ELECTRI CALLY MODULATABLE EXTENDED LI GHT SOURCE AND A
MEASUREMENT DEVI CE FOR CHARACTERI ZI NG A SEM CONDUCTOR
I NCLUDI NG ONE SUCH SOURCE The present
i nvention concerns an electrically nodul abl e and
extended Iight source designed to inject excess
carriers into a sem conductor wafer, thereby
illTumnating it. In particular, this source, by having
a nmeasurenent device, nmakes it possible to
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such as the techni que of degrease in photoconductivity
at ultrahigh frequency (mcro-PCD). These techni ques
i nvol ve measuring the lifetime of the minority
carriers zb in the sem conductor wafer, the lifetine
of the mnority carriers being a paranmeter connected
to the concentration of inpurities. However ,
t he neasurenent of this paraneter zb is tied to the
rate of surface reconbination S, and it is not easy to
extract its value directly. The alternative techniques
proposed generally neasure an effective lifetine ref,
which is at the same tinme related to zb and S. In
order to be able to extract zb, it is thus necessary
either to determne in very preci se manner the val ue



In particular, this source should adapt itself to
every type of material of the sem conductor wafer and
it should illum nate in honbgeneous fashion the entire
surface of the wafer, regardl ess of its size, thus
maki ng possi bl e gl obal neasurenents and obtaining a
mean val ue for the volune lifetinme and the rate of
reconmbi nation of the mnority carriers in a single
measur enent, For this purpose, the invention
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sem conduct or wafer and the waves reflected to a

m crowave detector, said wavwegui de or said antenna
associated with said m crowave detector being designed
to pick up the signal produced by the waves refl ected
fromsaid sem conductor wafer thus excited by said

l'i ght source, - a control unit receiving the
reference signal comng fromone of the two outputs of
the electrical nodul ator and the signal of reflected
waves at the output of said detector, the signal of
refl ected waves being neasured at the frequency f of
the reference signal, - a signal processing
unit receiving the nmeasurenent of the shift Ach of the
refl ected waves fromthe control unit to extract two
paraneters of the sem conductor wafer, nanely, the



- figure LA shows schematically a plan view of one

i ght source of the invention, conprising a group of
poi nt sources arranged at regular intervals, and
figure 1.13 is a profile view of a line of point
sources fromfigure 2, figure 2 is a profile
view of the |light source in a configuration of direct
illum nation of a sem conductor wafer; -
figure 3 is a profile view of the Iight source in a
conf i g-l?{r v of the electrical
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Preferably, this electrical gnodul ator works in a
frequency range f between 1 Hz and 100 kHz.

Advant ageously, the wave |l ength of the beamemtted by
the light source can be nodified as a function of the
mat eri al of the sem conductor wafer being studied, by
repl aci ng the group of point sources with other point
sour ces havi ng an adequate wave | ength. In one
particul ar enbodi mrent of the invention, the |ight
source may conprise several sets of point sources,
each emtting a nonochromati ¢ beam of different wave

| ength. Thus, to vary the wave | ength of the |ight
source, it is enough to choose one of the sets of

poi nt sources emtting the |ight beam of adapted wave

llB]t source



I n anot her enbodi nent, each point source is an

el ectrol um nescent diode and the |ight source
conprises a set of electrolum nescent diodes.

To achieve a uniformlight beamover the entire
surface of the sem conductor wafer, one needs to
generalize an optimal configuration of arrangenent of
t hese point sources, regardless of the type of point
sour ce used. Preferably, the interval distance
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The |ght sour ce |I un1nate&_|n conti nuous and
nodulated fashion the entire surface of the

sem conductor wafer so as to inject free carriers
there, the level of injection being al nost constant
during the illumnation of the surface of the

sem conductor wafer. Thus, this source creates in the
entire wafer a popul ati on of excess carriers.

The device contains an el ectrical nodulator 3 which
energi zes the light source via a first output 15 and
at the sane tine sends a reference signal via another
output 7 to a control unit 13 in order to give it the
phase reference and nodul ati on frequency f of the

l'i ght source, The device, noreover, contains a




The principle of the mcrowave phase shift neasurenent
is as follows. Wien the sem conductor wafer 4 is fully
subj ected to the sinusoidally nodul ated excitation
l'ight of the source, a global change in the density of
the mnority carriers is created, inducing a
si nusoi dal change in the coefficient of reflection of
the m crowaves. A wavegui de or an antenna 9 nmaking it
possible to direct the waves 10 emtted onto the
noni | | i Bab@ s Wieh &R8r fof b BRATEANUUET 0L « Wakiefousand
t Recowav 8 ® ithprove i@ lslpr@icd regk ritiowaigd! parcesring im0 Wascenged tetit @ntrofl 2,
t HPS'S wetve i tierioroceHion afip entiahae s et eEEet {f R IeRe wnd
deﬂf ect r%he@\‘c?rk anrd eﬂtc?tﬂ %{g ott IQ]J!GQ'IICN%KOH Uighetl Ql?soéée grﬂ)ﬁiler i FhQQHn ed
DYin deddi ofheGirMRMBSs tb @R G BEhalays slehiRarS@AtGORALETOF of WaT er
4 rifibpti olt;b@mctoedes. the power pr%wded hermamiqe Fhagp capbip mdrgsetiosdifrfet  AG
bétWéX]dsif; E;éé?\ffrﬁaqlu% %\i fﬁ@nt()%limtsaq e Cﬁ% JEg ng Eev ys%o% mand
t matbd® )in dBqu e!r pQJEHi g&&péﬁ%nqrogr 5 it B le to
re J)n&ﬁkial@dxtrm 16 PRMRME B, and BB fﬁaﬁhaﬁﬁpﬁlﬁm.ﬁdﬂt he val ues of S
and ftywwh@m@nwfmeiggw#h@m@w§@ﬁﬁwwaﬁm pie o @ﬂf?@% of the
al
s, tpﬁlqw é)wrcﬁci’ciug% eg's%cméerrﬁt%wc fbr tht;,)!fi aflme ? ime T and att ffﬁ?’ i's
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arveltsort tofiErepfstadesoiyheprpprsiof reroidacue ¢iéntegraid iy angy Pﬁ"tf"’“‘fB 45 a
synchronous detector so as to inprove the signal to
noi se ratio. A signal processing unit 14 is connected
to this control unit 13 so as to automatically process
fromthe data sent by the control unit to extract the
paranmeters S and rb. Furt hernore, regardl ess
of the node of inplenentation of the |ight source, in
order for the change in density of the mnority
carriers to be sufficient to induce a significant
change in the coefficient of reflection of the
m crowaves, the power provided by the |ight source
shoul d enable an injection of free carriers at |east
greater than 104 tines the doping of the sem conductor
waf er . Advant ageously, all of the different
el ements maki ng up the neasurenent device as shown in
figure 4 are automated by a conputer program And a
conputation program nmakes it possible to automatically
extract the paraneters tb and S fromthe neasured
pairs (f, Advant ageously, the |ight source of
the invention nmakes it possible to perform gl oba
nmeasurenents of these paraneters rb, S, which are the
el ectrical properties of the sem conductor wafer.
Thus, this light source coupled with a nmeasurenent
device for the volune lifetime rb and the rate of
surface reconbination S of the mnority carriers nakes
it possible to rapidly and effectively neasure and
control the netallic contam nation and the
crystal | ographic defects of the sem conductor wafer in
the course of the different stages of the process of
manuf acture of integrated circuits and photovoltaic
cells. dainms 1. Alight source intended to inject
excess carriers into a sem eonductor wafer by
illumnating a surface of said sem conductor wafer
(4), said source being associated with a measuring
device for characterizing said sem conductor wafer
characterised in that said source (lI) conprises at
| east one set of point sources (2) spaced apart at
regular intervals in the direction X and in the
direction Y, so that said source emts a nonochromatic
beam the size of which is at |east equal to that of
the surface to be illum nated of said sem conduct or
waf er, each of said point sources (2) being nodul ated
sinusoidally by a conmon e el ectrical nodulator (3),
the di stance (d) between two point sources and the



4. A light source according to claim3, characterised
in that a focussing lens is placed at the exit of each
fibrous |aser diode. 5. A light source according to
any one of clainms 1 to 4, characterised in that each
point source is a light emtting diode. 6. A light
source according to clainms 1 to 5, characterised in
that the gap distance (d) between two point sources is
Ciapet ween O cmand 1.5 cm 7. A light source according

to clalns 4 and 6, characterised in that t he f cu33|n
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said source ( 1) belng returned by neans of a return

3. m r poight fSifce pleadieho albimd bindBathwearrisgdin chas it @t oy iantbrous
%Qé@@ surface to be iIIuninated of said semnm conduct or
source according to any

one of .
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5. and AS@HIQDu%U ﬁ(fc@gtﬁr b Qnyk%ﬁe &t (,Ilaz't’}m Q)alt &QI a@t@rts%@lndhat each point source is a
liglS efteemeict or wa (4) in order |o make the |ight

beam em tted by sald source nore uniform 12. A
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ayalV|ce al so conprises: - said electrica
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lig§ aidink bight iss0uRge and a reference signal output (7) in

phase and with a frequency identical to the nodul ation
9. f r equghiogurde egprdismiodny dngitclamp U ke charactgrised iyt sabigrresd 1) s
plageg facipgie t?tfé"&toi lmjlugws@fv sefiq bé’l’“ﬂ(’“dtq'i’éwttﬁ\ﬁ@s enitted

10I rr ?\ql Pt oul u_o: inntoor(lnyl (l)'lirqalmstl ?odS cha:acte sLd m(:““Q said source (1) is
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(HRRNb Lduumum@tuﬁ]dmtq@ws@ sehRbdusgmegmduct or waf er and

the reflected waves (Il1) to a wave detector (12), said

Itwav edighiderarccgdingtoant @nmalaas $ ocitathedctwiisedin et @Iﬂeml‘ﬂi diffusion
filter (6) is placed between said source (1) and said surface to be illuminated of said semiconductor wafer
{4) in order lo make the light beam emitted by said source more uniform,

12. A measuring device comprising a light source according to any one of the preceding claims for
determining the volume of lifetime 7, and the recombination rate S of a semiconductor wafer (4),
characterised in that said device also comprises:
- said electrical modulator (3) comprising an output (15) for supplying said light source
and a reference signal output (7) in phase and with a frequency identical to the
modulation frequency fof said light source,
- a sensor source (8) for creating a wave field, the waves emitted irradiating the
nen-illuminated face of said semiiconductor wafer (4),

6



wave detector being intended to collect the signal
produced by the waves refl ected by said sem conduct or
waf er thus excited (4), - a control unit (13)
receiving the reference signal coining fromone of the
two outputs of said electrical nodul ator and the wave
signal reflected at the output of said detector (12),
t hus measuring a phase difference AO between the |ight
sour ce angivivpside eifa] ateerd Ovivedne he v rotessd) nge inban-
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