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determ nl‘r:ﬁda method of measuring a recombination lifetime of charge carriers according to
the state of the art, a semiconductor wafer is irradiated with microwave radiation.
The reflectance of the wafer for the microwave radiation which is related to the
concentration of charge carriers in the wafer, is monitored by measuring an intensity
of the reflected microwave radiation. A laser pulse is applied to the wafer to
generate electron-hole pairs in the wafer. Due to the generation of the electron-
hole pairs, the concentration of charge carriers, in particular the concentration of
minority carriers, is increased. Hence, excess minority carriers are created in the
wafer. The generation of the excess minority carriers leads o an increase of the
reflectivity of the wafer for the microwave radiation.

Thereafter, the excess minority carriers can recombine with majority carriers, which
leads to a decay of the reflectivity of the wafer for the microwave radiation. A time
constant of the decay, which may be related to the lifetime of the excess minority

carriers, may be determined.
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thi cknesg .ghdilieof cHatgd A BB8A€Gn recombination centers in the volume of the
wafer and by a recombination of charge carriers at the surface of the wafer. The
recombination of charge carriers in the volume may be characterized by a volume
recombination lifetime, whereas the recombination of charge carriers at the surface
may be characterized by a surface recombination lifetime.
The volume recombination lifetime is defined as the lifetime of excess charge
carriers which would be obtained if recombination would occur only at recombination
centers in the volume of the wafer. It is a quantity characterizing properties of the
wafer material and may be substantially independent of the geometry of the wafer.
The surface recombination lifetime is defined as the lifetime of charge carriers
which would be obtained if recombination would occur only at the surface of the
wafer. It may be influenced by the geometry of the wafer, in particular by the
thickness of the wafer, wherein the surface recombination lifetime may increase if
the thickness of the wafer is decreased.
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material of a semiconductor on insulator structure may entail specific issues
associated therewith, as will be explained in the following.

First, a laser pulse in the ultraviolet range may be used {o selectively create excess
minority carriers in the layer of semiconductor material.

If a laser pulse having a relatively long wavelength, for example a laser pulse in the
near infrared region of the electromagnetic spectrum, is applied to the
semiconductor on insulator structure, both the semiconductor layer and the
substrate may be irradiated by the laser pulse, since the absorption coefficient of
semiconductor materials such as silicon for near infrared light is relatively low such
that the laser pulse may penetrate the layer of semiconductor material. Hence,
excess minority carriers, which may influence the reflectivity of the semiconductor
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to apply a bias voltage between the layer of semiconductor material and the
substrate. For this purpose, a ground contact may be provided at the surface of the
layer of semiconductor material, and the substrate may be connected to a voltage
source.

A polarity of the bias voltage may be such that an accumulation of the majority
carriers is created in the layer of semiconductor material at the interface between
the layer of semiconductor material and the insulator layer, or such that an inversion
is created at the interface, wherein a density of the majority charge carriers at the
interface is reduced. If an accumulation is created, the electrical field at the
interface may drive the minority charge carriers away from the interface. If an
inversion is created, a density of recombination partners for minority carriers at the
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overestimated lifetime values) or may remove carriers that have not recombined yet
(leading to wrongly underestimated lifetime values).

It is an object of the present invention to provide an apparatus and a method for
measuring a lifetime of charge carriers wherein the above-mentioned problems may
be avoided or at least reduced.

An apparatus for measuring a lifetime of charge carriers according to the present
invention comprises a measuring probe comprising means for directing ultraviolet
radiation to a measuring position. Optionally, the measuring probe further comprises
at least one electrode provided at a predetermined spatial relationship to the
measuring position. The apparatus further comprises a microwave source adapted
to direct microwave radiation to the measuring position, a microwave detector
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di stributions na ned a € measuring
second electrode, wherein the measuring posntlon is located between the first

electrode and the second electrode. This electrode arrangement may help to obtain
a relatively small component of the electric field in a direction parallel to the surface
of the semiconductor structure to be investigated. Thus, currents in the
semiconductor structure which might drive charge carriers created at the measuring
position away from the measuring position may be reduced. This may help to
improve a precision of the measurement.



The at | east one el ectrode nmay conprise a needl e adapted to puncture
the sem conductor structure. Thus, an electrical connection may be

provi ded ty, 3gobg¥ses0 Of sem conduct or material providedpifpbhifs/oo7340
sem conductor structure even if the layer of sem conductor nmateri al

is covered by a layer of electrically insulating material which may,
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touching the semiconductor material by means of the electrode.

The apparatus may further comprise a corona wire and means for applying a
voltage between the corona wire and the semiconductor structure holder. Thus, a
corona discharge may be created in the vicinity of the corona wire, which may be
used to electrically charge a surface of a layer of a dielectric material formed over
the semiconductor structure. A layer of a dielectric material having an electrically
charged surface may be used to efficiently passivate the surface of the
semiconductor structure.

The apparatus may further comprise means for moving the corona wire relative to
the semiconductor structure holder. Thus, substantially the entire surface of the
layer of dielectric material may be evenly charged in an efficient manner.

In other embodiments, the apparatus may comprise a passivation solution supply
adapted to supply a passivation solution to the semiconductor structure. Thus, the
surface of the semiconductor structure may be passivated by chemically modifying
the surface of the semiconductor structure.
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A nmet hod of nmeasuring a lifetine of charge carriers according to the
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The neasurenent run conprises irradiating the sem conductor structure

with mcrowave radi ation and directing ultraviolet radiation to a

portionTak rhg@nﬁm‘ldmétdwgtmtrastd!emﬂadgaldmmmednaasal;nm@asa'rtuongnay comprise

posi tion. i,as ta et ween the substr n
PRlsRE AL SR Tanel s, St dTIHORL captearThe ol Fisfigg gn the

to the rsemndwtcnosm:ﬂne »ﬁnaal bfffcadritomanhenrby rmrmatmg tfe xsennmnmmor

radiation reflec sem conductor structure in response to

he
t he ul trSH\B’PHrEtW'b‘aH'itré”c"f T%d AeALured. The nethod of measuring the

lifetinp ghettbar g& e@asureis o Uiréthae cprmrarwscarmwmgacbbmmg to the present
sem conduct or structure rel ati ve to the n‘%}asu\g{_’H 8—}5 osition
Y &

repeat i MY NENNEBAHESRRAIOYIINGE SemsPndyRtar s cotrﬂ%rlsmg g substrate, a

predet enajgreds smtmablanmbamamﬁbl Hohméaeevert rseumaammnan@ pnm 8i myeanof a
the at | east one conta %m t is mai ntai ned.

The
sem con§GEIERNIHAY i §12 %\rﬁ REMEgy PVt §8 ullﬁﬁr OTayltnéFJraéng offyatgrial. - A
sem congysdsRire@@nt K Rt perfotmbat ame, nisssirémsht 'frbﬁ canpribenatradiatiofy the

charge carriers in a sem conductor on insulator st

nveat | RGOk SiEs QU B pioNGYSs PR N FeR dlieaon: WIBLiRerpdiation
the measyrd pertResot tr@séﬁﬁk&mcﬁﬂnétﬂﬁtuﬁwld&téé aey ﬁie@lsﬂﬁdglpbsitm & bias
| east two nmeasurenent runs, redetermned el ectric fie

di stri bd’toi‘taﬁerfﬁya%'e@bPﬁﬁWﬁﬁf the SHESYRIR aBAdIcEast @Fu%‘f'ﬂﬁa@t PRINtfaving a

Vi ci ni t yrefefehninRASYELAD r@@ﬁbﬁétﬂP @U[h@%&?ﬁhld@ﬂwlﬁneﬁemn ralil@rauon of an
Hence, a properly detined bias volta ﬂe may _ be obtai ned at

measur erBiRNsPHsPt iniISTAMRR V@A aliqRe 48 ?‘éﬁgnfroﬂb t @rﬁﬁwd‘ﬁ%‘ﬁcétm\%ﬁﬁ in

the semi gopsisd @6 thbr UkidNidlel $ad@Yiel ikehdbbMrRd. OTH&aNEBRYULT rn@easurmg the
positi on between the neasurenent runs, neasurenent ?,]eat diffe

| ocat i ordetinet He CHRIAS SAFIREoMHTHE LEATPES§yBEND o??r‘@&?"u"‘tq&&por structure

vel | - defr‘eﬂﬁﬂe%%ﬁé%@@s&ﬂ@ﬁé&%ﬁ arﬁﬂfépte&ﬂn?ltﬁé Y@ siremeiyun at Ieast once,
selectively be a int

e vicinit nmeasuri n 0Si
whi ch mhATeITH 1 PredRiEEMiRS AL VeRliagen PecRIMeRd I8 Tedaaung Position and
reconbi nakiAMest &*@é&ﬁa@ﬁbézh@@n@ﬁntéﬁe‘dﬂt erface in the sem conduct or
structure. Thus, |eakage currents caused by the bias q@%ﬁrﬁ ﬁ
advant agetidYer QDSEIDP LR MAEERD GO8) BiF7 e 90 dnatgqgl form a
bi as vol &agigonByctae o?n%@ﬁlfa%’r $thL RGO THRAGAaMH rddagn TR AGHH @F&ﬁérg%r €&rriers
and the thickness of |'ayer of insulating materi al

Provi din
seni cond{]ct%rs%ﬁ“tcﬂégldﬁ@rnﬁ\? dBpiAiYe Sé%écé‘l”\?atmﬁ)j Resryertoased %nce the

| ayer of @%m&ﬁﬂﬁé@ts%uaﬁ&@éﬁ@rhsma%t@aéﬁItM@tm@@smngt besmuhfmﬁmﬁ contact
t he Iayer of sem conductor material may help to reduce a |ikeli

of a recRRifl isaMAUHABIE G atngoak l3aSt AWE THPARYEMAN HES §ipieHgtormined Slectric

seni condﬁgaqstﬁbﬁﬁsﬁ lr'ﬁé?y bé Boe&ife8TH Ak aeﬁﬁeorm@tmmaaﬁe thth@fvaélhﬂy of the
surface of the layer of” sem conductor material ma nqﬁ ﬂgrl se suppl égdgolas

a passi VRERBHIRGIPGSItHn HYringeanly MeasuEmete Uy SHPRIN GEf

mat eri al gg% Séé/%btéaﬁeé@tqheQﬁeaWeﬁ@mrpo%ﬂmaiwh@aétfepaan@ésuremem is
di |l uted ?ly rogen“fluoride and a solution of a halogen in a solvent.

Appl yi ngpwﬁ@rnp%sﬁmpeww JhﬁoﬁeWﬁﬁ‘HéliquSFH%mE@ne'ﬁl gaves; relgtivig eto the

of the syphaghn@f pddifors SFBtaRRAUGOmEREWeMER® AN mbatuferhéis! !ahQQﬁ’erent
of charge carrier reconbination at the surface may be reduced

anot her FBHAMHEAT the hELTPieOSRYAIAr oftreftuih dnaYiriea die iy made ”I“gﬁér‘”%” ~defined

sem COnde%tagﬁnﬁgtcghUﬁlbngaﬁnSQﬁQ%é@vél@égE HﬁyasélétheTﬁfbeaaﬁbI@detﬁtthbcwmnlty
mat eri al over t | ayer of sem conductor materia

esence 0
t he di el @cthe &Q?étué'PBaPO%HO'? hehighy Mayehsip E%équth%P'%eﬁPﬁ%ﬁ\%lﬁﬁg‘é'FEd to

reduce a recombination of charge carriers at an interface in the semiconductor
structure. Thus, leakage currents caused by the bias voltage may advantageously



The passivation of the surface of the |ayer of sem conductor materi al
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the layer of dielectric material. Sincegthe |layer of dielectric
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PRS- orRETHBANENGIOD GHAIE Fhy e REFTEHS &R 41G A HIGC o MALSH R PR I0S crurace of
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structure, whi ch_ nmay i nadvertently formed whe
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i nvention ma
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the sem GRPEUGHOF aShérisd VF €imd BuRRGENTRASEFER Une uﬂ mdreemebsiyhéitetuns.
radi ati on may be directed to one of the pluralit ortions of the
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provi dedsdriichR8u@Be nftefifies Wt idya@furiQatio P oS rr%oﬁ@@:lﬁ#@b GaRgeet Md/or
structure. Thus, the bias voltage may sel ectively be bet ween
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insul at i 1Yge MBpEKdaAlon of the corona discharge may be performed before each

measurement run. Thus, the measurement runs may be performed under
reproducible electric field conditions in the semiconductor structure.
In some embodiments, an annealing may be performed to cure an interface between
the layer of semiconductor material and the layer of dielectric material. This may
help to reduce the number of recombination centers at the interface.



The at | east one insulation structure nmay conprise at |east one
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perform ng a | ocal oxidation of the |ayer of sem conductor material.
Enbodi ments of the present invention will now be described with
reference to the enclosed figures, wherein: Fig. 1 shows a schenmatic
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accordi nlg%to an _enbodiment of the ﬁée ent invention; and Figs. 5a and
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9 and %he Satalcég(s){ %negctor?ta%? peorlrrt?tocrirltargerc]:%mognsteh;e:uﬁcr;turlng the semiconductor

structure by means of at least one electrode. Hence, the at least one contact point
may be electrically connected to the semiconductor structure even in the presence
of a thin dielectric layer which may be advertently formed to passivate the surface of
the semiconductor structure, or which may inadvertently be formed when the
semiconductor structure is exposed to air and/or moisture.

The method of measuring a lifetime of charge carriers according to the present
invention may further comprise forming an insulation structure providing electrical
insulation between a plurality of portions of the semiconductor structure. In each
measurement run, the ultraviolet radiation may be directed to one of the plurality of
portions of the semiconductor structure, and the at least one contact point may be
provided in the one of the plurality of portions of the semiconductor structure. Thus,
the bias voltage may selectively be applied between the one of the plurality of
portions of the semiconductor structure and the substrate. This may help to provide
a well-defined electric field distribution in the semiconductor structure, and also to
avoid adverse effects of leakage currents, specially in thelayer of insulating
material.

The at least one insulation structure may comprise at least one trench, an oxidized
region and a nitrided region. The formation of the insulation structure may comprise
at Jeast one of forming at least one of a shallow trench isolation, forming a mesa
and performing a local oxidation of the layer of semiconductor material.
Embodiments of the present invention will now be described with reference to the
enclosed figures, wherein:

Fig. 1 shows a schematic perspective view of an apparatus for measuring a lifetime
of charge carriers according to an embodiment of the present invention;



Fig. 1 shows a schematic perspective view of an apparatus 100 for
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connection to a contact pol nt on a sem conductor structure

el ect r oddds: 147 EhiC SRBW JIRMaliRFOsS SRStRAR! He WS gefeajswchrr@m'sﬂm%gre in

probe 1Qfagddies, aan@th@debemé@mrfgo@t lifdtindé rIneearget chelareeiddi€ing to an
el ectrode 110 and the source 109 as well as the neasuring

posi t i oifMAgdiggnt gkt Bﬂﬁ%éé‘amvﬁ‘f@oﬁr 88€nt invention is not restricted

to errboqh;?@fnsa wher sh nst@oﬁl&ﬂ%@n@ﬂ[@qbbool@wl%ﬁ ESntBEOGtARMirek NI, on a
enbodi nen he sem conductor structure 100 may conprise a plurality

of el ectSeBHERNAYRRY %‘Ir‘ﬁc"lé%d%f’@%@r@&Q‘Q%C’EWFBUFQ@ HigtigyeoRt efarge carfiers

el ectri %boﬁﬁﬁ@%bh%s@d.mwftﬁe B'ré’sfefﬁthﬁ\)'erﬁfoncont act points on the
sem conductor Structure . The arrangenent of the el ectrode 110 or

el ect roddg WS/ @ %@“qrﬂéﬂm&wqw/ep&@m Ph@n1appaiatys HO05G5| MPABYring a
i n nor e &tk lof RARRYY carwargtae%w?@aﬁ’@nﬁmwnww A el irfRIfRion.

enbodi nents, portions of ght " source g rOV|ded at a
di f f er erfth® aea@r%lﬂﬁ t1IQQnC‘t"ﬁ8“ﬁB§s%rm9ﬁjU;5§”6b@r°P@81 %Fh@x@ﬁgwm Prele 108

enbodi mehy cbhrisk WlighossGee s BBy W&l?&t%ié@@&h&@ﬁ@ﬁé ?legﬂbn 118 to
generat i ng el ectromagnetic radi ation. The | aser can {)r ovid

di f f er ert MEGSHIFBAN AARItiPACT HRaUFPHE PNEBEIMPYS. thenligh ﬁgHtceségiad@ay be

109 may ddélp rtéruaro émmrgrﬁen@rpéluﬁ?éwsré&m@rwastr@@@%&b%gﬁ@ne%ectmm and/or
measuri ng pro e 108 for directing el ectromagnetic radiation emtted

by the I@8ebeterniisareddgueiHyli@ysPuisen NAWNA A rekasiNe!yr sRorywEtgn. In one
radi at i gimsRitdepd Bye t@fml S5@ket Qobhea@pédrﬁeﬂ.s&%wgéﬁ SulfraPiasst Fa%efro for

t he measuring probe 10 The neans for guiding the radiation enit
by the |XSE}P ?raﬁ/ nitregensaasplaser Fnprivee ‘Mﬁ‘é keowhp E@ R@@W@smskﬂlﬁsemsthe art

and/ or ayaptéARIeFRNgHThdUikg ‘ar@av&éhéﬂﬁﬁo@%uﬁ%éﬁﬂﬁe% dUitioARRahe difses

100 further conprises a m crowave Soufce . The m crowave source
102 ey CWHEAIRENE IAFRT BRNVIAVEA auePf %PQLVp"e“%\»eII known to persons

ski |l ed 1 f@safibg prébe Qéérfgl'tﬁeﬁcﬁhfp?l%g aqug&fréggg 1? el t@?ﬁovnh@ an

one enbodi nent, thé m crowave source can a provid
m cr owaReSIGRRCORAGERY 40 r 2| eantael pomtgﬁnfa ew@ﬁ@pducft@r %mﬁwee 1a7 The

frequengfe@foddayb R ﬁ#%ugl‘{?%@ew 108 tBapRRfi Al d 50 19 n‘i@é@l{rl@e@cﬁ:e 108.

m crowave detector 104, whi be a mcrowave recelver
wel | knowst @ Fy@ﬂgtﬁﬁu@w |spgtjali a,rrgn@eraeﬂt between the electrode 110 and the light

source 109 as well as the measuring position 119 can be provided.

The present invention is not restricted to embodiments wherein a single electrode
110 is provided. In other embodiments, the semicenductor structure 100 may
comprise a plurality of electrodes, wherein each electrode is configured to provide
an electrical connection to one of a plurality of contact points on the semiconductor
structure 117. The arrangement of the electrode 110 or electrodes relative to the
measuring position 119 will be explained in more detail below.



The m crowave source 102 and the m crowave detector 104 can be
connected to a circulator 103. The circulator 103 can be connected to

an ant ennayd 9fofiesl rcul ator is a device well known toppeipaidgodssdsl ed
inthe art having a first port 120, a sgcond port 121 and a third

port 122. The first port 120 is connected to the m crowave source

102, the second port 121 is connected to the antenna 105 and the

third port 122 is connected to the m crowave detector 104. The

m cr onave sorgeaémpedimmerted portidme ofi threowghe scamce el @D nahibeh provitled at a

i or owadifi€iegh datiphoinah, e PRRELEE iRt del FHF Kk, If Sne dmbadiment,
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i er onayadRlanat 8 eddedtins Bdvined TR wlE AT sl s Ting ERblAb prove
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119. Th t. t ted t dj. t
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eneur | OPTBAL S s ATt B el Aree e R RGeS #NOMR IBRSSon | gur ed

to neasure apparﬁteasww fafthet crrocnvmsr adnatiovaveekbardeed 0at THRe microwave
nmeasuri ngdl 03| on 11 articular, the m crowave detlﬂcg(tor 104 can

be adapt® agli’ryecﬁrﬁpé‘lsge"f' dPiCERvaYe (Fa9rh L ndityRe ¥ell fraowar e pesipns

rln'lgr owa\eazlregidnat ittgen a\hﬁl cfori axabbRI rl@dc@émtgrcdd‘lﬁrlﬁ?%ZIaF I@gnmoanot:l;eonw one
IS i1rra ate t el ect romagnet ra 1 O neans of the

i oht " sOmEaiTgt. te BiFtotRye R G d02] S B ShaR T [ arouas hanicrowave
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adapted for rece VI the s conductor structure Wi | |
expl ai nétC ERVRbr rf"t"k?‘ef COMREISEE i EBW&L‘?’&WN@FFW&Q?Q% ‘Wﬁh @}ﬁy be a
conpr i seniereMded redesvarvichtyprywel Rho@haﬂmeﬁsorb@sﬂlﬂ@wlﬁ@ﬁle ar. formof a

sem condyct or waf er uch a silicon waf

semi cond BPCFQHVﬁ)'Et%ﬂLEC% gnq fhe é‘éiﬁrod“fﬁ?’;?r f‘%t@cgomquercae%ﬁome%ed toa

type weldirckinawn 108, pﬁém&m&r hbgdanbé kenastted Beamah&inreNusk ARYrculator
Hen an el ectr.ical

conprise an electric onducti v terial
connect i'®F 88vige pult K ? ‘xBﬁotQ%SQ%ﬁﬁH@ﬁdﬁﬁ’Sra%thraL‘IE"tQJ?é'ritlﬁoréa??%@ second
nmade Vi gdrhe23eghg andiied Qorstnectiweefingl gemt 12blis Icanﬁ@bt@tal fB':"fﬁé microwave
wherein the s conductor structure 117 c ises a su
Conpr 1 SiSRSE 071 TUnAREATH DA AT 15 FRITESTR G U iFe ABOT W Lok aNd tHeIIBis port
111 can 1z csoeémﬁm@@l tth@rmwrdﬁaa@ RIteebr i10al T‘h@nﬂﬁﬁbwgﬂeté?%ﬁé]egenerated
substrate. In some enb r]wé WBgCﬁ Ssem co tguctor structure

r

111 may qtu‘ten@‘r'chWﬁﬁﬁl%oé‘rﬁe If TEAdP ERIWA) PRHapt R ip {r@nﬁf&rgﬂdat%the

t he semgeeaAdChOM s:n UAtMicﬁoﬂ.rWeaélgﬁalpfr@ﬁlﬁft}@é NAreAn4 erUEhAicH §s fed to the
Hence, an |an uen nFFé ure fluctuations on the results of
tr@yx fﬁé

measur eATOEY RY f Qe HWrdRprd connsciegotonde picrpwaye sgtector

104. Thus, the antenna 105 may be used both for directing microwave radiation
towards the measuring position 119 and for receiving microwave radiation reflected
at the measuring position 119.

The present invention is not restricted to embodiments comprising a single antenna
105 and a circulator 103 as shown in Fig. 1. In other embodiments, the apparatus
100 may comprise a first antenna connected to the microwave source 102 for
directing microwave radiation towards the measuring position 119, and a second



The apparatus 100 rmay further conprise neans for noving the substrate
hol der 111 relative to the neasurenent probe 108. In one enbodi nent,

t he means W@soesdssivd t he substrate hol der 111 rel ati vepE9bRRsoe7340
measur enent probe 108 may conprise a trq@nslation stage 112 of a type
known to persons skilled in the art, wherein the sem conductor
structure holder 111 is fixed to the translation stage 112. The

transl ation stage 112 can be adapted to nove the sem conduct or

st r uct uratdroladesnnectad tx tide meEctowsveadeleatoral (4 thirrreceiving masrowadecadéadion
in Fig. 1f bétg[ Sgﬁ%di nat e s%stem.123,I he present invention is not

restri cf BPH8Y ASRIMAATENIHS NN AR substrate holder 111 is mobile.

| n ot hermhentwidrowaie, détbetosermodorducber cohfigatedr eohohalsurdlancartebsity of

WO 2009/ 033629PCT/ EP2008/ Q0734 4 provided.at a f.ixed.locatio nd
Ve woalliE e 7 OREoRor Eate g At THe i, amsttisth ol 160t parisy HE othe
measur emsdtovvabdaett@bort tDAchnashaispien tstragaswienan altetatidrhef the intensity of

transl atj on st 112. The sure t. probe 108 . In_some .
enbodi it LoTRESAs TS WAL A O BOTCR S SRS BB G abe B as g position 119
d: recti Wirmm;te@miéalellg’ctnaﬁlabh@ﬂic I*aﬁjiati@h nee_tt:iqueeﬁsiqnch@?%geagmrcﬁhmg, as
el ectromagneti ¢ radi,ation e measuring position ic

may, i n"ﬂgg@ %%a?ﬂéwyeb@?ﬁ%e i rection indicated in coordinate

syst em 3. agheat®anso fothaoyompritde aed@sicondectangtraenpeimedén1i1 adapted
act uat or, of a_hé e _known. to Bersonmkl | 1 $an in the art. Thua,, t he .
el ect r od® 1A 5‘88 HrBISGRAUFIRY St ged Thi £F WHePE SHPERRBE P Jrore detail
st r uct ume|dvl,7 thed ke Bdbritkict@mBNg6turé OM7t Ben sithesed uc s M stedteughiehembd/ for
by | owering the el ectroge_ 110 down to the sem conductcg{ structure 117

or movi FYAHRe.PE APYdEd 1 TOlB.Rl @ SeMISHRUSIgaren SHEh Aga silicon wafer. In

embodi MRS enfbdRiMRRRS kU Se MEbIRICIGIOBRULRE: TRAGST fan 6B dOnpMe&: a wafer
sem conduct or structure holder 111 in thi‘y -direction, _for exa e an

I
act uat oiCNSFK % §¥PRABGI TIPS oMRISERS 19HPd i the &t ThByWALRSi wiHtkhanay

sen con@dedpiises bih Ualbstrahpl dbidutlile reb @iy eHbAcé hen nRasticeMeBhnetIe to a
108, a portion of the sem conductor strﬁﬁ ure 117 may be positiaoned

at the MOEEM iHgthFoSPIICANIURIOT SirHEkkE  BT1 (han PRcMade e Hieysgaiconductor

carri er stigtirdenBrieri oM 0fn tdiRb @M AN dMEERIn Shé Usémicdntliétor structure 117
Thereafter, the sem conductor structure holder 111 and the

measur erfORPTESHE THPSHALE bEOMBUSHSr & ASTVEORIHIRE HWaTaTer thegsemieenductor

posi ti orstReirdeholer ti1anceh dheohRgliNpidViastarueldttcdi ldoredtibl to the
measur enent position 119 for neasuring the lifetinme of charge

carri er SUPHIBH ot her portion of the seniconductor structure 117.

Thus, spatsopld ¥mbRefh¥RE, IRASEmPERTYUStSH sthlteuehediger 6an rhay furti&atddmBprise
may be obtai ned. The aggarat us 100 may further conprise a p

r r ower
sour ce FORICTTIREHINSE SEBYAE S4Bt kh MN@ h His BRI G QUGERTe$ Bt d 17 at @

110 and dgrBgefeemita thifp Sfatdie Wdntee dioinfdeendd bf tempefdyrdeuataiiond dthe
apply a bias voltage between the sem conductor structure hol der

111
and, ~her€8ult§ rPfs MiRAWHBBENHe rRYTOTEd M MRINDOTt e RRATBIMPuASr may be
structuregdddg and the el ectrode 110. Thus, an accumul ati on of
majority carriers and/or an inversion m enerated at an

i nt er f acd'BPRRENTAPRMAY TYrROMRERA @P‘gﬁg‘f RevEhineosidRidtalp holder 111
struct urgiatié, toahenkbshe M giobed108 Mosfe SpicidimRat,0We MBEns for moving
AT A bt hoidar 11§ Folative te e meaturbent probe 408 oy comprse a
t he p y p
translation stage 112 of a type known to persons skilled in the art, wherein the
semiconductor structure holder 111 is fixed to the fransiation stage 112. The
translation stage 112 can be adapted to move the semiconductor structure holder in
an x-direction and/or a y-direction, as indicated in Fig. 1 by coordinate system 123,
The present invention is not restricted to embodiments wherein the substrate holder

111 is mobile. In other embodiments, the semiconductor structure holder 111 can be



sem conductor structure 117. In sone enbodi nents, the neans for
passivating the W) 2009/ 033629PCT/ EP2008/ 007340 15 surface of the

sem conduGk@hoShisyat ure 117 may conprise a corona W I epdggpansodsio
power source 114 adapted to apply a vol4page between the corona wire

113 and the substrate holder 111 and/or a portion of the

sem conductor structure 117. The voltage applied by the power source
114 may be adapted to create a corona discharge in the vicinity of

t he cor gnavidieteatl 2 Jixda lcnatibne rinadtree Messutdreenp pastzd 198164N oy moved, for
conprise _neans .for novi.n he_corona w.re 11 lat iy h -
com condErHIE AT RAING 1hS TrEFuTaelh eipde igBlom hBstelioh Yiagy similar to
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the. sur reoERere" RAEgARR B rats di Fampise at) R  of Padeatgwn to
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(.>_ 99. et hanol and pure 99.8% iodine with a jodi

92 di ne _
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e con Ire . .
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2009/ 0336FURCHIEHPH BEY Rigingd.

The apparatus 100 may further comprise a power source 106. The power source
106 can be connected to the electrode 110 and the semiconductor structure holder
111, and may be adapted to apply a bias voltage between the semiconductor
structure holder 111 and, hence, in some embodiments, a substrate of the
semiconductor structure 117, and the electrode 110. Thus, an accumulation of
majority carriers andf/or an inversion may be generated at an interface between
material layers provided in the semiconductor structure 117, as will be explained in
more detail below.

The apparatus 100 may further comprise means for passivating a surface of the
semiconductor structure 117. In some embodiments, the means for passivating the



structure 117 while the sem conductor structure 117 is provided at
anot her |ocation. Thus, a damaging of conponents of the apparatus 100

by the cheggg %b,h:;éﬁigeact I ve passivation selution my ad}‘ﬁ’i‘/ﬁ?ﬂﬁ@bﬁ%ﬁ be

avoi ded. I'n sone enbodi nents, the corona wire 113 and the power

source 114 may be provided in addition to the passivation solution
supply 115 and the conduit 116. Hence, different passivation

techni ques nay be perfornmed in conjunction or alternatively by neans
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adapted to react chemically wath a material on the surface of the semiconductor
structure 117. Thus, the chemical structure of the surface of the semiconductor
structure 117 may be modified such that a likelihood of a recombination of charge
carriers at the surface of the semiconductor structure 117 is reduced. In one
embodiment, the passivating solution supply can be adapted to supply diluted fiuoric
acid to the semiconductor structure 117. In another embodiment, the fluid supply
may be configured to supply a solution of a halogen to the semiconductor structure
117, for example a mixture of absolute (= 99.9%) ethanol and pure (> 99.8%) iodine
with a iodine concentration in a range from about 0.02 mol/l to about 0.2 mol/l.

The passivation solution supply 115 need not be adapted to supply the passivation
solution to the semiconductor structure 117 while the semiconductor structure 117 is
provided on the semiconductor structure holder 111, as shown in Fig. 1. In other

embodiments, the passivation solution may be supplied to the semiconductor



substrate 204, for exanple by neans of thermal oxidation well known
to persons skilled in the art. Thereafter, an auxiliary wafer
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sol vent H&nse, edilioppt AAsSIVGtion| rﬁemq'é%o@?bfeﬁ? PEROMPALsily afgrjHnction or

sol uti orhu@ﬁyath@fgpp,l,é@;g bOthehgp St ongeict or structure 117 by neans
of the pa55|vat|on solution supply 115 and the conduit 116 descri bed

above wilthe PBPRTEdWE d Q0o maYgfuriher ¢orsprHae & BBHPeRits101 HEipAJERYatn §AME

of the ymiasmedts tétﬁ‘nﬂ;@é/@'é é’@rﬁp@fersﬁﬂ‘ SPBWEE%eIWBSWh% ﬁ@déons skilled in
conprise formng a |ayer 207 of dielectric material over the %92 he

206 of _Jasidbrith ConiRLuBHi 191 May BRCAMSSEREN the MHETQWENG SouTe
CONPr i SnighdwARN d&k&RtbAe) 04S'thb096w8i s sadhon 1%' 'théqrqrﬁxé(du&é' figo_t

I n enbodi ments wherein the er 206 conprises silicon | ayer 207
can be RASHVAUBR) SAdeHN éﬂpﬁime h%nhsxmaawrmg 8P A0Riand the trgRsiation table

techni queg Webhck Ny ép%a?@ﬁu%oﬁéosﬂﬂav 86 bperlaiéd aht g éLﬁbQEHﬁ‘éily automated
embodi nents, the | ayer 207 can be fof ned by nmeans of wel

deposi t m%n'ﬂ%fcrﬂﬂdqﬁ‘@@%[&me'&‘sd@%?eﬁpé%ﬂe@é)p’ome@é‘ﬁo%f theoﬁpaamt@$ 100 can be
pl asma- ephassqd chem cal vapor deposition. Optionally, an annealing

may be perfornmed to inprove the quality of the interface between the

| ayers Zoenah@dof Maasuag 2 |'éadmRg ot Fharge RATTIPth aPCCEling alde the present

reconbi ﬁﬁ&érﬁfbr%mttk@db@ér%é@%h réffér%hcé*ﬂ@ chTSB’ nehh@p of the layer 207
of dielectric material, the sem conduct or ructure 117 may be pl aced

on the sTJ%tSﬁHtl@JMBJCéFé'r strugtusad! &7 J0aY £ Pesvide@ TAgesemiconductor structure .
117 may comprise a substrate 204. in one embodiment of the present invention, the

substrate 204 may comprise a wafer of a semiconductor material, for example a
silicon wafer. On the subsirate 204, a layer 205 of an insulating material, for
example a layer of silicon dioxide, and a layer 206 of a semiconductor material, for
exampie a layer of silicon, can be formed. The layer 206 may, in one embodiment,
comprise silicon. In other embodiments, the layer 206 may comprise silicon
germanium and/or silicon carbide. As persons skilled in the art know, layers of
silicon germanide and/or silicon carbide may be used to provide an intrinsic elastic
stress in the semiconductor structure 117, which may help to increase a mobility of
electrons and/or holes in the layer 206. As persons skilled in the art know, the
substrate 204, the layer 205 of insulating material and the layer 206 of
semiconductor material form a semiconductor on insulator structure.

The layer 205 of insulating material and the layer 206 of semiconductor material
may be formed by means of semiconductor manufacturing techniques well known to
persons skilled in the art like for example using the Smart Cut™ technology. in one
embodiment, the layer 205 of insulating material can be formed by oxidizing the



207 may be electrically charged. For this purpose, the surface of the
| ayer 207 may be exposed to a corona discharge. In sone enbodi nent,

t he coronaygdbsohsssge can be applied to the surface of phgrEbaNSin7207

by applying a voltage sufficient to i ndgce WO

2009/ 033629PCT/ EP2008/ 007340 18 a corona di scharge between the corona
wire and the substrate holder 111 and novi ng the sem conduct or
structure 117 relative to the corona wire 113, for exanple by

oper at i gbstratd £ads fat exampteade rhaéadns \Widhetrhal oridatiandveit kaoge tc persons

appl i ed t h, rface_of the laver.207 of. dielectric.,.m i al,,
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the statjc electric.charge e .controlle varyin olarit

of the OISR bardid ahe e LOxlRl Ware TaY i8S Fledti g8, BEHIPN of the
char ge 2zQ&ilany wafenegaiinirey cashe Bastrate H4forths e leher 206 @f3ewitenductor
113 is an_,anode, the charge 208 may be positive. Due to the
capacitir(}%teé’?'ect, the presence of the static electric charge 208 on

t he sur fieesofadehef thaylaye2206 of sdhmit@Eriucter matetdl ahayrBy pasdivated

Lo 00 S BaRRBRSeb. 38 suBeEb e e 28 AN oS okl By ibsing
seni condnetsemivatdurdtet striibrireridsenca missivationt silitorelaaaptddCredtdicgemically
20 I e e TH P a0, TSR i o e
r econbi naydron06f mahasganeaifiedessctatthathe iikglridoacef ketre@ehbinbgohayfetRarge
200 2T RS IS MEEce W TR | e i PRV hOS Fptution may
sem condweimisesdilutiduhgdddgen fluoride and/or a solution of a halogen, for example
iodine, in a solvent, for example ethanol. In one embodiment, the passivation
solution may be supplied to the semiconductor structure 117 by means of the
passivation solution supply 115 and the conduit 116 described above with reference
to Fig. 1.
In other embodiments, the passivation of the surface of the layer 206 of
semiconductor material may comprise forming a layer 207 of a dielectric material
over the layer 206 of semiconductor material. In one embodiment, the layer 207
may comprise silicon dioxide, silicon nitride andfor silicon oxynitride. In
embodiments wherein the layer 206 comprises silicon, the layer 207 can be formed
by means of thermal oxidation and/or nitridation techniques well known to persons
skilled in the art. In other embodiments, the layer 207 can be formed by means of
well-known deposition techniques such as chemical vapor deposition and/or
plasma-enhanced chemical vapor deposition.
Optionally, an annealing may be performed to improve the quality of the interface
between the layers 206 and 207, and also leading to a reduction of surface
recombination at the interface.
After the formation of the layer 207 of dielectric material, the semiconductor
structure 117 may be placed on the substrate holder 111 and a surface of the layer
207 may be electrically charged. For this purpose, the surface of the layer 207 may
be exposed to a corona discharge. In some embodiment, the corona discharge can
be applied to the surface of the layer 207 by applying a voltage sufficient to induce



After the passivation of the surface of the |ayer 206 of

sem conductor material, a measurenment run nmay be perfornmed. In the
nmeasur emeRr{o bdéossgaebi as vol tage may be applied bet \/\/eenpthﬁ}quzm@te
hol der 111 and a contact point 210 in tge | ayer 206 of semi conductor
material. In some enbodi nents, the contact point 210 nay be provided

by contacting the |ayer 206 of sem conductor material by neans of the
el ectrode 110. For this purpose, the electrode 110 may conprise a tip
211. Thuscotdma eiszbbrgsldetd@en otheatolopastvire pndtthensobstrdte bbklet rote and
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means of the nicrowave detector 104. , reference nuneral 201
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fromthe sem conductor structure I n one enbodi nent
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m crowave radiation nay be infl Uenced by a concentration of charge
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the | ayqioif0810, the electrode 110 and the semiconductor structure 117 may be moved

towards each other by lowering the electrode 110 down to the semiconductor
structure 117 and/or by moving the semiconductor structure 117 upwards towards
the electrode 110. Thereby, the tip 211 of the electrode 110 may penetrate the layer
207 of dielectric material and may contact the layer 206 of semiconductor material



Mor eover, el ectromagnetic radiation 118 may be directed to the
measuring position 119 during the nmeasurenment run. The

el ect r omagh@tiesnssagh ati on may inpinge on a portion of pheEp2008/007340
sem conductor structure 117 provi ded atig he measuring position 119.

The el ectromagnetic radiation 118 can be generated by operating the

| i ght source 109 of the apparatus 100 descri bed above. |In enbodi nents
wherein the |ight source 109 conprises a pulsed ultraviolet |aser,
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f unct i orMergover, electromagnetic radiation 118 may be directed to the measuring position
119 during the measurement run. The electromagnetic radiation may impinge on a
portion of the semiconductor structure 117 provided at the measuring position 119.
The electromagnetic radiation 118 can be generated by operating the light source
109 of the apparatus 100 described above. In embodiments wherein the light source

109 comprises a pulsed uitraviolet laser, the electromagnetic radiation 118 may be



WO 2009/ 033629PCT/ EP2008/ 007340 21 the nmeasured intensity of the
reflected m crowave radiation 202 to determ ne the primary node

lifetime. vihbMboisem conpl etion of the measurement run, pER@P2008/007340
sem conductor structure 117 may be noveg relative to the measur | ng

probe 108 and the neasuring position 119, for exanple by nmeans of the
transl ation stage 112. Thereafter, another neasurenent run can be
performed. Since the electrode 110 is attached to the neasuring probe
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the irradiation of the semiconductor structure 117. A duration of the decrease of the
intensity of the reflected microwave radiation may be related to the lifetime of the
electron-hole pairs in the layer 206 of semiconductor material. Since the surface of
the layer 206 was subjected to a passivation process, and the bias voltage is
applied between the electrode 110 and the substrate 204, a recombination of the
electron-hole pairs at the surface of the layer 206 and at the interface between the
layers 206, 205 may substantially be avoided. Hence, the lifetime of the electron-
hole pairs 203 may be approximately equal to the volume recombination lifetime.

Similar to the method of measuring a charge carrier lifetime according to the state
of the art described above, the lifetime of minority carriers formed in the creation of
the electron-hele pairs 203 may be determined by fitting an exponential function to



22 between each of the el ectrodes 312:321 and the substrate 204 of
the sem conductor structure 117. The first plurality of el ectrodes

312-316 nBYp bReadkanged along a first line 310. The segpfgpRbstidtdol Y
of el ectrodes 317-321 may be arranged ahong a second |ine 311,

wherein first line 310 and the second |1 ne 311 are substantially
parallel to each other. The nmeasuring position 119 nmay be provided
between the first line 310 and the second line 311. A distance 322 of
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As already mentioned above, the present invention is not restricted to embodiments
wherein a single electrode 110 is used to apply the bias voltage. An embodiment of
the present invention wherein a plurality of electrodes is provided will be explained
in the following with reference to Fig. 3b.

In Fig. 3b, reference numerals 312-316 denote a first plurality of electrodes and
reference numerals 317-321 denote a second plurality of electrodes. The first
plurality of electrodes 312-316 and the second plurality of electrodes 317-321 may
be attached to the measuring probe 108 of the apparatus 100 described above with
reference to Fig. 1, and each of the first plurality of electrodes 312-216 and the
second plurality of electrodes 317-321 may be connected to one pole of the power
source 106. The second pole of the power source 106 can be connected to the
substrate holder 111, as shown in Fig. 1. Thus, the bias voltage may be applied



23 The present invention, however, is not restricted to enbodi nents
wherein contact points are provided on the sem conductor structure

117 by neansbopem or nore el ectrodes 110, 312-321, 33d128H08/007340
contacting the layer 206 of sem conductzor material. In other

enbodi ments, contact points may be provided by formng a plurality of
electrically conductive contact structures over the |ayer 206 of

sem conductor material, as wi'll be explained in the followng with

r ef er enbetwaerFegsh ofithe elettrodes (312432 s laodghea ssibbtrate P@4 of the semiconductor
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.stage of 'a 'method of neasuring a lifetinme of charge carriers .= _
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per 1 or mobPUBgo 4SS Al Hepeller ar oG ey if ninoleiSter 32 58dngroeam o
semi ccﬁn@%gmg?éard pédiaggnt‘hles Isayle;thﬁﬁ?zzlm;irrddigkieetataﬁ mam!ll_m:cﬁ:!es 31(21-321
t (Fi q. . can roed for isol.ation S, e
ek oA Suof el e AUpEY A oot se R RiE o Pr i, 8L Figtfoces
enbodi mENRs321 eayraskvide la nmay re drgmogensoysh etentrésal sfieldaind treauvidinity of the
formed by neans of teclngques of photolithography well known to

per sons "SRFFUTEY ROSHNR1APY . I'n other enmbodiments, the mask 401 can
conpri se\ furtsgrdempsimdcontiaguesedent ihbenticr mkerein afplb@lity whshectesdes is

B B SRt a0 1B Rl B SRPLRE bl oeeee
| ocat i orgwheshobe pruraitiyest €8dirodes ane3zwbicH arerartanBedtdroasiR0330.
21, 423 ReL e oo aBOnad s o Sl Sy YRR LREr BB 88 Bostior
struct ureigl Ihus) thel plueslitst algeletitrddes 8814368 eicawardy ngurtaurichéhgmesaniring
wert ! it o R AR nPht SEal3%6, AR gl eBl R, ReRFBRBisrs02
117 may dfithsétbeben ¢XP s etk dimmagedtithiarddiatantTidist ansaladtionedfythear®steodes
the d el3e3c1t‘555 mn%; %Ll)zsiéan?itailgrrbee la%%red?%dvantageous!y, a circular arrangement of
the electrodes 331-338 may provide a substantially symmetrical electrical field
configuration at the measuring position 119. '
in a further embodiment, two electrodes may be provided, wherein the measuring
position 119 is arranged between the electrodes.
In the embodiments described above with reference to Figs. 3a to 3¢, each of the
electrodes 110, 312-321, 331-338 may comprise a needle adapted to puncture the
semiconductor structure 117. Hence, each of the electrodes 110, 312-321, 331-338
may provide an electrical connection to the layer 206 of semiconductor material.
Thus, the bias voltage may be applied to a plurality of contact points, the
arrangement of which corresponds to the arrangement of the electrodes 110, 312-
321, 331-338. Hence, a plurality of contact points having a predetermined
relationship to the measuring position 119 may be provided in a convenient manner.
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401 and the | ayer 206 of sem conductor material substantially intact.

Thus, opegigasosByobe formed in the |ayer 207 bel ow t hecopefigs:+402,
403 of the mask 401. Thereafter, the semwi conductor structure 117 may

be exposed to an etchant adapted to selectively renove the

sem conductor material of the |ayer 206, |eaving the materials of the
mask 401 and the layers 207, 205 substantially intact. The portions
420, 42The4@2seht trherdien tondwer ois sof restricted1tb7 e indiogeentshehepmniaogdact

402, 403 _are protect fr bei ng_af f Y.t
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can be brctredesAfitier 31m3Ror N33 1-688otontzeting ethehdayet0£064@8, seimecomaisictor
401 can b nepnved by neans of a resist strip process well known to
persons "8kFi'fled in the art. Portions of the layer 206 of

sem contlucitioer matteydiments) partacopeit@0naddle pt@didetl Hhdosmimgcanplucdlidy of
structur ?et 401 ach ot her
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i ndi vi desdtepal, taisomisl bef exgnairealiarth@Foliowimgswiti hefetersectreBigé02a t40R.
AR S T A e L S L
for examplactirssistagoof di @xtiird anddexsusingi £ tifetimé rof dtharddicardens deccdding to
D S e brfalthy o 1 Gt Lo andlor depost  on
renoval Sifilahetcopihieorshbbdiyint 2@ésctited | ayeve 2@fhcaefebenoxi th zEg, 2, the
o et ST L Tah % ph0sl 284 00 TR SERl 47 ieTaing
trenchesngtadtl ahewnhysrgobaflnsemicdnducte rhaeeial 20&atafes entreosolosttaie 204
e a2 3007 o B oheS e T et ot SIS B, 208 may
trenchesgofgpohd taom@sefddsiapedeamnd wrntreferbrcans anged. On the layer 206 of
oot o RERd b AbbetrBF R TR U o SRl AP Haf RSB for e
porti onpaekivigten! &y e the Ofuredces st apadigeor 208} eds adesthibeld abeve. In other
o bt Abg b b 27 b R S FE G B passivaton
conduct igfan6 @aack cFiRefdysr@neiddn bd Barfofhdd(tj Meahs Jof mByadsv dttigresiution.
R T A g T
conpri sarénhdMeRt HI£4GE (Afd4bRpBaRed riRd foy isEansen ofo ttriehenduesnawk 401 is
phot ol tfg(r)nglggpoh er\?ﬁcle lselfnqgg\g]dt}c opg{ragtﬂ?e S1l§|7| llf?%'o}'n% érrl]w%oglrn%énts. the mask 401
may comprise a photoresist, and can be formed by means of techniques of
photolithography well known to persons skilled in the art. In other embodiments, the
mask 401 can comprise a hard mask. Techniques for the formation of hard masks
are well known to persons skilled in the art of semiconductor processing. The mask
401 comprises openings 402, 403 which are provided at locations where the
trenches 404, 405 are to be formed. Portions 420, 421, 423 between the openings
402, 403 are covered by the mask 401.
Fig. 4b shows a schematic cross-sectional view of the semiconductor structure 117
in a later stage of the method according to the present invention.
After the formation of the mask 401, an etching process can be performed. In the
etching process, the semiconductor structure 117 may first be exposed to an
etchant adapied to selectively remove the dielectric material of the layer 207,
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407, 408, 409 provided at |ocations at which the contact structures

411, 412, wid 2oeneioo be fornmed. A shape of the openi ngscfRF00469340409
may correspond to the desired shape of 2dhe contact structures 411,

412, 413. At the bottom of the openings 407, 408, 409, the |ayer 207

of dielectric material nay be exposed or renoved. After the formation
of the mask 406, a |ayer 410 of an electrically conductive materi al

can be feaviegl the araterialssehihconmdisst4d1 andube layeridd6 oTisemiegrducda0mafterial
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. ; . . :
Ve oF A pRCBAOAE Uy BIGHEN Ut (RS lp bl (SRS, Bfe SBRiconguctor
| ayer 4btatefiakdetheriayat PH6c eading thee maderals aif, tha mask 461 sandi {hepapees207,
b f . ; ' ' t ]
oty uot uPDE IR b 3REhorlibhs Pl 3oz ENRETRBRIRNEER structure
sel ect i vdl7y bebvenre thbeopenings a0 f 40Bearengko@td Ifeavi beingt A#ected by the
terial f .t ' t 7 ' '
rence. TR R IBE M U BRoBRutehihs bh. B0 RARNU thiblbhithe tavers
el ect Li 96|, Qﬁé'tmmh Izt ﬁirmemrztfnéraﬂhed?{mbgon? khzﬁ(te)r@lnnhg? bréilr dabydoe mask 401
t t her._w , I . .
o oot 1 6ol i e AR B amiRre B B Rl R stbeta e oy b prsons skilled in
di el ect theantateri al nmay remain on the sem conductor structure 117,
f ' | it f f st t 411, 412, 413.
enboct wiariond Le ler B 8F SahldhBLeidinaebnu it pulhiaad 41 gp of the
ggrrp” :Segwi?@?ajctzﬂ gltrgogirsreo-#m img;agenmmt iramue g Egrrglee;;hameer 4Otreatrenches,
T ana ponbeE i ERBNES P2y AP RN ieE T ae Piudiofbeyyesy eyrdviava
Au, Cr, gadtiodof Me dayerR206. ithesrseitine tieeichies 1025 Wliafpem ars ifisulatich etructure.
formed g SamBe rmEp At dpd s, 34 g, T BR L TUL WAL alny etectricay
subl ayerinssatibg riatened sbgh reasarier eicam@m)h séil_ictctmdtmxwm_' asdorvglitork mitvidet dhis
er the . resi st r. roc
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di el ect rirowretoepérabnespitigednahetare bottom of the openings 407, 408,
09T BT LeRY B oA, of TS b e BT IR bRk bok e oo
t he | ayesxi@@édohitsret condiierwisematpsioainead into an insulating material rather than
being etched.
In some embodiments, trenches 402, 403 and further trenches (not shown) may be
formed in the layer 206 of semiconductor material and the layer 207 of dielectric
material, wherein the trenches are arranged in a grid pattern. A first subset of the
trenches may, in some of these embodiments, be arranged in a direction
substantially perpendicular to a direction of a second subset of the trenches. Thus,
a square or rectangular lattice of portions of the fayer 206 of semiconductor material
which are electrically insulated from each other may be formed.
After the formation of the trenches 404, 405, a plurality of electrically conductive
contact structures 411, 412, 413 (Fig. 4c}) may be formed over the semiconductor
structure 117. To this end, a mask 406 may be formed over the semiconductor
structure 117. The mask 406 may comprise a photoresist and can be formed by
means of techniques of photolithography well known to persons skilled in the art.
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process may be perfornmed after the formation of the mask 406 and

bef ore t havhaswmizspn of the |ayer 410 of electrically ¢efgesdosVNEs40
material. In the etching process, the ggm conductor structure 117 nmay

be exposed to an etchant adapted to selectively renove the dielectric
material of the |layer 207, leaving the material of the nmask 406 and

the | ayer 206 of sem conductor material substantially intact. Hence,
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enbodi mgnt sombe eedendimedes, LIKE laqer cOImréfs @leviriediBCtooneiaktive material may
conductive st Iuimeéolnnect ed to the power source 106. The el ectrode

110 mafogbor 48HE8 t o the neasuri ng probe 108 instead of the

el ectrode siBe260Hhe3868ABCHIMERROSNROTBAR 270 can comprise a first sublayer
comprising at least one of Al, Er, Gd, Nd, Ti and Y, and a second sublayer
comprising at least one of Ag, Al, Au, Cr, Cu, Mg, Ni and Pt, wherein the first
sublayer is formed on the layer 207 of dielectric material and the second sublayer is
formed on the first sublayer. The first sublayer and the second sublayer can be
formed by means of deposition processes well known to persons skilled in the art.
After the resist strip process, an annealing process may be performed. In the
annealing process, the dielectric material exposed at the bottom of the openings
407, 408, 409 may be consumed by a chemical reaction with the material of the first
sublayer, such that the layer 410 is electrically connected to the layer 206 of
semiconductor material.



110 descri bed above, or nay be provided in addition to the el ectrode
110. In order to touch the contact structure 412 by the el ectrode

110", thevwwgndg@dct or structure hol der 111 nay be noyegzpagbive to
t he neasuring probe 108 in the x-directdson and the y-direction until

the el ectrode 110" is |ocated above the contact structure 412.
Thereafter, the sem conductor structure holder 111 may be noved

upward, or the neasuring probe 108 may be |l owered until the el ectrode
provi dedn aherl embedra¢ntspaneztthing procehe ntanbaqiersirment after 412 forhmation of
such a j {k (g I r . c .
The by adanedlaboderd BEIR! ind RENAREH B 1B BRI EOREEOAGeive
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and the semiconductor structure holder 111,
In some embodiments, the bias voltage can be applied by touching the contact
structure 412 by means of an electrode 110’ adapted to provide an electrical
connection to the contact structure 412, In one embodiment, the electrode 110’ can
comprise an electrically conductive stylus connected to the power source 106, The

electrode 110’ may be attached to the measuring probe 108 instead of the electrode



In further enbodi nents of the present invention, trenches 404, 405
may be formed to provide electrical insulation between the portions
420, 421, wi@209/a33629t he formati on of the contact structacespdidgorsid?2,
413 may be omitted. In such enbodi nent$7 the bias voltage may be
applied by nmeans of one or nore el ectrodes conprising needl es,
simlar to the electrodes 110, 312-321, 331-338 described above with
reference to Figs. 1, 2, 3a, 3b and 3c. 29 dains

110 described above, or may be provided in addition to the electrode 110. In order

to touch the contact structure 412 by the electrode 110°, the semiconductor
structure holder 111 may'be' moved relative to the mea'su'r'in'g probe 108 in the x-
direction and the y-direction until the electrode 110" is located above the contact
structure 412. Thereafter, the semiconductor structure holder 111 may be moved
upward, or the measuring probe 108 may be lowered until the electrode provides an
electrical connection to the contact structure 412,

In such a case, with a circular, rectangular or square shaped electrode, the bias
voltage is controlled on the whole area defined by the contact structure. It is
therefore possible to measure everywhere in this area without having the measuring
probe adjacent or in the vicinity of the electrode.

Thereafter, the semiconductor structure 117 may be irradiated with microwave
radiation 201 and electromagnetic radiation 118 may be directed towards the
measuring position 119. Since both the electrode 110’ and the light source 109 are
attached to the measuring probe 108, the measuring position and the contact
structure 412 may have a predetermined spatial relationship relative to each other if
the electrode 110’ touches the contact structure 412. In embodiments wherein the
contact structure 412 has a substantially ring-shaped configuration as shown in Fig.
5a, or a substantially square-shaped configuration as shown in Fig. 5b, the spatial
relationship between the measuring position 119 and the contact structure 412 may
be such that a portion of the layer 206 of semiconductor material exposed at a
central opening 430 or 431, respectively, of the contact sfructure 412 is irradiated
with the electromagnetic radiation 118.

Due to the irradiation with the electromagnetic radiation 118, electron-hole pairs 203
can be created in the layer 206 of semiconductor material. A lifetime of the
electrons andfor holes may then be determined by measuring the intensity of
microwave radiation 202 reflected from the semiconductor structure 117 after
directing the electromagnetic radiation 118 towards the semiconductor structure
117, as described above with reference to Figs. 1 and 2.

Thereafter, a next measurement run may be performed. in the next measurement
run, the semiconductor structure 117 is moved relative to the measurement probe
108 until the measurement position 119 and another one of the contact structures
411, 412, 413, for example the contact structure 413, are provided at the
predetermined spatial relationship to each other, and an electric contact between



An apparatus (100) for measuring a lifetime of charge carriers
conprising: a neasuring probe (108) conprising neans (109) for _

di recti ng wib tovavesszeloet radi ati on to a nmeasuring positi orC{/ERDpgnEaied
measuring probe further conprising at I28st one el ectrode (110,

312-321, 331-338) provided at a predeterm ned spatial relationship to
sai d neasuring position (119); wherein said at |east one el ectrode

(110, 312-321, 331-338) conprises a needl e adapted to puncture said
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probe (%’gﬁé}_or &oélﬁ Igﬁitﬁff ach‘g%ts (]:)ﬁé E?%I éir?\éofrﬁés)yai% ofREE" I %uch
sem con(ﬁmmlmgntmdharmaeé mlzaagatma;yabe Wsdrbmgleposmﬁm ¢li@re edeatrades

ggvn\f(r:oﬁ 'ﬁrucet%ﬁré er (?}ﬁ)é‘[etﬂ é%lyg ggg?ﬁ%\eﬁeﬁﬁ%g described

312-321 ab:ese mt}Byefean&r\th%gar at2s34,190pndSscin claim 1, wherein said
at | east one electrode (110) conprises one el ectrode (110) provi ded
adj acent to said neasuring position (119).



3. An apparatus (100) as in claim1l, wherein said at |east one

el ectrode (314, 319, 331, 335) conprises a first electrode (314, 331)
and a second el ectrode (319, 335), and® 30 wherein said neasuring
position (119) is |ocated between said first electrode (314, 331) and
said second el ectrode (319, 335). 4. An apparatus (100) as in claim
3, wherein said at | east one el ectrode (312-321) conprises a
plurality of first electrodes (312- 316) arranged along a first line
(310) and a plurality of second el edt®fes (317- 321) arranged along a
second |ine (311), wherein said second line (311) is parallel to said
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apparatus (100) as in claim1, wherein said at | east one el ectrode
(331-338) cenpedssigeg arqbbdﬁ@&)iqompdﬁn@ln@@m O89S fqr3BeciBys)lraicieukdiaton to a
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(100) as in claim®6, further copprising neans (112) for noving sai
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(111). 8. Andagpaioirtbdd 400kctasal lcﬂm%ﬂbr’orﬂ% ah %cﬂfc@l&%ﬂinﬂ@ctﬁé gbridct structure
further co rls
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adapted to maintain said predetermined spatial relationship between said at least one
electrode (110, 312-321, 331-338) and said measuring position (119).

a microwave source (102) adapted to direct microwave radiation (201) to said measuring
position (119);

a microwave detector (104) adapted to measure an alteration of an intensity of
microwave radiation (202) reflected at said measuring position (119) in respense to said
ultraviolet radiation;

a semiconductor structure holder {(111) adapted to receive a semiconductor structure
(117) and to provide an electric contact to a portion of said semiconductor structure
(117);

means (112) for moving said semiconductor structure holder (111) relative to said
measuring probe (108) for positioning at least one portion of said semiconductor
structure (117} at said measuring position (119); and

a power source (106) adapted to apply a bias voltage between said semiconductor
structure holder (111) and said electrode (110, 312-321, 331-338).

2, An apparatus (100) as in claim 1, wherein said at least one electrode {110) comprises
one electrode (110) provided adjacent to said measuring position (118).

3. An apparatus (100) as in claim 1, wherein said at least one electrode (314, 319, 331,
335) comprises a first electrode (314, 331) and a second electrode (319, 335), and



9. An apparatus (100) as in any of the preceding clains, wherein said
means (109) for directing ultraviolet radiation to said neasuring
position conprise a pul sed ultraviol ef®l aser. 10. A nethod of
measuring a lifetime of charge carriers conprising: providing a

sem conductor structure (117) conprising a substrate (204), a |ayer
(205) of an insulating material formed over said substrate (204) and

(205 "o ' 1 nShe N ST REPSR RIS en FOPhe areie e oS BcTote (514, 331)
conpri si ng: aht saidisaddnd@lezabdk @egizssnduct or structure (117) with
~m.crowave radiation (201);. . 31 directing ultraviolet radiation (118)
to a pgftion.o ' 1,C t gre . 7, ocat t, a
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pr edet er m neg 5RAdsBbord@idilb A8SHAH P.-3b ) #AhJedBAT4 OGBS (319)) whirb said

and
second line (311) is parallel to said first line (310) and wherein said measuring position

(119) is located between said first line {310) and said second line (311).

5. An apparatus (100) as in claim 1, wherein said at least one electrode (331-338)
comprises a plurality of electrodes (331-338) circularly surrounding sald measuring
position (119).

6. An apparatus (100) as in any of the preceding claims, further comprising a corona wire

(113) and means (114) for applying a voltage between said corona wire (113) and said
semiconductor structure hoider {(111).

7. An apparatus (100) as in claim 6, further comprising means (112) for moving said corona
wire (113) relative to said semiconductor structure holder (111).

8. An apparatus (100) as in any of the preceding claims, further comprising a passivation
solution supply (115) adapted to supply a passivation solution to said semiconductor
structure (117).

g, An apparatus (100) as in any of the preceding claims, wherein said means (108) for

directing ultraviolet radiation to said measuring position comprise a pulsed uliraviolet
laser.

10. A method of measuring a lifetime of charge carriers comprising:

providing a semiconductor structure (117) comprising a substrate (204), a layer (205) of
an insulating material formed over said substrate (204) and a layer (206) of a

semiconductor material formed over said layer (205) of insulating material;
performing a measurement run comprising:

irradiating said semiconductor structure (117) with microwave radiation (201);



measuring an alteration of an intensity of mcrowave radiation (202)
reflected fromsaid sem conductor structure (117) in response to said
ultraviolet radiation (118); said net Rdd of measuri ng alifetinme of
charge carriers further conprising: noving said sem conduct or
structure (117) relative to said measuring position (119); and
repeating said measurenent run at |east once, wherein said
predetermn at i etvve d.measuri
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met hod of rrmmdla’ng needsuifiret postion{11®harge carriers as in claim 10,
~Wwherein providing said sem conductor structure (117) conprises:
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sem conduct ggmat eri al conpri ses supplying a passivation solution to

said surface of said |ayer (206) of sem conductor material. 13. A

met hod of neasuri.n ifeti of charge carriers. as i laim12, )
Wher a1 n_sai uuRea et danohebafi rubBhaye Tl el tsfedfed fompeate
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met hod of measuring a lifetime of charge carriers as in claiml1l,
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senm conduct or eri al

moving said semiconductor structure (117) relative to said measuring position (119); and

repeating said measurement run at least once, wherein said predetermined spatial
relationship between said measuring position (118) and said at least one contact point
{210) is maintained.

11. A method of measuring a lifetime of charge carriers as in claim 10,
wherein providing said semiconductor structure (117) comprises:
passivating a surface of said layer (208) of semiconductor material.

12. A method of measuring a lifetime of charge carriers as in claim 11, wherein said
passivation of said surface of said layer (206) of semiconductor material comprises
supplying a passivation solution to said surface of said layer (206) of semiconductor
material.

13. A method of measuring a lifetime of charge carriers as in claim 12, wherein said
passivation solution comprises at least one of diluted hydrogen fluoride and a solution of
a halogen in a solvent.

14. A method of measuring a lifetime of charge carriers as in claim 11, wherein said
passivation of said surface of said layer (206) of semiconductor material comprises:

forming a layer (207) of a dieleciric material over said layer (206) of semiconductor
material.



32 15. A nethod of neasuring a lifetime of charge carriers as in
claim 14, wherein a corona discharge i applied to a surface of said
| ayer (207) of dielectric materi al toszlectrically charge said
surface of said |ayer of dielectric material. 16. A nethod of
nmeasuring a lifetinme of charge carriers as in claim15, wherein said
application of said corona discharge is performed before each

t 7 : of. ' Aifetine of char g
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18. A netho neasuring a etime o arge carriers as in any of
claims 10 to 17, wherein said provision of said sem conduct or

struct uf%e (TL7etRed chareagyingr p JElino Phchrja Brrisraestiy daimelpcrhsreial said
conductive c@plicGbn oftdaitcdoisresdidchdde istiatorfidBberoré@iacs AHelslrament r(m?g6)

of sem conductor material, wherein, in each neasurenent run, sai
bi as voltage, | s pkied hetween. said substrate (204 nd. on f i
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radi ati on ( X8prising dierferctirg) ab cenaegingt to oovre fansiafedase beteead uied tyer (206) of
structure ( i I ) } rel.ationship to
said one of %Qcﬁggﬁ\{dﬁé}gﬁc@ﬁ%ﬁé ﬁ‘%ﬁ%@é?"?fﬁ"iﬁ%ﬁ%@%’ﬁ% 412, 413). 19.

A method of neasuring a lifetime of charge carriers as in claimli8,
wher ei ni&acH Bethediclimppsuriag pdifptige of sharge tardes gs inanyef claims 10017, 413)
has one of a ring-shaped configuration, a square-shaped configuration
and a rect angisreln sgiopfoviionadfisar saRfboReraisr sHrastur @ eNtfidker GPRAPIRE &3 a

431). 20. A nmethod. of nmeasuring.a lifetinme of char riers.as in
iy’ of "o ar oY B acEay it gontelt il GRn o 2SRk o seislarer g
bet ween sai df sethsbnditcerr (2tiel, and said at | east one contact point
conprises puncturing said sem conductor structure (117) by neans of

at | east onguRl&RtiH e, fblifireRddd iR kaiBls ga@ge is applied between said substrate
(204) and one of said plurality of contact structures (411, 412, 413), and said ulfraviolet
radiation (118) is directed to a portion of said semiconductor structure (117) having said
predetermined spatial relationship to said one of said plurality of contact structures {411,
412, 413).

18. A method of measuring a lifetime of charge carriers as in claim 18, wherein each of said
plurality of contact structures (411, 412, 413) has one of a ring-shaped configuration, a
square-shaped configuration and a rectangular configuration and comprises a central
opening (430, 431).

20. A method of measuring a lifetime of charge carriers as in any of claims 10 to 17,
wherein said application of said bias voitage between said substrate (204) and said at
least one contact point comprises puncturing said semiconductor structure (117) by
means of at least one electrode (110, 312-321, 331-338).

21. A method of measuring a lifetime of charge carriers as in any of claims 10 to 20, further
comprising forming an insulation structure providing electrical insulation between a
plurality of portions (420, 421, 422) of said semiconductor structure (117), wherein, in
each measurement run, said ultraviolet radiation (118) is directed to one of said plurality

of portions (420, 421, 422) of said semiconductor structure (117) and said at least one



21. A nethod of neasuring a lifetime of charge carriers as in any of
clains 10 to 20, further conprising fggm ng an insulation structure
providing electrical insulation between a plurality of portions (420,
421, 422) of said sem conductor structure (117), wherein, in each
measurenent run, said ultraviolet radiation (118) is directed to one
of said plurality of portions (420, 421, 422) of said sem conduct or
structure (tdmhctaniht $@pdviakd reasd cREef s@d pheAR6E pdbrdt ofl saidosepvtdRdctor
in said one ftsalgﬂglurality of portions of said sem conductor
structure (F Vﬁueé A nethod of measuring a lifetine of charge
carriers.as in claim2l, wherein said insulation structure conprises. . .
at | eas®2. oné ufet?todeofcme(aﬂ@iﬂag #0fimeaof charge zediersegs om chaid 21, nivhareio exshid
regi on. 23. f S
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struct ure coitfradgegont | east one of formng a shallow trench
isolation, formng a nesa and performng a | ocal oxidation of said

| ayer (2%06) OfneBRE1 SQREHLCHRY aMBéiRNd 8t charge carriers as in any of claims 21 and 22,
wherein said formation of said insulation structure comprises at least one of forming a
shallow trench isolation, forming a mesa and performing a local oxidation of said layer

(206) of semiconductor material.



