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BOJIC
IMo
60JI0OKOHHO-ONMUYeCKas
JIUHUA
CeA3U



Temamuka ooknaoa

- pac4yém napamempoe aHanoz2o8ebix BOJIC CBY
rno napamempam
KOMIJIeKmyrouw,ux 3J;1eMeHmos;

- onpedesieHue mpeboesaHuli

K napamMempamM KOMIIJIEKMyru,ux 3/ieMeHmoe

u ornpedersieHue
onmumalsibHbIX 3Hep2emu4YeCcKUX PeXumMos
3Kcnyamauyuu 3amux 3J7ieMeHmos,
rnpu KOMopbIX
aHanozoeasi BOJIC CBY 6ydem umemsb
noJsioxumeJsibHbiU Ko3ghuuueHm nepedayul.




lIpobniema

aHasnozoeasi BOJIC CBY
L A A A S A A A A A

ycunumenb CBY



Bbipaxaem 6s1a200apHocmb compyOHUKam

Pu3uUKO-mexHuU4Yecko20 uHcmumyma um. A.®. Nogpgpe PAH
www.ioffe.ru

llepmckou
Hay4Ho-lpou3eodcmeeHHol lNpubopocmpoumernbHoOU
KomMmnaHuu
www.ppk.perm.ru

lMepmcko20 20cydapcmeeHHOo20
HauuoHalsIbHO20 uccsiedoeamesibCKO20 yHuUsepcumema
WWW.pSsu.ru

Omckozo 'ocydapcmeeHHO20 YHUsepcumema
um. .M. [Jocmoeeckozo
WWW.omsu.ru



YkpynHéHHasi cxema aHasnio2oeou BOJIC CBY

Uceu.aX Uceu.BbiX

M3l - MoOAY¥/b B9NeKTPO—-OMNTUUEeCKOro MNMPeoBPAa30BAHUA

MOl - mMoay/nb OMNTO—-9NeKTPOHHONO MPEeOBPA30BAHUA

BOT - pOonOKOHHO—-OMTUMUECKUA TPAKT




Modyniu 3s1ekKmpo-onmu4YecKo20 rnpeobpasoeaHusi
C npsiMolU U eHewHeu moadynsyueu

A - lMpaMas MogYNAULMA

MogayAMPOBAHHBIA
N P—— onTriueckun
‘ cMrHan Ad - nasepHN amoa

JOM - anexkTP—ONTUUECKMA
MOANAATOP

Uceu.px

B - BHeuwHARA MOALYNAAULMA

Mo 4y AMPOBAHHDbIM
N4 J0M F—— onTuueckm
‘ curHan

UcaurX




Tunbl 371€EKMPO-0NMMuUYEeCKUX MOOYJISImopos

Anekmpo-noanowarowiue Mooy Imopsbi
+

AP pekm Kenobiwa-PpaHuya

NHmepgepomempsnbl Maxa-LlaHOepa
+

Ippexkm lNokkernbca



MWP
MicroWave Photonic
MukpoeosiHogasi (pOMOHUKa

PaduogomoHuka
BorniHoeoOHasi pomoHuKa

Paduornmuka



www.radioseminar.omsu.ru

OmMckuu
Hay4HbIu ceMuHap
«CoepeMeHHbIe rnpobrieMbli
paduou3uku u paduomexHUKU»

Kaghedpa sakcnnepumeHmarsibHoU ¢hu3uKku U paduogu3uku
Omcko20 eocydapcmeeHHO20 YHUsepcumema
umMm. .M. [Jocmoeesckozo



Mooyaamop Maxa-I]lanoepa

( Mach Zehnder modulator - MZM )
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Mooynamop Maxa-I[anoepa
( Mach Zehnder modulator - MZM )
8 suOe cepmMemu3upoO8aHHON CUOPUOHOTL UHMEZPATbHOI CXEeMbl
( mexnonozus system-on-package )




FubpudHbIie uHMezpasibHble cXeMbl
rnoJslyrnpoeoOHUKOBbIX Jla3epos
( mexnonozus system-on-package )




dDomooemexkmop
8 6U0€e MOHOJIUMHOU UHMEZPATIbHOU CXEeMbl

p type olunic contact

0 tvpe ohumic contact
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dDomooemexkmop 6 euoe

NIAAGHAPHOU 2UOPUOHOU UHMEZPAIbHOU CXeM
( mexnonozusa system-on-package )




dDomooemexkmop 6 suoe
CUOPUOHOU UHMEZPAIbHOU CXeMbl
( mexnonozus system-on-package )




Onmoeo10KOHHDBII Kabeib




Cxema aHanozoeou BOJIC CBY

UceuBX

Uceu.BbiX

¢ Umog >

Ad -
MM -
OBK -

o4 -

Nas3epHbIA A4Moa;
MoavanaToP Maxa-UaHgeraq;
ONTO-BO/MOKOHHLA KAEe/b;
POTOACTEKTOP;

Kn.ceu = 20LglUceu.ebix/Uceupx) = 777




dopmuposaHue ceemo80oOHbIX KaHaJ108

Q) A0 BXAraHWs B) Moc/e BXAraHus

1 - nmacmuHa u3 Huobama numus,
2 - HanbIlJ1IEHHas NMoJIOCKa U3 mumakHa,
3 - ceemo800HhbIl KaHarsl.



Cmpykmypa ceemoe00HbIX KaHas108
moadyrnissmopa Maxa-LlaHOepa

(Uon.ex>
X1

1 - 8X00HOU c8€MOBOOHbLIU KaHaJl;
2 - 8BX00HOU Y - pazeemeumerib;
3,4 - napannesnibHblie UOeHMUYHbIe C8eMmOB800HbLI€ KaHallbl;
5 - ebIXOOHOU Y — ceemeumersib;
6 - 8bIXOOHOU c8eMmMOB0OO0HbIU KaHas



Ippexkm lNokkernbca

Q) Voe Myee imumBaeTCSH

Nt

Vo  f i

B) VOB MMeHbuwaeTCH

Nt

1 - nmacmuHa u3 Huobama numus;
2 - ceemoBO0O0HbIlU KaHall

E|E|E|E




du3uyeckas peanusauyus agpgpekma lNokkenbca

1 - nmacmuHa u3 Huobama numusi;
2,3 - c6emoe8oO0HbIe KaHallbl;
4,5 - KOHMaKmHsbIe niaow,adku ( ynpaesasirouwjue 3s1eKmpoosbl )



lNpurnyun detucmeusi moodyrnismopa Maxa-LjaHOepa

1 - nnacmuHa u3 Huobama numus,
2 - BXOOHOU c8emoB800HbIU KaHaJl;

3, 4 - u0eHMuU4YHbIe c8eMOB800HbIe KaHallbl;

5, 6 - KOHMakmHble niaowaoku ( ynpaensrouwue 351eKmpoosl );
7 - 8bIXOOHOU c8€MmMoOB0OOHbIU KaHasl



BekmopHbie duazpaMMbi Ha ebixode MOAyrissmopa
npu Ukn =0 u npu Ukn # 0
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3asucumocmb Ap om UKn




BekmopHbie duazpaMMbI Ha ebixode MOAysissmopa
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OnpedeneHue 3asucumocmu Ku.on om UKn

Uon.ebix = VCE'l' o
c = Ca/2)sin®
d = (a/2)+(o/2)cosY
o = Uon.ex

® = Uxkn/Upp180°

Uon.ebix =V 0.5(1+cos(U+<|'|/U;,-r)18[]"’)(U0|'|.B><)E

Ku.on = Uon.esx/Uon.ex =V0.5(1+cos((U+<r|/Ugr)180°)




OnpedeneHue 3asucumocmu Kp.on om Ukn
6e3 yyéma 3amyxaHus
8 onmu4yeckoM mpakme moodysisimopa Maxa-LlaHOepa

2
Kp.onmn = PonebXx/Ponepx = Kuon =

(UOI‘I.BbIX/UOI‘I.BX)E = 0.9 +cos(Ukn/Us;p180°)



Cxema aHanozoeou BOJIC CBY

UceuBX

Uceu.BbiX

¢ Umog >

Ad -
MM -
OBK -
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Nas3epHbIA A4Moa;
MoavanaToP Maxa-UaHgeraq;
ONTO-BO/MOKOHHLA KAEe/b;
POTOACTEKTOP;

Kn.ceu = 20LglUceu.ebix/Uceupx) = 777




dopmyna 3asucumocmu Pon.2 om Ukn

Por.2 = Pom.1 x Kp.onm =

= Pom. 1 x [0.5(1+cos((Ukn/Um )180°)]/K3.MmI




I'papuk 3aeucumocmu Pon.2 om Ukn




lNpurnyun detucmeusi moodyrnismopa Maxa-LjaHOepa

1 - nnacmuHa u3 Huobama numus,
2 - BXOOHOU c8emoB800HbIU KaHaJl;

3, 4 - u0eHMuU4YHbIe c8eMOB800HbIe KaHallbl;

5, 6 - KOHMakmHble niaowaoku ( ynpaensrouwue 351eKmpoosl );
7 - 8bIXOOHOU c8€MmMoOB0OOHbIU KaHasl



Modynsauyusi onmu4yeckoao cuzHasia 6e3 noda4yu
HarnpsiXeHUsi cCMeW,eHUs1 Ha KOHMakmHble rniaouwaoku.




Cxema noodayvu Harnpsi)KeHusi CMeu,eHusl

Uon.l Uon.2
(Uorn.ex) (Uon.awx)

LJ

UceuBbXx

1 - nracmuHa u3 Huobama sumusi,
2 - BXOOHOU c8emoB800HbIU KaHaJl;

3, 4 - u0eHMuU4YHbIe c8eMOB00HbIe KaHallbl;

5, 6 - KOHMakmHble rniaowaoku ( ynpaensrouwue 351eKmpoosl );
7 - 8bIXOOHOU c8€MmoOB0OOHbIU KaHasl



OnmumanbHasi pabo4yast mo4ka




Koppekuusi popmynbi 3agsucumocmu Pon.2 om Ukn

Por.2 = Por.1 ~ [0.5(1+cos((Ukm/Usn )1807)])/K3.mmix

Ukm = Ucem + UcBu.BX © cos((Dmt)
Pon.2 = Pon.1 = [0.5(1+cos((Ucm + UcBu.BX * cos((Mmt))Umn )180°)]/K3.mmig
Pexomenayemsble sHauenusa Ucem u UcBu.BX

Ucm =Umr/2

UcBux =Un/10




Modynayus onmu4yeckoa20 cuz2Hasla ¢ nooda4yeu
HarnpsiXeHUsi cCMeW,eHUs1 Ha KOHMakmHble rniaouwaoku.
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BpemeHHbIe pa3eépmku Pon.2 u Pon.3

Pon.3.Mmaxe

Porn.3.MmuH

Pon.3makc = Pon.2mMakc/e
Pon3.mMuH = Pon2mMuH/2




Cxema aHanozoeou BOJIC CBY

UceuBX

Uceu.BbiX
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Nas3epHbIA A4Moa;
MoavanaToP Maxa-UaHgeraq;
ONTO-BO/MOKOHHLA KAEe/b;
POTOACTEKTOP;

Kn.ceu = 20LglUceu.ebix/Uceupx) = 777




BpemeHHblIe pa3eépmku Pon.3 u |
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BpemeHHbIe pa3eépmku I u U

Ue.Makec

Ue.MiH
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Ud.make = Ip.make < 25 Om

Ud.vuH = Ip.vua < 25 Om




Tunu4Has cxema ceepXuwuUpPOKONosIOCHO20
CBY p-i-n pomodemexkmopa

optical
connector
G




BpemeHHbIe pa3eépmku Ug u UceY.ebix

Up
IERINNERNNNNANENNEREEEN

Ucau.abix
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Ucau.awx.Makc-Ucau.aux.MmH=UeMaxkc-Ue mmH

Ill Ucaubux = (Ucausux.mMaxkc-Ucau.BbX.MWH)/2




Cxema aHanozoeou BOJIC CBY

UceuBX

Uceu.BbiX
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Nas3epHbIA A4Moa;
MoavanaToP Maxa-UaHgeraq;
ONTO-BO/MOKOHHLA KAEe/b;
POTOACTEKTOP;

Kn.ceu = 20LglUceu.ebix/Uceupx) = 777




Modynayus onmu4yeckoa20 cuz2Hasla ¢ nooda4yeu
HarnpsiXeHUsi cCMeW,eHUs1 Ha KOHMakmHble rniaouwaoku.
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Ormnbarwaga ¢ Ucs4y.Bx >UTr/2




Ormnbarowasa ¢ Ucs4y.Bx = UTr/2




HopMnpoBaHHbIE CMEKTPbLI OrnbatoLLmnx
npu UcY.BX = Utt/2 n Uce4.Bx =UTT/5

1 ‘I|I|l [

UceYy.Bx = UTT/2 Ucey.BX = UTT/5




3aBUCUMOCTW aMNNNTyd rapMOHUK
OT BeJIMYMHbl COOTHOLLUEHUS
UcsY.Bx / UTT

3 CEY.BBIX.MAKC

1 rapmoHuKa

UcBu.Bx
0,5 Un

N

S TapMOHUKA

4.6.8 TApPMOHHKH
7 rapMOHHEA

2 TapMoHHKa



dopmyna pacyeTa HeENMUHENHbIX
NCKaXKeHU

U2, U3.Uy, ..., Un - ammmurynsl 2.3.4. .... n
TapMOHHK COOTBETCTBEHHO

U1 - aMIUTMTYda IepBOil TapMOHHKH




3aBNCUMOCTb HEeJTMHENHBX
NCKaXXeHUN OT COOTHOLLUEHUSA
UcsY.Bx / UTT

Ucpu.Bx/Umn

00> 01 015 02 0,25 03 035 04 045 05
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3asucumocmu Kon.ce4y om UTr npu pa3snu4Hbix N
( K3.mMmmy =6 0b, Uce4y.ex =7 mB, Pon.1=20 mBm)

1.0 A/Br

0.8 A/BT

06 A/Br

Kn.cBy, gb




3ayem Hy)XHbI aHaso2oeble BOJIC CBY c
noJsioXxxumesibHbIMU KO3ghgpbuyueHmamu nepedayu?

F'ﬂCI'IFI'EﬂEﬂEHHbI&
ApoUueccopHEIe MOAYITHN

YnpaeneHue
ABUraTenamu

 procssons

Ehwj "

MoHuUTOpBI Ha WNnemMe
MoHuUTOpbI Ha NaHenW ynpasneHA

Jﬁi} KommyTatop 6opToBOM
. TCA #ya  cetu InfiniBand

| MIL-STD-1760
A7 _|rl'-¢"1-EC|:'

' ' XpaHunuwa gaHHbIX

B3auMoelcTBUA YPOBHA «NoAcUcTeMa-noacucTeMar»

‘nonem Ha ceeme” - cnedyrowui aman nocsie “‘nonema Ha nposodax”



Cnacubo
3a 6HUMaHue!

KoHcmpykmueHasi Kpumuka
npuHUMaemcsi rno aopecy
ur-vol@yandex.ru



Electro-Optic Effect
|




