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®OTOHHDIE
WHTEIPA/IbHbIE CXEMDbI

I1.0.5IkyweHKos, mazucmpadm
HUY " Mockosckuli ¢pu3uro-mexnudeckuli uHcmumym"

BbluncantenbHas TexHMKa Havyasacb C MaLlUHbI
TblopuHra. C Tex Nop oHa pa3BuBasach: 60sbline
namnosbie OBM, nonynpoBoaHUKOBas TpaH3UCTOpHas
3/1eKTPOHUKA, MHTerpasbHble cxemMmbl. B HacTosuee
BpeMs UHTerpasibHasi KpeMHueBas 3/1IeKTPOHUKa
gocturna csoero npegena (10 I'ru), u gasHo
HacTynuaa nopa nepexoautb Ha OTOHUKY. B cTaTbe
C Y4eTOM A0CTOUHCTB GOTOHHbIX MHTErpasibHbIX
cXeM paccMaTpuBalOTCA YXKe cyLecTByloLme

M NnepcneKTUBHbIE CXeMbl HA UX OCHOBeE, a TaKXe
HeKOoTopble BapMaHTbl NOCTPOEHUS ONTUYECKUX
TPaH3UCTOpPOB.

BBEAEHWE

B ycTponcTBax cOBpeMeHHOH (OTOHHMKH HOCHUTe-
JeM CUTHajaa CIYyKAT BOJMHA OITHUYECKOT0 MM
HK-muamasoHa 371eKTPOMArHHUTHOTO crekTpa. IIpo-
Lieypy ee MOAYIALMHU MOXKHO ITPOM3BOAUTE C TOPa3/10
GombIIer CKOPOCTBIO, YeM B pajfuoguarasoHe. Kak
Y B TPAJULIHMOHHOM paJHOYIeKTPOHHKe, JIeMeHTHAas
6a3a pOTOHHMKH HMeeT TaKHe >Ke KOMIIOHEHTHI, KaK
reHepatop (Haubornee 4acTo KM SB/SIETCS. BOJIOKOH-
HBIM MJIM IIOJYIIPOBOAHUKOBBIM J1a3ep), yCHUIHTeNb,
COeMHUTEe/IbHbIE TUHUU, KOTOPBIMH MOTYT CJIY>KHTh
BOJTHOBOZBI, a Takke (QOTOIPHEMHHUKHU MAJsI Ipeob-
Pa30BaHMS ONTHYECKOIO CHTHA/IA B 3JIeKTPHUUYECKHH.
J7151 IOCTPOeHM s OIITUYeCKOM BBIYHC/IHTEIbHOM Tex-
HUKH HeobXoIMMBI JIOTHUYeCKHe 3/IeMeHTHI, ob6ia-
Jaollye BO3MOKHOCTBIO pealn30BaTh TaKT (MeHATb
COCTOSIHHE TI0 He06XOMMOCTH, HAaIIpUMep: 3aIIHCaTh
1, cyurtatse 1, ctepets 1, 3amucath 0, cuuTaTth 0, CTe-
peTs 0).

NMPEMMYLLECTBA ®OTOHUKH
TexHO/OTHSI CO3AHUS KPeMHHEBBIX MHTerpalb-
HBIX BBIYMC/IMTE/bHBIX 37IeMEHTOB M CXeM C OYeHb
MaJIBIMHU Pa3MepaMHU U 6ONBIIMMHU CKOPOCTSIMU 06pa-
6oTkr mHPOpMALMU MIPUONIH3UIACE K OIpefeseH-
HOMy Ipezeny. OTCIofa IOHSITEH HMHTepec K GOTOH-
HBIM HHTeIPaJIbHBIM CXeMaM, Ha OCHOBe KOTOPBIX
BO3MOKHO CO3[]aTh TeparepleByI0 BbIUHCIHTEIbHYIO
TeXHHUKY (1, 2].

Lenecoobpa3Ho HAIIOMHUTb O MPUYMHAX OIPaHH-
YeHHU s OBICTPOJECTBHUSI COBPeMEHHBIX JIeKTPOHHBIX
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PHOTONIC
INTEGRATED CIRCUITS

P.O.Yakushenkov, graduate student of Moscow
Institute of Physics and Technics

Computers starts with Turing machines. Since

then, it has evolved: large vacuum tube computers,
semiconductor transistor’s electronics, integrated
circuits. Currently, integrated silicon electronics has
reached its limit (10 GHz), and for a long time it is time
to move on photonics. The report focuses on photonic
integrated circuits, components of the photonics
element base, already existing and future developing
devices and shows the advantage of photonics. Also
some variants of optical transistors are discussed.

INTRODUCTION

In devices related to modern photonics, the signal
carrieris an electromagnetic wave of the optical range,
which can be modulated at a much higher rate than
in the radio range. As in traditional radio electronics,
the photonic element base has components such as
a generator (most often it is a fiber or semiconductor
laser); amplifier; connection lines, which can be
waveguides; also photo detectors for converting
an optical signal into an electrical signal. For the
construction of optical calculating machines we need
a logical element, with the oportunity to realize a tact
(to change the state, when necessary, for example,
write 1, read 1, delete 1, write 0, read 0, delete 0).

ADVANTAGES OF PHOTONICS

The technology of creating silicon integrated
calculating elements and circuits with very small
dimensions and high information processing speeds
has approached a certain limit. This explains the
interest in photonic integrated circuits, on the basis
of which it is possible to create THz calculating
machines [1, 2].

Let’s tell about the processing speed limits of the
modern electronics circuits, where the logical element
is a semiconductor silicon transistor. The maximum
operation frequency determined the minimum time,
which transistor needs to pass from one state to
another, for this, the gate capacitance per channel -
Cgc must be recharged, but it is limited by the time,
that an electron needs to go throw the gate dielectric,
it means, that the maximum frequency is
o =Vv/L=100 GHz (v - electron’s speed, L - length of gate
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CXeM, IZe JTOTHYeCKUM 3JIeMeHTOM CJIY>KHT IIOyIIPO-
BOJHHUKOBBIM TPaH3UCTOP. MaKkcuMalbHasi TaKTOBas
YacToTa OIpefesseTcss MHUHMMAJIbHBIM BpeMeHeM,
HeoOXOAMMBIM [IJI TOTO, YTOOBI TPAH3UCTOP Iepelest
M3 OJHOI'O COCTOSIHUSA B Apyroe. To eCTb MaKCHMaJlb-
Hasl TAaKTOBasl 4acCTOTa OIlpefensieTcs Kak w=V/L, rae
V — CKOPOCTB 3/IeKTPOHA, L - TOJIIKHA [1043aTBOPHOIO
Iu3eKTpuKa. Ilpu v=10000 m/c 1 L=100 HM Ha TpaH-
3MCTOPe  MOXKHO  [oJayd4aTk  3HayeHHs  He
6os1ee 100 I'T1I.

[Tpy KCII0JIb30BAaHUU MeTaJUIM4eCKOr0 BOJTHOBOAA
C y4eTOM TeIlJIOBOIO U ApobOBOro IIyMOB, BeTHUYHHA
KOTOPBIX IIPOIIOPIIMOHAIbHA YacTOTe, A5 Hale>KHOU
Iepefadyy CHUCHaJIa OTHOIIeHHe CHUIHAJI/IIYM MOLI-
HOCTeH JOJIKHO OBITh He MeHbIie 20. Ho Torma MaKCH-
MaJIpHas 4acToTa Iepemauu cocTtaBUT ~10 I'Tu. Jdaske
€CJIM pacllapaUIeJIUTh BBIYMCIEHUS 10 JIOTUYeCKUM
LernoykaM (puc.l) u mapasenbHble KaHalIbl MYJIb-
TUIIJIEKCHPOBATh B 0OPaTHYIO CBSI3b, €€ MPOIIYCKHAS
CII0COOHOCTB [OJIKHA BCE PABHO IIPEBOCXOAUTD CYMMY
IIPOITYCKHBIX CIIOCOOHOCTEH IapaJl/ie/IbHBIX KAHAJIOB,
4TOOBI 3TA CBSI3b ycmena oTpaboTars. Tak HAIIpHMeP,
B HacTosllee BpeMs MOAEPHU3UPYIOT MHTepHeT-
COeIMHEHM S, MYJIBTUIIIEKCHPYS HUX B OIITOBOJIOKHO,
KOTOpoe II03BOJIsleT IlepefaBaTh CUTHA/l Ha [JIMHe
BOJIHBL ~1 MKM, YTO COOTBETCTByeT yacToTaM ~1 T
U yBelIH4YHBaeT KOIHUYeCcTBO IlepelaBaeMOM HHOOP-
MaIlMH B CeKyHAY 6osee yem B 1000 pas.

3aMeHa MeTa/IIMYeCKUX BOJHOBOAOB B BBIUMC-
JIUTEIPHON TEeXHHKEe OIITOBOJIOKHOM M HCIIO/Ib30Ba-
HHe B KayeCTBe JIOTUYeCKOro 3JIeMeHTa OITHYeCKOro
TPaH3UCTOPa, CIocobHoro paborarh Ha Tepareplie-
BBIX YaCTOTaX, HeceT B cebe HeCKOJIBKO IIPeHMYILeCTB.
Bo-TiepBBIX, II03BOJIIET OOCTHYL KaK MHHHMYM Ha
TPH IOpsiAKa OOIBIIYI0 CKOPOCTh 06pabOTKHU U Ilepe-
Ia4YU NJaHHBIX. Bo-BTOpBIX, obecrieyuBaeT IIOMex03a-
IIUIIeHHOCTD 10 OTHOIIEHUIO OT BHEIIHUX PaJHoIIo-
MeX. B-TpeTbHX, II03BOJISIeT OCYIIeCTBUTH Ilepenady
10 OMHOMY BOJIOKHY OZHOBPE@MEeHHO HeCKOJIbKUX MO/,
B-ueTBepTHIX, AaeT mpermyuecTtso B KILJ u B KOIU-
4eCTBaXx OMlepaLuil/IKOYIIb.

B KauecTBe BOJIHOBOLOB MHOIHe IIpeAjaramoT
KCII0/Ib30BaTh IIJIA3MOHHBIE BOJIHOBOABI M3-3a TOrO,
4YTO IIOBePXHOCTHBIe IIJIa3MOHBI MOIYT IlepefaBaTh
CHUTHAJI I10 BOJIHOBOAY C pa3sMepoM, MEHBIIHUM JIJIMHEI
BO/MHBEI. OJHAKO TaKOM CHTHAJ MMeEeT CHUJIBHOE 3aTy-
XaHHe, W IIpH Ilepefade ero Ha 3HAYMUTe/IbHOE pac-
CTOSTHHe He0bX0A MO IIPUMEHUTD YCUJIEHHe 10 BCeMY
KaHany [3], 4To menaeT TaKyl 3aMeHYy HEeBBITOFLHOL.
[TosToMy peHTabenbHBIMHU MOTYT CTATh IUIA3MOHHBIE
MesKCOeMHeHHUs K pa3BeTBUTeNIN. TakKe Ha IJIa3Mo-
HaX MOXKHO [leJIaTh XOpoIllHe HaHO/JIa3ephl, COBMeIleH-
Hble ¢ KMOII-TexXHOJIOTHEek.
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Puc.1. Pacnapanneaugarue 8bi4ucreHuli
Fig. 1. Parallelize calculations

dielectric), so it is the possible maximum of this
transistor.

When using a metal waveguide thermal and shot
noise, the magnitude of which is proportional to
the frequency, the signal-to-noise ratio should be
no less than 20 for reliable signal transmission, but
then the maximum transmission frequency will
be ~10 GHz. So, even we parallelize calculations to
different logical chains (Fig. 1), the parallel channels
must be multiplexed to the feedback, throughput
of which must be more, than throughputs of the
parallel channels, to make the feedback have time
to work. Such way, for example, now the internet
connections are being multiplexed to the optical
fiber, which gives an opportunity for transmission
signal on the wave near micron, which accords the
frequency near THz. It increases the volume of the
transmitted information per second more than 1000
times.

If we exchange metal waveguides to optical fiber
in computers and use an optical transistor, which
can work with THz frequency, so the photonics will
give:1) an opportunity to get as minimum, more than
3 order speed of data processing and transmission; 2)
immunity against external radio interference; 3) an
opportunity to transmit several modes through one
fiber; 4) photonics can give an advantage in efficiency
and the number of operations per joule.

As waveguides, many offer plasmonic waveguides,
because surface plasmons can transmit a signal throw
a channel, smaller wavelength. But because of much
loss a channel need gain [8], which is not profitable.
So, profitable could be plasmonic interconnects and
splitters. Also good nanolasers could be done on
plasmons, using Si-technology.
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BO3MOXXHbIE BAPUAHTbI PEAJIN3ALLA

OMNTUYECKOIO TPAH3NCTOPA

CrieliMajuCTbl pa3paboTaayd HeCKOIbKO BapHAHTOB

peayiM3aliu ONTUYeCKOro TPAaH3KUCTOpa AJIsl Teparep-

11eBOM BBIUMC/IUTEIbHOM TeXHUKHU:

* IOIYIPOBOJHUKOBbIE TPAH3HUCTOPLl Ha KBAHTOBBIX
TOYKaX, HaIIpuMep Ha 6aze InP;

* OHOATOMHBIE TPAH3HUCTOPBI;

* MHKpPOONTHYeCKHe HHTeppepeHIMOHHbIe 3JIe-
MEeHTBI, OCHOBaHHBle Ha 3ddeKkTax HeJIUHeNHOU
OIITHKH, HalTpuMep Ha 3¢ PekTe Keppa;

e OCHOBaHHBIE HA MAarHUTOOITUYECKUX 3PdeKTax;

* OCHOBaHHBbIe Ha POTOHHBIX KPHUCTA/UIaX C HAHOMO-
6aBkaMHU Ag U Au.

HegaBHO HeMeLIKHe HCC/IeIoBaTe/IM M3 MHCTUTYTa
Makca IlnaHKa [4] oMecTHIH aToM PyOHAHS B KOH-
CTPYKLHIO MeXJy IBYMS TOHKMMHU 3epKaJIaMH, Haxo-
OAIIMMUCS Ha PacCTOSHHUU IOJIMMHLIMMeETpa Ipyr
OT JIpyra. 3aTeM OHU HaIlpaBHJIM JIa3ep Ha AaHHYIO
KOHCTPYKIIMIO, HACTPOUB €ro TaK, YTOObl aTOM Haydasl
OTpaskaThb CBeT. 3aTeM HAIIPaBU/IM Ha aTOM BTOPOM
YIOPABJISIOIMU JIyd JIa3epa C MHOM YaCTOTOM H3JTy-
YeHHSI 07, IIPSIMBIM YIJIOM K IIepBOMY U HaCTPOMUIHU
ero Tak, 4YTOObI CO3[aTh YC/IOBHS IIPO3PAYHOCTH MAJIS
[IPOXOKIEeHH S H3/IyueHHs [1ePBOro Jla3epa depe3 KOH-
CTpyKLHIO (pHC.2). TaKKM 06pa3oM, CHCTeMa IOTydHIa
[Ba COCTOSTHHS ~ [IPO3PavyHOe U HeIlpo3pavyHoe, I10 aHa-
JIOTHM C OTKPBITBIM M 3aKPBITBIM COCTOSIHHEM KJIACCH-
YeCKOro TPaH3UCTOpa. [IomoOHBIM KBaHTOBO-MeXaHHU-
YeCKHMM TPaH3HCTOp (TYHHeIHPOBAHHBIN TPaH3KUCTOP
C IBOMHBIM 3JIeEKTPOHHBIM c10eM, Double Electron Layer
Tunneling Transistor, DELTT) 6bu1 pa3paboTaH KOMaH-
por Sandia B ysabopaTtopuu JlernapraMeHTa SHEPrUH
(DOE). Ilo maHHBIM Sandia yCTPOMCTBO B COCTOSIHHH
KCIIONIHATh TPU/UIMOH OIlepalliH B CeKyHIy, T.e. B 10
pa3 6bIcTpee CaMbIX COBepIIEHHBIX TPAaH3HUCTOPHBIX
CXeM, MCIIOIb3yeMBbIX B HaCTOsIllee BpeMs.

MO>KHO IIOCTPOUTH [IepeK/IouaTe/lb Ha BOJIOKOHHOM
HJIM IIJIAa3MOHHOM YCHJIMTe/Ie, OLHAKO M3-33 HHEePTHO-
CTH aKTHBHOM CPefibl CKOPOCTH IIepeKITIoYeHUs OyayT
rnopsiaka MI.

Jpyron BaphaHT - 9TO TPaH3UCTOPHI Ha GalnPAs [5],
(puc.3-5), KOTOpble IIPOM3BOASTCSI TAaKKMMH 3apybesk-
HBIMH KOMITIAaHUSIMH, Kak Oclaro u aXenic, HanpuMep
MOZY/IATOp THIa Maxa-lleHnepa, KOTOPBIM [e/1aeTcsl
Takke Ha Huobate nutus wiu Ha Si:SiO, (puc.6-8)
C KOJIBLIEBBIM pe30HaTOpoM [6].

[lepcrieKTUBHBIM BapHaHT OINTHUYECKOro TPaH3H-
CTOpa MOXKeT HCII0/Ib30BaTh IlepeK/IloueHHe HaMarHH-
YeHHOCTH B peppoMarHeTHKax IIPH B3aKMOJEHCTBUH
Pa3IMYHEIX CTPYKTYP € $eMTOCeKYHIHBIMH HMIIYJIb-
caMHu 7asepHoro usnyueHus [7, 8] (puc.9). deppomar-
HEeTUKaMH MOryT 6bITh MnFe, TmFeO;, FeBO; mu
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Puc.2. O0HoamomHubil mpan3ucmop
Fig. 2. Single atom transistor

THE VARIANTS OF OPTICAL TRANSISTORS
There are several variants torealize the most important
thing for THz computers - an optical transistor:
« semiconductor transistors on quantum dots, for
example InP;
+ single atom transistors;
+ on the micro optical elements using interference
or the Kerr effect;
 using magneto optical effects;
+ photonic crystals with nanoadditives of Ag and Au.
Forexample, notalong timeago, Cerman scientists
from Max Plank institute [9] of quantum optics put
the Rubidium atom between two thin mirrors located
at a distance of half a millimeter of each other.
Then they directed a laser beam on the construction,
tuning it so that the atom began to reflect light.
Then directed to the atom the second control laser
beam another frequency at right angle to the first
and tuned it so as to create transparent conditions
for the passage through the construction the first
laser beam (Fig. 2). So, the system started to have the
two stages - transparent and opaque, like open and
close stages of a classical transistor. The quantum
mechanical transistor, like this (Tunneled transistor
with a double electronic layer, Double Electron Layer
Tunneling Transistor, DELTT) was developed by a
team of Sandia Laboratory in Department of Energy
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DN1eKTpog, vV
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Puc.3. Snekmopoonmuueckuli modyasimop muna
Maxa-LleHdepa
Fig. 3. Electro-optical Mach-Zahnder modulator
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Puc.4. VinmezpanbHas cxema ¢ ModyAsmopom
Maxa-LleHdepa
Fig. 4. Integrated circuit with Mach-Zahnder modulator
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Puc.6. Snekmpoonmuyeckuli ModyAsimop Ha KpemHUU € KoAb-
UesbiM pe3oHamopom
Fig. 6. Electro-optical silicon modulator with ring resonator

Ha GdFeCo (puc.10). CucTeMBl Ha 3THX MaTepHasax
TpebyIoT 6O/IBIION MOLIHOCTH, II03TOMY B HACTOsIIee
BpeMsi Be[yTcs pa3paboTKU II0 MajOMOLIHOMY IIepe-
KJIIOYeHHIO Ha eppuTe rpaHara [9).

3ToT 3¢PeKrT aHamorudeH 3¢PeKTy IepeKiaroue-
HUSI HAMarHUYeHHOCTH B CIHMH-BEeHTHJIBHBIX CTPYyK-
Typax TOKoMm (puc.ll), KOTOpBIM OIMCBIBAeTCS YpaB-
HeHHeM JlaHzaay-JIuBmuna-Tunsbepra c npepakTopoM
CIIMHOBOM 30 PeKTUBHOCTH IlepeJlayl BpalllaTeTbHOI0
MomeHTa CioHYeBcKoro-bepske [6]:

oM
ot —[Mx Heff]+

oM

Mx—
Jat

%[ ]+yIG[Mx[erM]] ,

h
rae M - HAMarHMYeHHOCTh; TOK = ———]; Maraur-
2et.M

SE _2K

Hoerione H ;= - ~—e,(e,M) ;y, au G~ KOHCTaHTHI.

«~— p**-InGaAs contact

p**-InGaAs absorber
~— InPcollector
> n~-InGaAsP WG

n*-InP

«— n**-InGaAs or

n*-InP InGaAsP contact

Semi-insulating InP substrate

Puc.5. Tononozuueckue caou 8 modyasimope Maxa-LleHdepa
Ha UHMezpanbHoU cxeme

Fig. 5. The Topological layers of Mach-Zahnder modulator on
integrated circuit

(DOE). According Sandia, the device is able to perform
a trillion operations per second, that is 10 times faster
than the most advanced transistor circuits currently
in use.

It is possible to build a switching on fiber or
plasmonic amplifier, but because of inertness of the
active medium the speeds of switching would be
~MHz.

Another variant of optical transistors is transistors
on GalnPAs [3], which are produced by such
companies as Oclaro and aXenic, for example a Mach-
Zahnder modulator (Fig. 3-5), which is produced also
on lithium niobate. Or on Si: SiO2 [4] with a ring
resonator (Fig. 6-8).

The most perspective variant of an optical transistor
is switching a magnetization in ferromagnetics by the
interaction of different structures with femtosecond
laser pulses (Fig.9). For example on MnFe, TmFeO3,
FeBO3 or on GdFeCo (Fig. 10), however, these materials
need high power, now is being developed low power
switch on ferrite garnet [7].

Through Port ¢

Input Port

Puc.7. CoeduHeHusi MOOyASIMOpPO8 HA KpeMHUU C KOAbUEBbIM
pe3oHamopom.
Fig. 7. Connections of modulators with ring resonator
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Crystalline Sillicon

Puc.8. Onmuyeckas wuHa 0aHHbIX U3 KpeMHUeblx ModyAs-
mopos 8 cepsepax Google

Fig. 8. Optical data bus with silicon modulators in servers of
Google
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Puc.9. O6o6uieHHas cmpyKmypHas cxema nepekAloYeHus
HamazHuyeHHocmu [5]

Fig. 9. The structure scheme of the switching of
magnetization [5]

[Ipy mepexkaYeHUY HaMarHUYeHHOCTH CBETOM
(puc.12) mone nasepHoro m3nydeHuss SHa moBopavu-
BaeT HAaMarHHU4eHHOCTb M [9]:

oM
e —y[Mx(H,, +Ha)|= —y[Mx Heff]+%[Mx

M
ot

Hanmpumep, CymiecTByeT BapuUaHT, KOTAa AJid
peanus3anyy ONTHYECKOro IMepeKIIovaTe/ s UCIIOb-
3yI0T 3QQeKT MepeKTIoYeHHs HaMarHUYeHHOCTH
beppoMarHeTUKOB C MOMOIIBIO JIa3€PHBIX UMITYJIb-
COB $eMTOCEeKYHIHOMH [JJIMTEeJIbHOCTH., JTO MOXeT
OBITH 3/71eKTPOONTHYECKHMH MOAYISATOP THIa Maxa-
Lengepa, oH paboTaeT, MeHSS ONTHYeCKHUH IyTh
[0/ B BOJNIHOBOZE, MEHss IIOKa3aTeslb IIPeIoMIie-
HHUS B OJHOHM M3 BeTBeH BOJHOBOJA, H3-3a Yero
Ha BbIXOJE€ JIYyYHM C pPa3/IMYHBIMH (1)a3aMI/I HUHTEp-

bepupyoT Apyr C Apyrom.

There is such effect, as reversing in a reproducible
manner magnetization by single circularly polarized
laser pulse, without any applied magnetic field. This
is fully optical ultra fast switching. There is such
memory on ferromagnetic domens of spin-switching
structures (Fig. 11), which reverse their magnetization
by current (by electron’s spin). So the same effect
we can use by photon’s spin, it also is described by
Landau-Livshiz-Hilbert equation [6]:

oM o oM
I=—y[MxHeff]+M[Mx¥]+yIG[Mx[ez xM]] ,

= h ]
2et,M?”’

e,(e,;M), y, a and

where M - magnetization, current I

magnetic field Heff=-6E 2K

BMeCTO 3/1eKTPOJIOB MOXKHO HaHe-
CTHU MaTrHUTHBIE IVIEHKH U, Iepe-
KJII0Yas HaMarHU4eHHOCTh
B HHMX H3JIy4YeHHEeM M3 IPYyroro
BOJIHOBOJA, MOJEIHPOBATh IIOKA-
3aTesIb IIPEeJIOM/IEHHSI BHEIIHKM
MarHUTHBIM II0JIEM.

MEPCMNEKTUBHDIE
MPUBOPDI

KOMIIOHeHTBl 371eMeHTHOM 6a3bl
bOTOHUKM HeobXOOUMBL IS pea-
JH3allMH OIITHYECKOM BBIUHCIIU-
TeJIbHOM TeXHHUKHU, O POTOHHBIX
aHaIoro-nrQpoBeIX MIpeobpa3oBa-
Tenen (ALID) (puc.13) m gns cos-
OAHUS MPOLECCOPOB, CIIOCOOHBIX
YMHOXKATh BEKTOP Ha MaTpPHILY.

G - constants.
Lor TR
L [ up”
4 4]
> -
M SiN (5-60 HM) 3 0.5
= B
S
GdFeCo (20-30 HMm) = 0t
N
SiN (5 HMm) 2 i
AlTi (0 am 10 HMm) g—O,S +
Float glass r “down’
or SiN membrane -1,0 | M
-2 -1 0 1 2
Puc.10. Cmpykmypa Ha GdFeCo u 2paduk usmeHeHust HaMAazHU4eHHoCmu
Fig. 10. Structure of GdFeCo and the changing of magnetization
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Puc.11. CnuH-8eHmenbHas cmpykmypa
Fig. 11. Spin-switching structure

&Ha

Hegt

Puc.12. [NepeknoveHue HaMazHU4eHHOCMU ceemom
Fig. 12. Switching magnetization by light

B xoHue 90-X roAoB IIPOIIJIOr0 BeKa BeJIHCH
paboThl IO CO3JaHUIO HHTErpPabHOTO MOAYJIS
ONTHUYECKOr0 KOMIIbIOTEpAa C JIOTH4YeCcKoH
MaTPHYHO-TEH30pPHOM  OCHOBOH, Ha3BaH-
Horo HPOC (High Performance Optoelectronic
Communication) (4], (puc.14). B ycTporcTBe IjIa-
HHPOBAJIOCh HCIIONb30BaTh BXOAHYIO MaTpPHLY
VCSEL-na3epoB (Vertical Cavity Surface-Emitting
Laser), coefHHeHHYI0 IIJIaHAaPHBIMH BOJHOBO-
OaM{ U OOBIYHOM ONTHKOM C MaTpHULIAMU Ilepe-
KJAIOYeHHs Ha OCHOBe ANUPPAaKIHOHHBEIX ONTH-
YeCKHUX 3JIeMeHTOB. BrIXomHas cucTeMa AOJIXKHA
COCTOSITb M3 MATPHILBl JTaBHHHBIX GOTOLHOMAOB,
COBMeIleHHOMN C MaTpHULeH BepTUKaIbHO-U3Jy4a-
IO X THOLOB.

When we switch the magnetization using light
(Fig. 12), the field of the laser pulse 8Ha turns the
magnetization M [7]:

oM
ot —[Mx(H +Ha)]=-y[MxH_]+ % [Mx

M
ot

Forexample, onevariantofrealizing the optical
switching, using the magnetization switching by
the femtosecond laser pulses in ferromagnetics
can be an electro optical Mach-Zehnder modulator,
it works, changing the optical path of the field in
the waveguide, changing the refractive index in

one of the branches of the waveguide by voltage,
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Fig. 13. Photonic ADC
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OmnbITHBIE 00paslpl IIOKa3aad IIPOU3BOAUTEND-
HOCTb 4.096 T6-c!, a mpemBapHTe/bHble OLIEHKHU
II0Ka3bIBa/IM, YTO JAHHAS CHCTeMa CII0cobHa pa3BUTh
CKOPOCTH 10'° omepalivil B CeKYHY C SHepPruei MeHee
1d/Ix Ha omHO mepekIoueHUe, [1o paay IpUYMH 3TU
paboTsl 6bUIM IpeKpallleHbl. B HacTosillee BpeMs
dupma Opticomp Corporation paspaborana HOBBIH
MHTerpajbHBIH ONTHYeCKHUM 3JIeMeHT, COCTOSIIHUH
13 MaTpulel VCSEL-71a3epoB U $OTOLETEeKTOPOB, Coe-
OUHEHHBIX BOJTHOBOJOM. B KOMIIAaHMH IJIAHUPYIOT
HCIIONIb30BaTh JAHHBIE YCTPOMCTBA KaK Ays obpa-
60Tk MHGOPMALIUK, TaK U [/ CO3MAHUS CBepXObI-
CTPBIX IlepeK/Io4yaTelel B CBEPXIIJIOTHBIX BOJIOKOH-
HBIX JINHHUSX CBSI3H.

Onrtudeckui mpoueccop Enlight256 (puc.16, 17)
SIBJISIeTCSI TUOPUIHBIM: B HEM MEeHSeTCsI TOJBKO SIAPO,
a BCe OCTa/bHBble 3/IeMeHThl OCTAIOTCS 3/l1eKIpuUue-
ckuMu. Ilo mpuHnuny gerctBus Enlight256 sBis-
eTCsl aHaJIOTOBBIM OINTHUYeCKHM BBIYHCIHUTETbHBIM
YCTPOMCTBOM. AIIIIapaTHO OH IIpeJCTaBisieT COOOM
Pa3BUTYI0 THOPUIHYI0 LHUPPO-aHAIOTOBYIO CUCTEMY,
Coflep>Kalllyl0 KaK ONTHYecKHe y3JIbl, TaK U Heobxo-
OUMBble B HUHKeHEePHOHM IIpaKTUKe KOMIIbIOTepHBbIe
y3/1bl (HallpHMep IOMYISIPHYIO B LIUPPOBOL TeXHUKe
I7151 BCTpalBaeMbIX IPUMeHeHHI peanln3alidio BHY-
TPUCUCTEMHOM OTJIAIKH).

sinpo mporueccopa Enlight256 ontrueckoe, a Bxoa-
Has M BHIXOJHAsi HMHQOpPMALHs IIpefCTaBIsSeTCs
B 3JIEKTPOHHOM BHe. Sapo cocTouT U3 256-tu VCSEL-
7a3epoB, MPOCTPAHCTBEHHOIO MOAY/IATOpa CBeTa,
Habopa JIMH3 U IPUEMHHKOB H3/IydeHMs, obpasy-
IOIIMX OINTHYeCcKylo Marpuny VMM (Vector-Matrix
Multiplication). Marpuiia KOHBEPTHPYeT 31eKTPH-
YeCKyl HHQPOPMALIMIO B CBET, 3aTeM IIPOM3BONHUT
HeobxomuMble Ipeobpa3oBaHUs 3TOM MHGOPMALIUY,
HaIlpaBJsisl CBeT Uyepe3 IPOrpaMMHUPyeMyIo BHYTpeH-
HIOIO OIITUKY. BBIXOZHOe H3/1yueHle PerUCTPUPYeTCs
IIpHeMHHUKaMHU U Ipeobpa3yeTcsi CHOBA B 3JIeKTpUYe-
CKHMI cHUTHal. Ha puc.15 npuBefieHa cxema paboThl
S Pa 3TOTO IIPOLIeCcCcopa.

BHYTpH ero "BBIYMCIMTENBHOIO sApa’ Haxo-
OUTCSL IapajjelbHasi CYeTHas MallMHA CO CIeLu-
AJIM3UPOBAHHOM apXHUTEeKTypPOH, ONTHMa/bHOM IJIs
BBIIIOJIHEHU S 33/la4l YMHOXXEHHS MaTPULBI Ha BeK-
TOp. 3a OOMH TaKT AJIMTEJbHOCTBIO 8 HC IIPOLIeCCcop
Enlight256 cmocobeH mepeMHOXHTH BeKTOp U3 256
3JIEMeHTOB Ha MaTPHUIy Pa3sMepHOCTEIO 256 X256, Pas-
paborunku Lenslet orpaHUYMIN AHAIA30H 3Haue-
HUN 3/IeMeHTOB BeKTOpa M MaTpPHULBl YHCIOM 256,
COOTBETCTBYIOIIMM TPAaAHUIMOHHBIM 8-6UTHBIM
LelblM 4YucIaM. TakuM 06pa3oM, IPOM3BOAUTENb
HOCTh mporeccopa Enlight256 cocrasnsier 8-10%2 orre-
palluM B CeKyHAY: 3a OAMH TakT (8 HC) IIpolieccop
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(i=1,2,3)

Puc.15. MpuHuun pabomel 50pa VMM
Fig. 15. The principle of VMM core

so the output light interferes with different
phases (or with the same phase without voltage).
We can use magnetic films instead of electrodes,
and use the magnetic field, instead of electric
field, for the index of refraction modulation. So
using the one optical fiber for index of refraction
modulation by magnetic field, we can modulate
the light field in the other optical fiber, which
gives an optical-optic’s modulation - fully optical
switching.

PERSPECTIVE DEVICES

The components of the photonics element base are
necessary for the realization of optical calculating
machines, which can be built on the basis of lithium
niobate (waveguides can be created by a femtosecond
laser), for photon analog-to-digital converters (ADC,

Optical Vector-Matrix Multiplier

EnLight 256, Q2/2004

EnLight Alpha System POC, March 2003

Puc.16. Enlight 256 Ha uHmezpanbHoU cxeme
Fig. 16. Enlight 256 on the integrated circuit
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Puc.17. Mpoueccop Enlight 256
Fig. 17. Processor Enlight 256

YMHOXaeT 256-6aMTHBIN BeKTOp Ha 256x256-6amT-
HYyI0 MaTpuly. Ka>KAbIH 3/7IeMeHT BXOJHOIO0 BeKTopa
IIPOEKTHPYeTCsl Ha CTonbel] MaTpULIbl. KaskAbIH s
MaTpHUIbl IIPOEKTHUPYETCS Ha OAUH JEeTeKTOpP B BeK-

Tope pesynpTaTa (BbIBOAA). IIporpaMMHpOBaHHe

OIITHYECKOro LKUPPOBOro CHIHAJIBHOIO IIpoleccopa

3aK/I04aeTcd B M3MeHeHHUH 3HaUYeHH U IPOIYCKAHHU S

sg4YeeK IPOCTPAHCTBEHHOIO MOAYIATOpa. 3arpyska

NpUJIOKeHU s (MK JaHHBIX BHYTPH OTHE/NIBbHOIO IIPH-

JIO’KeHHS) OCYIeCTBASeTCS IyTeM 3aMeHBbl 3Haye-

HHUM MAaTPHLEl B IPOCTPAHCTBEHHOM MOIY/ISATOpe

(puc.18).

OnTudyeckasgs marpuinia VMM CcOCTOMT U3 Tpex

OCHOBHBIX 3/IeMEHTOB:

1. JluHeuKkH M3 256 MONYyNPOBOLHUKOBBIX VCSEL-
J1a3epoB, KOTOphIe IIPeICTaBJISAIOTCSA KaK BEKTOD,
COCTOSIIIHUH U3 256 37IeMeHTOB, U SABJISIOTCS O0HUM
13 "PerucTpoB’ ONTHYECKOr0o apuPMeTHUeCKOro
JIOTUYeCKOr0 YCTPOKCTBA, KaKA I 3/IeMeHT KOTO-
POTr0 —3TO YHUC/IO Pa3psiLHOCTBIO 8 OUT.

2. Ympasisiolee CBEeTOBBIM IIOTOKOM MHTErpPa/ibHO-
OIITHYeCcKoe YCTPOMCTBO Ha ocHoBe GaAs/GaAlAs
IIOJIYIIPOBOJHUKOBLIX CTPYKTYpP C KBAHTOBBIMU
smMamu (Multiple Quantum Well). YcrporicTBo
COCTOMT K3 MATPHULBL 256X256 ITPOCTPaHCTBEH-
HBIX MOJY/ISITOPOB, PabOTAIONIMX HA OTPasKeHHUe.

3. JInHeHKHU K3 256 GOTOIPHEMHHKOB H3/Iy4deHHS,
KOTOpPBle MHTEIPUPOBAHBl B MaCCHUB aHaJIOrOBO-

i1

Fig. 13), and for creating processors capable of
multiplying a vector by a matrix.

In the late 90-es of the last century there were
workings on the creation of an integral module
of the optical computer with a logical matrix-
tensor foundation called HPOC (High Performance
Optoelectronic Communication) [9], (Fig. 14). The
device would be used input matrix of VCSEL lasers
(Vertical Cavity Surface-Emitting Laser - Surface
Emitting Laser Vertical Cavity) connected planar
waveguides and conventional optics with switching
matrixes based on diffractive optical elements,
and an output system consisting of an array of
avalanche photodiodes, combined with a matrix of
vertically emitting diodes. Prototypes have shown
productivity 4.096 TB/s, and estimates indicate
that the system is able to develop a speed of 10%°
operations per second with an energy of less than 1{]
per switch. However, due to the several reasons work
was stopped. Currently the company "Opticomp
Corporation” has developed a new integrated optical
element, consisting of a matrix of VCSEL lasers and
photo detectors connected waveguide, and plans to
use these devices, how to process information, and
to create a super fast switches super dense fiber
communication lines.

The optical processor Enlight256 (Fig. 16,17) is a
hybrid. It only changes the core, and everything
else remains electric. It is based on the principle
of operation of an analog optical computing device,
and it is a developed hybrid digital-analog system,
which contains both optical nodes and computer
nodes necessary in engineering practice (for example,
the implementation of in-system debugging popular
in digital technology for embedded applications).

The core of the Enlight256 processor is optical, and
the input and output information is presented in
electronic form. The core consists of 256 VCSEL lasers,
a spatial light modulator, a set of lenses and radiation
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Puc.18. MpocmpaHcmeeHHbil modyasmop Ablaze
Fig.18. The spatial modulator Ablaze

cBeToBOoro mpeobpasoBaHus (Analog to Digital

Converters).

EnLight256 ys>xe ceryac MCIIO/Ib3yeTCsl [J1sl pellle-
HUS 3a7ady, TpeOYyoNIHX BBICOKOKM IIPOU3BOLU-
TeJIbHOCTH, B YaCTHOCTH, OJHUH IIPOLIECCOP TaKOIro
TUIa crocobeH B peasbHOM BpeMeHH 0b6pabaThl-
BaTh A0 15 BuUAeokaHanoB cTaHpapta HDTV. OH
MOsKeT HCII0TIb30BaThCs /IS pacIIO3HaBaHMUS T0JI0Ca,
yejoBeYeCKUX JIHI, 00paboTkH H306paskeHUM
U T.n. IIpubop HaeanbHO MOAXOAUT AJISL IPUMeHe-
HHUSI B BOEHHBIX paZilapaX BBICOKOIO pa3pelleHUs,
TaK Kak crocobeH obpabaTeiBaTh AaHHBIe OT Mac-
CHUBOB aHTeHH. Kpome Toro, pasmepsl EnLight256
(15x15x7 cm3) II03BONISAIOT pa3MellaTh ero Ha TPaHC-
IIOPTHBIX CPe/ICTBAX.

3AKJTIOYMEHUE

ITOMHMO OITHYECKOTO TPaH3UCTOpa, KOTOPBIH Cel-
Yac HaXOAHUTCS Ha CTafuHu pa3paboTku, Ans pea-
JMH3aLlMK OITHYeCKOM BBIYMC/IHTENIbHON TeXHUKU
MO>KHO HCIIONIb30BaTh YK€ BBIIIYCKaeMble CHCTeMBI
1 3/IeMeHTHI — II0JIyIIPOBOJHHUKOBbIE U BOJIOKOHHBIE
Na3epbl, YCHUIUTENN - BOJOKOHHBIE MM MeTasIH-
YyecKHe IIapUKH-Pe30HATOPhI, a TaKXe CKOHCTPYH-
POBaTh BOJIOKOHHBIM KOHIEHCATOp, KOTOPBIH OymeT
paboTaTh TaK, KaK U 3NeKTPOHHBIN [/ IepeMeH-
HOTO CUTHa/a. ITU NpUboprl He06XOAUMBIL [IJISI CO3-
OAHHS HOBBIX CHCTeM - ¢oToHHBIX AIIIl, mpolec-
COpOB, CIIOCOOHBIX YMHOXaTb BeKTOP Ha MaTpHILY,
U IepClHeKTUBHON LHQPOBOM BBIYHCIHTEIBHOMU
TeXHUKH, CJIeJYIIHM [OKOJeHHeM KOTOPOH
JOJIKHBI CTaTh GOTOHHBIE HHTEIPa/IbHbIE CXEMBI.
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receivers that form the Vector-Matrix Multiplication

(VMM) matrix, which converts electrical information

into light, then makes the necessary transformations

of this information, directing light through a

programmable internal Optics. The output radiation

is registered by the receivers and converted again into
an electrical signal. In Fig. 15 is a diagram of the
operation of the core of this processor.

Inside its "calculational core,” there is a parallel
counting machine with a specialized architecture,
optimal for performing the task of multiplying the
matrix by a vector. For one clock, 8 ns duration, the
Enlight256 processor is able to multiply a vector of 256
elements into a 256x256 matrix. Lenslet developers
have limited the range of values of vector and matrix
elements to 256, corresponding to traditional 8-bit
integers. Thus, the performance of the Enlight256
processor is 8 - 102 operations per second: for one
clock cycle (8 ns) the processor multiplies the 256-
byte vector by 256x256-byte matrix. Each element
of the input vector is projected onto the column
of the matrix. Each row of the matrix is projected
onto one detector in the result (output) vector. The
programming of the optical digital signal processor
consists in changing the transmission values of the
cells of the spatial modulator. Loading an application
(or data inside a separate application) is done by
replacing the matrix values in the spatial modulator
(Fig. 18).

The optical matrix of VMM consists of three main
elements:

1. Line of the 256 semiconductor VCSEL lasers, which
are represented as a vector, which consists of 256
members and is one of the "registers" of the optical
arithmetic logic unit, each element of which -1is
the number of 8 bits.

2. Control the light flux integrated-optical device
based on GaAs / GaAlAs semiconductor quantum
well structures (Multiple Quantum Well), which
consists of a matrix of 256 x256 spatial modulator
working in reflection.

3. Lines of light photodetectors 256, which are
integrated in an array of analog-to-light conversion
(Analog to Digital Converters).

EnLight256 is already used for applications
requiring high performance, such as a processor of
the type capable of real-time process up to 15 video
channels HDTV standard. It can be used for voice
recognition, human faces, and image processing,
etc. The device is ideal for use in military radar high
resolution, as is able to process the data from the
array antennas. In addition, EnLight256 dimensions
(15x15x7 cm?) allow you to place it on the vehicle.
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generators -

investors.

CONCLUSION

Not only transistor, which is being developed,
also it is possible to use the existing systems
and elements for realizing optical computers:
semiconductor
amplifiers (fiber or metal-balls resonators), it’s also
possible to construct a fiber capacitor, which will
work as an electronics’ one for an alternating signal.
These devices are necessary for the creation of new
systems - photonic ADCs, processors, which can
multiply a vector by a matrix and for perspective
digital calculating machines, the next generation of
which should be photonic integrated circuits, which
are developed faster every year and get more and more

i1

and fiber lasers,

MEXIYHAPOIHBIV IEHbh CBETA

MexayHapoAHbIi  OeHb  CBeTa
oyaoeTt NpOXoaAuTb eXXeroaHo
16 mas, B TrOAOBLIMHY MepBoOu
yCnewHon geMoHCTpauuu nasepa
B 1960 rogy ®u3MKOM ©N WNHXKe-
HepoM Teogopom MamMmaHOM.
A HayMHanocb BCe C MHULMATUBDI
IOHECKO nposectn B 2015 roay
MexayHapoAHbIv roj cBeTa U cBe-
TOBbIX TeXHONOTrMK. MeponpuaTus
NnpuBAEKJAN BHUMAHWE 3HAYUTENb-
HOW ayauTopun M npownu B 147
CTpaHax mupa.

Ycnex MexayHapoaHoOro roga
cBeTa CO BCeM OYeBUAHOCTbIO
nokasasn, 4YTo npoBo3rjaweHune
MexayHapogHoro OHsA cBeTa
npuBeso K TMOBLIWEHUNIO pPONn
CBETOBbLIX TEXHOJIOTMM B Hayke
M TexHuke, CTUMYIUPOBAHUN
obpa3oBaHNUS U COBEPLUEHCTBO-
BaHWWM Ka4yecTBa >XWU3HW BO BCEM
Mupe.

MIMEHHO no3ToMy 19 ceHTA6ps
2016 roga, Ha 200-n ceccum KOHE-
CKO 6blna npuHaTa pesoatouums,

noaaep>Xxuneatolas MexayHa-
POAHbLIA AeHb cBeTa. Pe3onouus
6blna npeactaBneHa WMCNosHU-

TenbHomy coBety KOHECKO npeg-
ctaBuTenamMmun  FaHbl, MeKkcukun,
HoBown 3enaHamu m Poccumckom

®epepaunmn.  VNCNONHUTENbHbIN

copeT KOHECKO npuBeTcTBOBanN

npegnoxeHne, opobpun Hame-
peHMe nNpoBO3rNacUThL Mexay-

HapoAHbIN [eHb CBeTa W peKo-

MeHAOoBan FeHepasibHOM

KoHpepeHunn KOHECKO Ha 39-1

ceccmm  NpUHATL  pe3osoLUIo

0 ee npoBo3raaweHuun. Pesonto-

umMa  McnonHUTENbHOro coBeTa

FOHECKO 6bina opobpeHa TleHe-

panbHonm KoHdepeHunen HKOHE-

CKO Ha ee 39-1n ceccumn 7 Hoabps

2017 ropa.

OCHOBHbIMU LenssMu MexayHa-
pPOAHOro AHS CBeTa ABASKOTCSA:

s dopmumpoBaHme B o0buecTse
MOHMMaHMs TOro, Kak cBeT
N CBETOBblE TEXHONOIMMW 3aTpa-
rMBAKOT MOBCEAHEBHYIO XXMU3Hb
KaXAOoro 4yenoseka W urpatwoTt
LEeHTpasibHYyI0 pofib B pa3BuTUMN
rnobasbHOro obuiecTaa.

m HapawwuBaHue o6pa3soBaTenb-
HOro MoTeHuMana B CBeTOTEX-
HWYeCcKoM oTpacaM Mo BCEMY
MWpY nNoOCpeaCTBOM MpuBne-
YeHUss B NpPodUNbHble Hay4-
Hble HamnpaB/ieHNS MOJIOLEXMU,
C y4eToM reHgepHoro 6anaHca
N 0CO6bIM BHUMAaHMEM K pa3Bu-
BaOLWMMCS CTPAHAM U CTPaHaM

C DOPMUPYIOLLUMCS PbIHKOM.
= [leMOHCTpaunsa HepaspbiBHOM

CBSI3W MeXAy CBeTOM, WCKyC-

CTBOM U KyAbTypou, MOBbI-

LeHne poJin CBETOBbIX Tex-

HOMOrMK  ONsi  COXpaHeHus

Ky/JIbTYPHOr O Hacnenms.
= PacwunpeHune mMexxayHapon-

HOro CoTpygHu4ecTBa nocpen-

CTBOM MCMNOJIb30BaAHUSA €4MHOT O

MHOOPMaALMOHHOTO pecypca

ONsi KOOPAMHWMPOBaHUA  pes-

TeNbHOCTU UCCNefoBaTeIbCKUX

coobuecTts, NpaBUTENbCTBEH-

HbIX  y4pexaeHun, y4ebHbIX

3aBefeHunn, NPOMbILLIEHHbIX

W ApYrux napTHepoBs.

B coctas KoopauHauMOHHOro
KoMuTeTa MexxayHapogHoro
OHA  cBeTa BXOAAT nNpeacTaBu-
Tenn HOHECKO, AMepuKaHCKOro
dun3nyeckoro MHCTUTYTA, AMe-
puUKaHckoro dusmyeckoro obule-
cTBa, EBponenckoro ¢mnsmnyeckoro
obuwecTBa, MexayHapogHOM acco-
uMaunm An3amHepoB OCBeLleHus,
MexayHapoAHOro ueHTpa Teo-
peTuyeckon ©GUINKKM U MHOTUe
apyrue.

Calim MexdyHapodH020 dHs c8ema:
www.lightday.org
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