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A recent tendency in crvstalline silicon solar cell production j-s that a

solar-grade material of medium quality with 0.1 - 100cm is introduced for cost
reduction purposes. Subseguentl_;y, some contactless method to evaluate substrate
is desirable to determine ce11 performance prior to fabrication. As a means of
doing sor minority carri-er lifetime can be looked at. Tt is commonly recog:nized

as a key indicaLor of solar cell performance. Most contactless carrier lifetime
measurements so far utilize p-\ivave as a probe. However, it is rather difficult
with this approach to measure a wafer having a resistivity lower than 10cm, due to
the skin effect. An alternative is the use of an infrared beam as the probe.

Schwartz et al.1) showed the possibility of measuring high injection carrier life-
time by infrared absorption through using a rather slow Xe flash lamp as a light
source to inject excess carriers and through curve fitting by computer.

This paper extends this method to a Q-switched Nd:yAG laser to define the

initial excess carrier distribution be uniform throughout the sample wafer in a

very short time. A practical way to obtain the effective carrier lifetime(f"rr)
of a Si wafer directly from the relaxation of transrnitted infrared beam, is also
described.

The free carrier absorption coefficient for an infrared 1ight has been shown

to be proprotional to carrier concentration in the range of interest.2) rf the
initial excess carrier concentration, An', is uniform, transmitted light intensity,
I, is expressed by

f = It' expl -KAn. exp(-t/zeff ) ].

Here, rto is transmitted light intensity when no excitation light is applied and

K is the constant including absorption cross section and the surface recombination

term.

rf the change in T, Argr is small compared to rto, the following approximation

holds: ln (I/I$) = -AIt/ItO. Hence, the relation
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τeff = t/[ ■n(K△nO)―  ■n( △ェt/1tO) ].

This equatiOn ■mp■ ies that tЪ
ff iS determ■ ned direct■y as the re■ axation time

constant of the transmitted infrared beam intensity after carrier injection.

The experimental set-up vrhere a Si wafer is subjected to continuous CO,

laser beam penetration,

to the area of interest,

with an HgCdTe infrared

than 50ns.

while a repetitive Q-switched Nd:YAG laser beam is applied

is shown in Figr. 1. The CO, laser intensity was monitored

detector whose characteristic time constant was shorter

An examp■e of a decay curve and its ■ogarithmic transformation for a 400■ m

thick′  as cut wafer obtained frOm a solar― grade materia■  is shown in Fig。  2.  The

obtained τeff Of 6。 2μ s agreed reasonablly with the bu■ k ■ifetime of 40μ s determined

by the standard photOcOnductive decay method when one consttders the httgh(104cm/s)

surface recombination velocity of the cut wafere  A so■ ar ce■ ■ of ■■。9t effttciency

was obtained from this materia■  by a process that produces ■32 ce■■s from conven―

tiona■ (γ>200μs)materia■ 。

工n conc■usion′  the transient infrared absorption method has been estab■ ished

as a contact■ ess′  and even remote measuring too■  of carrier ■ifetime.  It is

applicab■ e to direct eva■ uation of solar― grade Si wafer for ce■ ■ production.
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Fig. I Schematic diagram of
experimental set-up.

Fig。  2

(B)

(A) IR transmission decay

cueve measured as voltage change across
HgCdTe element under certain bias.
(B) Logarithmic transformation of (A).
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