WD 03/038374 -1 PCT/ 0CS02/ 1688 4 12 0 0 6 METHOD AND SYSTEM FOR DETEvaNING
A THI CKNE YER Field of the Invention 5 The prese ' {0d/ 2006
generallysﬁg é¥e§k?b a nmethod of determ ning a thickness rﬁﬁﬁﬂﬁﬁﬂy% on a
sem conductor wafer, and nore particularly to a nethod of determ ning the
t hi ckness of opaque layers. The present invention further relates to a
systemfor determning a thickness of a |ayer on a sem conductor wafer. 10
Background of the Invention There are geveral sem conductor wafer
processing techniques in which thin lay- 15 ers or filns are deposited

and/ or renmoved. These techniques could be inproved by the know edge of the

- layer thi requ i | S ) ne the
| aver ¢ i cigador] ARE SR by BBk 5B RN A TRIFKNESS of AfaTER
,transparent |ayers. For exanple, electroplating is an energing process
technol ogy being used to fa 20 cilitate the deposition of copper filnms to
integrated circuit structures. The technology of electroplating is
currently limted by the | ack of, at 1ol nechani sns i ncl udi ng
deposition term nation. The pro oft Y58 Ty R0 |y perfornmed with tinmed
process steps which does not guarantee a deposition with accurate
t hi ckness. 25 As anot her exanpl e, plasnma etch tool ,technolo Is currently

limted by endIhperesertigyeationprasallyzlatat b Hpethar pEdapRpinag G | m
L1l cknessof 2148t n PmPOadudfth GERL, a0 aricwldfl) F\dg&ﬂxbﬂh@& bf dRlhiae A o OF

exanpl e, opti em ssi on spectroscopy, nmet hods that afe based
on_ pr evi othelthickuess bEepaqualayes. mmgtmvmmmqummﬁod@stpmiwi s
ggt rere(%'SIng&ft | -nt erfegogt r;ﬁg? erboenausse%qcoe}l u&gr‘lﬂgglnr ect endpoi nt
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Background of the Invention

There are several semiconductor wafer processing technigues in which thin lay-
15 ‘ers or films are deposited and/or removed. These techniques could be improved-by the
knowledge of the layer thickness. Frequently, optical techniques are used to determine
the layer thickness. However, these techniques only work for measuring transparent
layers. ; 1
For example, electroplating is an emerging process technology being used to fa-
Q 20 cilitate the deposition of copper films to integrated circuit structures. The technology of
~ electroplating is currently limited by the lack of process conirol mechanisms including
deposition termination. The process is typically performed with timed process steps

which does not guarantee a deposition with accurate thickness.

25 As another example, plasma etch tool technology is carrently limited by end-
pointing schemes that are not directly based on film thickness targets but on indirect
methods. Such indirect methods are, for example, optical emission spectroscopy, or
timing methods that are based on previously run test wafers. Further, as the film thick-

ness is decreasing, interferometry may be used as an indirect endpoint determination.




26/ 04/ 2006 PCT/ US02/ 31680 Al so wet tool technology is currently I}m’tved by
endpoi ntin that are not directly based on filmthickness/04r/@1G6
Al'so in th?‘??;ﬁ?g’?ﬁti nmed net hods based on  previously run PEEUSREMESIs are
used. Simlarly, in diffusion process technology, indirect methods are
used. Also in 5 this case, interferonetry, or timed nethods based on
previously run test wafers are em ployed. Further technol ogies in which
the thickness of |ayers on a wafer is,é)i interest are chem cal vapor
deposition (CVD) and physical vapor deposition (PVD). Also in these
processes, the current neasurenent technology is |imted by a | ack of

control 10 necghani sns., . The present inventi seeks to solve the above v
menti oned prob w%‘;}g%lrtﬁ‘g‘iuﬂgg? }Sﬁﬂgnwﬁﬁﬁpdgﬁ@hgg FRARMSY Saksref or :
reliably apcdineaybadedlon HRiBIcHdl fagg@s.mocihre@éaseoém@dhg%ﬁ%&ge%% 6 .3

sem conductor wafer. 15 WD 03/038374 15 20 PCTI USD33618
Bri ef DesPBFavipuplyfunfest walepyasowseds Fig. 1 shows two schematic cross

i | Vi . | eof f i.th djff | .
TV ustrating. o pistiarBEH GRIGMENBLeN ol Goey indiell BoBRE e YA 1% cw of o
pl asne et this cdsa ritwerferoniditys b thbddigetbodditised Qprationdls ittedtvdféie aRlepsent

i nventi on; F‘!&E. 3is atop viewof a wet processing tank, illustrating a
system acklgyed ing to the present invention; Fig. 4 is a top view of a wet

processing t anfyrttick tddfhd185ibd 19 whidthb BEEkne¥S19%ers on a wafer is of interest
are chemical vapor deposition (CVD) and physical vapor deposition (PVD). Also in

R
o these processes, the current measurement technology is limited by a lack of controi
10  mechanisms. ‘
The present invention seeks to solve the above mentioned problems by provid:
ing a new method and a new system for reliably and accurately determining a thickness

of a layer on a semiconductor wafer.

15




according to the present invention; Fig. 5is a side view of a wet

processi ng nt illustrating a further system accordin 82006
present i n\@léﬁgﬁ;ﬁr‘rgi g. 6 is a side view of a diffusion tu%qmgﬁp%/ﬁrati ng

a further systemac- cording to the present invention; Fig. 7 is a side
view of a chanber representing a chem cal vapor deposition chanber or a

pl asma etch chanber, illustrating further systens ac- cording to the
present invention; 25 Fig. 8 is a side,view of a chanber according to Fig.
7, illustrating a process step of a nethod according to the present

invention; Fig. 9 is a side view of a chanber according to Figures 7 and 8,
‘illustrating a further proces t hod according to the present

i nvention; 30 WO 03/038374 -9b&EAURG0N BEEBANDEHESFi g. 10 is a side view of
_a physical vapor deposition sputter chanber, illus- trating a further
system according to the present invention;, 5 Fig. 11 is a side view of a
physi cal vapofigidposi t Blmwsdpetschamatih aresesectionad vigwsiof gemisomjugtor wafers

illustrating a process of nmet accordin 0 he  present
invention; Fig. 12 is g%éi%gfgerﬂtzweﬁsfﬁ@g%ﬂ‘ﬁlgi%? re%&é’&‘rve%% dsition sputter
chanbes accord- ing to Figures 10 and 11, illustrating a further process
step of a 10 nethod according to the present inventign; Fig. 13 is a side
view of a prottse chanﬁ@r"f‘ésﬁéc“émp?lé’i‘@f%ﬁaﬂﬁ%@Pl?chqm%’t’F’é%m‘F%sﬁ'furt her

system according to th@nﬁc@%ﬁﬂ%t%ﬂiéfpﬁés%ﬁ’t‘]ﬁv&ﬂgn;ﬁ Fig. 14 is a flow diagram
rding to

illustrating a nmethod acco e present 1n- vention.

-) Fig. 3 is a top view of a wet processing tank, illustrating a system accord-
10 * ing to the present invention;
Fig. 4 is a top view of a wet processing tank, iltustrating a farther system

according to the present invention;

i5 Fig. 5 is a side view of a wet processing arrangement itlustrating a further

system according to the present invention;

Fig.6 is a side view of a diffusion tube, illustrating a further system ac-

cording to the present invention;

Fig. 7 is a side view of a chamber representing a chemical vapor deposition

chamber or a plasma etch chamber, iflustrating further systems ac- .

cording to the present invention;

25 Fig. 8 is a side view of a chamber according to Fig. 7, illustrating a process

step of a method according to the present invention;

Fig. 9 is a side view of a chamber according to Figures 7 and 8, illustrating

a further process step of a method according to the present invention;
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Det ai | ed Description of Preferred Enbodi nents According to the present
invention, weamsded of deternining a thickness of at 20 | 50?1%8(34&81001@
on at |east one sem conductor wafer 12 is provided, conprising steps -
of . projecting a first laser pulse 14 on a surface 16 of the at |east one

| ayer 10, thereby generating an acoustical wave due to heating of the
surface 16 of the at 25 |east one |layer 10, after a propagation tine of

t he acoustical wave, projecting a seriges of second | aser pul ses 18 on the
surface 16 of the at |east one layer 10, WD 03/038374 -5 26/ 04/ 2006

PCT/ US02/ 31680 neasuring reflected | aser pul ses 20 of the second | aser

pul ses 18, t S I j . Qf o] changes of the
surface 16 0]['1% F’ﬁ@yat ﬁggg{&gg%c&%f}dﬁ?m@aaﬁ%{%ﬁ@&@&}gﬁ gi&rﬁﬁ%ﬁa’?ﬁgthi ckness
of the at |east one | dsating d@udther aystdny ascoglifdh® thé preBmt Biveritiiol ect i on property

changes. According to the present invention, there is further provided a
systemfor deter- mning a thickness of at |east one |layer 10 on at | east

one seni conduggqn waf %aﬁ&evﬁﬁmmgii%%ﬁgﬁg@%s dtfer cRfnb@acBir@l ecting a

first laser pulse 14 on a surface 16 | eaSt one layer 10, thereby
gener & ing an acoust i &8 tolig.dOdilasiralingeprocess sép ofremetbord dcgomiitightoof t he at

| east one layer 10, 1 ﬁgg 8 for projecting a series of second |aser
pul ses 18 on the sur-‘r}fe e ﬁ%%ﬁ?nﬁ[%ﬁe at |east one layer 10, - neans 30 for
measuring reflected | aser pul ses 20 of the second laser 2 0 pul ses 18,

t her eby sens%ng ﬁhe tjmes of, reflection property changes of the surface 16
12, 1 15 a side view of a physical vapor deposition sputter chamber accord-

i -

ing to Figures 10 and 11, illustrating a further process step of a

10 method according to the present invention;

Fig. 13 is a side view of a process chamber and a transfer chamber, illustrat-

ing a further system according to the present invention; and

15 Fig. 14 is a flow diagram illustrating a method according to the preseat in-

vention.

Detailed Description of Preferred Embodiments

According to the present invention, a method of determining a thickness of at

3 20  least one layer 10 on at Jeast one semiconductor wafer 12 is provided, comprising the

steps of:

- projecting a first laser pulse 14 on a surface 16 of the at Ieast one layer
10, thereby generating an acoustical wave due to heating of the surface 16 of the at
25 . least one layer 10,

- after a propagation timne of the acoustical wave, projecting a series of
second laser pulses 18 on the surface 16 of the at least one layer 10,

L




the at |east one |ayer 10, .and neans for determ ning the thickness of the

at | east ORQ dsp¥esy 10 by ana- lyzing the tines of reflect Lé)ﬁ]lg@sro(%fe&@ﬁ/2006
tzc’ilﬁﬁ?oduce a

changes. 25 Acoustical wave techniques use a first |aser

fine spot of in- stantaneous heating on the wafer surface. This produces a
| ocal i zed sound wave that propagates through the filmlayer. Wen an
interface is reached, a partial echo signal is returned. A portion of the
soni ¢ wave crosses the interface and Li_propagates through 30 the
underlying filmlayer. This process continues through all |ayers. Each echo
wave WO 03/038374 -6 26/04/2006 PCTIUS02/31680 returning to the surface

‘changes the surface reflectign erty. is,reflection propert change
i s measured by the JBESHYE rﬁ@%‘itgc[)ﬁ‘%é’#esr%(ggéhﬁ d 5’8@% ﬁi‘j%eb(ﬂ vert ed
.fromthe fsehsihg tRIBhesifrechidn SropEdyRibRkdsdf he suffbdels dehealleRio®f t he

second | aser pulses, a software analysis of the signal converts the tine
bet ween sd#¥sd 18 ation and echo 5 wave detection into an accurate film

t hi ckness value. Multi-layer filmstacks can be neasured individually or

si mul t aneously. An inportant advantage of this technique is related to the
possi bbl ity to-neasudeermipagibe thidkmesdsafdliesat denstomie iayer bhbpansdyzimg thhat cannot
be neasured opt.ically. Additionally, the |laser beam can be noved to

mul tiple %Wﬁp&%mé'&?’ﬁggﬂx%ﬁ%?‘f er to measure within-wafer uniformty. 10
The described techni que may be used to neasure the thickness of filns
depos- ited by electroplating. It is possible to neasure the filmthickness

Ié_bes ol utions céwpeiding to e present ingentionethezelis furthenprovided o pystom fogdeter-

i vi duartyong ks B SRR 0Bn Sl opf FORRAUPB AR 120 T et he

measut@mesdmpcihgi que can be inpl emented when the wafer is removed 15 from
the solution. Based on the neasurenent results, additional depositions can
be per- formed. The system according to the present invention can be used

as an endpoi Nting means 22, 28, 30 for projecting a first laser pulse 14 on a surface 16 of
the at Ieast one layer 10, thereby generating an acoustical wave due to heating of the
surface 16 of the at least one layer 10,
15
- means 24, 28 for projecting a series of second laser pulses 18 on the sur-

face 16 of the at least one layer 10,

- means 30 for measuring reflected laser pulses 20 of the second laser
20  pulses 18, thereby sensing the times of reflection propesty changes of the surface 16 of

the at least one layer 10, and

- means for determining the thickness of the at least one layer 10 by ana-
Iyzing the tires of reflection property changes.
25
Acoustical wave techniques use a first laser pulse to produce a fine spot of in-
stantaneous heating on the wafer surface. This produces a localized sound wave that
propagates through the film layer. When an interface is reached, a partial echo signal is
returned. A portion of the sonic wave crosses the interface and it propagates through

30 .the_ underlying film layer. This process continues throngh all layers. Each echo waye




system if it is enployed directly in the deposition solution. In this
case, the wepguWseT4ENt techni que coul d be referenced um|¥%ﬁas¥%§% 4 4 204k
with simlar solutions without wafers to subtract out the contr #Y on of
the liquid to the measurement result. Such a 20 reference tank may al so be
used for determ ning the properties of the solution. This could be achi eved
by enploying a reference tank which is not used for processing. Fig. 1
shows two schematic cross sectional vigws of sem conductor wafers with
different layers, illustrating the present invention. Fig. 2 is a cross
sectional view of a plasma etch chanber, illustrating a system according
to the pr ind ' Gl ' uct or
wafer 12 founhik RGP L chgher ik SEAORHeEn properef 1his G BRBRNS Lo
of Fig. 1 cheegesiemeasnerlivy e sac@nd taseipmiues.cfhese pebopmdsestmayehe difdred t he first
time. The 1.C ctor 12 has a | ayer that .is to be renoved b pl asma
ot ohi ng. - ARER PETER ISP purtd o Bty sPBBE, At 10 vion e peon Y BGA: b <

st ruct ur e sofpfvaie@alyais ©F thtQigh#l dvRbéttsahdBhe boRveeiSomd sbAGRtidandfechdie | ayer 10
a first laser pulse 14 is .30 projected. Thereby, an acoustical wafer is

gener at ed Wiye detschpaminionp aseurpgdilaythickness ydue. Ml lazr 6ibs 3tagks-canbe/ 04/ 2006-
PCT/ US02/ - AS: DILOJ .Surface.16, and it
is refl ectyéegggﬁ%%ﬁ%lgﬁ) ZE aseg)P gigu‘?@ ]eIB é%{a%gé&%%tgg%{’@sg%hn&uﬁése t he
rﬁfllectiomlgcabpﬁlhepﬁssﬁhhg" esnm?sm&@h alquéﬁlm&géﬁ dcﬁ@ixe@b ddnaﬁvﬁéiehétfcclmﬁiﬁn' 0 ess of
the layer 10, the thickness. o e layer 10 may be deter- mned by

measur i ng?¢ AEaEsd %E%C?ﬁh %ﬁ&wgﬁ'@x» theatrg beamgan be mpyed to mpltiple Jecations; ch
prfocess chapiaghe Fafabd Meuid RN wferh oﬁﬁ‘%‘y.fi rst laser pulse, a w ndow 38
for the incom ng second | aser pulse and a wi ndow 40 for the re- flected

secoRd | aser plhedespdbdddeqhnigue twy be weediormeasarehestbivhness of filnodapss- chanber
the plas; 4 .15 established.. e toth t - an, i n-situ neasurenent of
the t hi cRRs b arLiRe: 1 5 RS YE ms ke g Hirub Bl in Bl o cdF R ne et hod
for pl asningglaitgehasia sudhs @6ed Bdh ERcirySlatingil paf&afed\or Bxansle Wit hout

topographal. The method elimnates the need for test
epositing each wafer individually by immersing in a solution and applying electric

cuerent. The measurement technique can be implemented when the wafer is removed
15 from the solution. Based on the measurement results, additional depositions can be per-
formed. The system according to the present invention can be used as an endpointing
systern, if it is employed directly in the deposition solution. In this case, the measure-
ment technique could be referenced using a separate tank with similar solutions without

wafers to subtract ont the contribution of the liquid to the measurement result. Such a

20  reference tank may also be used for determining the properties of the solution. This
could be achieved by employing a reference tank which is not used for processing.
Fig. 1 shows two schematic cross sectional views of semiconductor wafers with
different layers, illustrating the present invention. Fig. 2 is a cross sectional view of a
plasma etch chamber, illustrating a system according to the present invention.

25 In the upper part of Fig. 1 a semiconductor wafer 12 is showa at a first time dur-
ing plasma etch. In the lower part of Fig. 1 the semiconductor 12 is shown at a second
time, after the first time. The semiconductor 12 has a layer 10 that is to be removed by
plasma etching. A further structure 56 is provided on the layer 10. Below this structure

_ 56 the layer 10 is maintained. On the surface 16 of the layer 10 a first lager pulse 14 is
.30 _projected. Thereby, an acoustical wafer is generated due to heating of the surface 16. A




wafers and errors associated with targeting deposition tines on unpattened
waf er s ver-w(?btﬁ spafers with topography and features. Another acRibe\bl 2006
measur ement. T 6ArUre is the profiling of side wall deposithGHUSI31630
chanber. Al so, processes that renove a cer 15 tain portion of a filmlayer
whil e stopping in the sane | ayer, such as recess etches, could benefit
fromthe nmethod and system according to the present invention. - The
acoustical wave netrol ogy allows neasurenment of different opaque fil ns,
such as netals, individual oxides or dielectric filnms, and on fil m stacks
~consisting of oxides and netals. The sanple area could be chosen precisely
using a pattern,recogni. .20 tion system or scan_area. Photagresi st
selectivitﬁm%ﬁgﬁﬁma?@%lﬁésﬂﬁﬁWFg ?ﬂ“%@%ﬂaﬁﬁﬁﬁlsﬁﬁk? Thedeflaciednm et ch

_ pr ocessi ng jask¥ SIRSRRay I HetbcRa, SREL fHegehdAok g;%g&%ﬂaﬂgéﬁhﬁﬂﬁees‘urﬁw e of

measur enents, such as triggering overetch st f'or endpoi nting, or
reduct i on dFpeng opahasthiskeess of dik dayerl @ thathickoesa ofthe Vayep i@ viay de detepv al

targets. Fh'g]EE j : ' we rocessing tank 42, illustrating a
system accor |dﬁajrﬁ%§m§§cﬁ{%§%§é§eﬁ@?mﬁ8h. In a wet processing tank 42
“a plurdity of Indfigr2saniilasint a¢h proodss eBhman BY wii e wihddvwa 86 €ovBé st ladet | S

noni t or ed ﬁ)ﬁ t he g%)stg and nmethod according, to_the present invention.
- w3t

Through a HHRHAEW! oF &1 ingaring senoad lager gulsespd p apdaw 40 farfke ref st waf er

12. Thr oughe AaPdcREHA 14deP i L i ' o&gé LS pro-
jected. Both | aser pulesggggrr%gls (5 p?%‘fg‘g?%%&g‘rbgdr@nggﬁe@?%en asg%lgthliz, 24.
Al-t er nat i vilagma 3Dis establishédy Pme-tp tHessesugd, 4n id-Sinnayashenpanef the ddcknessoft he sane

laser and l%gé/elr t.ed b]%g a beam . WD 03/038374 -8 26/ 04/ 2006 PCT/US02/ 31680
splitter. THE 04 PBHPLY second | aser pul se 20 propagates through a third

W ndowo40 or  VItRWeRfibéd mkirdrient SnctiRlT6r Rdkrerch ARLMEEAS d&domelit®. 4 IS a
top view on a wet processi 21‘% tank 42, illustrating a further system ac-
weine

cordi ng t OVRIKENSFeas with apd, wigppographyhTke method plimingtss theplead &iritesy of wafers
12 is arrapged ' ' .42, ver [ hap..one waf er
12 can be noni tagég%. S gggcﬁ?lﬁré}@%ﬁ?%e{s}?g %e%%glg?? %m%%é’eu%fttsrgn%d%a&e;%}r%— 46 are

used to tmsaswafers witletopagrephybmmifeathires, Another achievable measurement feature is

‘the profiling of side wail deposition in the chamber. Also, processes that remove a cer-

15  tain portion of a film layer while stopping in the same layer, such as recess etches,
could benefit from the method and system according to the present invention.
- The acousffical wave metrology allows measnrement of different opaque films,
such as metals, individual oxides or dielectric films, and on film-stacks consisting of
oxides and metals. The sample area could be chosen precisely using a pattern recogni-
*«) 20  tion system or scan area. Photoresist selectivity could also be monitored in real time
during the plasma eich processing. Processes could be modified to respond to the re-

~ sults of measurements, such as triggering overetch steps for endpointing, or reduction

| in parameters to slow etching to achieve precise removal targets.

Fig. 3 is a top view of a wet processing tank 42, illustrating a system according
- 25 to the present invention. In a wet processing tank 42 a plurality of wafers 12 is ar-

- ranged. Only one of these wafers 12 is monitored by the system and method according
to the present invention. Through a window 36 a first laser pulse 14 is projected on the
first wafer 12. Through another window 38 a series of second laser pulses 18 is pro-
jected. Both laser pulses may be projécted from different lasers 22, 24. Alternatively,

30 the laser-pulses 14,18 may be generated from the same laser and diveried by a beam..




18, 20. The functional block 30 may operate as a |l aser, so that the first
1aser pul sewg@zgsve proj ected fromboth sides on the vvafers,l%&. 260442006
transm ssion of the second | aser pulses 18, the funct i ondCTHYV¥RISH
operates as a detector for neasuring the reflected 10 second | aser pul ses
20. Fig. 5is a side view of a wet processing arrangenent, illustrating a
system ac- cording to the present invention. A boat 50 containing the
wafers 12 is renoved from the wet progessing tank 42 in order to performa
met hod according to the present inven- tion. A neasurement system48 is
provi ded that can be noved over the wafers 12. Al 15 wafer |ocations can

be neasuregd.,, |t i 0ssi bl e to.project the first |aser am 14 from
ot I o; dogoid T Te AR BOR AR Bulsf 28 hlefies oButh  Bipd Wty BABEL T o o
| aser  sowievepdtfandinth ddistedly £adiedofnd. ses 20 are detected by a detector

30. Additional %é a N2 supply 52 is provided for drying the neasurenent
area. The wet t§ot 1S PRV et Brocessing tankdey illpatmting @y &Ydemact o

Figures 3 ; 2 g | : . 5Ld.Qg : s vy of

ol ds. - TheoSir o 8 pRsEnGh Bt RANSH A ARAAINELSR PRl Y T
sol ut i%onsint heet prenessing wink A2 filowerer) myre timnahe wafertl@ichmbe fmooiterehelonaf er
surface. |t.is ,possible. t rovide a reference by a separate tgnk using
dei oni seda'%’ﬁvf%ta_eqn%bg%ﬁ?rag llmﬁfﬁfsz{ﬁﬁée‘@ﬁaf‘ﬁrﬂffﬂl e?ﬂse%‘?@mﬁﬁ%’yi d to the
meas- ur en& 0, Tivddhdtonardibok 30 Bty lobstie@s B!l@éi‘?ééihﬁﬁt_he%'l'as@ﬁglﬂ@ﬂﬁaﬁyg can be

measured with ref 25 erence to the ' DI water tank with no wafers inside.
Thi s coul o Beiceiedh &om hath sideson thervsaders d drfRuriig aanemission ob theseesdises ol ut i on

ubl ch 9085001 SAORALAMRLELE Sl 41 haedror HRESLERIpERGSEP 1O, - e

si gnal i nformation n-a processor as eference.”
meas e mesetomiflasehpulbds@O. d properties may be used to determ ne the
conposition, Lor. .exanpl e the concentration of the etchant or acid. WO

03/ 038374 -9 PEFPIERANBEIEA Oba Webpigeqssigs aanegmants fHstrafing » SYFteB a6 f f usi on
tube 54 idokdifdfohd pdsche eplchii. Kok SULAAERRG thd PSkoh A SorkbB Hdkn | NVENL 0D

3, &
In a quartz fusion tube 54 a plurality of watfers 1s ar- ranged. The
| aser bedhewelmzoatssing taskl 42im ordyh tepegfoem tazndtlust acddrdingdolte presenpinget6, sini -

tion. A measurement system 48 is provided that can be moved over the wafers 12. All

15  wafer locations can be measured. It is again possible to project the first laser beam 14
from both sides on the wafers. The second laser pulses 18 are projected from a laser
source 28, and the reflected pulses 20 are detected by a detector 30. Additionally, a Na
supply 52 is provide;d for drying the measurement area.

- The wet tool arrangements that are described with reference to Figures 3to 5
:) 20  preferably use wet solutions consisting primarily of acids. The system and method ac-

cording to the present invention work in solutions that remove significant layers of ma-

terial from the wafer surface. It is possible to provide a reference by a separate tank
using deionised (DI) water to subtract out the contribution of the liquid to the meas-
urement. Additionally, the liguid properties, such as density, can be measured with ref-
25 erence to the DI water tank with no wafers inside. This could be done with a reference
tank of the acid or etchant solutjion which does not contain wafers and which is not | .
used for processing, the signal information being stored in a processor as a reference.
The measurement of the liquid properties may be used to determine' the composition,

for example the concentration of the etchant or acid.




larly to the enbodi ment according to Fig. 4. Also the arrangenent of the
laser sourwew3fsds 30 and the detector 30 is sinilar to the ReARERER0 ST
t he enmbodi nent according to Fig. 4. Also in the case of diffuslion process
technol ogy, the system and the nmethod ac- cording to the present invention
work on areas with and w thout topography. The in- vention can be applied
on all filmdeposition diffusion processes. Additional informa 10 Lion

‘besi des the thickness woul d be the camposition and density of the filmor
the indi- vidual layers of a filmstack. The nethod according to the
present invention elimnates the need for test wafers and errors
associated wth: t Y. deRosdited ' : -fmqﬁé ers versus
products, | eﬁ\%/a(?{es%gé%?ﬁ topo%%%%y&gﬁéwggﬁqngg T ertsﬁgb@t%}ﬁgéé%%ccordi ng

- to the priggothd pesent inventianIibae queetzidififusio thbeoi 4 pluialicy of wdesds e t he. diffu

15 sion tube ithin the tube in a shiel ded aratus., T les of
stacked wimerd Toe Rsersens e pctied el L mimeciont Bevid ! B Fa S0 o by
syst em MOKERRA thelefbidBIth&H: BcdFBRS ¢ BIFEN IAIsdie 2@ Rement off the BBdrebyrcad | waf ers
if desired. "It is also possibleto perform a correlatjon fromoutside the
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according to Fig. 7, illustrating a process 30 step of a nethod according
to the priattesed waleshversns praduats, de. walers withdppngraphy ppe fgatires d8¢ maog3/ 038374
-10 according to the present invention can be performed from inside or outside the.diffu-

15  sion tube, or within the tube in a shielded apparatus. The edges of stacked wafers can
be measured. The system can be angled or scanned by system movement to perform
measurements by zone, or ultimately all wafers if desired. It is also possible to perform
a correlation from outside the tube to subtract out the effect of the diffusion tube by

. using a reference signal appfoach. For rapid thermal processes (RTP) the lamps can be
““) 20  switched of for the measurement, before the process is determined. An additional depo-
sition can be done before the processing is completed.
Fig. 7 is a side view of a chamber 58 representing a chemical vapor deposition
chamber or a plasma etch chamber, illustrating fusther systems according to the present
invention. Inside the chamber 58 a reactive gas 60 is provided from a shower head 64.
25 A chemical reaction product that is generated in a gas mixing area 66 is deposited on a
wafer 12 located on a pedestal 62. The gas mixing may be plasma assisted. In addition
to conventional chambers, windows 38, 40 are provided, the function of which is de-
- scribed further below. ' '
Fig. 8 is a side view of a chamber 58 according to Fig. 7, illustrating a process

30 step of amethod according to the present invention. A first laser pulse 14 fron__; alaser




PCT/ USO?r/ 16A4 12 0 O 6 source 22 reaches the wafer 12 through a port (not
'shown) in weesbsawer head 64, thereby creating an acoustip@my@éé 4/2006
according to the present invention. Fig. 9 is a side view of a chanber 58
according to Figures 7 and 8, illustrating a further process step of a

met hod according to the present invention. A series of second 5 |aser

pul ses 18 froma | aser source 24is projected on the wafer 12 through a

wi ndow 38 in the chanber 58. By neasuripng the reflected | aser pul ses 20
that reach a detector 26 through a window 40 in the chanber 58 the tines
of reflection property changes of the wafer surface are sensed. Thus, the
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the present 1nventli Is a side view of a physical vapor
deposi@ i on spuFigelO ishesidrevie® ®f aphysichl vipeg deposkiogP¥P) sputignehamber 68,

Il lustrat] a. further process ste f a met.hod . .accor.di pr esent
nvent | ontlieging ber GHEREoiEe e ierta v BEaoud R Eliter g "t b
refer- 25:10akRr 69 apldma34 iﬁ(;)ﬁvid%@. Tofis 70 Foklqhe/plavindl4 aribe geestaiehbaber 58,
68 and a transfer chanber 80, il- lustrating a further Séis,tem according to

t he presedaposifpdeanditbmsputtaeed sresel d2ds depapitask orglie wafsg 72.Jn agdition 3 czanpl e, a
CVD, Pl asyRiGha v YRieeP bndilers DAMRSHs 386 a3l S¥idet’ tldFfinction of which is
15  described further below.
Fig. 11 is a side view of a physical vapor deposition sputter chamber 68 accord-

ing to Fig. 10, illustrating a process step of a method according to the present invention.
A first laser pulse 14 from a laser source 22 is split by a beam splitter 74, reflected by a

mirror 76 and a mirror 78, respectively, and it reaches the wafer 12 through a window

20 38 and a window 40, respectively, thereby creating an acoustical wave according fo the
present invention.
Fig. 12 is a side view of a physical vapor deposition sputter chamber 68 accord-
ing to Figures 10 and 11, illustrating a further process step of a method according to the
present invention. The process step is similar to the process step described with refer-
25 enceto Fig. 9.
Fig. 13 is a side view of a process chamber 58, 68 and a transfer chamber 80, il- >
lustrating a further system according to the present invention. The process chamber 58,
68 can be, for example, a CVD, plasma etch, PVD, or RTP chamber. The wafer 12 has
been extracted from the process chamber 58, 68 by a robotic handling system 84. Thus,

30..._ the measuring method according fo the present invention can be performed outside the




been extracted fromthe process chanber 58, 68 by a robotic handli sgstem
84. Thus, b e3msegraneasuring nethod according to the presegt ﬂgéggi

be perforned outside the WD 03/038374 -11 PCT/ usO?E/ qf 6n4/ 2006 process
chanber 58, 68. The first |laser pulse 14 fromthe | aser source 22 and the
series of second |aser pulses 24, 26 fromthe | aser source 24 are
projected through the sanme w ndow 82 or view port. Also the reflected

| aser pul ses 20 reach the detector 26-1through the same wi ndow 82. There
are further enbodinents within the scope of the 5 present invention in

.whi ch the transfer chanber conprises nore than one wi ndowfor the distinct

laser pul Sﬁﬁ)ces-E*&ﬁﬁuﬁbé}r% 8% VI8fe Hrst MAYARNROCSéR R 186br bSlrdd 12 MUK fifdes
measuri ng sg em and nethod according to Fig. 13. Many systens already

-have vi ew endolasaripalses 2th 26 dom thi dastrnous® 24 Ray prejeatiep twoughithe sammssi bl e to
use one of Hﬁﬁ%i’éﬁﬁ’e@%ﬁ Aﬁgﬁitelréﬁ}?icfdcﬁst gB%lsés(ﬁotr #ﬁhé)tﬁ ?e%?o?- Gchanber s 58,

68. Further, no conplicationsS occur nterfterence o
measuri ng tﬂmugh&heasmhdhmdowcsae’ﬂ&:e %mmbmbbﬁlmmf\ﬁﬂuﬂﬂae@mpehétﬁeept in

vacuum. so that re-processin SI ble. Addition usip the
movenem s BFSsbHyent Ib‘BbéP ‘ili‘g ﬁm@’?fé:oﬂﬁ’ﬁ’é?slfemﬁ IOPFIBX

acr oss- waf@e diRhéQhdtk biis&an be rreasured Fig. 14 is a flow diagram for
illustrating a nmethod according to the present in- 15 vention. In a first
step SA a firskhereasreseysmladvintagps rsjaert todheoexiemal mustﬂrmwysiﬂmamﬂayer on a

sem conduct fer .eb he surface i.s. | ocall eat

asoust i cal %géggcfcgrdz&%ﬁgéxgt ]é’dﬂaﬁ@' g%ifg{q %Pa‘(ﬁa‘@%wé? Qfg‘ﬁ S?‘T’{r ough t he
Layer and dhamparto, Fot ¥xanflid, 9GS pobsle toiudé Bhd S¥aBsse vitwSirtldbfions Sorlayter s-  The
echo t hat retur ns at the surface of the lil)Bper | ayer = changes the reflectlon-

propeffy dle pracess chambary 5% 0§ furthst, sepemplipations pecaE dvee ap inprderence ofy 20

t S02
Z e(ranpc ond ugﬁr %\g/a Pﬂg.%YlBéj Sste ﬁ@g@{@g&%&?ﬁ%ﬁ%ﬁ%& opie)??‘&t%anges are
sensed by sole we-progedshe is ptbdsﬂ)@et addisienalhy by lusiag thentibeaeatslof rabioe pteﬁﬁhi' t he

t hi ckness of t ferm ned by anal yzi the ti reflection
property &P ggf AT Y AR q;?ﬁn 8 of
particul ar St r et UA9Sa 166 HidpRain for illustrating a method according to the present in-

15  vention. In a first step SO1 a first laser pulse is projected on the surface of a layer on a

semiconductor wafer. Thereby, the surface is locally heated and an acoustical wave is
generated. The acoustical wave propagates through the layer and is partially refiected at
interfaces to neighl;oring layers. The echo that returns at the surface of the upper layer
changes the reflection property of the wafer. In order to sense the reflection property, in

20  step SO2 second laser pulses are projected on the surface of the semiconductor wafer. In
step SO3 the reflection property changes are sensed by measuring the reflected second
laser pulses. In step S04 the thickness of the layer is determined by analyzing the times
of reflection property changes. |
While the invention has been described in terms of particular structures, devices
25  and methods, those of skill in the art will understand based on the description herein
that it is not limited merely to such examples and that the full scope of the invention is
) properly determined by the claims that follow.




25 and net hods, those of skill in the art will understand based on the
description herein that it is not linmted merely to such exanplRés’ &hd 201k
the full scope of the invention is properly determ ned by the clains that
foll ow. 26/04/2006 -12 Clains 1. A nmethod of determ ning a thickness -of at
| east one | ayer on at | east one sem conductor wafer, conprising the steps
of . projecting a first |aser pulse on atxsurface of the at | east one | ayer,

t hereby generating an acoustical wave due to heating of the surface of the
at | east one layer, after a propagation time of the acoustical wave,
projecting a series of second |aser th%gs on the surface of the at | east
one | ayer, neasuring reflected | aser pﬁ?ses of the second | aser pul ses,
thereby sensing it he Akiet8 ofetdnfihing & iHiRRes8 LOR REUBnEBARGR 5t 1945t Sdae surface of
the at | east one layer, and determ ning the thickness of the at |east one
| ayer by arfgnigotidaeiortwater.icompisingftherstdpsettti on  property changes. 2. The net hod
according to claim]1l, wherein the first |aser pulse is generated by a first
| aser source, aR@efReadestipses Pyse ancryifacd ohthe at Ipast ensdaves theeshe pereetindy a
second | aser source._3. The nethod according to claimi1, wherein the first

| aser pul se and the ansaé;?lfsg%a"g Vesdg?,g) aﬁ'rﬁé’éﬁhgﬁ‘ﬁg‘%ee%“ '*§¥RBT at ed by t he
sanme | aser source. 4apefhe nmethod according to claim1l, wherein the first

| aser pul se and the series of second | aser pul ses propagate on different

| i ght pat hs bet wéerr poopsgatiorcimeadfthed deeustital WaRSHrojedinga @IS 65ResHalREr Waf er . 5.
The met hod according to claim1, wherein the first |aser pulse and the
s%eji es of second | aPdpespiithassirfarembiigat leasdonedaysent i al |y the same |ight path

bet ween a source and %h? qt | east one seni conduct or wafer.
measuring reflected laser pulses of the second laser puises, thereby sensing the

times of reflection property changes of the surface of the at least one
layer, and

determining the thickness of the at least one layer by analyzing the times of reflection
property changes.

2. The method according to claim 1, wherein

the first laser pulse is generated by a first laser source, and

the series of second laser pulses is generated by a second laser source.

3. The method according to claim 1, wherein the first laser pulse and the
: g\) series of second laser pulses are generated by the same laser source.
4. The method according to claim 1, wherein the first laser pulse and the

series of second laser pulses propagate on different light paths between a source and the at least
one semiconductor wafer.
5. The method according to ciaim 1, wherein the first laser pulse and the

series of second laser pulses propagate on essentially the same light path between a source and

the at least one semiconductor wafer.




