WD 03/ 038374 PCT/ US02/ 31680 -1 METHOD AND SYSTEM FOR DETERM NI NG A

THI CKNESS OF A LAYER Field of the Invention 5 The present invention
gener al | ywoaBassss4t o a net hod of determ ning a thickness PpafT/imod/anes on a
sem conductor wafer, and nore particularly to a nethod of determning the
t hi ckness of opaque | ayers. 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 several sem conductor wafer
processing techniques in which thin Fay 15 ers or filns are deposited
and/ or renoved. These techniques could be inproved by the know edge of the
| ayer thickness. Frequently, optical techniques are used to determne the
layer thi Mifﬂ-‘i D KRHPYYSTEMSOR DEAHRMIRING A /WHIUKNESS ORASUAVER

t ranspar ent ayers. For exanple, electroplating is an enmerging 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 process control nechani snms incl uding
deposition term nati on. The pr gEegsfis hygaitioal |y perfornmed with tined
process steps which does not guarantee a deposition with accurate

t hi ckdess. 25 As anot her exanple, plasma etch tool technology is currently
limted by en a5 8¢hitthekd | M

t hi ckness tar Sre‘%"'?&%&%‘{ %ﬁeﬁg%%%?ﬂ p%l%tﬁ%t%sar}%stgga 6?%%%@t§rret hods are, for
exanpl e, afmtlapalon@masrﬁccmdustpewaﬁenan«bpyxfe particularly ta methed @€ detpramriniige based

| t Furt
Gocr casi e HieknsRs of GHats ooy THsrergainy@hion it e Ol ysfipfor ' ©
determ na&ét&ﬁumﬂ@a%cﬁ%@ éfta BG3Y ddShi3d &l ctor #afer.
10

Background of the Invention

There are several semiconductor wafer processing techniques 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. |
For example, electroplating is an emerging process technology being used to fa-
20 cilitate the deposition of copper films to integrated circuit structures. The technology of
electroplating is currently limited by the lack of process control 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 currently 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.



Al so wet tool technology is currently limted by endpointing schenmes that
are not directly based on filmthickness targets. Also in this case, tined
nmet hods bweed/0sss74 previ ously run test wafers are used. Si mcrardoy3ie8n

di ffusion process technol ogy, indirect nethods are used. Also in 5 this
case, interferonetry, or tinmed methods based on previously run test wafers
are em ployed. Further technologies in which the thickness of |ayers on a
wafer is of interest are chem cal vapor deposition (CVD) and physical
vapor deposition (PVD). Also in thes2—processes, the current neasurenent
technology is limted by a lack of control 10 mechani sns. The present

i nvention seeks to solve the above nentioned problens by provid-' ing a
new net hod and,;a, WemosYRLIRMIdey s &ittdnab imitatbyapapsiatiad heaesthai aéng a
thickness of a |layer on a sem conductor wafer. 15 WO 03/0 %%4

PCT/ US02h316i8@:ly basar srefilnDiicknpsstiirgnts ohlse i this eage-rigaedanethods hagedian ¢ wo
schemati c cr.osi se(‘%t itona%rs\élieql\é@ of sem conductor wafers wth different
layers, PITESPRatHE e 'priésent invention; 5 Fig. 2 is a cross sectional
view of a pl asymiledyin atffusiuerprodebd testirobdgyn indivestysethodsraraesedr flsadnt o t he

present invention, Fig. 3 is a top view of a wet processin a _

i |1 usbr athisgass, %f@ﬁmﬁ%&ra‘mefémi%@ist BSEI%HE’ IHF‘élggﬁi’ TGy %r%; . 4is a
top view ved et processing tank, illustrating a further system according
to the ptpegent invention; 15 Fig. 5 is a side view of a wet processing
arrangerent i [Huntir wthaedogiestinmbicdy the hickness efdevsreipmg Waker dgf iBfeEsskbnt

' nvent! Or;fre chemical vapor deposition (CVD) and physical vapor deposition (PVD). Also in
these processes, the current measurement technology is limited by a lack of control

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



Fig. 6 is a side view of a diffusion tube, illustrating a further system
ac- cording to the present invention; 20 Fig. 7 is a side view of a chanber
repr esentwog@3s@ssshemn cal vapor deposition chanber or a pl Emassez/atsschanber,
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 process

step of a nethod according to the present invention; 30 WO 03/038374
PCT/ US02/ 31680 -4 Fig. 10 is a side view of a physical vapor deposition
sputter chanber, illus- trating a further system according to the present
invention; Fig. 11 is a sidgriM BNc@btica dFMSDaainyApor deposition sputter
chanber accord- 5 ing to Fig. 10, i1llustrating a process step of a nethod
according to the present invention; Fig. 12 is a side view of a physical

vapor deposi tof SPU! Likhy ¢ RATDEE 9&0&;& selyithat Diefik BF e uBRM whiors

illustrating rt her process & ep o od according to the present
invention; Fig. 13 is waitlsdiffercvit Ryersfillastjatiog éegpreseaningentimg a t r ansf er
chanmber, illustrat- ing a further systemaccording to the present

i nventd on; and 15 Fig. 14 is a flowdiagramillustrating a nethod according

to the presenfoif- ventiepss E&h@ﬁah%{éw[&?epﬂlhd%d&alg{mﬁeeflﬁﬁgtﬁdngabysil nent s

According to tﬁe present 1 nvention, a nethod of determ ning a thickness of
at 20 | east one Iayertem@tcvzmdlagt(b@a@tesmtén‘s@ﬁtp@onduct or wafer 12 is
provi ded, conprising the

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, illustrating a further system

according to the present invention;

15 Fig. 5 is a side view of a wet processing arrangement illustrating 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;

20
Fig. 7 is a side view of a chamber representing a chemical vapor deposition
chamber or a plasma etch chamber, illustrating 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;

30



steps of: - projecting a first laser pulse 14 on a surface 16 of the at

| east one layer 10, thereby generating an acoustical wave due to heating
of the suwbacw®3ssés of the at 25 | east one layer 10, - aft@cTaipr/sepagati on
time of the acoustical wave, projecting a series of second |aser pul ses 18
on the surface 16 of the at |east one layer 10, WD 03/038374 PCT/ US02/ 31680
-5 - neasuring reflected | aser pulses 20 of the second | aser pul ses 18,
thereby sensing the tinmes of reflection property changes of the surface 16
of the at least one Ilayer 10, and 5-4-determ ning the thickness of the at

| east one |l ayer 10 by analyzing the tinmes of reflection property changes.
According to the present invention, there is further provided a systemfor
deter- mni Ngigd 10 hi ckpas§dd¥ierlof h pa§dicd Repdralpssitich sputtatchhmbst, ilhize

sem conductor wafer 12, 10 conprising neans 22, 28, 30 for projecting a
first |aser pulse 14 bating afirihaceystes srordingiothe Presedf YRRy er 10, t her eby
generating an acoustical wave due to heating of the surface 16 of the at

| east one layer 10, 15 - nmeans 24, 28 for projecting a series of second

| aser pul sesFiB10n t his sside vibwof a physal vaporalepositian spyrer dhayder agord- neans

30 for measuring reflected.|l aser, pulses 20 of the.s ng | [ pul ses
18, thereby sensing tthtf’%ﬁ%360‘ﬁlu$téaftﬂn§@tﬂr8‘f?siﬁt8%8ﬁ"fﬁgﬁﬁgﬁﬁg’zﬁgg%(?he sur f ace
16 of the at |east ogpg Aa¥efinkhtioand means for determ ning the thickness

of the at |east one layer 10 by ana- lyzing the tinmes of reflection
property changes. 25

Fig. 12 is a side view of a physical vapor deposition sputter chamber accord-
ing to Figures 10 and 11, illustrating a farther 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 present in-
vention.

Detailed Description of Preferred Embodiments

According to the present invention, a method of determining a thickness of at
20 least one layer 10 on at least one semiconductor wafer 12 is provided, comprising the

steps of:

- projecting a first laser pulse 14 on a surface 16 of the at least 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 time of the acoustical wave, projecting a series of

second laser pulses 18 on the surface 16 of the at least one layer 10,



Acoustical wave techniques use a first |aser pulse to produce a fine spot
of in- stantaneous heating on the wafer surface. This produces a |ocalized
sound wavwotoamss37pr opagates through the filmlayer. Wien aaTiustpsfeace i s
reached, a partial echo signal is returned. A portion of the sonic wave
crosses the interface and it propagates through 30 the underlying film

| ayer. This process continues through all |ayers. Each echo wave WD

03/ 038374 PCT/ US02/31680 -6 returning to the surface changes the surface
reflection property. This reflection-yeperty change is neasured by the
second | aser pul ses. These probe pul ses may be diverted fromthe first

| aser pul se by a beamsplitter. After detection of the second | aser pulses,
a software anal ysigeflrihfRIet@AMscLAINRAD HtEsctoiE adze bulse] 8 thineby
generation and echo 5 wave detection into an accurate filmthickness val ue.
Ml ti - | aysspsing the Emazrigefention @ronesy sheges Pﬁﬁie\ﬁllﬁer&ﬁiﬁwf@?e 4ileAst P3fheousl y. An
inportanthgayﬁp%g?e of this technique is related to the possibility to
measure opaque’TiImlayers deposited on a wafer that cannot be neasured
optically. Additionally, the |aser beam can be noved to nultiple |ocations

across the wafer to_neasure w thin-waf.er iform.ty. Th scri bed
t echnidque may be us%ﬁe%nlﬁﬁg?t}i‘@({‘?fé of ﬁ?e@lﬁ ﬂe@gtsongfla)%f Il‘f:}ngy 8%33823& ﬁ{eed by
el ect r opl @ bogs refibctich ROSSyUhengd. measure the filmthickness in solutions
conpris- 1ng plating materials, such as copper. Such electroplating is

performed, for exanple, by depositing each wafer individually by imrersing

in a solution and lyi lLectric. Cur g t ni que can
be i nmpl enent edg\ﬁﬁgﬁﬁéﬁékh% er l%i 1%15%1%1ﬁ8vfefl§fe‘%ghﬁh§p %O@Eglsgé{?gr?lt %&agigd on the
measur enefinine s WhicBnesa 8t léaon@le leppdsioni 20 fenstomme semicpeductdrovafedl2, The syst em
according to the present invention can be used as an endpointing system

if it1d s emPBYBY directly in the deposition solution. In this case, the
measure- nent techni que could be referenced using a separate tank with
simlar solutions without wafers to subtract out the contribution of the
liquid to the measunmenssl2, 28530i for p®jesting afigstleseepdsrckt emarurfagy 181950 be used

for determni the properties of the sol utio j hi eved by
enpl oyi ng™% & gef%étr %t}?(:lgy T Qﬁkth%ﬁﬁ% ﬁel?egaﬁﬂ]@t s 8%?%1?%1?3%6 o%g g gogii.llénagng of i
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 property 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-
lyzing the times 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 through all layers. Each echo wave



Fig. 1 shows two schematic cross sectional views of sem conductor wafers
wth different layers, illustrating the present invention. Fig. 2 is a
Cross secwpDanaBs3vi ew of a plasma etch chamber, il ustratiPeg/s0yyssEm
according to the present invention. 25 In the upper part of Fig. 1 a

sem conductor wafer 12 is shown at a first tinme dur- ing plasma etch. In
the lower part of Fig. 1 the sem conductor 12 is shown at a second tineg,
after the first tinme. The sem conductor 12 has a layer 10 that is to be
renoved by plasma etching. A furtherStructure 56 is provided on the |ayer
10. Below this structure 56 the layer 10 is nmaintained. On the surface 16
of the layer 10 a first laser pulse 14 is 30 projected. Thereby, an

acoust i caletRing o i sefaes diargksdhiesurfach exftection plopertye Thisrrbfeation roperipO
03/ 038374 PCT/ US02/ 31680 -7 second | aser_ pulse 18.is prajected . on the
surface 1®angni measpred byfhesepens lasey é’u}%ﬁ- | Rheseayobg pisss Ioéee&%geﬁ’ay be

det ect ed'fr(ﬁtﬂﬁgfﬁslﬁfast&ﬁﬁdlﬁ% | OBLaRT QRGEL W e @B thd R cond adk Pulkés, adepend
C e |la

on the thickness o yer 10, ‘the thickness of the layer 10 may be

det er - mi sofcvay amedpsisiof thesighad corfdriedhd tme peoyren squndiggagradon md echpi g 2 an
pl as etch process .chanber 32 .\t Wi D £ | er pul se,
a W ndow ‘§%VEF‘5> ec?‘ﬁé‘ I?W@Bﬁf%g{gélx%ﬁﬁ‘c aessgyggé\"ll\gigmal%%ﬂ%Sfrt%gsv(g%@e?or the re-

flected sgepneed BaRidualy sesidfithseonslovAdeapoiidt hivantdge opthaswehmaqueis pr ocess
chanber the @FI asma 34 1s established. Due to the ,%%t-up,afan in-situ
measur enefslated torthe possitiliyde meayure ppagae il laversdrpesifdon o yatehalealppl peg

measur ene | AR, o Whé @%b&f daf bE ESIVED RFmuRiplWEKAR ar eas
wi th and %P%g%u?&f%%%élrlgﬁ. %felg’matﬁo ela|ﬁlm' nates the need for test

waf er s angtregsrthe safes so mieaduediwithinkwafer gefdrmgtydeposi ti on ti mes on unpatter ned
wafers ver- su fer, i th.topogr.aph nd features., Another | evabl e
nmeasdri®enent feip%ﬁ%scpseﬂpﬂgu%eép l?eﬁb%g 0 g}easéxr%\ga'eﬁhlgl%nggss{b{&?l{)nﬁ |E6§he
chamber. APy eREPSAMHRS Ili1FdssibRMReadulhe fim tadkhesdh solations comprist m | ayer
whil e stopping in the sane Tayer, such as recess etches, _coul d_ benefit

from the metiaihganaterylstsaph aceapper Sach Jeetrplyingdepriarmedpr gimple. Aye
acoustic ahepvg%ycﬁlg%%}:ﬂ Qvla%g Ynd?\;lh&a\fﬁl b%ﬁ'ﬁﬁgrﬁﬂg it 2 bl Jnﬁraﬁﬁfyh%mc films,
current. 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
system, 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 out 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 Jayers, 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 shown 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 laser pulse 14 is

30  projected. Thereby, an acoustical wafer is generated due to heating of the surface 16. A



such as netals, individual oxides or dielectric films, and on fil mstacks
consisting of oxides and netals. The sanple area could be chosen precisely
usi ng a paptoafss3recogni 20 tion systemor scan area. Phot ®C#4ise2/31680
selectivity could also be nonitored in real time during the plasm etch
processi ng. Processes could be nodified to respond to the re- sults of
nmeasurenents, such as triggering overetch steps for endpointing, or
reduction in paraneters to slow etching to achieve precise renoval

targets. Fig. 3 is a top view of a wet7processing 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

noni t or edsdpnd MeSyBicCTB i BebjeREd\Gthe 86 @@ 1Bgand i0istiBReqitd ThBefiddie@nt i on.
Through a window 36 a first |laser pulse 14 is projected gn the first wafer

12. Thr oulpsermdsendd} may bridsiecier. Sincs thesellgetionguensaty| charges of theesgrfaes 16 pr o-
' d. B \ G ' 22, 24,
jected. | agbnpf@gﬁ% ﬁéﬁ@&% IR erﬁroogl%fiﬁ gﬂlﬁggy 9@1&9 gﬁépf@ﬁfay hageks

Alternativ aser peu1 es 14, 1 nerated fromthe sane
| aser andndnaibyt mdadnying theeafiedion PesEag8HdngeCT/ US02/ 31680 -8 splitter. The

refl ected second ) aser pul se 20 pro ates, t hrough a third w nd 40 or

vi ew port, fand?"f Flgiza‘ag{%é@?&f Wg S g%ﬂjtcbf’li)?i ‘fgg a%f‘ﬂ&mﬁ%gorat‘ﬁ% g‘ﬁ?\i\/\ésglv on a
vet procepaisBth wakwR.fol the sdohfhg BGoAd fabdiifufe afY SAMEE40¢aTtHERY tO the
present invention. In this set-up also a plurality of wafers 12 is arranged

5 in a weflepedseconil fager ptde 240is preyidade Withispthe plasea eiahedrogese phapbeg Hie be

noni t or ed, i Lhi r : ] . dto
Cransn & PHampadd RIS o8 (R SEub R 2 AR BBRRLSET 10
as a | aselayeB 0 idyissiblee first |aser pulse may be projected from both sides
on the wafers 12. Durjng transm ssion of the seco |.aser ses 18, the

. d |
funct}®nal bl odke gescHpet meaureraent method dppplagmg etph chambersisidg g? Pected 10

second | asRfi BHLRES witl and WithoR thfogaptlydEny o bliminlls thE AERAS! RS
arrangenment, illustrating a systemac- cording to the present invention. A

boat 50 covafes ahdgrohessaaifterdsvitiptargsting deposition tites opapeisngsh wefessiery t ank
42 1n or d%llis W9k se\rwftg{o%qogragﬁ}t' QI(IJ(P featares. g'n&gell 2t ISP LRI mb AN ERiire is

the profiling of side wall 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 acoustical wave metrology allows measurement 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 etch 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 projected from different lasers 22, 24. Alternatively,

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



tion. A neasurenent system48 is provided that can be noved over the wafers
12. Al 15 wafer |l ocations can be neasured. It is again possible to project
t he firstwbasmessspeam 14 from both sides on the wafers. TIR€TAS0vsWS0 aser

pul ses 18 are projected froma |aser source 28, and the reflected pul ses
20 are detected by a detector 30. Additionally, a N2 supply 52 is provided
for drying the neasurenent area. The wet tool arrangenents that are
described with reference to Figures 3 to 5 20 preferably use wet solutions
consisting primarily of acids. The sy8tem and net hod ac- cording to the
present invention work in solutions that renove significant |ayers of nma-
terial fromthe wafer surface. It is possible to provide a reference by a

separate sgﬁi@é‘i‘. ThiSIcRBctIE bdhs Eder fAl3e 2BBropaghres sbtigtecthirdutintiéve 40@nt r i but i on
of the liquid to the neas- urenent. Additionally, the liquid properties,
such as dégvepoy, andafis Weteaisd b relgtogfor B0y ef 25 erence to the DI water tank

th ¢ £ine o : ( P
\g‘ci q (r;(r) \g?cﬁ;?tlé' g@% u%p J;Q{xlson%ho&éﬁgpr&?esgﬁg%nlé"@ﬁllﬁstfﬁifngra@ﬁﬁﬁer shy Bl 42 e

t1on whic es not contain wafers and which is not
used for cprdifessthe grestténgingom Inthis eetruptalsom peiality eftwafer 12ds arggséessor as

a reference. The neasure of the liquid ti : dt
det er Ai ndl @t 8%%&&%%&%‘6‘?“&%&%%? Iéh%g‘lt?éle %{rﬁ’ﬁéé:l?tclrag? ¥ g‘?\% (l)t? Ieétd Ezget cgant or
aci d. VDaPFIfeQ@ﬁﬁ”sZﬁ Rz b5 24 348 3hrrorsAeRirusel tb Gamsnsit the 1aseeeants B, di f f usi on

tube 54 illustrating a further systemaccord- ing to the present invention.
In a quarl8z 20 THefsnasionelitjecksaD majoperateias ¢ leser, gathat theifustipser pulie 89y The

| aser beagns are di.rect th t : ! , Sim -
L arty to Heuoefiat oREn sill Phf e Bulfiffedfhidph dELEbR Budd, > 7
| aser sousig®s 18, (B8 fundfomdl bldchS0dpemedsas adltector firmidasuringthe keflegtedangenent  of

t he enbodi nent according to Fig. 4. Also in the case of diffusion process
t echAél ogipcondiases pulses?Bind t he method ac- cording to the present invention

wor §| on are azeﬁ{%.tﬂqis.aa%?dev‘éilf-‘? Q¥h vicP PRIEARIYarrad fndm; illv@RiingA sgasmbe- appl i ed
position diffusion processes. Additional informa 10 tion
besi des tdwedinpictnessenuyehtipe. Abeatchgeotainingthearrcdads renayed fiRE £ | m or
the ind " the wet processing tank 42 in order to perform a method according to the present inven-
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 N>
supply 52 is provided for drying the measurement area.
The wet tool arrangements that are described with reference to Figures 3 to 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 liquid 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 solution 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.



vidual layers of a filmstack. The nethod according to the present
invention elimnates the need for test wafers and errors associated with
targeti ngwoepo3s3rd on tinmes fromun- patterned wafers ver SRSTrSO2BI8G, |i. €.
wafers with topography and features. The nmethod according to the present

i nvention can be perforned frominside 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 angl ed or scanned by system novenent to
perform neasurenents by zone, or ultPrately all wafers if desired. It is
al so possible to perform a correlation fromoutside the tube to subtract
out the effect of the diffusion tube by using a reference signal approach.

For rapid t hegﬁg'a DL ERSEES of RERKusidhaubsspsluaaninge fifhawystehedeafl- f or the
e

measur enent , ore the process is determned. An a ,dit%on | .depo- sition

can be ddngtdibé preserthimveption.dogi qgrty diffusien|tehcet 2 PUplity of WalgISIS gl vi ew of a
chanber 58 representing a_chem cal Aepasat | PGS 46! siRi-Pl asma
etch charfﬁ%gefa' iﬁq]ﬁ§?ﬂ)§?ﬁllﬁaref(ﬁ£ncﬁe§rth§;ﬁ/@?éﬂs accgﬁléf%bd% t he preséent
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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 approach. 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 further 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 from a laser



through a window 40 in the chanber 58 the tinmes of reflection property
changes of the wafer surface are sensed. Thus, the thickness and/or

physi cal wod3wobssm cal properties of at |east one | ayer omCrhsSowafcer
surface can be determined. 10 Fig. 10 is a side view of a physical vapor
deposi tion (PVD) sputter chanmber 68, illustrating a further system
according to the present invention. Inside the PVD sputter chanmber 68 a
plasma 34 is provided. lons 70 fromthe plasnma 34 strike the netal to be
deposited and the sputtered metal 72 i0-deposited on the wafer 72. In
addition to con- ventional PVD sputter chanbers, w ndows 38, 40 are

provi ded, the function of which is 15 described further below. Fig. 11 is

a side V'fgﬁ\écQP% ReRNYSthE ¥aftARARroA SRR Bbit (105t sEEw)iathecihamoehead®daccor d- ing
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Che" pr eocHiter SE ABrere | o biedtickih Bl OBt i The gl EpaRen o) 29 0
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| aser pul a&m&%s Apldsmarbdtiberdvadedr TopnTd Grenpthe plasmp B jstikedbe maebied t he sane
deposited and the sputtered metal 72 is deposited on the wafer 72. In addition to con-
ventional PVD sputter chambers, windows 38, 40 are provided, the function 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 to 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 to the present invention can be performed outside the



wi ndow 82 or view port. Also the reflected | aser pul ses 20 reach the
detector 26 through the sane wi ndow 82. There are further enbodi nents
wi t hin t woasopss70f the 5 present invention in which the Pcansbmsieshanber
conprises nore than one wi ndow for the distinct |aser pulses. There are
several advantages related to the external neasuring systemand nethod
according to Fig. 13. Many systens already have view ports on the transfer
chanber 80. For exanple, it is possible to use one of these view port

| ocations for nul 10 tiple process chdhbers 58, 68. Further, no
conplications occur due to an interference of the measuring device and the
process. Moreover, the wafer 12 can be kept in vacuum so that
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second | aser phhefegraseacis} afvaptases telatedrie the porpal MFasYIHlE YEPAYduct or

wafer. In 3. 1 : of | NG&S nehtEoPBRT@AstBY neasuring
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descri pti g fHeliife dbIad ard! thé Srodésks. MoPdob&d t¥ay £ty 12 endedlepensaephes, and t hat
the full scope of %he invention is properly determ ned by the clains that

fol | ow. W 0Bt B3g9TessPEIs psoible Aediionaliy by @sigigiie movements of robot stepper

motors for the robotic handling system 84, across-wafer uniformity can be measured.

Fig. 14 is a flow diagram 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 reflected at
interfaces to neighboring 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.



1. A nethod of determning a thickness of at |east one |ayer on at |east
one sem conductor wafer, conprising the steps of. projecting a first |aser
pul se on wogB/sssce of the at | east one | ayer, thereby gen®CI/UBozasichy an
acoustical wave due to heating of the surface of the at |east one |ayer,
after a propagation tinme of the acoustical wave, projecting a series of
second | a- ser pulses on the surface of the at |east one |ayer, neasuring
reflected | aser pul ses of the second | aser pul ses, thereby sensing the 10
times of reflection property changes-d2-the surface of the at |east one

| ayer, and determ ning the thickness of the at |east one |ayer by anal yzing
the times of re- flection property changes. 2. The nethod according to
claim1, wherein 15 the first |aser guise is generated by a first |aser
source, and the series of second | aser pulses is generated by a second

| aser source. 3 The met hod_according t.o cla wherein the first |aser
pul se and the lseri &smethod gbdsigrminag ﬂﬁﬁlfl?é%o&r‘ieaéte‘?f?rlﬁeé&n@hf‘ﬂé’ngane

| aser sougegﬁgo%cg'&qyﬁgt leqge ePhdisRgs b claim 1, wherein the first laser

pul se and series o cond Iaser pul ses propagate on different |ight
pat hs bet ween progenlm(gel famidlagen pulsaion h swrdice Otﬁme a denscenedeer dherghy geners, The
nmet hod. according to

of secdnd | aser pul §‘g‘§g ol Bﬁgﬁtéﬁagwgﬁen%ies aikp %iti{’fs‘% %f ﬁig{rgagﬁéfﬁeiﬂga&% E:[ :N:Z n

a source and the afjpjepast one sem conductor wafer. 25 6. A systemfor
determ ning a thicknéess of at |east one |l ayer on at, | east one

sem conduct or WEEk? propagasion simepf o %Pﬁ@@h‘?ﬂvqpﬁfpﬁ%@@éﬁ?}%@(? second@dans for
projecting a first sgls[ﬁ{lsegl&h% Qfrade SHAE CBaPbnd N§eat | €ast one layer,

measuring reflected laser pulses of the second laser pulses, thereby sensing the
10 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 re-

flection property changes.

2. The method according to claim 1, wherein
15 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

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
20 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 claim 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.

25 6. A system for determining a thickness of at least one layer on at least one

semiconductor wafer, comprising



t hereby generating an acoustical wave due to heating of the surface of the
at | east one layer, neans for projecting a series of second |aser pulses on
t he surfawe oof3gshe at | east 5 one |ayer, means for neasurPcCagiSopsicect ed

| aser pul ses of the second | aser pul ses, thereby sensing the tines of
reflection property changes of the surface of the at |east one |ayer, and
nmeans for determning the thickness of the at |east one |ayer by anal yzing
the 10 tines of reflection property changes. 7. The system according to
claime6, further conprising a first 1lser source for generating the first

| aser pul se, and a second | aser source for generating the series of second
| aser pul ses. 8. The system according to claim®6, further conprising a

| aser source f ateand Forgevjectatgiafiyst lagerfpulss onlassefacemfltbeatdendt ddedagey i es of
second | aser pulses., 9. The system according to claim§6, erein the first

| aser pul se and t he JeLebY geueragpe g%e{{m}gtlffagg@ge s ?@aﬁ?%?féggfﬁ%ﬁ oéi fferent
|'ight paths between tge £QbdsE6ncARgbrt he at | east one sem conductor wafer. 10.
The system according to claim6, wherein the first |aser pulse and the se-
20 ries of secdrin fyarojpelingessepeopbigaens leser @ylsenen te syifaceof therps 1¢asyht  pat h
betweep a source a%gekg%rat | east one sem conductor wafer.

means for measuring reflected laser pulses of the second laser pulses, thereby
sensing the times of reflection property changes of the surface of the at
least one layer, and

means for determining the thickness of the at least one layer by analyzing the

10 times of reflection property changes.

7. The system according to claim 6, further comprising
a first laser source for generating the first laser pulse, and

a second laser source for generating the series of second laser pulses.

8. The system according to claim 6, further comprising a laser source for

15  generating the first laser pulse and the series of second laser pulses.

9. The system according to claim 6, wherein the first laser pulse and the se-
ries of second laser pulses propagate on different light paths between a source and the

at Jeast one semiconductor wafer.

10.  The system according to claim 6, wherein the first laser pulse and the se-
20  ries of second laser pulses propagate on essentially the same light path between a

source and the at least one semiconductor wafer.



