1Iv|bm|r hand structure caloulations
performed with a plane wave expansion method® (black dashed
curve in Fig. 2h, see also Methods), the group index hecnmes
increasingly large within a 20nm bandwidth armund |,620nm in
the wicinity of the sharp cut-off of the TE-like waveguiding rmode

In order to measure the group vebocity interferometrically, an

integrated unhalanced MZD with a footpring of anly 0,04
vt desigrwed (Fig. 1ch The light is divided equally at the compact
15%-amghe Y-splitter and s passed tlwougl two almost identical
phoitonie orpatal waveguides (Fig. Te) with 2 srall but reticeable
difference in e bede radii of 02510 Creference amm) and 02632
(sigral arm). Inoreasing the hole vadii in the signal arm ifts the
photonic cristal mode cut-off by approgimately 20nm o shorter
wavelengths at around Le00nm. In the spectral regon af interet
{betwen 1,500nm and LM nm), the groug index in the reference
arm can be considered almost constant, &' =5 (see dashed
black curve in Fig. Zbl. while the group index of the signal arm
HE8(A) exhibits a strong increase. Correspondangly, when the light
fm botly arms is recombined at the output Y-coupler of the MZ1,

stromg, cosine-like interference fringes with a modulation depth
excending 2540 are observad in the transmission spectrum {red
cwrve in Fig. 2a). The frinpes comvenge tovands the cut-off of the
photonic crystal mode in the signal arm at around 10 nm. The
spectral distance between comesponding minima and  maxima
significantly decreases from 20mm at 1L510mm to numbers of
the order of 001 mm around 1602.8 i, reflecing a sharp incrose
in the relative phase shift. Approaching the cut-off of the signal
arrm, tlwe fringe visibility decremses slarply from — 2548 to —2dB,
indicating significant wavelength dependent lesses in the circuit.
The trarsmugion above LA02Enm = provaded only by the
referemce arm up 10 the cut-off wridength of that arm around
1630 m

The maxima and minima of the mscillztions correspond to con

structive and destrictive interference, respactively, Lritll?lhu relative
phase shift between v adjacent extrema equal o 7, The speceral
dependenceof the group index in the signal arm can then be deduced
from pasitions of comesponding minima A, and maxima A, 2=
A= Ao A T2 Aria — A 1]+ 7 (A whiere L= 250 pimis
the length af the phetonic orystal waveguide. The slight wavelength
dependence of the group index wf 1A} in the reference anm was taken
i ACOOUNT Wsing epomntial nmngﬁfdu. thwenretical black dasled
ourve in Fig 2b as o (A m L2023+ 400, Blue
circles in Fig. Ih represent the group index dedoced from the
trar i m:ﬁp\.cr.rummd.\.ﬁq.nh\i.nmu. and exhibit groap indices
in exoess of 3000 The fringe visibility decreases towvands the signal
arm cul-off, which makes the asagnment aof transmisiaon peks Lo
W T-related interference frmges: difficult. Detailed discussion of the
limitations: of the method 5 prsented 0 Supplementary Infor-
mation. Tn summary, the fringe amplitude and fringe spacing at
these winedengihs becomes comparahle with that of 2 superimposed
residual Fahry-Perot () noise with a similar amplitude (-~ 1.5 di)
that arises from inderference in the optial circuit outside the M2,
Fortunately, the main oscillation period of the FP noise {015 nm)
is almost constant throughout the spectram, which comesponds to
the distance of —1 mrm between the METand the input Abre couplers
at the facets of the photonic chip, This alkows even small fringss at
wavelengths longer than 1,602 nm (shown in Fig, 22 inset] to be
amnigned as arising froom the MEL The Last fow data points anounsd
1an2a5 mm correspond to very lage group indices of over 500
Hesevirr, the experimental ervor bere i also Large, since the frings
amplitude = approaching thet of FP nnise. The group index spectral
dependence deviates froma smooth monotonically incrensing thear-
elieal curve caleulated for infinitely bong structures, and in tarm also
exhibils cscillatioms enmverging tovwards the photonic crystal mnde
cut-off (Fig. 2hinset). These ascillaisrms can be readily atiributed o

MATURE|Ved 4383 Nevember 2006

a
&
2
B
8
E
g
£
b v
i
'
'
1
.
g WE HE
H i B
H i
I ]
o3
il
o LR -
il —(: i
1480 1,500 1,520 1620
e u oy e e
& .
= &
B
Fi
E
g
E -wp
) 250 g
[ =]
15 =
Gt ke
Figure 2 | Optical of & passive M1

&, Tramsmissinn spretra of & straight photonic crpseal waveguide with hole
radi 82500 and lengih 250 pm [Black curvel and of a MZT (red curvel with
2b-pom-long phatonic crystal waveguides baving bole radia @245 100 in the
refierende arm and 0.263« in the signal arm. Open blue drdes represent
spestral pasitians of the minima and masini of the interference fringes nsed
T calculatien of the group indes. The twoe inseis shew a conseoutively
magnified view of the spectram near the transmisson cutoff of the sgnal
arma. b, Semi-logusithmic plot ol the greup indes in the danal arn (open
blue circles) extricied lram the ransniission spectris. Tnset shews the
hlown-mp partion af the main plod near the transmvission cut-oif of the signal
arm, Dasked Black Bine shows the resulis of three-dimensional plane wave
saleulatinns. of the group index in ke refrrence arm, &, Amplitsdr af
interference fringe maxima a« a funciion of the group index for iwe MZ1
with phodonic crystal wavegnide lengths of S0 pm forossed black cirdkes j and
14 um lopen blue circles). Blue ourve is a fitting with a power lae
dependence T =almgl, where a = 332 and b = —0.74. The praceduse far
ervar determinatien bs described o the Supplementary Discussion. The
crror bur are cilimaled rom the maximiim valie of underlainly in
Aefining the speciral position of cach individuad sxiremum in wansmsision
sprcira,
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Bloch—Foguet modes {or group delay npples) in the finite-length
pltomic crystal waveguide®!.

Tiv determine the potential of photonic arystal winsguides with
large gromeps indices in applications such 25 all-optical buffering, the
chromatic dispersion and propagation |oses need 10 be anahysed 4
strong incresse of the group index dose 0 the cut-off wndength
results in 4 sharp increase of the group welocity dispersion, This
chromatic dispersion can be estimated from the resules of Fig 2has
Skparma ! for group indices aroand 100, Cormpared with
e cliroimatic digpersion in conventional telecommunications fibirs,
this is approvimatedy 107 tmes ligher, This induces significant
g of ultrafst optical pulse: marsmitted twough & photo-
al waveguide, as observed in recent experiments®, Simple
eatimations show, loaseser, that this extremely Large dispersion
rraght still alloi aperation of an all-optical buffe corporzting a
rrallimetre-bong p]mLe:uuc:qmld wirvegade that cn store three bats
of information al 10Ghits " data mae (el 100

Propagation and e Insses. in the shon light regime can in
pnncl]I:-g;mult in the |m]ir:Fm¥‘| information. 'I'!ilw'lnrﬁlmm the
photomic crystal waveguide as a function of the group index is
analysed in Fig. 2c, where the amplitudes of the fringe maxima are
showm (blue arcles). Comparison with the results from another 5071
device with Ave times shorter photonic crypstal waveguides
(L="50pm in each arm blade crossed cirdes in Fig. 2o) shons
that propagation bosses are virtoally absent and that the fringe
wisihility is mainly affected by inoreasingly large coupling bosses,
wiuicly s in agreement with previonshy publsled data™. Tlis further
engineering of the coupling interface B ewsential to promaote eficient
cesuupliveg eof Figlt irite the phetomic arpstal mode iFeven higher groap
rdices {honger gn’:up:hj.l}*.,. are to he acoes

Slowe light propagation can ke explotted for a broader range aoff
applications™ " —for emmple, varable optical buffers or dynamic
disperszon compensators—il it can be tuned by external eloctrcal
sagnals. This cn be done, for example, by passing an elecine current

H-Tiald snasry density (pa]

1.5 1.0 A5 na a8 1.0 156

Figure ¥ | Astive elactrically tanable MZ| with lateral electrical coatacts to
photonic crystal waveguides, a, Tine averaged magneric field energy
density caloulated by ibe plane wave methed in bop-domen view | fabe colour
limear wcabe) and phateed an & sensi bogarichimee scale Jintegrazed sver ane
unit cell ), by SEM (mage af the fabricated phetonic orysial wavegaide with
lateral el cetrical camtacts superiomposed with a lales colas representation Lo
dennte the dilferent doping bevels. e, plical mivrograph of the conaplesed

MZI circuit with thres dlecimcal condacis
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betwern metalle eontacts and thereby bocally heating the signal arm
of the M=, However, electrical comtacts placed directhy onto the
silicon wanveguide in the immediate vicinity of the ﬂl‘n‘nl!Jl' eontined
phctoric crystal mnck-n-sultml.wganhau]stmn losse Increasing
the distance between the photonic erystal mode and the contacts
bl toy mimirmize 2hsorption, but requires lager ekoctrical povers to
change the refractive indec™*, Here we present 2 solution to this
problem based on the idea of lateral electrical contacts to the
pltonic crystal, which itself acts & @ micro-heater™, Figure 3o
s the magretic fidd energy density profile of the photonic
erystal msde caleulated by the plane wase expansion rethod ™ for
e slenw Light pegime, shewing thiat over 8006 of the mode enengy is
eprnfined within oy 500 v from the waveguide centre, Froellent
aptical isalation evoneding — 50 dB s chtained with cnby four pows of
hodes om each sade of the waveguide, Inplementing this idea, alimic
lateral electrical eomtacts were defived on top of the photonic orystal
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Figure 4 | Therme-optic tuning of the group indes i the active unbalainced
MEL a, Set of iransmission spectra measured a1 the sutpue of the MZ for
different appli=d deciric power, Specura are shified vertlcally by 5dB for
lariry. Spectrum | iblack) correspands 1o zero applied pewser. Spectrum 2
(mmgen el wes megsowred with 15 mW power applied e ke rederence anm,
and is alssast identical 1o specteus | escept lor w aligh chitt of the fringes v
shanier wavelengrhs, Specirwm 3 (llue apeuirum & red) were
macasured with | mW and 2mW ebectric pmerr, respectively, applied £ the
signal arm. A largr shift of the fringrs tn longer wavelengghs is svidem,

b, Semi-logarithmic plot of the group indes dispersion extracted from the
spectrain &, Black circles carrespond wo spectrum | with 2era applied power,
Magenta circles correspond i specirum 3 with 15 mW applied vo ihe
reference anm. Red crckes camrespond te spectrim 4 with 2 mW pewer
applied 1 the signal arm. ¢, Time responss of the MZ1with a | MHzsquare
wive maodulited dlectric signal dorregpanding 1o 2 mW electrical pawer
applizd o the signad arms. The wavelengih of the laser is vuned 1 1A% nm,
as shown by the armow in &

&7
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waneguide separated by 15 pm from the swaveguide core, as shown m
Fig. 3h Details of the design and fabrication are presented in
Methods and SIJL"PIMM;I‘( Information. Three contacts o the
M device were tormd 25 showm in TFig, 3¢, which allons both the
signal and reference arms 1o he addressed |nd. pendently.

Transmission ta for an unbalanced active MZT are presentad
in Fig. 42, Owing todifferent structural parameters of the saive ME,
the cut-offs of the signal and reference arms oocur at aroumnd
L2 mim and 1,655 nm, respectively, Measurements are shov for
aifferent dectric povwer levels appdied conseoutively to the sigrad and
reference arvs, Using the peocedure described abere, the groups
inde oif the signial arm can be deduced frorm the spectral positions of
the inmerference fringes. Figure 4h represents thiree rvpacal masuse-
rerits o thee gmuj»:mhcﬁﬁfﬂu.-t:gna]annmﬂm'nlmﬂmutawbml
electne power. Local heating of the sgnal arm results in the
waveengih dhifl of the group indey disperdon curve 1o longer
wavdengths, For 2 given wavelength, for ciample 1641 nm, the
group index is tuned from 20t 80 with 2mW of elecnic
applied to the signal arm (red curve in Fig.4bl. An even lasger tuning,
range can be achiewed at Inmger ek rgﬂ.l:. Fat hecause the active
M7 device underwent nine additional fabrication steps (see Sup
Pemendary Information), the amplitude of residual FP noise is
increased, which prevents scourate measurements of proup indices
higher than 80, As expected, heating of the reference arm {with its
groug index nearly comstant througlout this spectral region) does
mot result in dgnificant changes of the measured group indec
dispersinn (magenta curve in Fig4b).

rvowrider by micasure the time sesporse of the active METdevice, the
Lizserr s tumed o 130 mm wavelength, where the application of
2mW poseer to the signal arm results in alrmost x phase shift, as is
evident from eorresponding spectin in Fg, 42| bladk and red curves).
Trangsmisarm through the MET s swtched from the opague state
{fringe manimum m - the spectrum i Fig. da} to almost
anmplete transmisarm (frnge mayvimum in the red spectrum m
Fig. 4a) within cmly Ifl)m,a:iswnfmm]'i!, dc, 'I'|1i:tivrw'rt"=_|'mrw
i the fastest vet reparted for therme-optic modulztors™ =, and ixa
direct result of the deep s.c1||rgﬂf1|w l!n'lcrsm' Tn fur dﬂ'lr the
heat generation and dissipation is localtzed 1o very small volume i
the slicon phatonic crystal membrane {estimated a5 onby d00m’).

METHODS
Thesign amd fshrication of the ushalanced passive phoiosic crystal MZL
Photossc crysal IPhC) stractures were Eibricated ca 16

p-type siliccan-oe-
b bryer {BUIK
it anhin sfscon layer (rhicknessd = 223 ) on 3 seandard CWHOS abaicaion
Bine as desordbod csewbere' . PhCs with a crangular kince of hales wah a
A= 37 am were del g Bales with radius & = 0,
| shroagl o salican laper. Nete thar to creste an unbalaeced B2Z1
in the seferoncs ari aid signal anss bove hols
263, resecsively. Phi wanvegn

s wovee Farmad I»ynmi
s 8 b
silivem, the BUTE was selectively stihed aw Ilr"H'u\.:m-“unlrn“m emving,
a sepended slcon membrase perforaied wih holes (Fig. by, PR waveguides
with these parameters are keows 10 posess a very broad baedwidth, with the
b Inss single-wode propa extending from 15200m e 1L6200m with
bosses measarad as smmall 58 = 2 dBom ™ fref. 120, Access sip waveguides with
A6l widih ars Lt pleid s e Phi warvegnides dhreugh a laczeal mpes
withy e Eael width of 737 ns comespanding to 3a feel 100, which dassly
watchizs the geametical sprad of the modes, In oeder to educe the coupling

at the coupling isterface

3
After ctching the

Tevses ari
thie PhiC Lantice was termimated at tha poaitios ofthe cot goieg trough thecantee
afthe holes neares 5o the warveguade, as shoen in Fag. 1a. aninn ol effickni
mkra-rompact 15 angle Y-splitiers and 9% bznds winh radius & = Sam (ref. 28}
{2z Fig, 1h, clalkows non only the Becrprint of the MELdevice 1o be shrunk 1o
nutidrnin’, bus aleo allows very low insertwoe losss: theough the MZL below 148
orver @ wide basdwidih, as evides principle, I.hedclu.!mpnlll
wiit be eaiady dwaled dowas Lo 0L
e laepe clecitic oo

couple light from a fib

o8
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teremnared an the inpus and oatpur with polpessr Bleee couplens baed o s
inrvarbad tapar desige, as neportad in ek 11

Tresign and fabrication of an electrically manable PhC MEZL sctive M2 dovices
were creaied by adding kel elecincal contacis to the PhiC wavegnide, Ulhimic
cnitnacts weee Iormed by pedopiing the cater edge of the PR raginn aind oo
pad segions ouside the MEL with boren jons o |n"\..
v Fig. 3 Mcral 0l wene fowisaed
Arposition ard suhseq: idmion, Tn onder

af ouly em’. This. provides iespedaices in the 100kSk range whil e increasing
the inserime bos by only 248, as measured from comespo y
..1cx.lu in Fy. da. Fabawalos of the Gnideed M devie reqoirss sy bevels of

A deailed d ticn ansd sch i e the Pt sequerns s

Measurements of tramemission spectra, TE-polanred (deciric field in the
sitecon skl plie) ansmission speara were measarsd wish ten complemesary
eeteups. The Erst weia hmﬂbﬂllﬂ Iu,"r sosafce covering the 1.200- 1 700 i

gibent B6L om,..u—hmp.—mn in |'h".'w|'.1r'
The serwend sat-ap wses solid smate bsars (ew Focus,
tumabiz Zpm seps in the 1300 e 402 nm
iri.\.clcllhlh railge red Hfecira . 2ak. The o linewidth of the kaser
1101 MHz) corrsposds 1o a coherence kangrh thar excesds all characienisic
aptical kengrh in the meisaremiest sysr allaws securate ecaliticon of
e apeciral g belie 01 e, The light
ixon muniziming (P} Eber and arv pmard s
L Couplieg wdirom the photonic chi
micr-Jensed and wapeszd PM Abres aligned wath the any
polymser fihre complers wring iy plesetmmlational mages
ling (<341 logs pes pon’
niies B b s il 1e
T polariatioes i a g
wavegmdes and ihe MEZI devices were normalized 1o the ranamisston specira
of coeresponding single-mads referance sirip wavegmides ! located in the same
wiritiisg, fichd near the PO spructires”'.
Numerical simulations. T obiain the dispersion of the grougs iedey, the
photces band stuctues wes cakenlacsd wath a thres-dimasicns foll-vecar
plang s mxpantion mathed msng the MIT Phatogics amd i code'™
The diddectric panmittiviey of the 5i sab was takes as 120, Valoes for the hole
radii, lattice consmant and slab thickness wers taken from the sanning elecos
micrmscope (SEM) measipements. The grid sesolatio | mnmber of veooes s the
unit vell of dee PhiZy ol the plans wave cakoul, 6wk st B L6 R 16K 1R,
whichy gives das creor an the sganvalue convegence below —2% with rzasonable
<alcalatios time.
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