0 5 AUG 2005 AUTOVATED CONTROL OF METAL THI CKNESS DURI NG FI LM DEPCSI TI ON
TECHNI CAL FI ELD The present application relates to sem conductor device
manuf acturing, and in particular, to automatically controlling netal

t hi ckness during filmdeposition using X-ray fluorescence (XRF) detection.
BACKGROUND ART US-A-4 169 228 discloses the use of X-ray fluorescence. to
anal yse and/or determ ne depths of shallow surface | ayers on a silicon
substrate. The technique involves directing an X-ray beag}gg§§$ he | ayered
structure on the silicon substrate and using a w de angl é* etector to
detect fluorescence. The resulting spectrogramis analysed to determ ne
the depth of the |ayers. Research D scl osure Database No. 432122

(I'nternational Busines ration) 10 ril 2000 discloses a
net hod for controlli ngit[mg@gi(ﬁ%gﬁ 1Qﬁ‘l\/lgirlf”&y HICKNE$Sa waf er. The
conposition of an alloy film quﬁmétrﬁ?m b?gggg/#&\rto the edge of

the-wafer. , For exanple, for a PtMWh conposition is higher at
the wafer edge with a stage angle at 70. The nethod involves tilting the

stage hol di ng fer _during the filmdeposition to achi eve conposition
uniformty oprﬁgﬁvmg%v all oy layer. USA-S 657 363 di scl oses

determ ni ng conposThd ﬁ@s@pgpﬁmmes% S&H&-ductokﬁxﬁée é‘%@&%;%sé@éon?d on

a sem conductor substrate by analysing characteristrc v
X-ray phot onsPartignlas, & auRpmsfigallyi controling reetatethickubso Busigrilng dgeritbhYusing

measuring thex_thi gsition of a coating on a netal substrate.
The net hod inng‘?/gg&E%?[?cgg in (a?‘lg?tﬁ“ and second X-ray beans at different

angles to the surface of the coating and detecting the intensity of
-phot ons havi di gy levels. During sem conductor device
manuf act uri ngngA?’Jf(\{éhﬁm E‘éirk«?é/ers are deposited on sem conductor wafers to
formvias, |ines d0N-AArieOuRY aiabsesHE hsdt5r Sl Yhofloonb2lS bilifs AACST ON
or seed | ayer g I%I{errgw copdﬁj tors, antireflection coatings, a d Btc
ete. epths of shallow surface layers on a silicon substrate. The technique
involves directing an X-ray beam onto the layered structure on the silicon substrate
and using a wide angle beam detector to detect fluorescence. The resulting
spectrogram is analysed to determine the depth of the layers.
Research Disclosure Database No. 432122 (International Business Machines
Corporation) 10 April 2000 discloses a method for controlling the composition of an
alloy film on a wafer. The composition of an alloy film varies from the centre to the
edge of the wafer. . For example, for a PtMn film, the Mn composition is higher at the
wafer edge with a stage angle at 70°. The method involves tilting the stage holding

the wafer during the film deposition to achieve composition uniformity of the
deposited alloy layer.

US-A-5 657 363 discloses determining composition and thickness of multi-
Jayer structures formed on a semiconductor substrate by analysing characteristic
energy levels of X-ray photons.

US-A-5 113 421 discloses a method of simultaneously measuring the
thickness and composition of a coating on a metal substrate. The method involves
directing first and second X-ray beams at different angles to the surface of the coating
and detecting the intensity of photons having different energy levels.

During semiconductor device manufacturing, thin metal layers are deposited
on semiconductor wafers to form vias, lines and various layers such as diffusion

barriers, adhesion or seed layers, primary conductors, antireflection coatings, and etch
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1 05 AUG 2005 stops. For exanple, sputter deposition, also known as

physi cal vapor deposition (PVD), is widely used for the fabrication of
nmetal thin-filmstructures on sem conductor wafers. Sputtering involves
renoving atons froma soli:d material and then depositing the resultant
vapor on a nearby substrate. Sputter deposition is usually carried out in
di ode plasma systens known as nmgnetrons, in which the caltﬂ o@ﬁ,}& ’ :
sputtered by ion bormbardment and enits the atons, which aré e1q deposi ted
on the wafer in the formof a thin film Depending on the |ithography :
schene, these filnms are then etched by neans of reactive ion etching (R E)
or polished using chem cal -nmechani cal polishing (CVWP) to help delineate
circuit featUg®sps. LAel Y, - SyStem currentl sed for high-rate
deposi tion of %gt a;ﬂg{e e%ax? g’y , ttac%ciﬁ gg%%%‘%n S .m%"‘%hmﬁ‘&éc#hﬁ@l’% Besitiom

cat hode syst e(RVBhi ds t widelyofustbofor tisesabregndt iof £l | MEIERE Qfuctl&ctyons
in the plasma, which results jn a higher plasm density than in elther

r adi o- f r equentSTEPFAUCHr Wafers P putiGring Agvolusa yenahingeatoms fronsa sdlibmhieghleind

pl asma densit o | I pedanc nd results in a nuch

hi gher-curren%h,cwag r-\?otp gégg{éﬁag}?g%@groagmi@yﬁ&s&ﬁﬁh exanple, an if diode

tool operating at Spuks dipokitiohdy eswallpeatfici Qut e alods | t f r,s2000
peatictl Qu iﬁgwla%gﬁt@ggn@ krBYf'as

V. A conventional nagnet E}{){)Ré?}ystem operated at 2 m ve a
di schar ge vol FAgRetrogs,” uoty & cathoflpis sphticeadt by fonsbotntiapdméng vt émidethe

Cur rent - manuf aetdd! WARBKSEALE ABSH} re comnstr.ucted fro

stainl ess steel. They are t[;/pi caﬁ%{/ggg%ﬁééﬁ@ﬁvﬁﬁogﬁmﬁfﬁg)%ﬁ P&d
directly to thedithogtaplysichéon thirenilms srdthemenhsd bf reaisOsr1dh@nBlich edBinges,
and the resul -jRressure, i s. general.ly in the |ow 104-Torr range for
nost cat hodesé,_ a?udgriai)%]f'ﬂgal %‘%ch?ﬁ??b@“?%rp hing (CMER ton helpe delineatecal |y
active nat ur ecidfuittfemgusteposi ted filns can contribute appreciably to the net

punpi ng speed of t sy.st.e The. wor ki n essure during sputtering is-
typically 0.5 to Bgﬁﬁfé‘? ,arp C %‘8’&&“?‘6@‘55'61"3@%@&1%@#8&dermﬁ»;aon@ﬁmews,

standar d cubi alloysnndneingiandeis kbW the §A5Mron &Séﬂ%ﬁﬁe éﬁﬁé?ypg oftoor’ ©

consi derati ons, nmanuf actuuigg-l ove[ systens are not
uses magnetic confinement of electrons in the plasma, which results in a higher

Plasma density than in either radio-frequency (tf) or direcf-wrrcnt (de) diode systems.

The higher plasma density reduces the discharge impedance and results in a
much higher-current, lower-voltage discharge. As a rough example, an rf diode tool
operating at 2 kW might have a peak-to-peak rf voltage of over 2000 V. A
convcntional‘l magn?tron system opcerated at 2 kW might have a de discharge voltage
0f 400 V and an ion current of 5 A to the cathode.

Current manufacturing-scale magnetron systems are constructed from
stainless steel. They are typically configured with cryopumps connected directly to
their deposition chambers by means of large-diameter valves, and the resultant base
pressure is generally in the fow 103-Torr range for most cathodes, and in the 10°-Torr
range for Ti, for which the chemically active nature of the deposited films can
contribute appreciably to the net pumping speed of the system.

The working pressure during sputtering is typically 0.5 to 30 mTorr, which
requires a gas flow of many tens of standard cubic centimeters per minute (scom).
Because of base-pressure considerations, manufacturing-level systems are not baffled
and therefore retain approximately the true base pressure of the chamber during

deposition. The magnetron chambers used for large-scale semiconductor applications
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and therefore retain approxi mtely the true base pressure of the chanber
during deposition. The magnetron chanbers used for |arge-scale

sem conductor applications la 0 5 AUG 2005 are configured as ports on an

i nt egr at ed- process | oad-| ocked tool, and wafers are introduced to the
deposition chanber via a |oad | ock Sputter deposition is managed by
deposition tinme. The rate is calibrated against tinme, and then filns are
deposited for a fixed tinme period. However, due to procegs Aﬁﬁbﬂﬂ?ti ons,

t hi ckness of deposited films for® specific wafers or lots Ts hard to
control during filmdeposition. Typically, netal filmthickness is neasured
after deposition on sone sanpled wafers. However, mechanical and

el ectrical prgpeohf fas frbHG 1.0 C } i st ran depend
on nmetal filmthi HigRedlas hiptrgkﬁgélgq!\l/tggﬂla%aetg%ﬁ%%?c%gtlg(geégﬁsél(btandt%%e%e?ﬁce
per f or mance. Miedustdtetheidepositidnthbmbeteda 4 blall docko control metal film

t hi ckness on every, fer during.filmdeposition, Ib ri AU G 2005 WO

02/ 065109 PCUUSQ / ¥ deppSiigriys yRenage derpaition EreeTHdE prakss éncalibmatedht i oi
of fers a novelsapst i i .. | (fil m bein
deposi t ed on°§m§/at:‘ﬁgg’ %ﬁr%ﬂﬁglﬁg@mﬁgg% 8@?@%5%3?’_‘8@ t?%b&?%?t FJSWevefhgu hod
i nvol ves pr oduetasg vagiatikns,ahickeemodidepesited filmms for’ spedifid whickdwdlotd Rthard to
deposi tion of tal filmon.the f in eposj tion_ chanber, and
det ecti ng the°°§2[}§%95“?ﬂ eg]?é’ﬁ’é@n'of]yy\%‘ﬁéfyné{‘%a g-‘“r thicknegte e merstsed adter
required par aftpbsitiorndn sone: dahdpfed wdkesdet er mi ned parameter may be conpared
with a preset valye to continue deposition of the netal film if the

det er ni ned par anetidWetenf Beehapicalpad glegirisalepropertio of Melpivsietli smimhdodter net al
filmmay be weoRaest:MENatied HehelalaRe thi YT lacldes witn the
preset value. |In accor anc% w th one agg}g@t@‘{eof t c%n%sgevgg%tgoqsrﬁf%%&iﬁ?t

t hi ckness of the fsviae Harformpmsien Thaeefurei itewould be desifable its @utrolmadcital afilhy
control |l ed dygibpgsd d Qf?ﬁl j r cing an X-ray beamdirected to
the netal film anéf{%ioeegﬁgc |k§%%@?§%¢%’%cence of the film The

t hi ckness of the netal film determ ned based on the detected X-ray

fl uorescence may be conpared
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with a preset value to continue deposition if the determ ned E\LMJQQ@ SS IS

| ess than the preset value. Deposition my be stopped when p rm ned
t hi ckness v{,&%&p@i the preset value. Still other aspects and advantages of

t he presen ¥ion will becone readily apparent to t hosBCHESPV4ET i n

thi's artpfdc@suRe JrotiPvigigeLai | ed description, wherein only the
preferred enmbodi nent. of the invention is shown and descri bed, sinply by

way of illust FRAAH Brentitho s povelmepthod of eanitgring & padamester ofamretal filgy boing ddpbsired

I nvent i ooh a wahs duvink kenbébmlu@tﬁn‘ dedi@kabrichiRn i 'T'EU ﬁ&hé(ﬂﬁ'volvés ;E&Q&Q;' aﬁ qu;y &Lr@ Qe a
different t?l'?jﬁﬁ’gum ogmon HBI ts Zﬁr\f/er details are capabl

nodi fications Ih ° & *@b‘g’@ WAl in adeposifipn ghamper, d'ébiﬁﬁefq“h@c?(rf@m t he

i nventi oﬂPOfeﬁ&?e@rOﬂ@ﬂgbtgl ﬁlm tedeterchirg Wicngired paad @& orf nhfnﬁumon ar e t o] be regarded as

X t t d@t@xlixlﬁ{ ar; r ed wi esel value to con mue s1tion o
::)RA\I;\?NEE H/e e o |%g:EL Bg“ie% a?g%sgéﬂs gx}arrg RV, t?ﬂ f?\lé'f‘:?hg'?‘or

i mpl emen R et?”i‘?é‘e B’é“éﬁ‘t if @HT‘PWCSC‘PP’@ szqs@owfmewbﬁbamay b4 Sltqnsftdrvdttm thg a
met hod odeteaummrmfamaaicbiycmb@mﬂrtﬁ&;Lrés@lgzalﬂ@t al thickness of the present

i nventi on. THE ] NVENT] hough the i nventi on has
general appl i caé’o{:%Q %Om &8t %Ipﬁ’ﬁj’t Heeien f‘lﬁ%ﬁﬁéﬁg‘e‘ i beipe\dgposifsggn 2
deposi t i W¥fer ‘W@é’é@é‘é@ont@ﬂ@rﬂua@ fOVBrpofXifD by Ple@VDg areXCay beanpdireftarts tel memtidnd] ment

of the iddeaicify Xty d:&chasethe izt N an exanple of sputter deposition of
metal filns. Al % | sc emat fcallty |IIJstrates an exengl ary automated system

10 for controfl I efhpased i therdetectsdX-fap feorstenss may hecogparedm 10
enabl es “efrRpras¢tivilvego dwpins d‘tppsmtmnqﬁtlmidedmmﬂauadk&sas lesshan theresefrlalubl Depdsitln W and

Cu on a mfbeﬁtowe@-@ﬁq tﬂe@etémggpgéhteés(?&ch%p@lg?g&t vaiuQ accordance with one aspect
of the preser% vention h hi ckness 0 tal film being deposited on

a wafer is cottioBF] Ry dida Va')(agrc%ﬁf“?clpﬁ’éﬁ"&teéh@é"“é hargmye reapifipapRrammt tofthoseskillpds
based orin thisag diomtticrfojloaving dewileddesviriptionawhereitndniyl tﬁﬁf&dreh)aﬂfmaxfent){fmam&nndnfxs a beam

of suf fisgévaitnk Hesé'mgcf Emﬂ@‘ﬁ?kw ;llb ekfon oRfll é‘%{ dde Lot ccinte "%69 Xfecax?'y g g%%tgr Istic

X-spectra Cﬁlg aﬁ %erved from t he exct or escen
occurs VSR & &Ly %méf’ﬂ%‘r‘ﬁa%bkaﬁl‘?‘haﬂf F‘Gﬂ‘ffeﬁ“sq"ﬁgdlwﬁ’@mnﬁ 8 sgvaml gétals aror bi t |
and t he cerblegf medificatiopcin vaioss dblien radpad, all OvBouk hﬁbﬂu@f‘fro& tBShiefon OfA c&dr By, 1he

| over  engefudps Wﬁpnoﬂ_ma bl Feg%(?eﬁ 3s il ﬁ‘%llvg ih riaglre an (%t%% ECTve of photons at

| over e Lskates, The rest ensi UdTE%scent X-rays are
smal | erqﬁﬁ;g FRCRETIN HEEFWAY@U Stl mes than intensities of the X-ray beam
obt ai ned f r dAGJisthemtically dhuiatks 20 Breitpl caharBISARNIbr iBHIGSEhER BS prestiiGrveriat.em 10

i ncludes an Xi&ay; S riate for the
XRF detectjon. An %&ay &g%n%y mﬁgoﬁ?rfg%?%tﬁalgsw’lﬁﬁﬁm%(m?"ﬁ Q‘Bﬁf ghthe present
Typi cal 8% tube conprises a heavy netal 2 0 5 AUG 2005

MODES FOR CARRYING OUT THE INVENTION

Although the invention has general applicability for controlling metal thickness during various deposition
processes, such as CVD, PVD, PECVD, etc, a preferred embodiment of the-invention is disclosed with an example
of sputter deposition of metal films. FIG. 1 schematically illustrates an exemplary automated system 10 for

B

controlling metal thickness of the present invention. The system 10 enables controlling deposition of such metals as
Ni, Co, A), Ti, TiN, W and Cu on a wafer placed in a deposition chamber. ‘

In accordance with one aspect of the present invention, the thickness of a metal film being deposited on
a wafer is controlled using X-ray fluorescence (XRF). The XRF effect is based on irradiating a sample with an
unfiltered beam of X-rays. If a beam of sufficiently short-wavelength X- radiation is employed, a characteristic
X-spectra can be observed from the excited sample. X-ray fluorescence occurs when electrons absorb X-
radiation raising them to a higher orbit, and the energized electrons then drop down through a series of steps to
lower energy states. This process results in the release of photons at lower energy states. The resulting intensities
of fluorescent X-rays are smaller by a factor of nearly 1000 times than intensities of the X-ray beam obtained
from direct excitation with a beam of electrons.

The system 10 includes an X-ray source 12 emitting a beam of X-rays appropriate for the XRF
detection. An X-ray tube may be employed as the X-ray source 12, Typical X-ray tube comprises a heavy metal
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high diffusion rate.

A l'c_\rge number of electron-hole pairs in the semiconductor are produced each time an incident X-ray
photon is absorbed. A low-noise, high-gain preamplifier may be used to amplify the detection signal produced
by the detector. Those skilled in the art will recognize that a gas-filled XRF detector or a photoelectric XRF
detector also may be used as the XRF detector 20.

The X-ray fluorescence of the metal film indicates various parameters of the metal film including the
film thickness. The XRF detector 20 produces an output signal representing the X-ray fluorescence of the meatal
film. For example, the XRF detector 20 may be pre-calibrated to produce predetermined output values in
response to preset values of the film thickness for particular metals being deposited. The output signal of the
XRF detector 20 is supplied to a process controller 20 that controls the sputter deposition of the metal thin film.

The controller 20 may be implemented as a specifically engineered chip having logic circuits and other
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di rect ed ‘t” the ector tec

f| uor escence emgtn%mgq’é’sa‘l”ﬁ%deﬁﬁt fm‘F‘lf\hﬁ‘ Y108 STt Bikaghst h t he X-ray beam

(bl ock 34). Th@°§ﬁ§bﬁq§tm thd agfrvll reqofnize kgt théiRFesentiBbmRios Amit?dd a ﬁ@iﬁéﬁﬁ&ﬁﬁcgﬂm; Behin

t hi*Gknes sthokpidt e @km@ﬁvéﬂﬂresco&'éﬁ)h% | ler, 22 tha

det er ni ne&te&pr%an:tfgkeness g 2Ehe nmet al |Q:l gr%%a %%09 z'ahrcexsm{’ﬁoe 82%&:?%%‘6
thi ckness Wth a S PATUE > P 'i°ﬁ‘ﬁpl‘?5‘5?ffdr‘bﬂ“€}b"f2’2d1€@?néwm s chappher 1¢ ey

t hi cknessPe@p fhPfébeﬁ%ftﬁa?ac‘f fof perfpriing emystyrielof Almaieprigaithch\ba P VB, (M, GOKEED) to prodile |
control s depsitiepfficiehetAPRE 8, K0T, PROFGSScu 0 continue netal fil m deposition.
When the controller 22 determines that the thickness of the netal film
reaches the preset value, it stops the deposition process. Accordingly, the
present invention enables automatic in-situ control of netal filmthickness
on every wafer during filmdeposition to deposit a netal film having

requi red thickness. Those skilled in the art will recognize that the
present invention admits of a nunber ofnodifications, within 5 the spirit
and scope of the inventive concepts. For exanple, as discussed above, the
X-ray source 12, the XRF detector 20 and the process controller 22 may be
i npl enented in a nunber of different ways. The chanber 14 may be any
chanber or furnace for performng any type of film deposition such as PVD,
CvD, or PECVD to provide




deposition of such netals as NN, Co, A, Ti, TiN Wand Cu 4 0 5 AUG 2005
CLAIMS: 1. A nethod of nonitoring a' paraneter of a netal filmbeing
deposited on a sem conductor wafer (16), the nmethod conprising the steps
of : producing an X-ray beamdirected to the nmetal filmduring deposition of
the netal filmon the wafer (16) in a deposition chanber (14), detecting
X-ray fluorescence of the netal filmto determne the parameter of the
nmetal film and conparing the determ ned paraneter with a preset value to
continue deposition of the nmetal filmif the determ ned paraneter differs

fromthe preset value. 2. A nethod as clainmed in claima1, N“j‘%ﬂm
deposition of the netal filmis stopped if the determ ned paraneter

coi nci des w t lgyt, reset value. 3. A nethod as clainmed in claiml or claim
2, wherein deposi of the metal filmis performed using sputter
deposition. 4. A nethod as clainmed it, claim1, 2 or 3, wherein the X-ray
fluorescence of the, netal filmis detected for controlling thickness of

the metal filfh bei ity RehRspE Ewnisoring hgamaiotsr ¢flSmetd. fid BaRiAhAReEbRI TR
inclaim4, f 4 jSi he ep of determ nin t he t hi ckness of
the metal fil %@gﬁd&%gggn{@@@rg@%%ﬁ%fwamﬁ&%% e. 6. A nethod as
clainmed in clai mb5préddikciigen Xaapbéat Qe ; aring th
det er ni ned t hi craﬂgﬁaeof t he netag.l fil mcr\s\n&tlehosgﬁg]rhégzsﬂe@%\?gwg C&BOI?ﬁ?R Phike t he
deposition of*® R &e wilentlp} intardepolitienr ciamber (14),ckness is | ess than, the
preset value. 7. Agge g | [ | ai m 6, wherein the deposition of
the metal filmis st%%%%al?}’ (ﬁ'kl ﬁﬂgg%g?ee&ﬁ%ﬁéﬂe%lhﬁl@kﬁ?e@éemﬂié§a{mtqﬂd‘set
val ue. 5 themetalﬁlm, and

comparing the determined parameter with a preset value to continue

deposition of the metal film if the determined parameter diffors from the preset value,

2. A method as claimed in claim 1, wherein deposition of the metal film is
stopped if the determined parameter coincides with the preset value.

3. A method as claimed in claim 1 or claim 2, wherein deposition of the metal
film is performed using sputter deposition.

4. A method as claimed in claim 1, 2 or 3, wherein the X-ray fluorescence of the

metal film is detected for controlling thickness of the metal film being deposited on
the wafer (16).

5. imed in claim 4, {
A method as claimed in claim 4, further comprising the step of determining

the thickness of the metal film based on the detected X-ray fluorescence. -

6. A method as claimed in claim 5, further comprising the step of comparing the

d . - -
etermined thickness of the metal film with a preset value to continue the deposition
of the metal film if the determined thickness is less than the preset value.

7. A method as claimed in claim 6, wherein the deposition of the metal film is

Stopped if the determined thickness reaches the preset value.



