APPARATUS AND METHOD FOR DETECTING POSITION DRIFT IN A MACHINE OPERATION USING
A ROBOT ARM The invention relates to an apparatus for detecting position drift in a machine 5operation
using a robot arm. The invention also relates to a method for detecting position drift in a machine
operation using a robot arm. The invention may also relate to an apparatus and method for detecting
position drift of a machine component, the machine component being for operation on a target object. The
invention has particular, but not exclusive application for the retrieval of a 10semiconductor substrate from

an array of substrates (gpsrAs GsGAH MHErADBELIDEHREHREPOPREIPTHIPFIRieNABRREDiected to, for

example, a cleaning operation. Numerous techniques are known for the position monitoring of a target
object during manufacturing processes, jRRERAS DN HSIGA RPSBEMNMo detect what is 15known as
"position drift" in machine components. Position drift happens when, over a period of time, a gradual
change in position from the desired position of the machine component (as set up during
commissioning/caliBr&tioygmigppeliseH sitiopraritys RigHieetitrrndine editin3eFdirfachine component

has drifted fromyits QB&E%@@WMMWH%EUMHSM&I @éi@&&&ﬂéi%f%@%@é?&%n@? me}chine
20component may be out of position causing undesirable consequences, such as deficiencies in the

manufacturing procegtin ajEinAcrehiaaRREgRIR, SHART RIOFRIEhi Rk dDYARIMRTERRY, Te known

technique for monitaring RESIR ISR GHESRE ML kSR IRARBERS IR @ %P6 InikiRigenventional
technique, an apparatus 600 detects a position of a semiconductor substrate 602 as it moves through

different positions 6822PBEb, thpA'8EPe 2PPREAIS BOTE EOnIBRSED R e sdr siRbie6bIhend a CMOS
sensor 606. Emitterinyention has particular, but not exclusive application for the retrieval of a

10  semiconductor substrate from an array of substrates (such as a cassette or rack of

substrates) for the substrate to be subjected to, for example, a cleaning operation.

Numerous techniques are known for the position monitoring of a target object
during manufacturing processes, just one purpose of this being to detect what is

15  known as “position drift” in machine components. Position drift happens when, over
a period of time, a gradual change in position from the desired position of the
machine component (as set up during commissioning/calibration) happens. Position
drift is highly undesirable because if a machine component has drifted from its
desired position, then if the machine operation continues regardless, the machine

20 component may be out of position causing undesirable consequences, such as
deficiencies in the manufacturing process or, even worse, damage to product or

machine components.

One known technique for monitoring position is discussed with reference to Figure
25 6. In this conventional technique, an apparatus 600 detects a position of a
semiconductor substrate 602 as it moves through different positions 602a, 602b, and
602c. Apparatus 600 comprises a laser emitter 604 and a CMOS sensor 606. Emitter
604 emits a laser beam 608 in the direction of semiconductor substrate 602 as it
moves through the positions illustrated in the direction 609. Thus, laser beam 608 is

30 reflected by substrate 602 when at position 602a such that the reflected beam 610a



604 emits a laser beam 608 in the direction of semiconductor substrate 602 as it moves through the
positions illustrated in the direction 609. Thus, laser beam 608 is 30reflected by substrate 602 when at
position 602a such that the reflected beam 610a is received at the CMOS sensor 606 as shown. When
substrate 602 is at position 602b, laser beam 608 is reflected by substrate 602 so that the reflected beam
610b is received at CMOS sensor 606 as shown. When substrate 602 is at position 602c, laser beam 608
is reflected by substrate 602 so that the reflected beam 610c is 5received at CMOS sensor 606 as shown.

Essentially, the arrangement af Figue8 inplemsis daseniianguiation ieehuisue anghthe position of

the target - substrate 602- as it moves in the direction 609 is measured by detecting the change in the

signal received at CHRDSBE6LaTENS irielirgéer EMtsuPEigia 603 B @88 thaafeiprirddigomn & Himber of
reasons. For instange. [aRRL SR Q4 d5, 2pB asalhb irawics e Aeralatvebpbigl inggasity, which runs

the risk of diminishing the quality of the substrate at the end of the process. The high cost of the laser

sensor makes the dAghgesiepRhist piatied Ayiyubskanieetvectibal Ae edlsatitReatandpoint. These laser

sensors, being ©f a telatively BigB4RteRstyotendrighe rather bulky in size. Further, the use of the laser is
potentially harmful to a human eye if the eye is exposed to it. The invention is defined in the

independent claims. Some optional features of the 20invention are defined in the dependent claims.

Implementation of the drehiaues HisEaser e isin Qi rSIgRibrant lRePHGARL AdMBRTRBRH{B.LCOMPparison
with conventional techniques, particularly that as illustrated in Figure 6. For instance, the positioning of a

sensor mounted on¥MERSIRIEBDAPH thesiSesrlinie rst isreting Thieeesup sheatd ek the requirement
for the costly laser sensQrdiustratee:iRsfiguie RedHihetiRasitiamrd af thpseagor directly on the robot

arm introduceioa high degree of accuracy in obtaining readings relating
The arrangement of Figure 6 is less than optimal for a number of reasons. For
instance, laser emitter 604 is generally required to be of relatively high intensity,
which runs the risk of diminishing the quality of the substrate at the end of the
process. The high cost of the laser sensor makes the arrangement not particularly
15  attractive from an economic standpoint. These laser sensors, being of a relatively
high intensity, tend to be rather bulky in size. Further, the use of the laser is

potentially harmful to a human eye if the eye is exposed to it.

The invention is defined in the independent claims. Some optional features of the

20 invention are defined in the dependent claims.

Implementation of the techniques disclosed herein offer significant technical
advantages in comparison with conventional techniques, particularly that as
illustrated in Figure 6. For instance, the positioning of a sensor mounted on the robot
25 armresponsible for operating on the substrate obviates the requirement for the
costly laser sensor illustrated in Figure 6. Further, positioning of the sensor directly
on the robot arm introduces a high degree of accuracy in obtaining readings relating
to the robot arm with significant costs savings, particularly when compared with
systems such as that illustrated in Figure 6. This is in contrast to the fact the laser

30 sensor of Figure 6 is seeking to determine the position of the substrate/robot arm



to the robot arm with significant costs savings, particularly when compared with systems such as that
illustrated in Figure 6. This is in contrast to the fact the laser 30sensor of Figure 6 is seeking to determine
the position of the substrate/robot arm operating thereon remotely by emission of the laser beam and
sensing of the reflected beam.  The invention will now be described, by way of example only, and with
reference to 5the accompanying drawings in which Figure 1 is a schematic block diagram illustrating an
apparatus for detecting position drift in a machine operation using a robot arm, the robot arm being for

operation on a Sem&%‘?%@ﬁé‘é@?ﬁ%tely bf I MIGied D ASEANENGE A FEhematicplagk diagrams

illustrating a sequence of 10operation of the robot arm of Figure 1; Figure 3 is a sequence of schematic
block diagrams illugitBeei§EPeRaMNnique for detecting position drift of the robot arm of Figure 1; Figure 4 is
a sequence of trace diagrams illustrating a sequence of traces of sensed signals received at the
apparatus of Figure 1; 15Figure 5 is a process flow diagram illustrating a process for a sequence of

operation of the robBtedfYeMieg Wikrawdie faserdedubyrysifisrramie orthe PebYtafefe'aReR tyure 6 is a

schematic block diageam-lisHalingR-caRyERtiANal technique for position monitoring in a mechanical
operation. 20Turning first to Figure 1, this illustrates an apparatus 100 for detecting position drift in a

machine operation bi§iH§ & Fotrshematiapipelr dierrarodesmprsas apaiplye foXeiasiars prptiike the form of
an input-output modide) e s ARtegier 1% Jhgsareriampfnhishovilhe desesikg RelaveOnly robot

arm 114 is illustrated for the sake of clarity, and the remainder of the machine is omitted from view.
a semiconductor substrate;

Figure 2 is a sequence of schematic block diagrams illustrating a sequence of

10  operation of the robot arm of Figure 1;
Figure 3 is a sequence of schematic block diagrams illustrating a technique for
detecting position drift of the robot arm of Figure 1;
Figure 4 is a sequence of trace diagrams illustrating a sequence of traces of sensed
signals received at the apparatus of Figure 1;

15  Figure 5is a process flow diagram illustrating a process for a sequence of operation
of the robot arm, and a method for detecting position drift of the robot arm; and
Figure 6 is a schematic block diagram illustrating a conventional technique for

position monitoring in a mechanical operation.

20  Turning first to Figure 1, this illustrates an apparatus 100 for detecting position drift
in a machine operation using a robot arm. Apparatus 100 comprises an input 102
(which may take the form of an input-output module) and a detector 104, the
operation of which will be described below. Only robot arm 114 is illustrated for the
sake of clarity, and the remainder of the machine is omitted from view.

25
Robot arm 114 is provided for operating on one or more of semiconductor
substrates 116 arranged in array 118. Typically, the array 118 of semiconductor
substrates 116 is such that the substrates 116 are disposed in or on a cassette or
rack as will be appreciated by those skilled in the art. The cassette/rack is also

30 omitted from view for the sake of clarity. In this example, the operation robot arm



25 Robot arm 114 is provided for operating on one or more of semiconductor substrates 116 arranged in
array 118. Typically, the array 118 of semiconductor substrates 116 is such that the substrates 116 are
disposed in or on a cassette or rack as will be appreciated by those skilled in the art. The cassette/rack is
also 30omitted from view for the sake of clarity. In this example, the operation robot arm 114 effects on
semiconductor substrate 116 is to retrieve it from array 118, but the techniques disclosed herein are
applicable for other types of operations. Robot arm 114 has an end portion 120 projecting at a right angle

from the main portiqn pL#eRLANEk LS IRIIBERHRIRE 96 e tHeVING NG FURSHAKS 1 E0Ho M he array 118,

as 5will be described in more detail below with reference to Figure 2 and Figure 3. In some
implementations, tHefoHat e fisd 2t sesctnare saRYicrhts A Ther bR 2tttk ROSLAMbOK substrate

116 to retrieve it from shgafray d b6t I3RS BFBjettAsRs ﬁéhk'@l?%é ferRgR AsRgahsAgnoted by reference

122. In this 10example, the upper surface 122 of the robot arm 114 is generally flat for receiving a
semiconductor sub$fkaeaITe i &1 HieawppsrabietIRgies the suppertsdiadentbe REpoL EIMS114 has a

(first) sensor 1_%4 WHI%Q%@(%n%%r@‘H&Q%éP&WM‘E@ r‘é‘liQrQﬁchépﬂééﬁdziQnWﬁE@rre@eiﬁi| belpw Wit.h
reference to Figures 2 to 4. First sensor 124 15has a field of view 126 in which sensor 124 emits a signal

and/or receives a réfEWREHRRFRIBHLRS Senebet 2und FowirgiRestd fetiemitZd Afackihari2s to

apparatus 100, to thg JRRsiHIMPRLER L2 ethiss eXATRGe FOROMAHE i) aigo has a second sensor 130
mounted thereon, and the purpose of this will also be discussed in further detail below. Second sensor

130 is configured to transmit a second signal 132 to input 102 200of apparatus 100. It is to be noted that it
is not essential the REEHNGHAAEHL 3R iSper surface, generally denoted by reference 122. In this

10 example, the upper surface 122 of the robot arm 114 is generally flat for receiving a

semiconductor substrate 116 in an area or portion 123 of the upper surface 122.

Robot arm 114 has a (first) sensor 124 mounted thereon, the purpose of which will
be discussed in further detail below with reference to Figures 2 to 4. First sensor 124

15 has afield of view 126 in which sensor 124 emits a signal and/or receives a reflected
signal back. Sensor 124 is configured to transmit a first signal 128 to apparatus 100,
to the input module 102. In this example, robot arm 114 also has a second sensor
130 mounted thereon, and the purpose of this will also be discussed in further detail
below. Second sensor 130 is configured to transmit a second signal 132 to input 102

20  of apparatus 100. It is to be noted that it is not essential the second sensor 130 is
mounted on the robot arm 114, as will become apparent from the ensuing

discussion.

As illustrated in Figure 1, each of the semiconductor substrates 116 has a generally
25  planar arrangement. In one implementation, one or more of the semiconductor
substrates has a generally disc shaped arrangement having a diameter and a

thickness 134 along an edge 136 of the substrate 116.

Robot arm 114 and a substrate 116 are arranged for relative movement

30 therebetween. Generally speaking in the following examples, the or each substrate



mounted on the robot arm 114, as will become apparent from the ensuing discussion. As illustrated in
Figure 1, each of the semiconductor substrates 116 has a generally 25planar arrangement. In one
implementation, one or more of the semiconductor substrates has a generally disc shaped arrangement
having a diameter and a thickness 134 along an edge 136 of the substrate 116. Robot arm 114 and a
substrate 116 are arranged for relative movement 30therebetween. Generally speaking in the following
examples, the or each substrate 11615 held stationary, and robot arm 114 moves relative to the

semiconductor subsYgieqefdQWAYALAARAAS MY PR FeserRRd IaJHihe el Reai ibmay be possible

that machinery components (not illustrated) operate on a semiconductor substrate 116 and/or array 118
so that these are meRst Fatiewey tica relastveliraesderer forddn Bt datet betaweiiapiyalcoperation of robot

arm 114 on semicopgugiey RUPsat i RoRBBRLALThddift st AtRNSHE 1oL SAAVEMEIhL RS directions 138

so that it may scan across array 116 in order to move into the general location of a semiconductor
10substrate 116 up®tbsifdicnlittsne/eparae (8 seikahblespatifoveycdrriative fiedhpiobpiinity of a target

Semicondu?tor§ubqtf@§%rﬂa¥¢ear&%haém Afﬂeéﬂ§n&%mﬁgwﬁﬂ>ﬁQ§fM\s%mﬁ{ﬁin UH%QHEE}H%&MO- In this
example, directions 140 are generally parallel to an axis (not shown) of one or more semiconductor

substrate 116, althc4§ft'dteéitarrangements are envisaged. Moreover, in at least one 15implementation,
the directions 140 are generally perpendicular to directions 138, although other arrangements are
contemplated. Once robot arm 114 moves in to operate on a semiconductor substrate (in the right-hand

direction of the arrobPauIThiHEIFERNSER N FROYEERDN AR dEasbiRng dP8dadhat it may scan

across array 116 in order to move into the general location of a semiconductor

10  substrate 116 upon which it is to operate (for example retrieve). Once in the general
vicinity of a target semiconductor substrate 116, robot arm 114 is configured for
movement in the directions 140. In this example, directions 140 are generally
parallel to an axis (not shown) of one or more semiconductor substrate 116,
although other arrangements are envisaged. Moreover, in at least one

15 implementation, the directions 140 are generally perpendicular to directions 138,

although other arrangements are contemplated.

Once robot arm 114 moves in to operate on a semiconductor substrate (in the right-
hand direction of the arrows 140 in the view of Figure 1), robot arm is configured for
20 movement in direction 142 for operation on (e.g. retrieval of) the semiconductor

substrate 116.

In the example of Figure 1, detector 104 is implemented in a printed circuit board
(PCB) having the necessary components for the operations described below, the

25  component parts including the likes of one or more EEPROMs, and so on. However,
other arrangements are possible and it is contemplated that the detector 104 could
be implemented in a digital logic controller. As a further alternative, detector 106
could be implemented in a combination of hardware and software with processor
108 and memory 110 having instruction code 112 stored thereon. In this alternative

30 arrangement, apparatus 100 is configured, under control of processor 108 to



20movement in direction 142 for operation on (e.qg. retrieval of) the semiconductor substrate 116. In the
example of Figure 1, detector 104 is implemented in a printed circuit board (PCB) having the necessary
components for the operations described below, the 25 component parts including the likes of one or
more EEPROMSs, and so on. However, other arrangements are possible and it is contemplated that the
detector 104 could be implemented in a digital logic controller. As a further alternative, detector 106 could
be implemented in a combination of hardware and software with processor 108 and memory 110 having

instruction code 112 Slored {ARIERShs LAl MALYRAO M EARGRIME: APRAAIYRLHRP 1s configured,

under control of processor 108 to execute instructions 112 stored in memory 110 to perform the
functionality descrits®derRslPe@Bhcerning sensor 124, this may take one of a number of arrangements. In
the 5 example of Figure 1, sensor 124 may be configured to emit a signal in the direction indicated by
reference 126 towards the substrate array 118, and also to receive a signal reflected back from a
substrate 116. This$8nfestfBeRN R gr&hEl deaxifHE 6ne W th Mefehener iR BgMRE B 1akee4. In alternative

arrangements, §ensQL hafk @@%M?esl%g}‘@rr ederiedRignalifrey w@%&aﬁiéﬁ%@ﬂ*ﬂﬁg%i@mrﬁignal having
been emitted 10 from a separate emitter (not shown). In at least one implementation, sensor 124

comprises an opticat4efsgrbyiefe s e ABRIYRIE shRsPsHat Ol e st dentoresrdedntemplated,

including infrared agg{4trafonicysResashARsLIE dke: Feiares 34 Avudllpe daserbes iaipipre detail below
but, in summary, Figure 1 15illustrates apparatus 100 for detecting position drift in a machine operation

using a robot arm 14 tieéerenes iQrRipYres Hamls ot YFERAYA BFRESSEIRTEDITANRIO! LUIRSENES 116. Robot
arm 114 and the sepigQNdHEtSURSIN BB ArscendaUEes iR dieigHyem RMsasBent thekgbetween.

Apparatus 100 comprises an input 102 for receiving an input signal 128 from a sensor 124 mounted on
robot arm 11414 ddteetarseeR PO 4EELRE TPE AR MMt BigHaPL A RS ERIA T8RS B it a predefined

distance between thg ket Arbpiichibensemicanduaipr-sHRrikIR L Re RITROIAGHFe BE tBREsfor being
described in more detail with reference to Figures 3 and 4). Apparatus 100 is configured to determine,

from the detection, WREATEF TGS haachiing Jistiemagmiit el cserseiiiedhe 5 illustrate a method for
detecting position drift in a machine

Figures 2 to 4 will be described in more detail below but, in summary, Figure 1

15  illustrates apparatus 100 for detecting position drift in a machine operation using a
robot arm 114, the robot arm 114 being for operation on a semiconductor substrate
116. Robot arm 114 and the semiconductor substrate 116 are configured for relative
movement therebetween. Apparatus 100 comprises an input 102 for receiving an
input signal 128 from a sensor 124 mounted on robot arm 114. A detector 104

20  detects, from input signal 128, a detection of there being a predefined distance
between the robot arm and the semiconductor substrate (one arrangement therefor
being described in more detail with reference to Figures 3 and 4). Apparatus 100 is

configured to determine, from the detection, whether there has been position drift.

25  Further, Figures 1 to 5 illustrate a method for detecting position drift in a machine
operation using a robot arm 114, the robot arm 114 being for operation on a
semiconductor substrate 116. Robot arm 114 and semiconductor substrate 116 are
configured for relative movement therebetween. The method comprises receiving
an input signal 128 from a sensor 124 mounted on robot arm 114. The method

30 detects, from input signal 128, a detection of there being a predefined distance



operation using a robot arm 114, the robot arm 114 being for operation on a semiconductor substrate
116. Robot arm 114 and semiconductor substrate 116 are configured for relative movement
therebetween. The method comprises receiving an input signal 128 from a sensor 124 mounted on robot
arm 114. The method 30detects, from input signal 128, a detection of there being a predefined distance
between the robot arm 114 and the semiconductor substrate 116. From the detection, the method
determines whether there has been position drift. Turning now to Figure 2, one sequence of operation of

a robot arm 114 opgafiag-a oSSR RAMEIAN SUDSHRER dd oMUl AQMRE fieseringH. In Figure 2, a

detailed discussion of the operation of the sensor 114 (and its field of vision 126) is omitted, as this is
discussed in more detaftinihthefarihed detriginesvaarhgr4hrsrhes Regemitiifarsiif-Figure 2A, robot arm
114 is shown in a first position (i), corresponding to the position of the robot arm 114 in Figure 1. In a first
movement of operation indicated 10by arrow 140a, robot arm 114 moves to position (ii) closer to
semiconductor subSHEIRE NG POERISA £ PR screrenebapssition ofrer ekpiiticandé dtaiaiies Wil be

discussed below wheg fisGHaRIRG ﬁS&F%e%ﬂ%_%l r%%f%'@&@s‘%r&%‘.ﬁlﬂﬁi J;)ré%ﬂ?%‘i&ﬂgopy second sensor .
130 when robot arm 114 comes to a halt at this position. In the example of Figure 2, second sensor 130 is

an accelerometer céjseteBridbeartgetiowRbharsnent fdrhianaibs lddRbvipoi dphispoNiEadio position (ii)

and/or the sensor is, SN ESRHIRS < G SRNRR TR REYAS6ARANIA 1 HelgpliRg@nydnstances of
the robot arm 114 being stationary but apparatus 100 may also be configured to recognise the detected

instance of robot arf{ist 1Fsaiie? Staabrery at Hosithavinfrdir iRoROWIEde 6P RABIEIath process and

the sequence of mqymeRts rRbAiERAMM LildidsiaHnderakes et Resitip R (iatioRAd el 14 moves in
direction 142 to position (iii) as illustrated in Figure 2B. In the example of Figure 2B, robot arm 114 is

moved until ugBer IEAEM BB PEBbE KL 1RO HIR MtiPAd kAR SEREBRAIEor substrate 116,
with 25semiconductpswhstiate AdibRiNgidisrAsRd 8 Jharareaaansialy-deBpiadchd bote, however,

that it is not essential for the robot arm to come into direct contact with the semiconductor substrate at this
; discussed below when discussing Figure 3 and 4. Reference position (ii) is detected
juncture.

by second sensor 130 when robot arm 114 comes to a halt at this position. In the

example of Figure 2, second sensor 130 is an accelerometer capable of detecting

15  when motion terminates as the robot arm moves to position (ii) and/or the sensor is

stationary. Of course, the sensor 130 may be capable of detecting any instances of

the robot arm 114 being stationary but apparatus 100 may also be configured to

recognise the detected instance of robot arm 114 being stationary at position (ii)

from its knowledge of the operation process and the sequence of movements robot

20 arm 114 is to undertake.

From position (ii), robot arm 114 moves in direction 142 to position (iii) as illustrated
in Figure 2B. In the example of Figure 2B, robot arm 114 is moved until upper surface
122 of robot arm 114 comes into contact with semiconductor substrate 116, with

25  semiconductor substrate 116 being disposed in the area generally denoted 123.
Note, however, that it is not essential for the robot arm to come into direct contact

with the semiconductor substrate at this juncture.

As shown in Figure 2C, the next operation of movement for robot arm 114 is to move

30 from position (iii) to position (iv) in the direction indicated by arrow 140b. During this



As shown in Figure 2C, the next operation of movement for robot arm 114 is to move 30from position (iii)
to position (iv) in the direction indicated by arrow 140b. During this operation, an inside surface 121 of
extended portion 120 comes into contact with edge 136 of semiconductor substrate 116 (which remains
stationary while robot arm 114 moves in the direction shown, and continued motion in direction 140b by
robot arm 114 retrieves semiconductor substrate 116 from its mount in the cassette/rack. 5Thus, the
semiconductor substrate 116 is retrieved from the rack for further operation thereon, such as cleaning of

the semiconductor 3ypSHAIE J1Rs/as ARG 2DPYeLRRRLAB LA A SRINGABAYRIQLSHAstrate 116 are

configured for relative movement therebetween. In the example given, the or each substrate 116 is
10held stationary, sf§¢dB6AFRMICONFHErpESsaitiatRldp e isarapwHETP Bl MlR QbR Ver, it may be

possible that machineryQRIRCBRNIH A ILUSUAISHAY CRRAlR PSRN CRREHSIALBH RS AR L 16 and/or

array 118 so that these are moved relative to the robot arm 114 for at least part of a mechanical operation
of robot arm 114 orP8BrhldcAHIRVRS SSINERPElectPT sUITtiRfisstan Ee MR AR HRrassatintees to position

15(”)3 semiconductef, sukglr ?é%%&ﬁdﬁ@&r@@b@%‘(@%@ i Q?ﬁ&}&ﬁr@ﬁpﬂ’ﬁﬁ%&ifgﬁmﬂwéﬁz towards robot arm
114, in one example. Thereafter, robot arm 114 is moved as illustrated in Figure 2C to retrieve the

semiconductor subSPatatiePEhereeRiry BHacic'RP B8N EhssrsBtordoctotiePised Yesensors may also be
employed for 20this purpose, such as position detection sensors employing a range of techniques
(ultrasonic, infrared etc.) mounted separately from robot arm 114. In some implementations, it may be
sufficient for apparatti§oLod abeyetER (b Fa ddG iR JMEcPafEATE BUEHID A HPaHie KATNBIEEEECHT the process

(the sequence of mpuamenstIaL ioRRL 5Bk it ithsBLSHAKe R Klenotedhe, KefriRnas Rosition
according to when 25the robot arm (and/or the semiconductor substrate) is expected to be in the

reference positon. THdstatifnaruasobatEBhittiety s 'GEAR thEh feteirRu WS rIREF tRhen robot arm

114 is stationary prigsJtPaiRth VS 8 0 PRIaie eNRMisARIHEL @ubalistabdPoparthe sxample of
Figure 2, apparatus 100 is configured to detect the reference position from a second input signal 132

received 30from seBSRENSRPAGAFY bHGRIIEEP GRHBSF @i} 1199, that these are moved relative to

the robot arm 114 for at least part of a mechanical operation of robot arm 114 on

semiconductor substrate 116. For instance, when robot arm 114 moves to position
15  (ii), semiconductor substrate 116 may be moved in a direction opposite direction 142

towards robot arm 114, in one example. Thereafter, robot arm 114 is moved as

illustrated in Figure 2C to retrieve the semiconductor substrate 116.

Coming back to second sensor 130, other types of sensors may also be employed for
20  this purpose, such as position detection sensors employing a range of techniques
(ultrasonic, infrared etc.) mounted separately from robot arm 114. In some
implementations, it may be sufficient for apparatus 100 to detect (or recognise) the
reference position from knowledge of the process (the sequence of movements that
robot arm 114 is to undertake) and denote the reference position according to when
25 the robot arm (and/or the semiconductor substrate) is expected to be in the
reference position. Thus, apparatus 100 is configured to detect the reference
position (ii) when robot arm 114 is stationary prior to it being moved to operate on
semiconductor substrate 116. In the example of Figure 2, apparatus 100 is
configured to detect the reference position from a second input signal 132 received

30 from second sensor 130 mounted on robot arm 114.



Figures 3 and 4 may be read together for a better understanding of the operation of apparatus 100 while it
monitors for position drift in the machine operation. In this example, apparatus 100 monitors for position
drift of the robot arm 114 while it moves through the sequence of movements illustrated in Figure 3, but
the 5Stechniques disclosed herein are equally applicable for detecting position drift in a machine
component for moving the substrate/array, where such operation is employed. Figure 3 shows in more
detail the movement of the robot arm 114 from position (ii) 10to position (iii) in Figure 2. Operation of

sensor 124, PafﬂCUﬁél}fé@’iﬁhaH%SLP#]%V&iFéJ&eJ%th\éiﬁ%BPalb%thBQMH%@ éigﬁ'éf'&@g’%?ﬁrtiéndﬁsmbed n

more detail now. Figure 4 illustrates a series of traces 400 received at apparatus 100 from sensor 126,
the nature of the traaRR 200 Bethyhile ieneaeiters formeHisiadeds bEpvaeshine edietiapmntts and the

semiconductor subsgirate, .18, apc deppndineean HeseRsingiRARYEEansed by frngor 124. Figure

3A shows again robot arm 114 being in reference position (ii), about to move in the direction indicated by
arrow 142. As robof¥YAsthrpgbyas spagraetiohmazmetsitasttatedpp Sigeie v P uhi8osition being

intermediate pasitiongHii,apddiitlealichN0RRSIARINV p FRGLRS MSiNeL8R:AlosRIF k2 i aligned with an
underside 300 of semiconductor substrate 116. In this example, sensor 124 is configured to emit a signal

towards substrate 1M8ChPRICRIERARS fefBodtBSitnasHele(RERYIrMRE THIFS, PPEFiRReY signal received at
sensor 124 will indiggtgyybgn the field of vision 126 of sensor 124 is aligned with the substrate 116, more
specifically in this example, an 25edge 136 of substrate 116. At this point, it is known that robot arm 114
is a distance 302 from robot arm 116. Apparatus 100 is configured to detect the field of vision 126 of

sensor 124 being akgnedwibibe shhtrigilhe oy dRiartingr R ingSlan)sk’d. (mor instance,
and referring to Figure 4A, this illustrates a trace 400 of the received@ifnal 128, as a graph of intensity of
d

received, refletfed SRppRsitianid BOdRstafcOrrAVeBR RANSPatAf 1PRItiBra YoM s FRsERREARY the field of

vision of Sensor  fjeld of vision 126 and how that a significant, is described in more detail now. Figure
4 illustrates a series of traces 400 received at apparatus 100 from sensor 126, the
nature of the traces 400 being dependent on the distances between the robot arm
114 and the semiconductor substrate 116, and depending on the sensing techniques

15 used by sensor 124.

Figure 3A shows again robot arm 114 being in reference position (ii), about to move
in the direction indicated by arrow 142. As robot arm 114 moves in direction 142, it
comes to a position (v), this position being intermediate positions (ii) and (iii), and in
20  position (v), field of vision 126 of sensor 124 is aligned with an underside 300 of
semiconductor substrate 116. In this example, sensor 124 is configured to emit a
signal towards substrate 116, and receive a reflected signal back therefrom. Thus, a
reflected signal received at sensor 124 will indicate when the field of vision 126 of
sensor 124 is aligned with the substrate 116, more specifically in this example, an
25  edge 136 of substrate 116. At this point, it is known that robot arm 114 is a distance
302 from robot arm 116. Apparatus 100 is configured to detect the field of vision 126
of sensor 124 being aligned with the substrate 116, by detecting a change in the
signal 128. For instance, and referring to Figure 4A, this illustrates a trace 400 of the
received signal 128, as a graph of intensity of received, reflected signal as the

30 distance between robot arm 114 (or, more specifically, the field of vision of sensor



124 mounted on robot arm 114) and semiconductor substrate 116 varies. Thus, the received signal
undergoes a significant change in intensity at or near the line 402, at the instance illustrated in Figure 3B
when the field of vision 126 of sensor 124 is aligned with the underside 300 of semiconductor substrate
116. Thus, the reflected 5signal received at sensor 124 is of a higher intensity. In instances where the
field of vision is focused - for example, the emitted energy from sensor 124 is a focused light beam - the
profile of the received signal will correspond to that illustrated in Figure 4A. As robot arm 114 continues to

move 10toward semicppdycioy SHSHAGHB4NM NEIGRIAHIIG L83 NF Reelvedfignakis maintained

generally constant as the field of vision 126 of sensor 124 passes across edge 136 of substrate 116 until,
at instance 403, robi6eeivae tiAANBPeERSREVEEFARTChatR M SRttt 0168236 the ihatBiedield of vision

126 goes beyond ugpap sYHacs ke 0l SeRIGRNSMGIRL SHRSIERS At&od 138 bi.sHiedialshql vision 126 is no

15longer in alignment with edge 136 of semiconductor substrate 122, and the intensity of the signal

received at sensor 2PENRS Mg Eeiundatsid 3D ReMife AL it absiFth e Thtsntig refepis¢an

correspond to line 493 in EigiER 46508 1R regian AR4 GaigsRonds to the duration of travel of the field of
vision 126 of sensor 124 across edge 136 of the substrate. Thus, apparatus 100 is configured to receive

the input 20signal 128 as a signal indicating the sensor 124 is an alignment with an edge 136 of the

semiconductor substraigshiss wiBRCHENIYor GUOM ARBILRthe BRI & igiy efifde dhe doft the region
404 and region 408 to the right of region 404 indicate operation when the field of vision 126 25is not

aligned with the edd@T365P5 LB iFRETUG I sl ftatBes Iprurihef fesd edierbie?2eMd not as focused as
in the example of Figiiresféhd forexamplaibis dvaraait, AN anrrreive saflrciedosianals from multiple

angles and/or the emitted beam is divergent, with the intensity of the beam

10 toward semiconductor substrate 116, the increased intensity in the received signal is
maintained generally constant as the field of vision 126 of sensor 124 passes across
edge 136 of substrate 116 until, at instance 403, robot arm 114 moves relative
semiconductor substrate 116 so far that the field of vision 126 goes beyond upper
surface 122 of semiconductor substrate 116. That is, the field of vision 126 is no

15 longer in alignment with edge 136 of semiconductor substrate 122, and the intensity
of the signal received at sensor 124 is reduced. In this example, the instant at which
the intensity drops can correspond to line 403 in Figure 4A, and the region 404
corresponds to the duration of travel of the field of vision 126 of sensor 124 across
edge 136 of the substrate. Thus, apparatus 100 is configured to receive the input

20  signal 128 as a signal indicating the sensor 124 is an alignment with an edge 136 of

the semiconductor substrate 116.

Accordingly, region 406 in the graph of Figure 4A to the left the region 404 and
region 408 to the right of region 404 indicate operation when the field of vision 126
25 is not aligned with the edge 136 of substrate 116.

In instances where the field of vision 126 is not as focused as in the example of

Figure 4A — for example it is divergent, and can receive reflected signals from

multiple angles and/or the emitted beam is divergent, with the intensity of the beam

10



varying across its field of vision - the received trace signal may be similar to trace signals 400a, 400b,
400c in Figures 4B to 4D, discussed in more detail below. Detection of a change in intensity of the
received signal at line 402, in combination 5with knowledge of the physical arrangement of the machine
components allows a determination of whether the change in intensity is at an expected time. For
instance, the time it should take, or the distance that should be travelled, between the reference position
(i) and position (v) is known, and the comparison of this with the actual time taken or distance travelled

(the "motion informgtion) 1oF NG A3 AN ANNCIEARR IS LIRS A d0pfareleaLsignal) to be

detected, allows a determination of whether or not the robot arm has maintained its position or not. For
instance, if the incréigselsf 9 1ERY, HABp brfiasets AB o d R dieersad inerrieidatatgiamat robot arm 104 has
reached position (v) earlier than expected, the most likely explanation being that there has been position
drift of the robot arm towards 15substrate 116. If the increase in intensity happens after it is expected,
then it is known thaPpéesstoarsh a0 e réeREl 96 SIS ACRIYad Eenpla g ea cRBRIBRR position drift of

the robot arm ayvayvtiﬁ{‘ﬂr%\mt%yéé%f%@pﬁ@{@l@ﬁ%r%femie%%?t_HEVﬁ\@éP{iﬁQ ES%%F%@M@% 43 to 4D. 20In
Figure 4B, the detection of the peak at instance 402a is coincident with the expected time at instance 410

and, thus, it is knowiiypoeaiian ehwheiBenhaseitrnged ot BYisGh VY RKPAAG IS8R iffits calibrated
position. In Figure 4 Jhe-perkiindRarecrivad 3igaal 490 ds deterinualdnaiaies, 488k bt this is before

its expected time, indicated by instance 410. Therefore, it is known that the peak intensity in the
25received signal hl€ FiereeraeedipiARraRas Be IS KRME eRpdbesemARTeRy ShEsiby that robot

arm 114 has travellgg asharigrdistanes ¢ighhasReanaevdnehalod shoreiibien sxpected time - prior to
alignment of field of vision 126 of sensor 124 with the edge 136 (say, at the corner of edge 136 with

underside 300Ybf s(IStPE T EEeTRID FAICALEY YISRIERT VR RIgRaIHS ffedstisdtthllaws2 Apparatus 100

30may be configureg{erdeincs iisnrakearlicitiansbnactedanthirgRi alasmitR g neifect. Machinery
components such as the robot arm 114 may be configured to stop operation at this point for, otherwise,

continued operatiorf O 5 RsBAE BiRinTagsieiadiS HibnrpP kel s Hilsorageies shgsitite 116, obviously
a highly undesirable&tyatiQ robot arm 104 has reached position (v) earlier than expected, the most

likely explanation being that there has been position drift of the robot arm towards
15  substrate 116. If the increase in intensity happens after it is expected, then it is

known that robot arm 104 has reached position (v) later than expected, indicating

position drift of the robot arm away from substrate 116. Examples of this are given

with respect to Figures 4B to 4D.

20  In Figure 4B, the detection of the peak at instance 402a is coincident with the
expected time at instance 410 and, thus, it is known robot arm 114 has not suffered
from position drift, and is still in its calibrated position. In Figure 4C, the peak in the
received signal 400b is detected at instance 402b, but this is before its expected
time, indicated by instance 410. Therefore, it is known that the peak intensity in the

25  received signal has been detected in advance of when it was expected, thereby
indicating that robot arm 114 has travelled a shorter distance — or has been moving
for a shorter than expected time — prior to alignment of field of vision 126 of sensor
124 with the edge 136 (say, at the corner of edge 136 with underside 300) of
substrate 116. This indicates position drift towards the substrate 116. Apparatus 100

30 may be configured to detect this peak earlier than expected and flag an alarm to this

11



5 Figure 4D shows an alternative scenario in which the peak at 402c of trace 400c is detected after the
expected occurrence of this at instance 410. This indicates that robot arm 114 has travelled a longer
distance - or has been moving for a longer than expected time - prior to alignment of field of vision 126 of
sensor 124 with substrate 10116, thus indicating position drift away from substrate 116. This is also a
potentially highly undesirable situation because if the position drift is too far away from the target
substrate 116, movement of the robot arm may damage neighbouring substrates (not illustrated).

Implementation of (i JaCRGHES PISHPSRERELER J0YQBK IR A SAMA0E ohAIRlahBoINg substrate,

by detecting position drift -a 15gradual process - before it become so bad as to threaten damage to the
neighbouring substeRgraten apihirasi igodseoyisgred fosceeeraiprefdheHerere edh position drift by

deriving motion infoEmatipgaFi3HRg ik 3BACHRILLI AR QY 8RB RLRaMUaRENIERRLRRAkarm and the

semiconductor substrate, the motion information relating to motion from a reference position to the
predefined distancesBétiien the robot arm and the semiconductor substrate, and by comparing the
motion informagon with expected information for the action of relative movement. 25As noted above, the
motion information can be information relating to an expected amount of time to move from the reference
position to position [BYEAR RAOWAPBIVEATEIYS FARNASIDEIWEER the ReRK pbdieeé PRG0S the former

scenario, apparatus;dQ:isi Gerfigw edda-darbehendianiinfornation as mingdrireaation relating to a
Peter of time for the robot arm 114 to move from reference position (ii) to the 30predefined distance 302

from substrate 116./A??haTatdf SeeHare) eararsaisistn 8 ~ YRy BRD BUEBIE AL RESES? hformation as
distance informationyglatingiir.a isiracsighR1ebitRIB8rabeh 2w JpseRyeamitheuriesance position
to the predefined distance from the semiconductor substrate.
10 116, thus indicating position drift away from substrate 116. This is also a potentially

highly undesirable situation because if the position drift is too far away from the

target substrate 116, movement of the robot arm may damage neighbouring

substrates (not illustrated). Implementation of the techniques disclosed herein may

obviate any damage to a neighbouring substrate, by detecting position drift —a

15  gradual process — before it become so bad as to threaten damage to the

neighbouring substrate.

So, apparatus 100 is configured to detect whether there has been position drift by
deriving motion information relating to an action of relative movement between the
20  robot arm and the semiconductor substrate, the motion information relating to
motion from a reference position to the predefined distance between the robot arm
and the semiconductor substrate, and by comparing the motion information with

expected information for the action of relative movement.

25  As noted above, the motion information can be information relating to an expected
amount of time to move from the reference position to position (v), or a known
distance to move between the two positions. Thus, in the former scenario, apparatus
100 is configured to derive the motion information as timing information relating to
a Peter of time for the robot arm 114 to move from reference position (ii) to the

30 predefined distance 302 from substrate 116. In the latter scenario, apparatus 100 is

12



5If working on timing information, this can be derived from, say, the time the movement of robot arm 114
into the reference position is detected by sensor (Excel automata) 130. The time for robot arm 114 to
move to the pre-defined distance from the semiconductor substrate once it arrives at the reference
position may be assumed from knowledge of the process during calibration. Alternatively, it may be 10
derived from when robot arm 114 begins to move again after it has come to rest in the reference position,
but this may require a sensitive sensor to be able to detect commencement of movement once more.

15Figure 5 provides g, fHTIAREGEF {RGHIAGERS AdIRstidned ARQKeMBrRIBE R IR igYres 1 t0 4. In

summary, the process 500 starts at 502. At 504, the robot arm 114 moves across the array 118 of
substrates 116 in odstaneRe diRuelitniseIRbat BostasYEArAN D4 eferenrceteastiondarthte vicinity of the

target substrate and, al;eRSQVER P Aodircdion Lodada Ligie4d) and stops at reference position (ii).

At 510, 20apparatus 100 detects that the reference position has been arrived at - using, for example, the
signal from second sensor (accelerometer) 130- and at 512 robot arm 114 moves in direction 142 to

retrieve substraje 1&@,@99@&%&qﬂg(})nrfgprqgggg’fg{imgp(gm@é}{\ggtng,ﬁg@ﬁt@@tﬁqglgﬁepredefined distance
302 at step 514, while the robot arm 114 continues to move in direction 142. At step 516, detector 104 (or

25detector 106) det@eteHRIEORPIS thel prdeferhedefrseane @asien ihdefreardayzaheid Beaked signal (or
other increase in intensitQf 119 rellegtedrsianad: s Heies 8 doaptbdriesrinesuhehigrdhe movement to

the pre-defined distance is as expected. If the detection is as expected, apparatus 100 knows that there
has been no positiohodtith & f ETE e A s kst dSRse vithiveactEitapier earerBpdEendngy destep 518,

30robot arm 518 maves iy iedriensoltr sulsirrle Az dlyairateddmuriayrea ik andvdnOr ribggather hand, if
the movement to the predefined distance is not as expected by apparatus 100 at step 516 (or is outside

acceptable toléPanc¥&)VebSRBVaRMRPAE RS d4RaFD 18I0 V& SN L B, TaPIFheMfsta 68 iy generate an
alarm indicating posiioR drifhansberanimaibiticahs) arduidkldbamfrchanprasation i@ aveid damage

commencement of movement once more.

15  Figure 5 provides a summary of the process as described above with reference to
Figures 1 to 4. In summary, the process 500 starts at 502. At 504, the robot arm 114
moves across the array 118 of substrates 116 in one of the directions 138. At 506,
robot arm 114 is detected to be in the vicinity of the target substrate and at 508
moves in (in direction 104a in Figure 2A) and stops at reference position (ii). At 510,

20  apparatus 100 detects that the reference position has been arrived at — using, for
example, the signal from second sensor (accelerometer) 130 —and at 512 robot arm
114 moves in direction 142 to retrieve substrate 116. Apparatus 100 monitors for
movement of the substrate to the predefined distance 302 at step 514, while the
robot arm 114 continues to move in direction 142. At step 516, detector 104 (or

25 detector 106) detects movement to the predefined distance — e.g. the peak 402 in
the sensed signal (or other increase in intensity of the reflected signal) is detected —
and determines whether the movement to the pre-defined distance is as expected. If
the detection is as expected, apparatus 100 knows that there has been no position
drift of robot arm 114 or that it is within acceptable tolerances and at step 518,

30 robotarm 518 moves to retrieve the substrate as illustrated in Figures 2 and 3. On
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5to any machine components or to any of the substrates. The process ends at step 520. The foregoing
description has been given in the context of the robot arm 114 being arranged to operate on - for
example, retrieve - a semiconductor substrate 116 10from an array (e.g. cassette or rack) thereof.
However, the techniques disclosed herein may have broader application and may be applied to detecting
position drift of any machine component operating on a target object. Thus, an apparatus for detecting
position drift of a machine component, the machine component being for operation on a target object, the

machine Compo”e%@%@hﬁ}%ﬂ@ﬁ%ﬂgﬁﬁwﬂmﬁ %ﬁ%@@ﬂg&gﬁﬁe@&@ﬁyg% MRS MgRLeEgbetween

comprises an input for receiving an input signal from a sensor mounted on the machine component. A
detector detects, frawpPeiet#sdq sigriap, 2l el &eitnsitapeterdied depraershirmadidestdrifidsbetween the

machine componenaod g akges Obiachid ik ARRBEAIUS F0eoRigsiRaH iR dRtanmingitomdhe detection,

whether there has been position drift of the machine 20component. It will be appreciated that the
invention has been RRS§EQ & AN HER LINGkITRh G WA flensTHiEerieaticHe hiay idifizmast the

tgchniques desgribgg e ﬁi&HYHQQ%Q@PQ@QQ f&{ﬂﬁbﬁ%@b@@&é&%@ phbthesappendgd claims. The
disclosed 25 techniques comprise techniques which may be provided in a stand-alone manner, or in

combination with or@@nother. Therefore, features described with respect to one technique may also be
presented in combination with another technique. CLAIMS 1.Apparatus for detecting position drift in a

machine operation using a robot arm, the robot arm bein%for operation on a semiconductor substrate,
the robot arm The foregoing description has been given in the context of the robot arm 114 being

arranged to operate on — for example, retrieve — a semiconductor substrate 116

10 from an array (e.g. cassette or rack) thereof. However, the techniques disclosed
herein may have broader application and may be applied to detecting position drift
of any machine component operating on a target object. Thus, an apparatus for
detecting position drift of a machine component, the machine component being for
operation on a target object, the machine component and the target object being

15 configured for relative movement therebetween comprises an input for receiving an
input signal from a sensor mounted on the machine component. A detector detects,
from the input signal, a detection of there being a predefined distance between the
machine component and the target object. The apparatus is configured to
determine, from the detection, whether there has been position drift of the machine

20 component.

It will be appreciated that the invention has been described by way of example only.
Various modifications may be made to the techniques described herein without
departing from the spirit and scope of the appended claims. The disclosed

25  techniques comprise techniques which may be provided in a stand-alone manner, or
in combination with one another. Therefore, features described with respect to one

technigque may also be presented in combination with another technique.
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5and the semiconductor substrate being configured for relative movement therebetween, the apparatus
comprising: an input for receiving an input signal from a sensor mounted on the robot arm; a
detector for detecting, from the input signal, a detection of there being a 10predefined distance between
the robot arm and the semiconductor substrate; wherein the apparatus is configured to determine,
from the detection, whether there has been position drift. 152.The apparatus of claim 1, configured to
detect whether there has been position drift by deriving motion information relating to an action of relative
movement between{hg\fobot arm and the semiconductor substrate, the motion information relating to
motion from a reference position to the predefined distance between the robot arm and the semiconductor
substrate, and by comparing the 20motion information with expected information for the action of relative

movement. 3. The apparajs, pf GLatP det CQMIBBEHIC ARIGCL NS IFIRIGNGSRPSIURR 2F.Br0Sition of one

of the robot arm and the semiconducto_r substrate \(vhen the one of the robot arm and the semiconductor
substrate is station@RpHSIRPPERITIV BIBHRRREHPD SIMg Effticead triersbbtiRienthsrraketelbt arm to

operate on the semicandCLoriSHRRIEEIE s ubsfratd 1 ABRBIARLE & foldith gy ARfigHT&H to detect the

reference position when the robot arm is stationary prior to it being moved to operate on the
semiconductor 30siibghagsween, the apparatus comprising:

an input for receiving an input signal from a sensor mounted on the robot
arm;
a detector for detecting, from the input signal, a detection of there being a
10 predefined distance between the robot arm and the semiconductor substrate;
wherein
the apparatus is configured to determine, from the detection, whether there

has been position drift.

15 2. The apparatus of claim 1, configured to detect whether there has been
position drift by deriving motion information relating to an action of relative
movement between the robot arm and the semiconductor substrate, the motion
information relating to motion from a reference position to the predefined distance
between the robot arm and the semiconductor substrate, and by comparing the

20  motion information with expected information for the action of relative movement.

3. The apparatus of claim 2, configured to detect the reference position as a
position of one of the robot arm and the semiconductor substrate when the one of
the robot arm and the semiconductor substrate is stationary prior to relative

25 movement being effected therebetween for the robot arm to operate on the

semiconductor substrate.

4, The apparatus of claim 3, configured to detect the reference position when
the robot arm is stationary prior to it being moved to operate on the semiconductor

30 substrate.
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5. The apparatus of claim 4, configured to detect the reference position from a second input signal
received from a second sensor mounted on the robot arm. 6. The apparatus of any of claims 2 to 5,
configured to derive the motion 5information as timing information relating to a period of time for the robot
arm to move from the reference position to the predefined distance from the semiconductor substrate. 7.
The apparatus of any of claims 2 to 6, configured to derive the motion 10information as distance
information relating to a distance of travel for the robot arm to move from the reference position to the

predefined distancesfrom e SEMISANALCIQN YD AG 315 ACBRRALALIS RhanyRrESEAIG £laim,

configured to receive the input signal 15as a signal indicating the sensor is in alignment with an edge of
the semiconductor SessfdfeUtgigRarietsdgddrate feetagEsRATMaHRtRY amibe Feket@@ration using a robot
arm, the robot arm being for operation on a semiconductor substrate, the robot arm 20and the
semiconductor substrate configured for relative movement therebetween, the method comprising:

receiving an input skgnal fie¥haR AR REUERSAEroseNEatTed dectaring, theMatieninput signal, a
detection of these beipgaarRdeinRHAIFARCRiIS IMeERthe. 'Y AsPRRGIhE SRsBiRanAUetor substrate;

and 25determining, from the detection, whether there has been position drift.
move from the reference position to the predefined distance from the

semiconductor substrate.

7. The apparatus of any of claims 2 to 6, configured to derive the motion
10 information as distance information relating to a distance of travel for the robot arm
to move from the reference position to the predefined distance from the

semiconductor substrate.

8. The apparatus of any preceding claim, configured to receive the input signal
15 asasignal indicating the sensor is in alignment with an edge of the semiconductor

substrate.

9. A method for detecting position drift in a machine operation using a robot
arm, the robot arm being for operation on a semiconductor substrate, the robot arm
20  and the semiconductor substrate configured for relative movement therebetween,
the method comprising:
receiving an input signal from a sensor mounted on the robot arm;
detecting, from the input signal, a detection of there being a predefined
distance between the robot arm and the semiconductor substrate; and

25 determining, from the detection, whether there has been position drift.
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