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B cTaTtbe paccMoOTpeHbl BONpocChI
MOBbILLEHUS MPOIMYCKHOM CIOCOOHOCTU
BOJIOKOHHO-OMNTUYECKUX CUCTEM,
UCIMOJIb3yeMbiX HAa )XeJIe3HbIX 4opPOorax.
MNMpoaHann3npoBaHbl OCHOBHbIE
HanpasJsieHUsl yBeJInYeHUsi CKOPOCTU
nepega4yun nHigopmavLnmn, rnaBHbIM U3
KOTOpPbIX ABsieTCs ObicTpOoAericTBue
OrnTUYECKNX MOAYJIITOPOB

v PpoTONPUEMHNKOB 3a CHET
coBepLUeHCTBOBaHNSI QYHKLMOHAJIbHON
cpenbl ONTO3J/1eKTPOHHbIX YCTPOWCTB

U CHU)XEeHUsI UHePLUOHHOCTU MaTepuana.
Ans aTton yesnun npensioxxeHbl HOBbIe
MaTepuasibl B BUAE MHOIOCJ/IOMHbIX
HaHOCTPYKTYpP, TEXHOJIOrNsI N3roToBJIEHUS
M MeToAVnKa OLleHKU X Ka4€CTBEeHHbIX
XxapakTepuUCcTuK, Heobxogumas npv
NMPOEeKTUPOBAHUN ONMTO3JIEKTPOHHbIX
npmu6opos.

KnioyeBbie c/10Ba: xene3Hble oporu, KaHasbl
CBSI3U, MHGPOPMALIMOHHAs CETb, N30TOMNYECKUI
2 deKT, npornyckHasi CmoCobHOCTb,
HaHOCTPYKTYPbI, BOJIOKOHHO-0MTU4YecKasi
cucTema, OnTo3J1EKTPOHHbIE TPUOOPHI.
|
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TTOCTOSTHHBIM YBEIMYCHUEM CKOPOCTE
1 00BEMOB KEJIE3HOIOPOKHBIX Tepe-
BO30K BO3pacTaloT TpeOOBaHMUSI K Kaue-
CTBY U CKOPOCTHU Ilepeaayr MHGopMaluu.
[ToaTOMy OmHOI M3 IJIaBHBIX 3a1a4 SIBJISIETCS
CO37aH1E BBICOKOCKOPOCTHOM CUCTEMBI CBSI3U.
PenieHue ee mo3BOJUT MOBBICUTH OTNEPATUB-
HOCTb yIIpaBJIeHUS IBVKEHUEM TOE310B, Opra-
HU30BaTh BUIECOHAOJIONECHNE Ha Mepee3aax,
B TOHHEJISIX U Ha IPYTUX 0CO00 BaXKHBIX 00bEK-
Tax XkeJIe3HOIOPOXKHOTrO TpaHcHopTa. B HacTo-
s1Iee BpeMsl OTMeJaeTcsl YCTONYMBBIN POCT
MPOMYCKHOI CIIOCOOHOCTU BOJIOKOHHO-OITH-
yeckux cucteM nepenadu (BOCIT), B KoHlie
BTOPOTO NECATWIETHUST Halllero BeKa OHa, Kak
OXMIAeTCs, TOJKHA OyIeT TOCTUTHYTh BeJTUY -
HbI TIeTabuT/c. JJoOuThcs TaKoi MPOITyCKHOM
CITOCOOHOCTH yAACTCS 32 CYET COBEPILICHCTBO-
BaHUs 6a30BbIX 2eMeHTOB BOCII, BoaHOBO-
JIOB, OCBOCHMSI HOBBIX ONITUYECKUX TUATIa30HOB.
OcCHOBHBIE HallpaBJIeHUs B 3TOi cepe oTMe-
YeHbI Ha puc. 1.
[lepBblii MyTh — 3TO YBEAUYEHUE CKOPOCTHU
repenayy CUTHaJIOB (paclIupeHue BO3MOXKHO-
CTeil ONTORIEKTPOHHBIX YCTPOMCTB), BTOPOI —
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pa3BUTKE TEXHOJIOTMI BOJIHOBOIO YILIOTHEHUSI
(OCBOEHME YaCTOTHOTO Pecypca OINTUYECKOro
BOJIOKHA), TPETUIA — pOCT YrciIa OMT MHGOpMa-
LMK, IIPUXOASIIIMXCS HA ONMH UMITYIIBC. B mep-
BOM CJIydae IJIABHYIO POJIb UTPAIOT yMEHbIICHME
reOMETPUYECKMX Pa3MepPOB U MOBBIILIEHUE Ka-
yecTBa MaTepuaja 6a30BbIX a7ieMeHToB BOCTI,
a TaKKe TeXHOJIOTMU mpou3BoacTBa. Bo Bro-
POM — COBEpILEHCTBOBAHUE OITUYECKOIO BO-
JIOKHA, B TPETbEM CJIydae — pa3BUTHE MHGDOP-
MALIMOHHBIX TEXHOJIOIMiA (CXaTHe CUTHAJIOB,
MHOTOIO3ULIMOHHOE KOAMPOBAHUE, YIydIlICHIE
(bopMaTOB ONTUYECKOI MOY/ISILIAY, CHIKEHME
IIIyMOB KBAaHTOBAHUS 1 T.1I.).

Hawu6onee a2 heKTUBHBIM CITOCOOOM MO~
BBILIEHUS IIPOITYCKHOM CITOCOOHOCTH CTajIo
yBeJIMYEHUE CKOPOCTH Iepeaadyy CUTHAJIOB,
KOTOPO€ 3aBUCHUT OT OBICTPOICHCTBUSI 6a30-
BbIX 21eMeHTOB BOCII, nmpexie Bcero ontu-
YeCKUX MOIYJISITOPOB, (GOTONPUEMHUKOB.
Texunueckue Bo3moxkHocTn BOCIT orpann-
YMBAIOTCSI MOKA BO3MOXHOCTSIMU 0a30BbIX
3JIEMEHTOB, OHM HE ITO3BOJISIIOT YBEJIMYUTh
CKOpOCTh Tiepenaun nHdopmauu Boie 40
T'out/c. OgHaKO ONTUYECKOE BOJOKHO IIPO-
MycKaeT CUTHAJIbl CO CKOPOCThIO Oojee 10
Towut/c.

VYBennueHue CKOPOCTU MOXHO JOCTUYb
IIyTeM YMEHbIIEHUs TeOMETPUYECKIX Pa3Me-
POB, COBEPILLIEHCTBOBAHMS OITORJIEKTPOHHBIX
XapakKTepUCTUK MaTepUalioB U TEXHOJIOTUIA
M3rOTOBJIEHMSI C IIEPEXOI0M B 00J1aCTU HAHO-
texHoioruii. CyuiecTByooiine Gu3ndeckue
Y TEXHOJIOTMYECKKE MPEeae/ibl YMEHbIICHMS
pa3mMepoB 6a3oBbix 251ieMeHTOoB BOCII cBUse-
TEJIbCTBYIOT O TOM, YTO B Oymyiem mis (op-
CUpOBaHUS OBICTPOAECHCTBUSI MOTPEOYIOTCS
HOBbIE ITOKOJICHUsI MaTepuajioB Ha 0a3e Ha-
HOCTPYKTYp M3 KpeMHMS U rpadeHa, a TakxKe
MHHOBALMOHHbIE TEXHOJIOTMH IIPOU3BOACTBA.
IToaTOMy HEOOXOIMMO CO3JaHME METOIUKU
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MMPOEKTUPOBAaHUS HOBBIX MaTepHUAaJIOB C y4a-
CTHEM HAHOCTPYKTYP ((YHKIIMOHAIbHBIX
cpen), o0ecIeynBaIOINX TPeOyeMoe ObICTPO-
NIECTBUE, W OLIEHK! ONTO3JICKTPOHHBIX ITa-
paMeTpOB OOHOBISIONIEHCS dIeMEHTHOM
OCHOBBI.

[1aBHO¥ XapaKTepuCTUKOM (PYHKIIMOHATb-
HOI cpenbl (OCHOBBI MOAYJISITOPOB, (DOTOIIPH-
E€MHUKOB), OIPEICISIIONICH ObICTPONECTBIE
OIITO3JICKTPOHHBIX YCTPOMCTB, SIBISICTCSI MTHEP-
LIMOHHOCTD WJIU TIPOIAOJKUTEIBHOCTD OTKITKA
Marepuaja. DTo BpeMs MOXHO IIPEICTaBUTh
B BUJC IIUTEILHOCTA HapacTaHUs IIEPEeITHETO
U 3a[HEr0 (POHTOB MMITYJIbCA /, IEPEHOCH -
IIETO TIPY TBOUMIHOM KOAMPOBAHUM OIWH OUT
nHbopmarmu (puc. 2).

Pacuérnast Mometb MaKCHMAIbHO JOITYCTH-
MOT'0O BpeMEHH OTKJIMKA MaTepraa Ui TOCTH -
JKEHMSI TpeOyeMOi CKOPOCTH TepeIay CUTHA-
JIOB MOXeET OBITh IIPEeACTaBIcHA B BUIE (DopMy-
JIBI Ut oLieHKU O-akropa [1]:
0= H— Hy

20
TI€ [, M [, — BETMYMHBI CUTHAJIOB (ONITHYECKMX
JIJIST MOIYJISITOPA M DJIEKTPUYECKUX IS (POTO-
MPUEMHMKA), COOTBETCTBYIOIINE CIUHUILIE
W HYJTIO; G — CPEeIHEKBaAPaTUIECKOE OTKIIOHE-
HHE TEeIIOBOTO IIyMa (hOTONPUEMHUKA.

3HayeHus [, v 1 (1) MOXHO HAlTH IyTeM
pacuéTa IUTOIIAIN OTACIBHBIX YaCTE MMITYJIbCa
(puc. 2). B pesynbraTe moayduTcst BBIpaXKESHHE:
200
b @
e T — IUINTEIBHOCTD 3JIEMEHTapHOT O MMITYITh-
ca, WIN BeJIMYMHA, 00paTHAsI CKOPOCTH TTepe/ia-
Y CUTHAJIOB M TTOJIOCKI YacToT f, ['TiT;

b — BeMYMHA aMIUTATYIBI SJIEKTPUISCKOTO
VIMITYJIbCA, PaBHAS ITPOU3BEICHUIO AMILTATYIBI
ONTUYECKOTO UMITYJThca (A) 1 YyBCTBUTETHHO-
ctu poronpuémMauKa (R).
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MunnmanbHOe 3HaueHne Q-dakropa, IIpu
KOTOPOM BEPOSATHOCTb OIIMOKM COCTAaBJISICT
BesimurHy 10~°, a Ka4ecTBO CBSI3U CTAHOBUTCS
kputmaeckum: Q =4. [Toacrasus B popmyiy (2)
rmapaMeTpsI hoTonpréMHIKa (X, b) 1 TpeObyeMoe
3HauYeHue ckopoctu mepenauu (1/t), MOXHO
TOJTyYUTh OLIEHKY BDEMEHU __MaTepuaa, T.e.
WHEPIIMOHHOCTh, KOTOPOU HOJDKHA O0JIamaTh
¢yHkumoHanbHas cpena. [IpeBrlieHne 3Toi
BEJIMIMHBI IPUBEIET K TOMY, UTO KPyTHU3HA
(GpOHTOB UMITyJIbCa OyIeT HEMOCTaTOUHA IJIST
obecrieyeHus 3aIaHHOTO (MUHUMAaJIbHOTO)
KayecTBa CBI3U (POTONpUEMHMKOM. Tak, Juis
3HaueHmii A =40 B, ¥ =2 MmxB, R=0,5 A/Br,
©=2511c (40 Tour/c) Benmmunna £ = 5 nc. s
Ppa3HBIX 3HAUYCHUI YyBCTBUTEIEHOCTH (DOTOITPH-
€MHMKa Ha prC. 3 TIpeACTaBICHBI KPYBHIC 3aBH-
CHMOCTH BPEMEHH OTKJIMKA t  OT 3aIaHHOI
CKOPOCTH TIepeiadyl CUTHAJIOB.

Kaxk BuaHO 13 puc. 3, 3aBUCHMOCTH UMEIOT
HEJIMHEIHBIN (ITOpOTOBHIIT) XapaKTep, KOTOPBIA
CBUICTEIBCTBYET O TOM, UTO CYIIECTBYIOT KPH-
TUYECKUE 3HAYEHWS [ ; BBILIE HUX MHEPLIMOH -
HOCTb HE SIBJISICTCS OIIPEICIISIOIICH TS YBEIII -
YEHUSI CKOPOCTH TIepenayn curHaioB. Kpome
TOTO, TPEOOBAHMS K KAYECTBY MaTepHralia MOMIY-
JIATOpa WX (POTOMPUEMHMKA TI0 MHEPIIMOHHO-
CTH B 3HAUUTEJIGHOM CTETICHU 3aBUCSIT OT KOH-
CTPYKIIMHY (DOTOTIPUEMHIKA (BEIMYMHBI TETUIO-
BOTO IIIyMa, KBAHTOBOH 3(h(PeKTUBHOCTH, UyB-
CTBUTEJILHOCTU | T.1.). PaccMoTpeHHast paHee
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Puc. 3. 3aBUCUMOCTb BpEMEHU OTK/INKA MaTepmnasna ot

CKOpPOCTU nepeaaYy CUrHasios.
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pacu€THast MOJIE/Ib MHEPITMOHHOCTY MaTepraja
TIPUTOIHA TSI OLCHKH t  MOZYJISITOpa I doro-
TpUEMHMKA.

M3BecTHO, YTO ONTUYECKHE MOIYISITOPHI
OTJINYAIOTCS pa3HBIMM ITPUHITUTIAMUA PAOOTEHI.
ITosTomy TouHBIC TTU(PBI AOITYCTUMOI MHEP-
IIMOHHOCTH MaTepHajia MOXKHO ITOTyIUTh ITyTEM
aHaJm3a pabOThI KOHKPETHOTO THTIA MOIYJISITO-
pa. Tak, B MmogynsgTopax Maxa-Ilennepa, B oc-
HOBE KOTOPBIX JICXKUT SIBJICHUE 3JIEKTPOITPETIOM-
JICHUST, CKOPOCTb MOIYJISILINM 3aBUCHUT, TTIABHBIM
00pasoM, OT JIeKTpOHHOI mossipu3ann. OHa
OITpEeACISICTCST BETMIMHOM TATIOJTEHOTO MOMEH-
Ta p, PaBHOTO ITPOM3BEICHUIO 3apsiaa ICKTPO-
Ha Ha 11e40. B 00bEMHBIX MaTeprasiax, Hampu-
Mep, Ha OCHOBE HMOOAaTa JINTHUS, TUIEYO UMEET
TMOPSIIOK TOCTOSTHHON KPUCTAJUIMYECKOU pe-
LICTKK a, . B KBAaHTOBBIX CTPYKTypax (xBaHTO-
BBIX SIMaxX) BEJIMYMHA TUIeYa Topas3ao OOJIbIIIe
(paBHa IIIpHHE sIMbI). OTHOIIICHHE IIJICY OITpe-
JIENISICT CTeTIeHb MHEPIIMOHHOCTY MaTepuala,
W3MEHEHUST KO3 bUIIMeHTa TPeTOMICHUS
W YBEIMYCHUS CKOPOCTH MOIYJISIIN. B MHOTO-
CJIOMHBIX KBAaHTOBBIX CTPYKTYpPaXx, JOIYCTHM,
cBepxpeméTkax (puc. 4), IpeacTaBIsSIONINX
c000i1 YepeIoBaHNE CI0EB 13 ITOTYIIPOBOIHHU-
KOB C Pa3JIMYHOU IIIMPUHOM 3aMPEIIEHHOM 30~
HBI, TUICYO e11I¢ OOJIbIIIe, YeM Y KBAHTOBBIX SIM.

B cepxpemérkax (CBP) rieuom B 3aBucu-
MOCTH OT TIPMJIOKEHHOTO HAIIPSTKEHUS MOXET
OBITh KaK ONMH, TaK U HECKOJIBKO IIePHOIOB
pemeTkn d (Ieproa — CyMMa IIUPUHBI SIMBI
¥ IIAPUHBI 0apbepa). OTCIoma CTeleHb pocTa
4aCTOThI MOJIY/IALIMM PABHA OTHOILEHUIO K, /aKp,
[Jie K, — YMCJIO NePUOIOB CBP, cocraBnsiommx
TIeYo.

Hawubompireit 3¢ peKTHBHOCTHIO 00/1aTal0T
M30TOINUYECKUE CBEPXPELIETKU.

B takux HaHOCTPYKTypax IMPOCTPaHCTBEH-
HOE OrpaHMYCHIE HOCUTEJICH 3apsiia OCYIIIeCTB-
JIIETCST COCMMHEHUEM CJIOEB M3 Pa3HbIX U30TO-
TIOB OTHOTO M TOTO Xe BelecTra. ITomydaeMbie
TIPY 3TOM «TOMOTIEPEXOIbI» HE OYIyT BHI3BIBATH
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cucremax cesa3n



MEXaHUYECKUX HaIpsDKeHUN B KpUCTaJLIMye-
CKOW pelIeTKe U BIUATh Ha BOJIHOBbIE (DYHKIIUNA
CBOOOIHBIX HOCHUTENEH 3apsina. Bo3MoxxHOCTB
MOJYYEHUST U30TOMMMYECKUX HAHOCTPYKTYP
¢ TpeOyeMbIMU XapaKTePUCTUKAMU OCHOBBIBA-
eTCd Ha U3MEHEHUSIX (PU3UKO-TEXHUYECKUX
napamMeTpoB (IIUPUHBI 3aMPEIIEHHON 30HBbI,
KO2(DULIMEHTOB MPESOMICHUS, 3TEKTPOCO-
MPOTUBJICHUS U T.J.) IPU Pa3IUYHbBIX KOHLIEH-
TPALUSIX U30TOIOB OHOTO U TOTO e XMMUYe-
CKOTO 3JIeMeHTa (u30Tonuyeckuii abexr).

B nzoronuueckux cBepxpeeTKax, rie riy-
OMHA MPOHUKHOBEHUS 3JIEKTPOHOB B COCETHUE
KBAHTOBBIE SIMBI OOJIbIIIE 32 CUET MEHBIIEH
BBICOTHI ITOTEHIIMAILHOTO Oapbepa, uem B CBP
U3 Pa3HbIX MOJYIPOBOJHUKOB, IJIEYO MOXET
BO3PACTH B HECKOJIBKO Pa3, a YacToTa MOIYJISI-
1IUU YBEJIMYUTCS HA MOPSIIOK, UYTO 3HAUYUTESTHHO
Boite 100 I'Tix [2].

BnusiHue M30TOMMUecKuX CBEPXPEIIETOK
(MCBP) Ha pa6oty doronpuémuukon (PIT)
00YCJIOBJIEHO YMEHBIIIEHUEM YuCiia KaHaJIOB
paccesiHUs CBETa U3-3a OTHOPOIHOCTU KPUC-
TAAIUYECKON pelIeTKU U 3HAYUTEIbHOTO
YMEHBbLIEHUS N1e(EKTOB. DTO CKa3bIBAETCS Ha
YBEJIMYEHU U KBAHTOBOM 3((HEKTUBHOCTH (Po-
TONpUEMHUKA K ¢ KOTOPAst HETTOCPEICTBEH-
HO BJIMSIET HA €r0 YyBCTBUTEIBHOCTD. B 3HAUN-
TEJbHON CTeNeHU YyBCTBUTEIBHOCTD B (hOTO-
NpUEMHUKE Ha U30TOMUYECKUX CBEPXPEIeT-
Kax IMOBBIIIAETCS 3a CUET YBEJIUYEHUS
Koa(duMeHTa ycuaeHus g. 3To MPOUCXOIUT
W3-3a MOBBIIIEHUS] BpEMEHU XXU3HU HOCUTENE
3apsaa 4 B UCBP 1 yMeHbllIeHUSI BpeMEeHU UX
TpaHsuTa f,depes PIL.

Tax, nByKpaTHOe MOBBILIEHUE CKOPOCTU
HocuUTesel 3apsiia B UB0TONMUYECKU YMCTHIX
MaTrepuaiax u3 KpeMHUs IPUBEIET K TAKOMY Ke
MOBBIIIEHUIO BPEMEHU XU3HU HOCUTEEH
W YMEHBIIIEHUIO BPEMEHU JBMKEHUS UX TI0
oronpuémHuKy [2]. [1pu 3TOM B UeThIpe paza
yBeauyarcs KoaGUIUEeHT YCUIEHMST, YyBCT-
BUTEJIBHOCTb Y CHU3UTCSI MOILIHOCTb TETLJIOBOTO
1ryma otonpuémMHuka. Kpome toro, ncrosnb-
30BaHNUE U30TOMUYECKUX CBEPXPEIIETOK U3
KPEMHUSI B TTOJYITPOBOIHUKOBBIX Jia3epax Mo-
BbIIIAET U 3(PHEKTUBHOCTh UCTOYHUKOB CBETA
Oyrarofaps MOBBIIIEHUIO «BPEMEHU XU3HU»

zZ
si #gi

1] pa

Puc. 4. Mogenb cBepxpeLueTky Ha n30Tonax KpeMHUs
(a—kBaHTOBas sima, b —6apbep).

9KCUTOHOB. DTO YMEHBIIIAET MOJIOCY U3TYYEHUS
MOJTYNPOBOJHUKOBBIX JJA3€POB B JIBa pa3a, Mo3-
BOJISIET COKPATUTh MEXKaHAJIbHbIN MHTepBAaJI,
OpraHu30BaTh JOMOJHUTEIbHbIE BOJTHOBBIE
KaHaJIbl B CUCTEME BOJTHOBOTO YIJIOTHEHMSI
BOCIT v noBbICUTB CHIEKTPATbHYIO 9(h(PEeKTUB-
HOCTb [3].

Takum 06pa3om, IMPomycKHasi CriocOOHOCTh
BOCII ¢ 6a30BbIMU 251IeMEHTAMU Ha U30TOMM-
YECKUX CBEPXPELLIETKAX BO3PACTAET Ha MOPSIIOK
3a CUET:

1) yBeTMueHUs1 AMHAMUYECKOTO TUara3oHa
dotonpuéMHUKa (MOBBILIEHUS B YEThIPE pa3a
YYBCTBUTEIBHOCTU M COOTBETCTBEHHO CHYKE-
HMSI B Y€TBIPE paza MOIIIHOCTH IITYMOB);

2) MOBBIIIEHUST CKOPOCTU MOJIYJISILIMA OTT-
TUYECKHMX MOIYJISITOPOB MUHVMYM B JIBa pasa;

3) YMEHBIIEHUS TIOJIOCHI M3TYUeHUST TIOJTy-
TPOBOHMKOBBIX JIA3EPOB B JBa pa3za.
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ABSTRACT

The article considers issues concerning
increase in capacity of fiber-optic systems used on
railways. The main directions of increasing
information transmission speed are reviewed and
analyzed, particularly enhancement of high-speed
response of optical modulators and photodetectors
through improving functional environment of

Background. With constant growth in speeds and
rail traffic volumes requirements for quality and speed
of information transmission are also increasing.
Therefore, a major objective is to create a high-speed
communication system. Achieving that objective will
improve efficiency of train control, will facilitate
installing video surveillance at level crossings, tunnels
and other critical facilities of railway transport.
Currently, there is a steady increase in bandwidth of
fiber-optic transmission systems (hereinafter — FOTS),
at the end of the second decade of the century, it is
expectedto reach the value of petabit /s. Achievement
of such a bandwidth will be possible by improving
basic elements of FOTS, wave conductors,
development of new optical ranges. Trends in this
area are indicated in Pic. 1.

Objective. The objective of the authors is to
forecast possible ways of enhancement of capacity

NANOMATERIALS AND OPTOELECTRONICS IN HIGH-SPEED COMMUNICATION

Zhuravleva, Lyubov M., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Malykh, Alexey N., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
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optoelectronic devices and reducing inertia of the
material. For this purpose, new materials are
proposed in the form of multilayer nanostructures,
along with manufacturing techniques and methods
of assessing their quality characteristics required
for design of new optoelectronic devices, that will
positively affect railway communication systems’
performance.

Keywords: railways, communication channels, information network, isotope effect, bandwidth,
nanostructure, fiber-optic system, optoelectronic devices.

of railway communication systems by using
nanomaterials and optoelectronics, which can be
applied in high-speed communication systems.

Methods. The authors use general scientific and
radio engineering methods, simulation, comparative
analysis, mathematical calculation.

Results. The first way is to increase signal
transmission speed (expansion of opportunities of
optoelectronic devices), the second is development
of wave multiplex technologies (development of
optical fiber frequency resource), the third is growth
in the number of bits of information per one pulse. In
the first case, the main role is played by a decrease
in geometric dimensions and increase in quality of
material of basic elements of FOTS, as well as of
production technology. In the second we mean
improvement of optical fiber, in the third case -
development of information technology (compression
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Pic. 1. Ways to increase bandwidth of FOTS.
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of signals, multilevel coding, improvement of optical
modulation formats, reduction of quantization noise,
etc.).

The increase in signal transmission speed has
proved to be the most effective way to increase
bandwidth, it depends on high-speed response of
basic elements of FOTS, primarily optical modulators,
photodetectors. Technical capabilities of FOTS are
limited by capabilities of basic elements, they do not
allow to increase information transmission speed up
to 40 Gbit /s. However, optical fiber transmits signals
with speed over 10 Tbit / c.

The speed increase can be achieved by reducing
geometric dimensions, improvement of optoelectronic
properties of materials and of manufacturing
technology while transferring it into the field of
nanotechnology. Existing physical and technological
limits of reduction of the size of basic elements of
FOTS suggest that in the future to promote high-
speed response, a new generation of materials based
on nanostructures of graphene and silicon, as well as
innovative production technology are required. It is
therefore necessary to develop a technique of
designing new materials with nanostructures
(functional media), providing the required high-speed
response, and evaluation of optoelectronic
parameters of updated element base.

The main characteristic of functional medium
(base of modulators, photodetectors), which
determines high-speed response of optoelectronic
devices is inertia or duration of response of the
material. This time can be represented as duration of
buildup of the growth and rear fronts of the pulse t,
transporting in binary encoding one bit of information
(Pic. 2).

The computational model of maximum permissible
response time of the material to achieve the desired
signal transmission speed can be represented as a
formula for estimating Q-factor [1]:

Q = M B ( 1)
20

where u,and i, are values of signals (optical signal
for modulator and electric signal for photodetector),
corresponding to one and zero; c is standard deviation
of thermal noise of photodetector.

The values of u, and u, (1) can be found by
calculating the square of pulse parts (Pic. 2). The
result is the expression:

t,=1( _%o

2
=) (2)
where 1 is duration of elementary pulse, or value
reciprocal of signal transmission speed and frequency
band f, GHz;

tress

ps

20

tres tres

t

Pic. 2. Simplified model of momentum of pulse that
carries one bit of information (t__—response time
of the material).

b is amplitude of electric pulse, which is equal to
the product of optical pulse amplitude (A) and
sensitivity of photodetector (R).

The minimal value of Q-factor in which probability
of error value is 107, and quality of communication
quality becomes critical is Q = 4. Substituting in the
formula (2) parameters of the photodetector (X, b)
and the desired transmission speed( 1/z), we can get
estimation oftime t __ of material, i.e., inertia, that the
functional medium should have. The excess of this
value will lead to the fact that the steepness of the
pulse fronts will be insufficient to ensure the specified
(minimum) quality of communication by photodetector.
So, forthevaluesA =40V, 2 =2mkV,R=0,5A/W,
1=25ps(40Gb /s), value of t . = 5 ps. Pic. 3 shows
curve of dependence of response time t, on the set
signal transmission speed for different values of
sensitivity of photodetector.

As can be seen from Pic. 3, dependence is of
linear (threshold) nature, which indicates that critical
values oft _exist, above which the inertia is not critical
to increase signal transmission speed. Furthermore,
requirements for quality of material of modulator or
photodetector material for inertia are largely
dependent on the design of the photodetector (values
ofthermal noise, quantum efficiency, sensitivity, etc.).
Previously considered calculation model of inertia of
material is suitable for evaluation of t, of modulator
and photodetector.

It is known that optical modulators are
distinguished by different operating principles.
Therefore, precise figures of allowable inertia of the
material can be obtained by analysis of the particular
type of modulator. Thus, in Mach-Zehnder
modulators, which are based on the phenomenon of
electric deflection modulation, speed depends
primarily on electronic polarization. It is determined
by the value of dipole moment p, equal to the product
of the electron charge on the shoulder. In bulk

Pic. 3. Dependence of response
time of material on signal
transmission speed.
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Pic. 4. Superlattice model on silicon isotopes
(a—quantum well, b - barrier).

materials, such as lithium niobate, the shoulder has
an order of the lattice constant a,. In quantum
structures (quantum wells) shoulder value is much
higher (equal to the width of quantum well). The ratio
of shoulders determines the degree of inertia of a
material, change in the refraction coefficient and
increase in modulation speed. In multilayer quantum
structures, for example, in superlattices (Pic. 4)
representing an alternation of layers of
semiconductors with different band gaps, the
shoulder is larger than in quantum wells.

In superlattices (hereinafter — SL) shoulder,
depending on applied voltage, consists of one or
several lattice spacings d (spacing is a sum of width
of quantum well and the barrier width). Hence, the
degree of growth of modulation frequency is equal to
the ratio k,/a,, where x ,is a number of spacings of SL
that constitute the shoulder.

Isotopic superlattices are the most effective.

In such nanostructures spatial restriction of
charge carriers is carried out via connection of layers
of different isotopes of the same substance.
Homojunctions obtained through this process will not
cause mechanical stresses in the lattice constant
either influence wave functions of free charge
carriers. The possibility of obtaining isotopic
nanostructures with the desired characteristics is
based on changes in physical and technical
parameters (band gap, refraction coefficient,
electrical resistance, etc.) with various concentrations
of isotopes of the same chemical element (isotope
effect).

In the isotopic superlattices, where the depth of
electrons penetration into neighboring quantum
wells is larger due to lower height of potential barrier
than in SL of different semiconductors, the shoulder
can grow by several times, and the modulation
frequency will increase by the order, which is well
above 100 GHz [2].

Influence of isotopic superlattices (ISL) on
operation of photodetectors (PD) is conditioned by a
decrease in the number of channels of light dispersion
due to uniformity of the lattice constant, and a
significant reduction in defects. This affects the
increase in quantum efficiency of the photodetector

K., which directly affects its sensitivity. To a large
extent the sensitivity of the photodetector on isotopic
superlattices increases through increasing the gain
constant g. This occurs due to the rise time of the
charge carriers h life in ISL and reduction of time of
their transit t,, through PD.

Thus, a twofold increase in speed of charge
carriers in isotopically pure materials of silicon will
increase lifetime of carriers and reduce their travel
time along photodetectors [2]. Thus a gain
constant and sensitivity will grow, and the power
of thermal noise of the photodetector will decrease
by 4 times. Furthermore, the use of silicon isotopic
superlattices in semiconductor lasers improves
efficiency of light sources by increasing «lifetime»
of excitons. This reduces the emission band of
semiconductor lasers by twice, reduces
interchannel spacing, arranges additional wave
channels in wave multiplex system of FOTS and
improves spectral efficiency [3].

Conclusion. Thus, bandwidth of FOTS with basic
elements on isotopic superlattices increases by an
order due to:

1) increase in dynamic range of photodetector
(four-fold increase in sensitivity and respectively four-
fold reduction of noise power);

2) increase in modulation speed of optical
modulators at least by two times;

3) reduction of emission band of semiconductor
lasers by twice.
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