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<Abyrart - In thiz paper the erperimental proceass af thermal
diffarics rermmes i poress silicon, decerouimine che depck af
prasiraton of pharphern: iz dbcen aad ta boild cozcsnrasan
dapth profls p=- franston ax phopkarn: Efwson  of
impurits: thranrk the perew: silicon arids Sl

Aby in ch papsc we canzder the punsbdbiy of incrsaziag dkani-
coremit cerrsne of che relar call by cpeimiving ths deping level
and the redosticn of dark corrses zaturatiom pez- junctem In
chxr cemmecton, the behaviar wers imwscsimacel reverzs dark
svfmradss carreot Is of che appEed veleaps, dapemdine dopxnr
axnds remeral koot e
Enrwerds - =SBrew selar oo, porans =Bcen, chermal diffusien,

I IMTRODICTRO

Among the materals promsizg for oeetng wolar calls

with kigh pr.bm:::-n Poamsteun tzkes sizmibcant place

i sihicom Of particelar imereat is the

development of solar cells, in which the antmoflecion surfacs
ts a developed stuchine: of the porous type [1].

In this papar we nwstzabe the posubility of usng
porows sracteres as antimefection surfaces for solar cells.
Wers carried ot to cream 3 theerml diffeion p-p-juncticos
stuchme silicon sohir calls and to imvestigase the bhehandior of
the dark reverse satmation current I, on the applied voltags,
depending om the dopant cxide rammeal without i1,

Mamy amthers note the adranmges of the por-5i as the
anfireflection layer in comparivon with other coatings [2]. In
work notice that the effecthe reflection chtained wumg por-5i
i comsdderably less tham with the classical coating TiD: In
another smdy [3] chtained lower valnes of the reflection
coefficiant in comparison with an antireflection Laysr of Zn%.

In this paper we comsider the: axparimental procevias of
tharmal diffusiom modes I porous silicom, dehomoine e
depth of penctration of phosphoms in silicon and constucting
concantration dapth profile p-=- junction, alwe phosphoms
diffosion of imypentics thoough the omde byer of porous
=

I METHODS OF MEASUREMENT
For the initial siicon were used monocrysialling silcon
piype conductivity and a rwistivity of 1-3 chorem a
thickngss of 300 oocrens. The mar comtact is formed By
spraying aleminy in a high vaomm bersafier on the froot
surface of @w chemical wohiton in anodizing HWOWEHF for 30
seconds and thoroughly rimued with datomired wabar.

Aftar drying oz the surfacs of porows silicon spin-on”
methods was formed by diffusant, contxining phospleosic
ambrvdrida, tetrastonisilan and et alcobol Then, plates wars
placed = & solid diffsant working zome fast palsed azmealing
formacs wnd the wopeatme s adjested Som %00 " C m
925 = C for 30 to 80 saconds.

The overall design of 2 solar czll with pomous slicon
marmmfaciured i this papser i whown in Figom 1.

For masarch and anaiysds of photovoltic soctemas
used a st of inkrmelaed moacering techmigess. Evalmiton of
the functioning of such souchmes is primarly baeed on e
mesumment of corent-volage chamckonistics under nedomal
light or dovelsted solar mediation, remltng m key paramsien
aru defined solar calls.

T RESULTS AND DISCUESTON
Diffusiom of limtted msorees can b made for
obimingd of lesast series redstance depending om the poroms
stbicoa biyers and demonsizaied sxcellent £1] Sctor,
abag
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Figmre 1 - The desigm of a wolar ol with a poroms
silicom oodide (wheme, PSG-phosphoailicass glass)

Acid stching of silicom leads to the formationm of a
mmiform bryer of posous dlicon surface with 2 mecmvity
lowwr than J%.

The diffosion cosfficient of reflection (Figure I)
texhired samples of porons sibicon shomas 3 mindmmm. at S00
e, which mflects its color after eiching [4]. This sapariment
bz boan cammied out by ws i the clectrobyte HF ethoryethanc].

The Sgure shown that Ingeasing the poroadty of the
nanostroctore decreases the mflectnoe spectem i the
specizal werelength range of 400 to 1000 e
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1
Figmra - 2 light meflection spectram of porows sdlicon

In the short-mve mgon reflection intensity with
decrasing porosity increasses. The upper curve comespond: o
the dak reflectamce of the original silicom.

Sability of mmostuommes racked followsd by a
photoluminescencs spectrum befors and lomz-temm stomage for
2 momcths in air show Figem 3.

Of the PL specirem can be seenm that the peak of the
spectam in the wavelsngth mgon remaiz: unchanged for a
lomg Gme, although the imtemsity of the PL peak decmased
sightly and meeained 2t a wavelength of 300 nm.
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Figurs 4 - The photolumdinescencs spectmes of
cxidized porous silicen. | - PL afier diffnsion, 2 - PL afier 2
manihs of winmags n adr

This meams Sat for the doping of the monostmchme
perows oxids solid soluton remains stable.

Thn.ﬁﬂnﬂmﬂipﬁaf'ﬂ:ﬂp—njum&mﬂnﬁmdhfﬂn
formmla, X = ooy DT 5], m:n..:lhmgﬂ:ﬂ-nhﬂmen.
coefBciant of phosphomus at 920 " C of F10°Y oy the
difusico sepimes speciSed suppbizg the formmla X; =
54 07 ;. 1=70 min we find the depth of the p-n junction
of the diffesion layer Thus, the experiment condneted o the
treaiment depth i eqmal to X; ~ 0,42 ooaoos.

Figerw 4 shows the oocostuctrs of poroms silicen
with 2 dopart codde deposited om the surface of the solar call
with a p-zrjenction.

Figurs 4 - The morphology of the porows stracta at
the serface with & dopant cxide

In the lower figire § shows the stractere of poroms
illicon cross-section. The top byyer represents & doped caide
flo the mvumge - the porous flm, reduce the bulk @licon
Heru, the thickness of o - layer & about 450-500 oo, more
tham we expected for 2 given mods of themmal diffedon.

Figare 5 Boucture of porons silicon cross-section

To deturoving the hiyer resistamce and distmbution of
[Amar concenmbom with depth pen- Emsition, surface
deffesion ryses were sicked @ the etchant confainng edndeze
ghycol apd poteaimm mitee o raties of 10M: 1, by
alecrochanical sbching [6].

Than, by a 4-probe measurement wes determimed
resitivity of each giched film Figme 6 shous a dessity
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profile of the depth of the p-p-juncticn iz a abls of parametem
and resistiiny, soch deptd and concenaticn
demzity of the dark meveme saforaficn cument L BMimdmuny
SIITRD NS AnTEien aumant datrming: the quality of 2e
D Junchon

Typically. meduced reverse sataration caTeot IncTwses
Uy~ circat voltage of the wolar call, this dependemcy is
sxprassed.

U ‘q—'m"' (L)

Whare, L, - short-cinozit comend, I - reveme saboration
curmet and kT/'g = 0,026 V.
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 Figwe § - Diswibetion of impuritios & the depth of po-
Jemcom

Figire 7 shows the cunwes of the commt-volage
charcmmistics of the movese sahmabon coment 2 room
tenperaturs. The Sgume patten - Nl i 2 curve whare the
diffnzice poroes silicon with phosphosidicate giass, yon can
sed that the reveme sammaton curment at a wvolage of BV is
about 20 puAiicm? with a linear oo demsity distoitution.
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Figurs 7 - The curnant-woltage chorackaitic darck
IeUarts Sbaration Cumemt

Ao

Iz is seem that the sapsple - W1 and N3, mmote oxide
phosphosilicate glass, rewrse sammtbon cumeat sharply
incresses fo 250-IE0 med a TV, Thus, the measoramets
confirns the consercation of the emitier junction I the
structure of the phosphosilicate glass antireflective coatng of
the solar cell with e porous. silicon.

Prwoltagn  chamcesistics wwre  meaered with
mamoporos silicom solir cells on the insallation L3-8 under
tungsen Lght source with a power of 7 mW / can®. (Figure ).

Fizure & - Light-voltage characienisoc

From the coremt-voltvge charactaristics can be wean
thart the £ factor is aboat 73% amd pood mectifying properties
of 2 murvs indicaring a low semes reastancs of o laer
Frortharmeme, the shiort circuit crrrent reaches 30 m& fem?®.

Thns, solid sohrion alloying refeiss @ high lewal of
comcartration in the omids, thes redecing the dark the revema
sFmmion corents and increass the thort cirmit coment of to
solar cell. Baduced offectvancss in wome sample: dus to a
decrsase crcuit volmge doe te an imcreass in the revems
iymaton curment and inoeasing the resivtivity of te hae
lanyer of silicen sowoe.

COMCLUSION

Cooidived poroes silicom is the beat opbcal “window™
and the amti-reflective coating with a redlecthity lowsr than
5% in the widhle range from 300 to 1100 o for 2 silicon
solar cell. The muflection spectrum has a pemimuee In the
visthle region at 2 wavelengih of $00 mm.

Az a result, the depth of the diffsicn capariment p-=r-
tramdtion by ton methodi: the mathod of sining p-z-
methods proved to be close, with A 045 m.

Mlaiomed the ique of measuring the mestbity of
the byyers and the diffusion n* - layer statified stching to pa-
CORCAIETALOI.
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Shomed that phosphoulicate glaw coating substantially
redoce the diods reveme wberation curment of the wolar call
suchme with a poroes wlicon a5 a rewmlt it s possible to
imoease the voltage and coment of a short-circest volage; 30
mAices and 05 WV, mspectively, and ~ 13-16% sficency.
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