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BOJIC
IMo
80J1I0KOHHO-ONMUYeCKaA

JIURHUA
C6A3U




Temamuka ooknaoa

- pac4yém napamempoe aHasio2oebix BOJIC CBY
rno napamMmempam
KOMIiekKmyrouw,ux 3/1eMeHmos;

- onpedesieHUe mpebosaHul
K napamempamM KOMIJIeKmMyruw,ux 3;ieMeHmos
u onpedesieHue
onmumarsibHbIX 3Hep2emu4yecKUX pexxumoe
3KcnsIiyamayuu amux 3JieMeHmoa,
rnpu Komopbix
aHasnozoeasi BOJIC CB4Y 6ydem umemsb
noJsioXXumesibHbIU Ko3ghduuueHm nepedayu.




[lpobriema

aHasnozoeasi BOJIC CBY
LU A A A A A A A A

ycunumens CBY




Boipaxaem 6s1a200apHocmb compyOHUKam

du3uko-mexHuU4Yecko20 uHcmumyma um. A.®. Uopghe PAH
www.ioffe.ru

llepmckou
Hay4yHo-lpou3eodcmeeHHoU lNpubopocmpoumernibHOU
KomnaHuu
www.ppk.perm.ru

lMepmcko20 20cydapcmeeHHOo20
HauuoHalsIbHO20 uccsiedoeamesibCKO20 yHUeepcumema
wWwWw.psu.ru

Omckozo ocydapcmeeHHO20 YHUsepcumema
um. .M. [J]ocmoeeckozo
www.omsu.ru




YKkpynHéHHasi cxema aHasnoz2oeou BOJIC CBY

Uceu.BX Uceu.BbiX

M3l - MOAYNb BNEeKTPO—-OMNTUUEeCKOro MNPeoBPAa30BaHUSA

MOl - Moay/b OMNTO—-8/MeKTPOHHONO NMPeOBPA30BRAHUS

BOT - pPONOKOHHO—-OMTUUECKUA TPAKT




Modysnu 3s1eKmpo-onmu4yecKo20 rnpeobpa3oeaHusi
C npsiMoll U eHewHeu mooynsyueu

A - lMpsmas MOAYNAUMNA

MoaNmMPoOBAQHHBIA
N[ P——= onThueckun
I curHan Al - nasepHbIA amogna

J0M - anekTP—ONTUUEeCKUA
MOANAATOP

Uceu.BX

B - BHewHsA MOaNASUMA

Mo 4 NP OBAHHBIA
N4 JOM |—— onTuueckmm
[ curHan

UceuBX




Tunbl 371eKMPO-0NMuUYeCKUX MOOYJiIsImopoes

drniekmpo-noasowarowue Mooysisimopsbl
+

AP pekm Kenodbrwa-PpaHuya

NHmepgpepomempsbl Maxa-LlaHOepa
+

Ipgpexkm lNokkernibca




www.radioseminar.omsu.ru

MWP
MicroWave Photonic

MukpoeosiHoeasi (pOmoOHUKa
PaduogpomoHuka
BorniHoeoOHasi pomoHukKa
Paduonmuka




www.radioseminar.omsu.ru

OmMmckuu
Hay4HbIu ceMuHap
«CoepeMeHHbIe rnpobrieMbli

paduou3uku u paduomexHUKU»

Kaghedpa sakcnepumeHmasibHoU ¢hu3uku u paduogu3uku
OmMcko20 2ocydapcmeeHH020 YHUsepcumema
umMm. .M. [Jocmoeesckoz0




Mooyaamop Maxa-I[anoepa
( Mach Zehnder modulator - MZM )
8 NJIAHAPHOM UCHOJIHEHUU

Bxop-HenpepbisHOe Bbix0oa-mMOAY NMPO B aHHOE
NA3ePHOE M3NYYeHWe M3NYYeHKE
/ /
PM-B0N0OKHO PM/SM-80N0KHO
7

LiNbO

PY-cvman

l




Mooyaamop Maxa-I[anoepa
( Mach Zehnder modulator - MZM )
8 gUOe 2epmMemu3upoOBaAHHOU CUOPUOHOU UHMEZPATIbHOU CXEeMbl
( mexnoaozua system-on-package )




'ubpudHble uHMezpasibHble CXeMbl
ﬂOﬂyﬂpOBOaHUKOBbIX Jia3epoe
( mexnonozusa system-on-package )




DomooemeKkmop euoe MOHOIUMHOU UHMEZPATIbHOU
cxemol

p type ohunic contact

Il type ohmic contact

Edge Illumination




dDomooemexkmop 6 guoe

NAAHAPHOU 2UOPUOHOIL UHMEZPAIbHOU CXeM
( mexnonozuu system-on-package )

Coplanar access




Domooemexkmop 6 suoe
CUOPUOHOU UHMEZPATIbHOU CXEeMbl
( mexnonozuu system-on-package )




Onmo-60,10KOHHDBII KA0Eb




Cxema aHanoa2oeou BOJIC CBY

UcauBaXx

UcBu.BbiX
¢ Umog >

AA - nasepHbIA aKMoga;
MML - moavasTor Maxa-UaHaeraq;
OBK - oONTO-BO/NOKOHHLIA KOBe/bj;
?4 - eoTOAETEKTOR;

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




dopmuposaHue ceemoB8OO0HbLIX KaHaJs108

ORI
SIS

Q) A0 BXUraHus B) Moc/e BXUraHus

] o ™\ %1

1 - nnacmuHa u3 Huobama numusi,
2 - HanbIJ1éHHAas1 MNoJIoCKa U3 mumasHa,
3 - ceemo8oOHbIU KaHaIl.




Cmpykmypa ceemoe00HbIX KaHas108
moadyrnsimopa Maxa-L{aHOepa

Uon.l

—

/

(Uon.ex)

X1

1 - 8X00HOU c8eMOBOOHbIU KaHaJl;
2 - 8x00HOU Y - pazeemeumerib;
3,4 - napannenbHbie UGeHMU4YHbIe C8€MOBOOHbIe KaHallbl;
5 - ebIx0OHOU Y — ceemaeumerb;
6 - 8bIXOOHOU c8MOBOOHbIU KaHall




AP pexkm lNokkenbca

Q) Voe vyBe/mumBaeTCs

Mt

B) VoB MMeHbwaeTCs

o

1 - nnacmuHa u3 Huobama numusi;
2 - ceemo8OO0HbIU KaHall




du3uyeckas peanusauyusi agpgpekma lNokkenbca

1 - nnracmuHa u3 Huobama numusi;
2,3 - ceemoe8oO0HbIe KaHaslbl;
4,5 - KOHMaKmHbIe nnaowadku ( ynpaessroujue 3;1eKmpoosbl )




lNpurnyun deticmeausi Mmoodynssmopa Maxa-L{aHOepa

1*

\ Uon.l Uon.2

—_— e

(Uon.ex) (Uon.Bbix)

A9=91-92
& 91-9

xe/ x4/

1 - nnacmuHa u3 Huobama numusi,
2 - 8XOOHOU c8emoB800HbIU KaHaJl;

3, 4 - ueHMuU4YHbIEe c8eMOBOO0HbIe KaHallbl;

5, 6 - KOHMaKkmHbIe nnowadku ( ynpaesnsiroujue 351IeKmpoosbl );
7 - 8bIXOOHOU c8emMOB80O0HbIU KaHaJl




BekmopHbie duazpaMMbi Ha 8bixode MOOyJrissmopa
npu Ukn =0 u npu Ukn # 0

Uon.Bpix = Uon.BXx




3asucumocmb A om Ukn




BekmopHbie duazpaMMbI Ha 8bixode MOOyrissmopa
npu passauydyHbix UKn

we

&
(3’
[#)

<
M

=~
B) Uxkn=3/18Ux B Uxkn=6/18Ux
Uon.awmx —0.966 Uon.awix —0.866

Uon.ax Uon.ax

}

! ' : G
@M 5 u ori.‘ab‘%

M
r? Ukn=9/18Uyx 4> Uxkn=12/18U4 e) Ukrn=13/18Ux

Uon.apix —0.707 Uonmsbix ___ 0.500 Uon.abix —0.259

Uon.ax Uon.ax Uon.ax




OnpedeneHue 3asucumocmu Ku.on om Ukn

Uonebix = Vc + df
c = (a/2)sinY
d = (a/2)+(a/2)cosY
a = Uon.ex
© = (Uxkn/U;p180°
a = Uon.ex

Uon.ebix =v 0.5(1+COS(UKI'I/U5()180')(UOI'I.BX)E

Ku.on = Uon.ebix/Uon.ex =V0.5(1+cos((UKn/Ugr)180°)




OnpedeneHue 3asucumocmu Kp.on om Ukn

2
Kp.onmn = Pon.ebix/Pornepx = Kuon =

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




Cxema aHanoa2oeou BOJIC CBY

UcauBaXx

UcBu.BbiX
¢ Umog >

AA - nasepHbIA aKMoga;
MML - moavasTor Maxa-UaHaeraq;
OBK - oONTO-BO/NOKOHHLIA KOBe/bj;
?4 - eoTOAETEKTOR;

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




3aeucumocmb Kp.on om Ukn ¢ y4émom 3amyxaHusi e
onmu4yeckom mpakme modysisimopa Maxa-LlaHOepa

Kp.on = [0.5(1+caos((UKn/Ugr)180°)]/I<:3.MML|,




dopmyna 3asucumocmu Pon.2 om Ukn

Porm.2 = Pom.1 < Kp.om =

= Pom.1 % [0.5(1+cos((Ukn/Um )180°)]/K3.MMi1




I'pacpuk 3aeucumocmu Pon.2 om Ukn




lNpurnyun deticmeausi Mmoodynssmopa Maxa-L{aHOepa

1*

\ Uon.l Uon.2

—_— e

(Uon.ex) (Uon.Bbix)

A9=91-92
& 91-9

xe/ x4/

1 - nnacmuHa u3 Huobama numusi,
2 - 8XOOHOU c8emoB800HbIU KaHaJl;

3, 4 - ueHMuU4YHbIEe c8eMOBOO0HbIe KaHallbl;

5, 6 - KOHMaKkmHbIe nnowadku ( ynpaesnsiroujue 351IeKmpoosbl );
7 - 8bIXOOHOU c8emMOB80O0HbIU KaHaJl




Modynsayusi onmu4yeckoa20 cuzHasia 6e3 noda4vu
HarnpsiKeHusi CMeWw,eHUsi Ha KOHmMaKmHble rnjaouw,aokKu.




Cxema nodayu HanpsixeHuUsi cMeuw,eHus

Ve 2P

LJ

UcBu.BXx

1 - nnacmuHa u3 Huobama numusi,
2 - 6XOOHOU c8emoB800HbIU KaHaJl;

3, 4 - ueHMuU4YHbIEe c8eMOBO0HbIe KaHallbl;

5, 6 - KOHMaKkmHbIe nnowadku ( ynpaesnsroujue 351IeKmpoosbl );
7 - 8bIXOOHOU c8emMOB0O0HbIU KaHall




OnmumanbHasi pabo4yast mo4ka

\




Koppekuusi popmynbi 3agsucumocmu Pon.2 om Ukn

Pon.2 = Pom.1 ~ [0.5(1+cos((Uxkn/'Um )1807)]/K3.mmix

Uxkn = Uem + UceBu.BX < cos((mt)

Pon.2 = Pori.1 < [0.5(1+cos((Ucem + UcBu.BX ~ cos((Mmt))Umn )1807)]/K3.mmig

Pexomenayembie 3HaueHnsa UceM 1 UcBu.BX
Ucm =Um/2

UcBux=Un/10




Modynsayusi onmu4yecko20 cuzaHasia ¢ nooda4eu
HarnpsiKeHusi CMeWw,eHUsi Ha KOHmMaKmHble rnjaouw,aokKu.




Cxema aHanoa2oeou BOJIC CBY

UcauBaXx

UcBu.BbiX
¢ Umog >

AA - nasepHbIA aKMoga;
MML - moavasTor Maxa-UaHaeraq;
OBK - oONTO-BO/NOKOHHLIA KOBe/bj;
?4 - eoTOAETEKTOR;

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




BpemeHHbIe pa3eépmku Pon.2 u Pon.3

Pon.3.Makc

Porn.3.mMmuH

Pon.3.Makc Pon.2.mMaxkc/2
Pon.3.MuH Pon.2.MmH/2
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BpemeHHbIe pa3eépmku Igp u Ugp

Ue.maxke

\\ ' i Ue.MmH

Lt 4 1 1 ! | & | 1 | | & ! | ! | 0 | | | | 2§ || Ll & 1 1 ! 1 2 | 1 | | & | | | | & | | 1| 2 /||
| S B S S e e S e e e e m e s s iy S S S S S B S S S S S R B S R S e e S et

t1 t2 t3 t4 5 +1 t2 3 t4 S

Ud.make = Ip.make < 50 Om

Ud.mun = Ip.MuH < 50 OMm




BpemeHHbie pa3eépmku Ug u Ucey.ebix

| Uceu.Babix

Ue.Mmaxec 0 Uceu.Bwx.Mmaxkc

Ue.MmH 12 $ E;-Btu.BBIX.HVIH

Ucau.abx.Makc-Ucau.abx.MmH=Ue.Mmakc-Ue MmH

Ucausbix = (Ucau.awbx.Maxkc-Ucau.BbX.MmH)/2




Cxema aHanoa2oeou BOJIC CBY

UcauBaXx

UcBu.BbiX
¢ Umog >

AA - nasepHbIA aKMoga;
MML - moavasTor Maxa-UaHaeraq;
OBK - oONTO-BO/NOKOHHLIA KOBe/bj;
?4 - eoTOAETEKTOR;

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




3asucumocmu Kon.ce4y om U npu pa3snu4yHbix Uon.1

¢oTtoyyBCcTBUTENBHOCTL 0,6 A/BT
noTtepu B oNTU4YECKOM KaHane 4 b
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HanpsixkeHue, B




3asucumocmu Kon.ce4y om U npu pa3nu4yHbix K3.Mmmy

MOLWHOCTb Nasepa 30 MBT
¢hoTouyBcTBUTENBHOCTL 0,8 A/BT
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3asucumocmu Kon.ce4y om Urmr npu pa3snu4Hbix [1gh

MOLHOCTb nasepa 30 MBT
noTepu B ONTUYECKOM KaHane 4 Ab
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HanpsikeHue, B




3asucumocmu Kon.ce4y om Urmr npu munuYHbIX 3Ha4YeHUSIX
napamMempoe asieMeHmoe mpakma aHasio2coeou BOJIC
CBY

MOLWHOCTb Nasepa 30 MBT
¢doTtoyyBscTBUTENBHOCTDL 0,6 A/IBT
noTtepu B oNnTU4YecKom KaHane 6 ob
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3ayem HY>XHbI aHasnoz2oebie BOJIC CBY ¢
noJsioXXumesibHbIMU KO3¢hgbuyueHmamu nepedayu

PacnpeaeneHHble
npoLeccopHbie MOAYNN

YnpasneHue ooy

ABUratenaMmu

MoHUTOpbI Ha Wneme
MoHUTOpbI Ha NaHenu ynpasneHus

vis KommyTaTtop 6opToBOM

(=
92  ceTu InfiniBand

XpaHunuwia aaHHbIX

B3aumMoaencTBUA YPOBHA «noAcucTeMa-nogcucremMa»

‘nonem Ha ceeme” - cnedyrowul aman nocnie ‘nonema Ha nposodax”




Cnacubo

3a eHumaHue!




