1 - AUTOVATED WAFER LAPPI NG. SYSTEM Backgr ound'%?s't h%OPH
I'Avention This invention relates generally to wafer | amﬁag,_,,qq 7
and nore particularly to an-automated wafer lapping 5 system

Sem conductor material is typically provided to the. integrated circuit
industry in the formof thin wafers havi ng at | east one highly
reflective, substantially damage free surface. Initially, the wafer is
part of a 10 nonocrystalline ingot growﬁ according to the Czochral sk

met hod. The ingot is roughl i ndrircal in shape, and I S subsequently
trimmed to have a nor 115&@4&1%@ nWAEER LAPRING TIBYSEEMs are

thereafter sliced fronlthe |noot Several processing steps well
underst ood by BE263ELS an jn the art are subsequently

performed to pr qdu%e 'tr{%:{dlrarm%iam.fser en%l%f&&fwdmp'l%ﬁ f}g%
waf ers, to which her%eesent H}(ﬂetlon partlcular relates, "occurs

close in the p an aqqﬂyaﬂqqnWﬁf%ﬁeﬁﬁpﬂkmmlng is

perfornmed 6n betstendes of 20 the mafers to obtain a nore precise

t hi ckness, to renov on- uni.f orm.dama e |.eft slici nd
attain a hi gh d(;%grmeém&(ﬁlpcaq:r X RS hn g T | gpﬂecgl}% ‘%%ngﬁ tthe
t he wafers fol Lioweayatgsbidigrdwl tslinghudtryrienttdre tivam of tﬂhm fwafdrs
thickness, becaidstddhad hidddtend %1%qﬁrf%%%ectlve, substantially

damage free surface. Initially, the wafer is part of a

10 monocrystalline ingot grown according to the Czochralski
method. The ingot is roughly cylindrical in shape, and
is subsequently trimmed to have a more exact cylindrical
shape. The wafers are thereafter sliced from the ingot.
Several processing steps well understood by those of

15 ordinary skill in the art are subsequently performed to
produce the finished wafer. The step of lapping the

- wafers, to which the present invention particularly
relates, occurs close in the process sequence following
the slicing step. Lapping is performed on both sides of

20 the wafers to obtain a more precise thickness, to remove
the non-uniform damage left by slicing and to attain a
high degree of parallelism and flatness. The thickness -
of the wafers following lapping is slightly greater than
the final thickness, because the thickness is decreased

25 during subsequent steps such as polishing.

Lapping machines used to perform the lapping step
typically include several wafer carriers which are
generally circular in shape and have spaced apart holes
through the carrier. Each hole is sized to receive one

30 wafer and has a diameter somewhat larger than that of the
wafer. The thickness of the carrier is less than of the
wafer. The wafer carriers are sup?orted”on an .annular
lower plate of the lapping machine. The peripheries of
the carriers are formed with teeth which mesh with pins

35 in both inner and outer pin rings located at the internal



25 - during subsequent steps such as poli shing. : Lappi ng machi nes
used to performthe | apping. step typically include several wafer
“carriers which are generally circular in shape and have spaced apart
hol s t hrough the carrier. Each hole is sized to receive one 30 wafer
and has a di aneter sonewhat |arger than that of the waf er. The

t hi ckness of the carrier is |less than of the wafer. The wafer carriers
are supported on an annul ar | ower plate of the |apping machine. The
peri pheries of the carriers are formed with teeth which mesh with pins
35 in both i nnédafxtarnal meriphapienc neapent ived v ntaff ke annular
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technician into respective holes | r carriers
plaé%s while the upper and lower plates are rotated in

directions opposite to each other.

10 Conventionally, wafers are manually loaded by a
technician into respective holes in the wafer carriers on
the lower plate of the lapping machine with the upper
plate moved up and swung away from the lower plate.

After loading, the upper plate is swung over the lower
15 plate and lowered to sandwich the wafers between the
 upper and lower plates. The lapping machine is activated
to rotate the wafer carriers as previously described,
thereby producing relative motion between the wafers and
the upper and lower plates. The relative motion produces

20 the mechanical lapping action of the machine, which is
augmented by a slurry or other agent to facilitate
material removal from the wafers. The lapped wafers are
then manually unloaded by the technicians.

In conventional lapping, it is not possible to track-

25 an individual wafer through the lapping process. It is
imperative that the thickness of the lapped wafers be
maintained within close tolerances. Accordingly
measurements of the lapped batch of wafers are made by
the technicians, and the iapping machine is adjusted

30 prior to the next lapping cycle. There is a substantial
delay while the measurements are made and the la?ping
machine is adjusted before starting another lapping
cycle. To reduce the delay, only random samples from the
lapped batch of wafers are measured. | '

35 There are presently automated wafer lapping systems
which reduce the number of human tasks that must be



the—iomer pl ate of the | apping machine with the upper pl ate noved up

and swung away fromthe | ower plate. . After loading, the upper plate is

swung over the lower 15 plate and | owered to sandwi ch the wafers between

t he* upper and | ower plates. The l-apping nmachine is activated to

rotate the wafer carriers as previously described, t her eby produci ng

rel ative notion between the wafers and t he upper and | ower plates. The
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10 from the lapping machine to an unloading station.
Although automated, the ‘067 patent introduces the extra
step of removing the entire carrier before the wafers are
removed from the carrier. If the lapping machine is to
be adjusted to maintain a close wafer thickness

15 tolerance, it will still be necessary for technicians to
measure at least a random sampling of wafers from each
lapping cycle before onset of the next lapping cycle.
There is no disclosure for tracking individual wafer
identity through the lapping process.

20 An automated lapping system disclosed in U.S. Patent
No. 5,333,413 (*the ‘413 patent") eliminates the step of
removing the entire wafer carrier from the lapping
machine. A robot arm picks up four wafers at a time and
places them in four corresponding holes in a wafer

25 carrier on the 1appihg machine lower plate. A sensor on
the lapping machine stops the lapping machine so that a
carrier is in a predetermined angular position.  Sensors
mounted on the robot arm locate the center of the carrier
for purposes of locating the holes in the carrier for

30 depositing and withdrawing the wafers. However, the
thickness measurement of the wafers is not automated by
the apparatus of the ‘413 patent. The ‘413 patent does
not disclose tracking wafer identity through the lapping
process.

35 - Summary of the Invention



3 - performed. U S. Patent No. 5,174,067 ("the '067 patent")

di scl oses automat ed wafer |apping apparatus in which the waf er

carriers are renoved fromthe | appi ng nachi ne. The waf ers are | oaded

one"at atinme into the wafer carriers, 5 and after.the carrier is filled

it is placed back on the - lower plate of the |apping nmachine. The

| oadi ng proceeds until all of the carriers have been filled and set on
. the | appi ng machine |lower plate. Atter |apping, the wafers are
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wafers i s not Bh%gemaﬁplne, the provision of such a lapping system

which handles wafers of different sizes with minimal

15 alteration; and the provision of such a lapping system
which prevents damage to the wafers.

Further among the several objects and features of
the present invention may be noted the provision of a
method for lapping wafers which achieves the advantages

20 stated above.

Generally, an automated wafer lapping system
comprising a wafer holding station for holding a
plurality of wafers to be lapped and a wafer lapping
machine including upper and lower lapping plates.

25 Multiple wafer carriers located generally on the lower
lapping plate each have multiple openings therethrough
for receiving wafers and holding the wafers in a position
between the uppér and lower lépping machine plates to |
constrain the wafers to move conjointly with the wafer

30 carrier. The wafer lapping machine is constructed for
relative motion between the wafer carrier and the upper
and lower plates thereby to remove material from the
wafers to achieve a predetermined wafer thickness. The
upper lapping plate is movable between a position over

35 the lower lapping plate and a position spaced away from
the lower lapping plate to expose the wafer carriers for



t he- éppar atus of the '413 patent. The '413 patent does not di scl ose

tv¥acking wafer identity through the |apping pr ocess. 35 Summary of
the I nvention 4 Anong

t he- several objects and features of the present i nvention may be noted
t he provi.sion of an aut omat ed wafer | apping system which mnimzes

del ay bet ween | appi ng each batch of wafers; the provision of 5 such
a |l apping system which automatically nmeasures t he t hi ckness of | apped
waf ers and adj usts a | appi ng machi ne of the system accordingly; the
provi sion of sd@rding and agpioafding wafens ch Zawm |fcmrl%pompects t he
vaf ers f omedafpitam df@d&é&/lﬁi PrBEidUah &'ﬂﬁp' *ng,gcstlgm

mai ntai ns the identjity of_each mafer as |t passes thro
the provision &t astdcq{}/é’} SR P aish WarRming magh %Eﬁs’e?f‘?fé?@l%ﬁ% t he
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such a Iapglu;%%?tenl handl rs of |ffere sizes with
I

mniml 15° a o PN 1'berro\ﬁ‘“s iQst em
whi ch preventsumanﬁypntlngmeawhewafer from the holdlng statlon to the

wafer lapping machine and placing the wafer in a _
respective one of the openings in the wafer carriers on
the lower lapping plate thereby to load the wafer

10 carriers with wafers for lapping.

In another aspect of the invention, a wafer lapping
system includes a wafer lapping machine as described, and
a wafer thickness gauging device. The thickness gauging
device is positioned for receiving wafers from the wafer
15 lapping machine following lapping and gauging the
thickness of lapped wafers. The thickness gauging device
is electronically interconnected with a wafer lapping
machine controller for signalling the wafer lapping
machine controller to correct any deviations of a target
20 thickness stored in the lapping machine controller and an
actual target thickness of lapped wafers according to the
measurement of the wafer thickness gauging device.
In yet another aspect of the present invention, a
wafer lapping system includes the wafer lapping machine
25 and wafer transport mechanism as previously described. A
controller is provided for controlling the wafer
transport mechanism. A wafer carrier orientation
detector is capable of detecting the orientation of the
wafer carrier at a home position on the wafer lapping
30 machine and providing a signal to the controller
indicative thereof. The controller is configured to
compare the orientation of each wafer carrier in the home
. position when the wafer carrier is loaded with the
 orientation of the wafer carrier in the home position



Further anong the several objects and features of t he present

imvention may be noted the provision of a nmet hod for | apping wafers
whi ch achi eves t he advant ages 20 stat ed above. General ly, an
automat ed waf er | appi ng system conprising a wafer hol ding station for
hol di ng a plurality of wafers to be | apped and a wafer | apping
machi ne i ncl udi ng upper and | ower |apping plates. 25 Miltiple wafer
carriers |l ocated generally on the | ower © | appi ng plate each have
mul ti pl e openi ngs therethrou for receiving wafers and hol di ng the
wafers in a po%g?PoHn loa 1B€tﬂE5ﬁrtﬁépﬂﬁﬁﬁrsanﬁhﬁﬁméhel&éﬁpﬁgtﬁh9ﬁ|ﬁéCh
plates to wsﬁeﬁtial ma&he.améarafternpag £Aa4j. oi ntly with the wafer 30

carrier. The wafer gg Tg Ehne is co st ﬁh rel at,ive notion
bet ween the waf er cﬁ?r ++an@ Phe®hppepPec elBﬁE?eBFaﬁﬁgePﬁéPQByato
renpve naterlamethod1fbe lappimgfwafers aoinpe¥singpthdeseepsned waf er
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thickness.
In a further aspect of the present invention, a
10 method for lapping wafers includes the wafer lapping
machine, controller and wafer orientation detector as
previously described for maintaining wafer identity
through the lapping operation.
Other objects and features of the present invention
15 will be in part apparent and in part pointed out
hereinafter.

Brief Description of the Drawings
FIG. 1 is a schematic top plan view of a

semiconductor wafer lapping system;

20 FIG. 2 is a right side elevational view of a wafer -
holding station of the lapping system with parts broken
away to show internal construction;

FIG. 3 is a fragmentary front elevational view of
the wafer holding station with parts broken away to show

25 internal construction;

FIG. 4 is a side elevational view of an articulated
robot of the lapping system;

FIG. 5 is a fragmentary front elevational view of a
‘wafer manipulator hand at the free end of the robot;

30 FIG. 6 is a front elevational view of a wafer
centering jig of the lapping system with parts broken
away to show details and a wafer shown in phantom in the
jig;

FIG. 7 is a top plan view thereof;



mechani sm di sposed in proximty to the wafer hol ding station and to
the wafer |apping machine is constructed for lifting wafers in the

hol ding station one at a time 5 and one after another out of the hol ding
stati.on, transporting each wafer fromthe holding station to the

waf er | appi ng machi ne and placing the wafer in a respective one of the
openings in the wafer carriers on the I ower | apping plate thereby to

| oad the wafer 10 carriers with wafers ¥or | apping. I n anot her
aspect of the invention, a wafer |appi stem i ncludes a wafer

| appi ng machi ne as H&Scr PReds &n§°hematacmﬁpérPXﬂnthéysoéaagWﬁéeuevice
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to the MeRsEE LBkt Qket BeowahehwhY EB“EE&WQQHQéEQSdSF' ce. In
yet anot her aspect of the present invention waf er | appi ng system

i ncl udes the WaPRPEFUGHERB/ nachine 25 and wafer transport mechani sm as

previ ously descrlbeEIG Alo is aofikbat! elevatpbaxildeselobrCconer ghkkpyg t he
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t he wafer carrfReviintexRad ePpatruetion;

FIG. 12 is a side elevational view of a wafer

15 thickness gauging station of the lapping system;

FIG. 13 is a rear elevational view of the thickness
gauging station;

FIG. 14 is a side elevational view of a wafer
inspection station of the lapping system;

20 FIG. 15 is a side elevational view of a wafer
offload station of the lapping system with parts broken
away to show internal construction; '

FIG. 16 is a block diagram showing a system
controller of the wafer lapping system; and

25 - FIG. 17 is a schematic top plan view of a wafer
lapping system of a second embodiment.

Corresponding reference characters indicate
corresponding parts throughout the several views of the
drawings.

30 Detailed Description of the Preferred Embodiments

Referring now to the drawings, and in particular to
Fig. 1, an automated wafer lapping system constructed
according to the principles of the present invention is
shown to include a wafer lapping machine and a wafer
35 handling system (designated generally by reference



orlentatlon of the wafer carrier in the hone position

6 when unl oading after.|lapping so that the identity of each

waf er is maintained after | apping. In still another aspect of the
present invention, a nmet hod for |apping wafers. conprising the steps of
S providing a wafer |apping machine and wafer thickness gaugi ng device
havi ng an active feedback relation for . mai ntai ni ng wafer thickness at
an actual target t hi ckness. 8 In a further aspect of the
present invention, a 10 nethod for |apping wafers includes the wafer

| appi ng maunenelsc a0t rodl 82, amespeteiveliydnt athen wafeec handddng

previously desggibeg EQrCGEth%hEbngg EShnEggnPht¥8pegfo%gt%%ggﬁégaﬂ

| appi ng operatiop, eat
|n€gnt|on 15 Rﬁpﬂeb84|ﬁeﬁ§rF°a5b8r@ﬁﬁeanéapﬁlpgrmasbnneeéooutIn the

herei nafter. preferBéHeEmgéaﬁthE|OEh@flbaia@E@H B9Ble 24 and tHG 1 is a
schemati c EOp Qager ig%bgngamachlng gbcgggu gggtggfagtgggpgn r%%i;gggnt
enclosure (not shown) for safety purposes. As described
more fully below, a robot 26 on the isolation table 24 is
capable of picking wafers W from two wafer holding
stations (designated generally at 28A and 283,

10 respectively) on the table and transferring them to a
centering jig 30. The wafer W is then tfansferred by the
robot 26 from the centering jig 30 to the lapping machine
20, and the process is repeated for a second wafer until
the lapping machine is loaded. Following lapping, the

15 wafers W are removed one at a time by the robot 26 and
transferred to wafer fixtures 32 on a carousel 34 of the
wafer handling system 22. The wafer W is moved by the
carousel 34 through a first rinse station 36, a wafer
thickness gauging station 38, a wafer inspection station

20 40 and a second rinse station 42. The robot 26 is
capable of picking up the wafer W from the carousel 34
and placing it in either one of two offload stations
(designated 44A, 44B, respectively) or in a reject
station 46.

25 Wafers W to be lapped are stored in cassettes C1
located in the side-by-side wafer holding stations 28A,
28B. As the wafer holding stations 28A, 28B are of
identical construction, a description of one of the wafer
holding stations 28A will suffice for both. Referring

30 now to Figs. 2 and 3 it may be seen that the wafer
holding station 28A comprises a slide 48 supported by a
pair of angle brackets 50 on an upper plate 52 of a
pedestal 54 including also a base 56 mounted (as by bolts
58) on the top of the isolation table 24. A drip pan 60

35 mounted on top of the slide 48 contains a cassette
platform 62 for receiving the wafer cassette Ci1 full of



20 - FIG 2 is aright side elevational view of a wafer hol di ng
station of the lapping systemw th parts broken ‘away to show i nternal
construction; FIG 3 is a fragnentary front el evational view of
t he-wafer holding station with parts broken away to. show 25 i nt er nal
construction; FIG .4 is a side elevational view of an '
articul ated robot of the |apping system FIG 5is a
fragnentary front el evational view of a 9 waf er mani pul ator hand at the
free end of the robot; 30 FIG 6 is a front elevational view of a
waf er cenwefeemg Wi goofoet Happadpi nFhey veEerwchisspéites Cir shewn in away
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riser 68 is a p-strip 70 extending lengthwise of the
riser.
The wafer cassette Cl has an open bottom such that
10 when the cassette is set down onto the wafer platform 62
the risers 68 pass through the open bottom, lifting the
wafers W up and partially out of the cassette as
illustrated. Portions of the lower edges of the wafers W
engage and are supported by the p-strips 70. Steps
15 (designated 72A-72C, respectively) of the wafer platfofm
62 permit the holding station 28A to receive wafer
cassettes of different sizes and to positively locate the
cassette in a fixed lateral position and fixed height
_ relative to the robot 26. The cassette Cl is positively
20 located against an outer wall 74 of the drip pan 60 by a
clip 76 mounted on the wafer platform 62 by an angle
bracket 77. The clip 76 opens upwardly and receives a
portion of the cassette Cl between it and the angle
bracket 77.
25 The slide 48 is capable of sliding outwardly (i.e.,
to the left as shown in Fig. 4) from the isolation table
24 to a load position for loading the wafer cassette Cl
onto the platform 62, and then back to its féed position.
The slide 48 is mounted on the angle brackets 50 by
30 cooperating tracks (designated 78A, 78B, respectively),
permitting sliding motion between the slide 48 and the
pedestal 54. A bracket 80 mounted on the upper plate 52
mounts a stop 82 and a proximity sensor 84. A plate 86
depending from the slide 48 engages the stop 82 in the
35 feed position and is detected by the proximity sensor 84
to confirm to a system controller 88 (Fig. 16) that the



consiruction; FIG 10 is a front el evational view of the wafer 10

f4 xture; FIG 11 is a side elevational view of a wafer rinse
station of the lapping systemw th parts broken away to show i nt er nal
constructi on; FIG 12 is a side elevational view of a wafer 15

t hi ckness gaugi ng station of the |apping system FIG 13 is a
rear el evational view of the thickness gaugi ng station; Fl G
14 is a side elevational view of a waferio i nspection station of the

| appi ng system 20 FIG 15 is a side elevational view of a wafer
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invention is appi Ng machi ne
handl i ng systeWhéGbst@#ab@@mgéh@ﬁaEM$ab¢Sr@h@rdnpendlng plate 86 to

hold it firmly against the stop 82, and an unlocked
10 position (shown in phantom in Fig. 2) in which the slide
48 is free to be moved out to the load position.
Referring to Figs. 1, 4 and 5, handling of the
wafers in the wafer handling system 22 is primarily
accomplished by thé articulated robot 26 having a base
15 100 mounted on the isolation table 24 near the wafer
lapping machine 20. As shown in Fig. 4, the articulated
robot 26 further comprises a support column 102 rising up
from the base 100 and an articulated arm, generally |
indicated at 104 supported by the column and extending
20 generally horizontally outwardly from the column. The
articulated arm 104 includes a first member 106 mounted
on the column 102 for pivoting about the vertical -
longitudinal axis of the column. A second member 108 of
the arm 104 is pivotally connected to the first member
25 106 at an elbow for pivoting about a vertical axis
relative to the first member. A barrel 110 of a combined
linear/rotary actuator, generally indicated at 112, is
mounted at the free end of the second member 108 and
receives a rod 114 having a manipulator hand, indicated
30 generally at 116, at its free end. The linear/rotary
actuator 112 is opefable to raise and lower the
manipulator handhlls (broadly, "gripper device"). As
described thus far, the robot 26 is a conventional four
axis robot which is available commercially. However, it
35 is to be understood that other types of robots may be
used without departing from the scope of this invention.



g8 - nuneral s 20 and 22, respectively). The wafer handling system

22 conponents are nounted on top of an isolation table 24 next to the
waf er | appi ng machine 20. In the preferred enbodi nent, the isolation
tabte 24 and the 5 wafer |apping machine 20 are |located within a

t ransparent encl osure (not shown) for safety purposes. As described
nore fully below, a robot 26 on the isolation table 24 is capabl e of

pi cking wafers Wfromtwo wafer holdingi11 stations (designated generally

at 28A and 28B, 10 respectively) on the table and transferring themto a
centering jig 30. Thaewambaipulasorhbandr ansf éncéddey shelatformohats 26 from
the centering hblnBly! Al Bel 3BRLDIe HHCBE”%Pe rodZQMa%ﬂgt 1 REUEYS ' S

repeated for a second_wafer a e 1S Toa
Fol | owi ng | appgﬁgerﬁﬂéywnd\maéﬁ@ Rtataoy emV@Gaé ¥ mouatednbyby pHeratobot

26 and trgnaker &QQ be ‘ﬂafr%'i:aﬁryxhléf:ﬁatég‘ Qa4awﬁa'&:@1ua@ méfintled *aﬁl
waf er handlLi ng Eyste he maggrp&éls noved by carousel 34
through a Pirsthri HE e§?&@@oﬁf3§ e PRatEprm. TpﬁlE?ﬁé§§'&&&&%ﬁ?ﬁﬂ%%ﬁ(ﬂ1

38, a wafer i nspeebnnecsteat iten aZQomﬂaQeaﬁédaaieceﬁr@téhﬂS(&o‘tt ahwm)42for The
and pl aci ng it SEACERERETVORIREE 0 cHR, RS te Rk 422 ki PEBRET 0t
44B, reSpectivéb?ﬁtothﬁnlangéﬁadﬁnal axdsabifobhe6pi¥®t shaftWAffdigs \B)t.o be
| apped are stogfdsi BiGBEifL! AotEhn provides the robot 26 with a fifth
10 axis of operation. The bracket 120 includes & pair of
mounting members 126 on either side of a central member
128. The mounting members 126 receive the pivot shaft
122. Three fingers indicated generally at 130 project
outwardly from the central member 128 of the bracket 120.
15 Fingers 130 have suction cups (designated 132A-132C) at
their distal ends for applying a vacuum to grip one of
the wafers W. The fingers 130 include an inner section
130A telescopically received in an outer section 130B
thereby to permit relative movement between the inner and
20 outer sections to shorten or lengthen the fingers.
Springs (not shown) bias each outer section 130B axially
outwardly away from the inner section 130A. Each finger
130 is connected to a vacuum system (not shown)
selectively operable to apply and release the vacuum at
25 the suction cups 132A-132C. 1In addition, positive air
pressure is applied through the fingers 136 for making
certain that the wafer is released by the robot 26.
The rotary actuator 124 is capable of pivoting the
bracket 120 between a first position (Fig. 4) in which
30 the fingers 130 extend downwardly and hold the wafer W in
a generally horizontal position, and a second position
(Figs. 1 and 5) in which the fingers extend horizontally
and hold the wafer in a generally vertical position. Two
proximity sensors (designated 134A, 134B, respectively)
35 are mounted on opposite sides of the platform 118. The

mounting members 126 are shaped so that sensors 134A (the



Iocaied i n the side-by-side wafer holding stations 28A, 28B. As the

waf er hol di ng
description of

hol di ng station 28A conprises a .slide 48 supported by a

stations 28A, 28B are of i dentical construction, a

one of the wafer hol di ng stations 28A will suffice for
both. Referring 30 nowto Figs. 2 and 3 it may be seen that the wafer

pair of angle

brackets 50 on an upper plate 52 of a pedestal 54 including also a base
56 nounted (as by bolts 58) on the ti@p of the isolation table 24. A
drip pan 60 35 nounted on top of the slide 48 contains a cassette

pl atform 62 folefbceeneny akeshawnrinaBsett?) Gletettsobne of the
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The robot 26 is capable of lifting wafers W one at a
time and one after another out of the cassette Cl1 in the
wafer holding station 28A. The wafers W are transported
to the centering jig 30 for precisely centering the wafer
on the manipulator hand 116 prior to loading into one of
the openings in one of five wafer carriers 136 on the
wafer lapping machine 20 (Fig. 1). Centering jig 30 is

- mounted on the isolation table 24 generally between the

hoiding stations 28A, 28B and the base 100 of the robot
26. Referring to Figs. 6 and 7, centering jig 30
includes a pedestal 138 mounting within a box 140
(partially broken away in Fig. 6) an air-operated linear
actuator 142. A pair of opposing jaws (designated
generally at 144) are mounted by respective pairs of rods
146 received through the box 140 and into the linear
actuator 142 for movement between an open position in
which the jaws are spaced relatively far apart, and a
closed position in which the jaws engage each other.

Each jaw 144 is formed with three curved steps 148,
and each pair of opposing steps at the same level is
capable of supporting a wafer of a particular size.in a
substantially horizontal position. The steps 148 include
shoulders 150 shaped and positioned to engage an edge of
the wafer W held on the step. A wafer is shown in
phantom in Figs. 6 and 7 is supported on the uppermost
steps 148. 1In the open position, the shoulders 150 of
the steps 148 on which the wafer W is to be supported are
spaced a distance substantialiy greater than the diameter
of the wafer for receiving the (off center) wafer from



wafers Wup and partially out of the cassette as illustrated. Portions
of the | ower edges of the wafers W engage and are supported by the
p-strips 70. Steps 15 (desi gnated 72A-72C, respectively) of the wafer

pl at form 62 permit the holding station 28A to receive wafer

cassettes of different sizes and to positively locate the cassette in
a fixed lateral position and fixed hei ght relative to the robot 26.
The cassette Cl is positively 20 | ocatefl agai nst an outer wall 74 of the
drip pan 60 by a clip 76 nounted on the wafer platform62 by an angle

bracket 72.1 ghehfél rRniPuaReRs ermrl dins .anﬁi'tl;ieeQ.G.irl‘é%.&?&ctélatoﬁoﬂMiZ_CI’_ESOf | _tge
cassette etyeen it .ang t angl e .racket : e slide
48 is capabl e %ﬂ%& i %ﬁ&%ﬁﬁ (ﬂ@%Wﬁ the jaws 5%& ;ﬁbtﬁﬁfFlgfeghown in Fig.
4) fromthe ispbatitdon dii evhich t2% tshomldead A6 bifoppasingadiawe trasre
waf er cassette ont l.atfor i’ d ck toQ it

posi tion. ciﬁgﬁﬁ F egfgﬂ%gﬁﬁgﬁﬁkgﬁaghﬁiﬁgéﬂh§$g§%¥§%k§P%9551§?%§3g
cooper ati n§ tr geeategedsibpmittde BHAmeres, afeghecmafelry) , To theeeaitiemitng

sliding notionchgiwesR Wigey icdmtdd and Jlie of regel%%%ta%'ioﬁﬂwi_/éhbft@a%ket 80
nount ed on the ugper g%g%ﬁﬁgé: nounts a stop 82 and a_proximty sensor

84. A plate gfentery FHSHRINGE Jdg 30 490EnPHgEOtMOLsERS 82 in the
35 feed posi shonldets 9 Sietweidile@rdadehanpledyenidey tiRN@fe¥4 W and dve

confirmto a SX%t ?Lgt%ogl{bosltlaer{ti%.%. (rlzeigq.'st%:%)titor}xagvittrllle the -center of the
10 centering jig.

The robot 26 may then retrieve the wafer W with the
wafer centered on the manipulator hand 116 for transport
to the wafer lapping machine 20. The construction of the
wafer lapping machine is conventional except where

15 pointed out hereinafter. Accordingly, only a general
description of the lapping machine 20 will be given. As
shown in Fig. 1, the wafer lapping machine has an upper
lapping plate 152 and an annular lower lapping plate 154.
Upper lappiné plate 152 is carried by a support arm 156

20 mounted on a base 158 of the machine 20 for swinging
about a generally vertical axis between a position
located away from lower plate 154 (as shown in Fig. 1)
and a position directly over the lower plate.

The five wafer carriers 136 are located on the lower

25 plate 154 of the wafer lapping machine 20. Each of the
carriers 136 has five openings 160 through it which are
spaced at equal intervals around the center of the
carrier. The number of carriers and the number of
openings in each carrier will vary depending upon the

30 particular lapping machine and the diameter of the wafers
to be lapped. Semiconductor wafers W to be lapped are
received in the openings 160 of all of the carriers 136.
Teeth (not shown) formed around the periphery of the each
carrier 136 are enmeshed with vertical pins (not shown)

35 located next to and spaced around the inner and outer
peripheries of the annular plate.



10 - slide 48 is in the feed position. A |ocking mechani sm

i.ndi cated generally at 90, for holding the slide 48 securely in the
feed position includes a hammer 92 carried by a nenber 94 pivotally
nounted on a tab 96 on 5 the pedestal 54. The nenber 96 is operated by a

| ever 98 al so pivotally mounted on the tab 96 for novenent between
a | ocked position (shown in solid lines in Fig. 2) in whi ch t he hanmer
92 engages the depending plate 86 to 14 hold it firmy against the stop
82, and an unlocked 10 position (shown in phantom.in Fig, in which the
sli de 48 is frie ?BeﬁéthﬁvedtbatuPEe¥h91$69d1§%s¥§|ghsposed over

Referring to Rgs. 1dwet ﬁmgté 1§4n9hﬂnﬂoﬁéréaedown s&ﬁﬁﬁéﬁ &8chhea¥ef st |
handl i ng system 22 |gegr|na | acco e articul ated robot
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second nmenber upResfand lowgs mAate641P3.plh tareySémﬁhéeaeeuﬁbYthe first
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relative to the fjrst ns er. A barre 110 8 ZE gz b Ilngar/rotary
act uat or , 1enefaFry¢ndPc édaaFoTEﬁo 162 ﬁﬁtea t °@R8PLReRend of
the second menhenitdéBiagdthe posec¢bnesfaeaoﬂ tifebacaprgiarnmiBépabathat
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actuator 112 iS opéerable rai Se an S| 8
164 (i.e., a position most closely adjacent the robot 26)

at the end of lapping. Water nozzles 166 (shown

15 schematically in Fig. 1) are mounted on the lapping
machine 20 adjacent to the home position 164 for spraying
the carrier 136 in the home position to clean it after
lapping. At the conclusion of lapping, the upper plate
152 is raised up and swung by the support arm 156 back to

20 the position shown'in'Fig. 1 so that the wafers W can be
removed by the articulated robot 26.

The placement of the wafers W in corresponding
openings 160 in the wafer carriers 136 requires a high
level of precision by the robot 26. Removal of the

25 wafers W requires less precision, but in order to
maintain wafer identity, it is necessary for the robot 26
to know the location of each wafer in the carrier 136 at
the home position 164. A vision system comprising a
camera 168 (broadly, a "wafer carrier orientation '

30 detector") mounted over the center of the home position
164 for viewing the wafer carrier 136 at the home
position determines the orientation of the carrier and
thus the location of each wafer. The camera 168 is
commercially available, and is operated by the system

35 controller 88 also controlling the robot 26. The camera
168 views a pair of dots 170A, 170B on the wafer carrier



mani pul ator hand 116 (broadly, "gripper device"). As described thus
far, the robot 26 is a conventional four axis robot which is available
comercially. However, it 35 is to be understood that other types of
robots may be used w thout departing fromthe scope of this invention.
The mani pul ator hand 116 includes a platform 118 mounted at the | ower
end of the rod 114 and a bracket, general |y indicated at 120, pivotally
nount ed by a pivot shaft 122 of a rot@aary actuator 124 which i's mounted
on 5 the underside of the platform The rotary actuator 124 =~ is
connected to a1§6n8Fé9§ed&% Argy SBImIYASS SRofnFiFgle havimg dési genfer

pi voting the phvothﬁh?bhzzb&Z Cﬁ@;f thKﬁEFe.lﬂzQ:a.rrite.xalaQﬂdt tah@%lla@lg! Tg%'cf{é?
axis of the pivat t J(Fig. : i S pivoti not i on provi dés e
fobot 26 with SOREFt A28 (2g>§i°§ §F°B‘p&P§?’1 SRt OF, SoMEEe1H6ReNC) udes a
pair of nogpecaggnedbehe 824 son70R;, har7oRi c(bro‘adaycemma&kimg@ﬁer may

128. The unt{,Q9 e 26 1. | L.yot ft 122. . Three
fingers izgica%gdoggggrgﬁﬁé gfs%ggi%g%%ggpghl d@%%%&%&ﬁyFFPgnFPﬁeSEEﬁ%?aI
menber 128 of Pﬁetg?aﬁxéﬁeﬁgoAnygntﬁpnger@Sl@@pﬂau@e§umpr@nf@aﬂy below,

(designated 132Aelddfmbral 168 isl R@nhedirali@lceRte LohraRPI¥NRG oA 13C 44M t O
grip one of the wafers mg The fingers 130 include an Inner section
for comparing the original position of the wafer carrier

136 (i.e., prior to lapping, Fig. 8A) to the final

10 position (i.e., after lapping, Fig. 8B) to determine
where each individual wafer is located.

The lapped wafer W is transferred by the robot 26

from the wafer carrier 136 to the fixture 32 mounted on a
dial 172 of the carousel 34 (Fig. 1). The fixture 32 is

15 the one of six fixtures of identical construction mounted
on the dial 172 disposed in a receive position 174. The
dial 172 is mounted for rotation about its center and a
motor 176 on the isolation table 24 under a drip pan 178
is operable to selectively drive the rotation of the

20 dial. Referring to Figs. 9 and 10, the fixture 32
includes a support plate 180 attached by bolts 182 at the
peripheral edge margin of the dial 172 and extending
radially outwardly from the periphery of the dial. A
platform 184 fixed to the free end of the support plate

25 180 mounts left and right outer uprights 186, left and
right inner uprights 188 and a central wafer support 190.
As shown in Fig. 10, the outer uprights have inwardly
extending projections 192 having slots 194 in their inner
ends for receiving a peripheral edge margin of the wafer

30 W. The central support 190 also has a slot 196 for
receiving another portion of the wafer peripheral edge
margin. Portions of central support 190, left upright
186 and the wafer W are broken away in Fig. 10 to reveal
the slots 194, 196 and reception of the wafer (shown

35 partially in phantom) in the slots. The inner uprights



130A tel escopically received in an outer section 130B thereby to
permt relative novenent between the inner and 20 outer sections to
shorten or | engthen the fingers. Springs (not shown) bias each outer
section 130B axially outwardly away fromthe inner section 130A Each
finger 130 is connected to a vacuum system (not shown) _

sel ectively operable to apply and rel ease the vacuum at 25 the suction
cups 132A-132C. In addition, positive ajgr pressure is applied through
the fingers 130 for naking certain that the wafer is rel eased by the
robot 26. 188 ha¥hegr vadiysedt sarfacé@4198 whpehl enghgpi uati Bappbet

“bracket 120 be% eaage% th EQSEE EHréfég 4) in which 30 the fingers 130

ext end downwar a generally horizontal
posi-tion, and a sec@h@ poetpri 6 is opergtedibunths) sistemi chntiroliiemger s

extend h0r|20n§§|£¥ 1ndexaEHeh8£Q1tE?z“@é?rmbvlggggﬂgrf%%ﬁg¥gr§hcgh

posi tion. sensors_(desjgnate respectivel y)
35 are n%unt%ﬂf%ﬁ Hpﬁﬁéﬂtéh§Fﬁé§ BhrenghppixiBeaitigns Th601udln§uhhﬁng

menbers 126 areeséipedpssithoh $eapoisi A34PotkRese dlrecﬁlon as seen i
L2 ers o RESEC R0 RS Bkt o oS Ra B RS et
of the sensorsfixherei §Rt pgemassr first into the first rinse station 36
shown in Fig. 11 to comprise a frame having spaced apart
10 back columns 200, feet 202 and arms 204. Only one of
each of the columns 200, feet 202 and arms 204 is shown
in Fig. 11, the other being located behind the one shown.
The frame mounts splash shielding including a right wall
206 (partially broken away in Fig. 11 to show internal
15 construction), a left wall 208, a front wall 210, a top
wall 212 and a back wall (not shown). The right and left
walls 206, 208 have substantially the same shape,
including right angle slots 214 (only the slot in the
- right wall being shown) shaped to accommodate the fixture
20 32 and wafer through the right and left walls to enter
and exit the first rinse station 36. The front wall 210
comes down only to the slots 214 so that the dial 172
extends through the shielding.
The slot 214 in the right wall 206 is partially
25 covered by a door 216 mounted by a hinge 218 on the right
wall. The door 216 and hinge 218 are partially broken
away and shown in phantom to illustrate the internal
construction of the first rinse station 36. A pneumatic
cylinder, generally indicated at 220, has a barrel 222
30 pivotally connected at its end to the right column 200,
and a rod 224 pivotally connected at its free end to an
eyelet 226 on the door 216. Retraction of the rod 224
into the barrel 222 swings the door 216 on its hinge 218
from its closed position shown in Fig. 11, to an open
35 position (not shown) in which the slot 214 is
unobstructed and permits passage of the fixture 32 and



in Fig. 3) detects the other nmounting menber in the 5 second position.

The position of the bracket 120 detected by the proximty sensors
134A, 134B is comuni cated to the systemcontroller 88 (Fig. 16).
The'robot 26 is capable of lifting wafers Wone at a time and one
after another out of the cassette Cl in the 10 wafer hol ding station 28A.
The wafers Ware transported to the centering jig 30 for precisely
centering the wafer on the mani pul a7r hand 116 prior to |loading into
one of the openings in one of five wafer carriers 136 on the

waf er | appi ng WaéRFn¥ 20terige firsteniapengtft§oBo3fs 18 subehastiedlyhe
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receiving the AefiiveBtentewrifr FAE0M 1, the nozzles 234 provide a

15 spray pattern P which covers both faces of the wafer W.

A gutter 236 mounted between the right and left shielding
walls 206, 208 inhibits splashing of rinse solution onto

the dial 172 and channels rinse solution inwardly to fall
into a bottom wall 238 of the shielding. The bottom wall

20 238 has a generally rectangular funnel shape to direct
all rinse liquid to a drain 240 in the bottom wall for
passing rinse liquid to a facility drain (not shown).

The fixture 32 is indexed to the thickness gauging
station 38 after rinsing is completed (Fig. 1).

25 Referring now to Figs. 12 and 13, the thickness gauging
station 38 comprises a stand 242 having a base 244
attached by bolts 246 to the isolation table 24. An arm

- 248 projecting inwardly toward the center of the dial 172
from the upper end of the stand 242 supports the

30 operative components of the thickness gauging station 38
in cantilever fashion. . A track 250 mounted on the
underside of the arm 248 supports a probe trolley,
generally indicated at 252, depending from the arm. The
probe trolley 252 includes an upper member 254 mounting a

35 conical stop 256, a lower member 258 and a probe bracket
260 supporting a line voltage distance transducer (LVDT)



13- the mani pul ator hand 116. The linear actuator 142 is t hen

activated to nove the jaws 144 to the cl osed position in which the
shoul ders 150 of opposing jaws nove cl oser to each other to a m ni num
di stance only slightly 5 greater than the dianeter of the wafer. To the
ext ent that the wafer center is out of registration with the

center of the centering jig 30, one or both of the shoul ders 150 wi ||
engage an edge of the wafer Wand nove 18 it into substantial
registration with the center of the 10 centering jig. The robot

26 may then r grdlsy Rdhecartiected iy e t¢able 2emfee thetsystewnn t he
mani pul at or h f an er | | . The
%i‘é&l&\,\éﬁ?é slf?gféferenéé) {081 V&Y ¢ %élg%%\g%%nﬁq@ié@tgg

construction r ppl ng machine 1s cohy | except where
15 pointed o@t FRE®i nieﬁtﬁiﬁppomé%‘fgr%ﬁ%l‘?}?e drrack etetrgludes escription
of the | appi ngidpuriiiigy Ahedtbét 68 GhM@tim$ a paiBh®BNréferéfice Ibaihe waf er
| appi ng machi ng hgs %Qeu er i | appi n éate g apd an ang ar | ower
| appi ng plZate 48y T ‘E%b%? +%%p"[‘?fgg%¥g?§ 152 & ‘Eaf??'@%dbv s@pport arm
156 20 nount etbroivsl heseedsR272 ¢ heedrendi recélvé otheweogiogl stopaddet a
general Ly ver e aln 2l Re e & PAS) i Ofhe probd B8t 8YYsST SR Oer
reference trolley 266 are capable of movement along the
track 250 for permitting the fixture 32 to enter the

10 thickness gauging station 38 and for use in measuring the
thickness of the wafer W. _ '

As shown in Fig. 14, indexing the dial 172 to bring
the fixture 32 to the wafer inspection station 40 places
the wafer W between front and rear cameras 274 mounted on

15 an elongate cross piece 276 to check for defects in the
wafer. The cameras 274 are connected to the system
controller 88 (Fig. 16) for affecting operation of the
robot 26 as described below. The cross piece 276 extends
generally radially of the dial 172 so that when the wafer

20 W enters the station, it is positioned so that opposing
faces of the wafer have an orthogonal felationship to the
lines of view of the cameras 274. The cameras are
mounted on the cross piece 276 by slides 278 which permit
adjustment of the camera positions longitudinally of the

25 cross piece by loosening set screws 280, moving the
cameras to a new position and re-securing the set screws.
The cross piece 276 is connected to the ﬁop of a post 282
projecting upward from the isolation table 24 on which it
is mounted.

30 Referring again to Fig. 1, from the wafer inspection
station 40, the fixture 32 is next ihdexed to the second
rinse station 42 having a construction substantially
identical to the first rinse station 36. The dial 172 is
indexed again to bring the fixture 32 to an unload

35 position 284 where the wafer is disposed for the robot 26
to pick it up again. The wafers W remain wetted the



and‘é position directly over the | ower plate. The five wafer
carriers 136 are located on the lower 25 plate 154 of the wafer | apping

machi ne 20. Each of the carriers 136 has five openings 160 through it
which are spaced at equal intervals around the.center of the

carrier. The nunber of carriers and the nunber of openi ngs in each
carrier will vary depending upon the 30 parti‘cul ar |apping machi ne and the
di aneter of the wafers to be | apped? Seni conductor wafers Wto be

| apped are receiyed in the openings 160 of all of the carriers 136.
Tegfh (not shoﬁﬁf1F8rﬁé&eaFBGHGaFﬁe°Beg%§h§P§OBﬁeﬂh§4eacﬁhe dripapener 136
are enmeshed WiUB lechited updes thet dihowny232aptheest adquad drdppithgspaced

around the innggca ter eripheries of .t annul ar _pl ate.
T BEeoBE: kohatere BRLEPE FafRutes 93 FRcslastsler the (ne
| ower plate 153ignddl twerededtwalsopehdngedobtf ahewn) for phesaakerntW in

the wafer garrigLs D a respective plate. The inner vertica
pins are d?ive%ﬁ%ofégglgggig&%ag'mafer carriers 136 to orbit about an axis

t hr ough al i gned cenTBesreboth@6upgpar 9xasp| ther wpfaredn the f5&tur®432and to
rotate about thetatedna€eBhe’ en1bH8 posit¥BREbeANdnkOPEL R 3tesi1p2y 134

are sinultaneogggyof the two offload stations 44A, 44B or in the reject
station 46, depending upon the information received by
10 the system controller 88 from the wafer inspection
station 40 (Fig. 1). The wafer offload stations 44A, 44B
are of identical construction. Therefore a description
of one of the stations 44A will suffice for both. _
Referring now to Fig. 15, the wafer offload station 44A
15 may be seen to be of substantially similar construction
to the wafer holding station 28A shown in Figs 2 and 3.
More specifically, a slide 286, pedestal 288, base 290,
angle brackets 292, locking mechanism 294 and proximity
sensor 296 are all exactly as described for the
20 corresponding slide 48, pedestal 54, base 56, angle
- brackets 50, locking mechanism 90 and proximity sensor 82
of holding station 28A. A container (indicated generally
at 298) of the offload station 44A has walls which are
higher than those of the drip pan 60 of the'holding
25 station 28A for holding a volume.of iiquid sufficient to
completely immerse the wafers W held in a wafer cassette
C2 (shown in phantom) in the container. However within
the container 298, a cassette platform 300, a clip 302
and an angle bracket 303 are substantially identical to
30 their counterparts (platform 62, clip 76 and angle
bracket 77) of the wafer holding station 28A. There are
no risers on the platform of the offload station 44A.
The robot 26 places each wafer W approximately half way
into the wafer cassette and then releases the wafer. The
35 wafer W floats down through the liquid in the offload
station until fully seated in the wafer cassette C2. The



rotated in opposite directions. The wafer |apping 10 nachine 20 has a
controller 162 (Fig. 16) capable of nonitoring the position of each

waf er carrier 136 so that a known wafer carrier is brought back to a
hont position 164 (i.e., a position nost closely adjacent the robot 26)
at the end of |apping. Water nozzles 166 (shown 15 schematically in Fig.
1) are nounted on the |apping machi ne 20 adj acent to the hone position
164 for spraying the carrier 136 |ﬁ the hone position to clean it

af ter 'apB%EQe ﬁ%stg%rﬁg%%'%ﬁEOBaQEeL§§pbggtE ?8 ggQS& ﬁ%@g from

is raised up an support _arm 0Si |on
shown in Fig. theoispiatipa ﬁ@b6552¢V§uthée the eagbosurpy (pat showoll at ed

robot 26. for reEB%lﬂba§§5§@H QEfEB@ f@&ﬁr§h¥vwaf69riﬁﬁﬁQﬁ§'QQstem
openings 160 in the wafer carriers res

preci sion by tﬂger666?°§65tR§&BPaFGOFStﬁg g1; SRBPEFggﬁyréGGPFé§aﬂess

preci sion, sbut cofsetdetibh to theBbiifabadwetatiodeathty, it is necessary
for the robot 26 to know the | ocation of each wafer in the carrier 136
at t he home position 164. A vision systemconprising a . canera 168
(broadly, a "wafer carrier orientation 30 detector") nounted over the
center of the § aP9skt i on 164 for view ng the wafer carrier 136 at

t he hone determ nes the orientation of the carrier and

thus the |ocation oHa¥ing WepsribedetbantEyuetpresof thecyafercpypten

avai |l abl e, andofstﬁéeb%b%@nhy1hb%n§i§h¢”h§5 o é@&t&@h'ﬁ&l§8néh53e
control ling thg rgbo# %6 fLe wa%er ia in 12 stem 1s c ntro?&egohs £ OA
170B on the waf&PCtaPF er pping 8y
10 system controller 88. As illustrated in Fig. 16, the
system controller 88 is tied into the various system
components. Although the lapping machine 20 has its own
controller 162, it is a slave to the system controller
88. As an initial set up for operation, technicians
15 place the wafer carriers 136 on the lower plate 154 of
the lapping machine 20 so that each carrier can be
indexed by the lapping machine to the home position 164.
The slide 48 of one of the wafer holding stations (e.g.,
wafer holding station 28A) is unlocked and slid outwardly
20 to its load position to load the cassette Cl of wafers W
into the holding station. The wafers W are raised
partially out of their cassettes by the risers 68 so that
the wafers are presented for picking by the robot 26 upon
beihg slid back to the feed position.
25 Nozzles 166 are activated to spray the wafer carrier
136 at the home position 164 to clean the carrier of
debris. The vision system camera 168 takes a picture of
the wafer carrier 136 in its initial home position
orientation (e.g., as shown in Fig. 8A), to find the
30 location of the two dots 170A, 170B on the carrier. The
phantom representation of the camera 168 in Figs. 8A and
8B represents the field of view of the camera in the home
position 164. 1In the illustrated embodiment, the system
controller 88 determines the location of the two possible



15 + 136 (Figs. 8A and 8B) lying on a circle having its center at

the center C of the wafer carrier and angul arly spaced apart 144[err]
(216[err]) fromeach other. O course, the spaci ng of the dots 170A,
170B (broadly, "markings") my 5 be other t] out
departing fromthe scope of the present hiiEnhef ENl lai ned nore
fully bel ow, the camera 168 is connected{to tmﬁptﬁﬁE@n1controller 88
for conparing the original position of 23 warer carrier 136 U

rior to lapping, Fig. 8A) .to the final 10 osition (i , after lap |ng,
Elg 8B) to def g 2"dwﬁere 39@h°?ﬁ5¥91£ﬁ5l8%@*%?W$sth%cﬁﬁﬁﬁus E
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carrier 136 to_the fixtu unt 0 rousel 34
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construction nposstdle ceanrBhG dtal at&2tHe spwsebocat honecehere pokét i on

174. The hal 3£214R.80YRbEdy &8Qn50&&&&@&1330550%tgegsgééivénsoés

motor 176 on t ation under OpEer a
to selectlvelylaQAvel?ﬂB apdahpyings thpesane b@@gth F@f@h@lh@d¥@SF¢§S 9

and 10, the fighereiddle intbbokudes ensupBatioPlatecdsh akigshegoby bolts
182 at the lal 172 d extendi ng

e in of n
radial |y outma?ﬁf?i?goﬁ?thﬁngPFgaggQQOF Fh@oﬂ?a}7°A?ndaha$+%$f6?ﬂ¥§§§
fixed to the faeeceandoC’theespppetivepiyat eTRe ciZ€lenBRnhavigdtcanteri ght

wafor supbbre Gogrirl Chelll guephad bue 18R HR0E YiSw 37, BRE SaficEa
i nwar dl y ekcepudhnopyej bbei egstéd2khavenghat otke 1€dntert efori ther
circle S1 wholly within the field of view is the actual
center C of the carrier 136.
Now knowing the center C of the wafer carrier 136
15 and the circle S1 centered at the center of the carrier,
the controller 88 measures the angles between the dots
170A, 170B beginning at each dot and moving in a
clockwise direction. Starting at dot 170A and moving in
a clockwise direction around center C to dot 170B, the
20 angle measured would be 216°. Starting at dot 170B and
moving in a clockwise direction around center C to dot
170A, the angle measured will be 144°. The controller 88
is pre-programmed to designate the dot 170B from which
the 144° angle is measured as the locator dot. A line L1
25 is drawn from the center C and through locator dot 170A.
The first opening clockwise of line L1 is the "first"
opening 160’. The other openings are numbered according
to their clockwise location from the first opening 160°
around the center C of the wafer carrier 136. The
30 controller 88 will operate to place the wafers into the
wafer carrier 126 from the first opening to the fifth
opening and to remove the lapped wafers in the same
order.
The robot 26 is operated to move the lowermost
35 suction cup 132A on the end of the manipulator hand
finger 130 (oriented in their second position, Fig. 5)
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for holding the wafer W in a horizontal position (Fig.
4). The robot 26 moves the manipulator hand 116 over to
a position in which a center poiht of the wafer W is
roughly aligned with the center of the centering jig 30.
The linear/rotary actuator 112 then moves the wafer W
down into centering jig 30 with the wafer engaging steps
148 on the opposing jaws. 144 corresponding to the size of
the wafer. The vacuum grip of the suction cup 132A is
released and the wafer is supported solely by the steps
148.in the centering jig 30. The linear actuator 142 of
the centering jig 30 is activated to move the jaws 144
from their open position (as shown in Figs. 6 and 7) to
the closed position (not shown) in which the jaws engage
each other. To the extent that the wafer center was out
of alignment with the center of the centering jig 30, the
shoulders 150 on the jaws 144 engage the wafer and move
it substantially into alignment.

The robot 26 is re-activated to first align a center
point E of the manipulator hand 116 with the center of
the centering jig 30 and then to move the cups 132A-132C
of the fingers 130 down into engagement with the wafer W
in the centering jig. Suction is applied to grip the
wafer so that it can be lifted out of the centering jig
30 by the robot 26 with the center of the wafer now
substantially aligned with the center point E of the

~manipulator hand 116. The robot 26 moves over to a first

35

of the openings 160’ in the wafer carrier 136 at the home

~position 164. The first opening 160’ is determined by

a



wal1l 212 and a back wall (not shown). The right and left wal | s 206,
208 have substantially the sanme shape, I ncluding right angle slots 214
(only the slot in the ri ght wall being shown) shaped to accommopdat e
the fixture 20 32 and wafer through the right and left walls to enter

and exit the first rinse station 36. The front wall 210 comes down
only to the slots 214 so that the dial 172 extends through the

shi el di ng. The slot 214 in th@3right wal |l 206 is partially 25

db d 216 db hi 2 i | Th
ggg$r§16 gng h?ﬁ%eoﬁigﬂgag&§8r9¥agpﬁlgggﬁe%§029 ;agerQ%EESHS%nﬂankﬁﬁanfon1
.to illustrate thmerat 268al as desomibedcaboveof The lLinear/irntarytati on 36.

A pneunatic . nde I i ngi. 6 r el 30
p!votally-conn%%?éétgg ?%gggﬁgégo%%ﬁemngﬁ?fggﬁﬁnﬁQggogig a?angsatﬁé 224
pi votal | y conntbBeedadieri Wsppeeeseatitoothn openingel6f’220rohAft RBeyeois216.

Retractionsof EBRer 88rd24in alibRientheabaleghe232revanay thgagear t6 on
its hinge 218 fromits.cloSed position shown in Flg. 11, o an open 35
posi tion (not SABwWAF EReWWRERT: REYXLEY 239 Pext to,RBSsPPERLBE-and pernits
passage of the fixtuhetBe phedferred embodiment, the clearance between 17

wafer Winto t@ﬁef%£§grr.nggd$% &i82r§QErAb§gg§£ gt&§b|¥s about 2 to 4
thousandths of an inch to minimize any movement of the
10 wafers W relative to the carriers 136 during lapping. In
case the wafer is not initially received in the opening
160’, the robot 26 then operates to quickly find the
opening. The downward movement continues so that fingers
130 bear against the wafer W and the inner sections 130A
15 of the fingers are pushed into the outer sections 130B,
compressing the springs. The compressed springs urge the
outer sections 130B axially outward with a greater force
so that the cups 132A-132C bear against the wafer. The
vacuum pressure in the cups 132A-132C is released, and
20 the fingers 130 are held against the wafer W only by the
biasing force of the springs. .
The system controller 88 operates the robot 26 so
that the center point E of the manipulator hand 116
orbits about a vertical axis in progressively larger
25 circles. The frictional engagement of the fingers 130
with the wafer W is enough to move the wafer with the
fingers in the circles so long as the wafer remains
outside the wafer carrier'opening 160’. However when the
wafer W moves into registration with the opening 160’, it
30 falls into the opening and engages'the'sides of the
opening thereby preventing further movement with the
fingers 130. In the preferred embodiment, the robot 26
moves the manipulator hand 116 in two circles, one 2
millimeters in diameter and the second 4 millimeters in
35 diameter. However, it is to be understood that the
controller 88 can be programmed to move the wafers in a



ideniical door and cylinder (not shown) on the left wall 208 opens and

closes the left wall slot to permt the fixture 32 and wafer Wto exit
the first rinse station 5 36. There is also a lid 228 hingedly nounted
on the top wal I 212 which nay be manual |y opened by grasping its
handl e 230 and pulling up and to the rear for accessing ~ the first
rinse station 36 through the top wall. Feed |lines 232 extending

t hrough and supported by 10 the front 2#all 210 and back wall (not shown)
of the shi el ding, respectively, are capable of delivering a rinse

liquidto nozzyeeaben bycaesderevpmberveft eimchak, in céndiesfofhe feed
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probe bracket
15 the carriers 136 are full of wafers, the system

controller 88 signals the lapping machine 20 to start the
lapping cycle. The upper plate 152 swings from its
position shown in Fig. 1 to a position over the lower
plate 154 and is lowered down into engagement with the

20 wafers W. The inner pin ring (not shown) and the upper
and lower plates 152, 154 begin turning to remove
material from both sides of the wafers until the desired
thickness, as measured'by the lapping machine controller
162, is achieved. As is conventional, a slurry or other

25 suitable agent is applied to the plates 152, 154 to
enhance material removal and uniformity.

The lapping machine 20 operates to bring the first
wafer carrier 136 back to the home position 164. As the
upper plate 152 is lifted up and moved back to the

30 position shown in Fig. 1 to expose the lower plate 154
and the wafers on the lower plate, the nozzles 166 are
reactivated to clean the wafer carrier 136 and the wafers
at the home position 164. The camera 168 of the vision
system again takes a picture of the wafer carrier 136 at

35 the home position 164 (e.g., as shown in Fig. 8B) and
determines its angular orientation, and hence the



260" supporting a line voltage distance transducer (LVDT)

18 ~ probe 262 connected by a cable 264 to the system . controller 88.
A reference trolley, generally indicated at 266, is supported fromthe
track and includes a dependi ng nmenber 268 nounting a pair of reference
balls 5 270. The dependi ng nenber 268 is also formed with a coni cal
recess 272 sized to receive the conical stop 256 on the probe trolley
252. The probe trolley 252 and refeR&nce trolley 266 are capabl e of
novenent al ong the track 250 for permtting the fixture 32 to enter the
10t hi cknesslQEREHPR %?afh%nfégsﬁnﬂp?ﬁ%nﬁsésah #Bathei Agmenway as

t hi ckness of tdeseywfleedVbove. TheASis6D8B £0 &h4. S24usekddesi agtébmideal

172 to bring t he fixpur to_the wafer in ciion station_ 40, pl aces
Lhe wafor W bR ereRToR: Cake FiS, VaERE, HerShgt ntaR: BAVET0E Poan ‘ShBiac e
cross piece 27int®ighe8R for dibeity oh ihdustratiaher. Thherchokbraé 284 are

connected (o0 t o] e | o] f 1.n
operation %f t%é?f¥§£§§2%§ttgé ggégéécé?ﬁgﬁég%?gmég%ﬁé %?gésgg%gcgh§76
ext ends eerRpENG Y16 QY aPnjadningetBpafirsb waferalonded entowhher 20

Wenters the sgptéd@ncatiibs 2981t 1 PREA) $RhPAoLRRPPShBHuator LREERoPESt he
vafer have an gt N ogonel1 L862 haRa" Pe' §otm®so that the suction cups
132A-132C and the end of the fingers 130 engage the
10 wafer. The downward movement continues until the outer
sections 130B of the fingers 130 are compressed about !/,
inch against the wafer. The linear/rotary actuator 112
then moves the manipulator hand 116 up slowly for about
1/, inch while the linear/rotary actuator 112 also twists
15 the hand to gently break the surface tension of the
remaining slurry which tends to adhere the wafer to the
lower plate 154.
The robot 26 transfers the wafer W to the fixture 32
of the carousel 34 in: the feceive position 176. During
20 transport, the rotary actuator 124 pivots the manipulator
hand 116 up to its second position so that the wafer is
held vertically. The linear/rotary actuator 112 moves
the manipuiator hand 116 down to slide the wafer through
the slots 194 on the outer uprights 186 and into the
25 fixture 32. BAs soon as the robot 26 releases the wafer W
and moves away, the dial 172 is indexed to bring the
fixture 32 into the first rinse station 36 for cleaning
the wafer. The door 216 on the first rinse station 36 is
initially open to permit the wafer W and fixture 32 to
30 pass into the first rinse station. After the dial 172 is
stopped with the fixture 32 in the rinse station 36, the
cylinder 220 on the rinse station is operated to close
the door 216. Once the door is closed, rinsing liquid is
delivered to the nozzles 234 for spraying onto the
35 opposing faces of the wafer W. At the same time, the
robot 26 moves back to the wafer holding station 28A for



| ines of view of the caneras 274. The caneras are nmount ed on the cross
pi ece 276 by slides 278 which permt adj ustnent of the canera
positions longitudinally of the 25 cross piece by |oosening set screws
280, noving the caneras to a new position and re-securing the set
SCrews. The cross piece 276 is connected to the top of a post 282
projecting upward fromthe isolation table 24 on which it I S nount ed.
30 Referring again to Fig. 1, fragthe wafer inspection station
40, the fixture 32 is next indexed to the second rinse station 42

havi ng a constpcitckt'mg $npbsat areW alun apped wadeti Half rom the cassettiensa .
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the fixture 32 now occupying the receive position 174 on
the carousel 34. Rinsing of the first wafer in the first

10 rinse station 36 is completed and the cylinders 220 are
activated to opening the doors 216 (only one door and
cylinder being shown) of the first rinse station. The
dial 172 is indexed to bring the second lapped wafer into
the first rinse station 36, while the first lapped wafer

15 passes into the wafer thickness gauging station 38.

Prior to the entry of the first wafer into the station,
the probe trolley 252 and reference trolley 266 may be
brought together so that the conical stop 256 is received
in the conical recess 272, precisely fixing the spacing

20 between the reference balls 270 and the tip of the probe
262. The tip of the probe 262 is extended into
engagement with one of the balls 270 and a reference
"zero thickness" is established. The probe trolley 252
and reference trolley 266 are then moved to positions

25 spaced far apart to permit the wafer W to pass between
them into the wafer thickness gauging station 38. The
probe trolley 252 and reference trolley 266 move together
again so that the stop 256 on the probe trolley is
received in the conical recess 272 on the reference

30 trolley. The tip of the probe 262 is extended into
engagement with the wafer W. The difference between the
travel of the tip to engage the reference ball 270 and
the distance travelled to engage the wafer W is the
thickness of the wafer. The probe trolley 252 and

35 reference trolley 266 then move apart to permit the first

wafer to exit station 38 and the second wafer to enter.



one-of the two offload stations 44A, 44B or in the reject station 46,
dependi ng upon the information received by 10 the systemcontrol |l er 88

fromthe wafer inspection station 40 (Fig. 1). The wafer offl oad
stations 44A, 44B are of identical construction. Therefore a
description of one of the stations 44A will suffice for both.
Referring nowto Fig. 15, the wafer offload station 44A 15 may be seen to
be of substantially simlar constructiomr? to the wafer holding station
28A shown in Figs 2 and 3. .More specifically, a slide 286, pedestal

288, base 290, The wadilegl ¢hirckriestss g2®igingogltiatd ofe Glsaidicsa 24 mgﬁmt?@(hm ty
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general |y paks8Bkhloudie tofdf R3¢ ignat i on 44A has walls which are
hi gher than those of thecgkgﬂ an 60 of the holding 25 station 28A for
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down through t8gahi qoid iigh itfRxdd,| @3 firstSkalFe@N Wil briotgnt eaied in

the wafer Cassgh%ewg%éfTT%spection station 40 between the cameras 274.
The cameras inspect the wafer W for lapping scratches,
chipped edges and to see if the wafer is broken. The

15 system controller 88 is signalled whether the wafer is
satisfactory or defective. Again, the robot 26 loads a
new unlapped wafer into the wafer carrier 136 and removes
a fourth lapped wafer, as previously described. The dial
172 is indexed to bring the fixture 32 carrying the first

20 wafer into the second rinse station 42, which operates in
the same manner as the first rinse station 36.

After the fifth and final lapped wafer in the first
wafer carrier 136 is unloaded from the wafer carrier and
placed into a fifth one of the fixtures 32 of the

25 carousel 34, the dial 172 is indexed to bring the fixture
carrying the first wafer to the unload position 284. The
robot 26 removes the first wafer from the fixture 32 at
unload position 284 and places it in the cassette C2 in
one of the offload stations (e.g., station 44A), or if

30 the wafer is defective, places it in the reject station
46. It will be understood that the treatment of the
second and following lapped wafers on the carousel 34
will be the same as described for the first. The robot
26 then loads the fifth and final unlapped wafer into the

35 first carrier 136 and the lapping machine 20 is indexed
to bring a second of the wafer carriers into the home



20 - slide 286 permts the cassette C2 to be noved away from t he
I sol ation table 24 outside the enclosure (not shown) for renoving

| apped wafers fromthe wafer |apping system The reject station 46 is
of substantially identical 5 construction to the of fl oad station 44A
Oper ati on Havi ng descri bed the structure of the wafer system

of the present invention, its operatlonﬁ@ Il now be descri bed. The
waf er | appi ng systemis control | ed by the 10 system control | er 88. As

1 Ustialed, g idh aghe e akemegnual e Hike bistaiie Ve

various syste onmponeént s.
control | er 162tthSF§°&dsW§¢§rtSaFHée§y§?énF§oh§P6FP§ﬁ1 to tdat As an

initial set Updégereaeaavfbenthéeehﬂusen aaseiﬁcaeﬁee t heneabebcedls i1@7s 136
on the | ower plate, ne 20.,so t ach carrier

o be " i RaBEE4SR oo Uk R AYIRENERE FBLERoCASH 38 AatoRaYes been
The slide 88 oﬁnmnadaﬂ biie lapbed Wafdirsgaatiarednaded gith unlappled hol di ng
station 28A) % cked and slid outwardly 20 toits load position to

| oad t he casse e ‘of wafers W into the holding station. The wafers
Ware raised pZhei sysfesucontrofider 88sstores bhet kbicksess 68 so that

the wafers arem@égﬁﬁahﬁﬁtgohaabc%hnghgywhﬁgrrEBQEk%@s%pQ%uglng helRgd 3 1 d

back to the feed osi_tion.
p After all of the lapped wafers have been measured

10 (25 in the illustrated embodiment), the system controller
calculates the average thickness. It is to be understood
that the number of lapped wafers which are measured may
be less than the total number of wafers lapped without
departing from the scope of the present invention. The

15  lapping machine controller 162 is electronically advised
of the calculated average to re-calibrate, if necessary,
a target thickness stored in the lapping machine
controller according to the actual measured thicknesses
of the lapped wafers, so that wafers subsequently lapped

20 are maintained within a close tolerance of the actual
target thickness. The lapping machine 20 is started
after recalibration to lap the second batch of wafers.
The robot 26 continues to unload wafers from fixtures 32
at the unload position 284 on the carousel 34 until all

25 wafers from the first batch have been placed either in
the wafer offload station 44A, or in the reject station
46. The filled cassette Cl may be removed by the
technician from offload station 44A and replaced with an
empty cassette. Similarly, the empty cassettes in the

30 wafer holding stations 28A, 28B are removed as needed and
replaced with cassettes filled with wafers needing
lapping.

Referring now to Fig. 17, a wafer lapping system of
a second embodiment is shown to comprise a wafer lapping

35 machine 400 having a construction identical to the wafer

lapping machine 20 of the first embodiment, and a wafer



25 - Nozzl es 166 are activated to spray the wafer carrier 136 at
t.he honme position 164 to clean the carrier of debris. The vision
system canera 168 takes a picture of the wafer carrier 136 in its
initial home position orientation (e.g., as shown in Fig. 8A), to find
the 30 | ocation of the two dots 170A, 170B on the carrier. The

phant om representation of the canera 168 in Figs. 8A and 8B represents
the field of view of the canera in the Hdne position 164. In the

illustrated eﬂEaP§Eeﬁggs&sﬁsm iBS lncludgggtrolIggtBQOQete&ﬁlnes t he

| ocation of t 21
centers C and €Ebmpdhentsenbifokher wa8eknbandl hagr agstismo202 aret meuanited e on

which the dotsodr0f 1p698cibh BAKIBOsbE  ng DEEBLE! fhel DRcRenugbetny the

wafer carrier centers
| ocati ons wher®aghéne5400ca84 Uﬁf?Fnbén@héﬁgsﬁUﬁﬁ?meﬁpénéFﬁghpvéﬁd

respectivesdot githin éﬁoéncizaarenqnbevgnewhble sm& kengthudt ibhe ahadi us of
the circle intersect., The controller then draws

cl es ,
i ncluding the BB?gaE?Gnaﬂé ﬁaVPﬁé°€eﬁY§F§m cameﬁ? éoén&fcther§§E€€é1vely
The circle S2 bapbagmennt ¢s ilso Cdemthitadxtendheutameeat hesf b€l dhef vi ew

o Lhe SaTeL S g AR My e BEFRABRE DR pH 18Rt o e

second embodiments is that a wafer handling system 402 of

10 the second embodiment has no wafer inspection station or
carousel, and has two linear robots (designated generally
at 408 and 410, respectively) to facilitate loading and
unloading of wafers from cassettes C3.

The wafer system of the second embodiment further

15 comprises a wafer holding tank 412 sized for holding
plural (three in the illustrated embodiment) cassettes C3
filled with wafers. The tank 412 is equipped with
standard ultrasonic wafer cleaning equipment (not shown)
for cleaning the wafers as they ‘wait to be picked up for

20 lapping. A first of the linear robots 408 has an arm 414
mounted for movement longitudinally along the side of the
holding tank 412. A manipulator hand (not shown, but
substantially the same as the manipulator hand 116 on the
robot 26) is pivotally mounted on the underside of the

25 arm 414. The arm moves linearly to place the manipulator
hand adjacent to the first wafer to be picked up by the
hand. The hand grips the wafer by suction, lifts it up
out of the tank 412 and moves it to a first centering jig
416. The hand pivots to place the wafer in a horizontal

30 position and the wafer is lowered into the first
centering jig 416. The first centering jig 416 is of
identical construction to centering jig 30 of the first
embodiment.

The articulated robot 404 is substantially the same

35 as robot 26 of the first embodiment. However at its free

end, there are three fingers (not shown) which remgin in



center C of LHC ea.ricr 13 . Now knowi ng the center C of the

waf er carrier nd 1:he circle Sl centered at the center of the
carrier, lagg8  neasures t he angl es betmeen t he gots _
170A, 17OB begi dot and novi ng if—a etock I rection.
Starting at dgt ng in a cl OcKISSEHERT A iBgv‘E\ﬁ around cent er
Cto dot 170B, the 20 angle measur ed | d pe 21®EBLAGED Starting at dot

170B and noving in a clockw se direction around center C to dot

170A, the anglg GESEHESQ WEHEHQQEEéﬂ[erELFrIQE %Eg %opﬁg fﬂﬂ[BFFrSangle

pre-programred to_desi t 170
i s neasur ed asuPhEhﬁoWQ?GF gut. ok thﬁefEISZSCenterdnswolgré&ﬁthadcenter

and through | ogaheesdet 14€B. 2 flrsfh%th&ﬁb Q@gngngagggcgg%ggegf45bn§nL1
is the "first” t her ogenln S are_nunbered accordi ng

0
to their cIockﬁ?gehPﬁgaPPégtFPBHPPhégP wetegpdarRdngsmachine 4pgundByhe
center C o thehvafelimear ther £136t Thae3e robaﬁt40b|ﬁés881ﬂEEH Opekakq ! o

26,1 th openlng to
Phe fiten o hoselbla' Uter 1pifhEL 1REE] ELpER nuaTLsi ALbhe

order. artlﬂelabbdtr@bOts4cpepackd tp nbeesebenaoandneebsaﬁuent
suction cup 1324¢opst RRcRNEhEf fi?@t”&@h?ﬂt?h&rjy.'&ngls untih "89] d3fer

ented in their, second position
(ori carriers 420phave been fllled The lapping machine 400

10 is then activated to lap the wafers down to a
predetermined thickness in the manner previously
described.

At the conclusion of lapping, the lapping machine
400 indexes the first wafer carrier 420 to the home

15 position. The first wafer carrier and the top faces of
the wafers therein are rinsed off by nozzles 422, as in
the first embodiment. The vision system camera 406
determines the location of the first opening 418 in the
carrier as before. The robot 404 picks the first wafer

20 out of the wafer carrier 420 and carries it to a second
centering jig 424. Nozzles (not shown) on the underside
of the jig rinse the face of the wafer not previously’
rinsed off by nozzles 422. A drip pan 425 is located
under the centering jigs 416, 424. Except for the

25 nozzles, the second centering jig 424 is of identical
conetruction to the first centering jig 416. The robot
420 may then transfer the wafer to a wafer thickness
gauging station 422. The station uses an LVDT device to
measure the thickness exactly as in wafer thickness

30 gauging station 38 of the first embodiment. However in
the second embodiment, the probe and reference balls (not
shown) are oriented in vertically spaced relation. The
robot places the wafer horizontally in the wafer
thickness gauging station 422 for measurement.

35 To maximize throughput, fewer than all of the wafers
are measured for thickness. In the second embodiment,



22 - i nto engagenent with the innernost wafer Win the wafer

hol ding station 28A. Vacuum pressure is applied through the cup 132A
to grip the wafer W The robot linear/rotary actuator 112 is activated
to fraise the 5 wafer straight up and out of the cassette Cl, and the
robot 26 noves the wafer clear of the holding station 28A. The rotary
actuator 124 of the manipul ator hand 11 IS operated to pivot the hand
down to its first position for holdi'hg the wafer Win a horizontal

position (Fig. 0y rhb. 1a£%ew%EQ911%5e€9£¢%a?92egﬁabpuE%wﬁkaQﬁQleﬁé ove;

‘to a p05|t|on In which a center point
al i gned with thBaEeReasUFinghEagehecdPng whdlgothe 1aPPﬁ§9Imﬁ§§#ﬂﬁoﬁ§ﬂy

actuator 112 tEQnlﬁﬂé&inbhﬁhwahﬁ&twhafer dawh ikl @oCeRkehond pbeigdow th
t he waf er enga

i ng 8 on 144 corresponding to
the o ze of 0 EoRtHBIRRALRS 11 dhee G en BERORRE DL hheE ARt HRESEALRS
rel eased aBd thheweberies 420p whiiet a@bebstabﬁdt he shepssecond bé&tleﬁl'lglge
centering ji a C r enterin [ S
activateg {ognigg ;22 EEB% %E% ;%%%gpg FﬁéPF 8p n 8@ ? 3Rt gsjsﬁomn in
Figs. 6 and 7)C§§Settestﬁé emogewaﬁsglDﬁ@ﬂ09d0h0§ﬁowg)tankwhﬁéh t Bkej aws
engage eaBQcBhaeﬂlnLQrIQ%b%%tﬁﬂb taﬁﬁchhgs“@ke% coRkerudeyonut of

alignment with the center the genteérin shoul ders 150

on the jaws 1484 ﬁﬁéﬁglﬁﬂéyw&ﬂéPt&ﬁé nﬁ?e%§§ %lFﬁts&B§F§ﬁtFQPP§ 2880
alignment1o0 has an abk®& ﬂQbOWhZ&hIplbksaﬁblthhedaﬁérfi&@h ghegBeaon@nt er

PPa"30 and (heReRBeRoVE oid dads PooRlsgse 1t TR A eRleprad:pES S8 doun

i nt o engagenenthueehwialierwateseted Cii nnt hkecelfifdoiadghpldingStankoa 2ies

e, ' P T, rolPaght sl SEC b g gy
and plcks up an unlapped wafer and places it in the wafer

15 carrier opening 418 vacated by the first wafer. A second
lapped wafer from the first wafer carrier 420 is picked
up and transferred by the robot 404 to the second
centering jig (which has been previously emptied of the
first wafer by the second linear robot 410). The second

20 wafer is sprayed and placed by the second linear robot
410 in the cassette C4 in a slot (not shown) next to the
first wafer. The process proceeds as described until all
lapped wafers have been removed and the wafer lapping
machine 400 is reloaded with unlapped wafers.

25 The last lapped wafer unloaded from each wafer
carrier 420 is taken by the robot 404 from the second
centering jig 424 to the wafer thickness measuring
station 428 after the last wafer is rinsed off. The
robot 404 then retrieves the measured wafer and returns

30 it to the second centering jig 424 where the second
linear robot 410 can grasp the wafer and place it in one
of the cassettes C4. An average of the thickness
measurements from the thickness gauging station 428 is
used to immediately recalibrate the lapping machine 400

35 before the second batch of wafers is lapped.



substantially aligned with the center point E of the mani pul at or hand
116. The robot 26 nobves over to a first 35 of the openings 160" in the

waf er carrier 136 at the hone position 164 The first opening 160" is
determ ned by ' - 23 t he
orientation of the dots 170A, 170B detected by the . canera 168, as
descri bed above. The linear/rotary actuator 112 noves the mani pul at or
hand 116 down so t hat the wafer Wpa&ses into the opening 160", or if

there is 5 some error in allgnnent at |l east_partially enga%es t he
top of the wafer cafPi ¥ie¥38fntRe gBoVRe dpeWihy. be seen tha

preferred enmbogdewaphl bbgeeteabﬁnﬁﬁebﬂhweﬁﬂlon aréhachabeedaaadoghker
carrier openigga 16% is _about 1%0 4 . éhousandths of an inch to

m ni ni ze any nBYSABRBIEPUPhECEY CRaPEFR 1 BPHel ative to the carriers 136
during lapping. |nAs varidase thengetecouddnbe wmadéi ahl yheeaboved in the

openi ng 1§8nst§g8t58ﬁgtw%@hbﬁ@nd8§§£E£ﬁ§ ?o@utﬁglgcgbgdo% gh
openi ng. The downward novenment conti nu ha 30 bea
agai nst the waiBVeprins. t At ignéntsadedokbat3anll Eat§¢rtﬁ@ntaﬁg@dslare

pushed into th@h@UéBbvéeaEbeﬂip&§Q§ or showARPhesRENdcEBRpaRyings- The
conpr essed sprln s, ur ﬁgﬁi} be out er secélons 130B axially oufward with a.
t h

greater force 9 “”'38 cipEexgrate Z@béé}uﬁﬁﬁﬁﬁéf’et RBANEPEr inThe

a limiting sense.



vacuﬁn1pressure In the cups 132A-132C is rel eased, and 20 the fingers 130
are held against the wafer Wonly by the bi asing force of the springs.

The system control |l er 88 operates the robot 26 § that the center
poi ht E of the manipul ator hand 116 orbitgsgBBGF_EfVE?TTEETTaXis in
progressively larger 25 circles. The frictio ' . t he
fingers 130 with the wafer Wis enough to mumm‘mmn@# h-the
- fingers in the circles so long as the wdfer remai’ns® L wutsiae the wafer
carrier opening 160'. However when the waf er Wnoves into registration
with the openiﬁ%élﬁéﬁrgkélﬁﬁg—lﬁalIs into the opening and engages the sides
- of the openi nglt.heAﬁb}ﬁuﬁbﬁi&EEE!ﬁélférlr1£@§iﬁ%V§ﬁ§ﬂémV\bbﬁpi‘ﬂ§ing:
fingers 130. In the pre%errgd ﬁnbodlgegtb tPe rﬁﬂf%.ZG noxeﬁ th
mani pul at or hand 118 WALEFolRElAiPEsStahicn tor thgetPLuraly Xn@ger and
the second 4 nwafesst eosbenlappeddi aneter. However, it is to be understood

| that the contrgl 8 . e rs jn.a
24 greater or8|§§§8§ %%ﬁgégsoﬁgggégggggc;ﬁdg¥¥cPégggrgﬁg ioglgffferent
di anet er s, 5 andla#pppagt pRatest had mhihiplecvafer carwiensulodapedting from

the scope of t8L8+BYEY! bANthe lower lapping plate, the wafer carriers
each having multiple openings therethrough for receiving
wafers and holding the wafers in a position between the
upper and lower lapping machine plates to constrain the
10 wafers to move conjointly with the wafer carrier, the
wafer lapping machine being constructed for relative
motion between the wafer carrier and the upper and lower
plates thereby to remove material from the wafers to
achieve a predetermined wafer thickness, the upper
15 lapping plate being movable between a position over the
lower lapping plate and a position spaced away from the
lower lapping plate to expose the wafer carriers for
loading and unloading wafers;
a wafer transport mechanism disposed in proximity to
20 - the wafer holding station and to the wafer lapping
machine, the wafer transport mechanism being constructed
for lifting wafers in the holding station one at a time
and one after another out of the holding station,
transporting the wafers one at a time and one after
25 another from the holding station to the wafer lapping
machine and placing the wafers one at a time and one
after another in respective ones of the openings in the
wafer carriers on the lower lapping plate thereby to load
the wafer carriers with wafers for lapping, and for
30 unloading the wafers from the lapping machine one at a
time and one after another after lapping.



The- robot 26 moves the mani pul ator hand 116 back to 5 the wafer hol ding
station 28A and the foregoing steps are repea ntil all openings
160 in the wafer carrier 136 are filled. The wafer carrier opening 160

filled after the first opening 160" is the nextlmmn" ckwi se
direction (as seen fromthe vantage of the canera i nl nﬂmﬂuﬂ]ﬁ 'Tomthe
first opening. The systemcontroller 88 t hen signdl st he lapptng

machine 20 to rotate the carriers B3 to bring the next carrier to the

hone position 164. The | oading process is repeated exactly as set
forth above for the2secd8nwaderr lepprifg. systemabk ektlForthhénceilaier 3 136

are full of “afﬁfﬁhekh@oﬁ¥§ﬁgﬁh a WQQQE gghgﬁrgﬁg ggaakﬁfeg§§éﬁgghgﬂ

machine 20 to start smnngg from
its posi t FBR YAERK rﬁlatgveltpotaepwgﬁeroﬁr@néporﬁemeshgnlsm sopl at e

154 and is | owengd GﬁéﬂwbEbQ QggaggﬁsadeEbb EEeegelowaEﬁran@/ofTEﬁe'nner
pin ring ( ot shomnggand t tes 152, 154 hegin

turning to renBQ% S ﬁgtEEFaBgEFEWFBSFHegﬁdegﬁGfaﬁﬁérw&F€F§r&ﬁ9|Dlghe
desired thompnesingagaweaspaeddb;ubBEahamaumg sgoiidietaant Febher

162, i hi e +C8Rv Iu or her 25 sui.tab agent
S apLFiZg {0V§%Ch t %g Sgkgggﬁe sfdds gﬁcgeﬁgFgrli tP8n8§gV gﬁ&
unifornmity. Jaws belmgempprﬂﬂgbﬂﬁwheneaaoopperRDestnonbnnnghubh thest
wafer carrier }é@sbaﬁé geaEEa BB&%tpeé'Eé@@1%@4thésw%?%r bethBHeE?Ehate

152 is lifted poved back to th osition shown in
expose t he? Iom%g p?aFéoﬁgﬁ positing EﬁeWR&F r shgniane Péﬁe?lﬁﬁgﬁe t he

nozzl es 166 areogethefeﬁﬁérébyedot flovkeBRet bén‘ﬂ@i:ebfcﬁhél géfé§6ténd the
waf ers osi tl e ca e vision
syst em agai n t%ﬁ%§r3?g§cgﬁﬁgcﬁ etWétRaFE? 85 ?Er %3§R§t3§§' tgﬁewﬁgﬁﬁ
position 164 (ergngpastshmenhannshi beifi§) opatable tdepdanienthel wafamgthar
erentatlon, aPle N$0G€2hBCto retrieve the wafer from the jig after

15 centering. '

3. A wafer lapping system as set forth in claim 2
wherein the wafer transport mechanism comprises a first
robot including a gripper device at its distal end for
releasably gripping one of the wafers at a time, a second

5 robot adapted to releasably grip one wafer at a time for
transporting the wafer from the holding station to the
centering jig, the first robot being operable to pick up
the wafer from the centering jig and load it in one of
the openings in one of the wafer carriers on the lapping

10 machine, another centering jig and an offload station,
the first robot being capable of unloading a lapped wafer
from the lapping machine and transporting the lapped
wafer to said other centering jig, and wherein the
transport mechanism further comprises a third robot for

15 picking up the lapped wafer from said other centering jig
and placing the wafer in the offload station.



25 - location of the first opening 160" in the sanme way as

described above. The circles S1 and S2 used to center C
of the wafer carrier 136 have not been shown clarity of
illustration. The robot 26 is 5 activated by.t ﬂl‘lﬁ/ﬂl’é‘“ﬁ@!‘mll er 88 to
nove over the openi ng 160" containing the f| onto the
first carrier 136. The linear/rotary actuator 112 noves t he mani pul at or
hand 116 down so that the suction cups 35 132A-132C and the end of the
fingers 130 engage the 10 wafer. The downward movenent continues until .
t he outer sect #onsAlgaBeof leppihgngystem3gsasetcSoptbsdndcabam 2[ err ]
1 nch against t r / u r noves t he
mani pul at or haﬁg ?§%§ COEF%Wklﬂ = SB%S?ﬁlﬁﬁE @%9 c%é%ra%}ﬁnbhﬁﬁe
linear/rotary BERDEPOY 1TEC§?§65FMA§P§ aswafgE Raxyies gEAenFakierk the

surface tensi aneéctbe for dé@.@&'t&h@gthleubﬁ:ie%b.ﬁﬁohe@is the @difere the
wafer to th 26 transfers th

wafer Wto theC?FffﬁFea§2a * b P°Fﬁ§18§r8858£esﬂa%ﬁrtHSPP&E€|W@c &?@tlon
176. During 20andt papsidihg theigabdr yoatheatontidd lpirvdndichadeiveni pul at or

hand 116 UP £ 0chL3<8RCORoPARl b130. b3l BEAtLETels to detiShlne che

vertically. Thé 'Tinear/rotary actuat mani p
116 down to s|pgeen§§tw@pepftﬁﬁ@@gWafer carrler in the home position

when the wafer carrier is loaded and to determine the

10 orientation of each wafer carrier in the home position -
when unloading after lapping so that the identity of each
wafer is maintained after lapping.

5. A wafer lapping system as set forth in claim 4
wherein the controller is configured to operate the
transport mechanism for moving the wafer about a vertical
axis in circles of progressively increasing diameter for

5 bringing the wafer into registration with a respeétive
one of the openings in the wafer carrier.

6. A wafer lapping system as set forth in claim 1
further comprising a. wafer thickness gauging device
separate from the wafer lapping machine, the transport
mechanism being operable to transport wafers from the

5 lapping machine to the thickness gauging device following
lapping, the thickness gauging device measuring the
thickness of lapped wafers and signalling the wafer
lapping machine to correct any deviations of a target
thickness stored by the lapping machine and an actual

10 target thickness of lapped wafers according to the
measurements of the wafer thickness gauging device.



the-slots 194 on the outer uprights 186 and into the 25 fixture 32. As
soon as the robot 26 rel eases the wafer W and noves away, the dial 172

is indexed to bring the fixture 32 into the [{gufuwiimiil j on 36 for

cl eani ng the wafer. The door 216 on the fi rs{g!ﬂmmug!mm“nmt% i's

initially open to permit the wafer Wand fixture J0) npass Yinto the

first rinse station. After the dial 17%4;; , stopped with the fixture
cylfi'nder

32 in the rinse station 36, the 220 on the rinse station is

operated to close h QQ%r . , OL_LS e [knsin
liquidis deligéreé'ﬁg_t.eléég%ng%gﬁggﬁoggs%?gyFégggngg.F%§i§52
opposi ng facesfurther eempriwingawafiey daspectihen apparatusrdbgpogednoves

back to the wakgi bakdiR9nyt ALpPRAZHAFERPE from the wafer lagping
26 pi cki ng a new,_ (gntapped wafer Wfromthe cassette Cl The

up, ] )
wafer is anedeSRﬂﬁé eBft drSR§tigg3bhenataEs for gedeelspyat Wetesbot 26
in the opepi ngoffitbadasthaedohy fote receivahgr wh€etg hawsfg hd HBEebtist
rinse station 36, ed, t arrier

5 . E Eg%.secgnd Iag waf er .in Be waf er. %
136 at t hePfoReTSdSCEi Sr2Fd®Dy Lok KREGIVANEy WRAETPoBEY 1Y ARTERLS.
same manner a;thbecbhtrblﬂamp@@imgfeonﬁdgurednSbereediVe a sighhé Erwture
32 now occupyi pet 8 FEECEERRRTh ABphf4t8B and operating the

transport mechanism to place each wafer in one of the

10 wafer holding station and reject station according to the

' signal received, the transport mechanism comprising a
robot positioned for loading wafers from the centering
jig into the wafer carriers on the lapping machine and
unloading lapped wafers from the lapping méchine, the

15 system further comprising a carousel including a dial and
a wafer fixture mounted on the dial for receiving and
holding the wafer, the dial being mounted for rotation
about an axis to move the wafer through the wafer
thickness gauging device and the wafer inspection

20 apparatus and back to a location where the wafer can be
picked up by the robot.

8. A wafer lapping system comprising:

a wafer lapping machine including upper and lower lapping
plates and multiple wafer carriers located generally on
the lower lapping plate, the wafer carriers each having

5 multiple openings therethrough for receiving wafers and
holding the wafers in a position between the upper and
lower lapping machine plates to constrain the wafers to
move conjointly with the wafer carrier, the wafer lapping
machine being constructed for relative motion between the

10 wafer carrier and the upper and lower plates thereby to
remove material from the wafers to achieve a target wafer
thickness, the lapping machine including a controller
for stopping the lapping action of the lapping machine
when the target thickness of the wafers has been reached,



t he- carousel 34. Rinsing of .the first wafer in the first 10 rinse station

36 is conpleted and the cylinders 220 are ad‘Tvared—%e-epenLng_Ihe
doors 216 (only one door and cyl i nder being s he flrst rinse
station. The dial 172 is indexed to bring the %’ﬂﬁ[ﬂ” fer into
the first rinse station 36, while the first |apped wa i'nto
the wafer thickness gauging station 38. Prior to the entry o t he

first wafer into the station, the Brobe trolley 252 and reference

trolley 266 nmay be brought to et so t hat th coni cal stop, 256 is
r ecei ved 15 RiRoe B PG RLEE D 01155 TGRS THSTRER 1 BB TP 20

between the refwientite bbbwer 2Yppimg tpkate parnd atf’pbsp.ttﬂb@l spacé&B?awaT}he tip
of the probe C|2¢_S_‘2°uilstext nded

nt o, t f_the balls 270
and a ref eren 8 LNEY | Sning 1ALE RS FFfodd i s S 50
and ref erence fiowlleadEs and whioadinedvatep®siti ons 25 spaced far apart
to permt the waferg h%g} ess
gaugi ng station 38. %éf)ei)aéﬁl?ﬁgge@%?%ﬂl% (frjg(r)se%ereér{l\?:éeeft ré‘Fltg}iﬁIQZGG
move tog@bher wafer Japping mahehmﬁe t‘sltiep tekress AW S debigebeing

received int m&ﬁédrﬁ@§8§e832vpﬁgtda§féﬁé eF PR e 18d wif&r | Bap rTc_ipe tip
of the probe 262 .is ex ed |ntg %g$genen1 W t.h th1P1Je fer The

di fference beMRIH1% of OW{"P%V FPRING h FPIH R R g e‘?r%e bal |
270 and tleppbdtwaters | avké| ehitknengageud g vddet cédVbasinde

hickness of ‘DEdBlsk J0ey PLODE-LLONLEVea o ANLR2 wafEl oLB00RAT 0! &Y

266 t hen nove @apar 0 exi 38 and
t he secorb wamchm@m:@mtroller for signalling the wafer lapping

machine controller to correct any deviations of the

target thickness stored in the lapping machine controller
and an actual target thickness of lapped wafers according
to the measurement of the wafer thickness gauging device.

9. A wafer lapping system as set forth in claim 8
wherein the wafer thickness gauging device is configured
to average deviations from the actual target thickness
and to signal the wafer lapping machine controller for

5 recalibrating the target thickness gauging of the wafer
lapping machine controller.

10. A wafer lapping system, comprising:
~ a wafer holding station for holding a plurality of
wafers to be lapped;
a wafer lapping machine including upper and lower
5 lapping plates and multiple wafer carriers located
generally on the lower lapping plate, the wafer carriers
each having multiple openings therethrough for receiving
wafers and holding the wafers in a position between the
upper and lower lapping machine plates to constrain the
10 wafers to move conjointly with the wafer carrier, the
wafer lapping machine being constructed for relative
motion between the wafer carrier and the upper and lower
plates thereby to remove material from the wafers to



27 - The wafer thickness gauging station 38 does not operate to

establish a zero thickness again until at |east after ‘the | ast Iapped
waf er fromthe | appi ng machi ne 20 has passed‘TﬁFﬁU@ﬁ’Fhe_EtéfTeh :

The robot 26 | oads anot her unl apped wafer into the vacated
by the second wafer, and renoves a third Iap'pe E“ﬁ“‘gﬂﬂﬁmwafer
carrier 136 and pl aces It on another of the careusel #ixX ufes*32 in

t he receive position 174 while the%ﬁlrst and second | apped wafers are

10 neasured and, rinsed res ctli The nex e i 21is
i ndexed, the frTRECYEs g thf %gbu‘”é‘gﬁﬁ thickREsET bnt' Bk 12p E‘gi Braté
stati on 405betheingt nevebier betf@dén a posIneonaqveasthnséewertﬂepméhet W

for |apping scpphebesng o o%ﬁhﬁeﬁdggggga Qﬂgglﬁréﬁethg ﬁB@eﬁa&mgPhig

broken. The 15 systentco trol 'S sign whet her

satisfactory oPlabeetpi ¢EPOAgathe WRESKoBBYI26TFofAY dcadingnapdun| apped
wafer into theuﬂgagalﬁgrwggérg36 and renoves a fourth | apped wafer, as
previously describ i,ng _the, flxture 32

ndexe
carrying the first QowagﬁFeFrPHF8°Fﬁem§8g8ﬂasW|ﬁ%@p?? i 6 BIOXGALEY t
operates 20 thet wafeanholdinegr sgattiba &nhdstor theewafeti drpPang

After the Tifth aﬁﬂng'n he'%B%%Q @@Bﬁépbgttmgcﬁhéigm be1 f?%ﬁ%@&@ d;36

i s unl oaded frO&Y carrier nt o one o
fixtures 32 offonelistlngawaﬁseb et pﬁethaah01¢2ngsstﬁ&eﬂed to bring the

fixture Cé&éﬁﬁgsft.htﬁ f tt@t wiREeE teothhenheeelags Isttlae&o%Sto E'h%

robot 26 renoves t 1 rst wafer fromthe_fixture 32 . unl oad
position 284 aNafpradapping machdng,ase: pdagingnthe wafers in

25 respective ones of the openings in the wafer carriers on
the lower lapping plate thereby to load the wafer
carriers with wafers for lapping, and further constructed
for unloading the wafers from the lapping machine after
lapping; |

30 a controller for controlling the wafer transport
mechanism;

a wafer carrier orientation detector for detecting
the orientation of the wafer carrier about a vertical
axis passing through the center of the wafer carrier at a

35 home position on the wafer lapping machine and providing
a signal to the controller indicative thereof, the
controller being configured to identify the location of
each individual opening in the wafer carrier when the
wafer carrier is loaded and to identify the location of

40 each individual opening in the wafer carrier when
unloading after lapping so that the identity of each
wafer is maintained after lapping;

the wafer carrier orientation detector comprising a
camera mounted for viewing the wafer carrier in the home

45 position on the wafer lapping machine, each wafer carrier
having markings thereon viewed by the camera, the
detected orientation of the markings being determinative
of the orientation of the wafer carrier.



one: of the offload stations (e.g., station 44A), or if 30 the wafer is
defective, places it in the reject station 46. It wll be understood
that the treatnment of the - second and follow ng | apped wafers on the
carousel 34 will be the sanme as described for the first. The robot

26 then loads the fifth and final unlapped wafer into the 35 first
carrier 136 and the | appi ng nmachi ne 20 i@ i ndexed to bring a second of
the wafer carriers into the home 28

position 164. The unloadlqﬁnﬁﬁﬂ ;@ﬁiﬂy t he second
wafer carrier 136 is identica ﬁﬁ&hﬁgﬂ%'escrl 5h%%r the first wafer

carrier. The process is carrled out until all of the wafer carriers 136

have been 5 ugheadsdiobs! apReH:vWRigEs-and rel oaded with unl apped
waf ers. The systemcqQniroller 88 stores the thlckness

neasur ements nade aPntﬁBtRHFEF WpERKed@PRing; AYSLER fBFludingga xpbet g
of the | apped. wAiehslbade hacaresegzumed &assetEE intbha whifest cakeder

enbodinent% t he sy gen&contgth%r Icugates t he aver e thlc%ﬁ?
is to beu dergFoa PPLEH,AERE ﬁuﬁBSr pPed* s &P'§ Sﬁ e 5§ured
may be | esThehmabbheisotapablebof délmméeusgl&pppddwwaﬁems to a

departing fromher3eaReghgtiG BEGTEA! £bPVRABLEARing "Bhe wafer

thickness and recalibrating the lapping machine between
each run. Openings in the wafer carriers for receiving

10 wafers are sized closely to the wafer for minimal
relative motion between the wafer and carrier. A
centering jig and search program for the robot facilitate
fast location of the wafers in the openings. The lapping
system also inspects wafers for defects and sorts them

15 accordingly after lapping.
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iapping machi ne controller
cal cul ated average to re-calibrate,
stored in the | appi ng machi ne

nmeasur ed t hi cknesses

| apped 20 are maintained within a close tol erance of the actual
The | apping machine 20 is started

t hi ckness.

t he second batch of wafers.

of the | apped wafer

162 is electronically advised
I f necessary,

S,

after

of the

a target thickness
controller according to the actual
so that wafers subsequently

t ar get

recalibration to |l ap
The robot 26 continues to unload wafers

fromfixtures 32 at the unload position 284 on the carousel 34 until
all 25 wafers fromthe first batch haldlBeen placed either in t he
waf er offload station 44A, or in the reject station 46. The filled

cassette Cl1 nay be renoved by the

and replaced wt
the 30 wafer ho
replaced with ca
Referring now to
is shown to conp
I dentical to the
a waf er

ZOW

techn|C|an fromoffload stati on 44A

f—ai— . —the—eIpty cassettes in
N ng stations 28A, 28B arg=femoved as nepded and
5 4Bt Fe6—f-H-etwi-ti—pat erS—Reed-Ag Happihg.
FT 17, waf er i ng system of al sétond enbodi nent
[isgq a er .l apping 3 machi ne 400 haV|~¢/a construction
wafler | applg=fachi of the firs nbodlnent and
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handl i ng system 402 i ncluding a robot 404. The conponents of the wafer
handl i ng system 402 are nounted on an isolation table 405. As before,

t he wafer | apping machi ne 400 and wafer handling system 402 are housed
5 within an encl osure (not shown). The construction and operation of a
vi sion system canera 406 of the second enbodi nent is also identical to
the canera 168 of the first. The primary distinction between the first
and second enbodi nents is that a wafer handling system 402 of 10 the
second enbodi nent has no wafer inspection station or carousel, and has
two |linear robots (designated generally2/12 at 408 and 410, respectively)
to facilitate | oading and unl oadi ng of wafers from cassettes C3.

The wafer system of the second enbodi nent further 15 conprises a wafer
hol di ng tank 412 sized for hol ding plural (three in the illustrated
enbodi nent) cassettes C3 filled wth wafers. The tank 412 is equi pped
wth standard ul traspni c_wafer cleaning equi pment (not shown) for
cl eaning the wafers as théy wait to be picked up for 20 lapping. A first
of the linear robots 408 has an arm 414 nmount ed for novenent

| ongi tudinally along t#e side of the hol di ng tank 412. A mani pul at or
hand (not shown, but substantially the sane as the mani pul ator hand 116

on the .robot 26) pivotally nountgg:aaﬁEg aEgermde iﬁéSﬂh.ZS arm
414. The arm noves early to place t hand.adj acent to
the first wafer to bHisgi cked up by the hand. The hand gripg the wafer
by suction, lifts it out of the tank 412 and noves it Ao a first
centering jig 419 The hand pivots to plaeg the wafer gh a horizontal
30 position and thefiifer is |owered a’ﬂhe irst centering jig 416.
The first centeridﬂllﬂ; 416 1s of ntical construction to centering
jig 30 of the first) enbodi nent . T-_ The articul ated roba;<604 IS
substantially the {shim {O
Y- AL ——
s 128 /7 1 .
724' l\{\,[ "IZA 16 W “m
—
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35. as robot 26 of the first enbodinent. However at its free end,
there are three fingers (not shown) which remain in

30 a vertical orientation. The articul ated robot 404 picks up
the wafer out of the first centering jig 416 and places it into a
first opening 418 in a wafer carrier 420 in t he home position on the
waf er | appi ng machi ne 400. By 5 this time, the first linear robot 408
has al ready pl aced a second wafer in the first centering jig 416. The
articul ated robot 404 picks up the sec%gg and subsequent waf ers from
the first centering jig 416 until all r carriers 420 have been

filled. The | appi ng nmachi ne 400 10 is then activated to lap the wafers
down to a predet erm ned thickness in the manner previously

descri bed. At the conclusion of |apping, the |apping nmachine
400 indexes the first wafer carrier 420 to the home 15 position. The first -
wafer carrier and the top faces of the wafers therein are rinsed off
by nozzles 422, as in the first enbodi nent. The vision system canera
406 - determnes the location of the first opening 418 in the

carrier as before. The robot 404 picks the first wafer 20 out of the
wafer carrier 420 and carries it to a second

Z8A

14

g




centering jig 424. Nozzles (not shown)
rinse the face of the wafer
A drip pan 425 is | ocated
for the 25 nozzl es,
construction to the first centering ji
transfer the wafer to a wafer thicknes
station uses an LVDT device to
waf er thickness 30
in t he second enbodi nent,
shown) are oriented in vertically spac
the wafer horizontally in the wafer
measurenent. 35 To
are neasured for thickness
31 only the last wafer in eg
measuri ng can be done while _the |z
next wafer carrier to the hone po{

under t

_de
\C
Lp Pl
it

not previously

the second centering jig 424 is of

on the underside of the jig
rinsed off by nozzles 422.
he centering jigs 416, 424. Except
i denti cal

420 may t hen

gaugi ng station 428. The

g 416. The robot
s

nmeasure the thickness exactly as in
gauging station 38 of the first enbodi nent.
the pro

However

ggland reference balls (not
Telation. The r obot pl aces
thickness gaugi ng station 428 for

oughput m&f: al4 of the wafers

ond enbodl KQﬁQ, ZL

arrier 420 is measured so t hat

g machi ne 400 i s indexing-the
{O&f orlQﬂaI oadi ng. Thus, wafers

e

prior to the last wafer in 5 the
second centering jig 424 fromthe'
(\L

\

h@ke pl acedZica.t he
ne are Ioadef’/)to




cassettes C4 in a wafer offload hol ding tank 426. The second | i near
roobot 410, which is of a construction substantially identical to the
first linear robot 408, 10 has an arm 427 which picks up the wafer from
centering jig 424 and places it in a selected one of
three wafer cassettes C4 in the offload holding tank 426. The
robot 404 returns to the first centering jig 416 and picks up an

unl apped wafer and places it in the
by the first wafer. A
carrier 420 is picked

t he” second

first wafer by th
sprayed and pl
In a slot (ngffgﬁ

descri bed until

| appi ng machigne
| ast | apped waf er g&n
robot 404 fromt heds

al
4

nmeasuri ng sta
robot 404 then ret
second centering

t he wafer and pl
t hi ckness

used to i mmedi
second batch of

I
asur er

4
ELY

second

wafer 15 carrier opening 418 vacated

| app2dlafer fromthe first wafer

up and transferred by the robot 404 to the
second centering jig (which has been previously enptied of the

| ed
0 |
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C ndCéLnearbﬁpgo 4102 OThe second 20 wafer is
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next to_tfie

ot 24_\A/afer. The process proceeds as
e

ha been renpved and t he wafer
3 h unl apped wafers. 25 The

er carrier 420 is taken by the
"_E§24 to the wafer thickness

pst r,is rinsed off. The

pva e r rns-304 it to the
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32.° In view of the above, it will be seen that the severa

objects of the invention are achieved and other advant ageous results

at t ai ned. As various changes could be nade in the above 5
constructions wthout departing fromthe.scope of the invention, it is
i ntended that all matter contained in t he above description-or shown in
t he acconpanyi ng drawi ngs shall be interpreted as illustrative and not
in a limting sense. : 33

VWHAT IS CLAI MED | S: 1. An autonmated wafer |apping system

conpri si ng: a wafer holding station for holding a plurality of
wafers to be | apped; a waf er %qg@ing machi ne i ncl udi ng upper and

lower 5 lapping plates and nultiple wafer carriers |ocated

(86




generally on the lower |apping plate, the wafer carriers each havi ng
~mul ti ple openings therethrough for receiving waf ers and hol ding the -
wafers in a position between the upper and | ower | appi ng machi ne pl ates
to tonstrain the 10 wafers to nove conjointly with the wafer carrier, the
waf er | apping machi ne being constructed for relative noti on between the
waf er carrier and the upper and | ower pl ates thereby to renove nateri al
fromthe wafers to achi eve a predeterm ned wafer thickness, the upper
15 | apping plate being novabl e between 73 position over the | ower

| apping plate and a position spaced amay %ron1the | ower | apping plate
to expose the wafer carriers for | oadi ng and unl oadi ng waf ers;

a wafer transport mechani sm disposed in proximty to 20 the wafer hol ding
station and to the wafer | apping machi ne, the wafer transport nechani sm
bei ng constructed for lifting wafers in the holding station one at a
tinme and one after another out of the holding station, transporting
the wafers one at a tinme and one after 25 another fromthe holding station
to the wafer |apping machi ne and placing the wafers one at a tine and.
one after another in respective ones of the openings in the waf er
carriers on the I ower |apping plate thereby to.l oad the wafer carriers
with wafers for lapping, and for 30 unloading the wafers fromthe | apping
machi ne one at a time and one after acither after | apping.

36
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34 - 2. A wafer |apping systemas set forth in claim1l

further conprising a wafer centering jig for positioning t he wafer
relative to the wafer transport mechani sm so that the wafer is

di sposed for reception in one of the 5 openings of the wafer carriers, the
waf er centering jig conprising jaws spaced substantially equidistant
from each other on opposite sides of a center of the jig, the

j aws bei ng novabl e bet ween an open position in which the jaws are
spaced apart to receive the wafer betvve&zlghem 10 and a cl osed position
in which the jaws are cl oser toget nér "thereby to nove the center of
the wafer to . generally coincide with the center of the jig, the wafer
transport nechani sm being operable to place the wafer in the jig and
to retrieve the wafer fromthe jig after 15 gentering. 3. A
waf er | appi ng syst s set foryh (p claim2 wher eitd t he waf er
transport nechani smri@es agd i it Q ifig. a gri pper device
at its distal end for v el eaSaliy r e waf ersgat a-tine,
a second 5 robot adapted el dasapl at a tinmegfor
transporting the wafer fromth cent gr iF
the first robot bei ng\bopgrabl g} { oA ) - er fromthe
jig and load it in on¥,-f t :

the | apping 10 machi Rk, E%H DY

the first robot being caj

| appi ng machi ne and trangportilhg
centering jig, and wherejln_.th

fer Nfro
to sai otffhér
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transport nechanismfurther conprises a third robot for 15 picking up the
| apped wafer fromsaid other centering jig and placing the wafer in the
of fl oad station. . 35 4.
A wafer | apping systemas set forth in claim?2 further conprising a
controller for controlling the transport nechanism and a wafer
carrier orientation detector for detecting the orientation of the
waf er 5 carrier at a home position on the wafer |apping machine and
providing a signal to the controll.er indicative t hereof, the controller
bei ng configured to determ ne the oP¥&At ati on of each wafer carrier in
the honme position when the wafer carrier is |l oaded and to determ ne the
10 orientation of each wafer carrier in the home position when
unl oadi ng after |apping so that the identity of each waf er is
mai nt ai ned after | apping. _ 5. A wafer |apping systemas set
forth in claim4 - wher¢in thhe controller is configured to operate the
transport nechani smAQr mpvijng ﬂﬁe waf er about a verti cal axis in-
circles of progresaﬁﬁe | ncjrzz %Eng(yianeter for ‘5 bringing the wafer
into registration d’h eslpe t\_vegg
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ong  of the openings in the wafer carrier. 6. A wafer |apping
systemas set forth in claiml further conprising a wafer thickness
‘gaugi ng devi ce separate fromthe wafer |apping nachine, the transport
mechani sm bei ng operable to transport wafers fromthe 5 | appi ng machi ne
to the thickness gaugi ng device foll ow ng. | appi ng, the thickness
gaugi ng devi ce neasuring the t hi ckness of | apped wafers and signalling
t he waf er | appi ng machine to correct any deviations of a target

t hi ckness stored by the | appi ng machi ne and an actual 10 target thickness
of | apped wafers according to the 10RASUr ement s of the wafer thickness
gaugi ng devi ce. 36 7. A
waf er | appi ng systemas set forth in claim1l further conprising wafer

i nspecti on appar at us di sposed for receiving | apped wafers fromthe

waf er | appi ng chine and inspecting the wafers for defects, a wafer

5 offload statio r receiving wafers having no defects and a

rej ect stati o fordreteiving wafers having defects, the control ler

bei ng configuPkd tW¥ r&ceive a signal from whe wafer inspection
apparatus andpper®tirng the N
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transport nechanismto place each wafer in one of the 10 wafer holding
station and reject station according to the signal received, the
transport nechani sm conprising a robot positioned for |oading wafers
fromthe centering jiginto the wafer carriers on the | apping nmachi ne
and unl oadi ng | apped wafers fromthe | appi ng nmachi ne, the 15 system
further conprising a carousel including a dial and . a wafer fixture
nounted on the dial for receiving and hol di ng the wafer, the dial
bei ng nmounted for rotation about an axis to nove the wafer through the
waf er t hi ckness gaugi ng device and the wafer inspection 20 appar at us
and back to a | ocation where the wafer ffvhiﬂﬂ pi cked up by the robot.
8. A wafer |apping system conprising: a wafer |apping nachi ne

i ncl udi ng upper and | ower | apping plates and nmultiple wafer carriers

| ocat ed generally on the lower |apping plate, the wafer carriers each
having 5 multiple openings therethrough for receiving wafers and

hol ding the waferx in a position between the upper and g |ower |apping
machi ne plates t&constrain-the wafers to & |move_cpnjorntly with the
wafer carrier, thg wafer |appi-ng machi nel Qei n pnstiucted for
relative notion behNween thg 10 wafer carrie?&znd t upp and |lower
pl ates thereby to ref@ve materig® fromt @Eﬁg&; to aciieve a target
waf er t hi cknfsSs, The ping m hinq_lncludEE%ga cont i of$ e for
st oppi ng the | app| e acfi o jpf_t&e|l app rgrrachi&éz V\/nen§ﬁ t ar get
thi ckness of the weEprs| has\pe&td pachep, & EQ_D' oS
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37. 15 t he upper | apping plate being novabl e between a position over
the |l ower |apping plate and a position spaced away fromthe | ower

| appi ng plate to expose the wafer carriers for | oadi ng and unl oadi ng
wat ers; a wafer thickness gauging device separate fromthe 20

waf er Iapplnﬂ machine_the thickness gaugi ng device being posi ti oned
for receiving wafers fronlthe mafer Iapplng machi ne foll owing | apping

and gauglng7hhémtﬁmuﬁﬁ@ ped wa et ugi ng
deV| ce bei ng cal ly i nt er connect e W\Srﬁ*éﬁl@ \ g?ﬂ? ppi ng 25
machi ne contr aII|ng the wa Ejfa'l appi ng REPLAGEWhi nelcontrol Ier
r

to correct any deV|at|ons of get thickness stored in the

| appi ng machi ne controller and an actual target thickness of | apped
waf ers accordi ng to the neasurenent of the wafer thickness gauging
device. - 9. A wafer |apping systemas set forth in claim$8
wherein the wafer thickness gaugi ng device is configured to average
devi ations fromthe actual target thickness and to signal the wafer
| appi ng machine controller for 5 recalibrating the target thickness
gaugi ng of the wafer | appi ng nmachi ne controller. 10. A
waf er | appi ng syste conprising: a wafer holding statjon for
hol ding a plurality |of '

E\G. T
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méfefs to be | apped; - : a wafer | apping nmachine
| ower 51 appi ng plates and nmultiple wafer carriers |o

on the Fower | appi ng plate, the wafer carriers ea
openi ngs theret hrough for receiving waf ers and hold %ﬁ%@% rsiip a
position between the - upper and | ower | apping maching ,k '

féer_carrier

constrain the 10 wafers to nove conjointly with the
not i on between

waf er | appi ng machi ne bei ng constructed gior relative
the wafer carrier and the upper and | ower pl at es .
material fromcémtembeCsand C’. The controller 88 knows the radius 3%

achieve a tar hi.ck r pi 5 ,being novabl e
bet ween a pos?ﬁo\é\@%gé%gt hﬁ Pgl%zeip FHS H§ES 158%1 ?‘%%ﬁf gﬂf’s‘”ﬂ%ﬁ' aced
away from the ¢emker| appthg CentpraCeOfotthwaéeirheanaa‘mr dBg. erthel @wo

| oadi ng and oé@iﬁﬁélegn‘é@%r% ¢ are tpga £ WB 96 d 15RO he%h%\ﬁafer

di sposed |n prox station and
| apB| ng nffc‘l'f%l t pangsr dpok ﬁh@ﬂﬁ) t ew’éénéhngmfmm]grmtrm dobts

for lifting wafeos, OJJ‘VOBf ah&ehHOhﬂgnﬁhét Qéinenlengtht A I LG dh @ pvaf ers

machi ne and pl acing the
&;?g}gh?nhm(mrEEStatl 2 Egtgrsect m@ﬁe conggogger then drangtwo g

circles S1, S2 including the dots 170 and having centers
at C and C’, respectively. The circle S2 having center
10 C’ will extend outside the field of view of the camera.
Accordingly, the'systém knows that the center C for the
circle S1 wholly within the field of view is the actual
center C of the carrier 136.
Now knowing the center C of the wafer carrier 136
15 and the circle S1 centered at the center of the carrier,
the controller 88 measures the angles between the dots
170A, 170B beginning at each dot and moving in a
clockwise direction. Starting at dot 170A and moving in
a clockwise direction around center C to dot 170B, the
20 angle measured would be 216°. Starting at dot i70B and
' moving in a clockwise direction around center C to dot
170A, the angle measured will be 144°. The controller 88
is pre-programmed to designate the dot 170B from which
the 144° angle is measured as the locator dot. A line L1
25 is drawn from the center C and through locator dot 170B.
The first opening clockwise of line Ll is the "first®
opening 160’. The other openings are numbered according
to their clockwise location from the first opening 160’
around the center C of the wafer carrier 136. The
30 controller 88 will operate to place the wafers into the
wafer Carrief 126 from the first opening to the fifth
opening and to remove the lapped wafers in the same
oxder.
The robot 26 is operated to move the lowermost
35 suction cup 132A on the end of the manipulator hand
finger 130 (oriented in their second position, Fig. 5)
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25 respective ones of the openings in .the wafer parrler%?'L : ;ﬁé‘ Gue

| appi nggitate thereby to | oad the waferi: - carriers wt

| appi ng,' ‘and further constructed for unl oadi ng the jaf e|259 AU@rﬁgﬂe

| appi ng machi ne after 1 appi ng; 30 a control lprlfor _controllilng
[ r

the wafer transport mechani sm - a wafer ca ier orientation
detector for detecting the orientation of the wafericarrier—about—a—

verti cal axi s passing through the é&dnter of thedwafer carrier atlat35
hone position on t he wafer pi ng machi ne and provi di ng a signal to
the control | er®i FaFEAE e°?~'|’r§?’§61tl°f1he The agbhrpdpted b@b@‘@i A ipgupked t o

identify the losathenwafer outeéﬁhthédfitgéabeﬁEEBh 153 evafgy carrier
when thg e and.to ident % tjhegt I ocat I on of 40

d
each |nd|V|dué¥E%p%ﬁ|ﬁ r#ﬁEPhg &éFEE GRFP1RS ﬁﬁ@ba SN L& ICEEFLeF 4ROerdn
| appi ng so t hdthe heomdepbetiyioh eachhe wafamf mapping’ammcﬁumﬁd 4qjot.er py

200G s il LRRIOERL G3ELelsQELEntalonyfsl SaloT ggysﬂl;gg? i

canera nounted for view n Carrier
the wafer |apf REa@RH Wal eé?aén ﬁheefltatrcenterlnghawgwgzlrﬁar kiThgs t her eon
viewed by the éﬂ@é@la&éé robotd%@g]%fglfggrﬁgnf:ﬁ% Qgcgfndt r&%dn%'{l%'s@%ﬁen%' ng

i ve i entati carr
determnative & cerdf from he®Bigit centering jig 416 until all wafer

carriers 420 have been filled. The lapping machine 400

10 is then activated to lap the wafers down to a
predetermined thickness in the manner previously
described. |

At the conclusion of lapping, the lapping machine

400 indexes the first wafer carrier 420 to the home

15. position. The first wafer carrier and the top faces of
the wafers therein are rinsed off by nozzles 422, as in
the first embodiment. The vision system camera 406
determines the location of the first opening 418.in the
carrier as before. The robot 404 picks the first wafer

20 out of the wafer carrier 420 and carries it to a second .
centering jig 424. Nozzles (not shown) on the underside
of the jig rinse the face of the wafer not previously
rinsed off by nozzles 422. A drip pan 425 is located
under the centering jigs 416, 424. Except for the

25 nozzles, the second centering jig 424 is of identical
construction to the first centering jig 416. The robot
420 may then transfer the wafer to a wafer thickness
gauging station 428. The station uses an LVDT device to
measure the thickness exactly as in wafer thickﬁess

30 gauging station 38 of the first embodiment. However in
the second embodiment, the probe and reference balls (not
shown) are oriented in vertically spaced relation. The
robot places the wafer horizontally in the wafer
thickness gauging station 428 for measurement.

35 To maximize throughput, fewer than all of the wafers

are measured for thickness. In the second embodiment,

-
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