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Method of determining the processes that take place inside the investigated syssem
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
iscalculated the constant of system relaxation time t. Processes that take placeinsde the
system affect the value of T. Analysis of values of the constant of relaxation time givesthe
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 exter nal influences on the system (the condition of measur ement) the system movesto
balanced state through relaxation processes. Depending on the peculiarities of system
structur e defects the probability of one of all possible relaxation mechanismswith time t isthe
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 t 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 T found in such way can be compared with theoretically calculated value T during
predicted the biggest probability the one of possible relaxation mechanisms. If experimental
and theoretical T value areclose it is possible to find the relaxation mechanisms that take place
in theinvestigated 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 gener ating-recombination processes
happen faster than appearing and disappearing of quasi-equilibrium vacancies, thus the
relaxation constant for diode issmaller 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
acceler ate the relaxation processes that can be seen in the reduction of relaxation constants of
investigated examples.
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3anponoHOBaHO MeTOA BH3HAYEHHSI MPOLECIB, 10 Bil0YBAIOTHLCS BCEpPeAUHi JOCTITKY-
BaHOi cucteMu. MeToa IPYHTYETbCA HAa aHAJI3i eHePreTMYHOro CHeKTpa BJIACHUX WIYMiB
AOCTIIKYBAHOI CHCTEeMHU. 32 eKCIIePHMEHTAIbHO BUBHAYEHUM eHepreTHYHUM CHeKTPOM BJjac-
HHMX IIYMiB BU3HA4YA€ThCs NMOCTiliHA yacy penaakcanii cucremu t. [Iponecu, mo BindyBaoThbes
BCepedUHi cMcTeMH, BIVIMBAIOTh HA 3HAYEHHS T. AHANI3 3HaYeHb MOCTiifHOI yacy penakcanii
Ja€ 3MOTy OTpUMAaTH iH(opMaliio PO XapaKkTep BHYTPIilIHIX NpoueciB.

KuarouoBi ciioBa: mocriiina yacy pesakcanii, eHepreTH4HMil cieKkTp, duiikep-mym.

Beryn

JlocmipKeHHS MPOLIECiB, 110 BiI0YBaIOThCS BCEPEAMHI TBEPAUX TLI, 30KpeMa 1 HaIiBIPOBIAHUKOBUX
Marepianax, HeOOXiJHE Ul MPOTrHO3YBaHHS 3MIHHU iX BJIACTHBOCTEH. Taki JOCTIIKEHHS ChOT'OJHI 3ikc-
HIOIOTBCS 32 JIOTIOMOT'OI0 TIPUJIaJIiB PEHTTEHOCTPYKTYPHOT'O aHai3y, sIEpHO-MarHiTHOTO PE30HAHCY TOIIIO,
o 371e0UIBIIOro € He3pYYHHUM Yepe3 3HauyHi radaputu amapaTypu. KpiMm Toro, Aeski 3 IHUX METOJiB
JOCITIDKEHHS Tepe0avyaroTh BILIMB 30BHIIIHBOTO OMPOMIHEHHS Ha BHYTPINIHIO CTPYKTYPY JOCHIKYBa-
HOT'0 MaTepiany, 0 MOXKe IPU3BECTU J0 3MIHH CaMmoi CTPYKTYpH.

VY [1] BkazaHo, 1m0 BIAacHI HmIyMH HOCTiKyBaHOi cucteMu ((paykTyamii mapamerpiB CHCTEMH)
MICTATh 1HQOpMAIII0 TPO caMy CHCTEMY. 3aBIaHHS TIONsirae y 3'sCyBaHHI, sKa came iH(popMaIlis
MICTUTBCSL Yy BIIACHHX IyMaxX JOCHI/DKYBaHOI CHCTEMH Ta Y METOJaX BH3HAa4YeHHS iHQopMariiHux
mapamerpiB. Y [2] IpomoHyeThCsl METO TiarHOCTYBAaHHS MPOIIECIB, IO BiIOYBAIOTHCS BCEPEIUHI AOCITI-
KYBAaHUX MaTepiaiB, 3a BIaCHUMH HU3bKOYACTOTHUMH IIyMamu MaTepiany. Lleli meron, Ha BigMiHYy Bin
METOJIy PEHTTEHOCTPYKTYPHOI'0 aHai3y, € CYTO MaCHBHUM, TOOTO 3AIHCHIOETHCS 0€3 CTOPOHHBOIO BILIMBY
Ha JOCITiKyBaHWN Marepian (cucremy). BomHouac HaromomyeTbCs Ha aHamizi  (irikep-IIryMOBHX
3aJIeKHOCTEH CITeKTpa MOTYKHOCTI CHUTHANY, o (HOpMYeEThbesl MocifoBHicTIO d -pyHKIiN. [Hpopmaiito
PO TMPOIIECH, 110 BiI0OYBalOTHCSI B CUCTEMI, MPOMOHYETHCS BU3HAYATH MPH THTEPIIONSAIIT Pe3yIbTyIOuOro
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ne S, Toin — denomenonoriuni mapamerpu (“nacrnoptHi napamerpu”), 3a JOMOMOTOKO SKUX PO3PI3HSIOTH

CIIEKTpa MOTY)KHOCTI, BU3HAYEHOI0 Ha OCHOBI €KCIIEpUMEHTAIBHUX PAIiB, Bupazom S(f) =

JOCITIDKYBaHI CKJIaIHI CTPYKTYpH a00 AMHAMIKY DOCTIIKYBaHMX EBOJIOIINA BIIKPUTHX IUCHUIIATHBHUX
cucteM. [Tapamerp N xapakTepusye MBHIKICTh “BTpaTH maMaTi” (KOpEIsIiiHUX 3B’ A3KiB) B MOCIITOBHOCTI
CIUIECKIB Ha YaCOBUX iHTepBaliaX; mapaMeTp To Ma€ 3MiCT Yacy KOpemsllii; § — crekTpaibHa I'yCTHHA Ha
cepenHix yacrorax. [Ipu N = 4y gociipKyBaHii crucTeMi BiiOyBaeThes TypOyaeHTHa qudysis, mpu N = 53 —
MOBHICTIO PO3BHHYTa TYpOYJIEHTHICTH i T. A. [2]. 3icraBiieHHs 3HAYeHb “MACMOPTHUX Mapamerpis”,
OTPUMAaHMX IIiJI YaC aHaJIi3y YaCOBUX PSiB, 3 iXHIMHM 3HAYCHHSIMHM, BU3HAYCHUMH I YaCTKOBUX BHIIA[-
KiB, JIa€ MOKJIMBICTh X04a O SKICHO IPEICTaBUTH XapaKTep THUX CKJIAJHUX IMPOIECIB, 5IKIi 00YMOBIIIOIOThH
JOCITIKYBaHy €BOJIOLIIFO.

3ampononoBanuii B [2] Merox daikep-trymoBoi criektpockorii (PIIC, flicker-noise spectroscopy —
FNS) mae i oueBuaHi Hemomiku: BU3HaueHHs (CKopilie mia0ip) 3Ha4YeHb mapaMeTpiB To i N, IpU SKHUX 3a
JIOTIOMOTO0  IHTEPITONIOI0YOr0 BHpa3y JUIisi €HEPreTHYHOrO CIEKTpa BJIACHOTO MIYMY JOCIIIKYBaHOI
CHCTEMH MOXHa 0yII0 0 3 3aI0BUTHHOIO TOUHICTIO AlTPOKCHMYBATH PEANIbHUM CIIEKTp, € HE3PYIHUM.

Meroro pobotu € po3putok Meronay PIIC Ha OCHOBI TEOPETHMYHHUX IIOJOKEHH CHEPTETUYHOTO
CTIEKTpa BJIACHUX IIYMiB CHCTEM, IO MepeOyBalOTh Y HEPIBHOBAXKHOMY CTaHI.



OcHoBHI MoJ10:KeHHS MeToAY (hirikep-IIYMOBOI CIIEKTPOCKOMIL
PeanpHi mocmipkyBaHi CUCTEMH 4epe3 BIUTUB 30BHIMIHIX (aKTOpiB a00 OCOOIMBOCTI CBOET BHYTpIIII-
HBOI CTYKTYpU € y CTaHi TepMOAMHAMi4HOI HepiBHOBaru [2]. YV IesKkuX BHUIAJKax, 3aJIeKHO Bill YMOB
JOCITIDKEHHS, TXHIA CTaH MOYKHa BBaXKaTH KBa3ipiBHOBaXHUM. OJIHAK y 3arajlbHOMY BUMAJKY, 32 HEMOXK-
JIUBOCTI a0COIOTHOT 130JIALIIT pealbHUX CUCTEM, IX HEOOXIIHO PO3IJIAAATH SIK CUCTEMH, 1110 IepeOyBatoTh
Y HEpIBHOBa)KHOMY CTaHI.
VY [3] BuBemeHo BHpa3 s €HEPreTHUHOrO CIeKTpa (DIyKTyalliii mapaMerpiB i30Jb0BAaHHX CHCTEM

(BacHMX LIyMiB CHCTEM), 1110, Tepe0yBalyn Yy HEPIBHOBAKHOMY CTaHi, MIEPEXO/IsTh Y CTaH PIBHOBATH:

eft

Si(f)=——S(f), D
e -1
ne Sp(f) — cmekrpaspHa T'ycTHHA MOTY)XXHOCTI (IyKTyaliil cHCTeMH, IO nepedyBae y piBHOBAXHOMY
crani (Sp(f) =& =const ); T —nocriitHa yacy penakcarii CUCTEMH.
Ha cepennix i Bucokux gacrorax ( f st >>1) i3 (1) Sy (f) @S:(f)=S,. Ha Huspkux wacrorax

(mpu f % <1) Bupas (1) HaOyBae BUIIISILY
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VMoBa i30J1F0OBaHHSI CHCTEM BIAINOBiga€ yMOBI BHMiptoBaHHs iXx mapamerpiB. Tomy dopmyny (1)
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MO)KHA BUKOPHCTOBYBATH JUIS PO3PAXyHKY €HEPreTHYHOro criekTpa (iyKTyaliit (BJ1acHUX MIyMiB) TOCIHTi-
KYBAHUX PEAbHUX CHCTEM.
Ha puc.1 naBemeno rpadik eHepreTruHoro crexrpa Giaykryariii 3a popmyimoro (1).
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Puc. 1. EHepzemuttHuL? cnekmp ¢lel<myaun7 130/1bOBAHUX Hepi@HoeanCHux cucmem

3aJexHO BiJ| MOCTIHHOI Yacy penakcarii T eHepreTHIHIN CIeKTp GIyKTyaliid Mae pi3HUNA BUIIIS: TIPH
3MEHIIICHH] T mifiiMaHHs criektpa npu  f—0 MoYnHAEThCS 3 BHIMX YacTOT, a MPU T—00 CHEPreTHYHUIM
CIICKTP € OJIHAKOBUM y BCbOMY Jliaria3oHi yactoT. [TocTiiiHa yacy penakcallii € iH(hopMaTUBHUM MapaMeTpoM
¢ykryartiit (1), OCKiTBKM BU3HAYAE MTPOIIEC, 3@ IKUM CHCTEMA IEPEXOUTD Y PIBHOBAXKHHUI CTaH.

VY peanbHiil cucTeMi, HAPUKIAJ, PE3UCTOPI 3 TOMOTEHHOIO CTPYKTYPOIO, pellakcallisi JoAaTKOBO
3amaceHoi eHeprii y JedekTax CTPYKTYpH PE3HMCTOpa BiIOYBAa€ThCsA BCIMa MOMKIMBHMH 33 IIEBHHX YMOB
cmocobaMu. Y KOXHHA MOMEHT 4acy t 3HaueHHsS T BU3HAYAETHCS KOHKYPEHTHOIO B3a€MOJIEI0 PI3HUX
penakcaniiHuX MEXaHi3MiB:

+—+..+t—. 2



I3 (2) 3HayeHHSA T BHU3HAYAETHCS HAWMEHIIMM i3 Ti, T2, ...Th, TOOTO MEXaHI3MOM pelakcarllii,
IMOBIPHICTb SIKOTO B IIEBHUI MOMEHT Yacy € HalOLIbIIIOLO.

HeonmnakoBicth criekTpa (uykryamiii (BIacHHUX IIyMIB) peaJibHUX CHUCTEM Y BChOMY Jiana3oHi
qacToT (puc. 1) o3Hauae, M0 IMOBIPHICTh PI3HUX MEXaHI3MIB penakcallii He € 0JJHaKOBOIO, 1[0 TPEBAJIOE
TOW YW IHIIMKA MEXaHi3M perakcarlii 3 XapakTepHHM 4YacoM T. IMOBIpHOCTH TOTO YM iHIIOTO MEXaHi3My
penakcaiii 3aleXuTh BiJ Ae()EeKTHOCTI BHYTPINIHBOI CTPYKTYpH JOCHIPKYBaHOI CHCTEMH. IMOBIpHICTH
¢bnykryanii mpu usomy i3 [3]:

R, =1-¢&*.

Ha puc. 2 naBeneno rpadik 3anexxsocti Py(f,7).
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Puc. 2. Imosipricmo gpykmyayiii 8 i301606aHUX CUCIMEMAX

I3 puc.2 BUAHO, SAKIO Y CUCTEMI IIEpEBaXka€ SKUMCh OMH MEXaHI3M pellaKcallii 3 4acoM Ty, Ty,...Tn,
TO IMOBIpHICT (hIyKTyalli# (BIaCHHX IIyMiB) Ha HIDKHIX 4acTOTaX € HIKYOIO, HiK Ha BHCOKHX. | TiNbKH
npH T—00, TOOTO KOJIHM BCi MEXaHI3MH penakcalii € piBHOIMOBIpHHUMH, IMOBIpHICTh (UIyKTyalliii Ha
HHU3BKHX 1 BUCOKHX YaCTOTaX € OAHAKOBOIO 1 IOpiBHIOE 1.

VYV [4] crBepmKyeThCs, IO aHAi3 YaciB pelTakcalliifHOro CIeKTpa Ia€ MOXIIMBICTh BHSBHTH
MPAKTUYHO BCI OCHOBHI XapaKTEPUCTUKU OYIIOBH TBEPAMX PO3UUHIB.

IMocrilina yacy penakcaritii T, B [5] BusHauanacs (hOTOEIEKTPUIHUM METOIOM i METOIOM pelaKcarii
EIIEKTPUYHOTO CUTHAJY. 3a MPOBEACHUM aHali3oM T, 3po0JIeHO BUCHOBOK, 1110 B 0a3oBomy Iapi p-CdTe
JOCITIDKYBaHOI CTPYKTYpPH €, TpUHAMMHI, ABa a00 OLIbIIE KOMIUIEKCIB, OJUH 3 SKHX 3 MEHIIUM 4acoM
penaxcaiii poOuTh 3HAYHHH BHECOK B PEKOMOIHAIIIIHI TPOIIECH.

Hnst 3’sicyBaHHST pUpoAX e(eKTiB, M0 BUHUKAIOTH y HAIIBIPOBIIHUKOBHX CTPYKTypax IMpH iX
pamiarifiHoMy onpoMiHeHHi, B [6] Oyiu mpoBemeHi JOCTiHKEHHS PelakCaIliifHUX BIaCTHBOCTEH HAIIBIIPO-
BimHuKiB. [locTifiHa wyacy pemakcaiii BHM3HAYanach 13 HaXWIy EKCIOHEHI[aJIbHOI IUISHKH TIpadika
3aJIeKHOCT1 Hampyrd, sika BUHHUKAae y pa3i GoTo30y/pkeHHS P-N-CTpyKTypH, Bim dacy t. Ilicms ramma
OITPOMIHEHHS OLIBIIIOIO 03010 MOCTiHHA Yacy penakcailii 3pocia, 1o 0yJ1o MosSCHEHO Ha OCHOBI Oap’ epHOI
MoOJIelli 'y HEOMHOPIMHOMY HAIIBIIPOBIIHUKY, B SKOMY ICHYIOTH (UIYKTyalii TpoBifHOCTI B 00'eMi
Matepiaiy.

VY [7] Big3HaueHo, 10 eMITipryHa OIliHKA MMapaMerpa T OB’ A3aHa 3 HU3KOK METOINYHUX TPY/IHOIIIB
1 He 3a0e31evye HeoOXiIHy TOYHICTh OIiHOK. ToMy Oyna 3xificHeHa cripoba aHaTITHYHOTO PO3PaXyHKY T.

B posmmstHytnx mpukinagax [5,6] mocTiliny dwacy pemakcailii MOXKHAa BH3HAYHTH 32 BIACHUMH
IIyMaMH JOCHIDKYBaHUX MaTepialliB, 10 3HAYHO MPOCTIIIE, TOYHIIIE 1 HadikHiIIe. 3HAYEHHS MOCTIHHOT
yacy penakcamii T MoxHa BusHauutH 13 (1): Ha wacrori f; 3HAUEHHS EHEPreTHMYHOro CIEKTpa
Si(fo)=1,58S:(f) i uac pemaxcartii t=1/f; (puc. 1).



Busnauenwuii 3a BracHuMu trymamu (1) 1ocaipKyBaHOT CHCTEMH Yac perakcailii MOYKHa TOpPIBHITH
i3 TEOPETHYHO PO3paxOBaHUM 3HAYCHHsM T [7,8] 3a MpPOrHO30BaHOi HAiOLIBIIOI IMOBIPHOCTI OJHOTO i3
MOXIIMBUX MEXaHI3MIB peakcaiii. ¥ pa3i OJM3bKUX 3HaYeHb €KCIIEPUMEHTAIBHOTO 1 pO3PaX0BaHOT0 YaciB
penakcailii Mo)KHa BU3HAYMTH MEXaHI3MHU penakcallii, mo BigOyBatoTeest y cuctemi. [lopsn i3 [2] Takwuii
CHOCIO0 BU3HAYCHHS MPOLIECIB, 1110 BiI0OYBAIOTHCS Y AOCTIHKYBaHIA CUCTEMI, MOXKHA PO3TJISIATH K OJUH 3
MeTo/IiB (ITiKep-IIyMOBOT CIIEKTPOCKOIII.

ABTOpPH BHKOHAQJIM EKCIIEPUMEHTAJbHI JIOCHI[DKEHHSI EHEPreTHYHOro CIEKTpa BIIACHUX [IYMiB
CNIEMEHTIB eNIEKTPOHIKMA Ha MPHKIAJl Pe3UCTOPiB, BUTOTOBICHUX Y BHUIJIS MPOBIAHOI IUTIBKH i3 METalo-
CHJIIIIEBOTO CIUTaBY, HAHECEHOT0 Ha KEepaMidHHU CTPUXKEHb, 13 OKCHIy METaly Ha TOBEpPXHi, a TaKOX
KPEMHIEBUX eIiTaKCialbHO-TUNIAHAPHUX Mi0/iB. Bu3HaueHi 3a OTpUMaHUM EHEpreTUYHUM creKkTpoM (puc. 1)
3HAUYEHHS MMOCTIHHUX pernakcallii BianoBigHo cTaHoBIATH: Ty = 0,005 ¢, 10= 0,003 ¢, 1p = 0,0013 c.
VY nocnmiKyBaHUX PE3UCTOpaxX peflakcalliiHi MPOIECH MOB’ I3aH1 13 BAHUKHEHHSM 1 IIe3aHHsAM KBa3ipiBHO-
BaXHHMX Bakauciii [3]. Y HamiBmpoBiAHMKOBOMY MiO[i TeHepalliifHO-peKoMOiHaIli#fHI mporecH BigOyBa-
FOTHCS IIBHMJIIIEC HDK BUHUKHEHHS 1 IIe3aHHS KBa3ipiBHOBAYKHUX BaKaHCIH, BIATAK MMOCTIMHA perakcalii s
Jiofia € MEHIIIOK, HDXK JJIs pe3ucTopiB. Bynu mpoBeneHi qOCiIKEHHS MapaMeTpiB BJIaCHUX IIYMIB pe3uc-
TOPIB 3 MPOBITHOIO ITIBKOK OKCHJIY METATy Ha MOBEPXHI 3a HASIBHOCTI MEXaHIYHUX TOIIKO/PKEHb TUTIBKH 1
HA OCHOBI OTPHMaHUX CHEPreTHYHUX CIIEKTPIB iX IIyMiB BU3HAYEHO IMOCTIHHI penakcallii 3pa3KiB JOCIi-
KyBaHUX pe3ucTopiB (Tabmwis). HaBemeni B Ay)KKaxX pe3yiabTaTH BiI3HAYAIOTH BiIHOCHI 301TBIICHHS
EIIEKTPUYHOTO OIOPY PE3UCTOPIB BHACTIAOK TOIIKOMKEHD MPOBiAHOI MTiBKH (IXHI BUXiIHI 3HAYEHHS CTa-
HoBsATh 20,00 KOM).

Crana yacy penakcauii pe3ucTopis
3 MOIIKO/KEHO0I0 MPOBiIHOIO MIIBKOIO

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

VY cTpyKkTypi NpOBiAHOI TUTIBKH JOCHIIPKYBAaHHX PE3HCTOPIB OKPIM KBa3ipiBHOBAXKHHX BaKaHCIH
BUHUKIN iHII Je(eKTH, HapHUKIag MIKpOTPIIIMHNA. BUHUKHEHHS Takux Ae(eKTIB MPUCKOPIOE perakca-
IifTHI TpoIIecH, 0 BimoOpaXkeHo y 3MEHIIEHH] MOCTIHMX peaKcarii J0CaiaHuX 3pas3kis (Tabdi.).

3arayioM ke, BUKOPUCTOBYIOUHM 3AJICKHICTh MapaMerpiB QuIikep-IIyMy BijJ CTPYKTYpH JTOCITiIKyBa-
HOi CHCTEMH, MOXKHA JIIarHOCTYBaTH CTaH elIeMEHTa EIEKTPOHIKH 1 Oro eBOIIOIi0, 0COOIMBO Ha TOYaT-
KOBUX CTaJliIX PO3BHTKY Je(pEeKTHOCTI.

BucHoBKkH
[Iporiecu, 110 BigOYBaOThCS y TOCTIIKYBaHIM CHUCTEMI, MOYKHA BU3HAYMTH 3a 11 BJIACHUMH IIIyMaMH.
[HdopmaniiiHnM mapamMeTpoM € MocTilfHa Yacy penakcallii T, SKy MO)KHa BU3HAUUTH 33 €KCIIEPUMEHTAILHO
BU3HAYCHUM CHEPreTHMYHUM CIEKTpoM (iykryamiii (BrmacHuX mrymiB) cucremu. IlopiBHsHHSA Ti 3 Teope-
TUYHO PO3PaxOBaHMM 3HAYCHHSM T MOXE OyTH IMiJCTaBOKO JUIS BU3HAUCHHS TUITY IIPOIICCIB, 110 BigOyBa-
I0ThCS Y JOCHIKYBaHIl CUCTEMI.
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