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

i nvention relates to processes for the manufacture of sem conductor
devices and nore particularly to a nethod and apparatus for measuring
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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10 The invention relates 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  particles 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 cohtaminate 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




1 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

par ti cul abodhy16,isolatidi fesmahe Lppelisdiy P seBU 7. dThélowdr bbey 1@BbOSSS 24
between the support ring and the | ower body and can, in time, magrate onto
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particul ates can rate onto s top side causing yie Sses.
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subsequen rqocessi ng tpols._ _Both the bsequent tools.and the wafers
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contam nation to device areas can occur as a result during subsequent
pr ocessi ndobshawp). dgesnpepradingaidisitvricalbifornedaf slicomenbidgeandrise r egi ons 24
are considered as 'blind spots' because they cannot be observed by
convent i osigiportedtdrcafussshyart elintera22. | IBRMe, thd supbosiririgisootated ana slost
waf er processing
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, migrate onto the wafer’s backside
10  causing contamination thereon. Left in 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 occur 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
optigal 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




chanmbers. 20 The anneal i ng chanmber shown in Fig. | is used here primarily
toillustrate regions in a typical processing chanber where particul ates
accurrul ate and which 2 are not easily observable in real time using the
traditional optical nmeans. O her chanber types which have nechani cal

devi ces which operate during processing, in particular wafer rotation
mechani snms, may include CVD (chem cal vapor deposition) chanbers, R E
(reactive ion etching) and plasna etching chanbers, ion inplant 5 chanbers,
and PVD (physical vapor deposition) chanbers (evaporators). Controlling

particl e gremcsasiy boseroabie verdxnak @En@fheatrmfi@ﬂalI@Eﬁ_@&trnhear%et@mb'rO_n i's
i nportant to effective yield nmanagenent. Wafer backsi de contam nation can
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If the wafer, nore specifically the wafer's exposure fiel cannot” be
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particlé contamination on the backside of a wafer by early detection is important to

effective yield management.

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 real-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 signal 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-




up in 'blind-spots' of the chanber and thereby providing an early signal of
the onset of backsi de contam nation probl ens before expensive yield | osses
occur. 20 Hiatt, et. al., U S. Patent Nunber 5,963,315 discloses a nethod
for measuring and nonitoring backside contam nation on sem conduct or
wafers while the wafer is still in the processing tool. The wafer is
renmoved fromthe chuck, which secures it during processing, by a robotic
arm The armthen positions the wafer over a | aser detector arrangenent
and the exposed backside is scanned for particulate contam nation. At

conpl et i odetettor Berangament &ed tebetposedbaicksids spsedrmetifer ya@tigllated the next
| ocati on which nay be into another processing chanber or into a | oad-I| ock

for  renmygitaimintiliohN AtROAGASRINGF the 3ban Aflireb&ic arf trandports thawWaidr Dupber
US5347138, 5 provide real-tine particle nonitoring in a processing tool by
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Nunber_ 6, 032, 544 teach sjm | ar procedures wherein, 10 external optjcal beans
are fcﬁ:us@r(?vgﬁld'eﬁtﬂ@et MANIGHNS > | esesiingiap! éﬁ??ﬁ%@%@ e’@?fgﬁ%ér s.
Optical sensors then determ ne particulate intensity by nmeasuring the
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windows in the tool. 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 similar 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 sidewall
flaking in a plasma chamber by measuring the intensity of light scattered by polymer

15 film materials 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
ptasma 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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Appl i cation Publication Number 2004/017330 Al detects and nonitors sidewal |
flaking in a plasnma chanber by nmeasuring the intensity of |ight scattered
by polyner 15 film materials deposited on the wall surface of plasna
chanmber. Chanayem U.S. Patent Nunber 5,271, 264 di scl oses a nethod of
in-situ particle nonitoring in a plasma etching chanber by positioning an
| SPM downstream of the chanbers vacuum punp. 20 Koury, et. al., U S

Pat ent Nunber 5,814,733 discloses a nethod of using an accel eroneter for
real time nonitoring of vibrations in a wafer probe tester produced by
vari ous nesitad erédrs epaANENise SrodlcedorbBidit dnir@heoudiceliicaptese probe
contact errors and ot herw se produce inconsistent and erroneous el ectri cal
test resupdsplisAl t hough the final objective of the cited prior art is
simlar, all of the cited 5 nethods are limted to detecting particul ates
in regions of the processing tool which an optical bean sensor arrangenent
can observe in real tine. None of the optical nethods are capable of real
time nonitoring of particle build up in the so-called 'blind- spot' regions

of @ _processi nAGRIARE Ml (SRR %itd bt SR dibk LA%rthd BrdtPt ! cal

detection equip ave a non-opti cal
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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 opiical
detection equipment. 1t would therefore be desirable to have a non-optical method

10  and apparatus for real-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




processi ng chanber. The method and apparatus taught by the present
I nvention not only acconplishes this goal but is also sinpler, cost
effective, and easier to inplenent than the optical methods and is capable
of sensing and reporting conditions in blind spot regions. 15 SUMVARY OF
THE INVENTION It is an object of this invention to provide a design of an
apparatus that provides real tine neasurenent and nonitoring of
particul ate 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 anpl SUMMARY GF IHESINGENTEMPONent 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
anticipates the: o : I ) party c ) | Leyel
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by a safety nmarqgi ermtU pre-enptive marn nce o e cha
real time measurement and monitoring of particulate contamination in a wafer

5 processing chamber.

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




These obj ects are acconplished by securing an accel eroneter, preferably a
tri- axial acceleroneter to a structural body of the process chanber
wherein said structural body is a conponent of the process chanber onto
whi ch particulate contam nation accunul ates during wafer processing. The
structural body described in 20 the enbodi ments of this invention is a
chanber platform which conprises or supports the wafer chuck nmechani sm
the latter being the chanmber conponent on which the wafer is secured
during processing. The wafer backside is thereby in direct contact 6 with

or is at Wwithet iscapesstxposédid tiersicictiral bdcs WiichMhecdcdehgometslier ometer is
fastened. The accel erometer is supported by signal processing equi pnment

whi ch, dufdsfghedo Waf er 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 Is an object of this invention to

ﬁéi!h?inén{m;ﬁ@‘?néﬁ%'%%ﬁneé&ﬁ §B€ﬁ‘%%bi%@‘n%§heog%$ﬂﬁé Bblfifer WRigth gFing
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contam nation in a wafer processin

through an angia -to- cP gital convenger and processed by a digital signal processor

(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 accelerometer 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.




15 chanber, said apparatus having an accel eroneter, preferably a tri-axial
accel eroneter secured to a chanber platformwhich conprises or supports the
waf er chuck nechani sm of the process chanber. The accel eroneter is
supported by signal processing equi pment which, during processing of a

waf er receives signals fromthe acceleroneter. The apparatus is calibrated
using a test wafer which is initially cleaned 20 and scanned for particle
count using conventional optical scanning equi pnent. The signals are
passed t hrough an anal og-to-digital converter and processed by a digital

si gnal prAdesaency bamd oftheasignatif igthemsédlected &3y monfloahis@iroan alRemcdranber
platform A frequency band of the signature is then selected as a nonitor
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counton t st water. Once this has been established, test wafers need only be

processed occasionally in order to verify the calibration.




chanber used for annealing sem conductor wafers. 5 Figs. 2a and 2b are
cross sections of the processing chanber of Fig, 1 show ng an

accel eroneter fastened to the | ower body of the chanmber according to an
enbodi nent of this invention. 10 Fig. 3 is a block diagram show ng the

el ectronic circuitry used to process and utilize the signals provided by
the acceleroneter illustrated in Figs. 2a or 2b during the operation of a
waf er processi ng chanber according to an enbodi nent of this invention. 15
Fig. 4 is a chart show ng the vibration anplitude signature of a body in a
process chanber derived fr BRIEFDESQRIPFHIQON OIUTIHE ORAWINGSCel er onet er
affixed to it during wafer processing within the chanber according to an
enbodi ment of this invention. 20 Fig. 5 is a chart show ng the behavior of
the vibration anplitude of a body in an annealing chanber nonitored over a

30 day period ﬁﬂ; L@a%s%@etcngn %H&Hﬁ@ﬁpe?@ﬁ%ﬂ’c‘%n'@fgtg@kﬁl ypﬁk)ﬁ%éyl s. Fig. 6

is a flow chart OW ng the neasure eps exercis asur enent

circui tryckihb&ddasor 8aha Ifngﬁslemeéﬁd?fétd}gwé?grs‘?a”i cle contam nation

according to the process o S 1 nvention.
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.




5 10 DESCRI PTI ON OF THE PREFERRED EMBODI MENT | n an enbodi nment of this

i nvention an anneal i ng chanber for the processing of 5 sem conductor
wafers is provided. Referring to Fig. 2a, the annealing chanber 40
conprises a | ower body 46 which houses a rotatable support ring 48 having a
central opening with a circunferential recess 49 onto which a wafer 50 may
be supported for processing. The annealing chanber further conprises an
upper housing which covers and encl oses the support ring 48 by engagi ng
the | ower body 46 with a 10 circunferential seal 47. The upper housing 42
contains an array 43 of quartz/halogen lanps 44 in a reflector unit 45.
The array 43 is of sufficient size to provide uniform heating of the waf er

50. In use anngigl 6NgaAeaechaAt hdwi m@hem@h]érﬁ%teﬁ;ﬂaéx%?clsédﬁwhﬁ
t hrough the gas ports 55. The chanber 40 may al so be fltted wth a vacuum

port (not n@é@lﬁ‘f&ner{mﬁcﬁﬁl@%@rﬂhﬂﬁh@% ‘P%mi nﬂégcgr‘ﬁ{ﬂﬁar{l mﬁflé con

carbide 15 and is suppor a cy era use quart z.
The cylin gs (not shown) and |s rotated during
proceSS|ng&%xaagé§FW%H§§%é%%PHﬁyngsﬁ%aﬁ An accel eroneter 58 is solidly
fastened to the | ower body 46, preferably in a central |ocation concentric
W th the support ring 48. In use, particles build up in the regions 54

bet ween the support ring 48 and the | ower body 46 and can in tine

10




20 mgrate onto the wafer's backsi de causing particle contam nation
thereon. The acceleroneter 58 may be affixed to any part of the | ower body
46 as illustrated in Fig. 2a. However, sensitivity can be inproved by
reduci ng the mass of the | ower body 46 11 between the accel eroneter 58 and
the regions 54 of particulate accunul ation, for exanple, by providing a
recessed opening 59 for the acceleroneter as illustrated in Fig. 2b. 5 A
sui tabl e accel eroneter is, for exanple, the Mdel 356B18 tri-axi al

accel eroneter manufactured by PCB Pi ezotronics, Inc. 3425 Wal den Avenue
Depew, New York. A cable 60a connects the acceleronmeter 58 to a support and
signal processing system60 which is illustrated in a bl ock di agram shown

in Fig. 3. Vibrations gEScRIPPIN OMTHRPREPERREDEMEODINMENE drive notor
supra, bearings used 10 by the drive nechani 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.er.o . 1s.fastened. ..l n_the resent e diment it.was
ot orm ned 1 el A @nsefihey b BiE REenudf b e B e B ah B bratekEi o,
40 was_ fromthe bearings used to couple the drive nmotor to the 15 fused
quart 2 cyP$RIgEPdegor vz 19 pgVidsd F&SPG@',‘Q InEldodasthgpneaking,phambper 40
"accel eroneter 58 are produced

comprises a lower body 46 which houses a rotatable support ring 48 having a central

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




by internal circuitry according to the respective restoring currents
required to counteract nechani cal displacenments in the instrunent. The
signal conditioner 61 20 provides power to the accel eroneter 58 which
requires CCLD (constant current line drive) and signal anplification
(optional). The unit 61 can be a stand alone unit or alternately,
integrated into an anti-aliasing (low pass) filter 62. The anal og signals
12 are passed through the anti-aliasing filter 62 to an A/D
(anal og-to-digital) converter 63 to produce a digital signal which is then
pr ocessedbéiyveeheh®SBcelaidmédr 88 and dhe gegitts 84 ofpattizsiate ptaewation)ifoh i s
downl oaded to the DSP unit 64 froman external conputer (not shown)
t hr ough aéxdﬂ%;l%?@y( Eﬂfv‘idh@é a386bsteardininy %o fd?(iﬁi aBBATBIOYn &t s MuSBated e
frequency bandw d and cut-off frequency I1n the anti-aliasing filter can
be contrpfgl g by the DSP unit 64. Alternately, a digital anti-aliasing
filter may”be used in conjunction with the DSP unit 64 instead of the
anal og | ow pass filter 62 thereby avoiding noise and drift problens
inherent to analog filters. This will involve nmulti- rate processing by
over sanmpling fhe_signal and wil| require different setup and 10 signal
proces‘gi ng tec‘%ﬁ”lﬁ@ acgelREIrReigh s, formaample, the Modal @é@Bf‘gt"&%‘@fe pr ot ocol
reliability and provide re-set capability of the DSP. The anal ysis program
converts @érelerpgleten maﬁ*ﬁfécwmﬁi:%ﬁr&@@}(fﬁnﬁst lBCa342T Wialdercpverdimi n by
using a FFT (Fast Fourier Transform algorithm The resulting

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




15 vibration anplitude is expressed as a velocity which is plotted as a
function of frequency to establish a vibration anplitude signature for the
| ower body 46 of the processing chanber 40. A typical vibration signature
of the | ower body 46 of the annealing chanber used in the present
invention is shown in Fig. 4. It was found that, in the annealing chanber
of the present enbodi nent, the vibration peaks in the 20 frequency

bandwi dth 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 anplitude of the

peaks in atdpsssedrtimughhheastidiinsioy iteP62 BOaH IAOD hndlogid-aigital) lcdHperedr
particulates in the blind 13 spot regions 24 Using the rns

(1 oot - neap3 6l BASdRke i g@alog‘.%ﬁm/rﬁémb'tgé% éét?bfﬁ?%(BSW drfit 6k aécfb‘?dﬁﬁ' ect ed

bandwi dt h 70 neasured ween 1 an y I nt an annea

manuf act 3’?0?%@9“%'&%3%%%%% (chd® SbWalsiislio b DBR SR BB S L8R our
wet ol eanPHRIPUIE {1 R LHOUGR o1 S 258 RSB Py stpres 1ea [AeRbgmeniiin T
Fig. 5. Gearly, regular monitoring the rms value of vibration anplitude
in thed sefBctlbg ffﬁ%@ﬂ@hbwﬂ\aﬁg@am svi-aié freguencyt in dlek pnti-aliasiag fitterecathierber s

cl eanliness. Based on these data, a pre-alarmlevel (anber) 80 of 300
pn sec (r ositrolies lphibedSP anitiégn Altetriatelp s digitalf amisalicisarigefiltenimaly g used in

conjunction with the DSP unit 64 instead of 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 signal and will require different setup and
10  signal processing techniques. A watchdog timer 67 is provided to assure protocol

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 lower body 46 of the
annealing chamber used in the present invention is shown in Fig. 4. 1t 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 proportional to the buildup of particulates in the blind
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The choice of the alarmlevel (red) depends strongly on the particle

tol erance of the product being processed in the chanber. Mst of the
product used today has 15 very little tolerance. Wiile PMreturns the
chanber to a safe level below the pre- alarmlevel 80, the alarm (red)

| evel , which demands i nmmediate PM m ght occur at a |level 82 of 600 pnisec
(rms) for a particular product. Another product may be nore or |ess
tolerant. It thus becones clear that the efficiency of the process chanber
can be greatly inproved and the frequency of PM can be reduced by 20

opti mal | ysptqegions @¢. t he product mix. The ability to provide real tine
nonitoring of particulate build-up in discrete regions of the process
chanber permts the selection of two or nore alarm|evels which can
provide a tinely prediction depending on the 14 product schedul e, of when

the chamber gtk (4BYHAPCR:PaN ko bk AR SPHR R it

illustrated by t tine hart let tude was

tted I 80 PM
aopi | e o B FHEG ehlfl B aﬁk%&ﬁ %@Igﬁw N e
br at | itud b the 3 I I I i brati
Bl R RO G B ESSioc R e ool e:
ext i ngui shing_of the arrber alarm This signal would then inmediately
verify a ¥ifecladdngthersd dpy Refiedydhe chambar teceivedtfadr onting EM (Rrpvaptativé s

early warm ng provides a valuable tool for job
Maintenance) 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 provides 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

14




10 planners and greatly inproves the efficiency of the production |ine
operation. A second pre-alarmlevel could be added. The nethod and
apparatus described by this invention incorporates two or nore alarm

| evel s chosen on the basis of optinmum Iline efficiency and product

tol erance. Referring to Fig. 4, in the exanple of the enbodinent, a first
pre-alarmlevel 72 is chosen at a vibration anplitude of 130 15 pm sec
(rms). A second 74 or critical alarmwarning is set at 180 pnisec (rns).
Referring back to Fig. 3, the output signal of the DSP unit can be

moni t or edprddact sehledulenef ahdn tiaed chambbs@iustbe shutadovaxasd olekbnednput er t hrough
the RS-232 port 65. The DSP unit 64 is programmed to trigger alarnms 68 and
69 whi ch provide 20 visible/audible warnings by activating relays | and 2
respectively when selected warning anplitude |evels are reached. Further

protective ”Eaig.%szjréée%s%ftgg dﬁ‘?(%talﬁé‘?%? ﬁéﬁgﬁngechﬁla%%tﬁé,.id’%rﬁ%%ﬁé%\“ﬁlioﬁhz for

exanple, wll disable the he ¢ t hereby preventing
operation_of .t he chanber. unfil PMhas bee erfqrnmed. The proces
cbcel er onateitudB ek Bl excedadBs s Slrmiin Yoseerel Ay dR 5 R
proce%:res such as to signal catastrophic events. 5 Cali brati_gn of the
accel et onWegapplighayerdhe cayRerion; thef Mralvayarastersd dee tpal to Whratiody| at e
count is acconplished by the use of test wafers which are run in the tool
40 in pl ag@pbiudgrhsiny thed@@ Leysem dmpriatat syebfA vibstipsrmpliitdadelavsther e
first

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 provides 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 ym/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
63. The DSP unit 64 is programmed to trigger alarms 68 and 69 which provide
20  visiblefaudible warnings by activating relays 1 and 2 respectively when selected
warning amplitude levels are reached. Further protective measures are also

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

15




scanned for particles, preferably using a conventional optical scanning
tool, for exanple, the Surfscan SPl dual | aser inspection system
manuf actured by 10 KLA/ Tencor Corporation of San Jose, CA. The test wafer
is then | oaded into the annealing chanber 40 and subjected to the norna
processing recipe for that tool. After processing, the test wafer backside
I s scanned again and the particle count accunulated during the process run
is determined. Tables la and Ib show the results of such a calibration
procedure for two test wafers. 15 20 Table la Test wafer #1 Particle Count
Parti cl e tBezhhaBedfeny therdbyrpredénting ddaratiorDef the chaptoe)r uatiPiCds kenl6 >0. 16011
>0. 2033 >0. 3143

performed. The processed accelerometer signal can also be used fo 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 laser 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
accumulated during the process run is determined. Tables la and Ib 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




>1.0000 Total 187 Table | b Test Wafer #2 Particle Count Particle Size Before
Alarm After Alarm Delta ncm zcnecm z >0. 16022 >0. 2121 >0. 3132 >1. 0011

Total 286 5 The experinent was performed when the chanber had al ready
processed 1200 wafers and 2000 wafers for wafer #1 and #2 respectively
whil e being nonitored wth the acceleroneter. On wafer #1 there was 1
particle larger than 0.16 pm/cnz 10 before the vibration alarm was
triggered. This increased to 8 after the alarm

>0.16 0 1 1
>0.2 0 3 3
>0.3 1 4 3
>1.0 0 0 0
Total 1 8 7
Table Ib

Test Wafer #2 Particle Count

Particle Size Before Alarm After Alarm Delta
(um) (cm™®) (cm™) {cm?)
>0.16 0 2 2
>0.2 1 2 1
>0.3 1 3 2
>1.0 0 1 1
Total 2 8 6
5
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 pm /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/cm? after the

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




Simlarly, on wafer #2, the particle count increased from2 to 8
particles/cne after the alarm The results clearly indicate the tineliness
of the warning alarmand the 17 effectiveness of the nmethod. In Fig. 6
there is shown a flow chart of a nmethod which can be applied to nonitor
and control particulate contam nation in a wafer processing chanber using 5
t he equi pnment described by this invention. The processor is programred to
nonitor the anplitude of the vibration signal in the frequency band 70
shown in Fig. 4 and performactions when criteria in the flow diagram are
nmet. The ¢ffadiedness ofthemdthadli zed by zeroing a counter 90. The anplitude
signal is then processed by conputing the FFT 91 and testing for neeting
or exceeding a |lower alarmpreset point.92. A 10 negative result directs
the path to the beginning 90. The sanpling tine interval can be set

accor ding £ o aniig: glaicRs I SRS M6l Gkt SHLhBHIddBichYSh Hel dBbliefito Par ti ol e

accunul ati on increases, the |l ower set point Is reache a e counter

ser i no RSt and Wbl LRAicRRHT hAEHIRGU ol FalsT B BR o aRor skl
sel ected punber of 1 sugc sive.posi.tive, tests for. the | owner ?I armlimt
are reachDg SHPTPRL RSEUSET Py JS UlYeNERN - he BrocRssat saHeorgIm e fomonitor

initiated, The benefit of requiri n?_ a nunber of successive positive tests
- seven i heHepifide ehtheadbratipn signgf Bdhe freaugnewland 20 shown in Fig. 4 and

perform actions when criteria in the flow diagram are met. The procedure is initialized
by zeroing 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 particle
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
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chances of false alarnms. 20 After the chanber is operated for a tine, the
upper alarmlimt is reached and the test 93 passes to the final | oop,
advanci ng the counter 97 and recycling until the desired nunber of
successi ve positive confirmations have occurred 98. Now the full 18 al arm
(red) is triggered 99 and the process tool is disabled at the conpl etion of
the job by the controller. After successful PM the systemis reset by the
mai nt enance operators and rel eased to conti nued use 100. Note that the set
point for the red alarm should be set confortably bel ow the catastrophic
danger poalatmgied) ietrigoéred 89 andittay procesg i & disuibled attheacdmpietiat of hie.jolb he
job can be conpleted wi thout fear of product |oss. The nethod and

appar at ushylgcédrivfleRYAREH SuccBYSTOL PRINtHEASy RAA T ALYy tRe RRinté@dricabl e and
accurate as well as cost effective and can be applied to any processing 10

| wher gi i i f
t oo egﬁb%}ta rQ%ﬁé'r&%aQ@chPénl:gﬂn@gr@a é%@&@%@tﬁ?%qhé%eﬁ%@gpﬁg?Ijiienée‘?f a wat er

hol der er structur e tool, galns
I ng, ble di t.of th t i ti .
oot nofegdihbBe AL s 6 SABRY ER0L o BRSSP R ol 2, e
o s t oo i B 6 Tt IgHI0R: Biiok oo BP SORAed o REIraT PEPRKR ng

or RIE tolol s and wherein said tools having nechanical conponents, such as
0SS.

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 teadhing 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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waf er rotating devices which generate particul ates during operation. In the
case of etching or deposition tools, the effect of the etching or
deposition environnent on the body being nonitored nust be understood and
accommodat ed, for exanple by providing appropriate shielding of the body
or otherwi se isolating the body fromthe 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 below the wafer holder 48. 19 Wile this

i nvention has been particularly shown and described with reference to the
preferred enbodi nents thereof, it wll be understood by those skilled in

the art that Waileahkis :mngﬁﬁasrbeiaﬁrparmmlarﬁﬁérerSamweQﬁub@adﬁmMefé]@n&e
departing fromthe 5 spirit and scope of the invention. Wat is clainmed is:

20 CLAI Nﬁ&hewe@a@ar@ﬁwﬁn@htwaré&m i w@{.ﬁa&@{o%eo@gbé@skme@m hebedy

encl osed in a chanber conprising: 5 (a) encl chanber; (b)

an accel efreLRluSARNGRS Yn fatit e etaRs ﬁ‘?dfbéjﬂm%e without departing from the

5  spirit and scope of the invention.

What is claimed is:

20




(c) a source of vibration to said body; (d) a pre-processor connected to
receive a signal fromsaid acceleroneter; (e) a progranmble digital signal
processing unit connected to receive a signal 10 from said pre-processor;
and (f) at |east one output device trigger-able by said digital signal
processing unit. 2. The apparatus of claim1 further conprising at |east
one region on said body whereon particles, generated by at |east one
particle source in said chanber, are 15 deposited during a processing
operation of said chanber. 3. The apparatus of claim 2 wherein said chanber
is a waCdAlMSocessi ng chanber. 4. The apparatus of claim 3 wherein said
chanber is an annealing chanber, an 20 etching chanber, or a deposition
chanber. 5. The apparatus of claim 3 wherein said body is a support nenber
of a wafer |l atform and said wafer platformis rotatably driven by a notor
connect éd t h‘g'r' appeamgiusdior masdteting partisulate hyild-ap opia bodyrerclegasking charberc| ai m
1 wherein said pre-processor is capable of filtering said signal fromsaid
accel er B(APPEFINANd converting it to a digital signal. 7. The apparatus of

claig 1 wherghn saiddigl L8l & 91gL BLecessi ng unit i
(b)  an accelerometer securely fastened to said body:;
(c)  asource of vibration to said body;
(d)  apre-processor connected to receive a signal from said accelerometer;
(e) a programmable digital signal processing unit connected to receive a signal
10 from said pre-processor; and

H at least one output device trigger-able by said digital signal processing unit.

2. The apparatus of claim 1 further comprising at least one region on said body
whereon particles, generated by at least one particle source in said chamber, are

15  deposited during a processing operation of said chamber.
3. The apparatus of claim 2 wherein said chamber is a wafer processing chamber.

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

20 efching chamber, or a deposition chamber.

5. The apparatus of claim 3 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.

25
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5 programmabl e by an external conputer and thereby is capabl e of
transformng said digital signal froma tinme domain signal to a frequency
dormai n signal, analyzing a portion thereof to produce a vibration
anplitude. 8. The apparatus of claiml1l wherein said digital signal
processing unit has neans of 10 triggering at |east one of said at |east
one output device to post or sound an alarmwhen preset criteria are net.
9. The apparatus of claim 1l wherein said body is configured to mnimze the
mass thereof between said accel eroneter and said at | east one region. 15
20 25 10. A Thetanppraiys qfrﬁlﬂimdrwhgreamaaidipya-aalrmcm;spaiﬁtda@abletm‘ifiltarim)said a
processi ng chanber conpri sing providing a processing chamber having;
(i) a b@ﬂpalé‘mm@@&mq%qremter(ancbccmvertwslt toomdigifalgigralof particul ates in
said chanber, said particul ates capable of depositing on at |east one
regi on of said body; (iii) an acceleroneter fastened to said body;

7. The apparatus of claim 1 wherein said digital signal processing unit is
5 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 a vibration amplitude.

8. The apparatus of claim 1 wherein said digital signal processing unit has means of
10  triggering at least one of said at least one output device to post or sound an alarm when

preset criteria are met.

9. The apparatus of claim 1 wherein said body is configured to minimize the mass

thereof between said accelerometer and said at least one region.

15
10. A method for monitoring and signaling particle build-tjp in a processing chamber
comprising:
a) providing a processing chamber having;
(i) a body enclosed therein;

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

(i)  an accelerometer fastened to said body;
(iv)  aleast one source of vibration to said body;
25 (v) a pre-processor connected to receive a signal from said
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(iv) a least one source of vibration to said body; (v) a pre-processor
connected to receive a signal fromsaid 22 5 acceleroneter; (vi) a
programuabl e digital signal processing unit connected to receive a signal
fromsaid pre-processor; and (vii) at |east one output device trigger-able
by said digital signal processing unit. b) operating said processing
chanber whereby vibrations are induced in said body and particul ates are
deposited in at | east one region thereon and whereby said accel eroneter
delivers an analog signal to said pre 10 processor and whereupon said
pre-processor digitizes anAdcelefomeies said signal to said digital signa
processing unit which transforns said digital signal froma tinme domain
signal to a frequencyVilomdimogiagiaablgtigial siggal progessingHntt apeesiedi®er a
frequency band to obtain a rns (ropot-pean- square) value of vibration
anplitude; and 15 c) sai d'&iS¥ Slﬂ”@&&é@i%’ﬁ&?ﬁ'?"%%@bﬁ? g said rms val ue

over Lime vl e cont;uoyploy OIPR! IR a3 vider WISy Laar Shal ! U

5 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 pre-

10 processor and whereupon said pre-processor digitizes and delivers said
signal to said digital signal processing unit which transforms said digital
signal from a time domain signal to a frequency domain signal analyzing
a portion thereof over a frequency band to obtain a rms (root-mean-
square) value of vibration amplitude; and

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

value.
20 11.  The method of claim 10 wherein said chamber is a wafer processing chamber.

12. The method of claim 11 wherein said body is a support member of a wafer

platform.

25 13. The method of claim 12 wherein said wafer platform is rotatable by a motor
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triggering an alarm when said rns val ue reaches or surpasses said preset
value. 20 11. The nethod of claim 10 wherein said chanber is a wafer
processi ng chanber. 12. The nmethod of claim 11 wherein said body is a
support nenber of a wafer platform 25 13. The nmethod of claim 12 wherein
said wafer platformis rotatable by a notor 23 coupled thereto with at

| east one bearing. 14. The nethod of claim 11l wherein said chanber is an
anneal i ng chanber, an etching chanber, or a deposition chanber. 5 15. The
met hod of claim 10 wherein said body is configured to mnimze the nass

t her eof couptleR therete witthatlenstr@echearingnd said at | east one region 16. The
nmet hod of claim 13 wherein one of said at | east one source of particul ates
is 10 said at |east one bearing. 17. The nmethod of claim 13 wherein one of

sai d at IeasLI_ one source qof vibration is said at |east one bearing. 24
14. he method of claim 11 wherein said chamber is an annealing chamber, an

etching chamber, or a deposition chamber.

15. The method of claim 10 wherein said body is configured to minimize the mass

thereof between said accelerometer and said at least one region

16. The method of claim 13 wherein one of said at least one source of particulates is

10  said at least one bearing.

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

at least one bearing.
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