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MpoBefeHa 3KcnepMMeHTa/IbHas oL eHKa
BO3MOXHOCTU UCMOJIb30BaTb CTPYKTYpPbl HA OCHOBE
nopucToro KpemHusa ansa ¢otonpeobpasosarenei

M CBETOAMOA0B. MiccnepoBaHbl CNeKTpasibHble
XapaKTepuUcTuku GpoTo4yBCTBUTE/IbHOCTU CTPYKTYP

C BEPXHUM C/10eM U3 MOPUCTOro KPeMHUS U MOPUCTOro
Kap6uaa kpemHus (retepocTpykTypbl nSiC/ p-porSi),
a TaKXe cnekTpbl GOTONOMUHECLLEHLUN CTPYKTYP

C MOPUCTbIM KpeMHMEM, JIeTMpOBaHHbIM 3p6uem
(cTpykTypbI porsSi:Er).

1. BBEAEHWUE

MHTepec K IOPHCTOMY KPeMHMIO KaK MaTepHaly
OITO3/IeKTPOHUKHU CBS3aH B IIePBYI0 ouepeb C 60/b-
IIOM IIJIOIIAJbl0 €ro IOBePXHOCTH M HaJlh4HeM
HaHOpPa3MepHBIX KPHUCTA/JIOB B ero Iopax. ITH 0Co-
6eHHOCTH [Ie/NaloT ero MepCcrIeKTUBHBIM MaTepHaIOM
IJ1s UCIIONB30BAHUS KaK B GOTOUYBCTBUTEBHBIX
(1-4], Tak U B JTIOMHHeCLEHTHBIX CTPYKTypax [5-6].
OfHaKo IIMPOKOe MPHMeHeHHe IOPHUCTOTO0 KpeM-
HHUS B 3JIeKTPOHHBIX YCTPOMCTBaX CAep>KHBaeTCs
13-32 CJIOKHOCTH B yIIpaBJIeHHH CBOMCTBAMH IOy~
YaeMOro IOPHUCTOro C/10s1, 0CO6eHHO B BO3MOKHOCTH
IIOTYYUTh HU3KOOMHBIM MaTepHasa. UTo6bl crenaTsh
IIpoLlecC CO3/JaHUSI IOPHUCTOrO0 KPEeMHHS XOPOILIO
BOCIIPOM3BOAMMBIM, B KaueCTBe HCXOLHOM HCIIONb-
3yI0T IIOBEPXHOCTb C 3apaHee 3aJaHHBIMH IleH-
TpaMHu IopoobpasoBaHMsi. Hampumep, Ha TeKCTy-
PHUPOBAHHOM IIOBEPXHOCTH MOHOKPHCTAJIIMYECKOI0
KPeMHHUSI, IIpelCTaBlsioomen coboil IOBEPXHOCTb,
3aII0JIHEHHYIO IIPaBU/BHBIMHU UeTbIpeXI'PaHHBIMU
NUpaMuJaMHU, Topoobpa3oBaHUe IIPOHMCXOAUT IIaB-
HBIM 00pa3oM B MeCTaX COIPHUKOCHOBEHMS OCHO-
BaHUM IHpaMuf. [Ipu 3ToM, eC/lIH HCIIONIb30BaTh
CTPYKTYPBHI C y>Ke CPOPMHUPOBAHHBIM P-T-TIePeX0J0M,
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MULTILAYER NANOSTRUCTURES
BASED ON POROUS SILICON FOR
OPTOELECTRONICS
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MV Stepykhova, V. 1. Chepurnov

'Samara University, Department of Radiophysics,
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Experimental evaluation of the ability to use
structures based on porous silicon for solar cells
and LEDs is performed. Spectral characteristics of
photosensitivity of the structures with an upper
layer of porous silicon and porous silicon carbide
(nsiC/ p-porsi heterostructures) are studied, as
well as photoluminescence spectra of structures
with porous silicon doped with erbium (porSi:Er
structures).

1. INTRODUCTION

The interest in porous silicon as an optoelectronic
material is primarily due to its large surface area
and the availability of nanoscale crystals in its pores.
These features make it a promising material for
use both in photosensitive [1-4] and in luminescent
structures [5-6]. However, the extensive use of
porous silicon in the electronic devices is constrained
by the difficulty in controlling the properties of the
resulting porous layer, especially in the possibility
of obtaining a low-resistance material. To make the
process of creating porous silicon well reproducible,
the surface is used as the initial surface with
predetermined pore formation centers. For example,
on the textured surface of single-crystal silicon,
which is a surface filled with regular tetrahedral
pyramids, the pore formation occurs mainly at the
points of contact of the pyramids’ bases. At the
same time, if we use structures with an already
formed p-n junction, the original type and level of
doping are preserved at the pyramid tops and in their
scope, thus, the resulting structure is an array of
micro diodes on a common single-crystal substrate
separated from each other by high-resistance regions
of porous silicon. Such structures are more stable,
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Ha BepUIMHAX NHpaMHUI U B HUX o6beMe COXpaHS-
eTcsl UCXOOHBIM THUII U YPOBeHb JeTHPOBAHUS, TaK
4uTO 06pa30BaBIIAsICS CTPYKTypa IpefCcTaBsieT coboi
MaTpHUIy MHKPO-IHOLOB Ha OOIIel MOHOKPHCTAJI-
JMYeCKOU IIOJJIOKKe, OTHeJIeHHBIX APYr OT Apyra
BBICOKOOMHBIMHU 00/IaCTSIMU IIOPUCTOr0 KPeMHHUSI.
Takue CTPYKTYpHl SIBISIIOTCSL 6osee cTabUIBHBIMH,
HMeIOT XOpOIIHe 3/IeKTpUYecKHe CBOMCTBA U MOLYT
OBITH HCIIOIb30BAaHBl B Pa3JIHMUYHBIX ITPUIOKEHHUSIX
KaK (OTOYYBCTBUTE/IIbHbIE HJIH JIOMHHeCLeHTHBIe
MaTepuasl [7-8].

B HacTosimee BpeMsi Haubonbplien 3¢bbeRTUBHO-
CTH IpeoOpa3oBaHUS IHEPTHUU COJTHEYHOIO CBeTa
B 3/IeKTPUYECKYIO0 SHEPTHI0 B KPeMHHEeBBIX COJIHeu-
HbIX 371eMeHTax (C3) (25.6% - mis nabopaTOpHBIX
06pasioB, 22% - IPOMBILIIIEHHO BBIIIYCKa€MBIX)
yOoamoch OOOHUTBCSI HAa OCHOBE TIeTepPOCTPYKTYPEHI
a-Si:H/c-Si. B Takoil CTpPyKType CJIOHM aMOpdHOro
THAPOreHU3HMPOBAHHOIO KpeMHHUS (a-Si:H) pasHbIx
THUIIOB IIPOBOAMMOCTH UTPAET PO/lb 'IIHPOKO30OHHOI'O
OKHA", TaK KaK IIMPHHA 3aIlpellleHHOM 30HBI a-Si:H
npubnusuTenbHo cocTaBiaseT 1,7-1,9 3B. 3To mpe-
BBIIIAET 3HaYeHHe IHPHUHBI 3alpelleHHON 30HBI
OJs1 MOHOKpPUCTa/iMueckoro kpemuHus (1,12 3B)
A paclIupseT CIeKTp (OTOUYYBCTBUTEJIbHOCTH C3
B KOPOTKOBOJIHOBYIO 06/1aCTh COTTHEYHOTO CIIeKTpa [9].
B maHHOI paboTe B KauecTBe 'IIHMPOKO30HHOr0 OKHA"
B $OTOYYBCTBUTE/IBHBIX CTPYKTYypPaxX HCIIOIb30BaJICS
CI0OM HaHOKPHUCTA/IMYeCKOTO IIOPHUCTOrO0 KpeMm-
HUS U Kapbujaa KpeMHHsS Ha TeKCTypPHPOBAHHOM
[I0BepXHOCTH. IIoCKOIBKY caMa IpoLeAypa co3ja-
HHUSI MHUKpopeyibeda MPUBOAUT K YBeJIHYEHHIO CKO-
POCTH IIOBEPXHOCTHOM PeKOMOMHAIUU, [JIs1 CHIKe-
HHUS OTPHILATE/IBHOI0 3¢PeKTa MOXKHO HCIIO0/NIb30BaTh
OU3TeKTPUYeCcKoe IIOKPbITHe U3 PTOpHUIA pelKose-
MeJIbHOTO 37eMeHTa (P33), KoTopoe obnajzaeT mpo-
CBeT/ISIOIIUMU U MAaCCUBHUPYIOIIMMHU CBOMCTBAMU
Ha IIOBepXHOCTH KpeMHHs [10-12]. Bblio ImokasaHo,
YTO CTPYKTYPHI C MIOPHUCTBIM CI0eM, 06pa3oBaHHBIM
Ha TeKCTYPUPOBAHHOH IIOBEPXHOCTH, obmamamoT
3aMeTHO 6osee BBICOKMMH (OTO3/TEKTPHUECKHUMH
XapaKTePUCTUKAMH, YeM CTPYKTYPHL 6e3 IIOPUCTOro
C/10s1, a MCIO/Nb30BaHHE IIOKPBITUH H3 (TOPHUIOB
PeaKo3eMeIbHBIX 3/IeMEHTOB I103BOJISIeT YMeHbIIUTh
CKOPOCTb IIOBEPXHOCTHOM PeKOMOUHAIIUH.

Ha 6a3e OKHCJIEHHOTO HAaHOKPHCTAJIIMYECKOTO
IIOPUCTOTO KPeMHHS C BHEJPEHHBIMH B IIOPHI
HOHaMHU P33 Bo3MOXHO co3maHue 3PPeKTUBHBIX
JTIOMHHECLIeHTHBIX CTPYKTyp, HHTerPUPOBAHHBIX
B KPeMHHEBYI OIITOIEKTPOHHKY, YTO IIO3BOJIKUT
IIOBBICUTh OBICTPONEMCTBHeE, IIJIOTHOCTb 3aIlMCH
HHPOpMAllMHK, IIOMeX03aIlUIeHHOCTh U [pY-
rve mapaMeTphl 3JIeKTPOHHBIX CXeM Ha KpeMHHe-

g

they have good electrical properties and can be
used in various applications as photosensitive or
luminescent materials [7-8].

At present, the greatest efficiency in converting
the solar energy into electrical energy in silicon
solar cells (SC) (25.6% for laboratory samples, 22%
for industrial samples) was achieved based on a-Si:
H/c-Si heterostructure. In these structures, a layer of
amorphous hydrogenated silicon (a-Si: H) of different
types of conductivity serves as a "wide-band gap
window", since the width of the a-Si: H bandgap is
approximately 1.7-1.9 eV. It exceeds the bandgap of the
single crystal silicon (1.12 eV), and extends the range
of the SC photosensitivity to shorter wavelengths
of the solar spectrum [9]. In this paper, a layer of
nanocrystalline porous silicon and silicon carbide on
the textured surface was used as a "wide-band gap'
of photosensitive structures. Because the procedure
of creating micro-relief leads to an increase in the
surface recombination rate, then dielectric coating
of the rare earth element fluoride (REE), which has
antireflection and passivation properties on silicon
surface, can be used to reduce the negative effect
[10-12]. It has been shown that the structures with
a porous layer formed on a textured surface exhibit
markedly higher photovoltaic characteristics than
the structures without a porous layer, and the use
of coatings from rare earth element fluorides can
reduce the rate of surface recombination.

Based on oxidized nanocrystalline porous silicon
ions implanted into the pores of the rare earth
elements (REE), effective luminescent structures

Puc. 1. [MosepxHocmb 06pasua cmpykmypbl nSiC/ p-porSi

C yKazaHuem ouamempa nop

Fig. 1. The surface of a sample nSiC / p-porSi structure with
the pore diameter
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BOH IOJJIOKKe. Takue CTPYKTYphl HMEIOT XOpOIIHe
JIIOMHUHeCILIeHTHbIe CBOMCTBA B 6nmskHel MK-o6macTu
CIIeKTpa IIPU KOMHATHOM TeMIepatype [13, 14].

2. METOAUKA SKCINMEPUMEHTA

Jnis uMccnefoBaHUS CIEKTPaJbHBIX XapaKTePUCTHUK
IOy IIPOBOJHMKOBBIX CTPYKTYP MCIIO/b30BaJIUCh
06pasLbl ¢ IOPUCTBIM CI0eM, CO3AHHBIM Ha TEKCTY-
PHPOBAaHHOM ITOBEPXHOCTH MOHOKDPHUCTAJUIMYeCKHX
IUIACTUH KpeMHHSA. B GOTOYYBCTBUTENBHBIX CTPYK-
Typax [Jisg CO3[aHHsA pP-n-liepexofa ITPOBOMHIIOCH
NerMpoBaHUe BepxHero pabouero cinost pochopom,
160 HCII0/Nb30BAIKCh IIIACTHUHBL C 3apaHee CO3[aH-
HBIM p-n-mepexogomM. Cion kapbuja KpeMHHS Ha
$OTO2/IeKTPUYECKHMX CTPYKTypaX CO3MaBajiCsi METO-
JOM XMMHYeCKOIO TPAHCIIOPTA B OTKPBITOM CHUCTeMe
TBePAOPa3HbIX KPeMHHUS W yI/iepofa ra3oM - HOCH-
TeJIeM BOLOPOAOM B 30HY SIIMUTAKCHH C IIOC/IeAYI0-
MM OCa’kJeHHeM Ha IOBEePXHOCTh IIOPHUCTOT0 KpeM-
HUs. [l CO3maHMs JTIOMHHECUEHTHBIX CTPYKTYp
IIOPUCTHIM CJIOM Hachlmiajacsi 3pbueM M3 BOLHOTO
pacTBopa. TeXHONOTHsI H3rOTOBJIEHHUsS 06pa3IoB
ommcaHa B paborax [3-5, 8, 10, 12, 13]. CTpyKTypa
M COCTaB 00pa3LioB HCC/Ie0BATHCH C IIOMOIIBIO /1K
TPOHHOro MHKpockona Carl Zeiss EVO50 ¢ meTexkTo-
poMm X-Max 80 MHKPO3/1eMeHTHOr0 aHa/Iu3a GUPMBL
Oxford Instruments. CreKTpajbHBIE HCCIeJOBAHHUS
doTouyBCTBUTENBHOCTH 06pa3moB ®3I1 B BUIUMOL
0bacTy CrIeKkTpa MPOBOAHUIMCH C MCIIOIb30BAHUEM
MoHoxpoMaTopa MJIP-3. ®OTOYYBCTBUTE/ILHOCTh R
paccuMThIBaIaCh KaK OTHOLIeHHe GoTOoTOKA I K MOII-
HOCTH I1aJaIOLIero u3jaydyeHus P:

R=I/P.

JIIOMUHeCILleHTHble MCCIefloBaHUs 06pa3IioB
B 6mmskHer HK-065acTH CIleKTpa IIPOBOLUIIHCH Ha
dypbe-crieKTpoMeTpe BBICOKOTo paspenieHus BOMEM
DA-3. JIloMHHeCLeHIIUSl Bo36ys>k/anack U3lyuyeHHueM
Ar-ymasepa c JJIMHOU BOJHBI 532 HM. Bce M3MepeHHs
IIPOBOAMJIMCH IIPU KOMHATHOM TeMIlepaType.

3. PE3YJIbTATbl N X OBCY>XXAEHUE
3.1. Mopdonorusa n coctaB o6pasuoB
CTpPyKTypa TeKCTypHUPOBAHHOH IOBEPXHOCTH
obpasna nSiC/p-porSi mpencraBneHa Ha puc. 1. Ilopu-
CTBIM KpPeMHMN BHJeH Ha CThIKax MNHPaMHUJ KakK
0671aCTh TEMHOI0 KOHTPAaCTa, OTAeIbHbIe KPyIIHBIE
IIOpEL AriaMeTpoM bosee 200 HM BUAHBI KaK Ha CTHI-
KaX, TaK ¥ Ha CTeHKaX IHPaMHU/I.

KonmuvecTBeHHBIH aHA/IM3 COCTaBa MOBEPXHOCTU
CTPYKTyphl nNSiC/p-porSi IMoKasbIBaeT, YTO aTOM-
Has mons yriaepoja (55,61%) IpeBblIIaeT aTOMHYIO
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Spectrum 1

Full Scale 2592 cts Cursor: 3.506 (65 cts) kev

Puc. 2. PeHmezeHoscKul payopecueHmHbIl cnekmp 06pasua
cmpyxmypbi nSiC/ p-porSi

Fig. 2. X-ray fluorescence spectrum of a sample nSiC/ p-porSi
structure

integrated into the silicon optoelectronics can
be created, which will increase the speed, the
information recording density, noise immunity and

Spectrum

a) 800 MKM / pLm Electron Image 1

Spectrum 1
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Full Scale 200 cts Cursor: 1.631 (154 cts)
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kev

Puc. 3. N306pa>keHue nonepeyHo20 cKoAa cmpyKmypbl porSi:
Er (a) u penmzeHosckuli payopecueHmHblli cnekmp 8bideneH-
Hbix 06aacmeli (b)

Fig.3. The image of the transverse cleavage of the porSi: Er (a)
structure and the x-ray fluorescence spectrum of the isolated
regions (b)
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nonio kpeMHUS (28,36%). MOKHO IIpeJIIONIOKUTH,
YTO IIOMHMO Kapbupa KpeMHHS B IIOpax IIPHUCYT-
CTByeT yIJIepoJ B BHJe HAaHOHHUTeM, 4YTO Habio-
JaeTcs B CTPYyKTypaX, H3rOTOBJIEHHBIX II0 3TOM
TexHoJjioruu [10].

Ha puc. 3 (a, b) mpuBeneHsl n306paskeHHUs IIOIe-
pedHoOro ckoja CTPYKTyphl porSi: Er M peHTreHOB-
CKUM GIyopecLieHTHBIM CIIeKTP BBIIeIeHHBIX 06ia-
CTel. AHA/IM3 CIIeKTPOB II0Ka3bIBAET, UTO B 00IacTH
IIOPUCTOTO CJIOSI ComepskaHMe 3pOHUsT coCTaBiseT
B cpenHeM 0,07 aT.%.

3.2 CneKkTpaJibHble XapaKTepucTuKku
o6pasuoB

Ha puc. 4 u 5 npuBeIeHbl CIIeKTPH KO3PPUIIHEeHTOB
OTPa’KeHUSI MOBEPXHOCTEH C KapbOUIH3UPOBAHHBIM
Y He KapOUAU3HMPOBAHHBIM ITIOPUCTHIM CJI0eM U GOTO-
4yBCTBUTEJIBHOCTH TeTepPOCTPYKTyp nSiC/p-porSi.
BupHo, uTO Kapbuamn3alus He3HAYHUTEIbHO YBEIH-
4yKBaeT KO3QOQUIIMEHT OTPaskeHUs IIOPHCTOrO CJI0s
B obsactu oT 400 mo 700 HM, IIpA 3TOM B obnactu
oT 200 1o 300 HM K03OPHUIIMEHT OTPasKeHUSI YMeHb-
maercs. CrexkTpanabHas YyBCTBUTEIBHOCTh 3aMETHO
yBeJIM4YeHa B KOPOTKOBOJIHOBOM YaCTH CIIeKTpa, 4YTO
06BSICHSIETCS ITPUCYTCTBHEM B IIOPHCTOM CJI0€ HaHO-
KPHUCTAJIOB KpeMHHUS U Kapbria KpeMHHS.

Ha puc. 6 mpuBefeHBl CIIEKTPbl GOTOIIOMHHEC-
LeHIHU Habopa o6pa3loB, BBIpE3aHHBIX K3 OLHOH
IJIACTUHBI, Ha KOTOpOoX 6puIa chOpMHUPOBAHA TIOMHU-
HeClleHTHasi CTpPykTypa porSi:Er.Ha mnnacTtune
JIOKAJIPHO CO3[1aBajICSl IOPUCTBHIM CJIOKM Pa3TNUYHOH
TOJIIHUHEBI OT 5 10 10 MKM. 3p61/1171 BHeZPSI/ICS 10 BCer
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Fig. 4. Spectral dependences of the reflection coefficients of
surfaces with a porous layer and a carbided porous layer
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Puc. 5 CnekmpanbHble 3a8ucumocmu pomovyscmeaumenbHo-
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Fig. 5. Spectral dependence of the photosensitivity of

nSiC/ p-porSi heterostructure

other parameters of the silicon-substrate electronic
circuits. Such structures have good luminescence
properties in the near-IR spectral region at room
temperature [13, 14].

2. EXPERIMENTAL PROCEDURE

To investigate the spectral characteristics of
semiconductor structures and to use the samples
with a porous layer created on those to the
simulated surface of single-crystal silicon wafers.
To create a p-n junction, the upper working
layer of the photosensitive structures was doped
with phosphorus or the wafers with pre-formed
p-n junction. A layer of silicon carbide on the
photovoltaic structures was created by chemical
transport in the open system of solid-state silicon
and carbon with a carrier gas (hydrogen) in the
epitaxy zone, followed by deposition of porous
silicon on the surface. To create a luminescence
with centric structures, the porous layer was
saturated with erbium from an aqueous solution.
Manufacturing process of the samples is described
in [3-5, 8, 10, 12, 13]. The structure and composition
of the samples was studied by Carl Zeiss EVO 50
electron microscope with X-Max 80 detector for
microelement analysis (Oxford Instruments). The
spectral photosensitivity studies of the PVC samples
in the visible region were performed using a MIP-3
monochromator. Photosensitivity R was calculated
as a ratio of photocurrent I to the power of incident
radiation P:

R=1/P.
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IIOBEPXHOCTH IIACTHHBI. Haubosee MHTeHCHBHas
GoTONIOMUHECIEHIIMSA C MAaKCMMYMOM Ha [JIHHe
BOJMHBI 1,55 MKM (KpuBasi 4B), COOTBETCTBYIOLIUM
M3/lydeHUI0 HoHa Er’*, 6pia 3aduKCcHUpoBaHa Ha
obpasne ¢ HaubOOIbIIE! TONIIHUHOMN IIOPUCTOrO CJIOS.
BHe ITOpPHCTOrOo CJ105 IIOMHUHECLIeHIIU A TPAKTUYeCKHU
OTCYTCTByeT (KpHBas 5A). DTO NOATBepKIaeT Mpej-
IIOJIO’KeHHe, YTO B IIOPUCTOM CJioe GOPMUPYIOTCS
Hanbosee 61aronpUSTHBIE YCIOBHS IJs1 BO36Y>KIe-
HU S TIOMHUHeCIeHIIMH HOHOB 3pbus.

3. 3AKJ/TIOYEHUE

IIpoBegeHHBIe MCCIeLOBAaHUS II03BOJISAIOT CHeIaTh
BBIBOJ, O IIePCIeKTHBHOCTH MCIIOJIb30BAHUS IIOPH-
CTOr0 KPEeMHHS [Jisg ONTO3JeKTPOHUKH. leTepo-
CTpyKTypa n-SiC/p-porSi c yBenudeHHOH ¢OTO-
YYBCTBUTEJIIBHOCTBIO B KOPOTKOBOJIHOBOM 00/1acTH
COJITHEYHOI'0 CIIeKTPa PaCIIMPUT CIIEKTP POTOUYB-
CTBUTeNBHOCTH @P3I1 M CIeJ0BaTeNbHO YBeIHUYMT
ero 3¢dpekTUBHOCTb. O6pa3Lbl CTPYKTYpBl porSi:Er
MMEIOT XOpOIIMe JIIOMUHECLEHTHbIE XapaKTepHu-
CTUKHM C MaKCMMyYMOM Ha [JIMHe BOJHBI 1,55 MKM
IIpHM KOMHAaTHOHM TeMIIepaType H MOTYT CIy>XKHTb
OCHOBOM 1151 co3gaHusi MK-cBeTOoHOIOB.
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various samples cut from porSi : Er structures

Luminescent studies of samples in the near-
infrared spectral region were carried out using
a high-resolution Fourier spectrometer (BOMEM
DA-3). The luminescence was excited by the
Ar-laser radiation with a wavelength of 532 nm.
All measurements were carried out at room
temperature.

3. RESULTS AND DISCUSSION
3.1. Morphology and composition of the
samples
The structure of the textured surface of the
nSiC/p-porSi sample is shown in Fig. 1. Porous
silicon can be seen at the boundary of the pyramids
as a dark contrast area, separate large pores with
diameters of over 200 nm can be seen both at the
boundary and on the pyramids’ walls.

Quantitative analysis of composition of the
nSiC/p-porSi structure surface (Fig.2) shows that
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the atomic ratio of carbon (55.61%) is greater than
the atomic ratio of silicon (28.36%). It can be assumed
that, in addition to silicon carbide, the carbon is
found in the pores in the form of nanowires, which
is observed in the structures fabricated by this
technology [10].

Figure 3 (a, b) shows the images of transverse
shear of the porSi: Er structure and the x-ray
fluorescence spectrum of the isolated regions.
Analysis of the spectra indicates that erbium
content in the porous layer region is 0.07 at.% in the
average.

3.2 Spectral characteristics of samples
Figures 4 and 5 show spectra of reflection coefficients
of surfaces with a carbidized and non- carbidized
porous layer, and nSiC/p-porSi heterostructures
photosensitivity. It can be seen that carbidization
slightly increases the reflection coefficients of a
porous layer in the region from 400 to 700 nm,
where the reflection coefficient decreases in the
range from 200 to 300 nm. The spectral sensitivity
markedly increases in the short-wave part of the
spectrum, which is explained by the presence of
silicon and silicon carbide nanocrystals in the
porous layer.

Fig. 6 shows photoluminescence spectrum of a
set of samples, cut from a single wafer on which
a luminescent porSi: Er structure was formed. A
porous layer of different thicknesses, from 5 to 10
pm, was locally created on the wafer. Erbium was
penetrated over the entire surface of the wafer.
The most intense luminescence of photons with
a maximum at a wavelength of 1.55 micron (4B
curve) corresponding to the radiation of the Er’*
ion was registered on the sample with the greatest
thickness of the porous layer. There is practically
no luminescence beyond the porous layer (5A
curve). This confirms the assumption that the most
favorable conditions for the excitation of erbium
ions luminescence are created in the porous layer.

3. CONCLUSION

The studies allow to conclude about the prospects
of using porous silicon in optoelectronics.
n-SiC/p-porSi heterostructures with enhanced
photosensitivity in the wavelength region of the
solar spectrum will expand the PVC photosensitivity
range and hence will increase its effectiveness. The
porSi: Er structure samples have good luminescence
properties with their maxima at a wavelength of
1.55 pm at room temperature and can be used as a
basis for creating IR LEDs.
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