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Pedepar:

1. B pucepTauiiniil poboTi 3anpONOHOBAHMI HOBUI IPUHLMII 3aCTOCYBAaHHS Si B IKOCTi BUITPOMIHIOBa4a Ha
cepepnHiil i janpHil HinsHKY iHppauepBoHoro (1Y) ciekTpy, o 6a3yeTbes Ha eeKTi MOyl TOTYKHOCTI
TEIJIOBOTO BUNpoMiHioBaHHs (TB) HaniBIpOBigHMKA Y CIIEKTPaJbHOMY [ialla30Hi BHYTPIIHbO30HHUX €JIEKTPOHHUX
NepexoiB NIpu 30y KEHHI BUIPOMiHIOBaHHSIM 3 €HEPri€lo KBaHTY, 110 NepeBULIYye MUPUHY 3a00POHEHO] 30HU
HamniBnpoBinHUKa. [I[poBeneHe NOCiIKeHHs] MeXaHi3My BILJIMBY BUIIPOMIHIOBaHHS 3 06J1aCTi PyHIaMEHTAIbHOTO
IIOTJIMHAHHS Si Ha HIOTo TeIJioBe BUIIPOMiHIOBAHHS 32 KpaeM QyHIaMEeHTaIbHOTO MOTJIMHAHHS B IIUPOKOMY
nianazoHi remneparyp (300 - 800 K). [TokazaHo, 0 HOro NOTY>XHICTb 3aJIEXKUATD Bifl KOHLIEHTPAaLlii BiIbBHAX HOCIIB
3apsay. 3MiHa KOHIEHTpaLii 3ifiCHIOBAIACh LIJISIXOM ONTUYHOI iH)KeKIii CBIiTIIOM 3 06J1aCTi BJTACHOTO MTOTJIMHAHHS,

1ieii ITpoLieC PO3IJIsABCS SIK [IEPETBOPEHHSI KOPOTKOXBUIILOBOI'O BUIIPOMIHIOBaHHS B 1oBroxsuibose (light down



conversion). OTpMMaHi 3aJ1€;KHOCTI €()EKTUBHOCTi TAaKOT0 IEPETBOPEHHS Bif IApAMETPiB 30BHIIIHIX BIIJIMBIB
(TemniepaTypu H /11, iIHTEHCUBHOCTI Ta JOBKMHU XBUJIi 30yIKYI04Oro CBiT/Ia) i mapameTpiB KpucTaiis Si (MaTepiamy,
KOHLIEHTpAallii Ta TUIy AOMIILIOK, Yacy XXUTTs HOCIiB 3apsly, CTaHy [10BEPXHi, TOBIIMHM). Bu3Haueni napamerpu
Marepiasy Ta 3pasKiB, ONTUMaJIbHI /1 JOCSTHEHHS MaKCUMaJIbHOI €(DEKTUBHOCTI NepETBOPEHHS
KOPOTKOXBUJIbOBOTO BUIIPOMIHIOBAHHS B JOBIOXBUJILOBE. JIOCIIiIKEHN TEMIIEPATYPHUI [ialla30H, B MEXax SIKOro
IOCATAIOTHCS HAaMBUIIi 3HAYE€HHS [TOTY>KHOCTEN Si-BUIIPOMIHIOBAUiB, BCTAHOBJIEH] iX TPaHNYHI 3HAYEHHS B
i3oTepMi4HMX YMOBaxX. JJOCIiIKEHO BIIJIUB OJHOUWAPOBUX ITPOCBITIIIOI0YMX IIOKPUTTIB Ha ITOTY>KHICTb i
CIIEKTPaJIbHUI PO3IOLII TAKMX BUIIPOMiHIOBaYiB. [I0Ka3aHo, 110 B PE3yJIbTaTi 3aCTOCYBaHHS TaKUX [IOKPUTTIB
MaKCHMaJlbHa MIOTY>KHICTh HepiBHOBaXHOTO TB B criekTpasyipHUX Aiana3zoHax 3-5 i 8-12 MKM 3pocTae maiike 1o
noTy>kHocTi TB abCco/II0THO YOPHOTO Tifa i BinOyBaeThCs peCTPyKTypU3allisl CIIeKTPY. 3alpOIIOHOBaHI METOAU
niABUILEHHS €(PEKTUBHOCTI pOOOTH Si-BUIIPOMIHIOBAUiB 32 PaXyHOK 3MEHIIEHHS IIBUIKOCTI IOBEPXHEBO]
pekoMmbiHalii (METOOM iIMITYJIbCHOTO JIA3€PHOT0 OCAIKEHHSIM IJIiBOK 3 KDEMHI€BUMU KBAHTOBUMU TOYKAMM),
nifnbopy NOBXUHU XBUJII 30YIPKYIOUOTO CBITJIA i TeMIlepaTypy, BUKOPUCTAHHSI [IPOCBIT/IIOI0YMX IOKPUTTIB. 32
pe3ysbTaTaMu IPOBEAEHUX AOCIIIPKEHD OYJIM 3alIPOIIOHOBaHI: POTOHHUH Si-BUIIPOMIiHIOBAY 3 ONITUYHUM
KEePYBaHHSIM, 31aTHUM imMiTyBaTH sK "rapsdi’ (T>>0 0C), tak i "xononHi" (T<<0 0C) o6'extu B I4 obsacTi criextpy (3-12
MKM), IO HE NI0Tpebye peaslbHOTO OXOJIOKEHHSI CaMOr0 BUITPOMIHIOBAYa i Ipalloe IIPU BUCOKMX TEMIIEPATyPax;
HOBUI TUI OTOHHOTO 6AaraTOCIEKTPAILHOTO BUIIPOMIHIOBAaYa 3 KEPOBAHNMH IIapAMETPaMH, 3JaTHOTO iMiTyBaTn
06'extu B [Y fianasoHi 3 TENIOBUM KOHTPACTOM, 1[0 PO3Pi3HAETHCS MIPY CIIOCTEPEKEHHI B CIIEKTPAJIbHUX
nianasonax 3-5 i 8-12 Mmxkm; poToHHUI IY BUNIpoMiHIOBaY BEMKO] Mo (KijibKa KBaIpaTHUX CAHTUMETPIB), CIIEKTP
BUIIPOMIHIOBaHHS SIKOTO HE NPUB'SI3aHUI 10 LIMPUHU 3a00POHEHOI 30HU H/TI, IO CyMilllae epeBaru K
CBITJIOZIiOAHUX (MOSKJIMBICTb FT€HEPYBaTU BUIIPOMIHIOBAHHSI SIK [IO3UTUBHOTO, TaK i HEraTUBHOTO KOHTPACTIB, BUCOKA
IIBUJIKOZisT), TaK i TEIJIOBUX IpKepeJl (LIMPOKUM CIIEKTPabHUI 1ialla30H, BUCOKI po60Yi TEMIIEpATyPH);
[I0/I0BKYBavyiMIyJbCy (PO6GOTA SIKOrO I'PYHTY€EThCS HAa eeKTi HaCUYeHHSs BUIIPOMIiHIOBaJIbHOI 3aTHOCTI H/TI I1pU
BHCOKOMY PiBHi POTO30YyIKEHHS); 6€3KOHTAKTHI BUCOKOTEMIIEpaTypHi HEPYHHYIOUi ONITUYHI METOIY BUMIPIOBaHHS
peKoMbiHaLiliHMX TapaMeTpiB HaiBIPOBiGHUKIB (IU(Y3iHOI JOBXKUHY, YaCy KUTT i MIBUIKOCTI IIOBEPXHEBOI
pexkombinarnii HociiB 3apsay). O6rpyHTOBaHI iX epeBary Haf, iCHyIOUMMU aHasioramu. Kiio4oBi ci0Ba: KpeMHil,
TEeIJIOBE BUIIPOMIHIOBaHHS, Kpall GyHIaMeHTaIbHOTO MOTJIMHAHHS, TIOTJIMHAHHS BiJIbLHUMHU HOCISIMU, iHppadyepBOHi

IianazoHu 3-5 i 8-12 MKM, IIBUJKICTh TIOBEPXHEBOI peKOMOiHallii, Audy3iliHa NOBXUHA, Yac XUTTS HOCIB 3apsay.

2. In the following thesis to operation a new principle of Si application is offered as a emitter on mid and long
infrared (IR) spectral range, which is based on the modulation of a thermal emission (TE) power of the
semiconductor in a spectral range of intraband electronic transitions at excitation by emission with quantum
energy, that exceeds energy band-gap of the semiconductor. The investigation of radiation influence mechanism
from the field of Si fundamental absorption on its below band-gap thermal emission in a wide temperature range
(300 - 800 K) is carried out. It is shown, that its power depends on free charge carriers concentration. The
concentration change was carried out by optical light injection from the fundamental absorption range; this
process was regarded as transformation of short-wave radiation into long-wave (light down conversion). The
efficiency dependences of such transformation on parameters of exterior actions (temperature semiconductor,
intensity and wavelength of stimulating light) and parameters of Si crystals (material, concentration and type of
impurities, lifetime of charge carriers, a surface conditions, thickness) are obtained. The parameters of the
material and samples, optimal for reaching maximal efficiency of a short-wave light transformation into a long-
wave one, are determined. The temperature range, in which maximum values of Si-emitters power are achieved, is
explored; their limiting values in isothermal condition are set. The influence of single-layer antireflection coating
on integral and spectral distribution of power of such emitters is explored. It is shown, that as a result of such
coating, the maximum power of non-equilibrium TE in spectral ranges 3-5 and 8-12 microns will increase almost
up to TE power of black body and a re-structuring of a spectrum takes place. The methods of Si-emitters
performance increase by the diminution of a surface recombination velocity (by a pulsing laser deposition of films
with silicon quantum dots), selection of a wave length ofpumping light and temperature, use of antireflection
coating are offered. By the results of the investigation the following issues were offered: a photonic Si-emitter with



optical control, capable to simulate as "hot" (T> > 0 0C), and "cold" (T << 0 0C) objects in IR spectral range (3-12
microns), that does not require actual cooling of the emitter itself and works at high temperatures; a new type of a
photon multispectral emitter with controllable parameters, capable to simulate objects with different thermal
contrast in spectral ranges 3-5 and 8-12 m; photonic IR emitter of the large area (some square centimeters), the
emission spectrum of which is not affected the semiconductor energy band-gap, that combines advantages of both
light-emitting diode (the opportunity to generate emission both positive, and negative contrasts, high speed
action), and thermal emitter (wide spectral range, high operating temperatures); The impulse extender (which
operation bases on the saturation effect of the semiconductor emissivity at a high level of photo-excitation); non-
contact, high-temperature, non-destructive, all-optical methods of measuring of semiconductors recombination
parameters (diffusion length, lifetime and surface recombination velocity). Their advantages over existing analogs
are proved. Key words: silicon, thermal emission, edge of fundamental absorption, absorption by free carriers, 3-5
and 8-12 m infrared ranges, velocity of a surface recombination, diffusion length, lifetime of charge carriers.
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