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Summary

Statement of a task

The work is devoted to development and researches of a method the small distances precision con-
tactless measurement for creation of the optoelectronic sensor working in dynamic conditions.

Technique of researches

At realization of calculations the computer facilities and the software of a high level is used, physi-
cal and computer methods with a mathematical equipment are used.

For precision remote measurements on short routes the advantage is given to optical-location sys-
tems with continuous radiation in which time measurements carried out by an indirect method, by use
of phase relationship of the direct and reflected beam.

For measurement of small distances in dynamic conditions the modified method of location mea-
surements which allows to improve the operative signal processing in a wide dynamic range and to ex-
pand the opportunities of known optical methods of ranging is developed. The functioning algorithm

and the block diagram directmeasuring phase method of distance measurement is developed, condi-
tions for phase difference measurement on low intermediate frequency which provide high accuracy
of measurements are created.

Discussions of results

Increase of small distances measurements accuracy is connected to reduction of probing pulses
duration and increase of radiation capacity. To achieve the given level of accuracy it is possible in
megacycle frequency range which forms high requirements to quick-action of the sensor optoelec-
tronic block elements. Use of pin-structures has allowed to reduce photo diodes time constant up to
several nanoseconds, that is equivalent to passband width of the order of gigahertz with simultaneous
reduction of initial capacity. The choice of a photodetector is determined by its spectral sensitivity and
an opportunity simultaneously with the optical system to solve tasks of an optimum spectral filtration
at signal extraction on a background of nuisance. Capacity of a laser radiator is regulated by necessity
of influence of object surface reflecting properties elimination.

Conclusions

The carried out calculation for the minimal measured distance of 0,3 m and the appropriate mea-
surement accuracy has shown, that absolute dynamic accuracy of measurement of in-line distance in
all range of distances will be not worse than 3 mm.
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Pedepar

ITocTanoBka 3axaui

PoGota npucesiueHa po3poO1ii i TOCHiPKEHHSIM METOLy BUCOKOTOYHOTO OE€3KOHTAKTHOTO BHUMIpIO-
BaHHS MaJIMX BiJICTaHEH /JJIs1 CTBOPEHHS ONTHKO-EJIEKTPOHHOTO CEHCOPa, 10 MPAIloe B AMHAMIYHUX
yMOBax.

MeTtoauka 10C/IiIKeHb

[Tpu npoBeneHH1 po3paxyHKiB BUKOPUCTaHA 00UMCIIIOBaIbHA TEXHIKA Ta IPOrpamMHe 3a0e3eueHHs
BHCOKOTO PiBHS, BUKOPUCTaH1 (hi3U4HI Ta KOMI FOTEPHI METOIU 3 MaTEMaTUYHUM 3a0€3ME€UEHHSIM.

Jlnisi BUCOKOTOYHMX JAUCTAHLIMHUX BUMIPIOBaHb Ha KOPOTKUX Tpacax IepeBara BiJJaeThCsl ONTHU-
KO-JIOKallItHUM cUCTeMaM 3 Oe3lepepBHUM BHUIIPOMIHIOBAHHSM, B SIKUX BUMIPIOBAHHS 4yacy MPOBO-
JUTHCS HEMIPSIMUM METOJIOM, IIUIIXOM BUKOPUCTaHHS ()a30BUX CIIBBIAHOILIEHB IIPSIMOTO Ta BiIOUTOrO
HPOMEHS.

Jlyia BUMIpIOBaHHS MaJIUX JUCTAHLINA y TUHAMIYHUX YMOBaX po3po0ieHo MoAr(iKOBaHUI METOA
JIOKAIIHUX BUMIPIOBAaHb, IO J03BOJISE€ OKPALIUTH ONIEPAaTUBHY OOPOOKY CUTHAITY Y IIUPOKOMY JIH-
HaMiYHOMY Jiana30Hi Ta PO3MUPHUTH MOKIMBOCTI BIJOMUX ONTHYHHUX METO/IB AambHOMETpii. Po3po-
071eHO anropuT™ (DYHKIIOHYBaHHS Ta CTPYKTYPHY CXeMY MPSIMOBIIIIKOBOTO (ha30BOr0 METOAY BHMi-
PIOBaHHS 1aTbHOCTI, CTBOPEHO YMOBH ISl BUMIpPIOBaHHS Pi3HUII (a3 Ha HU3bKil MPOMIKHIN 4acToTi,
110 320€3MeYyI0Th BUCOKY TOUHICTh BUMIPIOBAHb.

OOroBopeHHs1 pe3yJbTariB

[TinBUIIEHHS TOYHOCTI BHMIpPIOBaHb MaJHMX AWCTAHIINA TOB’S3aHO 13 3MEHIIECHHSIM TPHUBAJIOCTI
30HIYIOYHMX IMITYJbCIB Ta MiJBUILEHHSIM MOTYXKHOCTI BUIIPOMiHIOBaHHS. JIOCATHEHHS JAHOTO PiBHS
TOYHOCTI MOKJIMBO y MErareplioBOMy 4acTOTHOMY Jiana3oHi, 1110 (GopMye BUCOKI BUMOTH JI0 IIBU/I-
KO/l €JIEeMEHTIB ONTHKO-EJIEKTPOHHOIO OJIOKY ceHcopa. BHUKOpHCTaHHS pin-CTPYKTyp J1O3BOJIMIIO
CKOPOTHUTH TIOCTIHHY 4Yacy (OTOMIOMIB O JAEKIIBKOX HAaHOCEKYH/I, IO €KBIBAJCHTHO MIUPUHI CMYTH
HPOIYCKaHHS HMOPSJIKY Tirarepi 3 oJJHOYaCHUM 3MEHILIEHHSAM BHUXIHOI eMHOCTi. Bubip doronpmii-
Mada BU3HAYEHO HOr0 CHEKTPAIbHOI0 YYTIMBICTIO Ta MOXKJIMBICTIO CHIJIBHO 3 ONTHYHOIO CHCTEMOIO
BUPILIYBaTH 3a/1a4i ONTUMAJIBHOI CIIEKTpaIbHOI (UIBTpaLil IPHU BUAUIEHH] CUTHAIIB Ha (OHI 3aBaj.
[ToTyxHicTh J1a3€pHOTO BUIPOMiHIOBaYa PEIIAMEHTYETHCS HEOOX1AHICTIO BUKJIIOUEHHS BIUIMBY Bif-
OMBaJILHUX BJIACTUBOCTEH MTOBEPXHI 00 €KTA.

BucnoBku

[TpoBenenwmii po3paxyHOK JJIsl MiHIMaTbHOT BUMIiproBaHoi aquctaitii 0,3 M 1 BiNOBiAHIN TOY-
HOCTI BUMIpPIOBaHHS TI0Ka3aB, [0 a0COJIOTHA JUHAMIYHA TOYHICTh BUMIiPIOBaHHS ITOTOYHOI BiJICTaHi
y BCbOMY Jliara3oHi AUCTAHLIN Oyae He T1pHIOo 3 MM.
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Summary

The purpose of this work is to establish the reason for the performance linearity of the environment
gas humidity capacitive sensors, based on silicon MOS structures with a nanodimensional silicon ox-
ide being in depletion or weak inversion modes. Sensor’s samples to be studied were made on the base
of humidity sensitive Mo-SiO,-NN"Si(111) structures with a donor concentration of N, = 2:10°" ™
in the N-type silicon layer. An oxide with a thickness of ~ 5 nm was formed by oxidation of the ini-
tial silicon epitaxial wafer in air. The capacitance of the samples was measured using a commercial
alternating — current bridge at a frequency of 1MHz. During the course of studies, the samples were
located in a laboratory humidity chamber, in which it was possible to vary the relative air humidity
from 10 to 100 %. Based on the analytically established connection between the measured capacity
and the structure parameters, as well as the connection between these parameters and the relative envi-
ronmental gas humidity, the experimentally observed performance linearity is theoretically grounded.
The obtained expression for the performance calculation adequately describes the experimental de-
pendences. It is demonstrated that the performance linearity is caused by the linearity of the structure’s
surface potential change on humidity, while the linearity of the surface potential change is determined
by both, the structure parameters and the linearity of the change in surface states density, induced by
water molecules near the silicon — oxide interface.
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PO JITHIMHICTh POBOY0I XAPAKTEPUCTUKH EMHICHUX CEHCOPIB
BOJIOT'OCTI T'A30BUX CEPEJIOBUIIl HA OCHOBI KPEMHIEBUX MOH -
CTPYKTYP 3 HAHOPO3MIPHUM OKCUJIHUM ITAPOM
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Pedepar
MeTtoro poOOTH € BCTAaHOBJICHHS MPUYUHH JIHIHHOCTI poO0OUYOi XapaKTEepUCTUKH €MHICHUX CEH-
COpIB BOJIOTOCTI Ta30BHX CEPEIOBHUIN HAa OCHOBI kpeMHieBUX MOH — cTpykTyp 3 HaHOpPO3MipHUM
OKCHIHHUM IIapOM, III0 3HAXOAATHCS y pekuMax 30iaHeHHs abo cialkoi iHBepcii. 3pa3ku CeHCOpiB
IJ1 DOCIIJKEHb BUTOTOBIISJIMCH HA OCHOBI BOJIOTOYYTIMBHX CTPYKTYp Mo-SiO,-NN*Si(111) 3 xon-
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LeHTpanieo JoHopiB y N - mapi kpemumio N, = 2-10*' m~. Okcuj1 3aBTOBIIKH ~ 5 HM CTBOPIOBABCS
OKHCJICHHSIM TTOYaTKOBOI KPEMHIE€BOI eIMiTaKCciaabHOI IIIACTHHU Ha TOBITpl. BuMip eMHOCTI 3pa3kiB
BUKOHYBAaBCS 32 JIOTIOMOTO0 BUCOKOYACTOTHOTO MPOMHUCIIOBOTO MOCTa 3MIHHOTO CTPYMY Ha 4acTOTi
1 MI'n. [Ipu mpoBeneHH1 AOCTIKEHb CTPYKTYPH PO3MIIITYBaIUCS B JIaOOpaTOPHIii KaMepi BOJIOTOCTI,
B SIKI MO>KHA OyJ10 MIHSATH BiTHOCHY BoJIOTicTh MoBiTps Big 10 1o 100 %. Ha ocHOBI BcTaHOBIEHHS
AQHAJIITUYHOTO 3B’ 513Ky MK BUMIPIOBAHOIO €EMHICTIO 1 TapaMeTpaMu CTPYKTYPH Ta 3B’SI3Ky MIXK ITUMHU
napamMeTpaMH i BiIHOCHOIO BOJIOTICTIO Ta30BOTO CEPEOBHUIIA CIIOCTEPEKyBaHA EKCIIEPUMEHTAIBEHO
JHIAHICTh POO0UYOT XapaKTEPUCTUKU OOIPyHTOBaHa TeopeTuuHo. OTpUMaHu BUpa3 I PO3PAXYHKY
po00UO0i XapaKTePUCTUKU aJEKBATHO OIKCYE €KCIIEPUMEHTalIbHI 3ayIe’KHOCTI. [loka3zaHo, 1o JiHii-
HICTh poO0Y0i XapaKTEPUCTUKH OOyMOBIICHA JIIHIMHICTIO 3MIHU MTOBEPXHEBOTO MOTEHIIATY CTPYKTY-
PH B BOJIOTOCTI, a JIIHIMHICTh 3MIHU TTOBEPXHEBOTO MOTEHIIIaly BU3HAYAE€THCS IMapaMeTpaMu CTPYK-
TypH Ta JIHIHHICTIO 3MIHU HIUILHOCTI MOBEPXHEBUX CTaHIB, IHIYKOBAHUX MOJIEKYJaMHU BOJIU TOOIHU3Y
MEXI1 PO3LTY KPeMHIH — OKCHI.
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