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Abgtract : Oxygen and carbon behaviors and minority-carrier lifetimes in multi-crystalline slicon (mcS) used for

wlar cells are investigated by FTIR and QSSPCD before and after annealing at 750 1150

in N2 and O, ambient.

For comparison ,the annealing of CZ slicon with nearly the same oxygen and carbon concentrationsis a s carried out

under the same conditions. The results revea that the oxygen and carbon concentrations of mc-S and CZ 9 have a

lesser decrease ,which means oxygen precipitates are not generated ,and grain boundariesin mc S do not afect car-

bon behavior.Bulk lifetime of mc S increasesin N2 and O, ambient at 850,950 ,and 1150

,and the lifetime of mc S

wefers annealed in O: are higher than those annealed in N2 ,which shows that a lot of impuritiesin mc S at high

temperature annealing diff use to grain boundaries,greatly reducing recombination centers. Interstitial S atomsfilling

vacancies or recombination centers increases lif etime.
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1 Introduction

Polycrystalline S wafers have become prevar
lent in the recent photovoltaic market. However ,
they need further quality improvement for highly
efficient Jow-cost solar cells. First we must under-
stand the behaviors of impurities and defectsin the
polycrystalline S wafers in more detail. Because
there are grain boundaries and more impurities and
defects ,mc-S material has more complicated phys-
cal behavior in high temperature annealing than
mono-crystalline slicon. Oxygenin mc S is a very
important impurity that affects the electrical and
mechanical properties of dlicon material during
heat treatments'” . However ,the formation of oxy-
gen precipitates,the variety of minor carrier life-
times,and the influence of the annealing ambient
are lessinvestigated for polycrystalline slicon solar
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cells. In this paper ,the effects of thermal annealing
on oxygen behavior and carrier lifetimes for poly-
crystalline S wafers are investigated.

2 Experiment

The polycrystalline S wafers provided by Bar

yer Solar Corporation in this experiment were p-
type,0 X2 - cm,and 28% m thick. The interstitial
oxygen and substitute carbon concentrations of the
* respec-
tively. For comparison ,p-type CZS samples with
100 orientation,1 X2
33@ m,and almost the same oxygen concentration

were also studied. The samples were cleaned with

samples were 8 3 x 10" and 2 x 10" cm’

cm, a thickness of

chemical solution,and S oxide was removed in an
HF(10%) solution. Then they were subjected to
heat treatment at 1260
to eliminate the influence of thermal history before

for 1hin N2 ambient so as
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annealing™™ . A single step heat treatment was then

carried out in the temperature range of 750
1150 for 4hin N2 and Oz ambient. Interstitial ox-
ygen concentrations and minority-carrier lifetimes
before and after annealing were determined by FT-
IR (Fourier transmisson infrared spectroscopy)
and QSSPCD (quasi-steady state photoconductance
decay) . Finally ,the samples were etched by Srtl or
Wright solution and were examined with an optical
microscope and SEM.

3 Results

3.1 Change of the interstitial oxygen concentra-
tions

Figures 1 and 2 show the profiles of theinter-
stitial oxygen concentration of CZS and mcS
during single step annealing in the temperature
range of 750 1150
be seen that the oxygen concentrationin CZ S and
mc S dightly decreases (except for the light in-
crease in mcS at 950 ). The change of oxygen
concentration is amost uniform in N2 and O: an-
nealing. Thisindicates that there is amost no gen-
eration of oxygen precipitates in CZS and mc S
wafersin N2 or O, ambient. This has less infl uence
onh oxygen concentration during sngle step annear
ling.

in N2 and O, ambient. It can
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Fig.2 Interstitial oxygen changes with anneaing tem-
perature under N2 and Oz surrounding in mc-S wafers

3.2 Change of substitute carbon concentration

Carbonin CZ dlicon has been reported to have
a dgnificant influence on oxygen precipitation dur-
ing heat treatments. In addition,there is a much
higher carbon concentration in mcS than in CZ
slicon. Carbon can enhance the nucleation of oxy-
gen predpitates at low temperatures ( < 850 ) and
does not affect the amount of oxygen precipitates
at higher temperatures (> 950 ). Carbon con-
centration after annealing was determined by FT-
IR. As shown in Table 1 ,the carbon concentration
does not affect the amount of oxygen precipitate at
higher temperatures in single annealing ,and grain
boundariesin mcS do not affect carbon behavior.

Table 1 Change of substitute carbon concentration of
mc S

T 750 | 850 | 950 | 1050 | 1150

[Cs]/ 10Ycm- 3
N2 ambient

2.05] 1.9 | 2.15| 2.2 | 1.6

[Cs]/10Ycm- 3

O2 ambient

24126(25]1.8]| 2.6

3.3 Change of carrier lifetime

Figures 3 and 4 show change of carrier lifetime
of dlicon wafers during single step annealing in the
1150 in N2 and O:
ambient. The lifetime of CZS wafers ater annea
ling decreases drastically with increasing annealing

temperature range of 750
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temperature but has a recovery at 950 , which
probably generates many defects and new recombi-
nation centers,and someinterstitial S atomsfilling
vacancies or recombination centers result in life-
time recovery at 950 . Also ,the lifetime of CZS
wafers annealed in O2 ambient is lower than those
anneadled in N2. This phenomenon is probably due
to the fact that during annealing in Oz ambient ,in-
terstitial S atoms are supplied from a growing
S0/ S interface 0 that excess interstitial S at-
oms might recreate new recombination centers ' .

750 850 950 1050 1150
Temperature/.

Fig.3 Ratio of minority carrier lifetime changes with
annealing temperature under N2 and O2 surrounding in
CZS wdfers
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Fg.4 Ratio of minority carrier lifetime changes with
annealing temperature under N2 and Oz surrounding in
mc S wafers

As shown in Fig. 4,the lifetime of minority
carriersin mc S wafers has great increases at 850,
950 ,and 1150
timein N2 and O: ambient are almost the same.

,respectively. The changes of life-

The lifetime of mcS wafers annealing at 1150
increases 120 % in O2 ambient and the lifetime of
mc- S wafers annealed in O2 ambient is higher than
those annealed in N2. The reason for theincreaseis
probably due to the fact that a lot of impuritiesin
mc-S at high temperature annealing diffuse to
grain boundaries, greatly reducing recombination
centers. On the other hand,interstitial S atoms
filling vacancies or recombination centers resultsin
a lifetime increase.

Fig.5 SEM (500 x) (a) and optical micrographs (200
x) (b) of defectsin the cleavage plane of mc- S after
annealing at 1050

4 Conclusion

We conclude that the oxygen concentration of
mc 9 and CZ S had a dight decrease (except for a
light increasein mc-S at 950 ) in N2 and O: am-
bient during sngle-step annealing, which means
oxygen precipitates were generated. Lower carbon
concentration did not affect the amount of oxygen
precipitates at higher temperatures, and gran
boundariesin mc-S did not affect carbon behavior.
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Bulk lifetime of mcS increased with temperature
in N2 ambient at 850,950,1150 ,and annealingin
02 showed better resultsthanin Nz.On the contra
ry ,the lifetime of CZS annealed in N2 or O: de-
creased rapidly. The changesof lifetime and oxygen
concentration in N2 and Oz annealing were a most
the same. The reason for the lifetime increase is
probably due to the fact that a lot of impuritiesin
mcS at high temperature annealing diffuse to
grain boundaries, greatly reducing recombination
centers. On the other hand,interstitial S atoms
filling vacancies or recombination centers resultsin

(1
(2

, 750 1150

N2 O2 ,850 950
N2 )
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a lifetime increase.
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