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BucnekTp nyaccoHoBckoro npouecca, kak mogenu 1/f wwyma, noctpoeHHon
Ha ocHoBe [1YC B nonynpoBoagHuKax

ML.IO.ITepos'

Huoicecopoockuii cocyoapemeennvlii ynueepcumem um. H.H.Jlobauesckoeo
npocnexm I'acapuna 23, Husicnuii Hoseopoo 603950, Poccus

IpousBonurcs uccaenosanue 1/f mryma Ha OCHOBE MOZENIH aHCAMOIIS CIIydaiHBIX
tenerpadusix npoueccoB (CTII), omuceiBaoOmMX MoBeacHHE IS(PEKTOB MOIYIPOBOJI-
HHUKOB B MoZenH AByXypoBHeBBIX cucteM (Y C). [lnst uccnenoanus coiicts 1/f mry-
Ma HPEII0KEHO H3yueHHE OUCIIEKTPA IyMa, OHAKO €r0 TEOPETUYECKHI aHAIU3 B MO-
nenmu CTII 3arpynuutene. dns ouenku Oucnekrpa B Moaenn CTII moctpoena Bero-
MorateibHas MOJieIb IyaCCOHOBCKOro mpormecca. IlomyueHo BbIpaxkeHHe 1J1s OUCIEK-
Tpa 1/f mryma B MOZENH ITyacCOHOBCKOTO IIPOLEcCa, XapaKTepU3yIollee HerayCCOBOCT
npouecca. Ha ocHOBE CIEKTPOB OCYILECTBIEHO CpaBHEHHME MOEJNeH, OCYIECTBIECHA
KOPPEKTHPOBKA BHIPAXKCHHS UL OHCIIEKTPa ITyaCCOHOBCKOTO IIPOIecca.

1. Beeoenue

V nonynpoBOAHHKOBBIX MPUOOPOB Ha HU3KUX yacToTax Habmomaercs 1/f mym, xo-
TOPBIiA, BEPOSATHO, 00YCIIOBIICH NOABMKHBIMU Aedekramu. OOHapyxeHo [1], uTo HyneBas
runore3a (0 raycCoBOCTH M CTalMOHAapHOCTH) Ajs 1/f mryma MOSynpoOBOIHHUKOB HE BbI-
nonusercs. [Ipennonaranock, 4ro 1/f mym siBisieTcs: CTalMOHAPHBIM, HO HET'ayCCOBBIM.

CreKTpaibHBIE XapaKTePUCTHKHU IIyMa BBICOKOTO MOPsJKA, TaKHE KaK OUCHEKTp,
(GyHKIMS OMKOTEpEHTHOCTH M BBILIE, OTPAXKAIOT XapaKTep HErayCccoBOCTH IIpoLecca.
EcTecTBEHHO OXHIATh, YTO M3y4YEHHE CIEKTPOB BBICIIMX IOPSJKOB IO3BOJIHUT OOHApy-
JKUTh HOBbIE cBolicTBa 1/f 1ymMa ¥ BBIIBUTH OCOOSHHOCTH TOBEICHHS Ae(EKTOB MOJIYIIPO-
BOJIHHKOB.

Cyl1ecTByeT MOJIeNb ABYXYPOBHEBbBIX CHCTEM, COIIACHO KOTOPOH Ae(GEKT MOXeT Ha-
XOJIUTBCS B OJTHOM M3 JIByX METacTaOMIBHBIX cOCTOsHMIL. [lepexon U3 0JHOrO COCTOSHUSA
B JIPYroe MPOUCXOJUT AOCTATOYHO OBICTPO, N0 CPABHEHHUIO CO BPEMEHEM NPEObIBaHUS B
OZIHOM u3 cocTostHui. Takum oOpa3oM, nepemelneHue Jedekra U3 OJHOrO COCTOSHUSA B
Jpyroe u oOpaTHO MOXET ObITh NPEJICTAaBICHO CIy4alHBIM TelerpadHbIM MPOLECCOM
(CTII). B mosiynpoBoHUKE KOJHMYECTBO A(EKTOB BEIUKO, U IIyM 00pasyercs CynepIio-
sunueit (ancambrnem) CTII. [lns nmanHOM Mopenu ompeneneH cnektp oxHoro CTII,
UMeIoLIel JTIopeHIeB xapakTep, U crektp ancam6ist CTII, koropsrii umeer 1/f Bua. Omnpe-
JIeIUTh BBICIINE CIEKTPaIbHbIC XapakTepucTuky 1/f myma B 3TOif MOJENH, B YACTHOCTH,
OuCHeKTp, NPEACTABISETCS BEChbMa 3aTPyIHUTEIbHbBIM.

st reoperndeckoit ouenku 6ucnekrpa 1/f myma B mogenu CTII moctpoeHa Bemo-
MoratenbHass Mozens 1/f myma Ha ocHOBe aHcamOllsi ITyaCCOHOBCKHX IPOLIECCOB. AH-
caMOJ1b yacCOHOBCKUX MHpoleccoB 3kBuBajieHTeH aHcam6aio CTII B mopenu AYC, koTo-
pbiii gaet criektp Buaa 1/f. OtaenbHO B3ATHII TyaCCOHOBCKHUIA ITPOLIECC HCIIOJIB3YESTCSI ISt
MozenupoBanus emeHtapHoro CTII, coOTBETCTBYIOIIETO OJHOMY MOABIXHOMY Jedek-

! Ten.: +7-8312-656153; Fax: +7-8312-656416; E-mail: perov@rf.unn.ru
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Ty. IIpy MOAenMpoBaHUM JaHHOIO IIyaCCOHOBCKOI'O IIpOliecca IPOM3BEICHO CPaBHEHUE
€ro CHeKTpa U crekrpa sneMenraproro CTII.

2. Mooenw 1/f wyma na ocnose ancamoéna CTIT

CriekTp cay4aiHoro teserpadHoro mpoiecca, 00pa3oBaHHOIO OIHUM
IOABUKHBIM QCEI}CKTOM

PaccmoTpum ciydaiiHblii b x, (1)
CTaIlMOHAPHEIA TeerpadHbIid a
mponecc (CTII) x(¢), omuchI-
BAIOIMH TOBEJCHUE OJHOTO —T —»|—106, —»
nedexra. Ilpumep peanmza-
UM TIpoIiecca M300paxkeH Ha >
puc.l. B cayuaiinble MOMEH- t
Thl BpEMEHHU IIpolLecc Iepe- Puc.1
KIIIOYaeTcs MExAy 3Haue-

HUSIMH “HOJIB” ¥ “equHHINa”, GOpMHpPYS UMITYIIBCHI C aMILIUTYIOMH a.

IlycTs mnnTenbHOCTH UMITYIBCOB U IIay3 paclpeleleHbl 0 3akoHy bonbimana u

HMEIOT CPEeIHHE JTUTEIBHOCTH, COOTBETCTBEHHO, paBHble Tg U Oy

Wen (1) = (Litg) exp (=T/T); We, (6) = (1/80) exp(~6/60) . O

JlonmycTuM Ui IpOCTOTHL, YTO OTHOUICHUE CPEIAHUX AIMTEIBLHOCTEH Nay3bl U UM-
nynsca B CTII aBnsercs NOCTOSHHON BEIMYUHOI:

0o=kTy,, kOR (2

[lpuHrMas BO BHUMaHHE pe3yJbTaThl, HOJy4YCHHBIE B [2], HaiiieMm, 4TO CIEKTp
nmarHoro CTII umeeT J0peHIIeB BUA:

2
20,.0
Sa(@|Tg) =55 3) A
x wcz g i S()
zaxl /(‘).:
3mecs . — “XapakTepHas’ WIH YIJOBas
4acToTa cpe3a CHeKTpa:
W =(To + &) / (Tobb) = (k+1)/(kTo),  (4)
a JHCTepcust mpolecca paBHa:
0.2 =a’k/(k+1)>. ) i
Paccmorpum  cummerpuunsii CTIT ¢ ‘ >
OJMHAKOBBIMU CPEIHUMH JUIUTEILHOCTSIMU 0 . W
UMITYJIbCOB U may3 (T;=0), k=1), obnanato- Puc.2

muit pazmaxoMm “a” (puc.l). Yriaosas gacro-
Ta CIEKTpa TAKOTo Hpolecca paBHa w.=2/T o, AUCIEPCHs Ipolecca ecth Oy =a’/4.
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Cunres cuekrpa 1/f mryma B Mogenu ancamb6is CTIT

B nannoii pabore ucnonsdyercs moaens Ban nep 3una — o [pe, rae paccmarpusa-
eTcst aHCaMOJIb TPOLIECCOB C JIOPEHLEBBIMU CIIEKTPAMH, KOTOPBIH 00pa3yloT CIeKTp BHIA
1/f [3]. Crextp oxuoro anementapuoro CTII B monenu [V C Takxke UMeeT JOPEHLIEB BUI.
Hust Toro 4ytobsl mony4uth cnektp 1/f Tuna B momenu ancambns CTII, neobxomumo
UMETb PaclpeeieHne CPeHUX JIUTEIbHOCTEN UMITyIbCa TAKOE K€, Kak M B MoJenH Ban
nep 3una — o Ipe:

1

Woo(T)=———,
(D) TIn(T g / Tiow)

Tjow ST S Th[gh . (6)

Cnexrp ancam6ist CTII MoxeT ObITh IPEACTABIICH CIESIYIOMIUM BEIPAKECHUEM:

Sy (@) =Ny <8(@[T9)>r,» @)

rae Ny — uucno aedexros B oopasie (kommyectBo anementapHbix CTII B aHcam6ie).
Tocne ycpemuenust BelpaxkeHHs: it criekTpa anmemeHtapHoro CTIT (3) mo Beem Ty
IIpu TIOMOIIHN pacnpenenenus (6), MoIydnM BeIpaskeHue Ui criekrpa ancam6ust CTIL:

no;

S, (wW)y=——"-"—"—
X( ) ln(whigh /wlow)

o ®)
w

3nech UX2=aZN,,,k/(k-s-1)2 —mucnepcust  aucambna  CTII, g =(k+1)/(kT ),
Wiy =(k+1)/(kT ;) —BEpXHSA M HHIKHSAS YaCTOTHI HEPEruda, KOTOPbIE OMPEAEIAIOTCS
YaCTOTaMH CPE30B IPaHUYHBIX JIOPEHIIMAHOB.

3. Mooenuposanue 1/f wyma ancambiem nyaccoHo8cKux npoyeccos

MoienripoBanue NOBEAEHMS OJHOTO Jie()eKTa ITyacCOHOBCKOM
[IOCJICTIOBATEIbHOCThIO MOHOIOJIIPHBIX UMITYJILCOB

Js mopenupoBanus snementapHoro CTII, onuceiBaromero noseaexue AYC unu
OJIHOTO TIOJBIDKHOTO Je(heKTa, BOCIOJIB3YeMCsI ITyaCCOHOBCKOH MOCIIEIOBAaTEILHOCTHIO
MOHOMIOJISIPHBIX MMITyJbcoB. DnemenTapusiii CTII sBisercs TenerpagHBIM IpomeccoM,
(puc.1), mosToMy B KadecTBe »JIIEMEHTapHOTO
HMITyJIbCa BBIOEPEM IPSIMOYTOJIBHBIA HMITYJIBC, A F@)
npuBeACHHBIM Ha puc.3. JIOCTOMHCTBOM IIyacco-
HOBCKOII MOJENM SBJISAETCA BO3MOXKHOCTb BBIYHC-
JICHUS €€ CIIEKTPAJIbHBIX XapaKTCPUCTUK.

CHexTp myacCOHOBCKOTO Ipolecca,
MOJCIIUPYIOUICTO IMMOBCACHUE OJIHOTO 0 T

aedekra

CornacHo pesynbratam JI.IL.3auenunxoit [4],
KyMyJIIHTHas (yHKLHS /7-TO NMOPAAKa MyacCOHOB-
CKOTO MpPOLECCca UMEET CISAYIOIIUH BUJL:

~y

Puc.3
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K,(0,T5,....T,) = A }OF(t)F(t +1,) L. OF(t +1,)dt. ©9)

—00

31ech A —CpeliHee YHCIIO UMITYJIbCOB, BOSHHKAOIIUX B CAUHHUILY BPEMCHH.

CHexTp IyacCOHOBCKOH IOCJICIOBATEIFHOCTH HMITYJIbCOB C (PUKCHPOBAHHOM MIJIH-
TEeIBbHOCTBIO T sBisiercd Pypbe-npeodpa3oBaHUEM KOPPETAUMOHHONW (YHKIMHU (Kymy-
JSIHTHOW (DYHKLIK BTOPOTO MOPsAKa), CM. (9), U UMEeT ClIe IOl BUA:

S@IT)=AX 5 (@| )X (@]T). (10)
Oypre-npeodpazoBaHre JaHHOTO UMITYIbCA UMEET BHUIL:

2aexp(—jwrt/2) sinﬂ

Xp(w|T)= ofF(r)e‘f“’art: -

—00

(1

CrieoBaTeNnbHO, CIEKTP IIyaCCOHOBCKOIM MOCIIEA0BATEIBHOCTH UMITYJIbCOB (PUKCHPO-
BaHHOM JUIUTENBHOCTH T mMeeT BUA (puc.4):

5 sin?(wT/2)

S(w|T)=Aa’T . (12)
(a)r/z)
PaccMOTpUM CYIEpPIIO3UIMIO ITyac- A
COHOBCKHX ITOCJIEIOBATEILHOCTEH MOHO- S(ar)
MOJISIPHBIX UMITYJIBCOB C Pa3HBIMH CIIy- AdT

YalHBIMH JUTUTENILHOCTSIMU  MIMITYJIbCOB
OT IMOCJICIOBATEIFHOCTH K IIOCIEN0BA-
tenbHOCTH. [lycTh cpemHee Bpems mpe-
ObiBaHMs fedexTa B cocTostHA ‘17 (v
CPEIHSs AINTENIBHOCTh UMILYJIBbCOB T )
pacmpenesneHo 1o 3akoHy boibumana (1).
VYepennss mo BceM BpeMeHaMm npeObiBa-
HUs edexta B COCTOSIHUM “17, moaydum

.
Ll
BBIP@XXEHUE JUIsSl CHIEKTPA JAHHOTO ITyac- 21/t )
COHOBCKOTO Mpolecca: Puc.4
2Xa’13
Su(@|T9)= - (13)
1+ (w/w,)

3necs w=1/T ( —yrnoBas yacToTa (cpe3a) naHHOHU KpuBoi JlopeHma.

IIpumem Bo BHHMMaHHE, 4YTO Je(EKT MOXKET HAaXOMUThCA B coctosHuu “0”, u ero
cpezHee BpeMs NpeObIBaHHS B 3TOM COCTOSHHUHU (MIIH CPEAHSS IINTEILHOCTH may3 6, )
TaKkKe pacrpeneneHo no 3akoHy bombivana (1). YuteM, 4To cpemHss IJIUTENBHOCTH
nay3sl 1 umitynsca B CTII cBsizanbl cooTHOMeHUeM (2): Oy =k Ty
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B kadecTBe 4acTOTHI MOSIBICHHS HMITYJICOB A BO3bMEM BEIUUMHY, KOTOpas IKBHBA-
JeHTHa oOpaTHOMY cpeaHeMy nepuoay umimyisca B CTII:
1 1
Asrn— = (14)
To+6y To(k+1)
B pesynerare npunem k Boipakenuro (3) it cnekrpa CTII. Otimune ot paHee mo-
JIy4EHHOTO CIEKTpa 3aKJII0YaeTcs B BEJIMYMHE AMCIEPCUU 0.>=a’/(k+1) u gacToTHI
cpesa w=1/T.

CunTes cnekTpa f IIymMa B MOJIEJIH ITYaCCOHOBCKOM IOCIIEIOBATEIHbHOCTH
MOHOIIOJIAPHBIX UMITYJIECOB

Crektp aHcaMOsl IyaCCOHOBCKHX IMPOLIECCOB, MOJICIUPYIOIINX MOBeAeHue Ny 1e-
(hexToB, nmeet BU, Kak u st aHcamOist CTIT (7): S (w) = Ny<S,1(wTy)>4. Pacnpenene-
HUE CPEHUX JUTUTEIBHOCTEH UMITYJIbca B aHCAMOJIIE ITyaCCOHOBCKHX MPOIIECCOB BBIOPAHO,
kak u st ancam6ist CTII (6). Tlocne ycpenHeHus: BeIpakeHus: 1Uis ciekTpa S, (e Tp) mo
BCEM CPEIHUM JUTUTEIBHOCTSM BIIEMEHTAPHOTO WMITyNbca T, HaliJIeM CHEKTp aHCaMOJIs
ITyaCCOHOBCKUX MPOIECCOB:

< a > Nd
(k + l)ln(rhzgh /Tlow)

S(w) =

(15)

31ech UCIOIB30BAHO MPUOIIKEHNUE: T'lhl-gh << w<<1!,,. Torma CIIEKTp aHcaMOJIs myac-
COHOBCKHX Iporeccos, omuceiBaromux ancam6ab CTII B mogenn YC, umeer Bun 1/f,
(8), ¢ mmcnepcueit 0, 2=a’N,/(k+1 ), BepxHed W HWKHEH wYacroramu meperuba
Whigh=1/Tigys Wipw=1/Tpign, OIPETENAEMBIMU YACTOTAMH CPE30B TPAHUIHBIX JJOPEHIIHAHOB.

BucnekTp myaccOHOBCKOT0 Mpolecca, MOJEIUPYIOIIETr0 NOBEACHUE OAHOTO
geggeKTa

PaccmoTpum OHCHIEKTp ITyacCOHOBCKOTO Tpoiiecca, moxaenupyromero oxay AYC.
Haiinem BeIpaxkeHHe Ul OMCHEKTpa ITyaCCOHOBCKOTO IIPOLECCA, COCTOSIIETO U3 MPSIMO-
YrOJIBHBIX MMITYJILCOB MOCTOSHHOI JutTenbHocTH T. IIpuHMMas BO BHHUMaHHE BBIpaXe-
Hue Pypbe-obpasza 31eMEHTapHOTO NPSMOYTOJAbHOrO uMmImyisca (14), nomyuum ciemyro-
IIee BhIPKCHHE Ul OMCHEKTPa IyaCCOHOBCKOW MOCIIENOBATEIbHOCTH HMPSAMOYTOJbHBIX
UMITyJI5COB (PMKCHPOBAHHOM JUTUTEIBHOCTH:

_ 8<a > <ad’> F %wl +wy)T
S (@, @2) = ‘*’1092 W0, (@ +wy) +w2) EL %m % E
_ }\<a > w1+w2)r
0)10)2(0)1+w2)D EL%SIH % %

Yurem, 4TO AIUTENBHOCTD MpsiMOyrosibHOTO nMmiynsca B CTII pacnpenenena mo 3a-
KoHy bombivana (1). Yepenuum BelpakeHHe AT OMCHEKTpa MO BCEM AJIHTEIBHOCTSIM

(16)
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UMITyJIbCa. Tlocne YCpEAHCHUS IOJYIUM CICAYIOLIEEC BBIPAKCHUC IS 6I/ICHCKTpa Imyacco-
HOBCKOT'O ITponecca, MOACIUPYIOMIETO IMOBEACHUE OJHOTI'O IIe(i)eKTaZ

3
2A<a’ > T w,T W, +W,)T H(

S (@, w|T9) = o >t 2.0 >~ (@ 2)20 17

W2 (@ + @) H+(@yTg)? 1+ (wyTg)? 1+ () +@,)°15 [

3Z[eCB TO —CpeZ[Hﬂﬂ JUIMTCIIBHOCTD HpﬂMOerHBHLIX I/IMHy.TI])COB JaHHOTO HyaCCOHOBCKOFO

HpOHeCCa NI CpeIIHee BpeMH Hpe6LIBaHI/I$I IIe(fpeKTa B COCTOsSHHHU, yCHOBHO 0603Haqae-

MBIM “17.

Bucnekrp 1/f myma B MOJEIM IIyaCCOHOBCKOT'O IIPOLIECCA, MOIEIUPYIOLIErO
ancam0Oip CTII

B nanHoi# yacTy paboThl MPOBOIUTCS BHIBOJ BhIpaxkeHUs A1 Oucrnektpa 1/f nryma B
MOJIEJIH ITyacCOHOBCKOTO TpoLecca, 00pa3oBaHHOro ancambiiem nedektoB. B BeipakeHun
st OMCIIeKTpa  ITyaCCOHOBCKOTO
nponecca  (17), Moxenupyromero S(w1,w2) [ab]
omy HVYC, yureM, 4YTO 4YacToTa |
BO3HMKHOBEHHUS MMITYJILCOB 0OpaTHO
HPOIOPLHOHAIBHA CYMME CPEIHUX
BpeMeH npeObiBanus nedexra B
COCTOSIHUSIX, YCIIOBHO 0003Ha4aeMbIX
“0” u “1”. IlpumMem BO BHUMaHHE
CBA3b MEXIY [UIMTEIBbHOCTAMH HM-
mynbca M maysel, A=1/(60p+7y) =

V[(k+1)T]. .
Vepenusist BoIpaKeHUe U1t Ouc-
IeKTpa OAHOro JedeKkra Mo BCEM wi =
JUTMTENBHOCTSIM UMITyJIbCa, CM. pac- w2
Puc.5

npeaeneHue anuTensHoctd B (9),
HOJIyYMM BBIp@KEHHE ISl OHCTIeKTpa
MyaCCOHOBCKOTO TIPOIIECCa, OMHCHI-
BAIoLIero aHcamMOIb 1e(heKTOB:

Bucnekrp 1/f uryma, MoenupyemMoro myacco-
HOBCKHM IIPOLIECCOM

2¢° N 1+ /w,) In(l+w, /w,
S, (@1, @) = a’ Ny Hn(l+w, /w,)  In(l+w, 1)%18)
(k+DINT gy /T @ +@) @ w,
[Ipu BBIBOJIC JIaHHOTO BBIPAXKCHUS HCIIOIb30BaHO MpUOIIDKEHNUE:

' eh<<W<< 7'}, B IIOBepXHOCTH GUCIIEKTPa IpUBEaEH Ha puc.5. Ha Guccekrpu-
CEe YaCTOTHOHM IUIOCKOCTH, (W=0h=C), OHUCIEKTp 0OpaTHO NpPONOPLHMOHAIEH KBaJpaTry
yacTotsl, S((w) ~1/w’. W3 Beipaenns (18) cuenyer, uro 1/f mym sBnsercs Heraycco-
BBIM.

CBo/JIKa TIOJIy4eHHBIX PE3yJIbTaTOB IIPUBECHA B TaOIHUIIE.
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ITporecc BeipaskeHus 1yist ciektpa (MOJeIb AJIs OAHOTro edeKra)
2 _ 2 k . _k+1 1
CTII 2 Oy =a P W, = —
— 2(J‘)co-xl (k+1) k To
Sa(@]Tg) =L
IyaccoHoB- W tw 02 =d? L 1
CcKuit * k+1)° ¢ 1,
BeipakeHust st criektpa (MOJEINb 111 aHcamOJ1st 1e)eKTOB)
2_ 2 k
CTII ) . Oy =a"Ny D2
0.
Sy(w)= 1 ’/‘ G-
Hyaccoilos- 0(Wjgp | Wppyy) @ U}% =42 N, 1
CKui (k+1)
Bripaxenus jurst Oucrtiextpa (MOZENb Ul OXHOTO JeeKTa)
3
2a
Sa(wy,w; |Tg) =
+ +
IlyaccoHOB- (k + Doy (@ +w,)
crenid w o, W wtw H
2 2 2.2
+H@T0)?  1+(@70)°  1+(@ +w)’17
Beipaxenus st Oucnekrpa (Mogens 1isi aHcamOuisi e eKToB)
ITyacconoB- 2> N n(l+w, /w,) In(1+w, /w)
yaceo! Sy (@),wy) = £ S z
CKHH (k +1) ln(rhigh / Tiow )(wl +w, ) 2] (2]

CpaBHHBast MOJIyYCHHBIE BBIPKECHHS JUIS CIIEKTPA MPOLECCOB, MOJEIUPYIOIIUX HO-
BEJICHHUE OJJHOTO Je(eKTa, MOXKHO 3aMETUTh, YTO JUCIIEPCUS U 4acTOTa cpe3a JIOPEHILaHa
y myacconoBckoro mpouecca U CTII orimuarorcs Ha xoadduument k/A(k+1). Pazmuune
00yc/IOBIEHO TeM (PaKTOM, YTO B IIyaCCOHOBCKOM IIPOIIECCE CTATHCTHKA NpeObIBaHUSA
nedexra B coctossHUM “0” WITM CTATHCTHKA 11ay3 yYTEHA YaCTHYHO, JIUIIb B YaCTOTE MOSIB-
JICHUS UMITYJIbCOB, M Hapymaercs o cpasHeHHIo ¢ CTII u3-3a HEepeKpPHITUS HMITYJIBCOB.
Jlns BbIpaBHUBaHWS IUCICPCHUM M YAaCTOT CPe3a JIOPEHLMAHOB B OMCHEKTPE MyacCOHOB-
CKOT0 TpOLecca, MOACIHPYIOIIETo OAUH Je(eKT, N00aBUM KOPPEKTHPYIOIUHA MHOXKH-
tenb k/(k+1). Torma BelpaxkeHHe Uil OHUCIEKTpa MyacCCOHOBCKOIO IIPOLECCa, MOICIH-
PYIOLLETro NoBeeHHe aHCaMOIst 1eEKTOB C yUeTOM CTaTUCTHKH I1ay3, IPUMET BUI:

2a° Nk Hln(l+w1/w2)+1n(1+w2/w1)E<19)
(k+ 12 0@y, / i )@ +@) B @ w,

S(wy,w,) =

I'panmdnble 9acToThI 371eCh, Kak U i CTIL, i =(k+1)/(kTy,), Won=(k+1)/(KThigr).

[Mony4eHHoe BbIpaXKeHHE [UIsl OUCTIEKTPa MPAaKTHYECKH coBmagaet ¢ oucmnexrpom 1/f
myma B Mozenu Xandopaa [5] u MoxeT ObITh HCIIOIb30BAHO JUISl ONPEICICHNsT KOHICH-
TpPaLUH OABUKHBIX IE(YEKTOB CTPYKTYPHI.
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The bispectrum of the Poissonian process as the 1/f noise model
constructed on the base of TLS in the semiconductors™

M.Yu.Perov"
Nizhni Novgorod State University, Gagarin Avenue 23, Nizhni Novgorod 603950, Russia

The most of semiconductor devices have the 1/f low frequency noise probably caused
by mobile defects. The zero-hypothesis (about the Gaussianity and stationarity) for 1/f
semiconductor noise is found to be not fulfilled. The 1/f noise is suggested to be station-
ary and non-Gaussian. The high order spectra are known to be zero for Gaussian proc-
esses. To investigate the 1/f noise non-Gaussianity the high order spectra are researched
on the bispectrum example.

There is the TLS (Two Level System) model in semiconductors where the mobile de-
fect can be in one of two meta-stable states. It is suggested that defect transitions between
these states is very quick with comparing to time of meta-stable state. Therefore, the
defect moving from one state to another one, and backwards, can be described by the
random telegraph process (RTP). The quantity of defects is large in the semiconductor,
and noise is created by superposition of RTPs. The spectra for the single RTP and RTP
superposition have been found for the TLS model. The RTP spectrum is described by
Lorentz curve, and RTP superposition spectrum has the 1/f type [1]. The high order spec-
tra (among them bispectrum) of the 1/f noise are very hard to deduce in TLS model.
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To estimate the 1/f noise bispectrum in TLS model the auxiliary model of the 1/f
noise has been developed. The Poissonian process high order spectra can be found as the
Fourier transform of the corresponding order cumulant function. The auxiliary model is
constructed on the base of the superposition of Poissonian processes with comparing to
RTP superposition. For instance, one Poissonian process is used to model the behavior of
one mobile defect, and it is corresponded to single RTP. That is why the rectangle ele-
mentary pulse has been chosen for this process. The pdf of pulse duration in the modeling
of one defect is of Boltzman type. To find the spectrum of the process modeling the su-
perposition of RTPs we use the pdf of mean pulse duration which is equal to:
WHD=1/[TIN(Thign/ Tion) ], TionSTEThigy. Here Ty, 4iqp are the boundary mean pulse durations.

It was noticed after analysis of the spectra that cut frequencies and variances of RTP
and Poissonian process are distinguished by factor k/k+1. Here k is the ratio between the
mean pulse duration (time of “1” defect state) and mean interval between neighbor pulses
(time of “0” defect state). The difference between these values can be explained by the
fact that the statistics of intervals between pulses (the time of “0” state) was not taken into
account for Poissonian process, and the pulses may be overlapped in this process.

To take into account the difference between the cut frequencies and variances the
factor k/(k+1) was added to the Lorentz curves of the Poissonian process bispectrum.
Then, after the averaging of this expression, the bispectrum of Poissonian process super-
position was obtained:

S(wy,w,) =

2a°N  k An(l+w; /@)) |, In(l+w, /@) %19)
(k+ 1) In@yigp /O )@ +@) 0 @ W,

Here the boundary frequencies (as for RTP) are: @yp=(k+1)/(kT,.), Wi =(k+1)/(KThigs),
N,is the number of defects.

The bispectrum (19) is almost coincided with the bispectrum of the 1/f noise ob-
tained for the Halford’s model [5]. Equation (19) can be used to define the number of
defects in researched semiconductor samples.
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