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AHHOmMauus — PaboTta noceslleHa paspaboTke MeToauku
KOMTMBIOTEPHOTO MOAENUPOBAHUS U OKCTIEpUMEHTanbLHoN pea-
NN3auMM  CBEPXLLMPOKOMOMOCHBIX reHepaTopoB XaoTUYECKMX
KonebaHWit MUKPOBOMHOBOIO AManasoHa Ha COCPEAOTOYEHHbIX
3neMeHTax.

|. BBepgeHue

XaoTtuyeckne konebaHMs MMKPOBOITHOBOrO Auana-
30Ha NpeAcTaBnstoT COOOM NEepPCrneKTUBHLIA TUM HOCU-
Tena wvHdgopmauun AN CBEpPXLMPOKOMOSIOCHBIX bGec-
NPOBOAHBLIX CPEACTB CBA3WN U CEHCOPHLIX ceTen [1-3]. B
yacTtHocTu, B 2007 rogy CBepXLWUPOKOMOMOCHbIE XaoTu-
yeckue umnynbcbl (paguonMnynbebl) ObinM pekoMeHao-
BaHbl ctaHgapTom IEEE 802.15.4a [4] ona npumeHeHus
B CBEPXLLUMPOKOMOSOCHbIX 6ECNPOBOAHbBIX CETSX CBSA3U.

KnioueByto ponb npu CO34aHWM KOMMYHUKALOHHBIX
CUCTEM Ha OCHOBE XaOTWYECKUX CUrHamoB wurpaet
pa3paboTka HageXHbIX UCTOYHMKOB XaoTUYECKMX Kone-
6aHWi c 3agaHHBIMU CEKTpanbHbIMU Y SHEPTreTUYECKN-
MW XapaKTepMUCTUKaMK, a Takke BO3MOXHOCTLIO peanu-
3auUMM TakUX CUCTEM B BUAE MHTErpasnbHbIX MUKPOCXEM.

B ycnoBuax ctporvx TpeboBaHUM K XxapakTepucTu-
KaM M TeXHOMOrnM M3roTOBMEHNUS UCTOYHMKOB XaoTu4e-
Cknx konebaHuWn YCTpOMCTBA Ha OCHOBE BaKyyMHON
3NEKTPOHVKN WM MMUKPOMOJTIOCKOBOW TEXHOMOMMU OKa-
3bIBAlOTCA HENMPUMEHUMBIMM.

McTouHMKkamm xaoca HOBOro MOKONEHUS MOTYT CTaTb
TBEpOOTENbHbIE MWCTOYHMKM Ha OCHOBe aBTokorneba-
TeNbHbIX CUCTEM C COCPEAOTOYEHHBIMM NapameTpamMu.

[nsi Toro 4tobbl CcO3gaHMe Takux CUCTEM CTaso BO3-
MOXHbIM HEOOXOAMMO He TOMbKO CO3daHue TeopeTude-
CKUX MOAXOAOB K MOCTPOEHUIO TAKMX CUCTEM, HO U pas-
paboTka pacyeTHbIX METOAOB U METOAOB KOMMbIOTEPHO-
ro MOOEeNMpPOBaHMWS, NO3BONSAIOWNX afeKBaTHO peanu-
30BbIBaTb MOMOXEHUS TEOpUU B (PU3NYECKUX YCTPONCT-
Bax C Y4YeTOM pearbHblX XapaKTepUCTUK BXOASLUMX B
HMX 31IEMEHTOB.

Mcnonb3oBaHne Ans vccnenoBaHvs pagmodusmye-
CKMX CMUCTEM MPOCTbIX MaTtemaTu4ecknx Mmogenen, no-
3BONSIET MNpOaHanu3MpoBaTb OCHOBHblE OCOGEHHOCTU
anHamukn cuctembl. OgHaKo nNpy nepexoge OT MaTema-
TUYECKNX MoJernen aBTokornebaTernbHbIX CUCTEM K pe-
anbHbIM pagMom3anyeckum cuctemam BO3HWKaeT psg
npobnem, cBsi3aHHbIX B MEPBY0 Oovepedb C Heupearnb-
HOCTbIO aKTUMBHBIX 3MIEMEHTOB, HanMyMem MapasuTHbIX
a(pheKTOB M YaCTOTHbIX 3aBUCUMOCTEN NapameTpoB
aKTUBHbIX U NACCKBHBIX 3NeMeHToB. B cnyyae cucrtem ¢
XaocoM, CuTyauusi ycyrybnsietcsi BbICOKOW 4yBCTBU-
TENbHOCTLIO TakMX CUCTEM K 3HAYEHMAM napameTpos.
Ons Toro 4ToGbl COBEPLUUTL MEepexon OT matemaTtude-
CKoOW mMoJenun aBTokonebaTenbHOW CUCTEMBbI C MalbiM
yncrnomM creneHen ceobopbl K peanbHOMY TBEPLAOTEMb-
HOMY MCTOYHMKY Xaoca MWKPOBOMHOBOrO AuanasoHa
HeobXxoAMMO co34aTb METOAUKY KOMMbIOTEPHOTO MOAe-
NMPOBaHUS WCTOYHWKOB Xaoca MO3BOMSIOWMA Yy4ecTb
pearnbHble CBONCTBA BXOASLLUNX B HUX 3NIEMEHTOB.

[aHHas paboTa NOCBsillleHa CO3[4aHWK METOAUKU
MOZENMpPOBaHNA TBEPAOTENbHbIX UCTOYHMKOB XaoTuye-
CKMX KornebaHuin MUKPOBOSHOBOrO AuanasoHa, No3BO-

NSOLLEN OCYLLECTBUTL CUHTE3 UCTOYHMKA Xaoca OT Mo-
CTPOEHUSI €ro CTPYKTypbl A0 CO3[aHWsl 3KCNepUMeH-
TanbHOrO MakeTa yCTPOWCTBA FEHEPUPYIOLLETNO CUrHan C
TpebyeMbIMU XapaKkTepUcTUKaMu.

Il. MogenupoBaHue

lMpeonoxeHa meToguka MOAENUPOBaHWS TBEpPOO-
TernbHbIX UCTOYHUKOB Xaoca MWKPOBOSIHOBOIO AuManaso-
Ha Ha OCHOBe aBTokonebaTernbHbIX CUCTEM C COCpeao-
TOYEHHbIMW MapameTpamu, npeanonaratoLas cosgaHve
MOJenu B HECKOMbKO 3Tarnos:
1. BbiGupaeTtcs cTpykTypa aBToKonebaTenbHoOn cuc-
TEeMbl N TUM aKTUBHOIO 3fIEMEeHTa, NPOBOASATCH pacyeThbl
napameTpoB fNMHEWHOW YacTu aBTokonebaTensHon cuc-
TeMbl, obecneumBaroWmx HOPMUPOBaHNE TpebyeMbix
aMMNUTYAHO-YaCTOTHBIX XapaKTepPUCTUK.
2. Cospgaetca maTemaTuyeckas MoAenb aBTokoneba-
TenbHOW CUCTEMbI, OCYLLECTBMAETCH NONCK XaoTUYECKNX
pexumMoB ¢ TpebyemMbiMu CheKTpanbHbIMKU XapakTepu-
CTUKaMK, BKIIOYAA KOHTPOMb M3PE3aHHOCTM CrekTpa
MOLLHOCTH.
3. B cneuvanusmpoBaHHOM NporpaMMHOM KOMMMekce
pa3pabaTbiBaeTCcs U uccneayeTca Mogenb aBTokoneba-
TEnbHOW CUCTEMbl C peanuCTUYHbIMU XapakTepucTyKa-
MW aKTUBHBIX Y NACCMBHbIX 3NIEMEHTOB (Yy4eT AnHamuye-
CKNX CBOWCTB 1 apTeaKToB 31IEMEHTOB).
4. Ha ocHoBe nony4yeHHbIX pe3ynbTaToB pas3pabatbl-
BaeTCs M uccrnegyeTcs Mogerb, yuuTbiBatowas BAvsiHne
maTtepuana v TononorMn nnatbl, Ha KOTOPOW pacnona-
raeTcs MCTOYHUK Xaoca.
5. Tlo pesynbTratam MoaenupoBaHus co3gaeTcs na-
BGopaTopHbIN MakeT TBEpPAOTENbHOrO NCTOYHUKA Xaoca U
NPOBOAMNTCS €ro 9KCnepMMeHTanbHoe nccneaoBaHue.

MpyMeHeHWe npennoXeHHON MeToaMKM anpobupo-
BaHO Ha MNpuMepe CO34aHUsi MCTOYHWUKOB MOMOCOBbIX
XaoTNyeckunx KonebaHui B pasnmnyHbIX y4acTkax MUKPO-
BOJSIHOBOIO AManasoHa.

[na Kaxgoro n3 NCTOYHUKOB BbIBpaHa CTPyKTypa aB-
TokonebaTenbHON CUMCTeMbl, CO34aHa Hu3Kkopa3mepHas
mMaTtemaTmyeckas MoAenb U MOCTPpOeHa CXeMOTEexHu4e-
ckasi MoAenb, y4MTbiBaloLWas pearnbHble XapaKTepucTu-
KW aKTMBHbBIX M MacCUBHbIX 3IEMEHTOB BMWSAHWE MmaTe-
pvana v Tomororvn nnaTtbl, Ha KOTOPOW pacnonaraeTcs
NCTOYHMK Xaoca. NapameTpbl MOAENN ONTUMU3NPOBaHbI
Takum obpasom, 4TOObl CMCTeMa reHepupoBana xaoTu-
yeckune konebaHuns ¢ TpebyembiMU CNEKTpanbHbIMU Xa-
pakTepucTukamm.

lll. 3kcnepnmeHT

Mo pesynbTaTaM MOAENMPOBaHUs co3faHbl nabopa-
TOpHble MaKkeTbl TBEPAOTENbHbIX MCTOYHMKOB Xaoca B
aunanasoHe yactot o7 0,2 go 10 'y (puc. 1).

Paspa6oTaHHble NpPYHUMMbLI CUHTE3a U MOAENUpoBa-
HWUSI TBEPAOTENbHbIX UCTOYHUKOB Xaoca MUKPOBOJSIHOBO-
ro guanasoHa Ha OCHOBe aBTokoriebaTenbHbIX CUCTEM C
COCPEAOTOYEHHBIMU MapaMeTpaMu MPUMEHUMbI U MpU
CO30aHUN WUCTOYHMKOB Xaoca B BUAe WHTerpanbHbIX
MUKPOCXEM.
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Puc. 1. 3asucumocme cnekmpasnbHOU niaomHocmu
MOWHOCMU cuaHania om 4acmomsl

07151 pa3nuYHbIX NapaMempos eeHepamopa.

Fig. 1. Power spectral density vs. frequency
for different generator’s parameter sets

B pabGoTte npuBeaeH npumMep paspaboTkM mMoaenu,
TOMONOMMN N 3KCMEePUMEHTalNbHOro MakeTa WMHTerpanb-
HO MMKPOCXEMbl MCTOYHMKA Xaoca MWKPOBOJIHOBOIO
AnanasoHa ¢ GunonsipHbIM TPaH3WCTOPOM B KayecTBe
aKTUBHOrO 3rieMeHTa Ha ocHoBe TexHonorun SiGe 0,25
MKM. Cuctema AEMOHCTPUPYET reHepaunto CBEPXLLMPO-
KOMOJOCHBIX XaoTU4Yecknx konebaHuin B ananasoHe vac-
ToT 3 — 8 Iy (puc. 2).

0

[}
=]

3

<
=
2
L5
S

. P(Vewi), ABM

-3
o

4 8 10

o
[N .

Puc. 2. 3asucumocmse crnekmpasibHoU ninomHocmu
MOWHOCMU cueHana om 4acmomel.

Fig. 2. Power spectral density vs. frequency

IV. 3aknoyeHue

MpepnoxeHHaa metoguka MoOenvpoBaHus TBEPAO-
TeNbHbIX UCTOYHMKOB XaoTW4eckux komnebaHwui MUKpo-
BOMTHOBOroO AuanasoHa, No3BOMnseT CUHTe3MpoBaTb UC-
TOYHWMK XaoC OT MOCTPOEHMST €ro CTPYKTYPbl A0 CO3AaHUsI
3KCNEPUMEHTANbHOr0 MakeTa YCTPOWCTBA reHepupyto-
LLIero curHarn ¢ TpebyembiMu XxapakTepUCTUKaMW.

C vncnonb3oBaHueM co34aHHbIX B paboTe MCTOYHM-
KOB Xaoca MMKPOBOJIHOBOro AmnanasoHa B VIPO nm. B.A
KotenbHukoBa PAH paspaboTtaHa annapatypa, npegHa-
3Ha4YeHHas Ans OpraHMsauuny CBEepXLUMPOKOMOMOCHbLIX
6ecnpoBOAHbIX CUCTEM MEpefayn AaHHbIX U CEHCOPHbLIX
ceTel, KoTopble MOryT ObITb MCNOMNb30BaHbl Kak B MpO-
MbILLUMEHHBIX, TaK U B ObITOBbLIX MPUMOXEHUSIX.

Pa6oTa BbINOMHEHa nNpU YacTUYHOW (OUHAHCOBOM
nopaepxke rpaHtoB PO® Ne 09-02-00983-a, Ne 09-07-
92651-MHO_a v rpanTa [lNpe3ngeHta Poccuiickon de-
Jepaumu Ans rocyaapCTBEHHOM MoJaepXKM Monoabix
poccuickmx yydenbix (MO-4131.2009.9).
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Abstract — This work concerns the development of meth-
ods of simulation and experimental realization of ultra-wideband
microwave chaotic generators on lumped components.

I. Introduction

Ultra-wideband wireless communication systems based on
chaotic signals are one of perspective areas of nowadays tele-
communications [1-3]. Their possible applications are WLAN'’s
and wireless sensor networks.

Key element of a communication system based on chaotic
signals is a chaotic generator. Chaotic generators must provide
generation of ultra-wideband chaotic signal in prescribed fre-
quency band with rather smooth power spectrum envelope and
prescribed power spectral density. At the same moment they
must be compact and have low power consumption, repeatable
characteristics by mass production and be implementable as a
microchip.

I, lll. Main Part

In this work a complex approach to development and
simulation of solid state microwave chaotic generators
based on lumped parameters self-oscillating systems is
proposed. This approach allows synthesizing of a chaotic
source from its structure composition to production of an
experimental set of a device provided signal with prescribed
characteristics. It is shown that account for the properties of
real electronic components, parasitic effects, board proper-
ties and topology in simulation allow overcoming the gap
between simulation results and the experiment. Chaotic
generators are proposed and investigated to produce ultra-
wideband chaotic signals in 2-10 GHz band with frequency
bandwidth 1 to 8 GHz.

SiGe integrated circuit of a ultra-wideband microwave
chaotic generator is proposed. The integrated circuit model
is simulated with models of the elements from 0.25 um SiGe
technology library. Based on the proposed topology, ex-
perimental samples of a microchip microwave chaotic gen-
erator are produced. Ultra-wideband microwave chaotic
oscillations in 3-8 GHz range are verified in the experiment.

IV. Conclusion

Proposed microwave chaotic generators are used as
sources of carrier signals in ultra-wideband transceivers for
personal communication systems and sensor networks that
were developed in IRE RAS.
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