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CoaepkaHue Kypca nekummn

* ba3oBble pyHOaMeHTaNnbHbLIE MOHATUA KNnacCU4eCcKou
N KBAQHTOBOW OMTUKW.

* OCHOBHblE NpakTn4ecKkne rnNpmMmeHeHun.

« HoBble HanpaBneHus n TeHAeHUMN Pa3BUTUA ONTUKN
(pOTOHMKA).
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TpeboBaHuA ANA 3K3aMeHa

* AKTMBHOCTb B peLlueHne 1 3awmTte JoMalLuHUX
3afjaHnN (dK3aMeH aBTOMaTOM)

* YCTHbIW 9K3aMeH. TeOPETUYECKUN BOMNPOC + peLleHne
3agayu
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PazButue onTtukn

OpeBHas rpeuns (MNMudparop, NnatoH, ApuctoTens)
— [MpamonnHenHoe pacnpocTpaHeHne nyyYen, 3aKoH OTpaXKeHus
— 3aKoHbl NperioMnNeHnsa He yaanocb OObACHUTL

OnTtundeckne npmnbopsl (I. MNanunen)
[Mpmnpona ceeTa
— KopnyckynapHaga (HbloToH)
— BonHoag (HOHr, ®peHens)
— 3nekTtpomarHuTHasa (Makcsensn)
— BsaumopgencTteue cBeTa C BELLLECTBOM
— KBaHTOBas Teopusa ceBeTa

OnTrKa B MHPOPMALIMOHHbIX TEXHOMOTNAX Teneckon I Fanunes

— CBasb

— [MamaTtb
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YTO0 Takoe choToHUKaA?

e TepMWH BO3HUK B 0651aCTN MHOPMALMOHHbIX
TEXHOSI0MMU NO aHanornn ¢ aNeKTPOHUKOW.
— 3ne|<Tp0H|/||<a - reHepauund 1 ynpasJrieHnNA 3NeKTpoHaMMu.
— @®oToHMKa - reHepaumna n yrnpaerneHne gooToHamMu

OGOTOHUKA

- QNeKTpoonTmKa

- ONTO9NEKTPOHMKA

- KBaHTOBas aneKkTpoHuKa
OnTuka - OnTudeckve Tenekom, | DNTEKTPOHMKA
- OnTnyeckne aaTymkm

- OnTn4yeckne TexXHonormm
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«POTOHUKa» - Npon3BoaHaNA
cnoBa (pOTOH

KBaHTOBaga ontuka

YcnoBus Koraa
NPOABAAIOTCA
KBaHTOBbIe CBOUCTBA

OneKkTpoMarHmMTHas

Eph = hv = hc/L > kT ONnTUKa

npu kom. temn. 300 K
v=6 THz

CkanspHas
BOJSIHOBAs OMnTuKa

JlyyeBas
onTuKa

d
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JreKTpoMarHuTHas LWKana

Visible light: ~700 nm - ~400 nm

Red Orange Yellow Green Blue Indigo Violet
N A

The electromagnetic spectrum

Wavelength
(In meters)

Size of a

wavelength

Common
name of wave

Sources

Frequency
(waves per
second)

Energy of
one photon
(electron volts)
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3aKkoH Mypa

TPAH3NCTOPLI
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PocT TeMnepaTypbl npoLeccopa c
POCTOM 4acTOThbl

8086

4040 Pentium

486

1970 1980 1990 2000 2010
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JNIeKTPOHHbLIE UHTEerpanbHble
CXeMbl NN onTU4veckue

FUSED VERTICAL COUPLER

A AR
7

InP subvenace
0.4 e LeCGisASP(Ag= 1 45um

m'l b Tuvd.

0.2um AL Ga, As
0.53m AL Ga, As
Jum AL Ga, As
/ 5 > ‘ GaAa substae
: //? /' QE S
6.35 Million Transistors
Six Interconnect Levels Two Interconnect Levels
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Knro4yeBble KOMMNOHEHTbI U
TexXHonormm

* 300peTeHmne KorepeHTHbIX ncTouHMKOB cBeTa (LASER).

Some lasers and their operating wavelength

Laser (optical gain) medium Wavelength

He-Ne laser

C8+ (p) 18.2 nm g = gas

ArF excimer (g) 193 nm s = solid

KrF excimer (g) 248 nm I = liquid

He-Cd (g) 442 nm p = plasma

Ar (g) 515 nm

Rhodamine-6G dye (1) -640 nm

He-Ne (g) 633 nm

Kr= (g) 647 nm

Ruby (s) 694 nm

Ti*=:ALO, (s) 0.66-1.18 um

Nd3+:glass (s) 1.06 pm

Nd3*: YAG (s) 1.064 pm

KF color center (s) 1.25-1.45 uym

He-Ne (g) 3.39 um

FEL (LANL) 9-40 pm

CO, (g) 10.6 um

H,O (g) 1187 pm

HCN (g) 336.8 ym CdZnSe laser

Semiconductor lasers:

CdZnSe 400-550 nm

InGaN 400-550 nm s LEE

GaAlinP 500-800 nm 7\ P

AlGaAs 700-900 nm Lo

InGaAlAs 0.9-1.6 pm =T

InGaAsP 1.0-1.6 pm | {

CdHgTe 3-14 pm 0/ e

PbSnTe 5-um s 2
Isico-
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KnroyeBble KOMMNOHEHTbLI U
TexHonormm

« Co3gaHune onTUYECKMX BOFTHOBOAOB C HU3KMMU NOTEPSIMU
(onTnyeckoe BOSIOKHO).

Optical fibers

s
Cladding, ny<riq

Core medium: GeO,-doped SiO,
Cladding medium: SiO,

Single mode fibers: d ~ 10 um
Multimode fibers: d ~ 50-200 um

Attenuation characteristics:

Attenuation (dB/km)

-
Q
(8]

I

I

I
2

5

L
1.3 1.5
Wavelength (pum)

~ Optran Uitra

; %
R ~ Silica Core

~ - silica Cladding
S
T~ Buffer (Where Appiicable)

Jacketing

Minimum attenuation = 0.2 dB/km @ 1.55 pm
- 4% lost after 1 km

High carrier frequency (IR) ~ 200 THz e
-—p- Available bandwidth ~ 35 THz o
(equivalent to 3.5 million TV-channels in one single optical fiberl) [SICO~
thnical
titute



Obnactun npumeHeHuUs

* /IHopmMaLNOHHbIE TEXHOMOMNMN
— YBenuyeHne CKOpoCTU yrpaBfieHUs1 CBETOM
— YMeHbLUeHNe pa3mMepoB YCTPOUCTB B ¢ o
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* HoBble npymeHeHus _ ekl

MeouumHa
CneKkTpOoCKONUA C BbICOKUM BPEMEHE
NPOCTPAHCTBEHHLIM pa3peLleHnemM

YHUKanbHoe Hay4YHoe 0bopyaoBaHUE
ObpaboTka maTepunarnos
QHepreTuka
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Obnactun npumeHeHuUs

° erMHI/IeBbIe UHTErpalribHbl€ CXEMbl

monolithic elements/arrays

— CMMOMO3 POTOHUKU U SNEKTPOHUKM e.9. InP modulators, SOAs, EAMs  Silicon submounts

--------------------------------------------

— yMeHblUeHWe paanyca noBopoTa
BOJTHOBO/I0B

hybrid platform
optical PCB

(a) (b)
« Loss: 1 dB
+ Area: 0.5 um? » Nonuniformity: o/ = 0.2 (will be improved by design)
* Loss: 0.32 * 0.05 dB/tumn Designed with C. Monolato and H. Haus, MIT;
vs. 0,42 = 0.05 dB/turn for 1-um bend on the same die. Fabricated with P. Maki at MIT Lincoln Laboratories
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 bnomeagunumHckme npMMeHeHus
— HoBas ObICTpo pa3sBuBatoLlasicsd obnactb
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Obnactun npumeHeHuUs

YHuKanbHoe Hay4HOe 0bopyagoBaHme

s . A high-energy, [| 0> Picoseconds
- ultrashort pulse
//

2,000 picoseconds

Initial

short

Short-puise
oscillalor puise 2.000 plcooeoonds Powot lmD‘M A
Long, low-power High-energy

pulse for puise afler
amplification amplification
- r N

— Lawrence Livermore Laboratory nocTpoeH nasep € NMMKOBOW
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Obnactun npumeHeHuUs

« ObpaboTka matepunanos
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OGnacTn npumeHeHUA

« OHepreTuka

v
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Obnactu npMMeHeHus

* HoBble maTtepuansl
— QOpraHunyeckas (nonmmepHasi) poToHMKa
— ®OTOHHbIE KpUCTansbl 1 MeTamaTepuarnbi
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HoBasa dbu3uka

HaHo HoBble HeoDObIYHbIe CBOUCTBA

Lwill not limit science with my theories.
T will ne ith my theories,

T will n ith my 'hlu'l‘es‘
Twill / ith my theorige
Lwill ot lim )
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«POTOHUKa» - Npon3BoaHaNA
cnoBa (pOTOH

KBaHTOBaga ontuka

YcnoBus Koraa
NPOABAAIOTCA
KBaHTOBbIe CBOUCTBA

OneKkTpoMarHmMTHas

Eph = hv = hc/L > kT ONnTUKa

npu kom. temn. 300 K
v=6 THz

CkanspHas
BOJSIHOBAs OMnTuKa

JlyyeBas
onTuKa

d
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ﬂyquaﬂ ONTUKA
(reomeTpUuUecKasa onTuka)

OnepupyeT C NOHATMEM NYYEN, HE3ABUCUMbIX APYT OT
apyra n NoOYMHSAILMXCA OnpeaerneHHbIM 3aKkoHam
pacnpocTpaHEeHUs.

Jlyy —abcTpakTHOE NOHATUNE , @ reOMEeTPUYECKas

onTUKa npepenbHbIv cnyvyan A ~0 (a4nnHa BOSHbI

ropasgo MeHblle pa3mMepoB 0ObLEKTOB)

— B n3oTponHbIx cpegax (CTekno, BoO3ayX) ny4n 9KBUBANEHTHbI
HanpaBneHn pacripocTpaHeHnA CBETA

[TlpumMmeHdaeTca ans pacyeta ONTUYECKNX CUCTEM

doopmunpoBaHust n3obpaxxeHnim (06LEKTUBHI,

MWKPOCKOTMbI, TEJTECKOINbI AN T.IM. loffe
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Technical
Institute

id



MocTynaTbl reoMeTPUYECKON
ONTUKN

« CBeT pacnpocTpaHsieTcsl B BUAe He3aBUCUMbIX Nyden

 [lokasaTtenb npenomneHus onpeaensdeT CKOPOCTb
pacnpocTpaHeHnsa ceeTa

V= c/n

* [lpuHumn ®epma (1660)

Meep ®epma

Ceem pacripocmpaHsemcs ro rnymu, 0ris rpoxoxx0eHUsi Komopo2o
mpebyemcsi MUHUMarIbHOE 8PEMS

B B
L= In(”)dS MPUHLMN MUHUMATBHOM ONTUYECKON AMUHbI
A

B
_ i—loffe
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n= const

JNyuwm B

« OpHopopgHada cpena [n( r )= const] /
— Jlyd npamas

 HeogHopoaHaga cpefa
— B HeogHopoaHom cpeae ny4d n3rmbaetcsl B CTOPOHY YBENUYEHUS
nokasartensi NpenoMnNeHus

d (n(r)ﬂj = gradn(r)]

ds ds

n= f(r)
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nomsieHns (3akoH CHenna XVII Bek)

« 3aKoH npe

AO OB
=4 —
v,
2 2 2 2
Vi +x \/h2 +(p—x)
t= +
£
Sin6, n,
Sin0, n,

3aKOH OTpaXXeHue (BbIBECTU CaMOCTOSATESIbHO)

OKCTPEMYM O3Ha4YaeT He TOSTIbKO MUHUMYM
[Npumep: oTpaXkeHne OT ANNUNTUYECKON NMOBEPXHOCTHN

Bunnepbpopa CHenn
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* Touka B TOUKY - TOMEYHbIE N306paKeHns

(cTMrmaTuyeckoe, BONMHOBas NOBEPXHOCTb cdepa)

e To4yKa — UCTOYHUK pacxogaLLmnxcs fyyen

L

[Napabornu4eckoe 3epkaro

— F —dokyc

®oKyC NONOXUTENBHBI

Cobepuyeckoe 3epkario

— [na napakcuanbHbIX fyden (Manbiv yron K
ONTMYECKON OCU
tanO ~ 0

R
f~2

R — oTpuuyaTtenbHbIn O5ns BOrHYTOM MOBEPXHOCTU U
[MonoXxuTtenbHbIN AS1S9 BbINYKNOW

!

=

=R 1
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Cobepuyeckoe 3epkario

Py=(y),2)

Ty ‘y

oy

Pz =( Yo z3)

Y

L1

Z 4

M=22
Y

zZ, YBenunyeHue

Z)

OTtpuuarenbHoe onsa
nepeBepHYTOro n3obpaxeHus
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[NpenomneHue Ha copepuyeckoli
rnosepxHocmu

(napakcuansHoe NpuUbnmxeHne)

ConpsKeHHble NIIOCKOCTH

4 4 —

zZ,  Z, R

M= Yo _ M2
Vi n, z

Cdhepunyeckasn nuH3a

" /’_\‘\ ToHKas nuH3a - TonwmuHa Mana
MO CPaBHEHWIO C PaaMyCoM
KPUBU3HbI
—" P
| 1 1
,/ — = (n - 1 - -
’_,',81"' Ry Rl R2
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ouonmpuu [m_1 ] = 1

M= _% J
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* Owunbkn, nnn norpewHoCTn M306pa>KeHVIF|, Bbl3blBa€Mbl€ OTKITOHEHWEM J1y4a OT
HanpaelieHnda B naeaslibHOn ontTn4eCckom cMcrtemMe.

Copepuyeckasi Koma (2peuy. sorocel)
bBes HapyLleHna CMMMeETpPpUn ,D,J'IFI yaarneHHbIX OT OCU TOYEK

|

KpususHa nons

Lucmopcus Xpomamu4eckasi

Saeefiant
uu
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S = O =

_3
NG
(o]

1

d

| j —ofHopoaHasa cpeaa

—rpaHuua pasaena

O\

M = -1 — TOHKaA MINMH3a
Vo

Buvieecmu popmyny cucmemut 06yx un3 /= d— ( |- fz) @%
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