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IIpoBeneHo aHaii3 BIUIMBY HOCHIZIOBHOTO ONOpPY CTPYKTYp 3 IOTEHLiaJIbHUM Oap’'€poM Ha iX eMHicHI
XapaKTEepUCTUKH. 3alpONOHOBAHO METOJ BHU3HAUCHHA BEJIMYMHHM IIOCHIIZOBHOIO OHOPY 3 BOIBT-(hapajHux
XapaKTepUCTUK BUMIPSHUX NPH PI3HUX YaCTOTaX 30y/IKyH0HUOro CUrHaIy.

KurouoBi ci10Ba: mocnizoBHuil omip, CTpyKTypa, iMIeaHC.
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Beryn omopy  Ha BEMYUHY BUMIpSTHOT €MHOCTI
HaIIBIOPOBIAHUKOBUX CTPYKTYp 1 3alpONOHOBAHO METOJ
aHajizy  BOJbT-(hapaaHuX XapaKTepUCTHK  JUIS
BU3HAYEHHS BEIMYMHU iX MOCHIJOBHOrO oropy. Takox
MpOBEZICHA EKCIIEpUMEHTaJbHA IIepeBipKa pe3yJbTaTiB

Uirke po3ymiHHS  (i3WUHMX  TPOUECIB,  fKi
BimOyBatoThcss y miomax IlloTki, p-n mepexomax Ta
rereporepexomax €  3alopyKow  iX  YCHIIIHOTO

3aCTOCYBAHHS s PO3POGKH CyqacHux OTpUMaHUX TPU  3aCTOCYBaHHI  3alpOIOHOBAHOTO
BUCOKOC(EKTUBHHUX EIIEKTPOHHHUX TpWiIaaiB. €MHICHI MeTony.
METOH JIOCITiJPKEHHS BJIACTHBOCTEH

HAITIBIIPOBIIHUKOBUX CTPYKTYp Ta HPWIaAiB 3HAUILIA B
LIMPOKE 3aCTOCYBaHHs 3aBISIKM CBOIH 3pYYHOCTI Ta
inopmarusHocTi [1, 2].

[IpaBunpHUi aHayi3 BOJbT—(apaIHuX
XapaKTEePUCTUK HAITiBIIPOBITHUKOBUX CTPYKTYp
HEMOJJIMBUH Oe3 BpaxyBaHHS BIUIMBY X ITOCIHIJOBHOTO
EJIEKTPUYHOTO OMOpPY Ha 3HAYEHHS €KCIEPUMEHTAIBHUX
JIAHUX OTPUMAaHUX IPU BUMIpPIOBaHHI.

[ocnmigoBHMI  €IEKTPUYHUEA  Omip CTPYKTYp 3
MOTCHINAILHUM ~ 0ap’ epoM CKIIQJIA€ETbCd 3 OMOPY
eNIEKTPUYHUX KOHTAaKTIB 1 omopy 0a3oBux obiacreil. B
OLIBIIOCTI BUMAJAKIB TMOCIIZOBHUN OIip € HeOakaHWM,
ale BIH € HEBI eMHOIO YacTUHOI Oy[b-SIKOTO [1]:
HAITiBIIPOB1THUKOBOT'O MPHIIATY.

B pmaniii poOOTi mMOKa3aHO BIUTMB IOCIHiJOBHOTO

MeToaMKa eKCliepUMEeHTy

Teoperuuna dYactuHa. /[ng BU3HAUEHHS BIUIUBY
MOCITIZIOBHOTO ONOPY Ha BEIMYMHY BHMIPSIHOI €MHOCTI
HAITiBIIPOB1THUKOBOI CTPYKTYpH BHUKOPHCTAEMO
3araJbHONPUIHATY EKBIBAJICHTHY CXEMY CTPYKTYp 3
noteHniansHuM Gap’epom (puc. 1,d) B pamkax sKoi
OyneMo MPOBOAUTH MOJAIIBIINNA aHaTi3.

Immenanc  (KOMIUIEKCHHH — OIp) CTPYKTYpH 3
IIOTEHIaJIbHUM 6ap’ epom BIJIIOBIAHO o
3aIpPOIIOHOBAHOL €KBiBaJICHTHOL CXeMU MOKHA
MIPE/ICTABUTH Y anreOpaiuHiii popmi HACTYITHUM BHPa3oM

é u é 2 u
A R - a RgwC .
Z:SRS+ s Zg-ig sh™ b ZH:ZG;iZdt, (1)
8 (wRaG) g &+ ("RaCh) g
ne w=(2nv) —nukniuna yacrora, Z0- milicHa (axkTuBHa) iMnenancy. 3mak “-" mepen  yABHOIO  YacCTHHOIO
vactuHa immnenancy, Z@- ysBHa (peakTuBHA) yacTHHA iMIIeIaHCy MOKasye, MO y KON 3MIHHOTO CTPYMY CHaj
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HAIPYTW Ha EMHOCTI BiJcTae Big cTpymy 1o ¢dazi Ha 90°. PO3TIISIAIOTHCS BIAMOBIAHO 70 CXEMH 300pakeHoi Ha

Amnamizatopy iMIlenaHcy 1 BHUMIpIOBad4i €MHOCTI puc. 1L,b [1,3]. Tomy HeoOXigHO TmepedTH Bix
NPalIOIOTh Ha OCHOBI MapalieflbHOI CXEMH 3aMillleHHS, KOMIUIEKCHOTO OIOpY HaIliBIPOBIJHUKOBOI CTPYKTYpH
TOOTO HANIBIPOBIIHUKOBI CTPYKTYPH IPHU BUMIpIOBaHHI 10 ii KOMIUIEKCHOI MIPOBITHOCTI.

1 & Z¢ 06 . Z® ©

Y=G+iB= = =1 =
26126 88 785 $28-285
[MincraBusim pisusuus (1) y (2) otpumaemo Bupasu Bupas ast Cy:
JUIE BUMIPSHOI aKTHBHOI 1 PpEaKTUBHOI MPOBiJHOCTI C
HAITiBIIPOBITHMKOBOI CTpYKTYpu Gy Ta By, BignoBinHo: CM = 5 b (5)
(wC R )2 +(Rs+Ry) orf 0 2
o bR Ry 558 )

M ) 2 © R o
(Rs+ Rsh) +(WCbRsRSh) Sk BumHo 3 BHpasy (5) BHMIipsHa €MHICTH €
cknmagnoro dyukiiero Cy = f(Cp, R, Ry, ®). OueBuano,
0 BUMIpSHE 3HAYCHHS €MHOCTI HE  MOXHa
BUKOPHCTOBYBaTH JUIs aHaJ3y PO3MOALTY JOMIIIKH Y
Cb o0acTi MPOCTOPOBOrO 3apsAAy UM BU3HAYCHHS BHCOTH
R H MOTEHINAIFHOTO Oap’epy ToMy 1o Oap’€pHa €MHICTb

MMOBUHHA OYTH HE3QJICXKHOIO BiJl YaCTOTH 30YIXKYHOUYOTO

— — curnany [3].

— a) SIK TpaBWIO BHKOHYETHCI yMmMoBa Rg>>R; Tomy
R Bupa3 (5) MOKHA CIIPOCTHUTH JI0 HACTYITHOTO BUIJISY.
sh
B co- %

T M 2 (6)

[ 1+ (WCb Rs)
[Micas mpocTHX TMepeTBOpeHb piBHsHHSA (6) MOKHA

:,G b) 3aIMCcaTH y BUTJISAI:
M -2 _ -2 2 2 2.4 4

= + +

Puc. 1. ExBiBaJleHTHA CXeMa HaIliBIPOBIIHUKOBOI CM Cb ZRSW Cb RSW - M

CTPYKTYpH 3 TIOTeHIiampHUM Oap’epom (a) i

) Jonankom Cg R§W4 y piBasaHi  (7) MoXxHa
napanesibHa cxema 3amimieHHs (D).

3HEXTYBaTU Tak SIK Oap’ epHa €MHICTb
2 HAMIBIPOBITHUKOBUX CTPYKTYP, SK MPaBUIO, TpHHMAae

B.. = WCbRsh xyxe Mani 3Hauenns ~107°-10° @.
M~ 2 2 @ Tenep 3ammmemo Bupa3z s Oap’€pHOi €MHOCTI
(Rs + Rsh) + (WCbRSRSh) piskoro  p-n-mepexomy  (piBHOMIipHHII  po3MOIiN

Bpaxosytoun, mo By = wCy, ne Cy—BuMipsiHa JIETYIOUHX JOMIIIoK) [2]:

€MHICTh, TO 3 DIBHSHHA (4) MOXHa JIETKO OTPUMATH

2. 2(Na +Ny) s U):zuD(Na+Nd)uD U __.2Up-U o
P e NaNys?' P egNaNyS?2 Up o Up
ne Up —BucoTa nmoreHmiansHoro 6ap’ epy, U — Benmuuna Up — BenuurHa BOYI0OBAHOTO MOTEHITIAITY.
30BHIIIHBOI'O 3MIMIEHHS, € —3aps eNeKTpoHa, & 1 & — [MincraBuBmm Bupas (8) y (7) Ta 3HexTyBaBUIH

BIIHOCHA 1 a0COJIFOTHA JiCICKTPUYUHI IPOHUKIUBOCTI, Ny

2.4 4
. . .. . nopankom G RSW MOXXEMO 3alucaTH BHUpa3 JUis
i Ny — KOHIIEHTpaIlisl aKI[ENTOPHOI 1 JOHOPHOI TOMIIIIKH B b

o0y1acTi MPOCTOPOBOTO 3apsny, S — IUIom@a Mepexony, BUMIpSIHOI EMHOCTI HAITiBIPOBiTHUKOBOI CTPYKTYypH [4]:

Cpo— Oap’epHa €MHICTh TIPU BIJACYTHOCTI 30BHIIIHBOT'O U~-U

3MIIIEHHS. CMz = Cb -2 Db + 2R32W2 9
Bupas mis 6ap’epHoi emuocti miogy Ilotki MoxkHa 0 U D

3aImcaTH NOZIOHO 10 PiBHAKA (8) 3 BpaxyBaHHAM, MO IpoBeneMo HacTymHi mepeTBopeHHs 3 BupazoM (9):
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3 dopmynu (9) BuruBae, 1o Hampyra Biaciuku U,
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qacToTH o [4] :
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2
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Buznaunmo Cbo 3 Bupasy (11):
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dw dCy;
du
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TMIOCITIZIOBHOT'O OITOPY HAMIBIPOBIIHUKOBOI CTPYKTYPH:
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Puc. 4. Bonbr-dapanni xapakrepuctuku gioaa Hlotki
3 IMITOBaHUM IIOCIiJOBHHM OIIOPOM BHMIpSHI TpH

pi3HUX YacToTax 30ymkytouoro curnany: 1 — 60 k[,
2—-100 k', 3—125 kI 1.
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(4]
KAM  YHHOM, IIPOBEIEHHWI aHai3 IOKasye, Mo
pO3IJIAIA0YM  HAMIBIOPOBIAHUKOBY  CTPYKTYPY 3

MOTEHI[IAIbHAM 0ap’'€poM B paMKax 3alpONOHOBaHOI
ekBiBaJieHTHOI cxemu (puc.1,8) mpu YMOBi pi3koro
nepexoqy MO)KHa BU3HAYUTH BEIMYHHY ITOCHIJOBHOTO
OIOpY CTPYKTYPH 3 1i BOJMBT-(hapaJHUX XapaKTCPUCTUK
BUMIPSIHUX IMIPH Pi3HUX YaCTOTaX 3MIHHOTO CHUTHATY.
ExcnepuMenTasbHa YacTHHA. 3 METOIO NEPEBIPKU
3alpOIIOHOBAHOTO METOAY BH3HAYEHHS ITOCHIJOBHOTO
OITOPY HAMIBIPOBIIHUKOBUX CTPYKTYp 3 MOTEHIAILHAM
O0ap’epoM OyI0 TpOBEIEHE JOCTIIKCHHSI €MHICHHX
BJIACTHBOCTEH  mionma HloTki 1N5822 (FCI
semiconductor) 6e3 Ta 3 MOCTIMOBHO YBIMKHEHHM
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U,=0,385B
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@10, ¢
Puc. 5. 3aexHicTh HANPyry BiZICIYKH BiJ KBaApaTy
LUKJIIYHOI YaCTOTH.

|

2

MPOMHUCIOBUM  PE3UCTOpOM  HOMiHaioM 2  KOM,
notyxkHicTio 0,125 BT 3 mificHUM 3HAa4YCHHSAM OIOPY
2,05 xOwm. BumipropaHHs BOJIET-(hapaHuX
XapaKTEPUCTUK IMPH Pi3HUX YACTOTAX 3MIHHOTO CHTHATY
MPOBOIWIIOCS ~ HAa  BHUMIPIOBAJbHOMY  KOMIUICKCI
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SOLARTRON S
TeMIIepaTypi.

1286, SI 1255 mnpu kiMHaTHIA

[1. Pe3y1bTaT eKciepuMeHTYy Ta ixX

00roBOpeHHs
Bixgmnosigzo o OmHCy eKCIUTyaTaI[i THUX
xapakrepuctuk  miomy Ilotki 1N5822 [5], mpu

NPOTiKaHHI TMPSIMOr0 CTPYMYy BEIMYHMHOIO 3 A crHaj
Hanpyrd Ha niomi ckiamae 0,525B, mo Bigmosimae
BeMuuHI mociigoBHoro omopy 0,175 Om. Bracmimok
MaJoro  MOCTIJIOBHOIO  OIOPY  CIIOCTEPIraeThest
HE3JISKHICTh BOJNBT-(DapaJHUX XapaKTEPUCTHK aAiona
[IoTki Bix yacTOTH 30yMKYIOY0Oro curHany (puc. 2.).

Ipsivoriniitaicts 3anexuocti Cy%-U cBimunts mpo
HASBHICTH PI3KOTr0 MEPEXOay 1 PiBHOMIPHOT'O PO3MOALTY
neryrodoi gomimku y 0a3oBiii obmacti mioga [1].
BenmuunHy BOyJOBaHOrO  NOTEHINaly Uil JIaHOI
crpykrypu (Up = 0,38 B) MOKHA BH3HAYHMTH MIISXOM
SKCTpanoNAmii MPAMOJIIHIHHOI 3aJIeKHOCTI CM'Z-U o
MIepEeTHHY 3 BICCIO HANIPYTH.

Ha puc.3 npusenena pmiarpama bBome  mis
MPOMUCIIOBOTO ~ PE3UCTOpa 3  [JIHCHUM 3HAYEHHSIM
enektpuyHoro omopy 2,05kOm. B obmacti dacror
£1MIn choocrepira€TbCs  BIACYTHICTh  YaCTOTHOI
3aJIKHOCTI MOMYIIS iMIefancy |Z| i kyta 3cyBy a3 Mix
CTPYMOM 1 Hanpyroto 6.

BpaxoByroun Te, mo (a3oBuii KyT B MeXax BHUIIE
srafgaHoi oOmacti yactor mnpuiimMae 3HadyeHHs 6 =0,
MOXHa 3pOOMTH BHCHOBOK PO BiJICYTHICTh BIUIMBY
Napa3uTHOL PEaKTUBHOL CKJIaZI0BO1 iMIeancy
JIOCITIJPKEHOTO pe3ucTopa. TakuM YMHOM BiH MOXe OyTH
BUKOPDHCTaHUM JUISl IMITyBaHHS aKTHBHOI CKJIaJI0BOI
MOCITIJIOBHOTO OINOPY HAaMiBIIPOBITHUKOBOI CTPYKTYpH 3

MOTEHIIaIbHUM ~ Oap’epoM y  Jliama3oHi  4acToT

36y mKyiouoro curaany ix 10* no 10° ',
Bonbr-dapaani  xapakrepuctuku  gioga  Lotki

IN5822 3 mOCTIAOBHO YBIMKHYTUM  PE3HUCTOPOM

npuBeJieHi Ha puc. 4. Y IbOMY BUITJIKy CIIOCTEPIraeThCs
napaJienbHe 3MIileHHs MPIMOTiHIHHUX 3anexHocTel Cy,
U npu 3MiHi 9ACTOTH BHMIpHOrO CHTHATY, IO
TIOSICHIOETBCSL  BIUIMBOM  IMITOBAHOTO  ITOCIIiJJOBHOTO
OIOpY Ha BEUYMHY BUMIipsSHOI €éMHOCTI Cj; BiIIOBiTHO
1o piBHsAHHS (6).

Ha puc. 5 300paxeHo 3alexHICTh HANPYTH BiJICIUYKH
U, Bim KBaapaTy IHMKIIYHOI YacCTOTH 30Yy/KYIOUOTO
curnany . 3 pieHsHns (12) BHIUIMBAE, O MEPETHH

TV . 2 .
MPAMOJIIHIMHOL1 3aJIEKHOCT1 UC(VV 3 BICCIO Hallpyru

BU3HAUYa€ JiCHE 3HAYEHHS BEJIMYMHU BOYIOBaHOTO
norenmiany (Up = 0,385 B) mioma IoTki 3 mociigoBHUM
OIopoM, IO J00pe Y3rOXKYEThCS 13 BEINYHHOIO
BOY/IOBaHOT'O TIOTEHIIia]ly BU3HAYEHOT0 3 pHC. 2.
Bu3HauuBIIM TaHTEHCH KYTIB HaXWITy MPSMHX JIHINA
306pakeHnx Ha puc. 41 puc. 5, tg(a) = -5,3540 @B,
tg(B) = 1,750 Bx?, BianosimHo, migcraBiusemo ixHi
3HaueHHs y Bupas (17). 3BiAKH OTPUMYEMO 3HAUCHHS
BEJIMYMHH TOCITiTOBHOTO o1opy Rs = 2,16 xOm.
BigxuneHHsT BH3HA4eHOI BEJMYUHU IOCIHIJOBHOTO
OMopy BiA JIMCHONO 3HAYCHHS OINOPY pPE3UCTOpa
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(BTacCHMM  TIOCNTIZIOBHHM  OIOPOM  Jioga  MOXKHA
3HEXTYBaTH Y 3B'SA3Ky 3 HOro MaiuM 3HAYCHHSIM)
cknanae 5,37 %.

TakuM 4YHHOM EKCIIEpUMEHTAJIBHO MiJATBEPKEHO
3aIpOIOHOBAaHMI METOJ Ul BHU3HAYEHHS ITOCHIJOBHOTO
OIOPY  HAMIBIIPOBITHUKOBUX  CTPYKTYp 3  Ppi3KUM
TIEpEX 0JIOM.
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Deter mination of the Value of a Serial Resistance from
Volt-Capacitance Char acteristics
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The effect of the serid resistance of structures with potential barriers on their capacitance properties was
analyzed. A method for determination of the value of the serial resistance from volt-capacitance characteristics
measured at different frequency of the excitation signal was proposed.

Key words. serial resstance, structure, impedance.
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