,e3e; z; <pD6&Tz"p 12 DEC 2002 Met hod for Determ ning Paraneter Distributions
of Cbject Properties The present invention relates to a nethod for

determ ni ng paraneter distributi onsllmmmlmmww operties, particulldr D& 2002
substrate properties, that are obta ects or substrates are
treated by at 5 |l east two treatnent prooesses. Methods of this type are
requi red and enpl oyed, for exanple, during the treatnent of sem conductor
substrates, especially wafers. For instance, the wafer is inplanted with
ions in a first trMethodfor Peteraising |IRarametérdigtrivutioss ob Qbjectd2roperiespr ocess
the wafer is heated in a thermal 10 treatnment process, for exanple, in a
so-cal | ed RTP (rapid tfigs [Fgés&ﬁtoﬁﬁféﬁ'tiaﬁ) refatesets A MERDAT f& HRtdrMiAIRGSES

and the di nensions of structures on the wafer decrease, the demands pl aced

on the honpgeneity of the ical parapeters of the wafer, for anpl e,

11 m et st ance darametstnctaibulhs, it BT HroBerles”  EALharl “PubEiBecnr
to calculate separately the effects that the inplantation process and the
t her mal tr eat nentprppediessthahareebtanedwhanohjects or substratep amptjeatsidiby aif ¢ he
physi cal parameters to be nmeasured. This allows the treatnment processes to

be optq4 m zed so tléﬁét%ﬂré&ﬁ%@?ﬁide%séé. the resulting wafer paraneters is
enhanced. 20 - Separately calculating the effects of the individual

treatment - processes i : i r as
oftonmot "1z b e 1BbeSINROGRE bk Mol A Sl BT RERRIES,
been possible to neasure segﬁratel y t,heré act orE that contribpute to

i nhorogenei ty of dUEgIRe eakneptaf sepieonduciersurstratesopepesiallywafes iy t he
i npl antation process and the process in the RTP system Therefore; in such
cases in the pastinstanbethe wafer isdmplanied withaéonsinapfiishireatraérat prodéss. doal
treatment processes with respect to the honogeneity of the physical

par anet ers. Knowy §dBddeni Sdcdiy tedatnient procdisk thaivarbri®haardfifa tAgineam ni ng
and mappi ng any desired nunber of nol ecules, parts of nolecules, or groups

cancerS and 1 mundraagy e oaEE B BRI o Sotaed KTF (G hgiad o

The sanples are not in different positions, but rather are positioned as
near as is possi FMECe$SIRAIYSISMt he sane position. This process cannot be
enpl oyed to cal cul ate paraneter distributions of objects after they have
under gone treat nent prAcwatrsizd hcRiased B86l thecdimehaioas df staucteban ther
evaluating cell inmages in
wafer decrease, the demands placed on the homogeneity of the physical
parameters of the wafer, for example, film resistance or thickness,
15 increase. For this reason it is necessary to calculate separately the
effects that the implantation process and the thermal treatment process
in the RTP system have on the homogeneity of the physical parameters
to be measured. This allows the treatment processes to be optimized so
that the homogeneity of the resulting wafer parameters is enhanced.

20 : Separately calculating the effects of the individual treatment

- processes on the homogeneity of the physical parameters has often not
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which digital inmages of an inage field are di splayed chronologically on the
screen and the cells are marked in the image field in order to cal cul 8te200
fromthe stored nunber and position of the marks statistical figures that
characterize the cells. 20 The object of the present invention is to
provide nmethods with which it is possible to determ ne separately the
effects of individual _2_ 1~2 DEC 20D2 treatnent processes on paraneter
distribution. This object is achieved in accordance with the present

i nvention in thatbgen aossible inithemastibeeauseot has notheenpRssiblg xmeasyie

cal cul ated after they have undergone at |east two treatnment processes,

whereby during 5 gépdrafsdy tH fadtbRathEe BbniibRELES inhomMRRTeity B thIphgsicals
positioned differently wth respect to at | east one other object. Wth this

method it is possible to determ he eff t.he, i ndi.vi reat ment
processes on para rtagpetagsst%*%lqlgﬂé]cgﬂ}ss%retéﬂ@%?ﬁ)gﬁthﬂf@@ﬂﬁ@@?%ﬁgia[%%i S
possi bl e, for exanple, to optim ze the treatnent processes. |f the

treat ment process¥® prooess & thoRTEHE®, Ttheselprpliasuch gasesdethe pagt ity

waf er and the subsequent process in an RTP system the separation nethod in
accordance w th thas potdssenipossidato optimiae thieindividusd treatment prbyedses withc h
treatnent process the effects of these treatnent processes on the

h ity of ' i TR YRe bhvéi ' f t hi
onbgenei ty of a ﬁ#gg@l@et L @rre.wemﬁepgxs.éa@%ﬁhwrs.rom I's

information to op eatnent p ess W th respect to the

honogeneity of this physical _par t qrdance wit ne advant ageous
enbodi nent of the pr esgﬁ?wpn\ffg’m ?@rﬁ ?é%ebga ‘fﬁnﬂ!f efih d?'étpmagﬁgi Wﬁg‘#??rhe
differently positioned objects are determned with the same net hod of

measur enent. | n pdetermining andhmappingbpry deskeduiumber ofetoleades, rpartscokane
direction and at the sane points -~ of neasurenent. This obtains conparable

neasur ement resul irdldciesi bl grélips of iolBelieSirOb)éctelibeeinpicynsentiie eyhich
i ndi vidual false readings in the nmeasurenent results for each object caused

by thggmeasur ement, peGRisor dANUBY Ghd jmiiuhBloay! EE N anflh&f Sl 4R and
I]J en converte

measurenent grids can also be use ese ~ar e usi ng

mat hemati cal processes. 5 Preferably the nmethod.in accordance with the
present inventi onofléq%‘i‘rﬁpﬁ(}@d%? %saferﬁﬁté'?g’#ﬁrerglpoﬁﬁ'%é»hﬂtﬁ%th@f@fﬁal

par anet er
positioned as near as is possible in exactly the same position. This
process cannot be employed to calculate parameter distributions of
objects after they have undergone treatment processes.

15 DE 38 36 716 relates to a method for evaluating cell images in
which digital images of an image field are displayed chronologically on
the screen and the cells are marked in the image field in order to
calculate from the stored number and position of the marks statistical
figures that characterize the cells.

20 ~ The object of the present invention is to provide methods with

- which it is possible to determine separately the effects of individual



distributions are to be determned, as is the case, for exanple, during the
manuf acture of integrated circuits on wafers. In accordance with omg pEC 2007
advant ageous enbodi nent of the 10 invention) inhonbgeneities in properties
of the object are calculated by the paranmeter distributions. The objects
are, for exanple, sem conductor substrates, especially wafers. The object
properties are, for exanple, filmresistance or the filmthickness on a

waf er cal cul ated therefrom In the case of manufacturing sem conductor

chi ps from waf er streatmentgirecesses oreparametepdistiniion. af f ect t he honpgeneity
of the physical and chem cal paraneters. The treatnent processes enconpass,

for exanple, an inplantpis &jeBr i8GRAeVedrin aceBidanca WithptHeubrReaHERe et mal
treatment process in an RTP’'system In this case the nmethod in accordance

with the present inveption : e . f 20

i npl antation pr chgtbagh?r%gctggggﬁ:&ﬁf?% hﬁaﬁ@ﬁg{g@ﬁe‘?@g&c‘s%’%ﬁé@lﬁq%? Eaﬂgr
properties fromthe effects of-the thermal treatnent process. -4 12 DEC
2Q02 The par anet etheyi have widerspse at leask e ireatmensrprecesssise wheirely during

el li psoneters, four-pointed neasuring devices, and/or eddy-current

measur isng equi preat leabt onetreatrers procassat lezst beasbjectis pesitioneddifférontly
substrates be 5 rotated by an angle relative to one anot her when the nethod

. es be 5 ot ngle relative to one a | :
i o ot hod ar b eWARPRa 10 ot IRy BRer el CHIEAP AR s HAHBRIES REERIT .

hereinafter. If ope {reat.nen rocess daoes not .affect the object
properties, i.e. 1 ‘{eﬁ@"ﬁﬂﬁaﬁé)@?éﬁssp?itﬁﬁt lnngé‘,?uq'ntrﬁaW'Ht Ptﬂ?&???s on
symmetrical manner, this effect is preferably determ ned by the separation
met hod. However, parameler alistribffionsedthah fram dhiatintorenation sity tsrpossibld, fornner ,
this effect is preferably determ ned by a subtraction nethod. The

advant ages of thi gxample)esbptihizedhé legimait prodedseself fHal thautirient frozessdd | on
of the method in 15 accordance with the invention, using concrete

o1 of ered oxenpl AP SHaBH TRt SRR ArBod o efol 4 My g dddteliF! 19

sem conduct or industry and I Figures 1 through 4, wherein. Fig, 1
UTlustrates how i RERGFERIHAN R Systermy beseBaralion methogin accardapea it he

paraneter distribution; Fig. 2 illustrates different positioning of wafers
inan RTP -5 present invention can determine separately for each treatment process

the effects of these treatment processes on the homogeneity of a
physical parameter. Thus it is possible from this information to optimize

15 the treatment processes with respect to the homogeneity of this physical
parameter.

In accordance with one advantageous embodiment of the present
invention, the parameter distributions of the differently positioned objects
are determined with the same method of measurement. |n particular, the

20 objeets should be measured in the same direction and at the same points

- of measurement. This obtains comparable measurement results for all



12 D E C 2001 system Fig. 3 presents exanples for artificially
pre-specified effects caused by an inplantation process for a wafdd Hrfc208y
a subsequent thermal treatnment 5 process in an RTP system and al so
illustrates the nethod steps in accordance with the invention using these
exanples to test the method in accordance with the invention; and, Fig. 4
illustrates experinental exanples for explaining the 10 nethod in
accordance with the invention. The nmethod in accordance with the present
invention is explojertsiahth préventsintividuagfalss readings ietwmeaswenent egsulty

waf ers for manufacturing sem conductor chips. During the manufacturing
process, the waf i i i 1.Chied are
"ol ant ed i tne oeya OHRE cARet by P iRl ABNIBRER HOWNAIHIRRIE Rrp

(rapid thermal processing) systemin order to be heated therein. After the
waf er has under gdn%a%?m&{mﬁﬁ?gp%@adi DRABHGRRY grigs FAR aﬁ?%:bﬁall’seti gat ment

process in the RTP system for exanple, the film 20 thickness or film
resi st ance acr osghese amntharecenveftedausirig mathemmatica!l precesseseasur ed usi ng,
for exanple, ellipsoneters or four-pointed neasuring -s 12 D E C 2002

devices in order to debRrdpaBfy thEhéthb@ é&&r@bﬁé%@élhgiﬂé)&e‘éénii}B@erfnt?drﬁb

properties across the surface of the wafer. As t i aneter of wafers

i ncreases (and today they are already 150 200 or . n 300 in
dianoter) and t hEBRIRUAS] SiteT, wordimensiptal, B Bes Ameasianaly SAramElF s ¢ or
exanple, in the range of 0.25 g)yeg 0. 1_8@&ym. or even 0.13 um,
comensur at el y hidistribetiensiaretodesietemined, asis the eass fefiexanyiie. dwingtbper ti es
of the filmacross the surface of the wafer. In order to neet these

i ncreased demandsmanufaktursofigtegeitéd civtuitshen iafers, it is inportant to
determ ne i ndependently of each other the different source factors in 10

e einrsn che o o, ASEBRRRCE bRl uRABRRS B b, g
e oS kB AR a R b eSO R R R SR e
the parameter distributions. The objects are, forexample, semiconductor
substrates, especially wafers. The object properties are, for exampie,
film resistance or the film thickness on a wafer calculated therefrom. In
the case of manufacturing semiconductor chips from wafers, the wafer
15 treatment processes affect the homogeneity of the physical and chemical
parameters. The treatment processes encompass, for example, an
implantation process for a wafer and a subsequent thermal treatment
process in an RTP system. In this case the method in accordance with
the present invention can be used to separate the effects of the
20 implantation process on, for example, the homogeneity of the film

- properties from the effects of-the thermal treatment process.



to hereinafter as pre-process inhonogeneity. However, the honogeneity 15 of
the filmproperties is also affected by the thermal treatnent prog?spﬂdmz
the RTP systemitself. This effect is referred to hereinafter as
i'nhonogeneity. If the pre-process effects and the RTP systemeffects on the
i nhonogeneity of the filmare known independently of each other, both the
pre-process and the thermal treatnent process in the RTP 20 system can be
optimzed with respect to inproving the honogeneity of -~ the film
properties. However) iTheppaedrneteridisfributiohs presinkhsuted, dor exahple, witR D E C
2002 neasure the filmproperties after the inplantation process and prior
to the thermal tr o : i o) 1 t hod
i n accordance w t%ﬂi%?%efrﬁ%ﬁ%ﬁ{ﬂetﬁ? ?@%gég@ia%véé%f e%@ﬁ%ﬁ ltrertt™

i ri honogeneity and the RTP 5 i nhonogeneity are determ ned separately froma
di stribution of fMEASYMPRAYIPEENK which can be measured, for example, with
el lipsoneters, four-pointed neasurenent devices, and other neasuring

equi pent . The measur dtl iglingtesdaryithat af ledst tiid sempicopdutiosssubstrates be
general be divided into four factors. The first factor is the mean or the

mean df stributi Ofltﬂtéte&- b)lgar* ;H?P'TQWE%O@OW oreaandiher Wwhén ”iﬁ@SH'feﬁﬁod in

di stribution X e secon ctior P represents the effect of a processes
that the wafer has unqiier on B{ior to, the éhermal |tgregt ment process on the
di stribution of t3&OF af’?ﬁ%p‘?" & present INYRNUONHISMPIOYEL, i o5 the pre-process
i nhonogeneity or distribution. The third factor T represents the effect of

15 the thernal treat netie gdyaetagesi ok this Heelligdeare evidamidpntie preferreant
process has on the distribution of the filmproperties X. T thus

characterizes thexdhhplaRhé@mbeentdrity describberthemirtifterr i buti on. The fourth
factor O takes into account the statistical deviations of the neasurenents

that are caused by thglf gﬁ%ﬁfgéﬁﬁ@ﬁgﬁ%‘%ﬁ‘iﬁ"“%@ {ﬁ'e'obﬁéétﬂg%:ﬁreg?ﬁe.t he

pre-process i nhonbgen nmogenel ties ov
the-foll ow ng eqy = MP+T+D

tion results: . - 1 Z DE.C 2002 X 1), Figure
1 al st provi des éﬁﬁr%ﬁfﬁp@??reé'ﬁg?é'ﬁpaf'i B 6?%'983&/5)’““5&57'?@ 'B?”?%’e this
i ndividual factors as set forth by this equation for neasuring the
distribution of faffeet s prefetabdy deiermingekby dhe Sepatptioonmethash dewevers funed
for the nethod in
they are affected in a rotationally symmetrical manner, this effect is
preferably determined by a subtraction method. The advantages of this
approach are also evident in the following description of the method in
15 accordance with the invention, using concrete applications.

The invention is explained in detail in the following using preferred
exemplary embodiments and special applications in the semiconductor
industry and using Figures 1 through 4, wherein.

Fig. 1 illustrates how individual factors are overlaid for

20 : —— measured parameter distribution;

- - Fig. 2 illustrates different positioning of wafers in an RTP



accordance wth the present invention described hereinafter: 1. The
pre-processes are identical for all wafers (for exanple, identical initial
waf ers, identical wafer l|ayout, and identical inplantation systenji 0K 20
All wafers are treated with the sanme thermal treatnent process in the RTP
system 3. The processed wafers are arranged in the inplanter or in the RTP
system for exanple, with different angles of rotation a, which can be a
fraction of 360, i.e. multiples of such a fraction, for exanple, 15 45 , 60
, or 90 . Qther geonetric operatdgyatemare al so possible, for exanple,
mrror-imaging; 4. All wafers are neasured in the neasuring equipnment with

t he sane alignnent of H&(_asmarki n&,%sgﬁltssoeg%lg "fbgtaﬁéa%bgjslg%tﬁg{ , or

the paraneter distributi®ons are fTotated appropri atel utation.
- A generalization of the aforesajd requirenents for filmthickness 9

1 Z D E C 2002 distributions on Q;f@ﬁf-"é?aﬁqa%fdab\éér‘s'm@éﬂ?tpﬁ Prcess| fobd ng
conditions: 1.' ldentical pre-processes for all data sets to be analyzed
and the pre processes are identiwaferaaddrbyradsubsegeett dbetmakltreéatment dat a
sets); 2.' The subsequent process is identical for all data sets to be

anal yzed; 5 3.' The input data sgiseds fh Ihi €D eSstlink BRHENES YiiirkeOtHe
pre-prgcess or the subsequent pr@?eggﬁ;[ a%g, 4P%@I ?entic%ﬂ rreasuralltng process
for all data sets) especially identical orientation of. the.data sets during
t he measurement or conputati onal V’ﬁ&l'?%@??@aqcce 'Hhttf]‘ﬁﬁ'é‘f*‘éﬁ'nf’.” Uet'SThe
reasons for requirenents 1 throu%h 4 and 1.' through 4.' cited above are
evident fromthe follow ng descrthese®xapiplesdo testiibe mathadcior acoocdandge h t he
invention. Figure 2 illustrates the alignnment of, for exanple, the wafer to
be processed in the RTP system ajith fige thveheogdnddl i gnment angles a = 0, 15
90, and 180 in accordance with requirenent 3. The wafers are introduced
into the RTP system 4 tyally r i Q@RQCEIL i .

wafer 1. The rotation o '!tdhe waf g@g{r%&s%}daéﬁ' re gﬁb\}ée%(glegh}éﬂe{ﬁ %'ﬁacejr is
evi dené fromthe different alignment of the notch E" O1]¥, two wafers that
are pt8cessed under the conditi 0W§EIER£\F‘@%°édaZUer‘@ U iheiveBtioRhe net hod i n
accordance with the present invention. - However, it is also possible to
enpl oy nore wafers in dheeethod inagscagdanceowith the present invention is explained

in the following using the example of treating wafers for manufacturing
semiconductor chips.
During the manufacturing process, the wafer undergoes an
15 implantation process in which ions are implanted in the wafer. Then the
wafer is introduced into a so-called RTP (rapid thermal processing)
system in order to be heated therein.
After the wafer has undergone both the implantation process and
the thermal treatment process in the RTP system, for example, the film
20 thickness or film resistance across the entire surface of the wafer, is

- measured using, for example, ellipsometers or four-pointed measuring



12 D E C 2002 Equations (2a) and (2b) can be sinplified to equations %
and (4b) using equations (3a) through (3d): Xl=M+ P+T+p~ (4a) 12 DEC 2002
Xz=M+P+(T) R+~z (4b) In this exenplary enbodi nent, equations (4a) and (4b)
are the initial equations, the separate determ nation of the pre-process

i nhonogeneity P and the RTP i nhonogeneity T. For determ ning the RTP

i nhonogeneity T, the pre-process inhonogeneity Pis elimnated from
equations (4a) and (4b) in that one equation is subtracted fromthe other.
This results in tdeviesgidt iorder Xo d(azteffnmé) fRerdfrom thel distribdtiont bértherfém

assuned that the statistical deviations D, and ~z, or the difference
between D, and ~z T) der ed
negli gi bl e. Thus: pr.@'éﬂé%%%si%é?‘%%ﬁfé %Th%%félrnh'gsmﬂg%ﬁgﬁﬁigﬁ'oﬁﬁ%t ai ned

from Equation (6), usi RTP—matrlx er tlons (X~ -
Xz) (7? For degez‘ﬁFFﬁ%% g@r%ﬁgﬂéb@ﬁ@,%@mmﬂ{@VﬁmﬁOOmm

i nhonbgenei ties are now eI i m nat ed from Equations (4a) and (4b). For this
reason the neasuriadiameter} and kreedimensions df the strécturex0ar? therwefertdesrease
characterizes the rotation of the RTP i nhonogeneity T by the angle ~a.

E t 2 4 sin
cauat i oS ( 3a) ?Eﬁ%ﬁéﬁ*f{‘%@“ WP TS PO, .00 BABINR, bl BNe10. 1) 13,1

couat ons, the. SRt e@SH@ el A e HIEie 3%2*)‘%3%5 aﬁ”@&é‘i&?ﬂﬂﬁéﬁ%yﬁaﬂ%t 5

and the RTP inhonpbgeneity T. 10 For determ ning the RTP inhonbgeneity T,
the pre-process ipiopesipsneithe fitmiacress thensuréarer ofdhedvafar.i bhorderdp faﬂ@ (4b)
in that one equation is subtracted fromthe other. This results in the

equation: X ' X2-thesélftreaseddéimands brthéhomoyeneaitsoithd filheatit ish@portant
statistical deviations D, and Oz, 15 or the difference between D, and a2,

are mnor relativ eéa?ﬁmﬁ%%lg&g {F‘odr%g'g(r@:éta?ﬁ #%ﬁgg%@egggbuﬁbg Eorsiipus: T

- (MR~ X - XZ tal ned from Equation (6)
usi ng trix operatlo

deternrning the - Bf%Ng%?%WH6%@§$§PF§h§T et Vidrhomogenaty bf the fim™ O

thickness. One element that determines the final film homogeneity is
inhomogeneities that are caused by all of the processes employed on the
wafer prior to the thermal treatment process in the RTP system — referred
to hereinafter as pre-process inhomogeneity. However, the homogeneity
15 of the film properties is also affected by the thermal treatment process in
the RTP system itself. This effect is referred to hereinafter as RTP
inhomogeneity. Ifthe pre-process effects and the RTP system effects on
the inhomogeneity of the film are known independently of each other,
both the pre-process and the thermal treatment process in the RTP
20 system can be optimized with respect to improving the homogeneity of

- the film properties. However, in practice it is not possible to directly



12 D E C 2002 i nhonpgeneities are now elimnated from Equations (4a) and
(4b). For this reason the neasured filmthickness distribution Xq 'Zi $EC 2007
conputationally returned by rotating by the angle a. This return rotation
i's characterized by the index -R Thus the foll ow ng equation: (X2)-R -
(M-R+ (P)-R+ T+ (~2)-RIf it is now taken into account that the nmean
distribution Mis a honbgeneous distribution, then: (M-R = M(9) so that

it follows that 10 (Xz)-R= M+ (P)-R + T + (~z)-R Subtracting Equati on
(10) from Equati onedgiag the filni praperiestadteRife implantetiempiacgss @hd priokto the ( X2) - R
=P- (P-R+ 01 - (~2).R Wen the difference between the two statistical
deviations D, an | q% , It can be considered negligible.

Thus: P - (P)-R ih , él@%&rﬁeh? he %)%'e-process i nhonogeneity P can now be
cal cul ated by neans of a correspondi ng matri x operatji.on:. P ~ Pre-prpcess-MO
(X, - (X2)-R) ( 13) 26"3°Q9fﬂ?“?‘£¥r§t?‘|§§%a§qpaﬁ%t' ethog ip srordapce W the
separately with the nethod - described in the foregoing to obtain the RTP

i nhonogeneity T gmeserntdnvertion, IbtbRBe eprocesy irduvessgenditynand ibe tRTR.
Therefore the pre-processes, for exanple, the inplantation process) and the

therngd treat mentinismegeseity? ard Iteminka t uparataPfropPtd distasutionh of tignoet ed
and nmutual |y i ndependent nmenner with respect to i nproving the honogeneity

Chreo i 1r ont - uap&Ties X Wfich BeF (e 1eaBRE, for QearfBlr Pl Qs cFabiefs, <! "9

di stributions were pre-specified as pre-process i nhonogeneity P and as RTP
i nhomogenei ty T. fauepsinted maasweaweitgdpvices And dhenmeagilringemireant.dhag
Equation (4a) by artificially 10 overlaying the gradient distribution P and
t he gradi ent di stmeasurediskribéticri ofithesfily, propertiesl Xncahiio lgesesal diesdividedt i on
X2 was artificially produced using Equation (4b) after conputationally

rotating the grfiqﬁt%%ufjliaﬁcg%gq%%?igst-fa&& Rhe Mt 6 thd eedrraitri¥utiBg, itde

statistical deviations O, o0 not have to be pre-specified because

;Qte Ko !slt eg: e!rlh 8 to%iﬂg%rne%gs%)enasrlm R/Féfetﬂerﬁ?gzlasltﬁég ld?st}iguttlohnex.s s %%%

factor P represents the effect of all processes that the wafer has
undergone prior to the thermal treatment process on the distribution of
the film properties X. Thus P characterizes the pre-process
inhomogeneity or distribution. The third factor T represents the effect of

15 the thermal treatment process, i.e. the effect the thermal treatment
process has on the distribution of the film properties X. T thus
characterizes the RTP inhomogeneity or process distribution. The fourth
factor A takes into account the statistical deviations of the measurements
that are caused by the measurement processes.

20 : - Assuming that the pre-process inhomogeneities and RTP

- inhomogeneities overlap, the-following equation results:



thi ckness distribution X, was subtracted from X2 according to Equation (6).
Then the system inhonogeneity Twas cal cul at ed using Equation (7).13 DEG@S?
denonstrated that the cal cul ated RTP i nhonbgeneity T was a good match to
the pre-specified and thus known RTP inhonogeneity T. 20 ~ ~- For

cal cul ating the pre-process i nhonogeneity P, the filmthickness --
distribution X2 was conputationally or mathematically rotationally returned
-14- 1~ 2 D E C 200Z using Equation (13) and subtracted from Equati on
(4a). The pre-process inhornogeneity XesM-+u@n+ Tat Aul at ed usi ng(1Equati on
(13). Again, it was denonstrated that the pre-process inhonbogeneity P was a

good match Lo the pre- gRers hizfdh Bieidd R8Pt IRERERMIohGr b deraping Nus 5

denonstrated the correctness I'n accordance w ention
for gradient distrjputiqgn. for the pre- cess [ hhonmogenei.ty and for, RTP

i nhonogeneity. | no*aﬁ‘@e'eamj;‘{aég?ao‘éﬁpﬁ? ég{g’ﬁ&' Ry Lis ieBHgF'Brr‘u f%%’?%?‘é’-'%gﬁ fied
for the pre-process inhonogeneity P and a rotation-symmetrical distribution
was 10 pre-speci f distriduiontdifilrRropeitieagenei ty T.” Again, the gradient
distribution for the pre-process inhonogeneity P could be reproduced with
_ho probl em However, tiger EIRMWiIRG- SYRAROAY Care WsElimeduifbPnthbométhsd RIRP

i nhonogeneity T could not be reproduced in accordance with expectations.

he RTP i nhombpeneregoany w8 et iy Heafbed hareiirtdh, o secona

wafer (T)R, which is rotated by the angle -0, is subtracted fromthe system
i nhonogeneity T of. t heTherBre-pipresses@fRvidentiaal foe albmafeen (foy rexampleal
distributions are invariant relative to rotations, the difference in this
subtraction equation i kientical initialt Wafesasidentical neaferx iAut, @per ddentical
RTP-MO fail. -- . An additional subtraction nethod is used for overcom ng

this - 15 12 DECZ Bh&Vktdm): t hi s nethod, the gradient
@@ﬂaﬁfa‘? ?ﬂ{‘g m);

di stribution, calculat usi ng separation nmethod in accordance with the
i nvention, for thg pre,process inhonogeneity P ig, subtracted fromthe
seconéofi | m propefty dﬁgm?%féﬁfsﬁ'eﬁeﬁwﬂﬁﬁ"%ﬁa’ﬁaig?ﬁ 7l te .enilﬂré’r?eﬁ@
resulting distribution Xz - Pis 5 conputationally rotationally returned by
the angle a. The resul theoRTPrYstebt racti on process is:

3. The processed wafers are arranged in the implanter or in the RTP
system, for example, with different angles of rotation a, which can
be a fraction of 360°, i.e. multiples of such a fraction, for example,

15 45°,60°, or90°. Other geometric operations are also possible, for
example, mirror-imaging;

4, All wafers are measured in the measuring equipment with the
same alignment of the markings (also called “notches” or “flats”),
or the parameter distributions are rotated appropriately by

20 -~ computation.

- = A generalization of the aforesaid requirements for film thickness



(X2 - P.R> M+ T+ (~2).R (14) The advantage of Equation (14) i? Elmt ﬂ[izt
i ncl udes both the nmean distribution Mand the RTP i nhonogeneity T11 52 he
real value of the 10 mean M can be conpared to the RTP inhonbgeneity. The
Statistical deviations (~z).R can again be considered negligible. Since the
mean M can be cal cul ated fromthe neasured values for the filmthickness
distribution) Equation (14) permts the use of the RTP i nhonbgeneity T. The
subtraction nethod can al so be enpl oyed when the pre 15 process

i nhonogenei ty P idistibutibas bageneraielata sets idads to thet folowinjedanditidng: t hi s
subtraction nethod can al so be used for all other types of distributions
when the real valype L . S

i nhonogeneity P) Tj el&’él%tééé?R?%%ﬁ%f%é@ﬁd@ﬁ?&@?ﬁ%& gnélﬂ??%)aﬁg@ﬁ?ﬁgéreal

di stribution was assunmed for, RTP 20 inhonogepeity T and a, gradi en
distribution was RISSBFRRS FrSridpRtS PBQé%%roﬁ%Pm?ﬁ)béﬁﬁﬁ'Félﬂplﬁ%a s@ﬁiiwn in
Figures 3a and 3b. These are exanples 18 ~2z 0 Ec zoaz for initial

di stributions for2.tTkesubseqientpnesssstib ddenticabfonad diate setssto behanalgped;at i on
met hod in question. The nean Mis also given in Figure 3b. Inhonpbgeneities
P and are repr ! irbhfdfdi R,cmﬁ' Iy jrckness
di stribution X, ; e??rqgﬁtq)jn englgtt? ggl%lﬁgtr?dn@?%&%m% add'e Eb'(’)b‘ri‘e &Jé(?@lstg!'&drc
assum ng an aliggﬁent angle of a = -9Q, as shown in Figure 3c. Thus, in
this case the RT Frﬁﬁ’gﬁﬁ Bﬁ%‘ifeffchsmé‘ rotated mathematically by-90 in
advance. For artificially producing the second |ayer thickness distribution
XZ, the inhonogerfbi tdentical anepspripgr proggse dooall Hata) sats, aspesiallygidentical
alignnent angle of a = 0, as shown in Figure 10 3d. Then the pre-process

i nhonogeneity P agiertattolTRfi nihenpdatiei setsT \weriagcatheu! ateaburementt her
separation nmethod in accordance with the present invention. The results are

shown in Figures g&n&”@tiaﬁﬂﬂg%g{eﬂ%tﬁgt g%r?ﬁgérgioﬂ(m r(_:‘rog_producti on of the

pre- process i nhonbgeneity accep reproduction of the RTP

i nhonmpgeneity T. Final t he P 15 j nho eit s, al.so determ ned
usi ng!¥he filmresista %%r%ﬁsﬁng}?fd?%'ﬁe’?ﬁg%%ﬁﬁoﬁg@gra@ éﬂcatgmi‘gg'h‘t Cited
pre-process distribution illustrated in Figure 4d with the subtraction

met hod descri bed aiee are epident3tiom thes fellaveng t ¢resaripéiant ofothe tmethod in

cal cul ation. Conparing these results to the pre-specified RTP i nhonogeneity

T in Figure 3b restcdordance witkehey irgentio0 mated in both distributions. - -
The third test described in the foregoi ng was conducted for _ -17
Figure 2 illustrates the alignment of, for example, the wafer to be
processed in the RTP system at the different alignment angles a = 0°,

15 90°, and 180° in accordance with requirement 3. The wafers are
introduced into the RTP system 4 mutually rotated with respect to the
ilustrated wafer 1. The rotation of the wafers 1, 2, and 3 relative to one
another is evident from the different alignment of the notch 5.

Only two wafers that are processed under the conditions above are

20 required for the method in accordance with the present invention.

- However, it is also possible to employ more wafers in order to average

-10-



12 D E C 200? pre-process distribution (Fig. 4d). As can be seen in tztbeﬁez
figures, the correspondi ng cal cul ated RTP i nhonogeneities were 1 002
approximately the same size. The reason for this is that the pre-process

i nhonobgeneity P was cal culated fromthese two fil mresistance

distributions. If thgquhfeny (28 @ (2] cant e siublifieactol equationbqdayand for
both wafers nust | ead to the sane results. The subtraction nethod was then

applied to the fl j i i iQm.for a = 152 in order to exam ne
the results. Th@br)g}éineqsé@@g%ilﬁ sﬁgzrg{rrgpy%r@®éul d not be predicted since the
filmresistance distribution for 15 n ed earlier to | cul ate the
pre-process inhonbgeneity P. The ca%ﬁt\gﬁgt"i 8%1+E'.Z§§-}1t shown !n(‘%‘ gure 4g is
very simlar to the previously cal c&Latlﬁd 5TP6+)nklg£ngene|t| ez‘ﬂ;)\% a =90
and a = 180. For instance, not onlyA;& WMt+ pgos6l)altedi o neasur obj ects
or wafers arranged in different positions, but it is also possible to do so

with three or nore ol #ié exehpl@grhbodimercequatins (4a) amco(dbyrare thet h the
invention can al so be used for applications in the sem conductor industry

ot her than those.descri [ n e [ n ke e | e sane
advant ages, forﬁ‘g%in%hg,gﬁ&#'cm%eééﬁéﬁ%\zﬁ pﬁte([,&%tg%- pcﬁl It#%ggb%t%gggs and
thus in connection with both prior _and subsequent treatnment processes. An
exanmpl e of addi inhemgagensityilt and dhe RIP inhemageseitydn i s enpl oynent duri ng

t he production of conpound sem conductors -18 T. z p E c zoQ- (RTP)

process distributi onforeictefhining: ahe URTPEthHemegeridily I ethenp@lﬁﬁcﬁmsat i on
nmet hod usi ng the neasurenent data in 4a and 4c. In addition, the

bt ti ty " P I ped t
P et o e R fr e IR s By yape
TROTOSENLtY FehafStle SEAEL SR S BRI bl o °t

subtraction nethod was applied to the filmresistance distributions for a =
90 and a =180. The results are illufyrd&dl + (TRigdsed 4f and(8h. The
process distributions were cal cul ated using the presented subtraction 10

met hod for different itpofirthemmorgassghed tieat tivé statistits tdeiationst, @hdoA,,t he
measur enent data di stributions) using the cal cul ated pre-process

di stribution (Fohetsifereftettiwin 2 and A}, BREMHINI rBI4tiTE to Thd ) gRgondi ng

can be considered negligible. Thus:
T-(Mr =X - X, (6)
The RTP inhomogeneity T is obtained from Equation (6) using
RTP-matrix operations (RTP-MO):
T = RTP - MO (X, - X;) (7)
For determining the pre-process inhomogeneity P, the RTP
inhomogeneities are how eliminated from Equations (4a) and (4b). For

this reason the measured film thickness

-19-



cal cul ated RTP i nhonbgeneities were approxi mately the sane size. TPE rE?son
for this is that the pre-process inhonogeneity P was cal cul ated 15 062007
these two filmresistance distributions. If the theory is correct) the
Subtraction nmethod used for both wafers nust lead to the sane results. The
subtraction nethod was then applied to the filmresistance distribution for
a =152 in order to examne the results. The result of this operation could
not be predicted since the filmresistance distribution for 20 . 152~was

not used earlier to cafuhusehbltenzzspherstation oftherTdimhbindgeneity Moy
calculation result shown in Figure 4g is very simlar to the previously -19

12 D E C Zppz cal®%laﬁiqq€~ETP i nhonogeneities for a = 90 and a = 180. The
i nvention was previo sic) using preferred enbodi nents. However, it
woul d be possible for one skilled in the art to undertake alterations,
enbodi nents, and nodi f Faeationss(2ad anedebleanbe; sigplitiendq gauations, ta)iand

t hought. For instance, not only is it possible to neasure two objects or
waf ers arranged i(@bjliusingrequationsi(8athsoudhu(3d)t is al so possible to do so
with three or nore objects. In addition, the nmethod in accordance with the
invention can al so be used for appli c)@}iqws, pny rhepsem conduct@gy i ndustry
ot her than those described in the foregoing, and cah be used 1 ith the

sane advantages, for exanple, in conngction with crystal-pulli processes

and thus in connection with both pri I}?i’ éh@"’s%mﬁs(i@'g treat msn(?gfbr ocesses.

An exanpl e of additional applications of the invention is enploynent during
t he production of conpuihis exemplanyl embmdiment equatioratpaland d¢dbkarestheuct i ng
opt oel ectroni c conponents such as, for exanple, |aser diodes, which are

used, for exanpl einitiah egegtiohsDVibel daparale \dutembinhtiorli 6€)thee gteWrbeedss
devices. Filns that forma Ill-V (for exanple, GaN) or 11-VI sem conduct or

or INPE (nydri de 0S5Ot Y PRI RoIRT | ("loed - as a carrier
2002 foneral i nl udes. Bk ReIRENRES; ther FaFTe PHROBERPOF T By FERSPORS mo,
for exanple, also a stand-alone substrate if the sapphire carrier is
removed. Fi | m sysinbomagengityliP isalisrinated froro @gpetions (4a) anch(4ky ipthatianed by
rean equation is subtracted from the other. This results in the equation:
Xi=X,=T-(Tr+4-4, (5)
It is furthermore assumed that the statistical deviations A, and A,
15 or the difference between A, and A,, are minor relative to T and (T)g and
can be considered negligible. Thus:
T-Mg =X, =X, (6)
The RTP inhomogeneity T is obtained from Equation (6) using
matrix operations MO:

20 T e T = RTP - MO (X, - X,) (7)

- - For determining the pre-process inhomogeneity P, the RTP

-12 -



of the cited nethod, especially filnms that contain acceptors such as) for 5
exanple, MjJ. In general the acceptor atons nust be activated inside the
filmby an activation nmethod since they are passivized with hydrddbﬂEGﬂEZto
conpl exi ng. Activation nethods used include, for exanple, thermal nethods
such as, for exanple, RTP nethods. The production of sem conductors thus
includes different film 10 formation and activation steps. The present

i nvention can be used for determ ning the parameter distributions during or
after the indivi dinhbnrigensitiekare evoanpliminater fromt Equativnsg4ahend¢abpelfei ty of
the filmformation or the honogeneity of the activation. This nmakes it

possible to test,,.f : e ; : ir
deposit behavi or .thigﬁ’e?%?@%ﬁ\ggwlgﬁ 'f/: a%a%%gfgggﬁgw\ﬁ#eﬁ&ﬂﬁ?@g?gﬂﬁ gas
systens are used for different filps, since_in such cases .in _general
Cdonti cal i1 m foieRunegbydoting bhiheandins. Joisedimdatation s Charaseess

possible to optim ze the gas systens using the present invention. Likew se,
t he honogeneity oby fre imdexeR. dihsisrthbdoliawingfequbtiormct i ve acceptors can al so

be determ ned, 20 ~ - when-eby the nmethod in accordance with the invention
can besenpl oyed not only during ther sty aty usTnRg tenms or hot
wal | reactors, . 2~ . i ~p EC2D0 z'ﬁt ('z\iﬂlj'go,@gr exa(rrdpgig) s(§Zri ng all

ot her pertinent activati.on nethads, .for _exanple, .activati.on. by ns _of
mnority charge carri e'& 1 'ﬁj’éqyfit rtg'g% a&P%%fWaM%ma," %‘F{_}'bé‘?(@%ilai ed
Physics Letters) Vol. 72, No. 9, (1,9992], pages 1101 - 1103). 5 The present
i nvention can al shomegaBeeusdistibutigotheny for testing paraneter

di stributions during the deposition of filmor nulti-filmsystens, for
exanpl e, during application of BST (b@)sistrontium titanate)(@)PZT
(lead/zircon titanate) or SBT (strontium bisnmuth titanate) to substrates.

An addi tional exagpheatGfs mgiﬁ present invention can be 10 enployed is to
cal cul ate the paraneter 8| stributions of carrier or filmproperties during

the production, for exanple, of data rier (far. exanpl e, sic CDs or
cD ). 22 12 D E C 2002 Patent L i *%P%Wﬁﬂd’o&fzgﬁt det @i ni ng
parameter distributions of substrate properties that are obtained when
substrates are treat edSblytraQtingeﬁgtuatgqmﬁO?from Equation (4a) eliminates the RTP

inhomogeneity. Thus:
Xi-X)r=P-(P)rt A -(A)r (11)
When the difference between the two statistical deviations A, and
15 (A,).r is small, it can be considered negligible. Thus:
P-(Plr=X;- (X)r (12)
The pre-process inhomogeneity P can now be calculated by
means of a corresponding matrix operation:
P = Pre-process-MO (X,- (X;)r) (13)
20 - - Thus Equations (7) and (13) are used separately with the method

- described in the foregoing te obtain the RTP inhomogeneity T and the

-13-



treatment processes, characterized in that parameter distributions of at

| east two substrates are cal cul ated after they have undergone at 1?@?EZ@@D
treat ment processes, whereby during at | east one treatnent process at |east
oOne substrate is positioned differently with respect to at |east one other
substrate, which is subsequently subjected to this treatnent process. 2.
Met hod in accordance with claim1l, characterized in that the paraneter

di stributions obtained for at | east two substrates are used to determ ne
the effects of atpreqastessirhomegeneity P pfierefore the precproaessas, éor example,
distributions separately fromthe effects of the other treatnment processes.

3. Method in accqndamp@rfdtioh GiBKest, drttneahgsraltbatinghiBrocelaiperyped In

that the information ects o e separate treatnent processes
is used for optimzing the individual treatnpent processes. 4. thod in
hccor dance wi th BSIeH e BesPBiend B abhgeled SBR piRaEF RERpe Rae it Tishe
paraneter distributions of differently positioned substrates are determ ned
wi th nmeasur emrent with resgpect togisprovingthe henrgepey ofthenfim propesiiss. dance with
any of the preceding clains, characterized in that any desired arrangenent
of neasurenent points TRNINLENDR] S&pAttior meiddwes téstas cRiripthese Wiffeferny of
the preceding clains, characterized in that the paranmeter distributions are
spatially two- Orte&t@.r ee-di nensional. 7. Method in accordance with any of
the preceding clarns, characterized in that inhonbgeneities in the
substrate properties are cal cul ated, t he paranpeter distributions, 8.

Met hod in accor dance Wh@firgtitgstotwq &'ggfﬁ'@S@ﬁ?@d&tﬁb%n%@ﬁ?éﬁeﬁ%di n
that the paraneter distributions are neasured with an ellipsoneter and/or
with a four- poi ntadpregareaesnimhomaogeneity P and aoRTPrinhomogeaeity TwiThie fdmy  of
the preceding clains, characterized in that the substrates are

sem conduct or subpickabesditribTRIBAN | Wad HRoducal @8ingifquatiinae) b§ afffiepdIgance

with any of the preceding clains, characterized i'n that the treatnment

o ocetl 11, et YT, Blaieh RfBERoR K AR RLBRERIT sk bEROETE: ¢ e

effects. of the inplantation process on the substrate properties are
Analogously, the film thickness distribution X, was artificially produced

using Equation (4b) after computationally rotating the gradient distribution
T by an angle a. The mean M and the statistical deviations A, and 4, do
not have to be pre-specified because they will be eliminated or
15 considered negligible in the subsequent method steps. Then film
thickness distribution X, was subtracted from X, according to Equation
(6). Thenthe system inhomogeneity T was calculated using Equation (7).
It was demonstrated that the calculated RTP inhomogeneity T was a
good match to the pre-specified and thus known RTP inhomogeneity T.
20 : ~— For calculating the pre-process inhomogeneity P, the film thickness

- distribution X, was computationally or mathematically rotationally returned

-14-



~separated fromthe effects of the subsequent treatnent process. -24 1~
D E C 2002 12. Method in accordance with any of the preceding cIaLE% 00
characterized in that the treatment processes include a crystal-pt Iﬁﬁ&
process and one subsequent treatnment process. 13. Method in accordance with
claim12, characterized in that the effects of the crystal-pulling process
on the substrate properties are separated fromthe effects of the
subsequent treatment process. 14. Method in accordance with any of clainms 9
through 13, char aksieg Eguation (3)and subtrasied fromoEguaticrualct Be PEEPERESSes or
magneti c substrates are rotated by an angle relative to one another in the

pre processes or ihﬁohb?eﬁéi&sﬂms&hbnwmsd.u%ﬁ)g FRuStsh (18)ackgainaibaaswi t h
any of the preceding clains, characterized in that the substrate properties

o1 oper 11 es. and) orSaGTAEC AF6 BpiHE G RABRE LRI E At A TRER b Blen 1y o1

the preceding clains, characterized in that a subtraction process is used
to calcul ate a rdPath®npryspesilied apredprocesyunhemogengityr e-ﬁ?"éc&%% thus
i nhonogeneity. 17. Method in accordance with any of clains 1 through 9,

characjeri zed i n dérabnstratetirthet caméctpesse of sfes metbbdde accoidhde withHWYEE
process and one subsequent treatnent process. -25 1 ZDEC20U2 18.

Vet hod i naccor dangentir fr GhadightdistrBlf P Bid %;@E?Ed&e&?ﬁ%hotnﬂ?géﬂécitgw of

t he MOCVD or HYPE process e substrate pro I es are separ at rom
the effects of th %ldlpseﬂuent tr%at ment process. 19. Method in accordance
with any of clain®f It WPOMAYEIEYchar acteri zed in that the subsequent
treatment process includes a thermal treatnent process in an RTP system
20. Method in accor danbe seeonciest.a gadiem aisidbation was iprespecified dorctheect s
of the RTP systemon the substrate properties can be separated

i ndependent |y fr opfetfiecessinhorfodeneity PrRifd rotstipssyrametridal Betidudbn was
determ ning paraneter distributions of object properties that are obtained

when ppj ects are n;ér{egfdegﬁjﬁe%/ .f§|t th&aﬁ‘rg} %ﬁg@%@;@ﬁ%ﬁgﬁﬁe%ec Pa{cﬁ&r‘(if” zed

in that the para I'stributions al Ty 1'ndependent

objects are cal Cucldis tri%ﬂtigg %o(?{heF r?reeypr%%gs?s inhomogeneity P could be reproduced with

no problem. However, the rotation-symmetrical distribution for the RTP
inhomogeneity T could not be reproduced in accordance with
expectations. This can be explained, for example, using Equation (6).
15 In Equation (6), the RTP inhomogeneity, which is rotated by the angle -q,
of the second wafer (T)g, which is rotated by the angle -q, is subtracted
from the system inhomogeneity T of the first wafer. However, since
rotation-symmetrical distributions are invariant relative to rotations, the
difference in this subtraction equation is zero. In this case the matrix
20 - operations RTP-MO fail.

~-. An additional subtraction method is used for overcoming this

-15-



undergone at | east two treatnent processes, whereby during at |east one
treatnent process at |east one object for determ ning the paraneter
distribution is positioned differently with respect to at |east ond JoBHeNp
obj ect, which is subsequently subjected to this treatment process. -26

A fP;x T3wMdhwd H
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) 210%&! (§ ), $iow£§2§%g%%§%®£ ( ég Sown Fiavses 38 0g 3b. These are examples
f109%&Z& ()- @ 10%Z&' () -9' m0o%& ()-101010 8!10%& ()-:Y 4'10%&' ()-J H

-16 -



L K- 2@ 1098 () - @10%Z& ()-10%Z& ()- @109%Z& () -

#1008 ()- @ 10%Z& ()- @BS10%& ()- |j)kiK-?@)f10%& ()- /%D C 200
L' #109%Z& () - @4 10%Z& ()-S"f 10%Z& ()-S S109%Z&' () - @&f 109%Z& () - 3#10% & 5)-: b
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1092Z& ()- @f 109%Z& () - @f 109%Z& () - / pQTOL @ 10%38 () - Sy10%G&' () -

Ssy109%G&' ()-  10%:& ()- SF10%:& ()- &@LOY%GE' () - 10eelOeeQ pli K- 1f

f109%G&' () -fsf10%8 ()-3$10%UEE () - Sy10%G&' () - SI0%ES. () -

Sy10%&' () - S3y10%eRin(ifial distribukeASSarytheos: thickrfest thatare(g used to test the

, +10%G&' () -S) 10%G&' () - L' $10%:8 ()- 9% 10958 ()- S'y10%:& ()-H{] ?S90y10%

y109%&' ()- y&Z10%& L) Ol ) - : fon in B
4910%C&" () - 2$10% ratioh y”ui@-'q?ds/%%f@'z Thegmean M [s aiso given ip Figure Sb.

109&' ()-z109%& ()-, .Y 109%& ()- J)rHi K- ?' $10%& () - FY0% () - #z10%&' () -.
flOW&'(%)-zloo/&'(%)mhgmnF 368,316@ -lf(afe [e%{ﬁke%géwmo orﬁ%mﬁc'a'?v prottlcing
AY109&' ()-12$10%&' ()-s0z10%&' ()-3.glO%& ()-+z109%& ()-)gl0o%& ()-& () 7si K399F
109%&' () - the film thickness distribution X,, inhomogeneities P and (T)-; were added

5 or overlaid assuming an alignment angle of a = -90°, as shown in Figure
3c. Thus, in this case the RTP inhomogeneity T was rotated
mathematically by -90° in advance. For artificially producing the second
layer thickness distribution X,, the inhomogeneities P and T were added
or overlaid assuming an alignment angle of a = 0°, as shown in Figure

10 3d. Then the pre-process inhomogeneity P a;nd the RTP inhomogeneity
T were calculated using the separation method in accordance with the
present invention, The results are shown in Figures 3e and 3f and
indicate very good reproduction of the pre-process inhomogeneity P and
acceptable reproduction of the RTP inhomogeneity T. Finally, the RTP

15 inhomogeneity T was also determined using the film resistance
distribution shown in Figure 4c and the pre-process distribution illustrated
in Figure 4d with the subtraction method described above. Figure 3g
ilustrates the result of this calculation. Comparing these results to the
pre-specified RTP inhomogeneity T in Figure 3b results in a very good

20 mateh in both distributions.

- The third test described in the foregoing was conducted for
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510%& () -1 210%& fpe-process distribution (Fig. 4d). As can be seen in these figures, the
0109%& ()- @Dt i K- H&L0%T&’ () - LO%& () - S#10%T&’ () - &10%T8’ () - 10%T&’ () - |

Ilﬁ%"&w% 0 %%1(()) “%’i%%‘iﬂﬁg rzg cglc]y aég%TB |n?118m mge&emes were approximately the

0% @ 0%r& YR

29$10%§r3& () - @10% e(sjzgrr&féé/m%“ f§’ 6%5@ ?';'L ﬁ%%f%&ef)s Inhorpeggreily.P
L ##1 K 510%r8&’ (i g10%m8& () glO%T&

L gL0%&' () - S&Y10%@8.CA CUiaiM(im theseTtwafiy m¢$m'ﬂnkvﬁﬂb@&%qw

,,210%&' ()-,z10%& ()- @ 10%& () -

, 1 210%v& () -, z#11a%wfelch,-tiaB Hubitréiction niéhd&E884 Hor otk@afefd/miist Jead) tolthems () -
s' $100%& () -, F%210%1& () -, #g10%T& () - @

Lo () 210k (t;ésults( (£h& Quet@ioH Mol wal ThBRTAPEE SO tE il

410%& () - 2&$10

@0f 10%& () -, 3. g10%r& ().- ((().B)))*i K- K|_S10% #1098 ( -z100/ (

10%&' ()-1 109& (jesistange éﬁﬁf'l&#t %0(715%**ﬂ9¢fﬂ10rﬁxam egylts. The
z10%& ()-g10%& ()-|$10%& ()-g10% ()- g10% ()-10%& ()-+E, ,, -a---i K-KI 2' $10%
& ()- result of this operation could not be predicted since the film reS|stance
s0109%& ()-3.z10%& ()-+z109%&' ()-)z10%& ()-' $109%&' ()- FOA0%& ()--.....!. id

BRSO A ST e IR e

0,
109G ()- @¥#10 /G%o"r}og%%leoty% ('}he calculation result shown in Figure 4g is very

similar to the previously calculated RTP inhomogeneities for a=90° and
a=180°.

For instance, not only is it possible to measure two objects or
wafers arranged in different positions, but it is also possible to do so with
three or more objects. In addition, the method in accordance with the
invention can also be used for applications in the semiconductor industry
other than those described in the foregoing, and can be used with the
same advantages, for example, in connection with crystal-pulling
processes and thus in connection with both prior and subsequent
treatment processes.

__An example of additional applications of the invention is

 employment during the production of compound semiconductors
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60666! 7dEg\ =I 2 $10, F. 4109%&' ()-,,z10%& ()-,)zL10%& () -
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10L9109%&' ()- 5109%& ()-2$10%& ()- 0109%& ()- 8GB088889dENDA 2' $10 Y10% & () -

109 & () - s10% & deavdtiid fndthod dsiA dtﬁe(heaé@f’drﬁer(t) data in 4a and 4c. In
9A9299: : " : dEnbCl 2" $1010% & () - SMLOY& ()- 10% & ()- @O% & () - 10% & () -

)@ @?gﬁd&&( % ) - &10% éc@ﬂﬁ{iﬁ%%&?&%%@{% @r (:?Iculam%tge BTP inhomogeneity

; <<<<<<uj _@ 2" $10&ml0%r& é 10/ 10/ 10/9&910% & ()-!210% / & ((3%@
110% & ()--10% & | Vasappliediq tha im @%tm@/ﬂastf)buﬂ%io&&ﬂbﬁfmoﬁ
c& ()-1%$10% & ()-! ,10%7& ()-!, 10%me& () - v>>C?Z?2?2?2?z[ <
28$10%& () - I\/@)&l;ﬂ%j&s( i)whofdb@f&&'e(ty P:direadip ¢&lctlated wséeemmteai fﬂoﬁﬂ%ﬂ:@%m—
& ()-?@aom @ @o-_@k @
resistance distributions (Fig. 4a - ¢), according to Equation (14). First the
subtraction method was applied to the film resistance distributions for a
=90°and a=180°. The results are illustrated in Figures 4f and 4h. The
process distributions were calculated using the presented subtraction
10 method for different positioning angles a (after standardization of the
measurement data distributions) using the calculated pre-process
distribution (Fig. 4d). As can be seen in these figures, the corresponding
calculated RTP inhomogeneities were approximately the same size. The
reason for this is that the pre-process inhomogeneity P was calculated
15 from these two film resistance distributions. If the theory is correct, the
subtraction method used for both wafers must lead to the same results.
The subtraction method was then applied to the film resistance
distribution for a =152° in order to examine the results. The result of this
operation could not be predicted since the film resistance distribution for

20 . 1522was not used earlier to calculate the pre-process inhomogeneity P.

- The calculation result shown in Figure 4g is very similar to the previously
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CgL0%& ()-, +T10%& ()-)z10%& ()-1 111114323380 k", g10%&' () -, 3 glO0%& () -

( !
G 100 () Tov: () 1owBYEH () Veplt BapEsic J0LBHE SORBOR the. art to yRRaiRtten o &

T #109% () - @ YSL0% () - @ 109%& () - @ F 109%& () -, SGLOY () - F$10%& g) - ML NN
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5 inventive thought. For instance, not only is it possible to measure two
objects or wafers arranged in different positions, but it is also possible to
do so with three or more objects. In addition, the method in accordance
with the invention can also be used for applications in the semiconductor
industry other than those described in the foregoing, and can be used
10 with the same advantages, for exampie, in connection with crystal-pulling
processes and thus in connection with both prior and subsequent
treatment processes.
An example of additional applications of the invention is
employment during the production of compound semiconductors, for
15 example, for constructing optoelectronic components such as, for
example, laser diodes, which are used, for example, in modern DVD
(digital versatile disc) read/write devices.
Films that form a llI-V (for example, GaN) or II-VI semiconductor
film are separated using MOCVD (metalorganic chemical vapor

20 depesition) or HVPE (hydride vapor phase epitaxy) on a base that is used

- as a carrier or substrate, for-example, sapphire. The term substrate in
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3. 109& () -, +z10%& ( 0%&' ()-qZx2yZ2zZ{Z7Z[][bC'k 10%& ()- F10%m& ()-
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of t e cited method, especially |Ims that contain acceptors such as, for

5 example, Mg. In general the acceptor atoms must be activated inside the
film by an activation method since they are passivized with hydrogen due
to complexing. Activation methods used include, for example, thermal
methods such as, for example, RTP methods.

The production of semiconductors thus includes different film-

10 formation and activation steps. The present invention can be used for
determining the parameter distributions during or after the individual

steps, forexample, for determining the homogeneity of the film formation

or the homogeneity of the activation. This makes it possible to test, for

example, MOCVD and HVPE systems in terms of their deposit behavior.

15 This is particularly advantageous when different gas systems are used for
different films, since in such cases in general identical film formation

conditions cannot be assumed. Thus it becomes possible to optimize the

gas systems using the present invention. Likewise, the homogeneity or

parameter distribution of the active acceptors can also be determined,

20 - - whereby the method in accordance with the invention can be employed

- net only during thermal activation using RTP systems or hot wall reactors,
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5 The present invention can also be used advantageously for testing
parameter distributions during the deposition of film or multi-film systems,
for example, during application of BST (barium/strontium titanate), PZT
(lead/zircon titanate) or SBT (strontium/bismuth titanate) to substrates.

An additional example of how the present invention can be
10 employed is to calculate the parameter distributions of carrier or fiim
properties during the production, for example, of data carrier CDs (for

example, music CDs or CD ROMs).
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treatment processes, characterized in that parameter distributions of at
least two substrates are calculated after they have undergone ét least two
treatment processes, whereby during at least one treatment process at
least one substrate is positioned differently with respect to at least one
other substrate, which is subsequently subjected to this treatment
process.

2. Method in accordance with claim 1-, characterized in that the
parameter distributions obtained for at least two substrates are used to
determine the effects of at least one treatment process on the parameter
distributions separately from the effects of the other treatment processes.

3. Method in accordance with any of the foregoing claims,
characterized in that the information about the effects of the separate
treatment processes is used for optimizing the individual treatment
processes.

4. Method in accordance with any of the preceding claims,
characterized in that the parameter distributions of differently positioned

substrates are determined with measurement methods.
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characterized in that any desired arrangement of measurement points can

be selected.

6. Method in accordance with any of-the preceding claims,
characterized in that the parameter distributions are spatially two- or
three-dimensional.

7. Method in accordance with any of the preceding claims,
characterized in that inhomogeneities in the substrate properties are
calculated by the parameter distributions.

8. Method in accordance with any of the preceding claims,
characterized in that the parameter distributions are measured with an
elipsometer and/or with a four-pointed measuring device.

9. Method in accordance with any of the preceding claims,
characterized in that the substrates are semiconductor substrates or
magnetic substrates.

10. Method in accordance with any of the preceding claims,
characterized in that the treatment processes include an implantation

process and one subsequent treatment process.

11. Method in accordance with claim 10, characterized in that the

effects of the implantation process on the substrate properties are

| -separated from the effects of the subsequent treatment process.
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12. Method in accordance with any of the preceding claims,
characterized in that the treatment processes include a crystal-pulling
process and one subsequent treatment process.

13. Method in accordance with claim-12, characterized in that the
effects of the crystal-pulling process on the substrate properties are
separated from the effects of the subsequent treatment process.

14. Method in accordance with any of claims 9 through 13,
characterized in that at least two semiconductor substrates or magnetic
substrates are rotated by an angle relative to one another in the pre-
processes or in the subsequent process.

15. Method in accordance with any of the preceding claims,
characterized in that the substrate properties are the film resistance and/or
other film properties and/or material properties and/or magnetic properties.

16. Method in accordance with any of the preceding claims,
characterized in that a subtraction process is used to calculate a rotation-
symmetrical distribution of a pre-process inhomogeneity.

17. Method in accordance with any of claims 1 through 9,
characterized in that the treatment processes include an MOCVD or HVPE

process and one subsequent treatment process.
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19. Method in accordance with any of claims 10 through 18,
characterized in that the subsequent treatment process includes a thermal
treatment process in an RTP system.

20, Method in accordance with claim 19, characterized in that the
effects of the RTP system on the substrate properties can be separated
independently from the previous treatment process.

21. Method for determining parameter distributions of object
properties that are obtained when objects are treated by at least two
treatment processes, characterized in that the parameter distributions of at
least two mutually independent objects are calculated after they have
undergone at least two treatment processes, whereby during at least one
treatment process at least one object for determining the parameter
distribution is positioned differently with respect to at least one other object,

which is subsequently subjected to this treatment process.
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