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

devi ces, silicon wafftedl-tine detetian efiwafershiftfslide inch shBBHELr These wafers
are generally supported in the chanbers 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 fromtheir
original positions when the chanbers experience perturbations or

vi brations created by any ppOKGREAND OFTEE IRSENTIDNal ve, cryo punp,
exhaust punp, process notor and robot arm O her external sources,

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
det ect (Waf erFisldidfthesIriveatiomt hi n a chanber as soon as it occurs because 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 .

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 original 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 muitiple
chambers. These wafers are generally supported in the chambers by wafer support units
which have little or no contact with the pattemed‘ 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.



The wafer will be bunped into fragments by the robot arminserting into the
chanber. As a result, the equipnent will have to be stopped to clear the
fragnents. This will affect the normal operation in the production and
shorten the lifetinme of the elenents of process tools. The wafer will not
have the full conplenent of the integrated circuits produced on it. Sone
waf er fabrication equipnent, |ike sputtering nmachine, consists of an

el ectrode which nust be conpletely covered by the wafer during processing.
However, a m saligned wafer will not be able to do so. Wen the wafer
surface 1is bonbarded with plasma, sonme of the plasma unintentionally

bonbar ds t Itds irap&taritad elevdtt Wafer sHift/elidivithiaraehanbéedd §6dH aPardckalsasedabak
fall on the sem conductor dies and | owers production yield of the

sem congyateprhatiis abt Srmdifdstdngd @0Id &fiseah8FSlowtRg bRdERs: @ real -time
system and nmethod for detécting wafer shift/slide in"a chanber wll be

hi ghl y advant ageous. 2 Currently, there are a few known systens and net hods
for ensuring that wafers are in their nom nal or intended positions. They

L8 L0Se 35 95750 RS Tl B ot B PRSP oo
ratent To- 6. 9888 Water will Be bumpad into fragients by the fobot arm inserting ingo the
chamber. As a result, the equipment will have fo 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.
¢ The wafer will not have the full complement of the integrated circuits produced
on it.
« 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.
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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.8. 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 ieast 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.



attached to a test wafer records the notion of wafers, and fine
perturbations and vibrations in their notion during their progress through
and between seni conductor process and inspection machines in the course of
the actual manufacturing process or in test cycles of these nachines. U.
S. Patent Publication No. 2006/ 0209307A1 to Sun-bong Ki m di scl oses how
defects are prevented fromoccurring during an exposure process by
detecting vibration of and neasuring the relative position of conponents
of the exposure apparatus. The exposure apparatus includes an external
frame on which a reference mrror is disposed, a projection lens, a first
mrror fixedrs RateeNdO7 026, g308Pa6 tTodrerl @28, an evatenhicstagelingsystennd
mrror fixed relative to the wafer stage, and an interferonmeter system

that dejigehsd Y RiedtveatePfeddnds thRMbRSH bﬂﬂaﬂe?@saddﬁ‘lH&pérﬂﬁbétﬂfr%@r&?ﬁbfﬂhbh@ﬁn
and the first mrror and detects the position of the wafer stage rel ative

to the Héﬁ)ln‘?(ﬁfo'n%rilnglﬁeﬁ'?.ahggeégﬁmf) n@Bg e@%t%ﬁ&@tér prfacéﬁ'é:e o

interferoneter syst rovi bration
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canera d bacE hti ng source which enhances the CCD canera's abl lity to
det ect ?%F“%S lon. The backlighting source may be positioned al ong the
side of the wafer opposite the CCD canera, or nmay 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 ht frominpactin
The top oukh b PastniublioRamNon 2000 TALIO-enTHBmisaeaes Now defects
Accordingly, the only light detected by the CCD

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 tens using the first and second mirrors. A second

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

U. 8. 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 backiighting 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
shields 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



4 canera is light which passes the wafer and reflects froma surface there
beyond, back to the CCD canera, resulting in effective backlighting of the
waf er. The image of the wafer may be further sharpened by roughening the
surface fromwhich light reflects back to CCD canera. U S. Patent No.
6,576,48381 to Chou et al. discloses a backside cannelure of an el ectrode
to provide for detecting sem conductor wafer shift after the wafer has been
positioned over the cannelure of the el ectrode. The wafer has a backside
and a pravpaea is pgist wiioh pagsss theevafenaed vsfisctsThemcasuédee theex pegr®l, bhek to the
backsi de of the wafer to a gas piped in through one or nore holes of the

el ect r adeD cHmterapruseltingdn REBcEVSHIXi &k vifer. athedmagefof tihe watdrehay bem
its proper position by nore than a threshold partially exposes the

cannel yugheSsHltp&hedt by FsLIRPIAPRK SulfaaHoRewhRthlight Ffle1O5RtoBOD U dta, A
gas flow detector may detect the gas |eaking fromthe cannelure, and
provi de correspondi ng detection of the wafer deviating fromits proper
position. 5 SUVMARY OF THE | NVENTI ON A princi pal object of the present

i nvention i i 2L i . 0f f hi f i N .a
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inventign s to pravide timely signal of fer. shift/slide in a
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object of the present inventign is to achieve a non-intrusjve szsten1that

is positioned over the cannelure of the electrode. The wafer has a backside and & 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 leaks 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.



not interfering wwth a wafer process. Another object of the present
invention is to achieve an easy to be inplenented system which can be

i npl enented on any chanber where real-tine detection of wafer shift/slide
is desired. In accordance with the objects of this invention a nmethod to
detect real-tine wafer shift/slide in a sem conductor process chanber has
been achi eved. The nethod conprises steps of (1) providing a sem conduct or
process chanber, an accel eroneter nounted on a wall of the chanber, a
signal conditioner, an anti-aliasing filter (low pass filter), an anal og-
to-digital (A/D) converger Lgital _si | processor (DSP), (2
neasu?ing tge aécelerat%@ﬁmﬂgﬁgﬁgFg%g%h@VEﬁh%SQreg directiogs, %orﬁe?ating
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 measured exceeds alarm
threshol d. | n Ad¥bcinghebiegt ohthehsesat drvention is 1 grovisedrel-ne setgativaraf vweafer
detect real-tine wafer shift/slide in a sem conductor process chanber has
been ac#iiftglidk intheemicondnctionpovees chamippr.i ses, first, neans to neasure
acceleration in three orthogonal directions, wherein said neans to neasure
acceleration is nounted on a wall of said process chanber, a signal
conditioner, anplifying the signals of the neans to neasure accel eration,

an anti-al i asidiBer prindigdl oblcWoPi@SprEsértanventdhtis fa!pidvitte Atiglen sigAMesTYafer
signals, an A/D converter, wherein its

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



output is the input of a DSP, and a dynam c spectrum anal yzer (DSA)

recei ving nmneasurenent signals fromsaid neans to neasure accel eration. The
DSA conprises a DSP performng all required cal cul ations, receiving
measurenent signals fromsaid AAD converter, a program and data nenory,

bei ng connected to said DSP, a digital-to-analog (D/A) converter, being
connected to said DSP, a watchdog device, being connected to said DSP,
nonitoring an alarmfunction of the system a relay being triggered by said
DSP, anampliudenan{4)anitiatingootificeiRB2RR2 cobrecine activmet vibdation reeaslirB3iexceeds
Furthernore the system invented conprises a process controller, being
connectadrrh ¢hreghsldDSP, an al arm device, 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 I n the acconpanyi ng drawings form ng a
material part of this description, there is shown: Fig. | shows

schemat i cal | y, %Ceglgj‘jaf.f;% ﬁ%@qggg%ﬁ&o@fs iﬂoerﬁ% I@#{f%lém%) cfe'?@ct%?@tﬁﬂ wafer

i nvention. Figs. typic dormal n pl ot's obtal ned
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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 anatyzer (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-to-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.



Figs. 5a-c illustrate orbit plots generated by a copper/tantal um sputtering
chanber. Fig. 6 shows a flowhart of the basic steps of a nethod invented
to detect real-tine wafer shift/slide in a sem conductor process chanber
permtting alarmand corrective action in case a predeterm ned vibration
threshold i s exceeded. 8 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
preferred enbodi nents di scl ose nethods and systens to provide real-tine
detection of wafer shift/slide in a chanber and to provide a tinely signa
of wafer shift/slide in aB&IBRBESCRIPEON OFCDHERRAVEINGS i ons. These

obj ects are achieved by neasuring the vibration of the chanber. External

vi bratory forces acting on the chanber may be transmtted to the wafer
inside the chanber. 1In the present invention, an accel eroneter is nounted
on a wal |l Oflntth@a@&%’@ﬁrﬁy:ﬁ?d@ﬁﬁg% ﬁ)rrmr‘iéa\ﬁﬁ%éﬁ&!'ﬁé?t Sl dés@ﬂpnam%émaal
obtained as a function of time is then conpared agai nst a pre-determ ned
al arm agy 4¢LMe to provide notification for corrective action. Fig. 1 shows
schematically a preferred enbodi nent of an apparatus of the present
invention. A preferred device for vibration sensing is a tri-axial

accel eroneter 1 because it can be installed in small space wi t hout

significant S oadi n Ho r hree uni- axial .accel.eroneters,
or %5 dual - a8 T SDORF SRRl BRI TR S e AP A D CE S ABE T of
ot her rel ated deV|ces such as | aser vibroneters or strain gauge devices
coul d al so HAV®¥WEen used without departing fromthe spirit of the

i nventi on.

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.



To avoi d disturbance to wafer fabrication processes, the tri-axial
acceleroneter 1 is nounted preferably on the exterior wall of the chanber.
Alternatively the acceleroneter could be nmounted, if desired, on an
interior wall of the chanmber as well. It neasures the 9 vibration
anplitude in three orthogonal directions (x, y and z) as a function of

time. As nentioned above other neans to neasure acceleration in three
directions could be used as well. Although vibration anplitude can be
measured in terns of displacenent, velocity or acceleration, acceleration
was sel ected because this invention is based on Newton's |law of inertia
which relates to t hdDESORPRTPMNOFaTBBEBREBERREDSEMBORRIMENTSON. | n ot her
words, the wafer will remain in its state of rest within the chanber

unl ess acted upon by a resultant force whereby: F = nma F is the resultant
force acting on the wafer, mis the mass of the wafer and a is the

accel eration. Thus, an increase in vibrational acceleration correlates with
an increase in displacenent of the wafer fromits original position in the

P s e ST R

waf er whose ef 'S equivalen I'ne WO or nore

f LAf the, T I f [ | t.h h id | b .
wafor el OT et SO 11 B ENmuRr BB Aol 2 HESeoReCoratirebalifiside in
area. Vibratjon neasurenents can be carried out continuously or it can be
pr onpt @jclpqmb@%t,otper MECEVR A is in use via an external trigger

signal 7. The signal fromthe

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 accelerometer 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 {ri-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



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

f r equendbratton summ@itedte in, theaedortrmyagahdingctiohs (xuf #ngpkras b dnmetionsifdined. As
measurenents. The DSP 6 conputes the tinme data fromtw 10 channel s and

pl ots tientieiet abvevenstheomebhots meashiy ddt@laratian int theed SR diongriouldise Lied Ay,
x-z and y-z plane relative notion (force) indicating the orbit. The data
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sent to a visual display unit 15. RS232 serves as a serial comunication
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can al so used nsm sSi on Error or
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conpares _the neasured data to a predefined or guardband limt. If the
neasuretgr(i?a‘ﬁ’aer@s¥eeds the predefined or guardband limit, the watchdog 14

wll trigger the DSP 6 to sound an al arm
F=ma

F 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 signal 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



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
time trace on the y-axis. Figs. 2 a-f show exanples of typical tinme domain
pl ots obtained for all three orthogonal directions and their equival ent
orbit plots. The alarmlimt of the tinme domain plot is indicated by two
hori zontal straight lines 20 while the alarmlimt of the orbit plot is
defined by the equation of a circle 21, i.e. x2 + y2 =r2 where x and y

ar e t hechanpelstarshplateghitral@gvantbtioni (foreele alrﬁwaﬁmpraﬁtge DSA 6 Teeymses heisy,
programmed to trigger a visible/audible alarm 12 by activating a relay 11
when t hezankdnat pameaeiative midion(fany) iddicating tre erbiteeds a preset anplitude
limt. The vibration anplitude may be permtted to exceed the alarmlimt
several tines before the alarmis triggered. This alarmlimt is set after
considering the mass of the wafer in the chanber. A second pre-alarm

limt, e gTheldaf@¥mMctédts §bridinhld date m&nuhds ahgthdassdlfisdd oulia AIDBPBGEN
be stopped nmanual ly after corrective action is taken or a process

cont 1 ol dehf to 6 ILFARDRY! RS, ORBLED SbRBsAA Beridi cRfRthifiBhich yBieA s

vi bration anplitude ow t alarmlimt. A converter 10

, 1.9ital sj . DSP
S onal . R il ecifho RorPhdehs 1 RIS el = RFH R
the Il oy SLLBIUSRONBRLRGHRTIY 5ol G5, Bul b nToP A ORag SYESSISHFE 85

fimit.

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 wil 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 ali 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+ 2=

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

11



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 to denonstrate the feasibility of the present invention:
Case study 1: Sputter mainfranme wafer transfer chanbers Figs. 3a-d show
orbit plots generated by sputter mainframe wafer transfer chanbers. Under
nor mal behaviler DSPHeisqrbgtanphet s rigger a visiblelawsiiBe alamt ha by entivatingts xehay
inplies that 12 there is m niml chanber novenent (Figs. 3a-c). This is in

cont r ast1 wheh thdreibaatlint arpplittide dbaay dieectiviherxcaeds atprebatrareplitadekmpir iTéeced
(Fig. 3d). A sporadic notion is observed in the Z-Y direction which causes

t he wafgpration dmglieudembhdle gidraited ttheceed e arirmdirsit YeRABLEMes BBfdPE thd aced
by transformng the tinme domain signal to its frequency domai n equival ent

Usi N9 aqhdfils fioubieR. THiSRRIAI Imu( et a?t'eg86riméi@éﬁpqg%%%ééé’g‘b’th@wa?@yﬂtﬁé

process chanbers Figs. 4a-d illustrates orbi ots generated by sputterh

Phat T R eLmsas A seckhl ot i gy e R 85 P0 % M IRE L B UERRY A LRt o
to.the other, th h Fi gs. 4a,. . Theref

b obesstf RhiieD B iabere WAl Rl o afitn eduof s Rkee oh grepree iRl 86t

can be provided to stop the alarm automatically when the vibration amplitude falls below the

atarm 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



their original positions. The vibration source was later traced to a
deteriorating turbo punp. Case study 3: Copper/tantal um sputtering chanber
Figs. 5a-c illustrates orbit plots generated by a copper/tantal um
sputtering chanber. Simlarly, the small spot in Fig. 5a indicates that
the process is operating nornmally, while Fig. 5b indicates that the
chanber 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 ysi thepreisfroinimesl areimzpridvestértr{iFigsyBate). ddns isénusattastovitrothat @bit iptsour ce
of disturbance and the direction of the shift/slide. Correlating the
chanmberobtaledtvwitan & dsturbancevst dxpzrightéd RIGVBA Vi Aspbizaiic mesith isSolsstggasin t hat
the resultant force in the horizontal plane is due to the closing of slit

val ve. thk Z-redirdcho@Wnih QREGEREe QSEEI6isHEe irPthAY PloRike STHe sdupte bfligturBshcer)
may even be observed. This is likely due to excessive force that exceeds

the sensgfge trhbdd bi tr%ﬁ%:ﬂg]gsﬁeﬁﬁﬁe HOms R éigﬁ‘éz% (ijty?ﬁquﬂelﬂﬁy Gem%iqﬁ%@}i@éaénpf

Figs. 3-5 show in horizont axis tinme I n Seconds an vert axi s
accel eratii i rhi ?ﬁ Figs. 3-5 show in horizontal axis
and in @%?@?cpég{gt gé;a'ieraﬂ%&@rr@tng@?ﬁ%n 2. Fi g. 6 shows a flowchart of the
basic steps of a nethod invented to detect real-tinme wafer shift/slide in
a sem conductor process chanber, permitting alarmand corrective action in

case a Rredet Ly ged vibration threshold is exceeded. Step 60 illustrates
t he ase 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, ¢, 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 resultant force in the horizontal plane is

due to the closing of slit valve. If the vibration becomes excessive, a hysteresis plot (Fig.
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provi sion of a sem conductor process chanber, an accel eroneter, fastened on
a wall of the chanber, and a DSP. In step 61 the acceleration of the
chanber is nmeasured in three directions, wherein the accel erati on neasured
represents the vibration anplitudes of the chanber. Step 62 describes a
conparison of the vibration neasured as a function of tine against a
pre-determ ned alarm anplitude and step 63 describes initiating
notification for <corrective action if vibration neasured exceeds an alarm
t hr eshobe). manegambaopsetvey. Jihipierlikelysiuef totdxeepsies &rte itmtexceeds teesdnsats i t
is easy to be inplenented with |ow cost. The systeminvented can be

i npl emeimigdcasimnyercoandesataratehere real -tine detection of wafer shift/slide
is desired. Furthernore the systemis non- intrusive. The systemis
installed preferably externally and thus, will not interfere with a wafer
process. Finally the systeminvented has nmultiple functions. The system not

only 14 dakRainte ROIBMH hidls JAEGS. 318 <Holbinl WizofiR aRRAME T sédori8hndlifo, De

used to determ ne the source di st ance. 1le e i nvention has been

particul iéé{taggoé%?%p%{&ﬁ.ﬁﬁwsbed with reference to the preferred

enbodi nment s ereo be understood by those skilled in the art that
various changes in formand details may be nade w thout departing fromthe
spirit and scope of the invention. 15 Wiat is clained is:

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 ilfustrates 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.

In 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

14



1. Anethod to detect real-tine wafer shift/slide in a sem conductor
process chanber conprising steps of (1) providing a sem conductor process
chanber, an accel eroneter nmounted on a wall of the chanber, a signal
conditioner, an analog-to-digital converter, and a digital signal
processor; (2) measuring the acceleration of the chanber in three
orthogonal directions, correlating to vibration anplitudes; (3) conparing
vi bration neasured as function of time against a pre-determ ned alarm
anpl i t utsectamatdrdinl wafdrishtfi/sigleriota dhanaberoh choralstobe asdd tcedatetmime thé source
vi bration neasured exceeds alarmthreshold. 2. The nethod of claim!l

wher ei nofafistutbizoal | y an anti-aliasing filter is provided. 3. The nethod of
claiml1l wherein said accel eroneter is nounted on an exterior wall of the
chanber. 4. The nmethod of claimI| wherein said accel eroneter i s nounted on
an interior wall of the chanber. 5. The nethod of claim1 wherein said

accel er oMb g ﬁw[eﬁfl rﬁﬁé@b SRICEIATEHBn &h (?_&%HBE& gﬁﬁller%ﬁ{%@é 8 the

wherein three uni - axi a acce gmat ers-are USG

accel er&%fe?r%doémwg’ merﬁm%[}edf it Wil 68 uﬂdég?&od]@/ sk E&his8 the art that various

changes in form and details may be made without departing from the spirit and scope of the

invention.
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7. The nethod of claiml wherein a conbination of a dual -axi al

accel eroneter with a uni-axial acceleroneter is used to neasure the

accel eration of the chanber in three orthogonal directions. 8 The nethod
of claim1l wherein strain gauge devices are used to neasure the

accel er at ¥pmata$ cldhgcgh@nber in three orthogonal directions. 16 9. The
met hod of claim 1 wherein | aser vibroneters are used to nmeasure the

accel eration of the chanber in three orthogonal directions. 10. The net hod
of claim1l er gy L d,vibration asurenents are performed continuously.
11. The net \rll\gd 2’?“@@?‘%‘9 %"e@éﬁﬁ'“@ﬁd@éﬁﬁ&iﬁhﬁ%@Lﬁeérhlﬁﬂn@ucat@epmmt ed
to start Mbbheo?ﬁﬁﬁihgrstéﬁs bfy use via an external trigger signal. 12. The
nmet hod of cl ag m | erel'n vibration neasurenent data are displayed using

an orbit pldf)pryidingé semisendostos naderss ettemiem ani ducléromatensivLamnbndat a

are displ ay ' ' |ot. 14 . The nmethod of claim| wherein said
notificati o%d‘fvgwgaﬂ%ug?éb+ggﬁ%a§§{‘allﬁ@d't%rnﬁ? ﬁ&‘a%@f‘t% Ig|tah conmesiesi anda; d
noti fi cati onligital signasplicesgbarm 16. The method of claim 1 wherein said

notificati orz conprises a pre-alarm initiated at a | ower alarmthreshol d.
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

(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 wal! of the chamber. |

5. The method of claim 1 wherein said accelerometer is a tri-axial
accelerometer.

6. The method of claim 1 wherein three uni-axial accelerometers are used to
measure the acceleration of the chamber in three orthogonal directions.

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 ciaim 1 wherein strain gauge devices are used to measure

the acceleration of the chamber in three orthogonal directions.
16



17. The method of claim 16 wherein said pre-alarmis initiated at 70% of
the alarmthreshold. 18. A systemto detect real-tinme wafer shift/slide in
a sem conductor process chanber by neasuring accel eration of the chanber
representing vibration measurenent, conprising: neans to neasure
acceleration in three orthogonal directions, wherein said neans to neasure
accel eration is nDunted on a wall of said process chanber; a signal

condi ti onerg  afipll i SfGaid Q’Wt#éreﬂf I8P viER GRS e sl to 1@8%%5@&!’4@ on,

vvherelnlts output I'sS the 1 nput an anti -al 1 asing

anti-ali asa:&1gra’t|ohtcﬂrth@t>hmmber imidprée gl‘thbg@mjehmyctmn@nal s from sai d signal
conditioner, wherein its output is the input of an Anal og-to-Di gital
converter; said anal og-to-digital converter, wherein its output is the

i nput of a My namweC metpeat fd#”b%"}ﬂ' WZ Byh &R ga‘aawaﬁ@ﬁcméawémbmerare
recei ving measurenent signals fromsaid analog-to-digital converter

conpri si ngrfomdjc@m@uoalslya gnal processor, performng all required
cal cul ations, receiving neasurenent signals fromsaid anal og-to-digital
converter; a program and data nenory, being connected to said digital

signal  proclesgbie; method of claim 1 wherein said vibration measurements are prompted

to start when the chamber is in use via an externat trigger signal.

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

13. The method of claim 1 wherein vibration measurement data are displayed

using a time plot.
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
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;
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a digital -to-anal og converter being connected to said digital 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 conmunication port being
connected to said digital signal processor; a process controller, being
connected to §aiwtﬁﬁgﬁ9ﬂ%ﬂl fifegradterpesvasiioh Beaugnoynsigedalsc &omaaid) signali at ed

by said rel ay. i [ . di spl ot | q.d] ard
i nputs to scg}i\(]gltgﬁge?[’t\gﬂr@sefng’#; “@6@?&6?8“%%@&?9@@?n%bglf‘%ﬁféﬁggs wherein
sai d means t osaidamsleg-ts-digital adnvaTidrs whameintigdowtputils thet mbud bf wadynanhict he

chamber. 20. The system of claim 18 wherein said nmeans to neasure
accel er at | SRECEUMNAYZY on an interior wall of the chanber. 21. The system

Crcol o orarr FHSRGLAIRIN ERATBE e TSR unab fod il
accel er at i amakrgto-digiteecanviertaxicampaisogl: er oneters. 18 23. The system of
claim 18 wherein Sgéig H@%QIS stlgonarngr%)%regsgr?Cpeelr?orr?ntiri]é) nali Sreguired 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 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 signat processor; and
a communication port being connected to said digital signal 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.

20. The system of claim 18 wherein said means to measure acceleration is

mounted on an interior wall of the chamber.

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.
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conmbi nati on of a dual -axial acceleroneter with a uni-axial accel eroneter.
24. The systemof claim 18 wherein said neans to neasure accel eration are
strain gauge devices. 25. The system of claim 18 wherein said nmeans to
measure acceleration are |aser vibroneters. 26. The systemof claim 18

wher ei ' filt h t f
Clai m 18 e oi W% SIS PELRTciait whRtsdn 8l ReanagimarsutoAcalgiatial 1 gnal

pr OCGSS0boh'ﬁ)tﬁétﬁfri¢Wd&5!%ﬂélt§c%b|é?8n@&%ﬁﬁﬁ‘%ﬂﬁ-ax%$aca_&%rosrﬁéfe‘?m of claimis
wherein said conmuni cation port is a serial comunication port. 29. The

system of claim 28 wherein said serial conmunication port | s a RS232 port.

30. Th ' d d
Parm SLEn b PO el s RISl Pt
audi bl e sthiw gaugd’devibes.system of cl aim 18 wherein said visual display | S

capable to display an orbit plot. 33. The system of claim 18 wherein said
visual display is capable to display a tine plot. 34. The systemof claim

18 wherei n 2 PefirOBAlteFOTPHLM 185WhERih ¥iEthddhs to measure acceleration are

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

27. The systermn of claim 18 wherein a trigger signal provided as input of the
digital signal processor is starting the vibration measurement.

28. The system of claim 18 wherein said communication port is a serial

communication port.

29. The system 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.
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performthe task of said dynam c spectrum anal yzer. 19 35. The system of
claim 18 wherein a personal conputer is configured to performthe task of
sai d process controller. 36. The system of claim 18 wherein said signal
conditioner is built in said dynam c spect rum anal yzer. 37. The system of

claim 18 whe t he task f. sai d ital na rocessor inglud
filtering, %nﬂnh@af;y%fﬁ”bp?tq? a8d %fﬂeﬁo?)er '&%u URBHIES IsaaeNt %ﬁggtgrrent

of nulti P Hofh e &4 sk gl‘&%%gr(:%ﬂﬁﬂﬂér. 38. The systemof claim 18 wherein

said digit signal processor conputes time data fromtw channel s and
data for pI ots of relative forces. 39. The systemof claim 18 wherein said

wat chdog i ar tor i ch onpares th ured,data to, a predefined
it and 9ol SKlel of AT 18 WREMTR el B candiigaTatscb i by 57, 11
t he masgy@%%@mgﬁg gepredefined limt. 40. The systemof claim 18
wherein said watchdog is used to reset the system in the event of a fault

condition. 20
37. The system of claim 18 wherein the tasks of said digital signal processor

include filtering, computation of time and frequency measurements, and

management of multiple channel signal measurements.

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

time data from two channels and data for plots of relative forces.
38. 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.
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