REAL TI ME MONI TORI NG OF PARTI CULATE CONTAM NATI ON I N A WAFER PROCESSI NG
CHAMBER 5 BACKGROUND OF THE I NVENTION (1) Field of the Invention 10 The
invention relates to processes for the manufacture of sem conduct or
devices and nore particularly to a nethod and apparatus for mneasuring
particulate contam nation in an enclosed chanber during wafer processing.
15 (2) Background of the invention and description of previous art A
conventional way of detecting particle contam nation in a wafer processing
chanber is by using an in-situ particle nonitor (ISPM installed in the
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these blind spots may eventual Iégcont am nate wafers ocessed in the
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10 The invention reiates to processes for the manufacture of semiconductor
devices and more particularly to a method and apparatus for measuring particulate

contamination in an enclosed chamber during wafer processing.

15 (2) Background of the invention and description of previous art

A conventional way of detecting particle contamination in a wafer processing
chamber is by using an in-situ particle monitor (ISPM) installed in the exhaust line of
the chamber. The working principle of most ISPM involves counting the number of

20  paricles that pass through a light or laser beam. Such a method is not effective if
there is ‘blind spot’ in the chamber which prevents efficient flow of purge gas to the
exhaust line. Particles tend to build up in these ‘blind-spots’ while the ISPM still
detects and reports a low particle count. The build-up of particles in these blind
spots may eventually contaminate wafers processed in the chamber. Figure 1 show

25  the cross-section of a typical annealing chamber 10 having an upper housing 12

containing an array of quartz/halogen lamps 14 in a reflector unit 15 and a lower



body 16, isolated fromthe upper body by a seal 17. The | ower body 16
houses a rotatable support ring 18 having an opening with a recess onto
which a wafer 20 is placed for processing. In use annealing gases are
fl owed through the chanber through the gas ports 25. The chanber 10 may
also be fitted with a vacuumport 5 (not shown). The support ring 18 is
typically formed of silicon carbide and is supported on a fused quartz
cylinder 22. In use, the support ring is rotated at a slow speed by a
notor (not shown). Particul ates, generated by the drive nmechanism in
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convent i orngppodstictiad fusedaprastzaytinders2d. Siiise, Bié aupmpbtisg eootated rat mosow
waf er processing chanmbers. 20
speed by a motor (not shown). Particulates, generated by the drive mechanism, in
particular by the action of the bearings, build up in the regions 24 between the
support ring and the lower body and can, in time, r%igrate onto the wafer's backside
10 causing contamination thereon. L.eftin place, these particulates can migrate onto
the wafers top side causing yield losses. Yield losses can occur not only in the
chamber wherein the particles are initially deposited but, by transfer of the
contaminated wafer to subsequent processing tools. Both the subsequent tools and
the wafers processed therein can become contaminated. Migration of wafer
15 backside contamination to device areas can oceur as a result during subsequent
processing or during physical examination of wafer backside. The regions 24 are
considered as ‘blind spots’ because they cannot be observed by conventional
optical sensors such as ISPMs. Blind spots occur in most wafer processing
chambers.
20

The annealing chamber shown in Fig. 1 is used here primarily to illustrate

regions in a typical processing chamber where particulates accumulate and which



The anneal i ng chanber shown in Fig. 1 is used here primarily to illustrate
regions in a typical processing chanber where particul ates accunul ate and
which 2 are not easily observable in real time using the traditional
optical neans. O her chanber types which have nechani cal devices which
operate during processing, in particular wafer rotation nmechani sns, may

i nclude CVD (chem cal vapor deposition) chanbers, RIE (reactive ion
etching) and plasma etching chanbers, ion inplant 5 chanbers, and PVD
(physi cal vapor deposition) chanbers (evaporators). Controlling particle
cont am nat fenn@reasie obserksbiden odaldinmtisinglilye éaditipndiedigichl erans. ithertant to
effective yield managenent. \Wafer backsi de contam nation can al so cause
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wafer, nore specifically the wafer's exposure field, cannot be nmaintained
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backsi de contam nation, the |ithography tool cannot expose the entire wafer
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Wafer backside contamination can also cause yield problems associated with
10 lithographic depth of focus. If the wafer, more specifically the wafer’s exposure field,
cannot be maintained in a fully planar position during lithography exposure due to
wafer backside contamination, the lithography tool cannot expose the entire wafer
uniformly causing wafer to be scrapped. Therefore, it would be advantageous to
have a method and apparatus for reai-time monitoring of particle contamination in a
15 wafer processing chamber that will take into account the presence of particle build
up in ‘blind-spots’ of the chamber and thereby providing an early signa! of the onset

of backside contamination problems before expensive yield losses occur.

20 Hiatt, et. al., U.S. Patent Number 5,963,315 discloses a method for measuring
and monitoring backside contamination on semiconductor wafers while the wafer is
still in the processing tool. The wafer is removed from the chuck, which secures it

during processing, by a robotic arm. The arm then positions the wafer over a laser-



and noni toring backsi de contam nation on sem conductor wafers while the
wafer is still in the processing tool. The wafer is renoved fromthe
chuck, which secures it during processing, by a robotic arm The armthen
positions the wafer over a |aser- 3 detector arrangenent and the exposed
backsi de is scanned for particulate contam nation. At conpletion of the
scan, the robotic armtransports the wafer to the next |ocation which may
be into anot her processing chanber or into a |load-1ock for renoval from
the processing tool. Aqui, et. al., US. Patent Nunber US5347138, 5 provide

real -ti me getetiorlaeramgeiticat bng theerpaueodeskisti it @ehnidd Rrpsitraiseext ernal |y
focused | aser beamthrough a shielded plasma to an external detector, using

wi ndows i ncéritemirgion. Mirdoyisblet®dn othe scnStheRabs ik ahﬂ%ﬁ%g@%&% Wwafdr tdahan,

et. al., U S Patent Nunber 5, 481,357, Bonin, et. al., Pat ent Nunber
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Chanayem U.S. Patent Nunber 5,271,264 discloses a nethod of in-situ
particle nWAFPWEiMES tgol Moriya, et. al., U.S. Patent Number 6,115,120, Ashan, et. al.,
U.S. Patent Number 5,481,357, Bonin, et. al., U.S. Patent Number 5,943,130, and
Harwell, et. al., U.S. .Patent Number 6,032,544 teach simitar procedures wherein
10 external optical beams are focused and pass through flowing gases within a process
chambers. Optical sensors then determine particulate intensity by measuring the
light scattering caused by the particulates in the beam. Baier, U.S. Patent
Application Publication Number 2004/017330 A1 detects and monitors sidewal
flaking in a plasma chamber by measuring the intensity of light scattered by polymer
15 film materiats deposited on the wall surface of plasma chamber. Chanayem, U.S.
Patent Number 5,271,264 discloses a method of in-situ particle monitoring in a

plasma etching chamber by positioning an ISPM downstream of the chambers

vacuum pump.

20 Koury, et. al., U.S. Patent Number 5,814,733 discloses a method of using an
accelerometer for real time monitoring of vibrations in a wafer probe tester produced

by various mechanical components such as fans and motors, which cause probe
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pl asma etchi ng chanber by positioning an | SPM downstream of the chanbers
vacuum punp. 20 Koury, et. al., U S Patent Nunber 5,814,733 discloses a
met hod of using an acceleroneter for real tinme nonitoring of vibrations in
a wafer probe tester produced by various nmechanical conponents such as
fans and notors, which cause probe 4 contact errors and ot herw se produce

i nconsi stent and erroneous electrical test results. Al though the final
objective of the cited prior art is simlar, all of the cited 5 nmethods are
limted to detecting particulates in regions of the processing tool which
an opti cal chrdaol sresrs andarthamgsspriducaninahrssigteet aml seahedisn@ectNosiaesf t he
optical nethods are capable of real tinme nonitoring of particle build up
in the so-wsllted 'blind- spot' regions of a processing chanber which cannot
be practically fitted with optical detection equipnent. It would therefore
be desirable to have a non-optical nmethod 10 and apparatus for real-tine
nonitoring of particle contamnation buildup in a wafer processing
chanber. The nmethod and apparatus taught by the present invention not only

|ishes th | i Sbj i it ler t
acconpl i shes t hagdERA! thdhal ﬁ%t@%tg% St AR cﬁédgii%i%ﬁié gffr‘ﬁfa'r,vﬁlt ofthd cgagi er to

i npl enent than the optical m s and IS sensing and reporting
condi t 50Nk linfB8%o HEHARAT palfeulates in regions of the processing tool which

an optical beam/sensor arrangement can observe in real time. None of the optical
methods are capable of real time monitoring of particle build up in the so-called ‘blind-
spot’ regions of a processing chamber which cannot be practically fitted with optical
detection equipment. It would therefore be desirable to have a non-optical method

10 and apparatus for reai-time monitoring of particle contamination buildup in a wafer
processing chamber. The method and apparatus taught by the present invention not
only accomplishes this goal but is also simpler, cost effective, and easier to implement
than the optical methods and is capable of sensing and reporting conditions in blind
spot regions.

15



5 SUMWARY OF THE INVENTION It is an object of this invention to provide a
desi gn of an apparatus that provides real tinme neasurenent and nonitoring
of particulate contam nation in a wafer 5 processing chanber. It is another
object of this invention to provide a design of an apparatus that provides
a nmeasure the vibration anplitude of a physical conponent of a wafer
processi ng chanber. 10 It is yet another object of this invention to
describe a design of an apparatus that provides a tinely signal of
particul ate contam nation buildup in a wafer processing chanber which

antici pates the onset of a prgtMMARYOE TAEINVENIIE@NCONt am nation | evel
by a safety margin to permt pre-enptive maintenance of the chanber. 15

These obj ects are acconplished by securing an accel eroneter, preferably a
tri- axial acceleroneter to a structural body of the process chanber

uperel n 521 0 | S| Uoal O o AEOONGRL SheddEPEPSSBAAERIFROANS,
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t he Ial;o_t erprggésns%gtcearggggber conponent on which the

It is another object of this invention to provide a design of an apparatus that
provides a measure the vibration amplitude of a physical component of a wafer
processing chamber.

10

It is yet another object of this invention to describe a design of an apparatus
that provides a timely signal of particulate contamination buildup in a wafer processing
chamber which anticipates the onset of a predetermined particulate contamination
level by a safety margin to permit pre-emptive maintenance of the chamber.

15

These objects are accomplished by securing an accelerometer, preferably a tri-
axial accelerometer to a structural body of the process chamber wherein said
structural body is a component of the process chamber onto which particulate
contamination accumulates during wafer processing. The structural body described in

20  the embodiments of this invention is a chamber platform which comprises or supports
the wafer chuck mechanism, the latter being the chamber component on which the

wafer is secured during processing. The wafer backside is thereby in direct contact



wafer is secured during processing. The wafer backside is thereby in direct
contact 6 with or is at |east exposed to the structural body to which the
acceleroneter is fastened. The accel eroneter is supported by signal
processi ng equi pnent which, during 5 wafer processing, receives signals
fromthe accel eroneter. The signals are passed through an

anal og-to-digital converter and processed by a digital signal processor
(DSP) to provide a vibration frequency signature of the chanber platform
It is an object of this invention to provide a nmethod for use of an

appar at us WHBOr isiat Ipashvdxpesed éathe stectursabod g tewhichrible socdleameigr of
particul ate contamnation in a wafer processing chanber. This object is
acconpl i shiagtdnedpr ovi di ng an apparatus that provides real tine neasurenent
and nonitoring of particulate contam nation in a wafer processing 15
chanber, said apparatus having an accel eroneter, preferably a tri-axial
accel eroneter secured to a chanber platforn1mhich conprises or supports the

waf er chuck mﬁ@ﬁb(%@%ﬁné’[@ﬁls@u@gﬁﬁéd %E‘%’@\ﬁl 8[10 gfrﬂgﬁlt WahichSd yring

squorted by signal processing rocessing F ;
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(DSP) to provide a vibration frequency signature of the chamber platform.

It is an object of this invention to provide a method for use of an apparatus that
10 provides real time measurement and monitoring of particulate contamination in a

wafer processing chamber.

This object is accomplished by providing an apparatus that provides real time

measurement and monitoring of particulate contamination in a wafer processing

15 chamber, said apparatus having an accelerometer, preferably a tri-axial
accelerometer secured to a chamber platform which comprises or supports the wafer
chuck mechanism of the process chamber. The acceleromster is supported by signal
processing equipment which, during processing of a wafer receives signals from the
accelerometer. The apparatus is calibrated using a test wafer which is initially cleaned

20 and scanned for particle count using conventional optical scanning equipment. The
signals are passed through an analog-to-digital converter and processed by a digital

signal processor to provide a vibration frequency signature of the chamber platform.



signal processor to provide a vibration frequency signature of the chanber
platform 7 A frequency band of the signature is then selected as a
nonitor wherein an alarmand a pre-alarmanplitude are further selected to
provi de the pre-enptive notification for preventative mai ntenance and a
second or final warning. The chanber is then used to process wafers in the
normal fashion and the test wafer is run at various tinmes in 5 order to
establish a calibration relating the selected vibration anplitudes to a
particle count on the test wafer. Once this has been established, test

waf er s neefl fragiugnbye bapd of fessdnataoaisi thaalskiectad a3 denortitorvetdréy drhglarm and
calibration. 8 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a cross section

showi ng t he pesaknmuahplitade rafdriteir ¢alecsPRASS VG the preaiptiveembtifiedtion for
anneal i ng sem conductor wafers. 5 Figs. 2a and 2b are cross sections of the

processi ngprebanare afaiftefande aﬁ@%@é&%né%r@iﬁﬁ%ﬁrﬂ%t?ﬁe ASLBRER thenied

| oner body of the chanber according to an enbodi rent of this I nvention.
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count on the test wafer. Once this has been established, test wafers need only be

processed occasionally in order to verify the calibration.



invention. 15 Fig. 4 is a chart showing the vibration anplitude signature
of a body in a process chanber derived fromthe signals produced by an
accel eroneter affixed to it during wafer processing within the chanber
according to an enbodinent of this invention. 20 Fig. 5is a chart show ng
t he behavior of the vibration anplitude of a body in an annealing chanber
noni tored over a 30 day period during which the chanber received nultiple
cleanings. 9 Fig. 6 is a flow chart showi ng the nmeasurenent steps exercised
by the neasurenment circuitry during the real-time nonitoring of particle
contam nation according toBRIEFIDESERIPTION IS THEVPRAVIINGS 10 DESCRI PTI ON
OF THE PREFERRED EMBODI MENT I n an enbodi nent of this invention an annealing
chanber for the processing of 5 sem conductor wafers is provided.
Referring to Fig. 2a, the annealing chanber 40 conprises a |ower body 46

i cun or enti al' Fobbos R aRbao g e PRRSBR el blcal BRFE gy " ©

pr ocessi ngohaHS:raRBEFb! AthSAIRBERMIEMINES FQERLT ses an upper housing whi ch
5

Figs. 2a and 2b are cross sections of the processing chamber of Fig, 1
showing an accelerometer fastened to the lower body of the chamber according to an

embodiment of this invention.

10 Fig. 3 is a block diagram showing the electronic circuitry used to process and
utilize the signals provided by the accelerometer illustrated in Figs. 2a or 2b during the
operation of a wafer processing chamber according to an embodiment of this

invention.

15 Fig. 4 is a chart showing the vibration amplitude signature of a body in a
process chamber derived from the signals produced by an accelerometer affixed to it
during wafer processing within the chamber according to an embodiment of this

invention.

20 Fig. § is a chart showing the behavior of the vibration amplitude of a body in an
annealing chamber monitored over a 30 day period during which the chamber

received multiple cleanings.



covers and encl oses the support ring 48 by engaging the | ower body 46 with
a 10 circunferential seal 47. The upper housing 42 contains an array 43 of
quartz/ hal ogen lanps 44 in a reflector unit 45. The array 43 is of
sufficient size to provide uniform heating of the wafer 50. In use
anneal i ng gases are flowed through the sealed chanber 40 through the gas
ports 55. The chanber 40 nay also be fitted with a vacuum port (not

shown). The support ring 48 is preferably forned of silicon carbide 15 and
is supported on a cylinder 22, preferably of fused quartz. The cylinder 22
is supported by bearings (not shown) and is rotated during processing by a
drive notor (not shown). An acceleroneter 58 is solidly fastened to the

| oner body 46, Piyeb es aliby cHant ﬁ}&ﬁﬁ%ﬂjﬂi meRSatdneht GANSLBL SR elibyltng he
support ring 48. In use, particles build up in the regions 54 between the

suppor t riﬁ@aé&eﬁ%tkﬁ@uil@‘&%ﬁn@% réb@tiﬁﬁ”éjrﬁbﬁﬂohr‘x‘q hg e%ré%% %rgér%%tﬂ to the

waf er's backsi de causing particCle contam nation accel eronet er
58 may be ko f : r body 46 as illustrated in Fig.
2a. Fbmevé%%%géﬁ ﬁ%?&%@écggégggm?%%?%@%ﬁeby reduci ng the mass of the | ower
body 4% 11 between the accel eroneter 58 and the regions 54 of particulate
accunulati on, for exanple, by providing a recessed opening 59 for the
acceleroneter as illustrated in Fig. 2b. 5 A suitable accel eroneter is,
for exanple, the Mbdel 356B18 tri-axial acceleroneter manufactured by PCB
Pi ezotronics, Inc. 3425 Wl den Avenue

10



Depew, New York. A cable 60a connects the accel eronmeter 58 to a support and
signal processing system60 which is illustrated in a bl ock di agram shown
in Fig. 3. Vibrations are induced in the | ower body 46, by the drive notor
supra, bearings used 10 by the drive nmechani sm nearby devices such as
cooling fans, punp notors, and building vibrations, or any other anbient

vi bration sources which can induce vibrational resonance in the body to
whi ch the accel eroneter is fastened. In the present enbodinent it was
determ ned that the prinmary source of particles in the annealing chanber
40 was fromthe bearings used to couple the drive notor to the 15 fused
quartz cylinder 52. Referring to Fig. 3, analog signals fromthe

accel erometer 58 are prqsESERIPPION mﬁfgglpﬁéﬁewﬁédmemmﬁo the

respective restoring currents require counteract mec I cal
di spl acenents in the instrunment. The signal conditioner 61 20 provides
power to the accel eroneter 58 which requires CCLD (constant current |ine

drive) and signal lificatipn.(optional). The.unit 61 can,Kbe a stand
o one unit o PRRTRRdirt bh it PREREET b raRSuE PhampaRRY PoRBHaGs p1
filter _62. The apalog signals 12 are passed Ihrou%g the anti-aliasing
filter°62 SHIENRNSI ﬁg?gtst%ewfiaﬁt Referihinebicefa, Be ardegtiogigeamaeutyit al
signal which is then processed by the DSP unit 64 according to an analysis
pr ogr am weEPrises @oaned hady 46 svhitte hosresmiretatablé supperhriag d8rhaaing @ cemialer
(not shown) through an RS 232 port 65 and stored in a |local nenory unit
opening with a circumferential recess 49 onto which a wafer 50 may be supported for
processing. The annealing chamber further comprises an upper housing which
covers and encloses the support ring 48 by engaging the lower body 46 with a
10 circumferential seal 47. The upper housing 42 contains an array 43 of quartz/halogen
lamps 44 in a reflector unit 45. The array 43 is of sufficient size to provide uniform
heating of the wafer 50. In use annealing gases are flowed through the sealed
chamber 40 through the gas ports 55. The chamber 40 may also be fitted with a
vacuum port {not shown). The support ring 48 is preferably formed of silicon carbide
15 and is supported on a cylinder 22, preferably of fused quartz. The cylinder 22 is
supported by bearings (not shown) and is rotated during processing by a drive motor
(not shown). An accelerometer 58 is solidly fastened to the lower body 46, preferably
in a central location concentric with the support ring 48. In use, particles build up in
the regions 54 between the support ring 48 and the lower body 46 and can in time
20 migrate onto the wafer's backside causing particle contamination thereon. The

accelerometer 58 may be affixed to any part of the lower body 46 as illustrated in Fig.

2a. However, sensitivity can be improved by reducing the mass of the lower body 46

11



5 66. The frequency bandw dth and cut-off frequency in the anti-aliasing
filter can be controlled by the DSP unit 64. Alternately, a digital
anti-aliasing filter may be used in conjunction with the DSP unit 64
instead of the analog | ow pass filter 62 thereby avoiding noise and drift
probl ens inherent to analog filters. This will involve nulti- rate
processi ng by over sanpling the signal and will require different setup and
10 signal processing techniques. A watchdog tiner 67 is provided to assure
protocol reliability and provide re-set capability of the DSP. The
anal ysi s pratgeamteeavesiesondter 88 gindahe dagian$ 5arof pattioveatd egvimulation, for
frequency domain by using a FFT (Fast Fourier Transform algorithm The
resul ting exdmpebbabicwtidialrbbesid s 89 $64hacBelbRdRlch Yis WiisEBtdPin
plotted as a function of frequency to establish a vibration anplitude
signature ,fig_rzlg_he | ower body 46 of the processing chanber 40. A typi cal
vi bration sfgnature of the |lower body 46 of the annealing chanber used in
the present invention is shown in Fig. 4. It was found that, in the
anneal i ng chanber of the present enbodinment, the vibration peaks in the 20
frequency bandw dth of 1.5 to 2.5 kHz. 70 were caused by the bearings in
t he wafer rotg%?%'ﬁatg‘? AgecRERetar MO*‘@X@\%%‘EFM@ e'%@édsttﬂ"é’tx@ he
anplitude of the peaks in this bandw dth was directly proportional to the
bui | dup oféSsalerewgestaanyfaciurrd by PidB E@@ﬁ@ﬂl%@%ﬁ@%ﬂaltﬂsm Ayetue rns
(root-nmean-square) value of the anplitude of the peaks within

Depew, New York. A cable 60a connects the accelerometer 58 to a support and

signal processing system 60 which is illustrated in a block diagram shown in Fig. 3.
Vibrations are induced in the lower body 46, by the drive motor supra, bearings used
10 by the drive mechanism, nearby devices such as cooling fans, pump motors, and
building vibrations, or any other ambient vibration sources which can induce
vibrational resonance in the body to which the accelerometer is fastened. In the
present embodiment it was determined that the primary source of particles in the
annealing chamber 40 was from the bearings used to couple the drive motor to the

15 fused quartz cylinder 52.

Referring to Fig. 3, analog signals from the accelerometer 58 are produced
by internal circuitry according to the respective restoring currents required to
counteract mechanical displacements in the instrument. The signal conditioner 61

20  provides power to the accelerometer 58 which requires CCLD (constant current line
drive) and signal amplification (optional). The unit 61 can be a stand alone unit or

alternately, integrated into an anti-aliasing (low pass) filter 62. The analog signals

12



t he selected bandwi dth 70 neasured at between 1 and 4 day intervals, an
annealing 5 chanber was nonitored over a thirty day period of routine
usage in a manufacturing line. During the 30 day period, the chanber
received four routine PM (Preventative Mintenance) cleanings which

i nvol ved a thorough wet cleaning of the chanber and its conponents. The
results are shown in Fig. 5. Cearly, regular nonitoring the rns val ue of
vibration anplitude in the selected frequency range provides good tracking
10 of the chanbers cleanliness. Based on these data, a pre-alarmleve
(anber) 80arefpas3@d thenghehe ntaliavag fittep62no b ADYaAkloye-dies) carfveparticl e
bui |l d-up. The choice of the alarm|evel (red) depends strongly on the

particle tes & prericed dibital SRl UHicHBItEN BFR%RSES 8y the D beotdiavy of
t he product used tggay lEas éigLS vercg/ |I i tt?g t ol erﬁngé. V\hlg?l gmgﬁ/lb%e?%r ns t he

chamber to4a,s - r larm,! . reg)
| evel , whi (c:)h d%f]n% %fg\b?ér)gﬁgﬂ @Wghgﬁpf}%ﬁl&%tdﬁgg%l’ﬂlr?élg,I[SFBLgm} é@/gﬁOﬂggﬁ %}(&éﬁg pn sec
(rms) for rtiecul.ar product., An product may be. re or |less .
toleran. SR Ciuabelb Hirelon ARES Eha Mort ok pedetpraf in A BlamdS Witanber
can be gr e(gsglﬁ igpr oved and the frequenclé_ of PM can be reduced by 20
opt i malfl'y @eqlilsdieqyernebanrdmditand ut-afEregueneyt ip the api-@lipsiag fiéar can ke
nonitoring of particulate build-up in discrete regions of the process
chanber petoritiofed y tee DS Linih 64ohltemataly, ardigéaladrdralidsingefifterwhache ciaad in
provide a tinely prediction, depending on the 14 product schedul e, of when
t he chanbewnnmtiobhavighiit HSMUKEGH inki@adesdt the analog low pass filter 62 thereby

avoiding noise and drift problems inherent to analog filters. This will involve multi-

rate processing by over sampling the signat and will require different setup and

10 signal processing techniques. A watchdog timer 67 is provided to assure protoco}

reliability and provide re-set capability of the DSP.

The analysis program converts the digital data from a time domain to a
frequency domain by using a FFT (Fast Fourier Transform) algorithm. The resulting
15 vibration amplitude is expressed as a velocity which is plotted as a function of
frequency to establish a vibration amplitude signature for the lower body 46 of the
processing chamber 40. A typical vibration signature of the fower body 46 of the
annealing chamber used in the present invention is shown in Fig. 4. It was found
that, in the annealing chamber of the present embodiment, the vibration peaks in the
20  frequency bandwidth of 1.5 to 2.5 kHz. 70 were caused by the bearings in the wafer
rotating drive mechanism. It was further noted that the amplitude of the peaks in

this bandwidth was directly proportionat to the buildup of particulates in the blind
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In the process history illustrated by the tine chart of Fig. 5 while the
vibration anplitude was permtted to exceed the pre-alarmlevel 80 several
times before PM 5 was applied over the 30 day period, the PM al ways
restored the tool to vibration anplitude below the 300 pnisec. (rns) alarm
| evel . A vibration anplitude below the pre-alarmlevel 80 after a PMis

i ndi cated by the extinguishing of the anber alarm This signal would then
i medi ately verify a successful PMwith regard to particulates on the body
46. This early warning provides a valuable tool for job 10 planners and
greatly inppadvegionh@deffici ency of the production |ine operation. A second
pre-alarm | evel could be added. The nethod and apparatus described by this
i nvention incorporates two or nore alarmlevels chosen on the basis of
optimum line efficiency and product tolerance. Referring to Fig. 4, in the

exanpl e of the UsRbeH MR roo@nféahsgqﬁr@y@eh@ém{rz%%hp;ﬁadé%f?r@§§@<é\hitﬁ
15 pm rns). cr I

vi bration anplitude of 13 sec ( A second 74 or tica aParm
war ni ng i sghaablied BINRMH A8 [ i el it put
signal of the DSPequrt] caﬁ{eg%Hrmni {e()dr ggtf)&l%eﬁ g‘a?'?tf?r?tg%@&gjcaé% %egﬁ%egag!bged
on an exte u Lt hrough the RS-232. port 5. The DSP uni 4.1s
o oot agned P e AR B SRR oL A iR orauieR g e Bl Rkt
war ni ngs hy activating relays. 1l and respectively when selected warnin
anpl i o Thep dp el beAd G, ‘hE«%a'E)‘ESF NG s PG Eveptate |
avai l abl e to the nonitoring systemwhich, for exanple, will disable the
| oad | ock Nanghance) cleanings which involved a thorough wet cleaning of the chamber and
its components. The results are shown in Fig. 5. Clearly, regular monitoring the rms
value of vibration amplitude in the selected frequency range prd\;/ides good tracking

10 of the chambers cleanliness. Based on these data, a pre-alarm level (amber) 80 of

300 pm/sec (rms) was chosen to signal the onset of particle build-up.

The choice of the alarm level (red) depends strongly on the particle tolerance

of the product being processed in the chamber. Most of the product used today has

15 very little tolerance. While PM returns the chamber to a safe level below the pre-
alarm level 80, the alarm (red} level, which demands immediate PM, might occur at
a level 82 of 600 um/sec (rms) for a particular product. Another product may be
more or less tolerant. It thus becomes clear that the efficiency of the process
chamber can be greatly improved and the frequency of PM can be reduced by

20 optimally sequencing the product mix. The ability to provide real time monitoring of
particulate build-up in discrete regions of the process chamber permits the selection

of two or more alarm levels which can provide a timely prediction, depending on the
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t he chanber, thereby preventing operation of the chanber until PM has been
performed. The processed accel eroneter signal can also be used to trigger
other fail-safe procedures such as to signal catastrophic events. 5
Calibration of the accel eroneter/signal processing unit with regard to
actual particulate count is acconplished by the use of test wafers which
are run in the tool 40 in place of product wafers. The backsi des of

cl eaned test wafers are first scanned for particles, preferably using a
conventional optical scanning tool, for exanple, the Surfscan SPl1 dual

| aser i nspeetiuschgguRMNMARGH Ad hadbbymlt K& Ahlensed ak@ichRayidl on of San
Jose, CA. The test wafer is then |oaded into the annealing chanber 40 and

subj ected to the normal processing recipe for that tool. After processing,
the test wafer backside is scanned again and the particle count

I d durj ; ' ' et LR . &: I ] h
eaul s of such 2 bR RIS kel 87 )Y oRafen drydrn e sl e

oot g B e BB S b S B G0P TySd BLfd B
5 was applied over the 30 day period, the PM always restored the tool to vibration
amplitude below the 300 um/sec. (rms) alarm level. A vibration amplitude below the
pre-alarm level 80 after a PM is indicated by the extinguishing of the amber alarm.
This signal would then immediately verify a successful PM with regard to
particulates on the body 46. This early warning ;')r.c‘)vides a valuable tool for job
10 planners and greatly improves the efficiency of the production line operation. A
second pre-alarm level could be added. The method and apparatus described by
this invention incorporates two or more alarm levels chosen on the basis of optimum
line efficiency and product tolerance. Referring to Fig. 4, in the example of the

embodiment, a first pre-alarm level 72 is chosen at a vibration amplitude of 130

15 pm/sec (rms). A second 74 or critical alarm warning is set at 180 pm/sec (rms).

Referring back to Fig. 3, the output signal of the DSP unit can be monitored
in real time and can be observed on an external computer through the RS-232 port
65. The DSP unit 64 is programmed to trigger alarms 68 and 69 which provide
20  visible/audible warnings by activating relays 1 and 2 respectively when selected
warning amplitude fevels are reached. Further protective measures are also

available to the monitoring system which, for example, will disable the load lock to

15



>0.2 033 >0.3143 >2.0000 Total 1 8 7 Table Ib Test Wafer #2
Particle Count Particle Size Before Alarm After AlarmDelta mcn2 cnR2 cne
>0.16 022 >0.2121 >0.3--132->.0-----01-1- Total 2 86
5 The experinent was perforned when the chanber had al ready processed 1200
waf ers and 2000 wafers for wafer #1 and #2 respectively while being
nonitored wth the acceleroneter. On wafer #1 there was 1 particle |arger
than 0.16 pm/cn2 10 before the vibration alarmwas triggered. This
increased to 8 after the alarm Simlarly, on wafer #2, the particle count
i ncr eased theamathteo, et prelestiren@habtia@r of the clalnssenuntiheM Basibesncl early
I ndicate the tineliness of the warning alarm and the

performed. The processed accelerometer signal can also be used to trigger other

fail-safe procedures such as to signal catastrophic events.

5 Calibration of the accelerometer/signal processing unit with regard to actual

particulate count is accomplished by the use of test wafers which are run in the tool
40 in place of product wafers. The backsides of cleaned test wafers are first
scanned for particles, preferably using a conventional optical scanning tool, for
example, the Surfscan SP1 dual ‘!é.ser inspection system manufactured by

10 KLA/Tencor Corporation of San Jose, CA. The test wafer is then loaded into the
annealing chamber 40 and subjected to the normal processing recipe for that tool.
After processing, the test wafer backside is scanned again and the particle count
accumuiated during the process run is determined. Tables la and b show the
results of such a calibration procedure for two test wafers.

15

20 Tablela

Test wafer #1 Particle Count

Particle Size Before Alarm After Alarm Delta
(um.) (cm™®) (cm®) (cm™®)

16
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Table |b

Test Wafer #2 Particle Count

Particle Size Before Alarm After Alarm Delta
(Urm) (cm?) (em?) (em?)
>0.16 0 2 2
>0.2 1 2 1
>0.3 1 3 2
>1.0 o 1 1
Total 2 8 6

5

npl i tude of

en

meeting or exceeding a

th to the

0 a

unul ati on
advanced

ting the
nunber
ed the

e benefit

of

the present

t he

and the

advanci ng the counter 97 and recycling

The experiment was performed when the chamber had already processed

1200 wafers and 2000 wafers for wafer #1 and #2 respectively while being monitored

with the accelerometer. On wafer #1 there was 1 particle larger than 0.16 ym /cm®

10

before the vibration alarm was triggered. This increased to 8 after the alarm.

Similarly, on wafer #2, the particle count increased from 2 to 8 particles/om2 after the

alarm. The results clearly indicate the timeliness of the warning alarm and the

17



desired nunber of successive positive confirmations have occurred 98. Now
the full 7.8 alarm(red) is triggered 99 and the process tool is disabled
at the conpletion of the job by the controller. After successful PM the
systemis reset by the nmaintenance operators and rel eased to continued use
100. Note that the set point for the red alarm should be set confortably
bel ow t he catastrophi c danger point so that if the 5 alarmtriggers during
a particular job, the job can be conpleted without fear of product | oss.
The met hod and apparatus described by this invention has been shown to be
reliabl e asffecdivenesd ef tae methbdas cost effective and can be applied to any
processing 10 tool wherein a passive conponent of the tool, such as a
support for a wafer holder or other structural nenber of the tool, gains
mass during processing. Wiile, in the enbodinment of the present invention,

an anneal i ng tqa'mg%ﬁ%rg Hssvn IRt eashbng nﬁ)éthoa W?udrf‘é’é‘r%é%gpﬁ@d‘tcﬁ' so be

applied to nmonitor“particul ate generation i n deposition tools such as CVvD
tt

or FE 1 OS{@gﬁn@S%de%h%O‘@ aé%%s%iﬁ‘b%%%‘)%iva?é%?%%%eﬂéﬂ%‘"@gﬁ%ﬁB' o

case of  AUBRTHE B GB550pEs 8%‘?*5‘%5&6%5 MRS e BreR g gnonter |

depositio enV|ronnen on the body being nonitored nust be understood and

accom‘mdaﬁ@@ ampjituds ghibee/ibiptiop siriadinGedmsuspey pad 9 1y fde- 4 RBApody

or otherwi se isolating the body fromthe
perform actions when criteria in the flow diagram are met. The procedure is initialized

by zeromg a counter 90. The amplitude signal is then processed by computing the
FFT 91 and testing for meeting or exceeding a lower alarm preset point.92. A

10 negative result directs the path to the beginning 90. The sampling time interval can be
set according to a pre-determined practical cycle time. Over time, as patticle
accumulation increases, the lower set point is reached 93 and the counter is
advanced 94. Again the path returns to the beginning 95 but without resetting the
counter and continues, re-testing in each cycle. Once a selected number of

15 successive positive tests for the lower alarm limit are reached the alarm is triggered
96 and preparations for PM are initiated. The benefit of requiring a number of
successive positive tests - seven in the present example - greatly reduces the

chances of false alarms.

20 After the chamber is operated for a time, the upper alarm limit is reached and
the test 93 passes to the final loop, advancing the counter 97 and recycling until the

desired number of successive positive confirmations have occurred 98. Now the full

1.8



20 etching or deposition environnent. In the instance of the chanber
configuration shown in Figs. 2a and 2b, this could done by isolating and
nonitoring only that portion of the body to that falls bel ow the wafer

hol der 48. 19 While this invention has been particularly shown and
described with reference to the preferred enbodi nents thereof, it will be
understood by those skilled in the art that various changes in form and
details may be made w thout departing fromthe 5 spirit and scope of the
invention. What is clained is: 20 CLAIMS 1. An apparatus for nnnitoring

par ti cul atalabmi(tedt) iptrighefed@sisin@ it PR sk fod i€ BiRBBRY at¢RERbpldidn dfahe
body, enclosed in a chanber, having at | east one regi on whereon partic es

gener at ed fythatedr@@Nbr, ONReMAIAEELEI BRUTSES sYirbI B ot gqhérﬁ%ﬁ%e%)ﬁcgeposﬂ

during a proceSS| ng operation; (b) an acceleroneter sécurely fastened to

sai d body 0 f r thereof
bet ween sal acce gg cl?)ein% géjd R) %yntfnﬁeg(i%% 1@25@9‘8@3%‘3 égr%é%tnté ratﬁg ce of
vibration tIé)rrr§ houlBODey set comfortably below the catastrophic danger point so that if the

5 alarm triggers during a particular job, the job can be completed without fear of product

loss.

The method and apparatus described by this invention has been shown to be

reliable and accurate as well as cost effective and can be applied to any processing

10 tool wherein a passive component of the tool, such as a support for a wafer holder
or other structural member of the tool, gains mass during processing. While, in the
embodiment of the present invention, an annealing tool is described, the teaching of
the invention can also be applied to monitor particulate generation in deposition
tools such as CVD or sputter deposition tools or to etching tools such as plasma

15 etching or RIE tools and wherein said tools having mechanical components, such as
wafer rotating devices which generate particulates during operation. in the case of
etching or deposition tools, the effect of the etching or deposition environment on
the body being monitored must be understood and accommodated, for example by
providing appropriate shielding of the body or otherwise isolating the body from the

20  etching or deposition environment. In the instance of the chamber configuration
shown in Figs. 2a and 2b, this could done by isolating and monitoring only that

portion of the body to that falls below the wafer holder 48.
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(d) a signal conditioner connected to receive an anal og signal fromsaid
accel eroneter, pass said signal through an anti-aliasing filter, then

t hrough an anal og-to-digital converter, to a progranmable digital signal
processing wunit; and (e) at |east one output device trigger-able by said
digital signal processing unit. 2. The apparatus of claim1l wherein said
chanber is a wafer processing chanber. 3. The apparatus of claim2 wherein
sai d chanber is an annealing chanber, an etching chanber, or a deposition
chanber. 4. The apparatus of claim2 wherein said body is a support nenber
of a wafer platform and said wafer platformis rotatably driven by a notor
connected thereto by at |east one bearing. 5. The apparatus of claiml

wherein said diwhilgthisirg@atioPhas ®eehfthriidiidry Shovat 864 aBBRM&R! With adtert{cer nal
conputer and thereby is capable of transform ng said digital signal froma

time domaitg tfé GRFLrEQ ettdRABRRNFRATE RjiSbINRYersRIMM MAINGe B KjIBENIA kRNart
thereof to produce vibration anplitude. 21 6. f%e appar at us p* claim1l
Y‘here' n S%?t gy éfsaéhaﬁggé‘ foPnAtieP3&1aHs H{Hytbé‘ﬁw%d%%[}ﬁau%eggmn%‘?fﬁ{rh%at
east one of said at ast one out put devi‘ce  t o post or sound¥an al arm

when preset.criteria_ar .. 4. The apparatus of claim1l wherein said
accel ergome ('ar?t alns(,j sacogﬁiOf%(?nE]R"eﬁﬂ%%l eroneter.

What is claimed is:

20



8. A nmethod for nonitoring and signaling particle build-up in a processing

chanber conprising: (a) providing a processing chanber having; (i) a body

encl osed therein; (ii) at |east one source of particulates in said chanber,
said particul ates capable of depositing on at |east one region of said
body; (iii) an acceleroneter securely fastened to said body and wherein
said body is configured to mnimze the nass thereof between said

accel eroneter and said at |east one region; (iv) a |least one source of

vi bration {3-ABY8 body: (v) a signal conditioner connected to receive an

anal og signal fromsaid acceleroneter, pass said signal through an

anti-aliasing filter, then through an anal og-to-digital converter, to;

(vi) a programmabl e digital signal processing unit; and (vii) at |east one

out put device trigger-able by said digital signal _processing unit; (b)

operating <ai’ pPeFRAYs i%?fgme%%& p%@tﬁéf@ﬁ%lﬂmpa@ra 6&@%@@%0%3% chambeg; ¢

body and partigidRlHs are deposited in at |east one region thereon and

wher eby sai d accel eroneter delivers an anal og signal to said signal

condi ti oner whef®af baly, smildsediignalhainbep dssied at lmsugte egiod vereréonaparageng

filter generated by at least one particle source within said chamber may deposit
during a processing operation;

{(b) an accelerometer securely fastened to said body and wherein said body is
configured to minimize the mass thereof between said accelerometer and
said at least one region;

(c) a source of vibration to said body;

(d) a signal conditioner connected to receive an analog signal from said
accelerometer, pass said signal through an anti-aliasing filter, then through
an analog-to-digital converter, to a programmable digital signal processing
unit; and

(e) at least one output device trigger-able by said digital signal processing unit.
2. The apparatus of claim 1 wherein said chamber is a wafer processing chamber.

3. The apparatus of claim 2 wherein said chamber is an annealing chamber, an etching

chamber, or a deposition chamber.

4. The apparatus of claim 2 wherein said body is a support member of a wafer platform
and said wafer platform is rotatably driven by a motor connected thereto by at least

one bearing.

5. The apparatus of claim 1 wherein said digital signal processing unit is
programmable by an external computer and thereby is capable of transforming said
digital signal from a time domain signal to a frequency domain signal, analyzing a

portion thereof to produce vibration amplitude,
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and thereafter through said anal og-to-digital converter which digitizes and
delivers said signal to said digital signal processing unit wherein said
signal is transforned froma tine domain signal to a frequency domain
signal, said signal processing unit further analyzing a portion thereof
over a frequency band to produce a value of vibration anplitude; and 22
(c) said signal processing unit monitoring said value over tinme while
contlnuously conparing said value to a preset val ue thereof, trlggerlng an
al ar m whentsalhe seipsus ebelhias lowh%mpﬁi églt@bislanzﬁrzég@qssmﬁluaé a9 McpRe Ofret hod

of claim 38 ""‘Iﬁggégﬂn SR, %ﬁ@%g Ele sk fi‘ea""%ﬁé 08%8{"'?3&&2% e;?&?gp%undla% 21308

nmet hod of cl ai Wher &1 “Sai

platform llwhehheeseetitedaafe mbai m 10 vvherel n said wafer platformis
rotatable by a notor coupled thereto with at |east one bearing. 12. The
met hod of claim 11l wherein one of said at | east one source of particul ates

is said ay lgas @pﬁ)ﬂaﬁls%?%fa #9 wiein 838 ﬁél%g‘xé?ér i§ %1"(:'1’1 %éﬂaé@éﬁtgﬁﬁ&epne of

said at | east source o vibration is sai east one bearing
The net hod of cla|n19 wherein said chanber is an anneal i ng chanber,

wherel s saba Mgel Rnan e TS D5 B GrhdLgr ¢ Processing e
comprising:

(a) providing a processing chamber having;

(i) abody enclosed therein,;

(ii) at least onc source of particulates in said chamber, said particulates
capable of depositing on at least one region of said body;

(iii) an accelerometer securely fastened to said body and wherein said
body is configured to minimize the mass thereof between said
accelerometer and said at least one region;

(iv) a least one source of vibration to said body;

(v) a signal conditioner connected to receive an analog signal from said
accelerometer, pass said signal through an anti-aliasing filter, then
through an analog-to-digital converter, to;

(vi) aprogrammable digital signal processing unit; and

(vii)) at least one output device trigger-able by said digital signal
processing unit;

(b) operating said processing chamber whereby vibrations are induced in said
body and particulates are deposited in at least one region thereon and
whereby said accelerometer delivers an analog signal to said signal
conditioner whereafter said signal is passed through said anti-aliasing filter
and thereafter through said analog-to-digital converter which digitizes and
delivers said signal to said digital signal processing unit wherein said signal
is transformed from a time domain signal to a frequency domain signal, said
signal processing unit further analyzing a portion thereof over a frequency

band to produce a value of vibration amplitude; and

22



16. The method of claim8 wherein said value of vibration anplitude is an
roms (root- mean-square) value. 23

(c) said signal processing unit monitoring said value over time while
continuously comparing said value to a preset value thereof, triggering an
alarm when said value reaches or surpasses said preset value.

9. The method of claim 8 wherein said chamber is a wafer processing chamber.

10. The method of claim 9 wherein said body is a support member of a wafer platform.

11. The method of claim 10 wherein said wafer platform is rotatable by a motor coupled

thereto with at least one bearing.

12. The method of claim 11 wherein one of said at least one source of particulates is

said at least one bearing,

13. The method of claim 11 wherein one of said at least one source of vibration is said

at least one bearing.

14. The method of claim 9 wherein said chamber is an anncaling chamber, an etching

chamber, or a deposition chamber,
15, The method of claim & wherein said accelerometer is a iri-axial accelerometer.

16. The methed of claim 8 wherein said value of vibration amplitude is an rms (root-

mean-square) value,

23



