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Method of determining the processes that take place inside the investigated system is presented
here. Method is based on the analysis of energy spectrum of investigated system own noises. Using
energy spectrum of own noises that is experimentally found it is calculated the constant of system
relaxation time z. Processes that take place inside the system affect the value of z. Analysis of values of
the constant of relaxation time gives the possibility to obtain the information about the character of
inner processes.

Energy spectrum of own noises of real systems including semiconductors is not the same in the
whole range of frequencies. On the middle and high frequencies energy spectrum value S(f) is the same
but on the low frequencies (f—0) it is observed the inverse proportion of spectrum from the frequency.
Such irregularity of energy spectrum is explained by unbalanced state of real system. Without external
influences on the system (the condition of measurement) the system moves to balanced state through
relaxation processes. Depending on the peculiarities of system structure defects the probability of one of
all possible relaxation mechanisms with time z is the highest. Analysis of times of relaxation spectrum
gives the possibility to reveal almost all main characteristics of structure of solid solutions but empirical
estimate of parameter = is connected with some methodical difficulties and does not provide necessary
precision of valuations. Energy spectrum of own noises of investigated system S(f) depends on the value
t thus the constant of system relaxation time can be found using experimentally calculated S(f). Value ¢
found in such way can be compared with theoretically calculated value = during predicted the biggest
probability the one of possible relaxation mechanisms. If experimental and theoretical = value are close
it is possible to find the relaxation mechanisms that take place in the investigated system.

The authors performed experimental investigations of energy spectrum of own noises of
electronic elements based on resistors and also on silicon epitaxial planar diodes. In investigated
resistors the relaxation processes are connected with appearing and disappearing of quasi-equilibrium
vacancies. In semiconducting diode generating-recombination processes happen faster than appearing
and disappearing of quasi-equilibrium vacancies, thus the relaxation constant for diode is smaller than
for resistors. It was conducted the investigation of parameters of resistor own noises with conducted film
of metal oxide on the surface and with mechanical damages of film. Based on the obtained energy
spectrums of their noises it was calculated the relaxation constants of examples of investigated resistors.
In the structure of conducted film of investigated resistors besides quasi-equilibrium vacancies other
defects appeared, for example micro-cracks. Appearing of such defects accelerate the relaxation
processes that can be seen in the reduction of relaxation constants of investigated examples.
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3anpononoeano Mmemood  GUHAUEHHA  Hpouecie, w0  8i00yealOmMvca  6cepeouni
oocnioxcysanoi cucmemu. Memoo rpynmyemsca Ha ananizi eHepzemuyHo20 CHEeKmpa 61ACHUX



wymie 00caiodHcyeanoi cucmemu. 3a EKCHEPUMEHMAIbHO GUIHAYEHUM eHeP2eMmUYHUM
CREKMPOM 6NACHUX WYMIE 6UIHAYACMbCA NOCMiIliHG uacy penakcayii cucmemu 7. Ilpoyecu, wo
6i00ysalomucsa 6cepeouHi cucmemu, 6NIHGAIOMy HA 3HAYEHHA T. AHANI3 3HaAYeHb nOCMIinOT uacy
penakcauii oae 3mozy ompumamu ingopmauyito npo xapaKkmep eHympiuiHix npoyecie.

Kirwo4ogi ciioBa - mocTiiiHa yacy pejakcanii, eHepreTHUHUM cneKkTp, (rikep-urym

Beryn

JlocmimKeHHsT TPOIECiB, IMO BiAOYBAIOTHCS BCEPEAWHI TBEPAUX T, B TOMY YHCT 1
HaITIBIPOBITHUKOBUX Marepianax, HEOoOXimHe IS TPOTHO3yBaHHS 3MiHM ix BiactuBocTeit. Taki
JOCITIDKEHHST Ha CHOTONHI 3HIHCHIOIOTBCS 3 JIOMOMOTOI0 TMPHIAIiB PEHTTCHOCTPYKTYPHOTO aHami3y,
SJICPHO-MarHiTHOTO PE30HAHCY Ta iH., M0 B 0ararb0X BUIIAJKaX € HE3PYYHUM i3-32 3HAYHHX rabapuTiB
anapatypu. Kpim Toro, neski 3 nOMX METOHIB JOCHIPKEHHS IependadyaioTh BIUIMB 30BHIIIHBOTO
ONPOMiHEHHS Ha BHYTPILIHIO CTPYKTYPY AOCIIIKYBaHOTO MaTepially, 0 MOXe MPUBECTH A0 3MiHM caMoi
CTPYKTYpH.

B [1] Bka3aHo, 110 BIacHI MIyMH JOCHIIPKYBaHOT cucTeMu ((IIyKTyalii mapaMeTpiB CHCTEMU) MICTSTh
iHpopMaLlil0 PO caMy CHCTeMy. 3aBIaHHs TOJIArae y 3’sCyBaHHI, ska came iH(opMalis MiCTUTbCA y
BJIACHUX LIyMax AOCIHiIPKyBaHOI CHCTEMH Ta y METOAax BU3HaueHHs iH(opMmamiiHUX napamertpis. B [2]
NPOMOHYETHCS METOA  JIarHOCTYBaHHS MPOIECiB, MO BiAOyBalOThCS BCEPEAMHI JOCHIHKYBaHUX
MmarepialiB, 32 BIaCHUMH HHU3bKOYAaCTOTHMMH LIyMamu Mmartepiany. Lleit metox, Ha BimMiHy Bix MeTomy
PEHTT€HOCTPYKTYPHOTO aHaji3y, € YUCTO MAaCHBHUM, TOOTO 3IIHCHIOETHCS 0€3 CTOPOHHBOTO BIUIMBY Ha
JocHipKyBaHuid Matepian (cucremy). Ilpm mpomy Haromoc poOHThCS Ha aHami3i (iKep-IIyMOBHX
3aJIE)KHOCTEH CIEKTPY MOTYKHOCTI CHUTHAITY, 10 (OPMYETHCS MOCTIMOBHICTIO & -QyHKIiH. [HQOpMariiro
PO TIPOTIECH, IO BiAOYBAIOTHCS B CHCTEMI, MPOTIOHYETHCS BU3HAYATH IIPH 1HTEPIOJIALII pe3yIbTYIOU0TO

So
1+ (2nfTy)"

, m¢e Sp , To i N - deHoMeHOOrIYHI MapaMeTpd (“TIACIIOPTHI MapamMeTpu»), 3 IOIMOMOIOI SIKHX

CIEKTpa MOTYKHOCTI, BU3HAYEHOT'O HA OCHOBI CKCIIEPUMEHTANBHUX PsiB, Bupazom: S(f) =

PO3PI3HAIOTh OCIHIKYBaHI CKJIaTHI CTPYKTypd ab0 IHHAMIKY IOCTIPKYBaHHX CBOJIOMIM BIIKPUTHX
MACUTIATUBHUX CHCTEM. IlapameTp N XapakTepusye MIBUIKICTh «BTPATH MaMATI» (KOPENSIIHHIX 3B’ SI3KiB)
B IIOCJIIJIOBHOCTI CIUICCKIB Ha YacOBUX IHTEpBajax; mapamMerp o Mae 3MICT Yacy Kopemiiii; So —
CIIeKTpajbHA TYCTHHA Ha cepemHix wactorax. llpm N = 4 y mocmimkyBaHI CUCTeMi BimOyBaeThCA
TypOyneHTHa audy3is, npu N = 5/3 — MOBHICTIO po3BUHYTA TypOyJIeHTHICTh 1 T. 1. [2]. CmiBcTaBieHHS
3HAa4YEeHb «IACIOPTHUX IapaMeTpiB», OTPUMAaHUX NpPU aHaji3i 4acoBUX psAiB, 3 IXHIMH 3HAYCHHSIMH,
BU3HAUYEHUMHU [JIsl YaCTKOBHMX BHIIAJKIB, Ja€ MOXJIMBICTH X04a O SKICHO TPEACTaBUTH XapakTep THX
CKJIQJIHUX TIPOIIECIB, 5IKi 00YMOBIIOIOTH JIOCIIKYBaHy €BOJIOIIIFO.

3anpornonoBanuii B [2] Meron ¢uikep-rymoBoi criektpockormii (PIIC, flicker-noise spectroscopy —
FNS) mae 1 oueBHaHI HEJOMIKH: BU3HAYCHHS (CKOpime mindip) 3HaYeHb mapaMeTpiB T 1 N, IpU SKHX 3
JOMOMOTOI0  1HTEPIIONIOI0YOTO BHpa3y AJs EHEPreTHYHOrO CIIEKTpPa BIACHOTO IIYMY JOCIHiIKYyBaHOL
CHCTEMH MOKHa 0yJ10 O 3 33/10BUILHOIO0 TOYHICTIO allpOKCUMYBATH PEANbHUI CIIEKTP, € HE3PYUHUM.

Mertoro nanoi po6otu € po3Butok Metony PIUIC Ha OCHOBI TEOPETHYHHX IOJIOKEHb CHEPreTHYHOTO
CIIEKTpa BJIACHUX LIYMiB CUCTEM, 10 IepeOyBaloTh Y HEPIBHOBAKHOMY CTaHi.

OcHoBHI noJ10:keHHs1 MeToAy (ulikep-IIyMOBOI CIEKTPOCKOMIl

PeanbHi nmocmimxkyBaHi cucTeMHu i3-3a BIUIMBY 30BHIIIHIX (pakTopiB abo ocoOmauBoCcTed CBOET
BHYTPIIIHBOI CTYKTYPH € y CTaHi TepMOJWHAMIYHOI HepiBHOBaru [2]. B meskux Bumaakax, 3aJie)KHO Bif
YMOB JIOCITIJKCHHS, iXHIM CTaH MOXXHa BBaXaTH KBa3ipiBHOBaxXHUM. OJHAK, B 3araJIbHOMY BHIIAJIKY, i3-3a
HEMOXJIMBOCTI a0CONIIOTHOT 130JIAIliT pealbHUX CHUCTEM I1X HEOOXIJHO pO3INsSAaTd SK CHCTEMU, IO
nepeOyBarOTh Y HEPIBHOBAKHOMY CTaH.



B [3] BuBeneHo Bupa3 AJsl €HEPreTUYHOTO CHeKTpa (GIyKTyauild mapameTpiB i30JIbOBAHUX CHUCTEM
(BIacHHX LIYMiB CHCTEM), L0, Mepe0yBalo4n y HEPIBHOBAXKHOMY CTaHi, EPEXOIITh Y CTaH PIBHOBAru:

ef‘c

Sk () =———Sp(f), (1)
e -1
neSp (f)- cnexTpanbHa rycTHHA MOTYXKHOCTI (IyKTyalliil cucremu, 1o mnepedyBa€e y piBHOBaKHOMY

crani (Sp (f) =Sy = const ); T — mocTilina yacy penakcanii CHCTEMH.

Ha cepennix i Bucokux gacrorax ( f -t>>1) i3 (1) Sy (f) = Sp(f) =Sy. Ha Hu3bkuX yacToTax ( mpu
f -1 <1) Bupas (1) HaOyBae BUTTLY:
ft
Sp 1 1
S (f)=———Sp(f)~ 2= +55=aSy - +Sg.
et 1 v f f
YMoBa i30JII0BaHHSI CUCTEM BiJIIOBiAae YMOBiI BHMiproBaHHS iX mapamertpiB. Tomy ¢opmymy (1)

MOYKHa BUKOPHCTOBYBaTH IJIsl PO3PaxyHKy EHEPreTHYHOro crekTpa (iaykTyaniii (BlacHHX ULIyMiB)
JOCHIDKYBaHUX PEAIbHUX CUCTEM.

Ha puc.1 HaBeaeHo rpadik eHEPreTUYHOTo CrieKTpa QUIyKTyalii 3a popmyioro (1).

&
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Puc. 1. Enepeemuunuii cnexmp ¢uyxmyayiti i301608aHUX HEPIBHOBANCHUX CUCTIEM.

3aekHO BiJ IOCTIHHOI Yacy pejakcallii T eHepreTUUHUM CeKTp (QIyKTyallii Mae pi3HUN BUIJISI: IPH
3MEHIICHH] T TigioM criekTpa npu f—0 MoYnHAETHCS 3 BUIIUX YaCTOT, & MPU T—>00 CHEPreTHYHUN CIIEKTP
€ OIHAKOBHUM Yy BChOMY miama3oHi 4actoT. IlocTiiiHa wacy penakcamii € iHQOpMaTUBHUM MapaMeTpoM
dhrykTyariit (1), OCKUTEKH BU3HAYAE MPOTIEC, 32 SIKUM CUCTEMA TIEPEXOIUTH Y PIBHOBAKHHUM CTaH.

V peanbHill cHcTeMi, HaNpUKIad, PEe3UCTOPi 3 TOMOTEHHOIO CTPYKTYpOIO, pElIaKcallis T0JaTKOBO
3amaceHoi eHeprii y AedeKkTax CTPYKTYpH pE3UCTOpa BiIOYBAa€ThCS BCIMa MOMIIMBHMH 32 JTAaHUX yMOB
crocobamu. B KkoxHHI MOMEHT 4acy t 3HaueHHsS T BU3HAYAETHCS KOHKYPEHTHOIO B3a€MOJIEI0 PI3HUX
penakcaIiiHiX MeXaHi3MiB:

1 1 1 1
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I3 (2) 3HaueHHsA T BHU3HAYAETHCA HAWMEHIIMM 13 Ty, Tz, ...T,, TOOTO MEXaHI3MOM peaKcarlii,

IMOBIPHICTB SIKOTO B TAHUH MOMEHT Yacy € HalO1IbIIIOF0.

HeonnakoBicTh criekTpa QUIyKTyarliii (BIaCHHX IIyMiB) peaJbHUX CHCTEM y BCHOMY JTialma30Hi 4acTOT
(puc.1) o3Hadae, MO IMOBIPHICTH PI3HUX MEXaHI3MIB pejlakcarlil He € OHAKOBOIO, IO MPEBAIIOE TOH UM
IHITUH MeXaHi3M peJlakcallii 3 XapaKTepHUM 9acoM T. IMOBIpHOCTH TOTO UM iHIIIOTO MEXaHI3My perakKcarii
3QJIEKUATH B Me(EKTHOCTI BHYTPINIHBOI CTPYKTYPH JOCTIKYBAHOI CHCTEMH. IMOBIpHICTH (hITyKTyarrii
pH oMy i3 [3]:

Py =1-e '™

Ha puc.2 naBeneno rpadik 3anexnocti Py(f,7).
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Puc.2. Imosipuicmo ¢hyxmyayiil 6 i301608aHUX CUCTEMAX.

I3 puc.2 BUAHO, SKIIO Y CHCTEMI TIepeBakae SKUNCH OJMH MEXaHI3M pelaKcarlii 3 9acoM Ty, Ta,...Tn,
TO IMOBIPHICTh (QUIYKTYyaIliii (BIacHUX IIyMiB) Ha HIDKHIX YacTOTaX € HIDKYOIO HiK Ha BHCOKHUX. | TUTHKH
pu T—o0, TOOTO KOJMM BCi MEXaHI3MHM pellakcaiii € PiBHOIMOBIpHUMH, IMOBIPHICTH (UIYKTyaIllii Ha
HHU3BKUX 1 BUCOKHX YaCTOTaX € OJHAKOBOIO 1 PiBHOIO 1.

B [4] crBepmxkyeThcs, L0 aHali3 4YaciB peNaKCalifHOTO CIEKTpa Ja€ MOKIMBICTH BHUSIBHTH
NPaKTUYHO BCi OCHOBHI XapaKTEPUCTUKU OYIOBH TBEPAMX PO3UMHIB.

[Nocriitna yacy penakcauii T, B [5] Bu3Hauanack (OTOCTEKTPUIHUM METOIOM i METOJOM peraKcamii
SJIEKTPUYHOTO CUTHAJY. 3a MPOBEICHUM aHAII30M T, 3pOO0JICHO BUCHOBOK, 1110 B 6a3oBomy mapi p-CdTe
JIOCITIDKYBAHOI CTPYKTYpPH €, TIpUHANMI, JBa a00 Oilbllle KOMIUIEKCIB, OJIMH 3 SKHX 3 MCHIIMM YacoM
penakcailii BHOCUTh 3HAUHHUI BKJIAJ] B PEKOMOIHAIIIHHI TIPOIICCH.

Hnst 3’sacyBaHHS mpUpoAH €QEeKTiB, IO BUHUKAIOTH Y HAIiBIOPOBIIHUKOBHUX CTPYKTypax Hpu ix
pamiauiiiHoMy ompoMmiHeHHi, B [6] Oynm mpoBeneHi MOCTiIKEHHS pelaKcaliiHUX BIACTHBOCTEH
HamiBrnpoBigHUKiB. [locTiiiHa yacy penakcanii BU3Ha4anach i3 HaXHITy €KCIOHEHIIANbHOI JUITHKY Tpadika
3aJIe)KHOCTI Hampyrd, ska BHHHUKAae mpu (oTo 30ymKeHHI p-N-cTpykTypH, Bix yacy t. Ilicms ramma
OTIPOMIHEHHS O1NBIIOI0 103010 TIOCTiiHA Yacy penakcaliii 3pocia, 1o OyJIo MOosICHEHO Ha OCHOBI Oap’epHOT
MOJEN y HEOMHOPIMHOMY HAIIBIPOBITHUKY, B SKOMY ICHYIOTH (IYKTyallii IMPOBIAHOCTI B 00’ eMi
MaTepiarny.

B [7] minkpecneno, mo eMiiipudHa OIiHKA ITapamMeTpa T OB’ A3aHa 3 PSAJ0M METOIWYHHUX TPYIHOIIIB i
He 3a0e3mneduye HeoOXiTHy TOYHICTh OIiHOK. ToMy Oyra 3ziiicHeHa cipo0a aHaII THYHOTO PO3PaXYHKY T.

B posrisHyTHX iprkinagax [5,6] mocTiiHy 9acy penakcarlii MOJKHA BU3HAYHTH 32 BIIACHUMH ITyMaMH
JOCIIDKyBAaHUX MaTepiaiiB, IO 3HAYHO MPOCTilIe, TOYHimEe 1 HamidHime. 3HaYeHHsS IOCTIHHOI "acy
pemakcamii T MokHa Bu3HaunTH i3 (1): Ha yacrori fy 3Hauenus enepreTrunoro crexrpa Sy(fo)=1,58Sp(f) i
yac penakcarii 1=1/fy (puc.1).

BuzHauenuit 3a BnacaumMu nrymamu (1) mocmimKyBaHOT CHCTEMH Yac peilakcallii MOXKHa IMOPIBHATH i3
TEOPETHYHO PO3PaXOBaHUM 3HA4YCHHsM T [7,8] mpu nporHo3oBaHili HaHOLIBIIIKH IMOBIPHOCTI OJHOTO i3
MOXJIMBUX MeEXaHi3MiB penakcauii. [Ipy ONU3bKMX 3HAUEHHSX EKCIIEPUMEHTAIBHOTO 1 PO3paxoBaHOTO
YaciB pesakcaiii MOYKHa BU3HAYMTH MEXaHI3MH pelakcauii, 1o BinOyBatoThes y cucteMi. [lopsa i3 [2]
Takuil croci0 BU3HAYEHHS IMPOLECIB, 110 BiOYBAaIOTHCS Yy JOCTIKYBaHIM CUCTEM, MOYKHA PO3IIISAATH K
OJIMH 3 METOAIB (DIIIKEP-IIYMOBOI CIIEKTPOCKOITIi.

ABTOpaMH TIPOBEJCHO EKCIIEPUMEHTANbHI JOCTIDKEHHS EHEPreTHYHOrO CHEeKTpa BJIACHUX LIyMiB
€JIEMEHTIB €JIEKTPOHIKM Ha MPHKIIAAi PE3UCTOPIiB, BUTOTOBJICHUX Y BUIJISLII MPOBiTHOI IUTIBKU i3 MeTalo-
CHJIILIIEBOTO CIUIaBY, HAHECEHOTO0 Ha KEePaMiYHMH CTPW)KEHBb, 13 OKCHAY MeTaly Ha MOBEpPXHi, a TAaKOX
KPEMHI€BUX eMiTaKCiaJbHO-TUIAaHAPHUX MiofiB. Bu3HaueHi 3a OTpUMaHUM EHEPreTHYHHM CIIEKTPOM
(puc.1) 3HaYCHHS MOCTIMHUX peliakcallii BimoBiHO craHoBATh: Ty = 0,005 ¢, 10= 0,003 ¢, 1o = 0,0013 c.
Y nochmimKyBaHMX PE3UCTOpax peNlaKcalliiiHi Tpomecu TIOB’si3aHi 13 BUHMKHCHHSM 1 IIE3aHHSAM
KBa3ipiBHOBaXHUX BakaHCii [3]. Y HamiBIpOBIAHMKOBOMY Ji0Ai TeHepaliiHO-peKoMOiHalLiiHI NpoLecH
BiOYBalOThCS INBU/IIC, HDK BUHHKHCHHS 1 II€3aHHS KBa3ipiBHOBXXHUX BaKaHCIW, BiATaKk MOCTiliHA
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penakcanii U1t [ioJja € MEHILIO0 HIXK U pe3UcTOpiB. bynu mpoBeaeHi AocmiaKeHHs TapaMeTpiB BIaCHUX
IIyMiB PE3UCTOPIB 3 TPOBIAHOK IUTIBKOK OKCHIYy METaly Ha MMOBEPXHI 3a HASBHOCTI MEXaHIYHHX
MOUIKO/KEHb IUIIBKM 1 Ha OCHOBI OTPMMAaHUX CHEPreTHMYHMX CIEKTPIB iX IIyMiB BH3HAYEHO MOCTIiHHI
penakcanii 3pa3kiB JOCHIIIKyBaHUX pe3ucTopiB (Tabm.). HaBemeni B Aykkax pe3yibTaTH Bi3HAYAIOTh
BiJTHOCHI 301JbIIEHHSI €JEKTPUYHOTO ONOPY PE3UCTOPIB BHACHIJOK IMOIIKOJDKEHb MPOBIMHOI IUMBKH (iX
BUXI1/IHI 3HaYeHHs cTaHOBIATH 20,00 kOM).

Crana yacy pejgakcanii pe3ucTopiB 3 NOMKOIXKeHOI0 MPOBiTHOIO ILTiBKOIO

Pesucrop [MocrTiitHi yacy
penakcarii T, ¢
R (0,00%) 0,003
R1(33,75% ) 0,0024
R2(17,65% ) 0,0027
R3(48,00% ) 0,0022

Y CcTpyKTypi TpOBiAHOI IUTIBKM AOCHIIKYBAaHHX PE3HUCTOPIB OKPIM KBa3ipiBHOBAXXHHX BaKaHCIH
BUHHUKJIM 1HON JAe(eKTH, HampukiIag MIKpOTpiluMHA. BUHUKHEHHS Takux Je(eKTiB HPUCKOPIOE
pelakcaniifi mpouecH, o BigoOpakeHo y 3MEHILIEHHI OCTIMHUX pejakcalii ToCIiIHUX 3pa3KiB (Talm.).

B 3aragpbHOMY K, BUKOPHCTOBYIOUM 3aJIe)KHICTH HapameTpiB (UIiKep-LIyMy Bi CTPYKTYpH
JOCHIDKYBaHOT CUCTEMH, MOYKHA JIIarHOCTYBaTH CTaH eJIeMEHTa eJIEKTPOHIKH 1 HOTO €BOJIONi0, 0COOIHBO
Ha MMOYaTKOBUX CTaisIX PO3BUTKY I1e(EKTHOCTI.

BucHoBku

[Ipouecu, mo BiOYBaIOTHCS y JOCTIPKYBaHIM CUCTEMi, MOXKHA BU3HAYUTH 3a il BIACHUMH IIyMaMH.
[HdopmamniiianM mapamMeTpoM MpH IBOMY € IOCTiIHHA Yacy penakcamii T, SKy MOXHa BH3HAYUTH 3a
eKCIIePIIMEHTAIbHO BH3HAUYEHUM EHEPTreTHYHHUM CIeKTpoM (GIyKTyamiil (BIacHHUX MIyMiB) CHCTEMHU.
[opiBHsHHSA ii 3 TEOPETHYHO PO3PAXOBAHHM 3HAYCHHIM T MOXKE OYTH ITiJICTABOIO JIJISl BU3HAYCHHS THITY
MIPOIIECIB, IO BiIOYBAIOTHCA y AOCIIHKYBaHIH CUCTEMI.
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