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 invention
concerns an el ectrically nodul abl e and extended |i ght
source designed to inject excess carriers into a

sem conduct or wafer, thereby illumnating it. In
particular, this source, by having a neasurenent
device, makes it possible to characterize electrica
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However, the neasurenent of ]thIS paranmeter ib is tied
to the rate of surface reconbination S, and it is not
easy to extract its value directly. The alternative
techni ques proposed generally neasure an effective
lifetime reff, which is at the sane tine related to tb
and S. In order to be able to extract Th, it is thus
necessary either to determne in very precise nmanner
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S negI|g| bIe |n reI atlon to t|b Generally, the

o o s o, T T

:8




source and the mcrowaves refl ected by a sem conduct or
wafer so illum nated by the exciting |ight source.
Contrary to the techni ques previously nentioned, this
techni que nmakes it possible to independently access
the volune lifetine of the mnority carriers tb and
the rates of surface reconbinations S in the

sem conduct or wafer w thout having to proceed with a
passivation of the surfaces of the wafer. The device
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the production line, a volyre lifetinme rb and the
rates of surface reconbinations S of the mnority
carriers of a sem conductor wafer in the course of
t he manufacturing process for integrated circuits and
photovoltaic cells, which lets one reveal, anong

ot her things, a possible netallic contam nation
t hrough the neasurenent of the lifetime of the
mnority carriers. In particular, this source should
adapt itself to every type of material of the
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sources is sinusoidally nodul ated by a conmon
el ectrical nodul ator, the distance (d) between two
poi nt sources and the distance (D) between the source

and the sem conductor wafer surface to be illum nated
bei ng sel ected such that the nonochromatic |ight beam
uniformy illumnates said surface. In different

possi bl e enbodi nents, the present invention al so
i nvol ves the characteristics which wll energe in the
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figure 2; - figure 2 is a profile view of the Iight
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sem conductor wafer; - figure 3 is a profile view of

the light source in a configuration of indirect
illumnation of a sem conductor wafer, the source
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wafer, thereby illumnating a surface of this

sem conductor wafer in continuous and nodul at ed
fashion. Figure 1. A shows a top view of one exanple
of this light source, which has a rectangul ar
geonetry. The shape of the source can also be
circular or oval. The |ight source has a set of point
sources 2 spaced at regular intervals in the X
direction and in theY direction thus form ng an
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el ectrol um nescent diodes. 3 To achieve a uniform

i ght beam over the entire surface of the

sem conduct or wafer, one needs to generalize an

opti mal configuration of arrangenent of these point
sources, regardless of the type of point source used.
Preferably, the interval distance (d) between two

di odes is between O cmand 1.5 cm so as not to have
mar ked zones of shadow, or overexposed zones due to
over |l appi ng between two snmall beans. The distance (D)
betmeen t he Ilght ‘source and t he surface belng
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regardl ess of the angle of emi ssion a of the

el ectrol um nescent di odes and regardl ess of the focus
di stance of the lenses placed at the output of the
fiberoptics in the case when the point sources are
fiber-coupled |[|aser diodes. Figure 1.B shows
schematically a configuration exanple in which the
poi nt sources are el ectrolum nescent diodes having a
mean angle of enission a equal to 30 degrees The

di st qngxe case oI' noisy si }l\al\tg/or one oq amph%]:iee{he contr Pu 93)1sas r ngl%
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mrror 5 placed at 45 degrees between the |ight source
and the sem conductor wafer. Preferably, a neutra
diffusion filter 6 is placed between the source and

t he sem conductor wafer to nake the |ight beam
emtted by the light source | even nore uniform
Figure 4 descri bes a neasurenent device conprising a
Iight source 1 as descri bed above for the study of
sem conductor materials, this device being intended to
measure the volune lifetine and the rate of surface
reconbi nation of the mnority carriers in a

sem conductor wafer 4. This neasurenent device is
based on the technique of a phase shift in the waves
reflected by the nonillum nated surface of the wafer.
The [ight source illumnates in continuous and
nodul at ed fashion the entire surface of the

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

sem conductor wafer. Thus, this source creates in the
entire wafer a population of excess carriers. The
devi ce contains an el ectrical nodul ator 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

i ght source. The device, noreover, contains a second
wave probe source 8, which subjects the sem conduct or
wafer to a field of waves on the surface not

illum nated by the photon exciting source. In general,
t he wave source is a mcrowave source and one uses a
@unn effect diode working in the X band as the

m crowave source. Preferably, the m crowave source
emits a mcrowave field at & frequency of 10 GHz, thus
irradiating the nonillum nated surface of the

sem conductor wafer 4. It is possible to also use a
radi o-frequency wave source, working in a radio
frequency spectrum between the VHF band and the X
band. The principle of the m crowave phase shift
measurenent is as follows. \Wen the sem conduct or
wafer 4 is fully subjected to the sinusoidally

nodul ated excitation light of the source, a globa
change |n the denS|ty of t he n1nor|ty carriers is
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comng fromthe detector 12 of the reflected
m crowaves, one can extract the values of S and tb
indicative of the electrical properties of the
sem conductor wafer. Generally, the control unit 13 is
a phase neter. Defective sentence in the original (no
mai n clause). 4 In the case of a noisy signal and/or
one of |ow anplitude, the control unit 13 is a
synchronous detector so as to inprove the signal to
epjse rati o. A signal processing unit 14 is connected
™his control wunit 13 so as to automatical ly
|O r ocC eSBigh §otr3a ihnGedtlakjat SR tanktys idd W eri@Rdutta lwafdmithils ilfu@inating a
exthee afdid Ehieonpaparsit (@) eargteazadiin thitihis spume (1h@elyigsratdgast one set of
A L e SR
s’lgmmagl%n eactr-t of t Ibit?tr%rgourcgF 2)13@%%2% ulat ?%ﬁg tor 3),
LTI AN oy a0 W) 1 R o sy tﬁe semlconductor
sh g Rirfade €2 tluGiRada gﬁhgIsdlbct’éclﬁch@ﬁﬁﬁefrﬂoﬁ‘dcl&ﬁﬁamﬂfght bfaﬁifuﬁtﬁﬁrﬂy on
diimihdwe saiisgfacwbisaié ssmicbridestopeaf@r  provi ded the |I9
?a éjlél? é lEcjeshtstﬁ E?H‘F;%’;@Hﬁb‘l @%?t@ggteﬁ étetttteﬁ cirisl “’Pi‘ r Ghrappyqica pagh ot
e ng our € pe ﬁéﬁl A V ant a6e0 US agh ;B!n{&ﬁjrcg atfﬁke ~coupled laser
dumﬁﬁ&ﬂﬁtaahﬁnamh&amwMngaw@shhepmaasuﬁammnfwdsmu@emh$
Gheodmlei n figure 4 are autonatedgﬁg a conput er
mg rsahlﬁgt ?Sth’de PET aEL BRI P b fhepraEH ahea%é%mt PECHBES| bl e
te Eﬁ% ] des® tsr&&tcsem@m B IRR RSP ecDnlob T

5Res FBR @stw@atlorcﬁa dsch4) . Advantageously, the |ight
sour CeLigtt soiuaepei ching A brid 6 vhamadkresd in that (ho ssesbtnehaxte any ;aemffml m

1Ftt§bqal neasur enents of these parangeters

thblER FourEE e eugls > g6 e ‘bthat farﬁ’é‘egféh?“atiﬁaf&t‘zt%?a" e

an €81 emlSSl
Wgﬁ H'9 Lig h fnm of clLanP:E 8, %@H&&@ed%ﬁé@at@ gour\éé (tl)hs @aced oppos1te the
mﬁtﬁﬁb‘eﬁr@“ﬁﬂﬁtat @V4ail SormfcBHductoP\Garey @bh.unme fetime Tb and the
r at e OfLightsdurfeae enyrobdaoms)itafathhrareriZsd mfthattsh@somemt) fisiptaged at 90
dwersur@qﬂse tthdcardacq beingithadriated o the gsmicengicyt Wafea 4y the fighicean e
""‘*—féemwond 178 T2 P P Of AR BN P O Sé’rﬁ”?t&taldatt“’&ﬂbﬁ"
tgah &%Ja&é&%@r&k &:amqsq ft@l%tcﬁaragtgnzgoh@thﬁ @K&&O@%Gﬁ fiher (6)is
Weﬂetvdet{ﬂl sdid\BurceG 10 kHd S#d Brhicohdu@orhafer (®hke tﬁdl@g B&mehitddde said
gruseessnogfunifemuf act ure of integrated circuits and

h ot o\?dﬂtaalre@ené deipegompsisig] adiphygourge acqetdg e 2y gffhoreecqding daipreld

i ‘%‘é’t’ t 1 e%‘l gTb@ ?fg‘r‘i‘:(l)’:’r%"ﬁ regopppipption SORHIERISHENTEL BT (at er |

flﬁl{j‘é for 3) haslhf ﬁ%ﬁtﬁut )t&eﬂér&ze%@ @h@s@tﬂguﬁtaqgfewnce

aﬁ‘dhtp ef tcﬁ @eﬁ ﬁé&ﬁeﬁd'yhoztﬁ%dnohd’htﬁ fuercif oF saflQigH &bree| 1)
i ncl U-d@ﬁ)bﬁburde €,3d cream ewsefieldothe wapo emitted Sodistioete r(oﬂyumirwm ch

alrrfecesbaé@mwaﬁlamww(“te ul ar interval s al on t he Xto tpe

eng a s1bl t
noan( ed su%lt&ce o? said sem con uctor and th wa\ll\:s‘ggﬁ:e(?eﬁ f@lﬁ 12)
1de r s3id 4iffen h@tcxate@w@t said fedSdete &l @tck thets
mmcéa@mluﬁatv& Feflwal £dm Sid EematRudtoDwdRe (4) dnls |e)btfﬁd,n at ed eac h
of t he cpoblntit (50 wreiving th¢ Riprencs sigpl narsmgifiga priept e dumete thpy
dlecisthmedylaist aag the fpfbafd wwfdmahtt thp oufpanof said fit*rémrdl%thaﬂt&eésu'cft&)a shift
l%?%@ﬁhet‘%” nd {he nce bet yvgg
Sin réce s qu f ufe b saé CONtro umt 1 toe ac east

Qj/o parame ers oé é icon uct a er l’élg ltfe Ef}ml

Mt elaring iy Se noc T omat I c

| i ght 13r@asniement &e@berﬁmy:lalm 1|2 I chwacxeratdetsthas aldotgts whitaC)emifa lighebegm
serpoontiet Or anygeten of fige cartcr tlea% geserthen | rtlmeﬁt ﬂal dpping of said

é ‘g&%%w&fe?éﬂ o Sﬂd q.e 1gatndll!.C e 1 al l'Ole sourcerlrs% miCrowave SOU‘CG )Worklng mn
I%QQLELnﬁ t (#eatgn 591 r0\9 ve ﬁ%oé% &jl %fs ﬁ%& Kl&sﬁm tﬂe l@mﬁtgn%gt We of

kANERRREWERR: (4. HZ Li ght source per
clainms | and 2, character| zegd in that each poi nt

source is a fiber-coupled | aser diode. 4. Light
source per claim3, characterized in that a focus | ens
is placed at the output of each fiber-coupled |aser

di ode. 5. Light source per any of clains 1 to 4,
characterized in that each point source is an

el ectrol um nescent diode. 6. Light source per clains 1
to 5, characterized in that the interval distance (d)
between two point sources is preferably between 0 cm
and 1.5 cm 7. Light source per clains 4 and 6,




di stance. 8. Light source per clains 5 and 6,
characterized in that said el ectrolum nescent di odes
can have any desired angle of em ssion a. 9. Light
source per any of clainms | to 8, characterized in that
said source (1) is placed opposite the surface being
illumnated of said sem conductor wafer (4). 10. Light
source per any of claims | to 8, characterized in that
said source (1) is placed at 90 degrees relative to

t he SHrIB @ € Pei * JI'J.C 9&1 1 tO J @e S§\§Jpl QJ&Q—LHI'Q tUQ'lE) souyrce,
Ein ffrp ﬁ%?ﬂ%gk eefn%g% N ‘E}exnﬁfalt by
hremmgg thed sumamaldaémmndmm warer 95) pl aced at 45

degr ees betmeen said source (1) and said

sem conductor wafer (4). 11. Light source per any of
claims | to 10, characterized in that a neutra
diffusion filter (6) is placed between said source
(1) and said sem conductor wafer (4) to nake the |ight
beamemtted by said source even nore uniform 12.
Measur enment device conprising a light source according
to any of the preceding clains, to deternm ne the
volume lifetime -rb and the rate of reconbination S of
a sem conductor wafer (4), characterized in that this
device further conprises: - said electrical nodul ator
(3) having an output (15) to energize the |ight source
and a reference signal output (7) of identica
frequency to the nodul ation frequency f of said |ight
source, - a probe source (8), to create a wave field,
the waves emtted irradiating the nonillum nated
surface of said sem conductor wafer (4), - a wavegui de
or an antenna (9) making it possible to channel the
waves (10) emitted onto the nonillum nated surface of
sai d sem conductor wafer and the waves (11) reflected
to a wave detector (12), said waveguide or said
antenna associ ated wth said wave detector being
designed to pick up the signal produced by the waves
reflected fromsaid sem conductor wafer (4) thus
excited, - a control unit (13) receiving the reference
signal com ng fromone of the two outputs of the

el ectrical nodulator and the refl ected wave signal at
the out put of said detector (12), thus neasuring a
shift AO between the light source and the reflected
waves, - a processing unit (14) receiving the shift 04
nmeasured by said control unit (13) to extract at |east
two paraneters of said sem conductor wafer (4),

nanely, the lifetinme of the mnority carriers rb and
the rate of surface reconbination S. 13. Measurenent
device per claim 12, characterized in that said |ight
source (1) emts a light beam at a power sufficient
for an injection of free carriers at |east greater
than 10"5 tinmes the doping of said sem conductor

waf er (4) of said sem conductor wafer [sic!]. 14.

Devi ce per claim 12, characterized in that said probe
source is a mcrowave source, working in the X band,
to create a mcrowave field, the mcrowaves enmtted
irradiating the nonillum nated surface of said

sem conductor wafer (4). 6 15. Device per claim12,
characterized in that said grobe wave source is a

radi o-frequency source, working in a radio frequency
spectrum bet ween the VHF band and the X band, the
waves emtted irradiating the nonillum nated surface
of said sem conductor wafer (4). 7




