WAFER PCSI TI ON ERROR DETECTI ON AND C@%@%&M‘Q
SYSTEM  BACKGROUND OF THE | NVENTI ON 1. Field of the tion
The -present invention relates to an equi pnent for robotically transporting
waf er s bet ween storage and process chanbers, and in particular, for o
detecting and correcting wafer position errors 2. Descri ption
of Related Art : A common confrguratron for sem conductor procezlsr ng
equi prent utilizes a number ﬁﬂkf gﬁ ccessi bl e
f?ompa central wafer stora‘e‘p ﬁfﬂ §l %@ﬁ%ﬁ‘g% r. Fig. 1A
schematically illustrates a semAOR &R yste havr ng such a
configuration. Wafers are typically loaded into the processi ng systemin
waf er cassettes and then the wafers are individually transferred fromthe
cassettes to aBAGIKK INT2 EHE SV E] NV n the central transfer chanber.
A wafer transport robot moves i ndi vi dual wafers from the waf er storage

el evator through the valves in the transfer chanber wall, into the
different processing Chaﬁ&?&ﬁm@ﬂ%% en bet ween chanbers to effect

di fferent processing steps Vernent -

The present invention relates to an equipment for robotically transporting

wafers between storage and process chambers, and in particular, for detecting and

correcting wafer position errors.

2. Description of Related Art

A common configuration for semiconductor processing equipment utilizes a
number of different processing chambers accessible from a central wafer storage and
handling ("transfer") chamber. Fig. 1A schematically illustrates a semiconductor
processing system having such a configuration. Wafers are typically loaded into the
processing system in wafer cassettes and then the wafers are individually transferred
from the cassettes to a wafer storage elevator within the central transfer chamber. A
wafer transport robot moves individual wafers from the wafer storage elevator through
the valves in the transfer chamber wall, into the different processing chambers, and
then between chambers to effect different processing steps. Movement of
semiconductor wafers within the processing equipment is accomplished using
automated wafer handling techniques to allow for the complete automation of the
fabrication process.

Because wafer processing occurs in a vacuum or near vacuum environment
and cost considerations necessitate fast pumping times to facilitate high wafer
throughput, the total volume of a wafer processing system is limited. Consequently,
the clearances and tolerances within a wafer processing equipment are typically
limited by space considerations. For example, one type of wafer storage elevator
stores wafers in a recess that allows only a few millimeters of clearance to either side
of the wafer. Misaligned wafers may be dislodged from the wafer storage elevator or
may be damaged in other ways. Considering the complexity of semiconductor

devices and the number of devices on each wafer, each wafer represents a substantial



sem conductor wafers within the processing equipnent is acconplished using
aut omat ed wafer handling techniques to allow for the conpl ete automati on of
the fabrication process. Because wafer processing occurs in a vacuum
or near vacuum environment and cost considerations necessitate fast punping
times to facilitate high wafer throughput, the total volume of a wafer
processing systemis limted. Consequently,,the clearances and tol erances
within a wafer proce55| ng eqU| pment are typ‘l cal | y limted by space
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ef fecti veness of such fer handling techniques can be greatly di m ni shed
if the initial "OROteTNYEBPVRAFCUMEY- respect to the wafer transport robot is

not known accurat el Yaghyentionally, the wafer transport robots use a vacuum pickup method to

hold the wafer and capacitive sensors to detect the presence of the wafer on a wafer
carrying blade, commonly referred to as the “blade.” The capacitive position sensors
within the blade of the wafer transport robot are used to detect if the wafer is
improperly seated on the blade. Such capacitive systems are often inaccurate and fail
to detect most wafer misalignment problems. The elimination of the vacuum pickup
and their capacitive sensors has required the need for a different wafer detection and
correction scheme. |

Some types of wafer ﬁrocessing equipment use one or more techniques to
measure a wafer's position and to ensure that the wafer is situated at a predefined
position. For example, U.S. Patent No. 4,819,167 to Cheng, et al., entitled "System
and Method for Detecting the Center of an Integrated Circuit Wafer," describes a
wafer processing system which includes a sensor array for determining the position of
a wafer as it is loaded from an external cassette onto an internal wafer storage
elevator. The Cheng wafer positioning system ensures that wafers loaded into the
processing equipment are accurately positioned on a given level of the wafer storage -
elevator. Using a system in accordance with the teachings of the Cheng patent
ensures that wafers stored within the wafer storage elevator are initially at a well
defined position with respect to the wafer transport robot when the wafers are
accessed by the wafer transport robot.

Systems which incorporate the teachings of the Cheng patent nevertheless
experience unacceptable levels of wafer breakage. These unacceptable levels are

likely caused by inaccurate wafer accessing operations or by wafers being dislodged



Conventionally, the wafer transport robots use a vacuum pickup nmethod to
hol d the wafer and capacitive sensors to detect the presence of the wafer
on a wafer carrying blade, commonly referred to as the "blade." The
capacitive position sensors within the bl ade of the wafer transport robot
are used to detect if the wafer is inproperly seated on the blade. Such
capacitive systens are often inaccurate a fail to detect nost wafer
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being di sl Odeﬁsposed below the chamber. The illustrated sensor array allows the identification of

wafer positions, but requires that the wafer transport chamber be optically accessible
from both the top and the bottom of the chamber. This photoelectric sensor array is
arranged so that the light travels along a path generally perpendicular to the plane in
which the wafer is transported. In practice, this type of sensor geometry may lead to

| erronec:;us position information due to multiple reflections from the surfaces' of the top
and bottom chamber covers and from the wafer. To compensate for such erroneous
position data, the Shmookler system samples more data points than is necessary, -
discarding data that does not fall within expected limits.

The Shmookler system uses a data collection scheme which relies on
particular points on the edge of a wafer crossing the four sensor array in a particular
order. This scheme works well when wafers are positioned near to their nominal
position. However, wafers that are in danger of breaking in the course of a transport
operation may be dislodged from their nominal position by a large amount. For such
substantially misaligned wafers, the Shmookler system will not appropriately identify
the wafer position, and the wafers that are substantially out of position may

consequently be broken.



3 fromtheir nom nal position either during processing or transport. Thus,
further neasures are desirable to ensure that wafers are at their
predet erm ned positions. A second type of center finding systemis
described in U S. Patent No. -- 5,483,13 8, entitled "System and Method for
Aut omat ed Positioning of a Substrate in a Processing Chanber," which lists
Shrmookl er, et al., as inventors (hereinafter, the "Shnookler systent). U S
Patent No. 5,483,138 is assigned to the asSignee of the present invention.
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sensor disposed to detect an edge of the slot and an edge of ﬂie wafer as the wafer is
retracted from the wafer holding chamber. The detection sensor includes a light
source disposed external to the wafer handling chamber. The light source is aligned
to direct an incident beam of light through the window into the wafer handling -
chamber. The detection sensor further includes a reflector disposed within the wafer
handling chamber so that at least a portion of the incident beam of light is reflected
from the reflector as a reflected beam of light. The reflector, which preferably is
polished aluminum, directs the reflected beam of light through the window to a
detector. Preferably included in the detection sensor is the detector disposed external
to the wafer handling chamber to receive the reflected beam of light from the
reflector. The light source and the detector are disposed to detect an edge of the slot
when the slot allows the reflected beam of light to reflect through the transparent
material and to further detect an edge of the wafer when the wafer intercepts a beam
of light as the wafer is removed from or inserted into the wafer holding chamber. By
detecting both events, it is possible to determine the position of the wafer.

In accordance with a further aspect of this preferred embodiment, the present

invention includes a controller device for identifying the distance between the edge of



consequently be broken.

4 SUMVARY OF THE DI SCLOSURE It is an objective of the present
invention to provide a wafer presence detection and a wafer-on-bl ade
posi-tion error detection at each time a wafer is renoved fromeither a
process chanber or a wafer cassette. A preferred enbodi nent of the
present invention includes a wafer handlinrg chanber having a vacuum

seal abl e opening for admtting wafers froma region external to the wafer
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coordi nate direction. tra as a ade
adapt ed for cagteationgemgdkers, in which the blade has a sl ot and defines a
center hole. This enbodinent also includes at |east one detection sensor

di sposed to det ect Whendgnisalignmens ofthgtwateravithresprgbtoghe blade igawishings t he
wafer is retrac g I | di ng - o T ect 4 sensgor
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wi ndow i nto the wafer handling

device causes a corrective action by controlling the wafer transport robot to correct for
the misalignment of the wafer. More particularly, the position of a misaligned wafer
can be adjusted by altering a set of coordinate positions corresponding to a
predetermined destination position by an amount substantially equal and opposite to
the wafer's misalignment. If the misalignment of the wafer is more than a
predetermined maximum value, the controller device informs an operator to engage
operator intervention. Yet a further aspect of this preferred embodiment include the
detection sensér which determines a presencé of the wafer through the center hole,
when the wafer transport robot is fully retracted and withdrawn away from the wafer
holding chamber.

These and other aspects, features and advantages of the present invention will

be better understood by studying the detailed description in conjunction with the

drawings and the accompanying claims.



chanber. The detection sensor further includes a reflector disposed wthin
the wafer handling chanber so that at |east a portion of the incident beam
of light is reflected fromthe reflector as a reflected beamof |ight. The
reflector, which preferably is polished alumnum directs the reflected
beam of |ight through the window to a detector. Preferably included in the
detection sensor is the detector disposed gxternal to the wafer handling
chanber to receive the reflected beamof ITght fromthe reflector. The
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Fig. 3A is a partial side view of an embodiment using an alternative sensor

system,;

Fig. 3B is a top view of Fig. 3B;

Fig. 4A is a top view of a wafer position error detection and correction system
in accordance with the present invention;

Fig. 4B illustrates the transfer of a wafer from a cassette to a transfer chamber
through an input/output slit valve;

Fig. SA shows a condition where the wafer is nét on the blade;

Fig. 5B shows a condition where the wafer is on the blade;

Fig. 6 shows a wafer-on-blade detection condition and corresponding signals
generated by the sensor system; and

Fig. 7 shows various wafer-on-blade conditions.
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ofth&OWARS transport robot. Positional adjustments are made so that the wafer
transport robot will transport the wafer to its nominal position either within the wafer
storage elevator or within the designated wafer processing chamber. In a preferred
embodiment of the present invention, the wafer position is detected when the wafer is
removed from a process chamber or from a wafer cassette.

Wafer positions with respect to the robot blade are preferably detected by
determining the position of the wafer when an edge of a slot in the robot blade and an
edge of the wafer crosses an optical beam path during retraction of the wafer from
either a processi—ng chambér or a wafer cassette. Positional information derived from
these wafer position data points may be compared with predetermined, nominal
positional information to determine the extent of the wafer misalignment. This error
information is preferably converted into an error component, and the linear extension
and rotational displacement of the wafer transport robot are adjusted accordingly to
compensate for the misalignment. '

Fig. 1A shows a plan view of a wafer processing system which may
accommodate the wafer position error detection and correction system of the present
invention. The wafer processing system of Fig. 1A consists of a number of individual
process chambers 6 that can be isolated by closing slit valves 8. Wafers 10, for
example eight inch silicon wafers, undergo a variety of processing steps within the
various processing chambers 6. Typically, a plurality of wafers within a wafer
cassette (shown in Fig. 4) are loaded into and loaded from the wafer processing
system through a chamber 12. Preferably, wafers are loaded into the wafer processing
system and onto the wafer storage elevator 14 in accordance with the method taught

by U.S. Patent No. 4,819,167 to Cheng et al., entitled "System and Method for



Fig..lAis a top plan view of a sem conductor processing system

Fig. 1Bis a top plan view of a robot bl ade; Fig. 2 illustrates a
preferred enbodi nent of a sensor systemin accordance with the present

i nvent i on. Fig. 3Ais a partial side view of an enbodi ment using an
alternative sensor system Fig. 3Bis a top view of Fig. 3B;

Fig. 4Ais a top view of a wafer position efror detection and correction
systemin accordance with the present i nventi on; Fig. 4B
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7 DETAI LED DESkatorléthropehrihe trapgfe ké@ﬂ ipio\Hhe various progess,ehambers 6
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transported withinh a sem con rocessing equi pment and conpensate
wafers 10 between the wafer storage elevator 14 and the various wafer process

chambers 6 is accomplished by means of a wafer transport robot 18. The wafer
transport robot 18 is capable of lifting a wafer 10 from the wafer storage elevator 14.
By a combination of linear and rotational translations, the wafer transport robot 18
transports the wafer 10 through a selected open vacuum chamber slit valve 8, and
deposits the wafer at the appropriate position within the selected wafer process
chamber 6. Similarly, the wafer transport robot 18 is capable of transporting a wafer

.10 from one process chamber 6 to another and from a processing chamber 6 back to
the wafer storage elevator 14.

The linear and rotational translation mechanisms of the wafer transport robot
18 are indicated schematically in Fig. 1A. A preferred embodiment ;>f a transport
mechanism utilizes two magnetically coupled two stepper motors under the control of
the processing system computer, with one stepper motor controlling linear extension
and the other stepper motor controlling rotation. The magnetic drive assembly
consists of two external circular drive magnet assemblies and two circular internal
drive magnet assemblies. The assemblies are separated by a stainless steel sleeve
which provides a vacuum isolation and further provides the mountings for the outer
magnet assemblies, drive motors and gears. In an embodiment, there are 40 magnets
in each of the coupling assemblies for a total of 160 for the completed magnetic drive
assembly. The magnets are mounted so that each end of the magnet becomes a pole
piece and couples to a mating magnet in each of the inner and outer assemblies.

The magnetically coupled (MC) robot arm assembly consists of four parallel
linkages that are held in precise alignment by multiple precision bearings and a gear
set to accurately control the extension. As shown in Fig. 1B, at the end of the arm is a
wrist 22 of the MC robot to which the wafer blade 20 is mounted. To control the

accurate placement of the wafer on the blade 20, wafer grippers 24 secured to the



for wafer msalignnments when the wafers are not at or very near their

nom nal position on the wafer transport robot. The wafer position error
detection and correction systemof the present invention preferably

determ nes the error in wafer position and conpensates for this error by
adjusting the linear and rotational position of the wafer transport robot.
Positional adjustnents are nade so that theg wafer transport robot wll
transport the wafer to its nom nal position either within the wafer storage
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wafer in the pocket 23 by the use of two leaf springs (not shown) that cradle.the wafer
in the pocket. As noted above, the grippers 24 extend (which in effect closés ﬁe
pocket) as the robot retracts away from a process chamber 6, and the grippers 24
recede (opens up the pocket) as the robot extends. .
Ideally, the wafers 10 being transported by the wafer transport robot 18 are
situated at the wafer's nominal position within the pocket 23 of the blade 20 of the
wafer transport robot 18. When the wafer 10 is disposed at its nominal position on the
blade 20, the transport robot 18 will accurately move the wafer to its destination
position within either the storage elevator 14 or the process chambers 6. In practice,
however, wafers are not always disposed at or substantially near their nominal
position on the blade 20, causing the wafer transport robot 18 to move the wafer 10 to
a position displaced away from the wafer's intended destination position. Also,
breakage or damage to the wafers 10 may result. Under such circumstances, it is
desirable for the wafer position error detection and correction system of the present
invention to alter the linear and rotational aspect of the wafer transport robot 18 to
compensate for the wafer misalignment, thereby ensuring that the wafer 10 is

accurately transported to its intended destination. Alternatively, the wafer precessing



8 Detecting the Center of an Integrated Crcuit Wafer," assigned to the
assignee of the present invention, and incorporated herein by reference.
During processing, the wafers 10 are transported fromthe wafer transfer

el evator 14 through the transfer chanber 16 and into the various process
chanbers 6 via the slit valves 8 in the walls of the transfer chanber
wal | s. Movenment of the wafers 10 between t@e waf er storage el evator 14 and
t he vari ous wafer process chanbers 6 is aé onpl i shed by nmeans of a wafer

transport robot 18. The wafer trans ort o ot f.lift
wafer 10 fr omSYFEMRAFTSAngRsFalofevha F‘bﬁalﬁgf“er%ﬁg‘ %@%3‘96'8% lB'FI | i Imra]gr aand

rot ati onal tr%ﬁe@ﬁb ns, the vvafer transport robot 18 transports the wafer
10 through a selected open vacuum chanber slit valve 8, and deposits the
waf er at the appropnithd we&m&dknﬂndm@hoﬁthbmessmllmadnmpcvsnpnmd‘eswafbharrber

6. Simlarly, the wafer transpor bot 18
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chanber 6 bac r d
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i nd|h cat ed stch;ewafe'r t@id rgmbwedrem elitfler afty pnhe b the eoce st mbrerst6 cnftheawafeansport
mechani smutilizes two_nagnet.i I t t h
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rotation. The rlve assenbly consi sfs of two external circular
drive magnet am@ihe%roqmﬂltiom The lzemlmsmbnbétheadrafd-rtranspom@lbet isdefinedds es.

The assenbl i esthar e separated by a stainless_ st ee} sl eeve
e position in which the linear extension of the wafer transport robot 18 is fully
withdrawn from the wafer storage elevator 14 or the process chamber 6, so that the
wafer transport robot 18 makes clear rotation within the transfer chamber 16 without
making any contacts.

To determine whether the wafer 10 is properly seated in the pocket 23 of the
blade 20, data points are taken as the edge of a slot 26 passes through the wafer
detection sensor 60 (shown in Fig. 2). The wafer detection sensor 60 finds the start of
the slot 26 in the blade 20 and the leading edge of the wafer 10. The distance between
the slot edge and the wafer edge is used to determine whether a wafer is located -
properly in the pocket 23. By knowing the linear extension of the wafer transport
robot 18 when the slot edge and the wafer edge passes by the wafer detection sensor
60, the position of the wafer can be unambiguously determined. More specifically,
the microcontroller 68 uses a signal from the detection sensor 60 and motor position
encoder output signals, with each pulse from the motor position encoder indicating the
movement of the blade 20, to determine the position of the wafer 10 with respect to
the blade 20. It is preferable that one wafer detection sensor 60 be disposed at the
entrance/exit of each process chamber 6 and an input/output slit value (which is
described later) near the wafer cassette to detect a position of the wafer 10 to
determine whether a wafer 10 is properly on the blade 20 each time the blade 20 picks |
up a wafer from a process chamber 6 or the wafer cassette.

A wafer detection sensor 60 for use with the present invention is illustrated in

Fig. 2. A central cover 30, also known as a load lock, which defines the upper bound



whi ch provides a vacuumi sol ation and further provides the nountings for
the outer magnet assenblies, drive notors and gears. In an enbodi nent,
there are 40 magnets in each of the coupling assenblies for a total of 160
for the conpl eted nagnetic drive assenbly. The nagnets are nounted so that
each end of the magnet beconmes a pole piece and couples to a mati ng magnet

i n each of the inner and outer assenblies. The magnetically coupl ed
(MC) robot arm assenbly consists of four d&rallel | i nkages that are held

in precise alignment hy puliiple precision bearings and a gear  set to
accurately corﬂ%rﬂéﬂ trangéer chapher [9ndefings 8 gengsaliycipsuiar openng 32 which inpeplest ¢ he
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grippers 24 sdatgtiotlof the thagsfer chamber 16 to be optically sensed from above.
9 wist are used. | n addition, in the mddle of the blade 20, there is a
center hole 28 for @&k @PﬁPﬁWﬁfj’}'?%Ctmnﬁéﬁ%éoéFteﬁts\F@mePeI@‘)@iﬁomﬁé of p axader20.
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wafer 10 is placed. The wist 22 and the blade 20 nove with respect to each
other so that keamedfdightaf Bhisseayhesdont in anyenusdhek ef waws. fer gxamplelighte

G ppers 24 acPusane B YRESEE P S bRl ren Db WSl 0 3Be *us e
with the wi stthibhigh@he Windaive¥d 0fan \opfit£deteStoZ 63.- The output of the optical detector

has a first value when the beam of light is incident on the surface of the optical

detector and has a second value when the beam of light is not incident on the optical
detector. When the opening of a slot 26 (shown in Fig. 1B) passes through the optical
beam path 36, no longer blocking the path from the light source to the detector, the
output of the detector will change from the second value to the first value. Similarly,
when the edge of a wafer 10 passes through the optical beam path 36, blocking the
path from the light source to the detector, the output of the detector will change from
the first value to the second value. The above example is illustrated in Fig. 6. By
noting the position of the wafer transport robot and counting the number of robot
extension steps of a separate position encoder mounted on the gear drive when the
detector output changes values, wafer position information can be determined.
Preferably, a microcontroller 68 is provided in the wafer processing system. The
microcontroller 68 derives wafer position information from information provided by
the wafer transport robot 18, such as steps of a position encoder mounted on the
gearing (not shown), and the wafer detection sensor. As is schematically illustrated in
Figs. 2 and 3A , the microcontroller 68 may be coupled to a computer 22, which may
be the computer which ultimately controls the operation of the wafer processing
system.

Fig. 2 of the present invention illustrates a preferred wafer detection sensor in
accordance with the present invention. The illustrated position for a separate sensor
for each process chamber defines an optical beam path 36 and outputs a signal of a

first value when the optical beam path is uninterrupted and outputs a signal of a



In addition, when the wafer transport robot 18 reaches into a process
chanber 6 or a wafer cassette, the grippers 24 extend away fromthe
projections 27 to enlarge the pocket 23 for easy placenent of the wafer 10
onto*the blade 20. Once the wafer 10 is placed on the bl ade 20, the
grippers 24 retract toward the projections 27 so that the pocket 23 is
reduced to the proper size for the wafer. Ehe grippers 24 hold the wafer in
the pocket 23 by the use of two I|eaf springs (not shown) that cradl e the

f th ket . AS noted ab th A which i
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| deal 'y, the wafers 10 being transported by the wafer transport robot 18
are situated a:troqehs;ng\@xs@am sAneorilingly, pagiculady prifetrddrenibralimensk of the Figf2 t he
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precessi ng
toward the detection sensor 60 and the returning light beam is detected by the detector

within the detection sensor 60. In the preferred embodiment of the present invention,
a polished aluminum reflector is used as the reflector 62. Alternatively, a corner cube
prism may be used as the reflector 62. The polished alumipum reflector 62 is
disposed so that light is incident on a diagonal plane of the floor 42 and with respect
to what is substantially directed to a flat plane of the polished aluminum reflector 62.
The light beam 36 incident on the surface of a polished aluminum reflector 62 is
reflected back toward its source.

Preferably, each of the separate detection sensors 60 is mounted on the
window 34 by a separate holder 44 that allows slight alignment adjustments of the
detection sensor 60. The holder 44 should be stable to maintain the alignment of the
detection sensor 60 during the normal operation of the wafer processing system.
Similarly, the reflector 62 is preferably securely mounted to the floor 42 of the
transfer chamber 16. Each of the holders 44 is preferably disposed so that the optical
path between the detection sensor 60 and the reflector 62 will intercept the edge of the
slot 26 and the edge of the wafer 10 being transported by the wafer transport robot 18
when the wafer 10 is removed from a process chamber 6.

The wafer detection sensor 60 of Fig. 2 has a number of advantages for use in
the wafer position error detection and correction system of the present invention. The

detection sensor 60 preferably emits and detects modulated visible red light, allowing



10 systemalerts an operator when the m salignnment of the wafer is not
machi ne correctabl e. In the preferred enbodi nent of the present
invention, the position of a wafer 10 is detected as the wafer 10 is noved
about the transfer chanber 16 by the wafer transport robot 18. In
particular, the position of a wafer 10 is detected whenever the wafer 10 is
removed from either any one of the process chanbers 6 or the wafer cassette
17. The position of the wafer 10 di sposed Sn t he bl ade 20 of the wafer

transport rob I.s nmeasured while retracti t he.arm.of 1he wafer
transport robg{’e i%e(it}%ﬁfﬁsof ﬁoegicéﬂlnﬁtS_é'iWB fd%g%f"?es?%‘agﬁg?‘t HSBXE t he waf er
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the wafer transport robot 18 is fully w thdrawn fromthe wafer storage

el evat or 14 orSynpkropizingdbe opticahéiesectér, withinttheadetedtion weriser 6¢ mithshombodulation 18
makes clear rotatjion . wthin transf.er chamber. 16 w t hout I ng any
cont act s. Sighal Yi5dde pgfi%af;gﬁwf.‘gpq{gﬁbmggﬁﬂ Spduges wg ng?@]ﬁ’@ﬁ?"? CERBRAY i n
the pocket 23 spinal AGedloRdErdleodalighaRrdiiSo Bkt i f | ot
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bl ade 20, to ermne the pos wa respect’to the

bl ade 20. It iwindowf3droatheewafentO.cTids gedmetrydelielimit thegwesibilityothabg di sposed
at the entrance/exit of each process chanber 6 and an input/output slit
val ue (which itackgreund erambientdight sourge willerpaeeuslybedatected bynthg position o

position of the,Maben whferlBsition signal.

_ The preferred detection sensor 60 has the further advantage that the detector
output switches between two signal levels, which correspond to the typical logical one
and zero of computer systems, when the intensity of the light incident on the detector
rises above or falls below a predetermined threshold level. Accordingly, the output of
the detection sensor 60 is readily compatible with the computer which controls wafer
transport and the wafer position error detection and correction system of the present
invention. If an optical detector is used which outputs signals which are not directly
computer compatible, then it ordinarily will be necessary to convert the detector
output to a computer compatible signal. Methods for performing such signal
conversion are well known in the art.

Another advantage of the present set up is that all of the electronics of the
preferred embodiment of the present invention are located outside the vacuum transfer
chamber. This allows for easy maintenance, and the electronics do not have to be
turned off due to heat build up, whereas any electronics in a vacuum environment
must be turned off due to inability to dissipate heat.

As an alternative to the sensor assembly described above, a different sensor

assembly may be used that does not require the use of a reflector. In another



determ ne whether a wafer 10 is properly on the blade 20 each tinme the

bl ade 20 picks up a wafer froma process chanber 6 or the wafer cassette.
A waf er detection sensor 60 for use with the present invention is
illustrated in Fig. 2. Acentral cover 30, also known as a | oad | ock,
whi ch defines the upper bound of the transfer chanber 16,
defines a generally circular opening 32 which is sealed with a w ndow 34,
whi ch m ght be a thick plexiglass plate or the like, allowing the interior

f the t f ' - : On
Cype of vl or ERRRROH ekt Py Eilopy 6, AT EAE S TR Sensor €01 2t er

10 by neasur idegectselightgipnbkthudrefledtheff efige vaifert leratlepthar @ refldctins The baagn’ of
light 36 to pass through the transfer chanber and when the edge of the
wafer 10 i nt edatgsion sensar fasthe png deseribesiaboye may be psqsto sense theprasepceiaier- of

ways. For ex i ‘ I i ntral cover
30" to direct Dops s an oBiebHR MR R trRba AR 5 255t s blde 38 i s
detector 62. chhisoddmbmithe@etebtich @Rsdrddlis peditsreano hrasude fhiell@idingadnder. the
beam of light is incident on the surface of the optical detector and has a

second val ue sdgenof the slobdwningf the icgfihration proeedureciwheaitis descrihed lafsr) tozstore
the opti cal  HOEAEHPS BTt Bhgsr ThRsuketre phethoh e praiePre SRR ke Boir ce
to the detectgbdudeba fRstivalie iPthe bB_Fcﬁ@b&%&xﬁ[ 1.0V d lefleftedggtidal dpndl heddasand
value to the first value. Simlarly, when the edge of a wafer 10 passes
t hr ough the obx thealetepdemsensartb03efledtedofearn the waler 10, and produces a second value if
there is no object. Whenever there is a transition in the output signal value, the
microcontroller counts motor position encoder output pulse signals, each pulse
indicating the movement of the blade 20. Thus, the wafer’s position with respect to
the blade 20 can be measured.
Fig. 4A illustrates the preferred sensor assembly for the present invention.
Preferably, four detection sensors 60 and four reflectors 62 are installed in the Fig. 4A
wafer position error detection and correction systém. Each of the four detection
sensors assemblies functions like the detection sensor of Fig. 2. In addition, Fig. 4A
further illustrates two detection sensors 38 and two reflectors 50 which are used in the
wafer processing system described in U.S. Patent Application Serial No. 08/224,622
filed April 5, 1994, wherein pp. 4-29 are incorporated herein by reference. The four
assemblies are preferably installed so that a wafer 10 disposed at its nominal position -
on the blade 20 of the wafer transport robot (not shown in Fig. 4A) will interrupt the
respective beam paths 64 of the preferred detection sensors 60 when the blade 20 is
retracted from a process chamber 6. The detection sensors 60 are preferably mounted
on the surface of the window 34 of the central cover 30 so that the detection sensors
38 transmit and receive light through the transfer chamber 16 at an angle oblique to
the plane of the window 34 and oblique to the plane in which the semiconductor wafer
is transported. The detection sensors 60 and the reflectors 62 are respectively
mounted to define a preferred plurality of beam paths 64. Mounting of each position
sensor assemblies is preferably accomplished so that separate one of the beam paths

64 preferably intersects the edge of the slot 26 at an equidistant position when the



path fromthe |light source to the detector, the output of the detector wll
change fromthe first value to the second val ue. The above exanple is
illustrated in Fig. 6. By noting the position of the wafer transport robot
and-~counting the nunber of robot extension steps of a separate position
encoder nounted on the gear drive when the detector output changes val ues,
waf er position information can be determned. Preferably, a mcrocontroller
68 is provided in the wafer processing system The m crocontroller 68

derives wafer hh: | | | 1 | | de t he waf er
transport robgt&g.g[g?) lés)%gﬁ&gghgﬁé%%?’o Eeggﬂﬁo@itﬁé@\&ggg% e?e\grrg'u%@}@é‘gm t he
gearing (not séewaicalgndlusiedval Eip. Zlbatdctsahe 66panss.thd\positfonsseherato el | y
illustrated in Figs. 2 and 3A, the microcontroller 68 may be coupled to a
conput er 22, WwiftopontEailen68.twick bnipn isiconprctsd tathe qempatsy 60 of theqiracessing
operation of tsh?e fer processing system Fig. 2 of the present
invention illd&trates a preferred wafer detection sensor in accordance with

the present inventiWhen theeteppdrugdtonéfatle pater trafdpottGbb®t 13AARESIhS QHF& sof OF
each process chanber defines an optical beam path 36 and outputs a signal

of a first valthss tharsge ohthesinti26r thecwafen b eropses the hepwrpatipefahe detectiont put s a
signal of a ond
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t he wafer processing system Accordingly, particularly preferred

enmbodi ment s ofpravieusk; bjocked beam path has been opened. Preferably, the output of the
detection sensor 60 switches between two states, one of which corresponds to a
voltage associated with a logical one and the other of which corresponds to a voltage
associated with a logical zero. Alternatively, the output of the detection sensor 60 can
be coupled to a circuitry, such as an analog to digital converter (ADC), to convert the
sensor output to a computer compatible signal. In preferred embodiments of the
present invention, the outputs of the detection sensors 60 are monitoreci on a regular
basis to determine if the sensors have changed state in response to the most recent
incremental displacement. For example, the stepper motors may be operated by a
microcontroller 68 that generates an interrupt for each step. The step interrupt .
generated by the linear translation stepper motor increments a counter which counts
how many steps the wafer transport robot has moved from the non interrupted state to
the interrupted state of the light beam. When the state check indicates that the state of
one of the sensors has changed since the last state check, the microcontroller 68
transmits the step count associated with that change to the computer 69 for the
processing system. The computer 69 stores the step count, or another representation
of the wafer transport robot position, associated with the state change in the detection
sensor 60.

Preferably, the step count associated with a state change in a detection sensor
is converted into a position value corresponding to the linear extension of the wafer
transport robot. The processing system computer 69 may, for example, convert a step

_ count into a distance by means of a lookup table. It is generally preferable to use a

lookup table to convert step counts to distance because of a nonlinear relationship



posi-tion sensor |ocate both the |light source and the detector on the
outside of transfer chanber 16. This is conveniently acconplished in the
enbadi ment of Fig. 2 with a detection sensor 60 that includes both a |ight
source and a detector within a single housing. Suitable detection sensors
i nclude the PZ2-41, a self-contained photo- electric sensor, manufactured
by Keyence Corporation of Anmerica of Wodcliff Lake, New Jersey. The |ight
beam 36 fromthe detection sensor 60 is directed through the wi ndow 34 in

of the. tr anst olecpeihiel st W SRS Ty AR, ooty ABte BURRRs BRSSO B oo
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detected by the detector within the detection sensor 60. In the preferred
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substantially directed to a flat plane of the polished al um numreflector
62. The |ight twawfde blads wWidmtespert ththe sigtettiaresepsorangyobe eouptedab deterroine the
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det ecti on sensor 60. The hol der 44 should be stable to nmintain the

al i gnnent of the detection sensor 60 during the normal operation of the
waf er processi f}ﬁ%%@é@g] Simlarly, the reflector 62 is preferably securely
mounted to the of the transfer chanber 16. Each of the hol ders 44
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visible red |i gbiandd I/Ovdenspr receiver 66b, which are shown in Fig. 4B, are located outside the

| transfer chamber 16. The I/O sensor 66a and the receiver 66b are mounted at the I/0

slit valve opening 25. Due to the space restriction, instead of the detection sensor 60
being mounted near the entrance of each process chamber 6, the I/O sensor 66a uses
fiber optics. The fiber optics are routed to an opto-electronic amplifier which, along
with its interface, provides the electrical signals for the wafer detection to the
microcontroller. The I/O sensor 664, in addition to verifying whether the wafer 10 is
properly placed in the pocket 23 of the blade 20, verifies that no wafer is accidentally
sitting in the I/O slit valve opening 25, such that the wafer would be broken if the slit

valve is closed or the cassette 17 or the elevator 14 is moved.

WAFER PRESENCE DETECTION

Wafer presence detection system indicates whether a wafer 10 is present on
the blade 20. This detection is perform when the robot is not moving and the blade 20
is located under one of the detection sensors 60. Without a wafer present, the sensor
beam will pass through the center hole 28 in the blade 20 (shown in Fig.1B).

Otherwise, the wafer 10 will block the beam. However, this method cannot tell if the



13 -the detection sensor to discrimnate the wafer detection signal from

t he visible background radiation typically present in wafer processing
envi ronnments. Synchroni zing the optical detector within the detection
sensor 60 with the nodul ation signal used to nodulate the input red |ight
signal reduces the likelihood of erroneous signal detection. Erroneous
signals-are also limted by the use of a %lt aperture on the detection
sensor 60 which has the slit size of, for exanple 12 mils, to inprove the
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cassette 17 and the arm is extended so that the blade 20 is between the I/O sensor 66a
and the receiver 66b. The amount of extension of the robot may be stored in the
computer as a system constant.
As shown in Fig. 5A, when there is no wafer 10 present on the blade 20, the
light signal transmitted from the detectlon sensor 60 will reflect off of the reflector 62.
This will cause the detectlon sensor 60 to generate a first value to the microcontroller
68 signifying that there is no wafer 10 on the blade 20. Fig. 5B shows the condition
in which the wafer 10 is present on the blade 20, and thus blocking the reflector 62.
In this condition, the detection sensor 60 generates a second value to the

microcontroller 68 signifying that there is a wafer 10 on the blade 20.

WAFER-ON-BLADE POSITION DETECTION

Wafer-on-blade position detection is performed by retracting the blade through
the detection sensor 60 and the reflector 62 and finding the slot edge 72 in the blade
20 and the leading edge 74 of the wafer 10, as shown in Fig. 6. Each edge is the
number of extension step counts from the process chamber 6 pick-up position to the
edge. The slot edge 72 step count is subtracted from the wafer edge 74 step count to
determine a difference step value 76, which is used determine if the wafer is properly
located in the blade pocket 23.

Fig. 6 shows the detection sensor states for a typical wafer-on-blade position

detection from a process chamber 6. At the start of wafer-on-blade detection, the



conputer conpatible, then it ordinarily will be necessary to convert the
detector output to a conputer conpatible signal. Methods for performng
such signal conversion are well known in the art. Anot her advant age
of t+he present set up is that all of the electronics of the preferred
enbodi nent of the present invention are |ocated outside the vacuum transfer
chanber. This allows for easy maintenance,jgand the el ectronics do not have
to be turned off due to heat build up, whereas any electronics in a vacuum

environment Myghehgy E&LSBPQO Qhi bQUl%cﬁérgo\ivlgllﬁlahé Efaﬁ%fg%x%hﬁecd AL §8€6??§§'rcg%rpber

As an alternative to the sensor asse escri ove, a

sensor assenbl§, Amthetbdadeskidis rdiemcted dlesugiothe deruiioresehive 60sthe eénsar fséfldaked or .
I n anot her

enbodi ment of Whigeyris afitheirpRatand dhen ig gothlaghed startingat theslohdes %,%:4%*4% sensor
60 detects a | firgarl‘l#ﬁ ég’?g‘{’ﬂ %Iiééﬂ'f stird %?ﬁég 1e%g{nlg%ﬁgé *ﬂfolﬁfe Walﬁ%g 8.r %ﬂﬁ&l han a

reflector. The sa n sens he®one sScr ove “ay be

used to sense Wwheh WEigshedO ShsalBvanae tafreived Bpe (showhl ih Fip. #BYtHe DO s¢hw
through the slot 26 of the blade 20. In this enbodi nent, the detection
sensor 60 is poatsowbiaskedbytheammofthrobetapdile fistedze in thesgnsoa gigaalorilk he
slot during t | o) rocedure (which is described |later) to store
that data as t 8&?%4@562%%%&\%% ues. Thereafter, the output of the detection

sensor, whi ch produTksmaasurddstepéawhieh cin bdealaltdted o d disthiices it be in.ode of @
reflected optical signal is detected by the detection sensor 60 reflected
from t he waf erfouppossiple pngef aeshoavnsadid d ArAPudn Fig. 7A, if the distance is less than

the minimum steps for optimal slot distance, then the wafer 10 is too far back on the
blade 20. If the measured distance is between the minimum steps for slot distance and
the minimum steps for out of pocket, then the wafer 10 is in the pocket 23, as shown
in Fig. 7B. If the measured distance is between the minimum steps for out of pocket
23 and the maximum steps for out of pocket 23, then the wafer 10 is out of the pocket-
23, as shown in Fig. 7C. If measured distance is greater than the maximum steps for
out of pocket 23, tﬁen the wafer 10 is too far forward on the blade 20, as shown in Fig.
D.

For each of the above states, the wafer position error detection and correction
system makes four possible determinations of the wafer-on-blade status. If the wafer
10 is in the pocket 23 and requires no correction, the system considers this as
condition one. If the wafer 10 is out of the pocket 23 but can be centered using the
built in centering mechanism, which consists of the grippers 24 of the blade 20, the
system considers this as condition two. If the wafer 10 is out of the pocket and
correctable by the wafer positioning system described in U.S. Patent Application
Serial No. 08/224,622, wherein pp. 4-29 are incorporated herein by reference, the
system considers this as condition three. Finally, if the wafer 10 is out of the pocket
23 and not correctable by the system, the system considers this as condition four. For
conditions one and two, as described above, the mechanical grippers 24 will
automatically center the wafer 10 as the blade 20 is retracted either from the process
chamber 6 or the storage elevator 14. The system then continues with normal wafer

processing sequence without operator intervention. Under condition two, when



there is no object. Wenever there is a transition in the output signal

val ue, the mcrocontroller counts notor position encoder output pulse
signals, each pulse indicating the novenent of the blade 20. Thus, the
wafer's position with respect to the blade 20 can be neasured. Fi g.
4A il lustrates the preferred sensor assenbly for the present invention.
Preferably, four detection sensors 60 and four reflectors 62 are installed
inthe Fig. 4A wafer position error detection and correction system Each

of the four dgh&eietAfoRQBHEF Srodéss @H&hb&&h&@ﬂ&émm JetifetheMafetedebladon
sensor of Fig. 2. In addition, Fig. 4A further illustrates two detection

sensors 38 andositionragitheweisr éomnmedhntarth;e nexeehdamberhe waf er processing

d bed U S. ,Pa S | 224. 6 filed
et TS G0 er et entoh Bke, s i iditilon s mbde P e Farer T 15 oufeh,

four assenbli age 96@kel92§ftﬁé e bl’aﬁis%é x%ﬁo%tétxﬁﬁtan@e%s%n tbGreldeRpngeddat its
nom nal position on the blade 20 of the wafer transport robot (not shown in

Fig. 4A) will systar ¢cmstant Wéuesesspeobi tododredhe pafehss Mbbﬁewtetep tethe zewd

det ecti on sensors. 60 ade 20 is retracte oe? a§8$ % chamber
6. The det ect | RRSIHOM, E‘" stdlsssr &%@P&M SH5aR: "'SFF“E dSUPH R of the

wi ndow 34 of t)&ﬁglﬁ‘&ﬂbﬁ BLrifl NS 08224322 | B MetdrithedRd Ratel 20 péﬁﬁ&ﬁ’fe‘-ﬁatﬁa% tb frgnsm t

and receive lig through the transfer chamber 16 at an angle oblique to
the plane of tlbiade/\201d'5he @dfentranspbitiropot 18ovitllventpt theavafer Mirelative toethe storage

sem conduct or fer rans orted. The detection sensors 60.and th
reflectors 62 \‘-!"t?r tFWB hﬂﬂﬂ‘?teetg‘e ‘E”&?"dg ilpQ az epypEY 3Pt hﬁFtﬁFaﬁFl ty of
e o M0, 0 BASB Vo AR e SROSTHY A0 i =0
i nt ersects t hewefégsequindeh lhelcohdifibn direadoesquot rliqairenperatos 1mementw|nen t he
For condition four, the system will halt and preferably an alarm will sound.
The operator has an option to attempt manual recovery or to physically re-position the
wafer ld and continue with the processing.
Wafer-on-blade detection is used whenever a wafer is picked up from a
cassette 17 ora pfocess chamber 6. Wafers in the cassettes and process chambers can

be out of position, and thus wafer-on-blade detection is required for these transfers.

WAFER-ON-BLADE CORRECTION FOR CONDITION THREE

When the wafer-on-blade detection determines that a wafer 10 is not properly
placed in the pocket 23, such as in condition three, then wafer-on-blade correction is
performed. During the wafer-on-blade correction, the robot speed is substantially
slowed because the wafer is not properly held mechanically in the blade pocket 23,
and thus, the wafer 10 can easily slide farther off the blade 20. If the destination of
the wafer transfer sequence is the storage elevator 14, then the wafer-on-blade
correction uses the destination elevator slot to correct the position of the wafer 10.
Otherwise, the nearest empty elevator slot is used.

To correct the wafer position, the wafer edge data is collected using the two
elevator sensors, which are described in U.S. Patent Application Serial No.
08/224,622. The sensors get four wafer edges: two leading edges and two trailing

edges. These four edges are used along with the calibration wafer edge data to



15 .blade 20 is retracted froma separate one of the process chanbers 6.

Cabling, schematically illustrated in Fig. 2, connects the output of the
position sensors to the mcrocontroller 68, which in turn is connected to
t he-.conputer 69 of the processing system When t he stepper notor of

the wafer transport robot 18 advances the wafer so that the edge of the
slot 26 or the wafer 10 crosses the beam pgih of the detection sensor 60,
the output of the detection sensor 60 changes state. That is, the output of

t he sensor cha L I | ' m_pat h has, been bl ocked or
that a previ ougkﬁéﬁ%ﬁbgﬁggﬁtggsrﬁ?E%F%%ﬁgg?utﬁae%%aggegﬁgt& %raerfﬁtﬁﬁﬁﬁ%ﬂt SXBSIBYt put
of the detecti anl menivarcofibetioni vahiee srelRlcoRes frohd tid WhRE offRR Bnd® the WifEH s set
corresponds to, a voltage associated with a |ogical one and the other o

whi ch cor r espolid8e eupY elevaqiglot agthdhessicorrestionadiustrogyits; aTherwafer is therefore
Al t tively, d ' 60 b led t
orat vel . oo Bl Bk Shot U5, S8 QR SRS fhac D caR S catpled o

circuitry, such as an ana ( ( )
sensor output ¢dmplerd) Ry réenteRARARML BlaséDintthe elePatey 85€ r’ﬂ'lfé‘ile?a%f@& AL &BBtiSn Of
are

the present invention, the outputs of the detection sensors 6

noni t ored on aoktbgiater-anallpde qarreddereisiesneibed in HeS. PetesbApplivation Skrsldéa st at e

I n response to §95 t recent increnmental displacenent. For exanple, the
08/224,622. :

st epper notors nay ‘D€ operated by a microcontroller 68 that generates an

interrupt for each step. The step interrupt generated by the |inear

transl ation ste ﬁer notor i ncrenents a counter which counts how many steps
t he waf er tran§g SOR 6ALIBRAIION\PROCEBHRENe non interrupted state to the

interrupted state o he .l.i,ght beam Wen the state check indicates  that
the st a? e of one of fq ‘;‘?8 ‘@bﬂ%ﬁ”g °ﬁ§§e'&$ﬂ5§yééec5“ Eqr_ﬁmwianpagqessglgﬁyét%&mll t he
m crocontrol | egpﬁauy baRséBstaty id Rcaib tHe Ruhdt pRSIABA bﬁﬁﬁqeaefggks&gg%ffa%{aggge to

the conputer 69 for the processing system e conputer res step
count, or anot With resppetde thetshatiedge. o alitivationcis eecessazy tpdetérmiing dor gxasmipld, e,
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sensor system. The measured distance information derived from the calibration procedure is
generally stored for use in future determinations of wafer position with respect to the
blade. This is most easily accbmplished by calibrating the sensor system as installed
in the processing system with the particular combination of detection sensors 60,
stepper motors, linear and rotational translation linkages, wafer transport blade 20 and
cassette handler 17 that comprise the wafer handling system of the processing system.
Typically, calibration such as this will need to be performed after the initial
installation of the detection sensors 60 in the processing system and whenever the
alignment of the sensors or the wafer handling system is altered after initial
installation.

The calibration procedure preferably begins with a technician properly placing

a wafer 10 in the blade 20 of the wafer transport robot. Upon initiation of the
calibration routine, the calibration function collects multiple samples, for example,
five samples, of wafer edge and slot data for a centered wafer on the blade and stores
the averaged calibration data as system constants. The calibration data is used during
the wafer-on-blade correction to determine the wafer offset with respect to the blade

20. Recalibration will be necessary after major servicing of the processing assembly.



I's converted into a position value corresponding to the 1inear extension of
the wafer transport robot. The processing system conputer 69 may, for
exanpl e, convert a step count into a distance by neans of a | ookup table.
It s generally preferable to use a | ookup table to convert step counts to
di stance because of a nonlinear relationship

16 'between step count and di stance. Thus2ithe data from which the wafer
position is calculated are the distances by which the wafer transport robot
has been ext epdetOoMxpIC CONTRIGL back position when each of the position
sensors change state. As an alternative enbodi nent of the present

i nvention, instead & waserpopitign emer datection and eespectipy ﬁmctlem&)\mllabmﬂtd byn

der, | gck 0t t.he t bl th
Cocpoct to 1 naeophtRRlral SRR ARl ol etk decthn WiE et EEu
The clock si grradculaaywheuﬁafh\s@wadhé Ri@ocdnftoBErH3AE rédd tﬁ@éahgo@fan@ OReokup

table or may be cal cul ated based on the bl ade speed. /O S
Vaf er pr esenceourss.ethé waler pogitien errerdetestion dnddooecticn Systeanwdhﬂlensﬂedulby

using the det tlon ors d _above, the ensor
are Tocated: ath HEDUITP AT SH eSS PR B APy BastDr Teatine 200 tle.
storage el evatgl] pk4etur?d t8 HeQRdfbAFanSRP §é!fi1eﬁée tHASedSdrPtha S&uR o MRl wdferl 4 1S
called an input/output (1/0O sensor. / O sensor
detection and correction, the wafer transfer sequence will either continue with the
sequence or go into an error handing sequence which may include setting an alarm to

notify an operator.

MANUAL CONTROL

Manual operation of wafer presence, wafer-on-blade detection and wafer-on-
blade correction is allowed in lieu of the automated sequence. For example, when a
wafer presence option is selected, the wafer presence detection is performed using the
wafer sensor at a process chamber 6 at which the rotation of the wafer transport robot
is facing. If the rotation is facing the I/O slit valve and is extended past the I/O slit
valve, then the wafer presence detection is performed using the I/O sensor.

If the wafer-on-blade detection option is selected and if the rotation is facing a
process chamber 6, then the blade 20 is moved into the process chamber 6 and wafer-
on-blade detection is performed as the blade 20 is retracted to the zero position. If the
rotation is facing the I/O slit valve, then the blade 20 is moved out to the cassette and
the wafer-on-blade detection is performed as the extension is retracted to the zero
position.

If the wafer-on-blade correction option is selected, the wafer is transferred
from the blade 20 to an empty slot of the storage elevator 14 with wafer correction
applied. .

While the present invention has been described with reference to specific
preferred embodiments thereof, it will be understood by those skilled in this art that

various changes may be made without departing from the true spirit and scope of the



66a .and a |/ O sensor receiver 66b, which are showmn in Fig. 4B, are |ocated
outside the transfer chanber 16. The 1/0O sensor 66a and the receiver 66b
are mounted at the /O slit valve opening 25. Due to the space restriction,
i nst:ead of the detection sensor 60 being nounted near the entrance of each
process chanber 6, the I/O sensor 66a uses fiber optics. The fiber optics
are routed to an opto-electronic anplifierpphich, along with its interface,
provides the electrical signals for the wafer detection to the

m crocontrol | efnvedfisn.! INQAIARRKOMaRP thodifRaBSN hhPe ﬁlade/e%rddayﬂ the m%eﬁ&% ¢ he
wafer 10 is properly placed in the pocket 23 of the blade 20, verifies that
no wafer is acgiwesttedtion withaut departing fremlits@ssential teachingsopeni ng 25, such
that the wafer would be broken if the slit valve is closed or the cassette
17 or the elevator 14 is noved. WAFER PRESENCE DETECTI ON Waf er
presence detection systemindi cates whether a wafer 10 is present on the

bl ade 20. This detection is performwhen the robot is not noving and the

bl ade 20 is | ocated under one of the detection sensors 60. Wthout a wafer
present, the sensor beamw || pass through the center hole 28 in the bl ade
20 (shown in Fig.1B). O herwise, the wafer 10 will bl ock the beam However,
this nmethod cannot tell if the

17 wafer is properly placed in the pocket of the blade. Wafer presence
detection can be



used whenever the blade is expected to be enpty, because in certain

I nstances the wafer 10 m ght accidentally remain on the blade 20. In
addition, the wafer presence detection is used when a wafer is picked up
fromthe wafer elevator 14, or before transferring a.wafer 10-6ff-the bl ade

20. The detection sensors 60 are | ocated on ] ?ﬁ! t he
| oad | ock cover 30 such that the sensor 6023s lin %i“&‘“ﬂ ﬁmld ter hole
28 in the blade (shown in Fig. | B) when the blad L g‘t"'é process
chanber 6 and what gxidmed & is at zero, which is also know as the zero
position. The I/O sensor 66a is lined up with the center hole 28 in the

bl ade 20 when the whf er Arvernositionsizor deteetinnandsermeetidnsystem comprisingset t e

17 and the armis e that.the bl ade 20 is tween the I/Q sensor
66a and the recei veéaggg%gﬁg'gé:ﬁ%ﬂhfr m&&"eﬁ?&’%ﬁe?}?ﬁf ﬂBe‘P%g}'_aﬂEW‘B%

stored in the GaRPfrérh adSgion eXRiAM B Wakitthandling chamb&8 shown in Fig. 5A
when there is no wafer 10 present on the bl ade fo, the Iight signal

transmtted from thatleast ees vaier heldingrchambey dispased adjacentioithe vafdndandifdgect or
62. This will gause the detection,sensor 60 to generate a first value to
the microcont r%‘ﬁ“ﬁ%ﬂ’ége %’F%ﬁﬁ‘?@f%&hfﬂ@ ‘plﬁYéI}%aq %‘%ﬂﬁlgvlﬁrlg&en‘i@héﬂ admdt 4| ade
20. Fig. 5B Sh%&r}tﬁ@wﬁ&?ﬂbfdir&"bﬂa&b@ﬂn@ﬁdﬁ%% Y Efor $8sing thY GRafg; on the
bl ade 20, and thus bl ocking the reflector 62. In this condition, the

det ection sensor 602 yefestransportrobetrapable af wansiating hovaferalongmfirsv co@dings
signifying that. there is,a wafer .10 on the bl.ade, 20. WAFER- LADE

PCSI TI ON DETEC‘EPF"GQW and glong M’F@Pﬁic’}ﬁﬁ’%ﬂ%ﬁé“e‘%&%‘f’ﬁ R vty SEBH PLOTEN e
by retracting blage fd=p68 fohé Whtrs) Ghefelid R LERRWRIIn&G 4o the reflector
62 and finding the slot edge 7Z in the blade 20 and the |eading edge 74 of
the wafer 10, as shateast onddetection seizsoh disposedits dethet anedpeof the skot andian edgest ep

counts fromthe,process chanber, 6 pick- posjtion to th dge. The sl ot
edge 72 step c ht erfﬁ@ﬁ‘ﬁ%‘?’é’é rﬁ?qgﬁﬁt’ﬁ@nw&p%pecﬁ%&yy ?rj"p??‘ﬁﬁ& ambgr;
determ ne a differ egesniliRPdMALdRsTRsiveld Bt defechSE ShlelPetle’ fer
I's properly located in the blade ;s)%dgiligt Zgi.l eiee geng% hg}egkﬁtc})f\%/goé gllé?'a
det ecti on sensdeviet deterss 4 conditidnyipivdach avavifer dispesedaieheoafer itransport robot

blade is displaced and controls the wafer transport robot to correct for the

“displacement of the wafer

2. A wafer position error detection and correction system of claim 1,
wherein the controller suspends operation of the transport robot if the wafer is

displaced beyond a predetermined correctable displacement level.

3. A wafer position error detection and correction system of claim 1,
wherein the controller device is operative when the wafer transport robot is

substantially extended and withdraws away from the wafer holding chamber.

4, A wafer position error detection and correction system of claim 1,
wherein the edge of the slot of the blade transported along the first coordinate
direction crosses a first detection position, and the edge of the wafer on the blade

crosses a second detection position.



det.ection froma process chanber 6. At the start of wafer-on-blade
detection, the 18

detecti on sensor 60" wi |l be bl ocked when the blade is extended into a

precess chanber 6. ﬂ ﬁﬂ is retracted through the detection
sensor 60, the Sen“mnwﬂu)mﬁ ﬂli I|the wrist of the robot, and then is not
bl ocked starting at *thé stot"edge *72, and24inally is blocked again starting
at the leading edge 74 of the wafer 10. Simlarly, when using the 1/0O

sensor 66a and thesr eceivwedfebfdsition e detactidntand4Birectidnaysted sfela@r4,start s
out bl ocked by the armof the robot and the first edge in the sensor signal

wi || representhergin diegpnterllgs device identifigsdhedisianeechetueanshe edgei of theslot 4nd

calculated to i ) n.be.dn one of -four possjhbl.e,.range as ,shown
‘n Fig. 7a 704 eﬁgﬁﬁg&%‘iﬁf&ﬁ“ B¢ bl &\ Sardr 2 RE At € irrBRAER mofi e eps
for optimal skigd cHbrairaRCHrectibig WHebdn WRTigntiRatich éfARe didtan&as hedBmhdiEinb! ade
20. If the neasured distance is between the m ninmum steps for slot distance

and the ni ni nespensepe affendbank sigial fFomieepositionencaedse ofwkt avaferoransparhrobhtinpocket
23, as shown i,n tFlg 7{3. IE. tcge rregsured ditsttance 'ﬁ_s gﬁt eq.the m_ni num *
steps for out WsrirSEeagatinats dirpesiopand g sonsor quipyt sighal fpm ffie delection SeRsOro3 't hen
the wafer 10 is out of the pocket 23, as shown in Fig, 7C If neasured

di stance is greater than the maxi mum steps for out of pocket 23, then the
wafer 10 is too fab.forvwawafeoposition dstandetee@on ansl cobrootion systeingef ctdim 4,

For each of the aboxe SLaLES ueliigidial bl BNl bbbl St B0 Bl e
the edge of the wafer on the blade as the wafer transport robot is translated along the
first coordinate direction, wherein the identification of the distance is performed in
response to a clock signal from a speed encoder of the wafer transport robot in the

first coordinate direction and a sensor output signal from the detection sensor.

7. A wafer position error detection and correction system of claim 5,
wherein the controller device determines a misalignment of the wafer with respect to
the blade such than the controller device inhibits a corrective action when the

misalignment of the wafer is within a predetermined value.

8. A wafer position error detection and correction system of claim 5,
wherein the controller device determines the misalignment of the wafer with respect
to the blade such than the controller device generates a signal to inform an operator if

the misalignment of the wafer is more than a predetermined maximum value.

9. A wafer position error detection and correction system of claim 7,
further including:
means for adjusting the wafer transport robot to correct for the misalignment

of the wafer.

10. A wafer position error detection and correction system of claim 1,

wherein the blade further defines a center hole.



syst-em makes four possible determ nations of the wafer-on-blade status. If
the wafer 10 is in the pocket 23 and requires no correction, -the-system
considers this as condition one. If the wafer 10 i's _ 23
but -“‘can be centered using the built in centering m4mﬂ!| | il!iﬂ sists
of the grippers 24 of the blade 20, the system consi li" Sy ass I tion
two, If the wafer 10 is out of the pocket &8d correctable by the wafer
positioning systemdescribed in U S. Patent Application Serial No.

08/ 224, 622, whereinlpp. 4 gafeapesiiicicertqralefictoh ARy @imactivh syeledl 6M3dm L0)e
condition three. Finally, if the wafer 10 is out

system considerg this a : _
01}/ t he pocket Q@C%Hﬁ??dite(%?‘i‘ sosensleterminasgpresgreecafithe wafer thsougln thoeanteter s

this as conditi K Lt . cri bed.above, the
mechan; cal ar i b i e feBithd (S RSk P i bR 595 sBRLNE acte
20 i s retract esvafértHolding clematiehe process chanber 6 or the storage el evator

14. The systemthen continues with normal wafer processing sequence w thout
operator intervention. Under condition two, when

19 inserted into anether . -he stem nmay veri .Lhe

waf er - on- bl ade posi tri ?'on g}s%ﬁgﬁﬁ?er %8Ei{!etsecb%%ﬁ%lcé’g%?:tmno%fﬁgl #é)’x[?lmchhanber.
For condition whessn thehierectibie setoregrodutas b tight teamBadch Rflect dFeof@ivafer &P 1 S
out of the pocket 23, the sistem sl ows the robot rotation and extension to

pr e- det er mi ned RSB M8 CRHE ltrné thesdseaef otvafws. | oose the wafer as the
bl ade rotates to the zero position. There, it uses the wafer position
sensors, as described in U S Patent

13. A wafer position error detection and correction system comprising:

a wafer handling chamber having a vacuum sealable opening for admitting
wafers from a region external to the wafer handling chamber, the wafer handling
chamber having at least a portion of a wall formed from a substantially transparent
material;

at least one wafer holding chamber disposed adjacent to the wafer handling
chamber, the wafer holding chamber having an oben'ing large enough to admit a
wafer, the wafer holding chamber including a valve for closing the opening;

a wafer transport robot capable of translating a wafer along a first coordinate
direction and along a second coordinate direction, the wafer transport robot having a
blade adapted for carrying wafers, wherein the blade has a slot and defiﬁes a center
hole; |

at least one detection sensor disposed to detect an edge of the slot and an edge
of the wafer as the wafer is retracted from the wafer holding chamber, the detection
sensor including:

a light source disposed external to the wafer handling chamber, the
light source aligned to direct an incident beam of light through the
substantially transparent material into the wafer handling chamber;

a reflector disposed within the wafer handling chamber so that at least
a portion of the incident beam of light is reflected from the reflector as a
reflected beam of light, wherein the reflector directs the reflected beam of light

through the substantially transparent material; and



Application Serial No. 08/224,622, to determ ne the wafer 10 position
relative to the blade 20. The wafer transport robot 18 will center the
wafer 10 relative to the storage el evator 14 and tenporarily place the -

waf-er 10 into an enpty slot of the storage elevator 14 ' Lm“'mck
the wafer up and nove it to the next position in the \AHI lmﬂ ll e
condition three does not require operator2éntervention.* ¢ L Pors *

condition four, the systemw || halt and preferably an alarmw || sound.
The operator has an opta detedtor disposedextamnlitalthe wefev bandling champénts irexalvey

re-position the wafer 10 d contipue with the prqcessing.,
Vaf gr -on-bl ade det ‘&‘Ef‘?tﬁ?‘itﬁag’eﬁ@é’gﬁ\%ﬁbﬁ%‘?}é{‘e %’Fﬁﬁ&f’g rwche?“bf@a%t 3Rpres i the
cassettesd7 or a pc‘ié?&%&%r@&@?%ﬁe& tcglﬁe&l(%:‘;?g;eﬁ%éa?f&QﬁoFﬁ%EhﬁeSﬁ)t%ﬂS'wE’E&?ess

chanbers can be out of posit er-on-blade detection is
requi red for thesereflectad beans of lightdd-EdRleENhRingBERITRIBPATE M tChAtETIR aQDNDE TN

THREE When .t he waf er-op-bl ade detecti on, determ nes that a fer 10
is not properly pldgedangdgeRft BWE‘F wiign ﬂ%qﬂ#%é’é‘tqr?f’l’é% aﬂ@)ﬁlﬁbﬁl“‘éﬁﬁ t hen
waf er - on- bl ade cor t i RirhRePEL L ROBYR i thRBeaf er - on- bl ade
correction, the roglg{é-ssgrged&?s éubstantefgﬁ{yﬂ% owee'because the wafer is
not properly held nechanically in the bl ade pocket 23, and thus, the wafer

10 can easily slide farther,  off the blade 20. If the, destination, of the
waf er transfer seqb‘éncewafﬁwssttoarea@éﬁeqe@mw CPIrECHQNSYSIEMACRRRINE On- bl ade

correction usaanlt!]tfg ‘gl?e%fh Jeﬁ@ct&lﬁx%éﬁgg%?o;{sg{edﬁlﬁp?rﬁﬁﬁ.em the position of

t he wafer 10. erWw Se, the neares evator slot is used.

To correct the wafer position, the wafer edge data is collected using the
two el evator sensors, which are described in U S. Patent Application Serial
No. 08/224,622. ThéSsenddnethedef detentingand comeryiag a posidion efawederawighis aand t wo

trailing edgeg, TS0 0Hbr &HIRSn BEcHRGHoR s e LhihPriliRg kARG | On vaf er

edge data to
transporting a wafer on a blade of a wafer transport robot so that the wafer is

transported by a detection sensor, wherein the blade include a slot and defines a center
5 hole;
' detecting a wafer position as an edge of the slot and an edge of the wafer

passes through the detection sensor;

determining a wafer offset value by comparing the wafer position to a nominal
wafer position;

10 detecting a condition in which a wafer disposed on the blade is displaced by

more than a predetermined correctable displacement amount;

adjusting a destination coordinate of the wafer transport robot in accordance
with the wafer offset value; and

suspending operation of the wafer processing system upon detecting that the

15 wafer is displaced by more than the predetermined correctable displacement amount.

16. A method of claim 15, wherein the step of detecting a wafer position
comprises the steps of:

passing an optical beam through the wafer detection position;

detecting a change in the intensity of the optical beam corresponding to the

passage of the edge of the slot and the edge of the wafer.



20 . calculate the wafer offset fromthe calibrated wafer data. As a result,
robot extension and rotation correction values are cal cul ated fromthe -

waf er offset and the wafer is set in the enpty el evat oL'mm‘ "
cortection adjustnents. The wafer is therefore centere mu M ﬂﬁ
slot. After the wafer-on-blade correction sequence is cérrpf etled,®" t he =
recentered wafer is placed in the el evator2%lot. The detail ed descrr ption
of the wafer-on-blade correction is described in U S. Patent Application
Serial No. 08/224,622. AsattBaRo{ALINBR) WHeiPREGEPUREetecting a wafertpositioni t i al
setup of a sengor, systemf particular processing system it wll
typically be n § 91'9131?555&&&&?9 in the exact position of the |eading edge
of a wafer with res &ragleg&ﬁ I RafHo to
determ ne, for exarrgfl%éeé,tln ﬁ%é nelacgiure Istap%in'oﬁgmgtﬂﬁgﬂﬁgf er "edge and
the sl ot edge vhanihen so Hmt the@pticalibegm pycpagates ifedinetion dispostd atvay from a

i nformation derived from,the g}e‘v#re#ron procedure |s%%enerally stored for
use in future 8 ke A sirfage of Freuripe s ve Tex trafspert ¢ to the bl ade.
This is nost easily acconplished by calibrating the sensor system as
installed in the processing systemw th the particular conbination of

det ection sensors 608. st &xpethodof claim 15ifnﬂmrcamqirisingdldsmmloft ransl ati on

| i nkages, wafer transpqrt., bl ade 20 and, cassette handl er ';F t co rise
the wafer handling Q9§f‘%‘i‘ﬁ1¥)1’ ahp peraina] positionowithrespsr to.the l3t| on
such as this wggorneed to be performed after the initial |nstallat|on of

t he detection sensors 60 in the processing system and whenever the

al i gnment of the sedstensining 4 fixst calibeatioh poitit iandja sgconé nalibratan pointcbyaddtenting
initial

the edge of the slot of the blade and the edge of the wafer, respectively;

calculating calibration values from the first calibration point and the second
calibration point; and

storing the calibration values in the wafer position error detection and

correction system.



I nstal |l ati on. The calibration procedure preferably begins with a
techni cian properly placing a wafer 10 in the bl ade 20 of the wafer
transport robot. Upon initiation of the calibration routine, the
calibration function collects nultiple sanples, for exanple, five sanples,
of wafer edge and slot data for a centered wafer on the bl ade and stores
the averaged calibration data as systemconstants. The calibration data is
used during the wafer-on-blade corregiion to determ ne the wafer offset

with respect to the blade 20. Recalibration will be necessary after nmjor
servicing of the processing assenbly.

21  AUTOVATI C CONTROL ABSMRAC MVAFeTHPANVENTAONer ror det ecti on and
correction functions will be called by the robet control software at
appropriate points. The wg ;F ﬂ@ﬁﬁmlﬂmdﬁmﬁunct ions wll
Interface with the mcrocontr \F nsors and step counts.
The wafer position error detec |on an correc§| on systemw |, then,
execute the algorithnms for wafer detection and, in necessary, correction.

Finally, the control, will ﬁ returned 1o gf er seq ence. Based

on the result of th& YFeRos @P«?E‘PF %‘W&aé‘grc?ré'%‘?ﬁ‘)f}ﬁyﬁ?“ ansf er

sequence Wil grebdiRE of @ Mald?eR aWidrét tiatagpow%smsdeor*nﬁ%ystahcms@raeeerrﬁﬂ{es*aand' ng
sequence which may include setting an alarmto notify an operator.
wafer position error by monitoring the positioh of the wafer with respect to the blade

with one sensor which is located proximate to each entrance of a process chamber.
When a wafer position error is detected, the system determines the extent of the
misalignment and corrects such misalignment if cc;rrectable by the wafer transport
robot or alerts an operator for operator intervention. The system incorporates a
transparent cover on the surface of the wafer handling chamber and four optical
detection sensors disposed on the surface of the transparent cover, in which each
sensor is placed proximate to the entrance of the process chamber. In addition, an I/O
sensor is placed adjacent the L/O slit valve to detect and correct wafer position errors.
The detection sensors direct light through the wafer handling chamber to reflectors on
the floor of the transfer chamber which reflect the light back to the detector sensdrs.
A detector within the detector sensor detects when the beam path from the position
sensor to the reflector is uninterrupted. As a wafer is retracted out of a process
chamber or a wafer cassette, the position of the wafer with respect to the blade is

measured, thus determining whether the wafer is properly placed on the wafer.
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MANUAL CONTRCL Manual operation of wafer presence, wafer-on-blade
detection and wafer-on- blade correction is allowed in lieu of the

aut omat ed sequence. For exanple, when a wafer presence option is selected,
the-waf er presence detection is performed using the wafer sensor at a
process chanber 6 at which the rotation of the wafer transport robot is
facing. If the rotation is facing the I/Oslit valve and is extended past
the /O slit valve, then the wafer presence detection is perforned using
the I/ 0O sensor. | f the wafer-oh-blade detection option is sel ected
and if the rotation is facing a process chanber 6, then the blade 20 is
noved into the process chanber 6 and wafer- on-bl ade detection is perforned
as the blade 20 is retracted to the zero position. If the rotation is
facing the 1/Oslit valve, then the blade 20 is noved out to the cassette
and the wafer-on-bl ade detection is perforned as the extension is retracted

to the zero position. | f th waf er - onjt bl afle correction option is
sel ected, the wafer is transferrgd fjromthe ade} 20 to an enpty sl ot of
the storage elevator 14 with wafgr Jorrection appj i ed. Wil e the

enmbodi ments thereof, it will be §ndefjst 60d byl||t hope skilled in this art
t hat various changes nmay be nade|wi tiout depa(} ng fromthe true spirit and
scope of the ' 1

T iy -
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present invention has been descrlbedgmnthQref renge to specific preferred
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invention. In addition, many nodifications may be nade to adapt the
- invention to a given situation wthout departing fromits essenti al

t eachi ngs. 23 \What
is claimed is: 1. A wafer position error detection and
correction system conpri sing: a waf er handl i ng chanber having a
vacuum seal abl e opening for admtting wafers froma region external to the
waf er handl i ng chanber; at | easyj one wafer hol di ng chanber disposed

adj acent to the wafer handling chanber, the wafer hol ding chanber having an
opening | arge enough to admt a wafer, the wafer hol ding chanber including
a valve for closing the opening; a wafer transport robot capabl e of
translating a wafer along a first coordinate direction and al ong a second
coordinate direction, the wafé&7 transport robot 3¥aving a bl ade adapted for
carrying wafers, wherein the blade defines a sloj; ' at | east one
detecti on sensor disposed to tect an edge of e slot and an edge of the
waf er as the wafer is retract to the wafer hol ding

chanber; a controll evi ce responsiv t he detection sensor,
wherein the controller devife detects _a conditifon J\n which a wafer disposed
on the wafer transport ra@bof b and tontrols the wafer

transport robot to corpéct




2. _ A wafer position error detection and correction systemof claim]1,
wherein the controll er suspends operation of the transport robot if the
waf er is displaced beyond a predeterm ned correctabl e displacenent |evel.
3. .- A wafer position error detection and correction systemof claim1,
wherein the controller device is operative when the wafer transport robot
is substantially extended and wi thdraws away from the wafer hol ding
chanber . 4, A waf er posit%on error detection and correction
systemof claim1l, wherein the edge of “the slot of the blade transported
along the first coordinate direction crosses a first detection position,

and the edge of the wafer ade crosses a second detection position
24 24 5. A waf er

position error detection and c ﬁsten1of claim4, wherein the
controller device identifies t bet ween the edge of the slot and
robot is

t iBh

st anc

di

the edge of the wafer on the blja as t waf er transport
transl ated along the first coorjdf nate dijfecti on, wherein the identification
of the distance is performed in////
_ //// o
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response to a feedback signal froma position encoder of the wafer
transport robot in the first coordinate direction and a sensor out put
signal fromthe detection sensor. 6. A wafer position error
det-ection and correction systemof claim4, wherein the controller device
identifies the distance between the edge of the slot and the edge of the
wafer on the blade as the wafer transport rgpbot is translated along the
first coordinate directi ein the identification of the distance is
performed in ICEgun ech O signal froma speed encoder of the wafer

transport ropot bxn tjhé&of dinate direction and a sensor output
signal fromf}he etegﬂl ® 7. A waf er position error
det ection anfl cePreg of claln15 wherein the controller device
determ nes aj m salig e wafer with respect to the blade such than

the controllpr Vi . corrective action when the m salignnment of
ned val ue. 8. A waf er position

the wafer is|w thin
error detect } System of claimb5 i ontroller
devi ce deter of the wafer tb_nggggtjgltrl bl ade
such than th i gelgengrates a signpl jto i nform aniopgrator if
the m sal i gnjme e than a predeﬂeﬁhlned i val ue.
9 A waf i jon and correg J-—§?§Téﬁ1o 1clTaim 7,
further incljudDnés N adj usting tkelwater trangpQrt robot to
correct for ths B sqlighged of Myle wafer.
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10. - A wafer position error detection and correction systemof claim1l,
wherein the bl ade further defines a center hole.

25 ° 11. A wafer position error detection and correction system of
cl aim 10, wherein the detection sensor deternines a presence of the wafer
t hrough the center hole, when the wafer transport robot is fully retracted
and wi t hdrawn away fromthe wafer hol di ng chanber. 12. A waf er
position error detection and correction systen1of claim1l1, wherein the
detection sensor produces a |light beamwhich reflect off of a wafer to
nmeasure the edge of the slot and the edge of the wafer. 13. A
waf er position error detection and cgefecti dQ system conpri sing: a
waf er handl i ng chanber having a vagdum | abMNe_opening for admtting
wafers froma region external tg-the wa hand/™ g,éhanber, t he waf er
handl i ng chanber having at |eaSt a petdan of a wal fornmed froma
substantially transparent peterig]; T at teast dge wafer hol di ng
chanber di sposed adjaceny”to th fer handltr@f Y
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chanber, the wafer hol ding chanber having an opening |arge enough to admt
“a wafer, the wafer hol ding chanber including a valve for closing the

openi ng; a wafer transport robot capable of translating a wafer
al-ong a first coordinate direction and al ong a second coordi nate direction,
the wafer transport robot having a bl ade adapted for carrying wafers,
wherein the bl ade has a slot and defines a center hole; at | east one
detection sensor disposed to detect an6edge of the slot and an edge of the
wafer as the wafer is retracted fromthe wafer hol di ng chanber, the

det ection sensor including: a light source disposed external
to the wafer handling chanber, the | i ght source aligned to direct an
i nci dent beam of 1ight through the substantially transparent

material into the wafer handling chanber; a reflector

di sposed within the wafer handling chanber so that at |east a

portion of the incident beamof light is reflected fromthe reflector as a
reflected beamof |ight, wherein the reflector directs the reflected beam
of |ight t hrough the substantially transparent material; and

26 a detector disposed external to the wafer handling
chanber to receive the reflected beamof light fromthe

refl ector, wherein the |ight source and the 25 - detector are

di sposed to detect an edge of the slot when the 401 allows the

/
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refFected beam of light to reflect through the transparent material and to

furgher detect an edge of the wafer when the wafer intercepts
a beamof light as the wafer is retracted fromthe wafer
hol 'di ng chanber. 14. A wafer position error detection and
correction systemaccording to claim 13, wherein the reflector
i ncl udes polished al um num 15. A nmet hod of detecting and
correcting a position of a wafer withinza waf er position error

detection and correction system conprising the steps of:
transporting a wafer on a blade of a wafer transport robot so that the

wafer is transported by a det ect§ on sensor, wherein the blade
i nclude a slot and definzf a center hol e; 10 detectify a
waf er position as an edg f A

passes through the—d ) ;
of f set val ue by clonpari @t‘ihE RROCHSS fion to
position; 10 ar tled

the bl ade is displ gced by
di spl acenent anount;

the wafer transpo?Q robot in accor
and suspendi ng operation of the wafer processing system upon
detecting that the 15 waf er is displaced by nore than the predeterm ned

correctabl e displacenﬁ%ﬁ? un 16. thod of claim
15, wherein the step o td a wafer position z%;ggkﬁf t he
SS
h€ in

steps of: ing an optical beamthrough/t
detection position; detecting a change in t
the optical beam corresponding to the

tensity of
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passage of the edge of the slot and the edge of the wafer.

27 17. A nethod of claim 16, wherein the step of detecting a

waf er position further conprises the step of: directing the optical
beam from a position external to a wafer transport chanber so that the
optical beam propagates in a direction disposed away froma normal to a
surface of the wafer during a wafer tgansport operation. 18. A
met hod of claim 15, further conprising the steps of: positioning a
wafer at a nomi nal positi onWRIBT espect_ta the wafer transport robot;
determining a first calibratiop point anm a s-.--o1gp||br n poi
detecting the edge of the slot of t h€ he edge ﬁz
respectively; cal cul ati | ' 3 t %$;%St

! . ) .I .| P .
calibration po ;9 opd! ca 2 storing the
calibration vam F%Fﬁ @@gz noS 3 ﬁ{:. ¢iti on and correction
1) i .!:.

system
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ABSTRACT:

WAFER POSITION ERROR DETECTION AND
CORRECTION SYSTEM'

A wafer position error and detection and
correction system determines the presence of a wafer
{10) on a wafer transport robot blade (20). The
system also determines a wafer position error by
monitoring the position of the wafer with respect to
the blade with one sensor which is located proximate
to each entrance of a process chamber. When a wafer
position error is detected, the system determines the
extent of the misalignment and corrects such
micalignment if gorrootable by the wafor trancport
robot or alerts an operator for operator intervention.
The system incorporates a transparent cover (30) on
the surface of the wafer handling chamber (16) and
four optical detection sensors (60) disposed on the
surface of the transparent cover, in which each sensor
is placed proximate to the entrance of the process
charber. In addition, an I/0 sensor (66a) is placed
adijacent to the I/0 slit valve (25) to detect and
correct wafer position errors. The detection sensors
direct light through the wafer handling chamber to
reflectors (62) on the floor (42) of the transfer
chamber (16) which reflect the light back to the
detactor sensors. A detector (60) within the detector
gensor detacts when the beam path from the position
sensor to the reflector is uninterrupted. As a wafer
(10) is retracted out of a process chamber or a wafer
cassette, the position of the wafer with respect to
the blade is measured, thus determining whether the
wafer is properly placed on the wafer.

- (Figure 2)
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