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B pmawiii cTarTi mpoBeneHO aHaNi3 BIACTUBOCTEH HEPIBHOBAXKHHX BONBT-(apaaHux xapakrepuctuk MOH
CTPYKTYPH, 3HATHX HA TPANCLi€BUIHHUX IMITyJIbCaX PO3TOPTKH 3 JOBKHHOIO (PPOHTIB, MEHIINX Yacy Mepe3apsKCHHS
MOBEPXHEBUX CTaHIB i INIMOOKKX PIiBHIB B HamiBNpoBigHUKY. [Toka3ano, mo Taki HepiBHOBaXkHI CV-XapaKTepHCTHKU

(hopMyBaHHSI.
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[Ipu mocnimKeHHI SIEKTPUYHKUX SBHIN HA MOBEPXHI
HAITIBIIPOBITHUKA HEOOXITHO BHMIPIOBATH 1 3MIHIOBATH
KOHLCHTPAI[Il0 PYyXOMHX HOCIIB 3apsiay B IpH-
moBepxHeBoMYy Horo Ttuiacti. IlompoBuWil emekTpon, sK
enektpon 3atBopa MOH cTpykTypH, Ipu NpUKIAICHHI
JIO HBOTO EJIEKTPUYHOI HANpyIu, CTBOPIOE EIEKTPUYHE
noyse,  sKe  Ji€  HEepHeHAMKYIIPHO  IOBEPXHi
HAIBIPOBIAHUKA 1 THUM CAMHM 3MIHIOE B IIEBHUX MEKaX
KOHIICHTPAI[IF0 OCHOBHUX HOCIIB 3apsay. Ha BimMmiHy Bix
Merony edekTy Imois, B SKOMY KOHIEHTpALisl PyXOMHX
HOCITB  3apsily  BUMIPDIOETBCS  LUISIXOM  aHaNi3y
MPOBIAHOCTI HamiBIpoBinHUKa, CV-METO] OCHOBaHUI Ha
BUMIpIOBaHHI KOHLEHTpALl HOCI{B uepe3 aHajli3 EMHOCTI
MDK IOJIbOBHUM €JIEKTPOAOM 1 HamiBopoBigHukoM. lle
3HAYHO crporlye ekcriepuMerTaabay MOH ctpykrypy i
BUKIIIOYa€ HEOOXINHICTP BHUMIPIOBAaHHSI PYyXJIHUBOCTI
HOCIiB 3apsLy depe3 XOILTIBChKY CTPYKTYpy [1].

Tomy npu mociimkeHHi enekTpoHHuX sBum B MOH
CTPYKTypi OUIBII TpPaBMIBHO TOBOPUTH BXE IIPO
BiactuBocTi Mixk(paznoi mexi (MOM) posniny Si-SiO,, a
He caMoi TIIOBepXHI HaliBIOPOBIJHMKA, HAIPUKIA]
MOHOKPEMHII0O, B SKOMY (OpMYyIOTbCS CTPYKTYpH
BEJIMKUX IHTErpajlbHUX CXeM. B 1bOMy BHIJIKy
BnactuBocti M®M po3aidy BH3HAUYAIOTBCS BXKE SK
BJIACTUBOCTSAMHU  IIOBEPXHI MOHOKDEMHID, TaK i
BJIACTUBOCTSIMH JTIOKCHYy KPEMHIIO, SIK ieJIeKTPHKA.

HasBHicTh B 3200pOHEHIH 30HI HaIiBIPOBiTHUKA
(KpeMHiI0) HO03BOJIEHMX EHEpreTHYHHUX pIBHIB, SKi
JoKanizoBaHi sk B mapi giokcumy SiO,, Tak 1 Ha
Mikdazuiii Mexi Si-SiO, (npu 00ipBaHMX 3B’sI3Kax
KPEMHII0), IPU3BOIUTH 10 HAKONWYEHHS Ha HUX 3apsny,
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SKMHA B)KE Ha3WBAIOTh IIOBEPXHEBUM 3apsiioM Q.
JloCHiPKEeHHSIMM ~ BCTAaHOBJICHO YOTHPHU KOMIIOHEHTH
MIOBEPXHEBOT'O 3apsily, SIKi 110 Pi3HOMY pearyloThb Ha Jii0
30BHIIIHROTO EJIEKTPHUYHOrO Toisi, a came: Qp—
pyXOMUit 3apsa MBUAKOAUPYHAYIOUAX 10HIB JIY)KHUX Ta
MepexifHuX MeTajiB, sKi MIrpylOTh MiX i€l
€JIEKTPUYHOTO TI0JIsI, HOTO BENUYMHA MOXKE OYTH CyTTEBO
3MEHIIIEHAa [UISIXOM SKiCHOT XiMi4HOi 00poOkKu B
MEPEriIPOJILHOMY PO3YMHI HAJOUTOBOI KHCIOTH Ta
XJIOPHOTO TeTepyBaHHs MpHU POPMYBaHHI HiI3aTBOPHOTO
JUENeKTPHUKA; TaKuil 3apsili, SK MOBUILHO PENaKCyrOUHid,
nperidye Tim i€l eNeKTPUYHOro Immoiisi abo mpu
TEPMOIIOIBOBIH 00poOILi, MO NPU3BOIUTH OO0 E(EKTIB
HecTaOUIBHOCTI  eNeKTpu4yHuX  BiactuBocrei MOH
CTPYKTYpPH 1 CYHpPOBOUKYEThCS TicTepesucom CV-
xapakrepuctuku; Qf — QikcoBaHWi (HOCTIMHUH i
HEPYXOMHH) 3apAl B OKHCHII, SKHHA IPH3BOTUTH [0
3cyBy CV-xapakTepucTHK MO Oci Hampyr 0e3 3MiHM ii
thopmu; Qg — cyMapHHH 3apsii MOBEPXHEBUX CTaHIB Qj
Ta 3apsily, 3yMOBJIEHOTO 3aXOIUICHHSIM HOCIIB 3apsiay Ha
nactkax Qg, (Qss= Qi+ Qqr); Qi — BHOCHTH €HEPreTUYHI
piBHI B 3200pOHEHY 30HY KPEMHIIO 1 MOXKE B3aEMOJIISITH 3
PO3MIIIIEHUM IIiJI HAUM MOHOKpEeMHi0; Qg — 5K 3apsia
MIacTOK, MOXe OyTH a00 MO3UTHBHUM, 200 HETaTHBHUM B
3aJI€KHOCTI BIJ TOro, SKOro THIy HOCI 3apsamy
MOTaar0Th Ha TacTKu B 00°eMi SiOy; 3apan Qss JOCUTH
IIBUAKO 3MIHIOETHCS TMiJ BIUIMBOM EJIEKTPHUYHOTO IIOJIS
mosoBoro enekrpona MOH cTpyKkTypH i IpU3BOIUTH IO
3minun ¢opmu CV-xapakrepuctuku. Ha puc. 1 momana
3aps110Ba CTPYKTypa OKUCHEHOTO KPEMHIO.

B 3anexxHOCTI BiJ THUIY NPOBIZHOCTI MOHOKPEMHIIO



[TporHo3yBaHHsI HAIITHOCTI CTPYKTYP BEJIMKHX IHTETPAILHUX CXEM ...

Me
Sio: % . Do QuN,
by QN
SO b b bt
&
Si

Puc. 1. OcHoBHi Buau 3apsais 8 MOH
CTPYKTYPI.

(n-abo p-THITy) Ta MONAPHOCTI MPHUKIAICHOI 10 3aTBOPY
MOH crpykTypun MOXHa OTpHMaTH 30aradeHui,
30iMHEeHUI Ta iHBEepCHMIA Iapu MOHOKpemHiro [2]. Ha
puc. 2 300pakeHi EHEepreTH4Hi JAiarpaMd 1 pO3MOALT
3apsiniB. MOH  cTpykTypu mnpu  pi3HHX —pexuMmax
3MIlIEHH: a) B pexuMi 30araueHHs; 0) B pexuMi
301IHEHHS; B) B PEXKUMI 1HBEPCIi ISl N-KPEMHIO.

3apsin B IHBEPCHOMY IIIACTI 3MIHIOETBCS 32 PAXyHOK
TIepeMilleHHs AipOK — HEOCHOBHUX HOCIIB 3apsity abo 3a
PaxyHOK TeHepaliifHO-peKOMOIHAIIIIMHUX TMPOIECiB B
obmacti mpocTopoBoro 3apsmy. ToMy [ €MHICTB, IO
3yMOBI€Ha  HeoCHOBHMMM  Hocismu  C,  Oyze
HaAOIMKATHCh 10 HYyJsl NMPH 3pOCTaHHI YacTtoTtu. ToOro,
emHictb MOH cTpyKTypu BU3HAYa€eThCsi MOCIIJIOBHUM
3’e¢nHaHHsIM  emHOcTed  okcuay C, 1 obmacti
npoctopoBoro 3apsany Ci.:

C =C.C./(C.*C.) D
JIist KpeMHiro N TUITY MOXHA 3aITUCATH:
- B pe)KUMax 30araucHHs 1 301THCHHS

IS

Fu<o Si0,
SiO,

C..=CutCu @
— B peKHUMIi CHIIBHOTO 30araueHHs
C.=C. 3)
— B peXHUMI iHBEPCIT 151 HU3bKOI 9aCTOTH
C.=C.+Cy @

— B pEXHMI CHJIBHOrO 30iIHCHHS 1 i1HBepcCil s
BHUCOKOI 4aCTOTH

C.=C. ®)
Je eMHOCTi enekTpoHiB 1 gipoxk C,, C,, eMHicTb
30igHeHoro mapy C,., €MHICTh MPOCTOPOBOTO 3apsry
C.s, €MHICTH minmzaTBopHOro okcuny MOH crpykrypu
Cox BU3HAYAIOTHCSI HACTYITHUMH CITiBB1IHOIICHHSIMHU:
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Puc. 2. Eneprernuna niarpama i posmnonin 3apsiaiB B n-MOH cTpyKTypi B pi3HUX peXUMax 3MIlIEHHS: a) IpU
30aradeHHi MOBEPXHi; 0) mpH 301 JHEHHI TOBEPXHI; B) ITPH 1IHBEPCIi MTOBEPXHi.
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C.=¢./w,.~ EMHICTb migzaTBopHoro oxcuxy MOH

CTPYKTYpH.
B pexnmi mrockux 30H, komd ¢, = 0 (Y = 0) emHicTH
IPOCTOPOBOTO 3apsay Oyne:

12
A S ©)
L.l 2

Juis enexTpoizmyHOTO MiarHOCTYBAaHHS HAAIHHOCTI
ctpyktyp BIC ocobmuBuii iHTEpec NpeACTaBISAIOTH
HepiBHOBaXHI, kBazictarmuHi  CV-XapaKkTepUCTHKH
(komu TpUKIAJEHA HAMpyra 0 3aTBOPY 3MIHIOETHCS
MOCTYIOBO-KBa3iCTaTU4HO), Ta HEepiBHOBaXKHI
(immysnbeHi) CV-XxapaKTepUCTHKH, KOJM 3MIIIEHHS 10
3arBopy MOH crTpykTypu 3MiHIOETBCS CTpPUOKOM 3
BHCOKOIO YaCTOTOIO 1 IIBUJIKICTIO.

I[Ipn nmocratHbo pizkomy mnepemukanni MOH
CTPYKTYPH 13 pexuMy 30aradeHHs B PEKUM iHBEpCil mpu
IMOyJIbCHIH —~ Hampy3i 3MimeHHs (MWIOBHOHIA — 9H
TpareneBuaHi) 13 IMIBUAKICTIO PO3TOPTKH OLTBIIIH
10" B/c ymoBa HeiitpanbHOCTI Oyne 3abesmeuyBaTHCh
TUIBKKA 32 PaxyHOK pO3LIMPEHHs o0JiacTi 301JHEHOro
mwracty. llpu mpomy emuicte MOH ctpykrypu Oyze
3MEHIIIYBaTHCh 3 POCTOM BiJ’€MHOTO 3MIlICHHS (I N-
Si).  Taki  CV-xapakrepucTukn  Bxe  OyIyTh
HepiBHOBaKHUMHU, 00 3apsau i emHictb MOH cTpykTypn
Ipd  TakoMy IMIIyJIbCHOMY 3MillleHHI He Oyne
BIIIOBITaTH yMOBaM TEPMOJMHAMIYHOI PIBHOBArH.
Taknii HepiBHOBaXHHUH CTaH CTPYKTYpH 30epiraerpcs
HEIOBTo, 00 MPOXOAUTH TeHEpamis JIPOK i CTBOPIOETHCS
BXKE IHBEPCHHH MIap 3 TIO3UTHUBHUM 3apsigoM. OQHOTIaCHO
MPOXOJIUTh 3MEHIIEHHS IMMUPUHU 301MHEeHOT 00JacTi w,
mo Bene Ao 30utbuieHHs emHocti MOH crpykrypu no
PIBHOBaKHOTO 3HAYECHHS. Takwuit npouec €
KOPOTKOTpUBaIMM 1 ckiagae Menme 100mc B
3aJI@KHOCTI BIJ MEXaHI3MIB TeHepalii HEOCHOBHHUX
HOCIiB 3apsany (mipok) B iHBepcHomy mapi. Il{o6
3a0€3MeYNTH TaKUi HEPIBHOBAXHHHW  CTaH, KOJIH
MIBUJIKICTh PEKOMOIHAIIi HEOCHOBHUX HOCIIB € OLIBIIO0
MIBUJIKOCTI 1X TeHepalii, HeoOXimHO, 100 IIBUAKICTH
PO3TOPTKHU HANIPYTH 3CYyBY (HapocTaHH:) Oyia OLIBIIONO
10" B/c.

PisHHI poOIT BUXOMYy MK €IeKTPOIOM 3aTBOpa i
KPEeMHI€M MPHU3BOJUTH IO TOTO, MO IMPH BiACYTHOCTI
HampyTH 3MiIIEHHS, NOBEPXHS HAIIBIPOBIAHUKA Ma€e
JeSKUMl ~ HA/UIMIIKOBUN  3apsii  MO3WTUBHHUI  abo
HETaTUBHUU B 3aJICKHOCTI BiJl PI3HHUIN POOIT BUXOIY
Mmarepialy eJleKTpoJa 3aTBopa 1 KpeMmHio. Pyxomuit
3apsl B OKHMCII MOXHa 3acTabimi3yBaTh XJIOpPHUM
rerepyBaHHsIM abo ioro macuBamiero  (ocdopHo-
cutikatHuM ckiioM (DCC).

Hanpyry mmockux 30H Ugg, sika BpaxOBY€E pi3HHUITIO
poOIT BUXOIy MaTepially eleKTpoaa 3aTBOPY 1 KpEeMHIIo,
TaK 1 HasBHICTH Hepyxomoro 3apsany Qr Ha MikdazHii
Mexi Si-Si0, i B caMOMy OKCHAI MOXKHa TOAATH Y
BUTJISAII:

Q1w
UFB—QMs*a*a _([ W*P(X) dx - (7
e Wogk TOBIIMHA II3aTBOPHOTO OKCHAY, P(X) —

TYCTHHA 3apsily B OKCH[II, Yepe3 SIKy IHTerPYEThCS BECh
HEpyXOMHH (iKCOBaHUI 3aps.
I3 Bupasy (7) BumnuBae, M0 HEPYyXOMHH 3apsii Ha

Mikda3Hiii Mexi 1 B OKcumi, IO (QIiKCyeThCA
rerepyBaHHsM  Ta  mnacuBamiero  3cyBae  CV-
XapaKTEpPUCTUKY BIJHOCHO OCi Hampyr Ha [EBHY

BenmuuHy. SIkimo 3apsau Qs i Q, cTabinbHi i dikcoBaHi,
TO [ed 3CyB Hampyrd IUIOCKHX 30H Upg BHKIIHKA€E

BiINOBigHWIA 3cyB moporoBux Hampyr K-MOH
TPaH3HUCTOPIB:
UTn:UFB+2 |q)p| +|Qd| /Cok’ (8)
U, =Un=2]@4] -|Qy /Cu ©)

ae @, = -kT/q-InN,/n; ®,= kT/q-InNy/n; — moTenmiany B
KPEMHI€BIM MiAKIAALI pP- 1 N-THIB IS N- 1 p-KaHAJIBHOT
CcTpyKTyp BimnoBimHo; Qu=QftQ,, — edexkruBHuit
(ikcoBaHMH 3apsd B OKCHII, SKHH Moxe OyTH SK
MO3UTUBHUM, TaK 1 HEraTUBHUIA.

PeanpHa OBEepXHS MOHOKPEMHIIO BiPi3HAETHCS Bil
imeanmpHOI THM, O MiX Si i SiO, € 3aBxau mepexigHa
obmacts ToBmuHOMO 0,3-0,5 HM, sSIKa MPEnCTaBIsAE COOOKO
minki mwracta SiO,, Si,03, SiO ta Si,0. B tabmmm 1
HaBe/IeHI eKCHEepUMEHTalbHI JaHi 10 CKIaxy OKHCHIY,
mo ¢opmyBaBcs mpu T= 850°C, i 3msToroO
iH(ppauEPBOHOIO CIIEKTPOMETPIEIO.

B raxiit nepexigHiidi o0nacti 30cepeKy€eThCs 3apsi
HA MEXEBHX macTkax Qj, CTBOPEHUX TEPMIUHUMHU
Hanpy>XeHHSAMH LUX IJIACTIB, SIKI YTBOPIOIOTH J03BOJIEH]
€HepreTuyHi piBHI B 3a00pOHEHIH 30HI 1 HECyTh Ha3BY
MOBEPXHEBUX CTaHIB Qg. 3apsn, II0 YTBOPIOETHCS HA
10HI30BaHUX JOMIMKax (TACTKaX) B MiA3aTBOPHOMY
okcuni Qq, popmyerscs mpu mii Ha MOH cTpykTypy
10HI3YIOUNX BHUIIPOMIHIOBaHb Ta TEPMIYHHUX HANPY>KEHb.
[ToBepxHeBi cranu Qg 3B’s3aHI 3 MOHO KPEMHIEM 1 Tak
SK iX 3allOBHEHHS TPH POCTI OKUCHIY 3aJEXKHUTH Bij
MOBEPXHEBOTO MOTEHIialy, TO BOHU MEPE3apsaIKaroThCsl
NpY WIBMIKIHM 3MiHI HaNpyTH 3MilLEeHHs Ha 3aTBOpi. Taki

MOBEPXHEBI CTaHW 3YMOBIIOIOTH JAU(EpEeHLIATbHY
€MHICTBH 00J1acTi MPOCTOPOBOTO 3apsiny Cp,:
_dQ, _dQ, (10)
" de, do,

Tax sk 3apsau Ha MeXeBHUX MacTkax Qg YTBOPIOIOTh

Taoauns 1
Cxutaz repexigHoi 0071acTi mia3aTBOPHOTO MiCIeKTPHKA
Ne n/n Opienraris TopuHa ATomuui % BMmicTy

MOHOKPEMHI IO OKCH]Ly, HM Si0, Si,04 SiO Si,0
1 Kb 10(111) 0,35 10,7 46,2 30,3 12,7
2 KB 45(100) 0,46 23,2 49,5 18,2 9,1
3 Kb 80(100) 0,54 5,1 64,7 18,6 11,6
4 KE® 4,5(100) 0,43 21,3 49,1 18,2 114
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JO3BOJICHI PiBHI B 3a0OpOHEHIH 30HI KPEMHIIO, TO IS
HUX € cripaBeljivBa ctatucTuka ®epmi-Jlipaka i MokHa
3aIUCaTH:

Q.=QuN.f . (11)
ne f=1/[1+g-exp(E,-Er -0,q)/kT] — dyHKLIs po3moity,
Ngs — MOBEepXHEBa rycTuHa nactok Ha Mexi Si-Si0,; g —
KOeQIIIEHT CIIHOBOTO BUPOIKCHHS.

€MHICTh NOBEPXHEBUX CTaHIB Oyae MaKCHMaJIbHOIO
IpY TaKOMY IIOBEPXHEBOMY IOTEHIam @, KOJIU
(Enc-Er -0,q)=0 1 g=1. Slkmo mnoBepxHEBi CTaHU
HeMepepBHO PO3IO/IIIeH] 110 3a00pOHEHIH 30H1 KPEMHIlO,
TO MOYKHAa BBa)XXaTW, IO T'yCTHHA IMMOBECPXHEBUX CTaHiB €

¢yHkuiero eHeprii 1 11 cmekTp  BH3HAYAETHCS
CIiBB1THOIIIEHHAM
_1.dQ,. 1 (12)
N.(E) q dE. ¢ C.(E)-

Kpim 30imbIICHHS €MHOCTI TMOBEPXHI KPEMHIO Ha
BesnuHy C, MPUCYTHICTh OBEPXHEBUX CTAHIB 3MiHIOE
TaKOX 3aJeKHICTh ¢, Big Hanpyru 3mimenas MOH
CTPYKTYpH, 00 €JIeKTpUYHE I10Jie Ha IACTKaX CyMY€ThCs
3 ENIEKTPUYHHUM I10JIEM HAIlPyrd 3MIllIEHHS, aHAJIOT1YHO
K 1 17151 pikcoBaHOTO 3apsity. AJie Ha BiIMIHY BiJl HbOTO,
3apsi]i Ha MMOBEPXHEBUX CTaHAX MOJXKE 3MIHIOBATHCh BXKE
Ipy 3MiHI TOBepXHeBoro mnoteHuiany. lle mpu3BomuTh
JI0 3CYBY JIMIIE OKpeMHUX AUITHOK CV-XapaKTepuCTHKU
Ha BeMuuHy AU = Q4 C.

Kinernka eneKTpoHHHMX mpoLeciB Ouls TOBEpXHi
KpeMHiII0 MoXe OyTH  [OCHi/KeHa  TINBKH 3
BUKOPHCTaHHAM HEpPIBHOBAXHHX iMmmynbcHUX CV-
XapaKepUCTUK TPH Aii NIJIOBHIHOI UM TPAICIUBHIHOL
Hampyrd 3MimeHHd. Takuil mepesapsii macTok Qg B
okcual Ta Ha MibkdasHii mexi Si-SiO, Qj MpPU3BOIUTH
no ricrepesucy CV-XapakTepHCTHKH, SKa MOJaHA Ha
puc. 3. BiH roBopuTh PO TEPMOIOJIEOBY HECTAOLIBHICTD
okcuay 1 MikdasHoi Mexi Si-Si0;, mo sKiii MOXHA
JOCUTh 3 BEJIMKOIO TOYHICTIO IPOTHO3YBaTH HaAiHHICTh
crpykryp BIC. Came HepiBHOBaxHi immyibcHi CV-
XapaKepuCTHKH  JO3BOJSIOTH  JIOCHIJUTH  KIHETHKY
€JIEKTPOHHUX MPOIIECiB HE TUTBKK Ha MACTKaxX, alie 1 Ha
TIMOOKKAX  PIBHSAX O0NACTI  TPOCTOPOBOTO  3apALy
KpeMHif0 Ol TMOBEpXHI B MIMPOKOMY  CIEKTpi
MMOBEPXHEBUX CTaHiB. B 3ameXHOCTI Bim MIBHAKOCTI
NPOTiKaHHS  €JEKTPOHHOIO  IIPOLECY  IIBHIKICTh
PO3rOPTKH IMITYJIbCHOT HAIIPyTHd MOXE 3MIHIOBAaTHUCH Bill
10°B/c o 10°B/c. Tak, mpum JoCHimKeHH
HaWMOBUIBHIIINX TMPOLECIB — TeHepalii HEOCHOBHHX
HOCITB IIpHU 1HBepCii — MIBUAKICTh PO3TOPTKH IMITYJILCHOT
HAMPYrd 3MIMICHHS BXE MOXe OyTH > 10° B/c, a mpu
JOCIIJDKEHH] €JIeKTPOHHUX IIPOLECIB Mepe3apsPKeHHs
LIBUIKHUX TOBEPXHEBUX cTaHiB Qy, Q. BOHa Bxe Oyxe
cxnagaru 10°-10° B/c. [pu Takiif mBHAKOCTI PO3rOPTKH
HATIPYTH 3MIIIEHHAS IPOIEC Mepe3apsIKeHHS [IUX CTaHiB
BXKe He OyIe BCTHUTATH 3a 3MIHOIO HANpPyTH 3MIIICHHS,
T00TO OyZie BUKOHYBAaTHCh YMOBA!

dQ . du
dt ™ dt
ne Q — 3apsx 8 MOH ctpykrypi.
3a TakOI BHCOKOIO  IIBUAKICTIO  PO3TOPTKH
immynscroi manpyru dU/dt = 10°-107 B/c 6yae Bcturati
TITBKHM 3aps OCHOBHUX HOCIIB (GIIEKTPOHIB), a BeCh

(13)
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C/Cox 4

v

Vt

Puc. 3. Ticrepesuc immynbcHOI HepiBHOBaxkHOI CV-
XapakTepucTuku: 1,2 — Ha MepegHbOMY 1 3aIHBOMY
¢bpoHTax IMIyIbCy TNPH 3aMOPOKEHUX MOBEPXHEBUX
cTaHax; 3 — IpH HAsSBHOCTI TIOBEPXHEBHX CTaHIB

st = Qit-

iHIIMiA OyJe 3amMopoXKyBaTHCh (He Oyzae pesakcyBaTH).
Leit cymapHuii 3apsi Oy/ie BU3HAYATHCH SIK:

Q-Q,*Q.*Q. (14)
1e Quu, Qok, Qs — 3apsAm HEOCHOBHHX HOCIIB (IipoK),
3apsan B okcuai Qur = Qo 3apsa HA MOBEPXHEBUX CTaHAX
Qok= Qj; BIANOBIAHO, sIKi OyIyTh BU3HAYATH IMOJIOKEHHS
CV-xapakepHCTHKH [0 OC1 HaIpyT.

Jliist Toro, o0 BU3HAYKUTH MOBEPXHEBHM MOTEHINAI
¢y, HEOOXiTHO MO0 3apsii HEOCHOBHUX HOCIB Q= 0,
ab0 BCTHTaB 32 IMIOYJIBCHOK  PO3TOPTKOI0, IO
JIOCSATAETHCS PEKAMOM 30aradyeHHs MMOBEPXHI KPEMHIO
npu  mBHaKocTi posroprku  10°-10° B/c.  IIpouecu
nepe3apsHKeHHS, TOOTO 3MIHH 3aMOPOKEHUX 3apsIiB B
yaci, OTPUMYIOTBCS 13 TIOPiBHAHHSA  IMITYJIBCHUX
HepiBHOBaXXHUX CV-XapaKTepUCTHK, BUMIPSHUX Uepes3
MEeBHUI Yac Mmiciisi Mojavi IMITyJbCHOI TparneueBHIHOT
Harpyru Ha MOH crpykrypy 3a nonomoroio (poHTy i
crajy iMmysbCciB po3ropTku. [IopiBHIOWOYM MpPU IOMY
HEepiBHOBaXKHI CV-XapaKkTepHucTHKH, 3HSATI Ha
nepeHbOMY 1 33IHbOMY (PPOHTAX IMITYJILCIB PO3TOPTKH,
OTPUMYEMO 3CYB TI0 OCi HANPYT HA BEIUYHHY:

AU =U,-U, (15)
yepe3 Ky BU3HA4aeThest 3apsn AQ, Ha sKuil 3MIHHIACH
cyMma 3apagiB QutQet Qi 3a wac nii iMImynbcy 3rifHo
BUPA3Y:

AQ -C.AU. (16)

TakuM 4HHOM, B 3aJIKHOCTI BiJ diama3oHy dacy i
npukiaaeHoi Hampyru 3mimeHHs 1o MOH crtpykTypn
MH BXKE MOXXEMO NOCTITUTH Tepe3apsn Oynb-sSKoro i3
TPbOX BU3HAYCHUX KOMIIOHEHTIB MOBEPXHEBOT'O 3apsiay.
Hanpuknan, BuOpaBIIM [iana3oH iMITyJbCHOI Hampyru
3MILIEHHsT 1 TpHUBaNicTh iMiynbcy ((GpoHTY, chany,
aMIUTITYIM 1 MOJIAPHOCTI) TakK, 1100 3apsiid HEOCHOBHHUX
HOCIiB Qyy 1 3apsa MacTOK B OKCHII Q¢ 3aJIHIIATKCH
HEe3MIHHMMH, a MOBEpPXHEBI cTaHu Q; mepe3apsKalnuch
MOBHICTIO, MO)XHA BHM3HAYUTH BXE 3MiHY 3apsiiy Ha
MOBEpXHEBUX cTaHaX AQj:
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AQ,=C,AU- an

Temep 3ymmHUMOCH Ha (i3MUHIN Momenmi Takux
HepiBHOBaXHUX mporeciB B MOH crpykrypi mpu mii
TpalenUBUIHOTO 3MiIIeHHI. BimoMo, mo 3acTocyBaHHA
3BHYATHOTO KBa3ipiBHOBAYKHOTO METOLY CV-
xapaktepuctTuk 1o peanpHoi MOH  ctpykrypw,
HaIpHKJIa[, SKa Ma€ BUCOKY LIUIBHICTh SIK TIOBEPXHEBHX
(Ha mexi Si-SiO;) macTok, Tak i 0iuHHMX a00 TITHOOKUX
HEepiBHOMIPHOCTEH B PO3IO/ALTI MACTOK Y IMiA3aTBOPHOMY
JEeNIeKTPUKY, B pe3yJbTaTi Ja€ HEaJeKBAaTHY KapTHUHY
CJIEKTPOCTATUYHHUX  ITIapaMeTpiB  Takol  CTPYKTypH
(HampyrH TJIOCKWMX 30H 1 MOporoBoi Hampyru) [1,2].
Tomy wLel CTaTMUHUN METOJ HEMOKJIMBO BUKOPUCTATH
He TipKH U1t qociimkerns K-MOH crpykryp, ane i s
MPOTHO3YBaHHA iX HafgiitHocTi. Hamm B mamiil crarti
3apOIIOHOBAHUK  JUHAMIYHMHA  METOJ  IMITYJIbCHHUX
HepiBHOBaXHUX CV-XapakTepucTUK, 3aMipsHHX Ha
TPaUENUBUIHOMY IMITyJIbCI PO3TOPTKH 3 TPUBAJICTIO
(pOHTIB MEHINX, HIX MOCTIHHA Yacy pejakcauii 3apsiB
B MOH crpykTypi, 32 BHUKJIIOUEHHSM 4Yacy peJakcaril
OCHOBHHUX HOCIIB 3apsny, enekTpoHiB. lle 3B’a3aHO 3
THUM, IO IPH CaMHUX BUCOKMX HAa CHOTOJHIIIHIN IeHb
MIBUAKOCTSAX  PO3TOPTKM  3apsJ  OCHOBHHUX  HOCIIB
(emekTpoHIB), IO pe’aKcye 3 TOCTIHHOI dacy
BCTaHOBJICHHS IuQy3iifHO-Ipeti¢oBoi piBHOBaru, Oyze
MaTH TIOPAJOK &;/C 10" Blc (e, 0 — JlieIeKTpHYHA
MPOHUKIIUBICTG Ta MHUTOMAa MPOBITHICTE KPEMHIIO
BIZMOBITHO) 1 OyAe BCTUraTH 3a OyAb-5KOK MIBUAKICTIO
iMITyJIbCHOT HaIpyTrH PO3TOPTKHY, Ky MH
BUKOPHCTOBYEMO TPH JMHAMiIYHOMY JociimpkerHi MOH

ctpykrypu  (10%-10°B/c). B Hamomy  BUMaaky
JUHAMIYHUNA MeToA  0a3yeThCsl Ha  BUMIPIOBAHHSX
ricrepesucy MiX HICV-xapakTepucTHKOIO

(HepiBHOBaXXHOIO IMIYJIbCHOIO), OTPUMAHOIO B IIpOLECi
Iii TmepemHpOro 1 3aAHBOrO (POHTIB TPANEIUBUIHOL
Harpyry 3MilIeHHs. NpW 3MiHHIA aMIUTITYAl, 4acToTi Ta
TPHUBAJIOCTI iMITynbCy. Lle M03BOMSIE BUKOPUCTATH TaHHHA
METOZ AJIsl MPOTHO3YBAaHHS HAMIHHOCTI, C(HOPMOBAHUX
ctpykryp BIC, mo pemakcarmii 3apsmoBoro crany MOH
CTPYKTYypH (B [IWHAMIYHOMY pEXHMi), IO € IyXKe
aKTyaJbHUM JJISI CyOMIKpPOHHOI TEXHOJIOTIi BEITHUKHX
IHTEerpajgbHUX cxeM [3].

HepiBHoBaxkHi  iMnynbcHi  CV-xapaKkTepuCTHKH
MOXKHa OTpPHMaTH 3aBISKH CIIOBUIBHEHHIO IPOLECY
penakcauii 3apsniB B MOH  crpyktypi nomsixom  ii
OXOJIOJUKEHHsT a00  INPHUCKOPEHHS  Iepe3apsKeHHs
CTaHIB 5K B OKHUCJI, TaK i Ha Mexi po3ainy Si-SiO, un B
o0macTi  MPOCTOpPOBOTO  3apsAgy, TOOTO  3MiHOIO
IUHaMigHOTO pekuMmy [4]. PosrmsHemo QopmyBaHHS
imoynecHnx  CV-xapakrepuctuk Ha ocHoBi MOH
CTPYKTYpH, CPOPMOBAHOT Ha OCHOBI KPEMHIIO N-THUITy, Ha
AKy nie miiiHa posroptka y Burimsaai U = U(0)+at.
TpuKyTHHH UM TpameneBHAHWNA IMIYJIBCH 3aBXKIH
MOYHa TI0JIaTH Y BUIJISI MOCTIMHOT CKJIQZI0BOT Ta BHIIMX
rapMoHik, To0TOo Ha MOH cTpykTypy Oyne mistu

Harpyra U+ Ue™, ne nepmra cknagosa U = U(0)+at —
Harpyra 3MillIeHHS 1 JIiHiifHa pO3ropTKa, a Jpyra — BUIII
TapMOHIKH IMIYJIbCHOI Hampyru. ToOTo, cmam Hampyru
Ha MOH cTpykTypi MOKHA 3aIICaTH SK:
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jot

U +Ue”~-|Q Q.+ Q,*aN W+ We™|c.-

—ﬂ[w +\;Vejw‘) +@,p
2g,

e Qp Qs Qp, — MOBepXHEBi I'yCTHHM €KBiBaJEHTHOTO
CTaLlIOHApHOTO 3apsly B IIJ3aTBOPHOMY [iEJIEKTPHUKY
(Si0,), 3apsmy Ha moBepxHi posnuty  Si-SiO,,
HEOCHOBHHMX HOCIiB 3apsimy B 30igHeHOMy mapi
BiINoOBigHO; N — KOHIIEHTpAIlisl 3apsIKEHUX IICHTPIB B
30igHeHOMY Imapi; q — 3apsam enekrpoHa; W, W —
mpUHA 301AHEHOTO MIapy i HOTO aMITTITYAHA MOIYJISIIis
BiJl HaNpyru 3MilEHHS Ha 3aTBOpI; & — IieNCKTPUYIHA
mocTifiHa KpeMmHito; D¢ — pi3HMII B poOOTaxX BHUXOIY
MDX €JIeKTPOIOM 3aTBOpY 1 HamiBIPOBITHUKOM (Si); Coy
— MMATOMA €MHICTh TiI3aTBOPHOTO JIIENEKTPUKA.

Skmo npoaudepenmiroBatu Bupa3s (17) mo vacy t i
NPOBECTH aHaNi3 MAIHCHUX 1 YSIBHUX YacTUH, TO
orpumaeMo Taki cmiBBigHomeHnHss npu C=qNW/U sk

€eMHOCTI  30imHEHOro  miapy, 10  BHM3HaYaTHMeE
mudepennianeay popmy CV-XapakTepUCTHKH:
C ~(Ca+w /ey) - (18)
d (2 [, QQ (19)
A Lol

IarerpyBanns Bupasy (19) nmpu modaTKoBHX yMOBax
U(0), Q«(0), Qp(0), C(0) nae Bupas mis iMmynbcHoi CV-
XapaKTEPUCTHUKH B iHTETpalIbHIN (HopMi:

2 AQ +A 2
C=C(0)1—72C(O)U—U(O)+7Qt Qi (20)
qNSS Cok
ne AQp= Qp-Qp(0), AQy= Qu-Qu(0).
Buznaunmo Tenep KOHIIETITI IO MMOBHOT1

HepiBHOBaXkHOI iMIybcHOT CV-xapakTepuctuku. TooTo,
CV-XapaKTepuCcTHKY Ha3WBaIOTh MTOBHICTIO
HEpiBHOBA)KHOIO, KOMHM TOBEPXHEBi 3apamn Qg i Q, He
3MIHIOIOTh CBOiX IMOYATKOBHMX BEJIUYMH. BilmoBiIHO 1iei
KpUTEpill MOXXHa BHpPa3uTH B JudepeHUiaNbHIi Ta
IHTErpanbHill popMax y BUIIISAL:

dP+QSt < ‘('1 ‘Cok’ (21)

AQ,+AQ |<[U -U (0 )/C.y (22)
Buxongsun i3 BHIIEe MNPHUBEACHOIO aHANi3y, MH
MOXXeMO  Bke  chopMyBaTH  Taki  BJIACTHBOCTI

HEepiBHOBaXXHHX IMITYJIbcHUX CV-XapaKTepUCTHK:

1) Oynp-sika 3MiHa 3apamiB Qy 1 Q, B mporeci 3HATTS
BUCOKOYacTOTHUX CV-XapaKTEepUCTHK Ja€ 3CYB B3IIOBXK
OCi Hampyr IO BiJHONICHHIO JI0 HEPIBHOBWKHUX Ha
BEJIHYHHY:

AU =-(AQ,+AQ)/C, (23)

2) KpyTW3Ha HepiBHOBOKHHUX imMmynbcHUX CV-
XapaKTepPUCTUK BHU3HAYAETHCA T'yCTHHOIO 3apsKEHUX
HeHTpiB B 30igHEeHOMYy mmapi (BKIIOYAIOYM TJIHOOKI

LEHTPH).

Takum uynMHOM, HepiBHOBaxkHI immysbcHi CV-
XapaKTePUCTUKHU JAI0Th IOBHY iH(OPMAIIIO:

— mpo  TiMOOKi  eHepreTWyHi  piBHI B

HamiBIpOBiMHUKY  (Si), sKi
MIBUIKO, TaK 1 OBLIBHO;
3cyB  CV-xapakTepuCTHKH 10 OCi Hampyr

iH(popMye TIpo 3MiHY 3apsamiB Ha Mexi Si-SiO; i B okucmi

nepe3apsaKaroTbCa K
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(AQg= AQy+AQ;) Ta 3MiHy NMOBEPXHEBOI KOHLEHTpALil
HEOCHOBHMX HOCIIB 3apsiy B iHBepciiiHOMy mapi AQ,,
sIKa BU3HAYA€THCS CTYNIEHEM JIETYBaHHS KPEMHIIO.

To6To, pemakcarmis 3apsgoBoro crany MOH
CTPYKTYPH PEali3y€eThCs 32 TOMOMOTOI0 TpaleUBUIHOT
(mMnoBHOHOI) HANMpPyTW 3MIMIEHHS [pU IIBHAKOCTI
posroprku 10%-10° B/c. B 1aHOMy BHITaiKy IOYaTKOBE i
KiHIleBe  3HaueHHs  3apsgy MOH  crpykrypu
BU3HAYAETHhCS BXKE MO IMIyJbCHIN HepiBHOBaxkHil CV-
XapaKTepUCTHUIll, 3aMipsHIM mig 4yac Oii mepeaHsoro i
3agHb0ro0  QpoHTIB immynbcy. Kpim  1mporo, 3mina
MOYaTKOBOTO 3apslly PpEryJIO€ThCS 32 JIONOMOTOI0
BcraHoBIeHUX amiunitynq Uy, U, i TpuBamoctedl ty, t,
IUIOCKUX YaCTHH IMITyIbCY (pHC. 4).

[HTerpampHa  rycTMHa ~— TIOBEPXHEBUX  CTaHIB
BU3HAYA€ThCS MO  MakcuMaigbHOMy 3cyBy CV-
XapaKTEePUCTUKH, 1[0 BUKIMKAHUH IX Mepe3apsiiKeHHsIM,
musixoM nepeBoxy MOH  cTpykTtypu i3 CHIIBHOTO
30arayeHHs B CHJIbHE 30IHCHHS YU IHBEpCilo abo
HaBIIaKU:

N.=C.AU../q- (24)
3MiHIOIOYH TPUBATICTb IMIYJIBCIB B IIMPOKUX MEKax
SK 1 IUBWJAKICTH PO3TOPTKH, MOXHa JOOWUTHCH

riepe3aps/DKEHHsI TTOBUTBHUX 1 IOBEPXHEBUX CTaHIB, SIK
Lle TOKa3aHO Ha pHc. 4T, TOOTO MOXXKHa CTHMYJIIOBaTH
TUIBKM BHM3HAU€HI MPOLECH Iepe3apsDKEHHs, MI0
BiJIIIOBiIAIOTH 32 TEPMOIIOIHOBY CTaOULTBHICTh
MiA3aTBOPHOTO MieIEKTPHUKA 1 HOTO HaIiHICTB.

ToMy, BHKOPHCTOBYIOUH TEPMOIOJIBOBHN Ipeiid
CV-XapaKTepuCTUKH, BH3HAYAIOTh BIiAMOBIAHUI mperd
MOPOroBOi HANpPYTH, SKUHA TOBOPUTH MPO HASBHICThH
apsaiB Qf i Q, B MiJ3aTBOPHOMY Ji€NEKTPHUKY,
3YMOBJIGHHX HESKICHUM HOro rerepyBaHHAM Ta

a) 0)

ximMigHOO 00poOKOt0. ToOTO, Takmii mpeid moOporoBoi
nanpyru AUy B Mexax +(1-3)B mis T =+150-250°C
BKazye Ha BHCOKY HafiiHicTh cdopmoBanux MOH
cTpykTyp. lle BianoBigae HaAIHHOCTI CTPYKTYP BEIUKUX
inTerpanbHiX cxem Ha pisHi (10-30)-107.

Brepiue i ny»xe e)eKTHBHO HEPIBHOBaXKHI IMITYJIbCHI
CV-xapaKTepUCTHKH Oynu BUKOPHUCTaHI Ut
JOCIII/DKEHHST TEXHOJIOTIYHMX TpoueciB  (GopMyBaHHS
Mi/13aTBOPHOTO  JIiENIEKTPHKA: XiMIuHOi 00poOkm Si-
TUTACTHH 1 TEPMIYHAM OKCHIYBaHHSIM depe3 T'eHepalilo
HEOCHOBHHX HOCI{B 3apsoy y IMOBEPXHI MOHOKPEMHIIO
micist 3mimeHHss MOH cTpykTypu B pexuM TITHOOKOTO
30igHeHHs (iHBepcii). B mepmmii MOMEHT micist momadi
iMmynbcy — 3MimeHHs — emuicte MOH  crpykrypu
3MEHILYETHCS HIDKYE PIBHOBAXHOTO 3HadeHHs (puc. 4B)
3a paxyHOK BIJIXOJy OCHOBHHMX HOCI{B BiJl IOBEpXHIi
KpeMHilo 1  po3mmpeHHs  obiacti  00’eMHOro
npocropoBoro 3apsiny (OI13). BkiHumi nepexigHoro
npolecy Bxe OIS TOBEpXHI KPEMHIIO YTBOPIOETHCS
TOHKWI 1HBEpCiiHMI map 3 BHCOKOIO KOHIIEHTPALI€I0
HEOCHOBHMX HOCIiB Qp, a mupHHa oOnacTi 30iAHEHHsS
npuiiMae KBa3ipiBHOBaXHE 3HA4YCHHS. T00TO, BKa3ylO4H
MIBUAKICTH 3MiHM €eMHOCTI B yaci AC/At ans Temneparyp
+25 i +150°C Mu BU3HAUaeMO AKiCTb Mik(azHO Mexi
Si-SiO, uepe3 TepMONONBOBY CTaOUIBHICTH 3apsiay AQj
Ta SKICTh Tim3aTBopHOro mienekTpuka SiO, depes
TEpMIUHI  HaNpyXEHHS OKCHUAHOTO MpoILecy, SKi
BUKIIMKAIOTh Opeid 3apamy mactok AQ,. Komm
TPUBAIICTh IMIyNbCy ty ckiamae Oins 90-100 mc, e
NPU3BOAUTE 10 HAKONMWYEHHs 3apsny i kpytusHa CV-
XapaKTEepPUCTUKU BIJIOBIIHO 3MEHIIyeThes. [ 'eHeparis
HEOCHOBHUX HOCIiB (Iipok B n-Si mnpu riaubokomy
30iIHEHH]) TPOXOJUTH BXKE MPH TPUBAJIOCTI IMITYJIBCY ty
meHmMM 90 Mc 1 BU3HAuYa€ Tak 3BaHy ,,peKOMOIHALiHY

30aRQueHHs

\

301 THEHHS

Puc. 4. HepiBHoBaxHi immynibcHi CV-XapakeprCTHKH ITPU Pi3HIHN Aii iIMITyJIbCHOT HAIIPYTH: a) MWIOBUIAHOT (TPUKYTHOT)

Harpyru; 0) TpameuuBHAHOI — npwW pi3HIN amrutityni U, iMIynbCiB; B) TpaNeUMBHIHOI — IPH Pi3HIA TPUBAJIOCTI

IMITyJIBCIB t,, T) Ipouec nepesapsaku craniB n-MOH ctpykrypu (dox = 25 #M, Uy, = -25 B); <> Ha nepeanboMy (HpoHTI
IMITYJIbCY 3MILLEHHS te,, —> Ha 3aAHHOMY (DPOHTI IMITYJIbCY 3MIIIEHHS teg.



C.I1. HoBocsaanuii, P.I. 3amyxnsk, I1.I. MensauK

s C/C,

4
peKoMOiHaITiHHI
CXOIIUHKHU
N
< 1 |
U 40 20

0 +20 +40

Puc. 5. HepisHoBaxHi immynscHi CV-xapakrepuctuku aiusi n-MOH crpykrypu (Al-SizNy-Si) B 3a5exHOCTI Bij
TpHBanocTi iMIyJibcy tg: 1) 3 ms, 2) 100 ms, 3) 120 ms, 4) 500 ms, 5) 1s, 6) w1 30i1HeHOT 00J1ACTI TP YACTOTI
20 MI'ni o= 10° B/c ta t,= 1 ms.

CXOIMHKY”, TOOTO pIiBeHb JIEryBaHHS  I[OBEpPXHI
MOHOKPEMHIIO.

I, HakiHelb, 3  JOIIOMOI'OIO IMITYJILCHUX
HEpIBHOBKHHUX CV-xapaKkTepuCcTuK BU3HA4Yal0Th

KOHIICHTPAI[IF0 [NIMOOKUX PIBHIB, HOHI30BAaHHUX MPOTITOM
TPUBAJIOCTI Ji1 IMIYJIBCY t4:

.. Cd

= A N
“gedcauc]
ne AU(C) — BenuyMHa ricrepe3ucy Hampyrd B 00JacTi
MOBHOI HEPIBHOBAXKHOCT!.

AG0 Takuif poO3paxyHOK MOXHa IIPOBECTH dYepe3
NIMPUHY 00 €MHOTO MPOCTOPOBOro 3apsimy Ww; (SIK
ycepeaHeHe 3HaUeHHs KOHLIEHTPaLlil TIIMOOKUX PiBHIB MO
mapy 0 <x <wy):

NG =0T Ni(x )dx

N 25)

(26)

Sxmo npuiinaty, mo Ny'(x) = CAU/q, To micns
BiJITIOBIJTHOTO IIEPETBOPEHHS OTPUMAEMO:
1 Au,
qw,AﬂCd (AU ).
ne AUy, — ricrepesuc immyibcHoi CV-XapakTepucTHKA
npu C=C,, (Cy; — eMHICTh TUIOCKHX 30H, a AU, —
ricrepesuc npu C = C;, KOJH JOCATAETHCS MaKCHMaIbHA
HepiBHOBaXKHICTh. Toxi:

N;=(AU,-AU..)C../qw,
TakuM 4YMHOM, METOJ HEPIBHOBAKHHUX IMITYJIbCHUX
CV-xapakTepHucTHK J03BOJISE€ CPEKTHUBHO OI[IHUTH BIUIAB
CIICKTpa Pi3HHUX JIOMIIIOK B KPEMHIi, SIKi JAIOTh TIMOOKI
piBHI B 3a00poHeHiit 30Hi (Au, Ni, W, Mo, Ag, Fe, Cu),
00 i JIOMIIIIKHA BU3HAYAIOTH TEPMOTIOTBOBY
HECTaOUIBHICTh MapaMeTpiB mpuiagaux cTpykryp BIC.
Taka BelMYMHA KOHLEHTpAmii riMubokmx piBHIB Ny
nosunHa 6yt <<10" cM™ nmpu mmpuni wy < 1 Mk, [l
iX BHU3HAYEHHS HEOOXITHO 3aMOPO3UTU BCi IMOBEPXHEBI
crann Q;; Ta macTtok Qy TOMI IIBHUAKICTH PO3TOPTKH
TpaneuuBUIHOT HANpyrd 3MIlEHHS MOBUHHA OyTH B
mesxax Ginpme 10°-107 B/c.

N - 27)

(28)
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Ha puc. 5 HaBeJeH1 eKCIIePUMEHTaIbHI
HepiBHOBaxkHI CV-xapakrepuctuku MOH crpykTypu
Al-Si3Ny-Si st pizHEX TpHBanocteit iMmynbcy ty. Taki
XapaKTEPUCTUKU 3yMOBJIEHI BHCOKOKO KOHIIEHTpAIli€lo
rIMOOKMX PIBHIB B KPEMHIi 32 paxyHOK JUCIOKaliiHUX
Hampy)XeHb  HiTpuay Kpemuioo. Komm TpuBamicth
iMmysecy ty < 1 mc, To kpuBi (6 i 1), 3amipsiHi mig vac
NepeHboro 1 3agHbOro (POHTIB  TPaIelEeBUIHOTO
iMITyJIbCY, Maibke € mapanenapHuMH. Lle 3HauuTh, 10 B
MeXax IUIOCKOI  YAaCTHHM  IMIYJBbCY  MPOXOIUTH
€JIeKTPOHHA IHKEKIlis i3 HeramOOKMX CTaHiB Ha MeXi
pozainy Si-SiO,. Ane, xomu tg = 100 mMc, To KpyTH3HA
KPHBOi, IO NPU3BOAWTH 1O HAKONHWYCHHS 3apsliB €
JENI0 HIDKYOI, HDK KPYyTHU3Ha KPHBOI, IO MPU3BOAUTH
no 36imnenHs. lle Bkasye Ha Te, IO KOHIGHTpalis
rMOOKUX PiBHIB 30LIBLIYETHCSI, 00 MPOXOAUTH TIUOOKO-
piBHEBa 10HI3allisl JOMIIIOK B KpeMHIii 1 yTBOpIOE iX
mupokuii  criektp. [lpm  monanmpioMy  30iibIIEHHI
TPUBAJIOCTI IMIyJIbCY 10 tg = 500 Mc i 1 ¢ 3’sBisieTbest
BXKE ,,peKOMOIHAIlIifHA CXOJMHKA”, M0 BKa3lye Ha
reHepallifo HEOCHOBHHX HOCIiB — Jipok Q, i PO3IIUPEHHS
ricrepe3rcy  Oulblle  pEeKOMOIHALIWHOT  CXOIWHKH,
3aBJIIKH 3aXOIUICHHIO IPOK MOBEPXHEBUMH cTaHaMH Qyy,
Qi ToOro, TpuBaNicTh IMIyJIbCy TEHEPYE CIEKTP
TMAOOKAX PpIBHIB  TOMIOIOK B  MOHOKpPEMHIl, IO
BiINIOBIAIOTh 32 IMOBLIFHY HECTaOUIBHICTH 3apsSIOBOTO
crany MOH ctpykrypmu.

TakuM YMHOM, BHXOASYM 13 BHINE HaBEIEHOTO,
MOJKHA 3pOOUTH HACTYIIHI BUCHOBKH:

— BEeJIMYMHA aMILTITy T i MOJISIPHICTD
TpameneBuIHOr0 IMIYJIbCY BIAINIOBIZa€e 3a CTYHIHb
30araueHHsi, 30iHeHHsT uyu iHBepciro moBepxHi MOH
CTPYKTYpH, IIHpHHY 30igHeHOT o0jacti Ta o00JacTi
iHBepcii;
HIBHJKICTh HAPOCTaHHA 1 CHagy IMITyJbCy
BU3HAYA€ CTYMiHb 3aMOPOXKEHHS CHEPreTHYHUX CTaHIiB
(WBHOKUX 1 TOBUTBHWX), TOOTO (hopMye BHOIPKOBICTH
CV-xapaKTepuCcTHKH;

— TPUBANICTh IMITyIbCY BH3HAYa€ CHEPTrEeTHIHHH



[TporHo3yBaHHsI HAIITHOCTI CTPYKTYP BEJIMKHX IHTETPAILHUX CXEM ...

CHEKTp MIBHIKHAX 1 TOBUIBHHUX CTaHiB, a0 pPO3IiTBHY
3MaTHICTP METOAy HEpIiBHOBAXHHX iMmyibcHHX CV-
XapaKTEePHUCTHUK;

— TepMonopoBuil  apeiid  CV-xapakTepUCTHKA
BU3Hayae He TUIBKK sKkicth QopmyBanus MOH
CTPYKTYpH, ajie i 11 HaliiHICTb;

— METOJ1 HEPIBHOBXHUX CV-xapaKkTepucTuk

JI03BOJISIE TIPOTHO3YBaTH HaJiiHICTh cTpykTyp BIC Ha

BIIpalibOBaHU TMPH  TPOTHO3YBaHHI  HAIIHHOCTI
cTpykTyp omHokpuctansHuX BIC cepiit K 1816 BE 48 ta
K 1830 BE48.

Hogocaonuu CII. — pA.TH., Kadenpu
pamiodi3uKK Ta EIEKTPOHIKH;

3anyxasaxk P.I. — x.¢.-M.H., 101IeHT KadeapHu paaiodi3uku
Ta CJMEKTPOHIKH.

mpodecop

porecy

Menvnux I1.I. -  aTH., 1npodecop  Kadempu

AK  eHeprozaTpaTtHi 1  MaJOHaJiiHI MeTaJI0(i3UKH 1 HOBITHIX TEXHOJIOTIH.
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Nonequilibrium Impulse CV-Characteristics of MOS Structures for
Electrophysics Prognosis Reliability of Structures VLSI

‘Vasyl Stefanyk’ Precarpathian National University
201, Galytska Str., Ivano-Frankivsk, 76000, Ukraine

In the article properties of the nonequilibrium impulse CV-characteristics of MIS (MOS) structures derived in
response to a trapezoidal voltage pulse with edge times shorter than the recharge time constants of the interfase and
semiconductor (Si) bulr electron state ate analysed. It is shown how such nonequilibrium CV-characteristics can be
used for electrophysics ptognosis reliability of structures VLSI.
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