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“OR-NOT") can be implemented by two main
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containing Mach-Zehnder interferometers
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INTRODUCTION

The development of constructive and technological
methods in the field of creating the PIC element
base made it possible to obtain a number of main
advantages over very large integrated circuits (VLIC)
in terms of the speed of information signal transmis-
sion, power dissipation and resistance to external
influencing factors [1-3]. The decisive role in this
belongs to modern methods of creating basic opti-
cal logic elements (“AND”, “OR”, “AND-NOT”, “OR-
NOT”), which can be implemented by two main
methods: on integrated optical structures contain-
ing in its composition, Mach-Zehnder interferom-
eters and microresonators, and on two-dimensional
photonic crystals. Thanks to advances in the field of
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nmepenayd  HMHGOPMAIMOHHBIX
CUTHQJIOB, pacCerBaeMOI MOIIHO-
CTU M YCTOMYHMBOCTH K BHENIHUM
BO3JIeHCTBYIOIUM dakTopam [1-3].

-
=

Control signal Y applied to
second electrode of MZI2

Control signal X applied to
second electrode of MZI1
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JIESKUT COBpPpEMEHHBIM METOAaM
co3maHUsl 0a30BBIX OITHYECKUX
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Ha HHTerpaJlbHO-OIITUYECKHUX
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CTPYKTypax, COAep>KalllUX B CBOEM
coctaBe HHTepdepomeTphl Maxa-
IleHZepa M MHKPOPe30HATOPHI,
Y Ha JBYMepHBIX GOTOHHBIX KPH-
CTannax. brmaromapsa JgocTHke-
HUSIM B 0671aCTH HHTErpabHBIX
ONTHYeCKHX BOJTHOBOOB U BOJIHO-

Puc. 1. Cxema NOJ13 Ha uHmepgepomempax Maxa-LleHOepa, peanusytow,as
PyHKUU «M» [T1]

Fig.1. IOLE diagram on the Mach-Zender interferometers, implementing the
«AND» function [11]

MzZI1

BOJHBIX CTPYKTYp CTa/l BO3MOXKEH
Iepexos K peajd3aliiy BBICOKO-
30 OeKTUBHBIX 371eKTPOHHO-QOTOHHBIX LIHOPOBHIX
BeIuMCIeHUN (IPLIB) C HCIIONb30BAHUEM H3/1ydeHHsI
Jasepa, MHTEIPAIbHO-OIITHYECKUX JIOTMYeCKUX 3jie-
MeHTOB (MOJI?) u CBUC [4]. OTHOCUTENbHO OOBIY-
HBIX Jioru4yecKux 3nmemeHToB CBHC, HOJI3 1o3Bo-
JAT 3HAUYMTE/IBHO ITOBBICHMTH CKOPOCTb BBIYMCIEHHI
M CHHU3UTL 3HepromoTpebnenue ®HUC [5-9]. Ha ompe-
JeJIeHHOM 3Talle pa3sBUTHA YCTpouCTB IPIB KoH-
BepreHnus CBHC u ®HC MoxkeT OBITH peanr30BaHA
IIyTeM MHOTOKPHCTIbHBIX MHKpocbopok [10]. Octa-
BUB 3a IPaHHUIIAMH KpaTKOro ob63opa BOIIPOCHI CO3-
OAaHUST MeXK3IeMeHTHBIX COeJUHeHHI B YCTPOH-
cTtBax IPIB, choxkycrpyeM BHMMaHHe Ha OCHOBHBIX
KOHCTPYKTHBHO-TeXHOJIOTUYeCKUX MeTOAaxX COo37a-
HHYS UHTEIPaJIbHO-OIITHYECKHUX 3JIeMEHTOB, KOTOphIe
AKTHUBHO Pa3BHUBAKOTCS B HACTOsIee BpeMs s CO3/a-
HUS [epcreKTHBHBIX OHC.

noJ13 HA OCHOBE
MHTETPAJIbHO-OMNTUYECKUX CTPYKTYP

Ha puc. 1 npuBefeHa cxema HOJID, BBHIIIOTHAIOLIAS
noruyeckyro QyHkuMO «M», Ha HHTepdepoMeTpax
Maxa-Lengepa (MMLI), cbOPMHUPOBAHHBIX Ha BOJIHO-
Bomax W3 Ti:LiNDbO; [11]. DmexTpoonTHdYecKye CBOM-
crBa Ti:LiNbO; m03BONSIIOT HCIIONB30BATH €ro IJIst
peajn3alyu ONTHYEeCKHUX IIepeK/IIOYeHHI B BOJIHO-
BOAHOM CTpykType MMII. [l peanusaluy QyHKIIUU
«M» MCII0NB3yeTcs KacKaJHoe BK/IIOYeHHe HHTepde-
poMeTpoB. ONTHYeCKHMH CHUIHAJI IOJAeTCs Ha BXO[-
Hou 11opT 2 (Optical Signal) KIMII1 (MZI1). BexomHoM
ropt 2 UMII1 (MZI1) mogKiIoo4YeH K BXOJHOMY IIOPTY 1
HMIMI2 (MZI2). Ha LeHTpajbHble 3/1eKTpoAsl (yIIpaB-

integrated optical waveguides and waveguide struc-
tures, the transition to the implementation of high-
performance electron-photonic digital computing
(EPDC) using laser radiation, IOLE and VLIC has
become possible [4]. Relative to conventional VLIC
logical elements, IOLE will significantly increase the
computation speed and reduce the power consump-
tion of PIC [5-9]. At a certain stage in the develop-
ment of EPDC devices, the convergence of VLIC and
PIC can be implemented by means of multi-chip
microassemblies [10]. Leaving out of brief review the
issues of creating interelement connections in EPDC
devices outside the boundaries of a brief review, we
will focus on the main structural and technological
methods for creating integrated optical elements
that are actively being developed at the present time
to create promising PIC.

IOLE BASED ON INTEGRAL OPTICAL
STRUCTURES

Figure 1 shows the IOLE diagram performing the logi-
cal function “AND” on Mach- Zehnder interferometers
(IMC) formed on waveguides from Ti: LiNbO3 [11].
The electro-optical properties of the Ti: LINbDO3 allow
it to be used to implement optical switching in the
waveguide structure of the IMC. The AND function
is implemented by cascading the interferometers.
The optical signal is applied to the IMTsl input port
2. Output port 2 is IMTsl connected to input port 1
IMTs2. Potentials are supplied to the central elec-
trodes (control electrodes) of both IMCs. The voltages
on the electrodes correspond to the control signals X
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JSIOLIME 3/1eKTPOJIbI) oborx MMIL] II0JAOTCS IIOTEH-
UKanbl. HanpsokeHHsl Ha 371€KTPOJax COOTBETCTBYIOT
YIPaBASIOMKMM CuUrHaZaMu X u Y Ha MMIL (MZI1)
1 UMI2 (MZI2). Jlorndeckasi «1» COOTBETCTBYeT BBICO-
KOMY IIOTeHIHMaNly, a JIOTHYecKUH «0» - ero OoICyT-
cTBUIO. Ha pHc. 2 IpUBesieHO paclpeze/ieHHe OlTHYe-
CKUX TI0/Iel U TablMIla UCTUHHOCTH, OMMCBHIBAIOIIHE
paborer KOJII.

IIpencTaB/ieHHbBIe Ha PHUC. 2 paclpefie/leHHs OITH-
YecKUX IoJIeH AJIS PasIHMuYHBIX KOMOMHAIIUH yIIpaB-
JISIOMIUX CUTHaJIOB X M Y IIOKAa3bIBAKOT, UTO OIITHYe-
CKasi MOILIHOCTb IIPHUCYTCTBYeT Ha BBIXOJHOM IIOpTe
2 Tonpko Ipu X=Y=1. B Apyrux ciaydasix BbIXOAHOH
CUTHa/l paBeH Hyno0. TakuM o6pa3oM, BBIXOAHOM
riopt 2 (Port 3) KMLI2 (MZI2) B OJI BhIIIONHSET QYHK-
LIMIO JIOTHYeCKOTo «M» [JIsi pa3TUYHBIX KOMOMHAIIUHI
YIIPaB/SIOLUIMX BXOJOB.

B pabote [12] mpencraBneHa KOHCTPYKLHS CBepX-
MaJIor0 MHOTOMOZI0OBOIO HHTepdepoMeTpa, pearso-
BaHHOIO Ha KPeMHHeBOM HHTerpaJbHO-OITHYeCKOH
CTPYyKType (BeHTH/Ib VW), HMeWOIleH MaJble MOTePU
1 BBICOKYIO CKOPOCTb BBIIIOJTHEHHUSI JIOTHYECKUX Ollepa-
uuii. C UCII0Tb30BAHKEM TaKOro BeHTHJISI MOXKHO pea-
JTU30BBIBATH OyJIeBBI JIOTHYECKHe ONePALlUY Ha AJIHHe
BOJIHBI 1535-1565 HM co cBepxMaJlok 3afiepskKok ~30 dc
M BBICOKOM CKOPOCTBIO Ilepenavu (mo 20 I'6ut/c). Ben-
THU/Ib COCTOMT M3 IPOCTBIX CyMMaToOpoB 3x1 (3Haue-
HUe 671H3K0oe K TeOPeTHIEeCKOMY ITpeieTy), HMEIOIIHX
3 BXoda U 1 BEIXO[,.

KoHcTpykuusi W-BeHTUIsT (pUC. 3) COCTOHUT
13 0fHOro Y-o6beAUHUTENS JIMHOM 3 MKM C OTHHUM
KOHHYeCKUM BOJIHOBOLOM [/sI BXOJHOILO CHTHajla

and Y on the IMTsl and IMTs2. Logical “1” corresponds
to a high potential, and logical “0” corresponds to its
absence. Figure 2 shows the distribution of optical
fields and the truth table describing the operation of
the IOLE.

The optical field distributions for the various com-
binations of control signals X and Y shown in Figure
2 show that optical power is present on output port 2
only at X = Y = 1. In other cases, the output signal is
zero. Thus, the IMTs2 output port 2 in the IEID per-
forms the logical AND function for various combina-
tions of control inputs. [12] shows the design of an
ultra-small multimode interferometer implemented
on a silicon integral-optical structure (valve ¥) having
low losses and high speed of logic operations. Using
such a valve, Boolean logic operations at a wavelength
o0f 1535-1565 nm can be implemented with an ultra-low
delay of ~ 30 fs and a high transmission rate (up to 20
Cbps). The valve consists of simple adders 3x1 (a value
close to the theoretical limit) with 3 inputs and 1
output.

The design of the ¥ valve (Figure 3) consists of one
3 pm Y combiner with one conical waveguide for the
input bias signal. ¥ valve is made on silicon-on-insu-
lator (SOI) substrate with thickness of working layer of
silicon 220 nm. The structure was obtained by electron
beam lithography followed by a plasma chemical etch-
ing step.

IOLE ON MICRORESONATORS

Figure 4 shows the IOLE implementing the logic func-

tion “AND/AND-NOT,” consisting of two microring res-
onators (MRR) with parallel input

waveguides. The device is made
on a SOI substrate [13]. The MRR

PacripeneneHue KoHT. KoHT. ITopt1 ITopT 2 Tlopt 3 radius is 10 pm. The gap between
OIITHYECKOrO IO/ cur. X cur. Y (X&Y) . .

the MRR and the waveguide is 325

. . 1 @ nm. To modulate the signal, PIN

diodes are formed around the MCR,

over which titanium heaters are

0 ! ! 0 made. IOLE “AND/AND-NOT,” has

four ports Input, Through, Drop

1 0 0 1 and Add. The high and low level

of electrical pulses (EPs) supplied

1 1 0 0 to the MRR correspond to logi-

cal “1” and “0.” The Drop (Y2) and

peanusyiouezo GyHKUU «A» [11]

function [11]

Puc. 2. PacnpedeneHue onmu4eckoz20 noAst u mabauua ucmuHHocmu 0ast MMIOJ13,

Fig.2. Optical field distribution and truth table for IOLE implementing the «<AND»

Through (Y1) ports are logical out-
puts. The logical “1” corresponds to
high optical power, and the logi-
cal “0” corresponds to low optical
power.

MRR is in resonance mode at
wavelength A, at EPS, and in non-
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cMellleHHs. W-BeHTH/Ib HM3TOTOBJIEH Ha IIOMJIOXKKE
KpeMHHUH-Ha-u3ongrope (KHH) c tonmuHON pabo-
yero ciaos KpemHus 220 HM. CTPyKTypa IIOIy-
YeHa METOAOM 3/1eKTPOHHO-JIy4eBOM JIMTOrpaduHU
C IOC/IedyIIIHMM 3TAallOM IUIa3MOXHMHYECKOIro
TpaB/IeHHS.

nNoJ13 HA MNKPOPE3OHATOPAX

Ha puc. 4 npusenen HOJID, pealu3ymUIMH JIOTH-
YeCKyI0 QYHKIIHIO «1/HU-HE», COCTOAIIHNM U3 IBYX
MHKPOKO/IBLIEBBIX pe3oHaTopoB (MKP) c mapasiesns-
HBIMHU IIOJBOJSIIMMI BOTHOBOJAMH. YCTPOMCTBO
H3roTOBAEHO Ha monanoxkke KHHU [13]. Paguyc MKP
cocTtaBisgeT 10 MKM. 3asop mMexay MKP M BOJIHOBO-
aoM 325 HM. I MOOY/IHMPOBAHUS CUTHA/Ia BOKPYT
MKP cdopmupoBanbl PIN-gHOABI, MOBEPX KOTO-
PBIX H3rOTOBJIEHBI THTAHOBEIE Harpesatenu. MOJID
«H/U-HE», nMeeT dYeThlpe mopra Input, Through,
Drop u Add. BBICOKME M HH3KHH YPOBEHb 3JIeK-
TPHUYECKUX HUMIIYJIbCOB (EPS), momaBaeMbIX Ha MKP,
COOTBETCTBYIOT JIOTUYECKUM «1» 1 «0», ITopTel Drop
(Y,) u Through (Y,) SBASIIOTCSL JIOTUYECKHMMHM BBIXO-
JaMu. Jloru4eckod «1» COOTBeTCTBYeT BBICOKAs
OIITHYeCKasi MOIIHOCTh, a JIOTUYECKOMY «0» — HH3-
Kas OIITHYeCcKas MOIIHOCTb.

MKP HaxOOUTCS B pesKMMe pe3OHaHCa Ha JIMHe
BOJMHEI A, IpH EPS M B Hepe30HAaHCHOM peskKHMe
Ha A, npu nogade EPS. Ilpu EPS=«0» (X=0, Y=0)
0ba MKP HaxofsTCs B pe30HaHCe Ha A, IPH 3TOM
H31y4yeHHe Hampasisercs Ha nopT Drop (Y,) (Y,=1,
Y;=0). IIpu EPS=«1» Ha ogHOM 13 MKP (X=0, Y=1
i X=1, Y=0) u31y4eHHe Tarkoke HAIIPABISETCS
Ha nopt Drop (Y,) (Y,=1, Y;=0). IIpu EPS=«1» Ha IByX
MKP (X=1, Y=1) usnydeHue HaAIIpPaBJIseTCsl Ha IIOPT
Through (Y;) (Y,=0, Y,=1). Takum obpasom, mpen-
cTaBieHHBIH HOJI9 MOKeT OJHOBPeMEHHO BBIIIOJI-
HATh ABe ¢oyHKUUU «H/H-HE». Tabnuia UCTUHHO-
ctu MOJID rokasaHa Ha puc. 4c.

MOJ13 HA POTOHHbIX KPUCTANNAX (DK)
CunbHas JIOKAJIM3aLMs H3/y4eHUs B QOTOHHBIX
Kpuctamnax (PK) obycnoBreHa HanuuueM (GOTOH-
HOI 3aIIpellleHHOM 30HBl B TaKHUX CTPYKTYypax, 4UTO
I103BOJISIeT UCII0/Jb30BaTh UX IJIS CO3MAHHUS OIITUYEe-
CKHUX IMHUM, MUKPOPE30HaTOPOB, IIepeK/IrovaTesnen
U JIPYTUX CBepXOBICTPOMEHCTBYIOLUIHUX OITHYECKUX
CHUCTeM C MUKPOHHBIMH pa3MepaMU M MHHHMAJIb-
HBIM OIITHYECKHUM 3aTyXaHueM. OCHOBHBIMH 3Jie-
MeHTamu HMOJID Ha ®K, kak u migs HMOJID Ha maa-
HapHBIX BOJIHOBOAHBIX CTPYKTYpax, SBIAIOTCA
HHTepdepoMeTpBl UM MUKPOPe30HaTOPHI [14].

Ha ocHoBe GOTOHHO-KPUCTAINIMYECKHUX KOJIb-
LeBbIX pe3oHaTopoB (PKKP) peanm3oBaHO 60ib-

BXOOHOM
CHUTHAI
CMeIleHHUs L

Bias \‘\
B‘.\

BBIXOAHOM
CHUTHAI
Output

a)

XOR

AR

Optical input/output (a.u.)

MAND
WNOR
e e o ¥l il

0 0,5 1,0 L3
b) Time (ns)
P, | P, a0 o [ n |3 0 /3
P Bias /P, 1 0 TA/ 4TBias TA/ 4TBias 9TA/ 4TBias TA/ TBias
Ady;. - m -2n/3
olo olofo]| Ty T, 9T,/4 7,
01 T, | T, | T, | Ty 0 T, i,
10 T, | T, | T, | Tua 0 T, i,
1)1 at, | o | T, | ora T, T, 0
XOR| OR AND XNOR NOR NAND
BC,AB| 6 | = | o 9,5 = 9,5 =

)

Puc. 3. KoHcmpykuus W-geHmuAs: ) cxema KOHCMpyK-
uuu W-seHmuas (A, B - 8Xx00Hble cuzHanbl, Bias — 8xodHol
CcuzHan cmeuwieHusl, Output — ebixodHol cuzHan); b) epe-
MeHHble dUazpammbl A02u4ecKuUx onepayuli (8 0dHo20
W-geHMuAs1); ¢) mabauya onmuyeckozo 680da/ ebigoda dAs
onepauuti IOJ13 8 kpemHuesblx W-3nemeHmax ¢ 8Xx000mM
cMeleHus U 6e3 Hezo [12]

Fig. 3. Design of the W valve: a) Design diagram of the ¥
valve (A, B - input signals, Bias - input bias signal, Out-
put - output signal); b) time diagrams of logical operations
(for one W valve); c) optical I/ O table for IOLE operations in
silicon W elements with and without bias input [12]
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II0e KOJIHMYeCcTBO KOHCTPYKUUM HOJI3. B pabore [15]
IpencTaBieHa KOHCTPyKUusa MOJID Ha OKKP (puc. 5),
COCTOSIIIMM M3 MacCHBa KPeMHHEBBIX CTOJOHMKOB
(nSi~3,4), cGOpMHUPOBAHHBIX Ha CJIoe C HU3KKUM IIOKa-
3aTeneM IipesnomiieHus (SiNx, SiOx, monumepst). st
dopmupoBanus OK-BonHoBojoB (L1, L2, L3) ygacTb
CTON6HUKOB ymansgercsa. Paguyc cronbukos R=0,21a,
rae a=630 HM - mocTossHHas pemeTku ®KKP. CTpyk-
Typa ®KKP obecrievyriBaeT pe30HAHC Ha JJIMHE BOJIHBI
1550 HM. [l UCK/IIOUYeHUsT OBPAaTHOrO paccesHUSs
B yriax Bcex ®KKP u BonHOBoza L2 GpopMHUPYyIOTCS
IOIIONHHUTE/IbHbIe CTONOKUKHM, CMeIleHHBble B CTOPOHY
yrna Ha 0,707a.

ITpencTaBneHHBbIN Ha puc. 5 HOJIS peannsyeT 10rH-
yeckylo ¢yHkiuo «HE». Ctpykrypa ®KKP obpaso-
BaHa TpeMsl BoinHoBomamu (L1, L2, L3), 4eThIpbMs
nopramu (A, B, C, D) 4 ynpapasomum noprom (S).
OnrTHyecKasi CTPyKTypa Bo3byskIaeTcsl yepe3 BXOLHOM
IIOPT A ONTHYECKMM CHUI'HAJIOM CMeIleHHs Ha JJIHHe
BOJMIHBI A = 1550 HM. B 3aBHCHMOCTH OT YIIPaBIIsIO-
IIero CHMrHaja, IIOCTYHAaIoINero B IIOPT S, CHUIHAl
CMeIlleHHs] HaIlPaB/IsAeTCa B OOUH W3 BBIXOMHBIX IIOP-
ToB (B, C, D) (puc. 5). Ilepex/iloueHUsI CUTHAJIA OCY-
IIeCTB/ISAIOTCS 3a CYeT IOBBIIIEeHMS MHTEeHCUBHOCTHU
M3/ly4eHHs B KOJblle, IIPUBOAALIEIO K H3MEHEeHHIO
3pPeKTUBHOTO IIOKasaTejas IIpPeJIOMIeHUs M3-3a
HellMHeHHoro 3¢dexra Keppa. Korga curHan ympas-
ngrouero mopra S=0 (0 MBT), BXOOZHOHM OIITHYECKHUI
CUT'HaJI U3 IIOPTa A Yepes KOJIbLIOo IlepeTeKaeT B IopT C.
ITpu S=1 (100 MBT) MHTeHCUBHOCTb I10/151 B KOJIbLIE YBe-
JMYMUBAETCS, YTO IIPEMSATCTBYET IlepeTeKaHMUIO BXOM-
HOro CMI'HaJla U3 IOpPTa A B KOJIBLIO, HAIIPaB/sAsl €ro
B BBIXOJHOM IIOPT B.

3AKJTKOYEHUE

Onsa peanuszanuu OUC Haubosee mepCrIeKTUB-
HbeIMH HOJID 4BIAIOTCA 371eMeHTHl Ha UHTerpaabHO-
OIITHUYECKUX CTPYKTypax U ABYMepHbIX ®K. OmHaKo
spdexkTuBHAA peanusanus HOJID Ha OK 3aKkiio-
4JaeTcs B GOPMHUPOBAHHUU MAIOPa3MepHBIX (TOIIO-
JIOTUYeCKHe pasMepsl 3JIeMeHTOB mHopsaka 100
HM) CTPYKTYp (CTONI6MKOB/OTBEPCTHUI) C BBICOKUM
ACIIeKTHBIM cooTHomeHuem. HMOJI3, pean3oBaH-
Hble Ha 6aze ®K, MOIYT CTaTh aJIbTePHATHUBOM Tpa-
OIUIMOHHBIM CBHMC i mpoBefeHUs BBICOKO3pdeK-
TUBHBIX BBIYMCIeHHH, a HOJI9, peann3oBaHHBbIe
Ha 6a3e MHTErpaJbHO-ONTHUYECKUX CTPYKTYp, MOTYT
CTaTh aJbTEPHATUBOM OBICTPOAEMCTBYIOIIHUM CXe-
MaM MaJIOH MHTerpanyu. [JanpHeHImue pa3paboTku
KOHCTPYKTHBHO-TeXHOJIOTMYeCKUX MeTOAO0B Co3ha-
Hus HOJI9 Ha ba3e pe3ypTaToB IPOBeeHHBIX HCCTIe-
JNOBAHMM CTAHYT 33/I0TOM YCIIeIIHOro co3ganus ®KC
U ycTpoucTB IPIIB.
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Input CW Through (Y;): XY

EPS: X EPS:Y

Drop (Y,): XY
a)

Input CW

X Y Y, Y,
0 0 0 1
0 1 0 1
1 0 0 1
1 1 1 0

c
Puc. 4. NOJ12 Ha MKP, peanusytouwiuti pyHKUUK «M /N-HE»:
a) cmpykmypHas cxema; b) eHewHuli eud MIOJ13; ¢) mabauua
ucmouHocmu (CW — HenpepblgHas 80AHa; EPS — nocaedosa-
MeAbHOCMb 3AeKMpuU4eckux umnyabcos) [13]

Fig. 4. IOLE on IQR implementing «\AND /AND-NOT»
function: a) structural diagram; b) IOLE appearance;

c) source table (CW - continuous wave; EPS - electrical pulse
sequence) [13]

resonant mode at Aw, at EPS supply. At EPS=“0" (X=0,
Y=0), both IQRs are in resonance on the Aw, with
radiation directed to the Drop port (Y2) (Y2 =1, Y1 = 0).
At EPS=%1" on one of the IQRs (X=0, Y=1o0r X=1, Y=0),
radiation is also directed to the Drop port (Y2) (Y2=1,
Y1=0). At EPS=“1" on two IQRs (X =1, Y =1), the radia-
tion is directed to the Through port (Y1) (Y2=0, Y1=1).
Thus, the presented IOLE can simultaneously perform
two AND/AND-NOT functions. The IOLE truth table is
shown in Figure 4c.

IOLE ON PHOTONIC CRYSTALS (PCS)

The strong localization of radiation in photonic crystals
(PCs) is due to the presence of a photonic band gap in
such structures, which makes it possible to use them
to create optical lines, microcavities, switches, and
other ultrafast optical systems with micron dimen-
sions and minimal optical attenuation. The main
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elements of IOLE on PC, as well as for IOLE on planar
waveguide structures, are interferometers or micro-
resonators [14]. On the basis of photonic-crystal ring
resonators (PCRR), a large number of IOLE designs are
implemented. The paper [15] presents the design of an
IOLE based on a PCRR (Figure 5), consisting of an array
of silicon columns (ng~3.4) formed on a layer with
a low refractive index (SiN,, SiO,, polymers). To form
PC waveguides (L1, L2, L3), some of the columns are
removed. The column radius is R=0.21a, where a=630
nm is the PCRR lattice constant. The FCRR struc-
ture provides resonance at a wavelength of 1550 nm.
To prevent backscattering, additional columns are
formed in the corners of all the PCRR and waveguide
L2, which are shifted towards the angle by 0.707a.

The IOLE shown in Figure 5 implements the logi-
cal function “NOT”. The PCRR structure is formed
by three waveguides (L1, L2, L3), four ports (A, B,
C, D) and a control port (S). The optical structure is
excited through input port A with an optical bias sig-
nal at a wavelength of A = 1550 nm. Depending on the
control signal entering port S, the bias signal is sent
to one of the output ports (B, C, D) (Figure 5). Signal
switching is carried out by increasing the radiation
intensity in the ring, which leads to a change in the
effective refractive index due to the nonlinear Kerr
effect. When the control port signal S=0 (0 mW), the
input optical signal from port A flows through the
ring to port C.At S=1 (100 mW), the field intensity in
the ring increases, which prevents the input signal
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Puc. 5. CmpykmpyHas cxema OJ12 Ha ®KKP u pacnpedenHue noas: a) npu S=0, A=1,; b) npu S=1, A=1[15]
Fig. 5. Structure diagram of OLE at PCRR and distribution of fields: a) at S=0,A=1;b) atS=1,A=1[15]
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KOH®JIUKT UHTEPECOB

ABTOpbI 3aBAAIOT 06 OTCYTCTBUM KOHDAMKTA MHTEPECOB. Bce aBTOPbI NPUHSAN
y4acTy1e B HANMMCaHNM PyKOMMCH B 4ACTV BKNIAAA KAXAOMO U3 HUX B paboTy
W COTNIACHDI C MO/HBIM TEKCTOM PyKOMMUCH
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from flowing from port A to the ring, directing it to
the output port B.

CONCLUSION

To implement PIC, the most promising IOLEs are ele-
ments on integral-optical structures and two-dimen-
sional PCs. However, an effective implementation of
IOLE on PK is to form small (topological element sizes
of the order of 100 nm) structures (columns/holes)
with a high aspect ratio. Based on the analysis of
information sources, it can be concluded that, for
the implementation of high-performance calculations
using IOECs, implemented on the basis of a PC, they
can become an alternative to traditional VLSI, while
IOECs, implemented on the basis of integrated optical
structures, can become an alternative to high-speed
small circuits integration In this regard, a compre-
hensive study and development of constructive and
technological methods for creating an IOLE is the
key to the successful creation of a FIS and an EFCV
device.
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