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ThemodYnan ¢ Fundamenta] of Purfication of SiJicon
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Abstract Ang with the rap i deve]opment jn Phoovoltaic markq silicon is used to produce solar ce|lm ore hang(p as he sartng

materj] or crystalline sjlicon wafers This article 1 © discuss the acadanic themodYnamics n the pocess of siljcon purificaton
. 2

which contains acyl leaching vacuum refinng directona] solidification The feashility in this Processwas d iscussed based on thema

dYnamics and Phase diagramns Beﬂﬂe; aufors have done sane experinents on meta]jography to prove the process The purPose s in

order to Jo sane favor forupdate existing silican refin ng technolog}: and seek a Jow— costProcess 10 Produce solar 8rade silicon( LG

—S) Which is different with STIMENS technidue
Key word;
CLC number (13 72 TH 14 Doam ent codg A

Asmaterjials pr olar Cell,s multcysallne siljcon
aways holds a dan mate statia,q and h satus wi]
stand for a jong nin§ at feast for wenty Years n Pres
en7t the most production of solar— grade sjljcon m he
worl ismadified SEMENS But this Process s [in ied
10 current producton hYy its raw and processed materjals
and its costs 59 this artcle is t0 discuss another Pos
sihlemen]lugicalmethad exploited by auhork! wh ich
1s based on theoretica] analysis

1 Raw and processed materals

Silicon {or producing sojar cells redquijres that he
content of inpurjtesmusthe Jover thany (Othew e
the conversion efficient of mu fticysta]line sjljcon Soiar
cellswill be effected deePly To obtan S)G-Si s refi
ning mewllugical silcon ( MG-Sj, And here are
99. 8% silcon mMG-Si besides same mpurites B
orP( 20 ~60), Fe( 1600 ~3000), Ca( 400 ~900),

Ti( 150 ~200), Al(1200 ~4000), C and Na
ete!

2 Themodynam jc analysis
HYdran eta[ug cal]process
The Purity of silcon could be higher hangg gy

afer hydrametaluigica] process SO it i very sujtahke
for pre]innary purifecation which s shown in Figq,
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MG -Si Piece Crash — Pretreatment
SOG-Si Desiccating  [®]  Acid leaching
F& 1 Schanatic dagram of hydran etaJurgica]

Pretream ent t0 Produce upgrade meta]urgica] grade powder

The appropriate granularty iSSO ~70rm  In pre
Iminary mpurity ponwill be elim pated by a specia]
m ethod
2 2 Vacuum d stk ton

Vacuum disti]lation is an effcientway to e]innate
mpurities n si}icog such as ca]cim} magnesim}
phqsphorou§ which 1S based on the saturatjon stream
pressure of pure suhstancé?!

BP =AT'+BEH- CF-D (1)

Where P s sawuration stream Pressure of pure
sup stance A, E) (,/ D s cons@nt Iespective];f all
these data can he pund in rejated handhooks”

2.3 Diectpna | sold ifca ton

Most of mpurijties wi]] be ramoved by h© way
which detemined by the coefficientk ~ And ifwe re
pPeat this Process mnnng Ppr five t'me’s the impurjties

in silcon will be dovn 01 x 10 Y. However e

( 50674050);

E-mai] mwhu{@ knust equ cn
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ncreased tines means ke pcreased cost which must
be consjdere] The expression of equi]ﬁ);ium spamatpn
coeffc ientls i:s
G
e (2)

WheI’e C and C are the mpurity concentratpns
in solid Phase and [fug Phase respectively As shown
nFg2

A C C C B
F8 o Partia] of binary phase dia8ran

But jn actua] process of directonal solidif’patiop
the rea] equilibrim is diffrent sowe give the distrib-
uting of mpurity ajng8with the silcon ngot as olpw
ng*,

C=kGa—x"" (3)

Where € is he concentraton of mpurity ajong
with the solidification d rectpn X is the length of solid
silicon ingot And mostl g of mpurities are given in
pollowing table 11+

Tah 1 Se8rgatpon coefficients 1% of mpurity
n sjlicon at themodynam ics e€qujlh rium
mpurity k mpury k
B 08~0.9 Li 1X1073
Al 2X 1077 7n 1X107°
Ca 8< 10° Cu 4x<10™"
In 4x<10* Au 2 5%X10°
P 0 35 Ni 2 5X10°
As 0 30 Co 8X10°
Sb 2 3x10 2 Ta 15107
Bi 7X 107 ke 810 ¢
S 2¢ 10 O 05

Acooding © the data given by tabley
inpurijties are confimed In Practjca] operatior’l he
resultwil] be effecthg by temperaure contro] and he
velocity con o]

ranovahle

3 EXxperinenta] results

Prepare sijcon ngot by the method ahove men
tioned Then do ametalograph © analysis The seps
are polishing€ the sPecinen of sjlicon and cormup tng he
specinen with CPy . solution {or ten seconds jn roan

tamperature A fter washing and dlying dhserwve He
specinen with optica]microsoopg: as shovn n Fig 3

Fran Fig3  silicon 8rain houndary can be seen
clearly and lots of etch Pits Cause the CPy soluton is
a Preferentia] one which lead to erosijve Phasic diffr
ence

Image of SEM after
leaching 2000~

Image of micro after
leaching 200~

Fig.4

Fig.3

From Fig 4 there is a]] silicon in the surface con
fimed by enegy spectrum analysis The 8rajn hounda
ry can pe seen clearly Andmany outcrops of disloca
tion ajso can he seen in this {Bure To exPlam whY
there are t00 many dislocations? It cause the contro]
precision jsn’ton a petter conditon And the lifetine of
m nority carriers wi]] decrease PBased on some resear
chekd ,
bouty mm wil] not effect the efficency of ©olar cells
Thetef)r? we need to contio] e pProcess and get sujt
ahle size of e columnar grai} but its need t0 avoid
the appearance of close grain

te sie of cross section of 8rain houndary a

4 Conclusion

We gve same themodynam jcs foundation to pra
ducemulterysta]line silicon hymeta]lur€ic echnology
And based on the ana1YSi§ an effectjve process t0 pra
duce SOG-Si fran MG— Si has heen p oposed
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