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NEAR-FIELD CHARACTERIZATION OF SO1 PHOTONIC CRYSTALS

1 SNOM DEVICE

STRUCTURES
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621 Villeurbann: Codes, France ; Indeed, the injection in the gades is made
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surface of the wavegusde is collecied by a
Kiey wards: SNOM, photoale crystals, SO0 Figi | Dyt simtel motags SHOM tip which is scanning the sample's
surfsce.
Abstract, Plafonte hasdgap sructures ave verr promising for the integration of aptleal The SNOM tip is a son-metallized sipered aptcal fiber obtined by chemical atinck
Svctivns af the mansrcale fevel and particwlarty fro-dimersionsl $irecres perfonmied in e hypdodlsorpdric acid *. The apex rdius is approximasely 100 nm. The feedhack controlling
slaty woreegutale, The Kght' van be gatoled im e otrucimnes by creating o leeor defoct, Leoby g%msa?mgiuﬂigqﬂﬁllﬂrn iblic o obanin simul: sy
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Wiy arricle, shorw evidence of the ganlded fght in simple devieer on Silficon On |

(S, working in felerom wavelengthe. Hioch waves were admenved in oo straipht .4 1 STHAIGHT WI WAVEGLIDE

wemveguide o fm a G0 "-bendad W wavemlde The S04 used For our structures is composed of a 0,22 jim laver of monocrystalling Silscon,
comck om @ | gm layer of silica. Patierns were fabricated by deep-UY lnthagraphy (245 nm)
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HECHe; * The e holes of radivs B = 0,16 jum ane kid cut scconding to a hexagoral
lastice of pesind a = 05 pm.

The first P I heve is 2

I INTROBUCTHS

I revent years, photonic crystals (PO) have attmacted a lot of inlereit due o tear abilily so
comtrol the flow of light '~ Such devices, which are composad of a perodic lagice of air
holes in a dicleciric slsh, appear as alractive condidates for the minkanarizstion of integrabed
optical cirosits. Indeed, the pemodic varistion of their refractive index beads 30 the apparition.
of plssionss hand BEps {PBG) within which the propagation of light is —"._.__".:_.-“_:.u.“"r [ ...u..
miodes can be created in the PBG by introduciog a lnear defect (ore missing row of hobes)
called Wi in the PC. Thes, the linear defeci boh like a waveguide, M =
dimersiomal PC ame rehatively casy o fabricae and can be comvenienly integrated inio-
comvenimnal devices. -

Bt the characierization methods by classical far-fiekd micrascogy ase not adapied 10 B

d of a lincar defict W1 im the

'K direction (fig. 2-ah The light injection in the gaide & made within the telecom wavelength
range of 1.2-1.6 jum, with TE palarization {electric fiekd E in the plane of the structures).
SHOM insages with various lengths wene ded | 1.5 snd 16 pm

Omly the image corresponding 10 & = | 44 pm (fig. 2-b) Is presented here. This SNOM
image makes it posstble 80 see that & pan of the light is reflecied back @ the level of e
panction berween the W1 pide and the ouiput guids, leading 1o the appanition of a standing
wave of period |.36 pm. We can also clearly ses that anather wave with 2 smaller period
exists, & profile along te W1 axis (fig. 2-c) allows 5o messure this period which i equal w
0.5 pm. This pesiod matches the Dttice period @ it can be deduced that those waves are Bloch
Wi

The pesiod of the standing wave varss with the wavelength *. It decresses when &

allows a Incal mapping of the electromagsetic fiekl of a comporer under working comditio increases, For wavebengths betwoen 1.2 and 1.5 i, a4 the persod of the standing wave was
00 o v maiyne: i g i S Wl Sl o fuch bigger, st IR catmers was wed for he massusements issisied of s THHODS The

5 . we analyse the guided light w sic builiing of FC-b evaluali i period allows deduce the propagation constant k of the mode in the
apeical eirwits on SO0; 3 siraigha W1 guide and a 60°- bended W wavegaide. . En s e n

wde. The theosetical projected dispersion diagram was caloulated by the Plane Wave
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Expansion metisod (PWE, using s J0-model mnd &n effective index n=1 83 ilig. 24y
out experimental posils were transferrad to the theorstical dingram. Cher Experimental py
are in good agreement with simulaticns ”
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Figure X o) Topegraphy by Uystical mage o 195 um ef Profile abomg the Wl axis
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Reduced frequency = al

4 W1 BENDS

Let us now conskder & stnecture made of 3 W1 guide having fwo successive bends 1)
ilg. 3-a). The strucoere s excited at L =152 g, Like for the W1 waveguide,
abserves 4 standing wave paitern (fig. 3-b and 3-c). This was foreseeable
‘ranemitsion 1 relatively weak within tse comers and a grest pan of the signal |5 reile
back. A more sdapied design of the heles bocated a1 the level of the bends would
possible 1o minmmize this phenomenon. One can alsa ratice that there e very
losses 21 the bevel of fhe bends. These losses are not estimable since the detectar gety ;
ai the first bemd. -4

This time, the Bloch wave canmat be obwiously seemed. This is probsbly hecmese &
inpostant part af tke light is reflected back at the beods and al the end of the photodie
se the Bloch wave sgnal completely disappears beivind the standing wave sigral.
fsrther in our amabysis, we carried out o Feurier inmsfonm (FFT) of the optical immge
d). The FFT shows a series of obliqee lines, each one coresponding o & given 5
frequency. Some of the lines comespond 1o the persod of the standing wave (1,65 i
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ol E.._nMM.:_..n of Bloch waves, which ar: propagaling into the Wi m._._..n_u. Then, we

aget! the P fi-pasa filier in order 1o kep only the highest frequencies E_E..um ta the fimes

aﬁ__E.“_.hﬂrﬁs wave is highlighted as well 28 concentric regs cormesponding oo the losies
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eming fioon the bends (fig. 3-ch
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§ CONCLUSION

In this article, SHOM measurements in two-demensional PC were achieved al telocom
savglengtie and Binch waves propagating m the structures were evidemced. We have shown
that SMOM i3 2 valunhle tool for the shudy of ¥ s for 1he grated optics becanse it
Mowy us 1o undersiand the intrinsic working of thoss deviees. Paricularly, the schicvement
F the field map at 5 reschution less than the wavelength is well adapted 1o the cartography of
phetonic crysials sirucimes.
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