Real -tine detection of wafer shift/slide in a chanber BACKGROUND OF THE

| NVENTION (1) Field of the Invention This invention relates to a system and
met hod for detecting wafer shift/slide in a chanber. In particular, it
determ nes whether there is a net resultant force that may cause an
unconstrained wafer to nove fromits original position in a chanber by
measuring the relative chanber vibrations in three orthogonal directions.
(2) Description of the Prior Art In the manufacture of sem conductor

devices, silicon wafeJs e prpcessed.in_nmultpple .chanbers. These wafers
are general |y suppor ?%d‘l'?'jﬁ"‘? ngeai'é)ﬁo%t}g’afﬁf %hgﬁ"d?dﬁp?o%arﬂ??ﬂs whi ch have
little or no contact with the patterned surface of the wafers to reduce
contact- induced defects. However, such wafer support units have a weaker
grip on the wafers. As a result, wafers can easily be displaced fromtheir
original positions when the chanbers experience perturbations or

vi brations created by any noving parts, such as slit valve, cryo punp,
exhaust punp, process notorBAGHGRBONDaOM THE hisWE&KTI@Nnal sour ces,

i ncl udi ng human-i nduced vi bration such as equi prent nai nt enance work and

footfall activities, can also cause the wafer to shift. It is inportant to

detect wafer shift/slide within a chanber as soon as it occurs because
(1)  Field of the Invention

This invention relates to a system and method for detecting wafer shift/slide in a
chamber. In particular, it determines whether there is a net resultant force that may cause an
unconstrained wafer to move from its originat position in a chamber by measuring the

relative chamber vibrations in three orthogonal directions.
(2)  Description of the Prior Art

In the manufacture of semiconductor devices, silicon wafers are processed in multiple
chambers. These wafers are generally supported in the chambers by wafer support units
which have little or no contact with the patterned- surface of the wafers to reduce contact-
induced defects. However, such wafer support units have a weaker grip on the wafers. As a
result, wafers can easily be displaced from their original positions when the chambers
experience perturbations or vibrations created by any moving parts, such as slit valve, cryo
pump, exhaust pump, process motor and robot arm. Other external sources, including
human-induced vibration such as equipment maintenance work and footfall activities, can

also cause the wafer to shift.



a wafer that is not normally positioned could cause the follow ng probl ens:
The wafer will not be correctly clanped by the robot armout fromthe
chanber . The wafer will be bunped into fragnents by the robot arm
inserting into the chanber. As a result, the equipnent will have to be
stopped to clear the fragnments. This will affect the nornmal operation in
the production and shorten the I|ifetine of the elenents of process tools.
The wafer will not have the full conplenent of the integrated circuits
produced on it. Sonme wafer fabrication equipnent, |ike sputtering

machi ne, consists of an electrode which nmust be conpletely covered by the
waf er durinﬁ.processing. However, a m saligned wafer will not be able to
do so. Wienltihenpeifant isdeteat waldrshift sifsker wlighinw ¢Hanmpbersasesoomeit ot curisédegbasen
uni ntentionally bonbards the electrode which creates airborne contam nant
parti cl esvafeathat s hotowrinady pssitibned ducidaraudiedise snidwimeroblgmeducti on yi el d
of the sem conductor circuits fabricated on the wafers. Therefore, a

real -time systemand nmethod for detecting wafer shift/slide in a chanber

wi || be highly advant ageous. 2

e The wafer will not be correctly clamped by the robot arm out from the chamber.

¢ The wafer will be bumped into fragments by the robot arm inserting into the
chamber. As a result, the equipment will have to be stopped to clear the
fragments. This will affect the normal operation in the production and shorten the
lifetime of the elements of process tools

e The wafer will not have the full complement of the integrated circuits produced
onit.

» Some wafer fabrication equipment, like sputtering machine, consists of an
electrode which must be completely covered by the wafer during processing.
However, a misaligned wafer will not be able to do so. When the wafer surface
is bombarded with plasma, some of the plasma unintentionally bombards the
electrode which creates airborne contaminant particles that fall on the
semiconductor dies and lowers production yield of the semiconductor circuits

fabricated on the wafers.

Therefore, a real-time system and method for detecting wafer shift/slide in a chamber

will be highly advantageous.



Currently, there are a few known systens and nethods for ensuring that
wafers are in their nomnal or intended positions. They include those
disclosed in U S. Patent No. 5,483,138, U S. Patent No. 5,563,798, U.S.
Patent No. 5,740,062, U S. Patent No. 5,982,492, U S. Patent No.

6, 298, 282B1, U.S. Patent No. 6,471,46431, U S. Patent No. 6,576,48331,
U.S. Patent No. 6,601,31332, U S. Patent No. 6,778,26682, U S. Patent No.
6, 900, 87732, U. S. Patent No. 6,934,66132, U. S. Patent No. 6,938,50532, U S.
Patent No. _7,029,93032, U S. Patent Publication No. 2004/0151574A1, U.S.
Pat ent Publ FEEENBN tRere arggoismolnauzsystems and patheds feipnsucingitbat wefers are in
2006/ 0209307A1 and U.S. Patent Publication No. 2007/0140826A1. U.S. Patent
No. 5, 48®%innemingl shindedesk pasitiails. , They3nclpde #mseNdisclesabt, 9B RateBdidken et
al., US. Patent No. 5,740,062 to Berken et al., U S. Patent No. 5,982,492
to Qpperi3t38,41.S. Bhtgnt oS5, 3858 €98, UNS. PaiaD No3 538D, 062, Shisn Pateht lom U. S.
Patent No. 6,778,266B2 to Hu et al., U S. Patent No. 6,934,661 B2 to Yuen

et al ., 51982 49t e8! PEtdd Noab| 298, 282B 2004/ Pk RNpA, 470, 44481,Ws. 8. PRasreno.
Publ i cati on No. 2005/0012938A1 to Chen and Wei and U.S. Patent Publication

No. 2008/57bMBESAL Bopherna . BN 1582, APbI Palent RIS 8I&7d 966181 @8, PAnt No.
position of wafers. U 'S. Patent No. 6,900,877B2 to Raaijmakers determ nes

f dgi i t j f

whi e WSTOREIRINS. Pafgy Ho B0 GEERY 35! BaRAP N8 Stfs0dma sy 8 HRIEie,

broken ywaf,er§3deas ¢ OB AREBERILARM 1) SIddaPiH 187489, §ULR9LERBublication No.
2005/0012938A1, U.S. Patent Publication No. 2006/0209307A1 and U.S. Patent Publication

No. 2007/0140826A1.

U.S. Patent No. 5,483,138 to Shmookler et al., U.S. Patent No. 5,563,798 to Berken et
al., U.S. Patent No. 5,740,062 to Berken et al., U.S. Patent No. 5,982,492 to Oppenheimer et
al., U.S. Patent No. 6,601,313B2 to Shin and Kim, U.S. Patent No. 6,778,266B2 to Hu et al.,
U.S. Patent No. 6,934,661B2 to Yuen et al., U.S. Patent Publication No. 2004/0151574A1 to
Lu, U.S. Patent Publication No. 2005/0012938A1 to Chen and Wei and U.S. Patent
Publication No. 2007/0140826A1 to Ho and Shieh use optical sensors to detect the position
of wafers. U.S. Patent No. 6,900,877B2 to Raaijmakers determines wafer drift by using one
or more cameras to capture the image of wafers, while U.S. Patent No. 6,938,505B2 to Chen
et al. detects misaligned or broken wafers based on uneven load distribution on supporting

pins,

In U.S. Patent No. 6,298,282B1 to Guldi et al., a vibration sensor placed on at least one
of the robotic arms or under the cassette control of the robotic arm detects excessive

vibration to wafers during their transport in and out from a cassette.



pins. In US. Patent No. 6,298,28231 to Guldi et al., a vibration sensor

pl aced on at | east one of the robotic arnms or under the cassette control
of the robotic arm detects excessive vibration to wafers during their
transport in and out froma cassette. 3 In U S. Patent No. 7,029,930B2 to
Tonmer et al., an electronic recording system attached to a test wafer
records the notion of wafers, and fine perturbations and vibrations in
their notion during their progress through and between sem conduct or
process and inspection machines in the course of the actual manufacturing
process or in test cycles of these machines. U S. Patent Publication No.
2006/ 0209307A1 to Sun-bong Ki m di scl oses how defects are prevented from
occurring diiy ¥y Pateebhoslipe9.9pR34e Thineanet ekt amgleglprigtreeerdiio sustem
measuring the relative position of conponents of the exposure apparatus.
The expétacked ppiasawade necowiddbe amtiont @frwalerd, raddinerpanhiricdticmsrasidevinations in
mrror is disposed, a projection lens, a first mrror fixed relative to

t he projhesit motioh eneng theiapregredsapugh seciostdeanrdenticdnd@tor proteds sl to t he
waf er stage, and an interferonmeter systemthat detects vibration of the

proj ect irspetidgrsmaghings tif ehe €HREE BE haAdtl A mandrabhiRingipretedd drifteangcidlopct s
the position of the wafer stage relative to the projection |ens using the

first apbssassfngd rrors. A second

U. 8. Patent Publication No. 2006/0209307A1 to Sun-bong Kim discloses how defects
are prevented from occurring during an exposure process by detecting vibration of and
measuring the relative position of components of the exposure apparatus. The exposure
apparatus includes an external frame on which a reference mirror is disposed, a projection
lens, a first mirror fixed relative to the projection lens, a wafer stage, a second mirror fixed
relative to the wafer stage, and an interferometer system that detects vibration of the
projection lens using the reference mirror and the first mirror and detects the position of the
wafer stage relative to the projection lens using the first and second mirrors. A second

interferometer system may be provided to detect vibration of the first interferometer system.

U. S. Patent No. 6,471,464B1 to Fay et al. discloses a device for orienting and/or
centering a wafer. The device employs a CCD camera and backlighting source which
enhances the CCD camera's ability to detect wafer position. The backlighting source may be
positioned along the side of the wafer opposite the CCD camera, or may be positioned
adjacent to the CCD camera. When positioned adjacent to the CCD camera, one or more
shieids are employed to prevent direct or reflected light from impacting the top surface of the

wafer being detected by the CCD camera. Accordingly, the only light detected by the CCD



interferoneter system may be provided to detect vibration of the first
interferonmeter system U S. Patent No. 6,471,46431 to Fay et al. discloses
a device for orienting and/or centering a wafer. The device enpl oys a CCD
canera and backlighti ng source which enhances the CCD canera's ability to
detect wafer position. The backlighting source nmay be positioned al ong the
side of the wafer opposite the CCD canera, or nay be positioned adjacent
to the CCD canera. \Wen positioned adjacent to the CCD canera, one or nore
shields are enployed to prevent direct or reflected |ight frominpacting

t he t op 30 AkE/BT Whieh pagsesrtheavale and eflests frymicneuraos thatreheyond, back to the
Accordingly, the only light detected by the CCD 4 canera is |ight which
passes wamsra.ardultieg lieeffectivedracklightinganféhe mafer. Fogamdge b the wafer meay IBED
canmera, resulting in effective backlighting of the wafer. The inmage of the
waf er miéiyrties shiypareerbystoaghenied thy sudaghfromnghicheéightirdfiacs Hackto WG B keahrieght
reflects back to CCD canera. U S. Patent No. 6,576,483B1 to Chou et al.

di scl oses a backside cannelure of an electrode to provide for detecting
sem conductor wafer shift after the wafer has been positioned over the

cannel ure of) Shpaginefd. 806 Jd8B V@f €holBfa2 dRR[FISEL deh AR dérnﬂ@f%fre oPggi tion

over the cannel ure The cannel ure exposes t he backside of the water to a

gas pi p%%c'tr@d% HORE o%'fedmbﬁe]a &@er vb&e?%ﬁ:ﬁtéf%ﬁj‘ﬁqe waﬁr%enwbwe has

a size such t eviatl on e roper position by nore

than a tALashol gv&q%'c%hh&u?é(gpt%% elblfode. The wafer has a backside and a proper

position over the cannelure. The cannelure exposes the backside of the wafer to a gas piped
in through one or more holes of the electrode. The cannelure has a size such that deviation
of the wafer from its proper position by more than a threshold partially exposes the
cannelure, such that the gas ieaks from the partially exposed cannelure. A gas flow detector
may detect the gas leaking from the cannelure, and provide corresponding detection of the

wafer deviating from its proper position.



cannelure, such that the gas |eaks fromthe partially exposed cannelure. A
gas flow detector nmay detect the gas |eaking fromthe cannelure, and
provi de correspondi ng detection of the wafer deviating fromits proper
position. S SUMVARY OF THE | NVENTI ON A princi pal object of the present
invention is to provide real-tinme detection of wafer shift/slide in a

sem conduct or process chanber. Another principal object of the present
invention is to provide a tinely signal of wafer shift/slide in a

sem conduct or process chanber to permt corrective actions. A further

obj ect of the present invention is to achieve a non-intrusive systemt hat

is not interfering wt r object of the present
hsaMABAIRY ¥ qrﬁ@m\(@mwdr@

invention is to achieve an easy to be I nplenmented system which can be
i npl emented on any chanber where real-time detection of wafer shift/slide
is desired. In accordance with the objects of this invention a nethod to

been_ achi eved, AR BeHEICsinge bisenlilelRg) KUGPHEY e rin AGTe et Rhvets:
process chanber, an accel eroneter unted on a wall of the chanber, a
si gnal 8@’%7@%%%9%0%4& ord:prp%qsga’uqrplp@rer (1ow pass filter), an anal og-

Another principal object of the present invention is to provide a timely signal of wafer

shift/slide in a semiconductor process chamber to permit corrective actions.

A further object of the present invention is to achieve a non-intrusive system that is

not interfering with a wafer process.

Another object of the present invention is to achieve an easy to be implemented
system, which can be implemented on any chamber where real-time detection of wafer

shift/slide is desired.

In accordance with the objects of this invention a method to detect real-time wafer
shift/slide in a semiconductor process chamber has been achieved. The method comprises
steps of (1) providing a semiconductor process chamber, an accelerometer mounted on a
wall of the chamber, a signal conditioner, an anti-aliasing filter (low pass filter), an analog-
to-digital (A/D) converter, and a digital signal processor {(DSP), (2) measuring the
acceleration of the chamber in three directions, correlating to vibration amplitudes, (3)

comparing vibration measured as function of time against a pre-determined alarm



to-digital (AD) converter, and a digital signal processor (DSP), (2)
nmeasuring the accel eration of the chanber in three directions, correlating
to vibration anplitudes, (3) conparing vibration neasured as function of
time against a pre-determned alarm6 anplitude, and (4) initiating
notification for corrective action if vibration neasured exceeds alarm
threshold. In accordance wth the objects of this invention a systemto
detect real-tine wafer shift/slide in a sem conductor process chanber has
been achi eved. The systeminvented conprises, first, neans to neasure
accel er &MRAIGen aﬂﬁﬁéilﬂ&@lﬁ@g’@ﬁaqzatmnrf@&@onﬁﬂ@tlve\mélpéﬂfnw brgitian nmgagksed exersisur e
acceleration is nounted on a wall of said process chanber, a signal

condi t i @asm theggdiold.yi ng the signals of the means to neasure accel eration,
an anti-aliasing filter (low pass filter), attenuating high-frequency
signals, an A/D converter, wherein its output is the input of a DSP, and a
dynam ¢ spectrum anal yzer (DSA) receiving neasurenent signals fromsaid

neans to measur gcaesaay with eb odjbetsBAhis dNtisAS Systdidito a@fé‘c@féammn@%fer
required cal cul ati ons, receivi ng measurenent signals fromsaid A/D

convert §h|ft/3’#|d@'”@grﬁi‘%té&%&?ér%r8€@§§ IharREEMEhCIRRILEEIREV AL THRI st invnted

digital-to-analog (D/A) converter, belng connected to said DSP, a watchdog

devi ce, B HP &9@&6%%‘?]5&8 n?@dsgr%)%&%é?%? gglgq Ergﬁg ARoBbAIBifnEAS Wh&bint £

system a eing triggere
means to measure acceleration is mounted on a wall of said process chamber, a signal

conditioner, amplifying the signals of the means to measure acceleration, an anti-aliasing
filter (low pass filter), attenuating high-frequency signals, an A/D converter, wherein its
output is the input of a DSP, and a dynamic spectrum analyzer (DSA) receiving
measurement signals from said means to measure acceleration. The DSA comprises a
DSP performing all required calculations, receiving measurement signals from said A/D
converter, a program and data memory, being connected to said DSP, a digital-{o-analog
(D/A) converter, being connected to said DSP, a watchdog device, being connected to said
DSP, monitoring an alarm function of the system, a relay being triggered by said DSP, and
a communication port (RS232) being connected to said DSP. Furthermore the system
invented comprises a process controller, being connected to said DSP, an alarm device,
being initiated by said relay, a visual display unit, and an unit providing keyboard inputs to

said DSP.



a communi cation port (RS232) being connected to said DSP. Furthernore the
system invented conprises a process controller, being connected to said
DSP, an alarmdevice, being initiated by said relay, a visual display
unit, and an unit providing keyboard inputs to said DSP. 7 BRI EF
DESCRI PTI ON OF THE DRAW NGS In the acconpanying drawi ngs formng a materi al
part of this description, there is shown: Fig. I shows schematically a
preferred enbodi nent of an apparatus of the present i nvention. Figs 2a- f
show exanpl es of typical tine donmain tained for all thre

ort hogonal directions and tﬁgl”ffQﬁﬁ@fgippol\b@ﬁﬁH%IQﬁ%W“ﬁﬁ& 3a d show

orbit plots generated by sputter mainfranme wafer transfer chanbers. Figs.
4a-d illustrate orbit plots generated by sputter process chanbers. Figs.
5a-c illustrate orbit plots generated by a copper/tantal um sputtering
chanber. Fi ¢n the atnowmpaanyfrigowekdangs fotmtriyea basernal poeps tok desoeptio g therednt ed
to detect real-tine wafer shift/slide in a sem conductor process chanber,
perm ttishgwal arm and corrective action in case a predeterm ned vibration
threshold i s exceeded.

Fig. 1 shows schematically a preferred embodiment of an apparatus of the present

invention.

Figs. 2a-f show examples of typical time domain plots obtained for all three

orthogonal directions and their equivalent orbit plots.

Figs. 3a-d show orbit plots generated by sputter mainframe wafer transfer chambers.
Figs. 4a-d illustrate orbit plots generated by sputter process chambers.

Figs. 5a-c illustrate orbit plots generated by a copper/tantalum sputtering chamber.
Fig. 6 shows a flowchart of the basic steps of a method invented to detect real-time

wafer shift/slide in a semiconductor process chamber, permitting alarm and

corrective action in case a predetermined vibration threshold is exceeded.



8 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The preferred enbodi nents

di scl ose net hods and systens to provide real-tine detection of wafer
shift/slide in a chanber and to provide a tinely signal of wafer
shift/slide in a chanber to permt corrective actions. These objects are
achi eved by neasuring the vibration of the chanber. External vibratory
forces acting on the chanber nay be transmtted to the wafer inside the
chanber. In the present invention, an acceleroneter is nounted on a wall
of the chanber to nmeasure its vibration anplitude. The signal obtained as
a function of tinme is then conpared against a pre-determ ned alarm
anplitude to provide notification for corrective action. Fig. | shows
schematical ly a pref SR ENON QEntHLPREF BRREPEVBQPIMENTEr esent
invention. A preferred device for vibration sensing is a tri-axial

accel eroneter 1 because it can be installed in small space w thout
significant mass | oading effect. However, three uni- axial accel eroneters,
or a dual -axi al accel eronmeter conbined with a uni-axial acceleroneter, or
ot her rel ated devices such as | aser vibroneters or strain gauge devices

coul d al so haverrme@@f@r%tﬂembbh%ntg%Méée%efﬁo@matnh%y%wrﬁé to Qrfovtdéereal time
i nvention. To avoid disturbance to wafer fabrication processes, th

tri-axi ghtRG6R |o?{}\%'?@"t$§1r ft/%lldegm AT, Qr a%c?{ eﬁr%@id% é)ﬁmtenﬁs@ﬁél%f'm%ffer"@ fysfde in

the chanber. Alternatively the acce erone
a chamber to permit corrective actions.

These objects are achieved by measuring the vibration of the chamber. External
vibratory forces acting on the chamber may be transmitted to the wafer inside the chamber.
In the present invention, an acceterometer is mounted on a wall of the chamber to measure
its vibration amplitude. The signal obtained as a function of time is then compared against a

pre-determined alarm amplitude to provide notification for corrective action.

Fig. 1 shows schematically a preferred embodiment of an apparatus of the present
invention. A preferred device for vibration sensing is a fri-axial accelerometer 1 because it
can be installed in small space without significant mass loading effect. However, three uni-
axial accelerometers, or a dual-axial accelerometer combined with a uni-axial
accelerometer, or other related devices such as laser vibrometers or strain gauge devices

could also have been used without departing from the spirit of the invention.

To avoid disturbance to wafer fabrication processes, the tri-axial accelerometer 1 is
mounted preferably on the exterior wall of the chamber. Alternatively the accelerometer

could be mounted, if desired, on an interior wall of the chamber as well. It measures the



could be nmounted, if desired, on an interior wall of the chanber as well.

It neasures the 9 vibration anplitude in three orthogonal directions (x, y
and z) as a function of time. As nentioned above ot her neans to neasure
acceleration in three directions could be used as well. Al though vibration
anplitude can be neasured in terns of displacenent, velocity or

accel eration, acceleration was sel ected because this invention is based on
Newton's law of inertia which relates to the tendency of a body to resist
acceleratiog. I n ?{hen rds, the W@fer,mﬁll remain in.its state of rest

wi thin tHREELHEABENUGS B dRreg Aripaapahdicrlians &6 M 2he) a8 B SRR dBie: A5 = ma
Fis the resultant force acting on the wafer, mis the mass of the wafer
and a i @%fﬁf@neﬁi@@@wep&*ﬂﬁ%rdﬁean%&sﬁneaﬁunerﬂm@é@g@tmmwhmea@ireami@ns goulgl ke agedas
correlates with an increase in displacenent of the wafer fromits origina
posi t i onvéalinAitheugheibtstion amplithils ceade, measured és tértrsntf digpleeermentavalboily er
force acting on the wafer whose effect is equivalent to the conbined

ef f ect s aotelevadicor acmaieratiopavaat slécied @gcalide thieinvestidh BrfaskdrareNewts@ldw of
then there wll be no wafer novenent due to the frictional force with the

cont act iisatih alkcHofel #1668 thé lehabh@NoMEBBSHY BRI ae88chRiokallhioBtbroddrds, the
continuously or it can be pronpted to start when the chanber is in use via
an ext epdér Willirg8Rin #i igsthiclof rEBEWRHIAMRE chaBE! DRless acted upon by a resultant

force whereby:

F=ma

I is the resultant force acting on the wafer, m is the mass of the wafer and a is the

acceleration. Thus, an increase in vibrational acceleration correlates with an increase in

displacement of the wafer from its original position in the chamber. In this case, the

resultant force is a single force acting on the wafer whose effect is equivalent to the

combined effects of two or more separate forces. If the resultant force is small then there

will be no wafer movement due to the frictional force with the contact surface or area.

Vibration measurements can be carried out continuously or it can be prompted to start
when the chamber is in use via an external trigger signal 7. The signal from the
accelerometer 1 is amplified by a signal conditioner 2, which may be a stand alone unit or
built into a dynamic spectrum analyzer (DSA) 5. The analog signals are passed through an
anti-aliasing filter, a low pass filter 3 to an analog-to-digital (A/D) converter 4 to produce a
digital signail which is then processed by a digital signal processor (DSP) 6. The DSP 6 is
controlled by a computer program, and performs all required calculations, including
additional filtering, computation of time and frequency measurements, and management of

multiple channel signal measurements. The DSP 6 computes the time data from two

10



acceleroneter | is anplified by a signal conditioner 2, which may be a
stand alone unit or built into a dynam c spectrum anal yzer (DSA) 5. The
anal og signals are passed through an anti-aliasing filter, a | ow pass
filter 3 to an analog-to-digital (A/D) converter 4 to produce a digital
signal which is then processed by a digital signal processor (DSP) 6. The
DSP 6 is controlled by a conputer program and perforns all required
calculations, including additional filtering, conputation of time and

frequency neasur t d.mana t of |tiple,ch el signal

reasur oRUARIS e Fip The EORE BETREooate FUl S Pl LS EoS RS Ao
plots the relative notion (force Furtherm)re the DSP 6 conputes the x-vy,
X-z andXy& NGy “&r@a'ﬁ%@ﬁ'\(ﬁém%w Qrqe) dhdiestincniecbitng the orbit. The data
collected is stored in a data nenory 8 and the assenbl ed output of DSP 6 is
sent to a visual display unit 15. RS232 serves as a serial comunication
port 13 for interfacing to other personal conputers or nodens for

net wor ki ng, Tlee datawtillleetedl instarhdaga dbda seEnvey & andriime assemidhed beiput bED&IPA8 e
12, activated by relay 11, has exceeded the preset Ilimt. The watchdog 14

can al seehigousddudialisseunit H6. REIIMdres he aaeial cOMMUNERIBHIVINOTS fedr ror or
other fault conditions. The process controller 9 controls the operation of

t he DSAjirkerfadifly & dthef Qéfs‘é(ﬁaﬁmgut@%‘br becMatiehHeEvokhing Sete, RAMPaNGteRdadi ch
conpares the neasured
14 serves to monitor whether the alarm 12, activated by relay 11, has exceeded the preset

limit.

The watchdog 14 can also be used to reset the system in the event of transmission
error or other fault conditions. The process controller 9 controls the operation of the DSA 5.
In a preferred embodiment the watchdog 14 is a comparator which compares the measured
data to a predefined or guardband limit. If the measured data exceeds the predefined or

guardband limit, the watchdog 14 will trigger the DSP 6 to sound an alarm.

Data is displayed as an orbit plot as it represents best the motion of the chamber. An
orbit plot shows one time trace on the x-axis and a second time trace on the y-axis. Figs. 2
a-f show examples of typical time domain plots obtained for all three orthogonal directions
and their equivalent orbit plots. The alarm limit of the time domain plot is indicated by two
horizontal straight lines 20 while the alarm limit of the orbit plot is defined by the equation of
acircle 21, i.e.
X2+ yE = 2

where x and y are the vibration amplitude and r is the alarm limit.



data to a predefined or guardband Iimt. If the neasured data exceeds the
predefined or guardband |imt, the watchdog 14 wll trigger the DSP 6 to
sound an alarm Data is displayed as an orbit plot as it represents best
the notion of the chanber. An orbit plot shows one tine trace on the
x-axis and a second tine trace on the y-axis. Figs. 2 a-f show exanpl es of
typical time domain plots obtained for all three orthogonal directions and
their equivalent orbit plots. The alarmlimt of the time domain plot is

LS TS B ke AR B USRS

X and yﬂre th vi.gr tion z?rrpiqi,tude and r is the alarmlim¢t. | The DSP 6
i s progridn¥een the ¥ W@BB@”@PW B HWYAIRAEPR exrasdn 2 Preset adiRltuds igita Thel ay
11 when the vibration anplitude in any direction exceeds a preset anplitude

limt. YHhsatien amptilugs aapbe pefvitiegdyiosxcped the eleimtinieseyssal tines befarathe mi t
several times before the alarmis triggered. This alarmlimt is set after
consi deglaig SHeggRIed. dihia dlermdifretrisiset after cartsiteiog. thé nsasscofdhe mexer iarthe
limt, e.g. at 70%of the alarmlimt, could also be added. The alarm can
be st oppkdmivanuAldegoad pes-atzomrizait,ieig. SCR0% f tige dlakemindl, caulpras®eBss added.
controller can be provided to stop the alarmautomatically when the
Vi br at i 9heaigrhi tasleefstdgpediabevaltEter corrective action is taken or a process controller
can be provided to stop the alarm automatically when the vibration amplitude falls below the

alarm limit.

The D/A converter 10 serves to convert the output digital signal from the DSP to an
analog signal. The analog signal is usually fed into a low pass filter to remove the high

frequency noise before feeding into an analog device such as a controller.

It should be noted that alternatively a personal computer with appropriate hardware
and software can also be configured to perform the task of the DSA 5. Furthermore a
personal computer with appropriate software can perform the task of the process controller

9.

Several case studies have been carried out to demonstrate the feasibility of the

present invention:

Case study 1: Sputter mainframe wafer transfer chambers

Figs. 3a-d show orbit plots generated by sputter mainframe wafer transfer chambers.

Under normal behavior, the orbit plot shows a small spot in the centre which implies that

12



alarmlimt. The D/A converter 10 serves to convert the output digita
signal fromthe DSP to an analog signal. The analog signal is usually fed
into a low pass filter to renove the high frequency noise before feeding
into an anal og device such as a controller. It should be noted that
alternatively a personal conputer with appropriate hardware and software
can al so be configured to performthe task of the DSA 5. Furthernore a
personal conputer with appropriate software can performthe task of the
process controller 9. Several case_studies have been carried out

denonst tRE'E i$ RN shampet (noyemené (Figsedam. iThisdatn wtragéwhsthadavbllpiot
Sputter mainframe wafer transfer chanbers Figs. 3a-d show orbit plots
gener at &8taiged phien & digwirbancene exaeuenaaddiiig.c¥d)c Haspwedic mulinteis otsensd in
behavior, the orbit plot shows a small spot in the centre which inplies
that 1the Fe¥ direction whichlcaubestherwaev toslitte ihFhgisplaBe.- The sbhice dfdistarbance
contrast with the orbit plot obtained when a disturbance is experienced
(Fig. 3dgn ba teguexddi ttartgbbrinting itise tiveeforesinisignd keitd fr¥qaén@cddragindtuplalgauses
the wafer to slide in that plane. The source of disturbance can be traced

by tranggipgrd PasttiiRiriet Meardk®orh (FSTHIgbrithéh.i ts frequency domai n equi val ent

Case study 2: Sputter process chambers

Figs. 4a-d illustrates orbit plots generated by sputter process chambers. Four similar
process chambers are compared. Results show that the second chamber (Fig. 4b)
experiences a higher resultant force compared to the other three chambers (Figs. 4a, c, d).
Therefore, wafers processed in this chamber have a higher chance of shifting/sliding out of

their original positions. The vibration source was later traced to a deteriorating turbo pump.

Case study 3. Copper/tantalum sputtering chamber

Figs. 5a-c illustrates orbit plots generated by a copper/tantalum sputtering chamber.
Similarly, the small spot in Fig. 5a indicates that the process is operating normally, while
Fig. 5b indicates that the chamber is experiencing a disturbance in the X-Y plane.
Intermittent wafer shift/slide was captured on video but the root cause was unknown.
However, analysis performed using vibration signals can be used to locate the source of
disturbance and the direction of the shift/slide. Correlating the chamber vibration results
with a slit valve vibration results suggest that the resuitant force in the horizontal plane is

due to the closing of slit valve. If the vibration becomes excessive, a hysteresis plot (Fig.

13



using a Fast Fourier Transform (FFT) algorithm Case study 2: Sputter
process chanbers Figs. 4a-d illustrates orbit plots generated by sputter
process chanbers. Four simlar process chanbers are conpared. Results show
that the second chanber (Fig. 4b) experiences a higher resultant force
conpared to the other three chanbers (Figs. 4a, ¢, d). Therefore, wafers
processed in this chanber have a hi gher chance of shifting/sliding out of
their original positions. The vibration source was later traced to a

Fios. | SHRTEM By BB e Thiegs ANGIG AP 4D GHOBYPIE gk EXFRSAAME Sonsor

sputtering chanpber. Simlarly, the snmall spot in Fig. 5a indicates that
the prodBYS GASHESERAEPIY SAdvi#8 1y, while Fig. 5b indicates that the
chanmber is experiencing a disturbance in the X-Y plane. Intermttent wafer

shift/slide was captured on video but the root cause was unknown. However,
anal ysis perfornmed using vibration signals can be used to | ocate the source
of di st ur bane&mendbrodia plots ef Figs 36 shbe ishiotizdsthl ads tiGw inedeabhdg anthén

chanber vibration results wth a slit valve vibration results suggest that

t he resukttizal aioncestbmtivhen hggi.zontal plane is due to the closing of slit
valve. If the vibration becones excessive, a hysteresis plot (Fig. 13 5c¢)
may even be observed. This is likely due to excessive force that exceeds

t he sensors
The orbit plots of Figs. 3-5 show in horizontal axis and in vertical axis acceleration in

m/s?.

Fig. 6 shows a flowchart of the basic steps of a method invented to detect real-time
wafer shift/slide in a semiconductor process chamber, permitting alarm and corrective
action in case a predetermined vibration threshold is exceeded. Step 60 illustrates the
provision of a semiconductor process chamber, an accelerometer, fastened on a wall of the
chamber, and a DSP. In step 61 the acceleration of the chamber is measured in three
directions, wherein the acceleration measured represents the vibration amplitudes of the
chamber. Step 62 describes a comparison of the vibration measured as a function of time
against a pre-determined alarm amplitude and step 63 describes initiating notification for

corrective action if vibration measured exceeds an alarm threshold.

fn summary, key properties of the present invention are that it is easy to be
implemented with low cost. The system invented can be implemented on any chambers
where real-time detection of wafer shift/slide is desired. Furthermore the system is non-
intrusive. The system is installed preferably externally and thus, will not interfere with a

wafer process. Finally the system invented has muitiple functions. The system not only
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limts causing sensor to saturate. The time domain plots of Figs. 3-5 show
in horizontal axis tinme in seconds and in vertical axis acceleration in

m s2. The orbit plots of Figs. 3-5 show in horizontal axis and in verti cal
axis acceleration in ms2. Fig. 6 shows a flowhart of the basic steps of
a nmethod invented to detect real-time wafer shift/slide in a sem conductor
process chanber, permtting alarmand corrective action in case a
predeterm ned vibration threshold is exceeded. Step 60 illustrates the
provi sion of a sem conductor process chanber, an accel eroneter, fastened on
a wal | &etadkerolentigbaafer shifdidedra ahamfiespit 6an alse heeesdiodstermipe thegource
chanmber is neasured in three directions, wherein the accel eration neasured
repr eseff gistyiban¢sdrati on anplitudes of the chanmber. Step 62 describes a
conparison of the vibration neasured as a function of tine against a
pre-determ ned al arm anplitude and step 63 describes initiating
notification for <corrective action if vibration neasured exceeds an al arm

t hr eshol d. Whilesthariavantickenagisaapesdtiesany shbfn RhGSRREribey athirerratice foltae 1t
is easy to be inplenented with |low cost. The systeminvented can be

i mpl emeRk4rered eaibdiianRahsreotews Heedhddrs@RddsiBeke QR insdrt it hfisld de
is desired. Furthernore the systemis non- intrusive. The systemis

i nstal | gl &l iR8Rh un8 HeBaiRahhY bBMaddWithoW ddpaitilg HOHEMERLRit WntilcBpe of the

invention.
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waf er process. Finally the systeminvented has nmultiple functions. The
systemnot only 14 detects potential wafer shift/slide in a chanber, it
can al so be used to determ ne the source of disturbance. Wile the
i nvention 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 formand details nay be made w t hout
departing fromthe spirit and scope of the invention. 15 Wuat is clainmed
is: 1. A net dtt.o %ﬁ'tPeét real-tinme wafer shift/slide in a sem conductor
process chanB&retiRGAIPPL iy steps of (1) providing a sem conductor process
chanber, an accel eroneter nounted on a wall of the chanber, a signal
conditioner, an analog-to-digital converter, and a digital 5 signal
processor; (2) neasuring the acceleration of the chanber in three
or t hogorlal A gheteed totstect wmwi-tigleavaley shifi/sliderimei semiaompdudterdescegs3gharobgrar i ng
vi bration nmeasured as function of tinme against a pre-determ ned
comprising steps of
(1) providing a semiconductor process chamber, an accelerometer mounted on
a wall of the chamber, a signal conditioner, an analog-to-digital converter, and a digital
5 signal processor;
(2) measuring the acceleration of the chamber in three orthogonal directions,
correlating to vibration amplitudes;
(3) comparing vibration measured as function of time against a pre-determined
alarm amplitude; and
10 (4) initiating notification for corrective action if vibration measured exceeds

alarm threshold.
2. The method of claim 1 wherein additionally an anti-aliasing filter is provided.

3. The method of claim 1 wherein said accelerometer is mounted on an exterior wall of the

chamber.

4. The method of claim 1 wherein said accelerometer is mounted on an interior wall of the

chamber,

5. The method of claim 1 wherein said accelerometer is a tri-axial accelerometer.
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alarmanplitude; and 10 (4) initiating notification for corrective action
if vibration neasured exceeds alarmthreshold. 2. The nethod of claim1l
wherein additionally an anti-aliasing filter is provided. 3. The method of
claim| wherein said acceleroneter is nounted on an exterior wall of the
chamber. 4. The method of claim1l wherein said accelerometer is nounted on
an interior wall of the chanber. 5. The nethod of claim 1l wherein said
acceleroneter is a tri-axial acceleroneter. 16 6. The nethod of claim|l
wherein three uni-axial acceleronmeters are used to neasure the

I
of ol ai & I‘?II%BIeefI%W@%%ﬁI%III e SIIEé;I@a%I%sIe?%@%%%%%eI touEaSTeRE

I I th t f th hanb
Throe or chgsonanstet Tl e T ERE FbAsaAS AR § wher e Stratn ghuge
devi ces are used to measure the acceleration of the chanber in three

orthogonal directions. 9. The nethod of claim| wherein | aser vibroneters

are used to nmeasure the acceleration . . .
7. The method of claim 1 wherein a combination of a dual-axial accelerometer with a uni-

axial accelerometer is used to measure the acceleration of the chamber in three

orthogonal directions.

8. The method of claim 1 wherein strain gauge devices are used to measure the

acceleration of the chamber in three orthogonal directions.

9. The method of claim 1 wherein laser vibrometers are used to measure the acceleration

of the chamber in three orthogonal directions.

10. The method of claim 1 wherein said vibration measurements are performed

continuously.

11. The method of claim 1 wherein said vibration measurements are prompted to start when

the chamber is in use via an external trigger signal.

12. The method of claim 1 wherein vibration measurement data are displayed using an orbit

plot.
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of the chanber in three orthogonal directions. 10. The method of claiml
wherein said vibration neasurenents are perfornmed continuously. 11. The
met hod of claim 1 wherein said vibration nmeasurenents are pronpted to start
when the chanber is in use via an external trigger signal. 12. The net hod
of claiml wherein vibration nmeasurenent data are displayed using an orbit
plot. 17 13. The nethod of claim1l wherein vibration neasurenent data are
di spl ayed using a time plot. 14. The nethod of claim| wherein said
notification is an audible alarm 15. The method of claim1l wherein said

noti 11 et anecBeelel e FuRkitin braldiluPRa08h g BlaP dplied PudRtine

17. The matlhﬁd of claim 16 wherein said pre-alarmis initiated at 70% of
the al armPPhreshold. 18. A systemto detect real-tinme wafer shift/slide in
a sem conductor process chanber by neasuring acceleration of the chanber
representing vibration nmeasurenent,

14. The method of claim 1 wherein said notification is an audible alarm.
15. The method of claim 1 wherein said notification is a visible alarm.

16. The method of claim 1 wherein said notification comprises a pre-alarm initiated at a

lower alarm threshold.

17. The method of claim 16 wherein said pre-alarm is initiated at 70% of the alarm

threshold.

18. A system to detect real-time wafer shift/slide in a semiconductor process chamber by
measuring acceleration of the chamber representing vibration measurement,
comprising:

means to measure acceleration in three orthogonal directions, wherein said
5 means to measure acceleration is mounted on a wall of said process chamber;
a signal conditioner, amplifying the signals of the means to measure
acceleration, wherein its output is the input of an anti-aliasing filter;
an anti-aliasing filter attenuating high frequency signals from said signal

conditioner, wherein its output is the input of an analog-to-digital converter;
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conprising: neans to neasure acceleration in three orthogonal directions,
wherein said 5 neans to neasure acceleration is nounted on a wall of said
process chanber; a signal conditioner, anplifying the signals of the neans
to neasure acceleration, wherein its output is the input of an
anti-aliasing filter; an anti-aliasing filter attenuating high frequency
signals fromsaid signal conditioner, wherein its output is the input of
an anal og-to-digital converter; 18 10 said anal og-to-digital converter,
wherein its output is the input of a dynamc spectrum anal yzer said

anal 00 t ov i gi tal g ERlEEEl, 2 RRE SRIB R s PR SRy Bl e e
performng _all, required 15 cal cul ati ons, receiving neasurenent signals from

sai d anal o&p?%tflgp "Bai“®" converter; a program and data nenory, being

connected to said digjtal A signal processor; a digital-to-anal og converter
bei ng connect ed t@tggyaammgf,@%gtrum analyzer receiving measurement signals from said

analog-to-digital converter comprising:
said digital signal processor, performing all required
15 calculations, receiving measurement signals from said analog-to-digital
converter;
a program and data memory, being connected to said digital
signal processor;
a digital-to-analog converter being connected to said digital
20 signal processor;
a watchdog device, being connected to said digital signal processor,
monitoring an alarm function of the system;
a relay being triggered by said digital signal processor; and
a communication port being connected to said digital signal
25 processor;
a process controller, being connected to said digital signal processor
an alarm device, being initiated by said relay;
a visual display unit; and

an unit providing keyboard inputs to said digital signal processor.

19. The system of claim 18 wherein said means to measure acceleration is mounted on an

exterior wall of the chamber.
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20 signal processor; a watchdog device, being connected to said digital
signal processor, nonitoring an alarmfunction of the system a relay
being triggered by said digital signal processor; and a comunication port
bei ng connected to said digital signal 25 processor; a process controller,
bei ng connected to said digital signal processor an alarm device, being
initiated by said relay; a visual display unit; and an unit providing
keyboard inputs to said digital signal processor. 19. The system of claim
18 wherein said neans to neasure acceleration is nounted on an exterior

haasur ¢ 200508 SIBE of chain Bs whaFiXBLEMERh: f st FOSI ol BillelBR0 s Sy
syst em of re aid neans to neasure acceleration is a
o o1 o e EhdsBe - Bk

tri-axial "“The system of claim 18 wherein said neans to
neasure acceleration are three uni-axial

21.The system of claim 18 wherein said means to measure acceleration is a tri-axial

accelerometer.

22. The system of claim 18 wherein said means to measure acceleration are three uni-axial

accelerometers.

23.The system of claim 18 wherein said means to measure acceleration is a combination of

a dual-axial accelerometer with a uni-axial accelerometer.

24. The system of claim 18 wherein said means to measure acceleration are strain gauge

devices.

25. The system of claim 18 wherein said means to measure acceleration are laser

vibrometers.
26. The system of claim 18 wherein said anti-aliasing filter is a low-pass filter.

27. The system of claim 18 wherein a trigger signal provided as input of the digital signal

processor is starting the vibration measurement.
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accel eroneters. 23. The system of claim 18 wherein said neans to neasure
acceleration is a conbination of a dual-axial acceleroneter with a

uni -axi al accel eroneter. 24. The system of claim 18 wherein said neans to
measure accel eration are strain gauge devices. 25. The systemof claim 18
wherein said neans to neasure acceleration are |laser vibroneters. 26. The
systemof claim 18 wherein said anti-aliasing filter is a |lowpass filter.
27. The system of claim 18 wherein a trigger signal provided as input of
the digital signal processor is starting the vibration neasurenent. 20 28.

The sys f clai wherei.n sai d.communi cation port is.a serial .
commun: @t 105 SRBITof Ol S s Pt E POTT L iEsis R ek siene il g5 8ii higation
comuni cation port is a RS232 port. 30. The system of claim 18 wherein
said al ar n‘?(HEvi ce provides a visual alarm 31. The system of claim18
wherein said al arm device provides an audi ble alarm 32. The system of
claim 18 wherein said visual display is capable to display an orbit plot.
33. The system of claim 18 wherein said visual display is capable to

di spl ay 28 thesyptest of claim 28 wherein said serial communication port is a RS232 port.

30. The system of claim 18 wherein said alarm device provides a visual alarm.

31.The system of claim 18 wherein said alarm device provides an audible alarm,

32, The system of claim 18 wherein said visual display is capable to display an orbit plot.
33. The system of claim 18 wherein said visual display is capable to display a time plot.

34. The system of claim 18 wherein a personal computer is configured to perform the task

of said dynamic spectrum analyzer.

35. The system of claim 18 wherein a personal computer is configured to perform the task

of said process controller.

36. The system of claim 18 wherein said signal conditioner is built in said dynamic spectrum

analyzer.
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34. The systemof claim 18 wherein a personal conputer is configured to
performthe task of said dynam c spectrum anal yzer. 35. The system of
claim 18 wherein a personal conputer is configured to performthe task of
said process controller. 36. The system of claim 18 wherein said signal
conditioner is built in said dynam c spectrum analyzer. 21 37. The system
of claim 18 wherein the tasks of said digital signal processor include
filtering, conputation of tine and frequency neasurenents, and nanagemnent
of multiple channel signal measurenments. 38. The system of claim18

wher ei n syaf ke QY&b%f cﬁénﬂf?é mﬁﬁ(ePr%ﬁ%ﬁé’fas"kggJ?B%ﬁZdlé;ys k eq?r?' rJﬁ'egé‘&r &lﬂéﬁ\c}f\gha”.”e' S

and data for ots of ative forces arm erein

d wat t h d dat
S?'edef“?néﬁﬂfe‘f’*wptcanéﬁ?@ﬁ BeL e e SRS erytem o cbe B it fate  an
alarmif the ur ed dat exceeds a, predefined limt. 40. The system of
claim18 VWHP'EFQhC N§' Ware h@ﬁ@sﬁ’f?”&r@ to reset the systemin the event of

a fault condition. 22

38. The system of claim 18 wherein said digital signal processor computes time data from

two channels and data for plots of relative forces.
39. The system of claim 18 wherein said watchdog is a comparator which compares the
measured data to a predefined limit and triggers said digital signal processor to initiate

an alarm if the measured data exceeds a predefined limit.

40. The system of claim 18 wherein said watchdog is used to reset the system in the event

of a fault condition.

22



