. SI NGLE- WAFER ROBOTI C PACKAGE - This invention relates to a .container
~.0r a ﬁackage to contain a single |arge di anet er. silizcon wafer and to be

i adaptsd to be handl ed by robots. - - d.- . BACKGROUND COF THE

~ | NVENTI ON It is being found in the processing of silicon wafers into
circuait chips, that substanti | | aAdKadged by increasing.
+ the dianeter of the wafers be?Eg%%%ogggggdgaﬁeﬁgc%g ntalg?ng t he thickness
of the wafers as in past practice. For instance, wafers as |arge as 300
mllimeters in dianeter are available for use. Oher wafers may be as | arge
as 500 mllinmeters in dianeter, and the same techni que in handling wafers
~can be used with sr?é}%%rlmrﬁ’s"%lﬁﬁllaé%eﬁ He cﬁ°’&%h‘f‘e’209rm’| PafERgRs in
- diameter. Such teafcartadire aﬁmirméﬂt&*gé tmﬂaﬁér néi BiSohnwaegkanasto

. Accordingly, it wl e Jeadi under sj qod at, silicon wafers, which tend
to be brittle, ﬁu&éa‘@%q‘fge‘%ﬁ &Jé/m%& %$1 arge dianeter sizes.

SUVWMARY OF THE | NVENTI ON An obj ect of the invention is to provide a
cont ai ner or a package for reag [ 9ﬁrﬁ%ﬁ%$5 r silicon wafers
in the processing of such maf3ggh%%ggﬂg*#@g##ﬁ%hrps————ii A feature of the

I nvention is a wafer container shaped to support a Iarge di aneter wafer at

its peripheral edgggrd 'Mxﬁ‘%éﬁ@éﬁpwgﬁfb g@dsyj] @adi ng of the
wafer relative to the package by, producin ative venent et ween t he
wafer and t he wafers into circuit chips, that substantial efficiencies
can be obtained by increasing the diameter of the wafers
being processed while maintaining the thickness of the
wafers as in past practice. For instance, wafers as
large as 300 millimeters in diameter are évailable for
use. Other wafers may be as large as 500 millimeters in
diameter, and the same technique in handling wafers can
be used with smaller wafers such as those of about 200
millimeters in diameter. Such wafers are approximately
two millimeters in thickness. Accordingly, it will be
. readily understood that silicon wafers, which tend to be
brittle, must be handled carefully in such large

diameter sizes.

SUMMARY OF THE INVENTION

An object of the invention is to provide a container
or a package for readily handling iarge diameter silicon
wafers in the processing of such wafers into circuit
chips. '

A feature of the invention is a wafer container
shaped to support a large diameter wafer at its .
peripheral edge portion and to accommodate loading and
unloading of the wafer relative to the‘package by
producing relative movement between the wafer and the
package in a direction parallel to the plane of the
wafer.



package in a direction paral | el to the pl ane of the wafer.
-2- = Anot her feature of the invention is to pravi de such a wafer.

1

package Wi th a pickup device to acconmpdate grasping and handling of the
package by neans of a robotic clanmp’or arm and a | ocking device to assure
that:the wafer is | ocked in the open- S|ded2package when the package and
waf er are bei ng noved. Anot her feature of the invention is the

provi sion of | ocking devices to clanp peripherally spaced portions of the
wafer in the package to mnimze the possibility of any novenent of the

wafer as it is beijng.,stored or transparted in the pa il
further feature O@ﬁﬁéb \é#ﬁ?%ﬁﬁl £ fk@p+BV?§#bﬂ"o%5aﬁgoB§HW&ﬂﬁ t he
package to al Ia)waﬂmgmd:kagehedbmtmnptcldumodet;heewabeacemmbﬂap:re mary

circuit side i d gia{ﬁ(ﬁ&l' corrrm%g nggéaeﬁ& ﬁga}‘gr OIP':IXI nmum

protection fr ng Stackrng of suCh a package
on a simlar pebcdde t%@@mwm@MQ htockfingedpvice The agssigre my,

alternately, hgBardHLddtdh ié‘eld%lté@ri/nCtﬁéubiseﬁLQQdEaCb%k(iww& to
m nimze particle collection thereon, and {o acconmodat e Vi sual™ i nspection

and identificdi®mPackage and yater ﬁﬁ?e?eéﬂﬁpB?YPﬁg package provides the

advant age of protecting such a wafer against damage while adequately

he vaf er i s bei nd IO PTG T PRotRHeREoRP: e SaRcProbaeasy OF °°
locklng devices to clamp peripherally spaced portlons of
the wafer in the package to minimize the possibility of
any movement of the wafer as it is being stored or
transported in the package.

A still further feature of the invention is the
provision of an open bottom of the package to allow
access to the bottom side of the wafer as the primary
circuit side is maintained in an upward facing direction
for maximum protection from damage; and also
accommodating stacking of such a package on a similar
package therebelow, and another thereabove. The wafer
may, alternately, be carried with the primary circuit
side facing downward to minimize particle collection
thereon, and to accommodate visual inspection and
identification.

The large wafer supporting package provides the
advantage of protecting such a wafer against damage
while adequately supporting it at its perimeter;
minimizing the generation of particles as the wafer is
being inserted into and removed from the wafer, thereby
contributing to the continued cleanliness of the wafer

in use.



_contri‘butihg to 'the continued cleanliness of the waf-er in use.

-3- - BRI EF.DESCRI PTI ON OF THE DRAW NGS Figure 1 is a
top.pl an vi ew of the singl e wafer robotic package. Figure 2 is an end
el evation view t hereof. Figure 3 is a side elevation view thereof.
Figure 4 is a detail section view taken approximately along a broken |ine
at 4-4 of Figure 1. Figure 5 is a section viewsimlar to Figure 4
but showing an alternate position of certain aspects of the invention.
Figure 6 is an enlarged detail section view taken at 6-6 of Figure 1.
Figure 7 is an enl arged det%ll ection view tak or o éltely at 7-7 of
Figure 1. Figure 8 FEERR e 5 - B t aken
approxi mately at 8-8 of Figure 5.

Figure 1 is a top plan view of the single wafer
robotic package.

Figure 2 is an end elevation view thereof.
Figure 3 is a side elevation view thereof.

Figure 4 is a detail section view taken
approximately along a broken line at 4-4 of Figure 1.

Figure 5 is a section view similar to Figure 4 but
showing an alternate position of certain- aspects of the
invention.

Figure 6 is an enlarged detail section view taken at
6-6 of Figure 1.

Figure 7 is an enlarged detail section view taken
approximately at 7-7 of Figure 1.

Figure 8 is an enlarged detail section view taken
approximately at 8-8 of Figure 5.

Figure 9 is an enlarged detail section view taken
approximately at 9-9 of Figure 8.

Figure 10 is a detail section view like Figure 9,
but showing a shifted position of certain portions of
the device.

Figure 11 is an enlarged detail section view taken
approximately at 11-11 of Figure 1.



Figure 9 is an enlarged detail section vieM/taken'approxinater at 9-9 of

Fi guce 8. . Figure .10 is a detail section view li’ke Figure 9, but
showing a shifted position of certain portions of the device. Figure
11 is an enlarged detail section view taken approximately at 11-11 of
Figure 1. - 4 =--4- Figure 12 is an
enl arged detail plan view of a portion of the device. Figure 13 is an
enl arged detail section viewtaken approximately at 13-13 of Figure 12.
DETAI LED SPECI FI CATI ON One formof the invention is illustrated in

the draw ngs and dgscrib her ej_n. Jhé r | ¢l Qdi cated in
general by nunera %rfng‘% ?siléq eégaaﬁ%ecflt e%%%?ypggﬁg?gnggferg W f or
storage and t portion ofarthe dessipeci al |y protect the primary circuit side G
(sonetines called the "green" side) of the wafer which has coatings being
processed to formnultiple circuits. The wafer Wis nost often nmade of
silicon, but coul Fligursf 16 He anenlanged dekahl section view taken

approximately at 13-13 of Figure 12.
DETAILED SPECIFICATION

Oone form of the invention is illustrated in the
drawings and described herein.

The wafer package is indicated in general by numeral
10 and is well adapted to carry a large wafer W for
storage and transport; and to especially protect the
primary circuit side G (sometimes called the "green"
side) of the wafer which has coatings being processed to
form multiple circuits. The wafer W is most often made
of silicon, but could be of other substances such as
gallium arsenide; however, where herein the wafer is
referred to as a silicon wafer, that designation is
intended to include wafers of various sorts, such as
those made of gallium arsenide. The wafer W is
typically approximately 300 millimeters in diameter, and
has a thickness that will vary depending upon the
material from which the wafer is made and the particular
application intended. Thickness may be in the general
range of 0.030 inches or approximately 0.76
millimeters. Of course, wafers larger than that
specified could be used, and undoubtedly will be used,
with this type of package.

The package 10, in general, defines an enclosure 11
forming a generally wafer-shaped compartment 12 having a
substantially semicircularly-shaped closed side portion
13 and an open side portion 14 through which the wafer



~gal.lium arsenide; however, where herein the wafer is referred to as a
sili-gon.wafer, that desi.gnation is intended to include wafers of various
sorts, such as those nade of gallium arsenide. The wafer Wis typically
approximately 300 millineters in dianeter, and has a thickness that wl|
vary; dependi ng upon the material fromwuahthe wafer is nade and the
particul ar application intended. Thickness nay be in the general range of
0.030 inches or approximately 0.76 mllimeters. O course, wafers |arger
than that specified coul d be used, and undoubtedly will be used, with this
type of packa
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such as polycarbonate, ABS, polypropylene, and PFA

fluoropolymer may be used, depending upon the exact use
to which the package is being put and the environment in
which it is expected to be used.

The frame 18 has a semicircular side portion 19 and
end portions 20 which extend generally parallel to each
other but diverge slightly as to accommodate easy access
of a wafer into the compartment 12. The frame 18
defines an inclined ledge portion 21 which extends
throughout the full length of the frame for supporting
the wafer W at its peripheral edge and for guiding the
wafer as the wafer is inserted into and removed from the
compartment 12. The peripheral edge portion E of the
wafer W is substantially square cornered, as best
illustrated in Figure 10, and because the wafer
supporting ledge 21 is inclined or tapered, the amount
of surface of the wafer which actually engages the ledge
is at a minimum. The actual engagement between the
wafer and the ledge 21 is essentially along only a line
which follows the peripheries of the wafer edge E and
the semicircular shape of the ledge 21 as it extends
around the side 19 of the frame.



end portions 20 which extend generally parallel to.each other but diverge

. slightly as to accommopdate easy access of a wafer i'ato the conpartnent 12.
The frame 18 defines an inclined | edge portion 21 which extends throughout
the full length of the frane for supporting the wafer Wat its peripheral
edge; and for guiding the wafer as the wafe& +s inserted into and renoved
fromthe conpartnent 12. The peri pheral edge portion E of the wafer Wis
substantially square cornered, as best illustrated in Figure 10, and
because the wafer supporting |edge 21 is inclined or tapered, the anount of

surface of the waher ¢yl gk&gl f%ﬁga I rum The
actual engagenent beta%eghdh €é¥l QﬁPQﬁit% |%§e2%%%t€hﬁly al ong
only a line mEPEﬁlPBFI8%s°ﬁh$hﬁem%9§§w&%54#tﬁ swhekankipl EYand t he

semi ci rcul ar §HﬁESrQ§ t ke b%ﬂ&&a%%é&SWﬂtﬁﬂﬁﬁﬁ“ﬁbfﬁiﬁﬂgi2ﬁeof'éﬁe19 of the
frame. he end gortlons 20
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18. It wll be op
panel 17. It topdpenedbld.i nIkady d&ﬁ&;ﬁhﬁﬁ IHKNQRX)Qﬁsﬁﬁ tlrapethe

transparent sgobhgsagﬂsgqc%oQﬁmsygﬁ.éﬁg %Vent |l£a§] %.gscé(gggiéﬂ 8gcepm! i shed.

Stacki ng of the’ pac 10 upon an er age 1I's accommodat ed
in order thatwafﬁEnHeFaGfb§u6ﬁaﬂﬁl¥w§Qﬁﬂﬂ efleniently stored in one
location. The frame 18 is provided with a palr of upstandlng ri bs 24 which
bor t1on 19 of 1 he SFPERnES 0% HS mackage e dhan e tdeRELRALl 1 rom
the top package is accommodated in order that a number of such
wafers may be conveniently stored in one location. The
frame 18 is provided with a pair.of upstanding ribs 24
which extend in a partially circular direction along the
partially circular side portion 19 of the frame 18, and
the ribs 24 protrude slightly upwardly from the top
surface 25 of the frame. The frame 18 also has a second
pair of upstanding ribs 26 extending linearly along the
linear portions 20 of the frame, and the ribs 26 also
protrude slightly upwardly from the top surface 25 of
the frame.

The frame 18 also has a pair of curved recesses 27
and a pair of linear recesses 28 which are respectively
disposed immediately below the ribs 24 and 26 in order
to fit with the ribs of an adjacent package 10 which is
stacked with the package as shown. An additional
package 10 is illustrated in Figure 5 in dotted lines to
show the manner in which the packages may be stacked,

one upon another.

It will be seen that the top panel 17 has one side
29 shaped to follow the curvatuve of the curved side
portion 19 of the frame 18, and the other side portion



- surface 25 of the frane. The frane 18 al so has a second pair of upstanding
ribs 26 extending |l i neal.ly along the linear portions.20 of the frame, and
‘the ribs 26 also protrude slightly upwardly fromthe top surface 25 of the
frame. The frame 18 al so has a pair of curved recesses 27 and a pair
of |jnear recesses 28 which are respectiseffy-di sposed i medi ately bel ow t he
ribs 24 and 26 in order to fit with the ribs of an adjacent package 10
which is stacked with the package as shown. An additional package 10 is
illustrated in Figure 5 in dotted lines to show the manner in which the

packages may %S&@C&&?Q,wggpgﬁggegﬂ%ﬂeiﬁ adja eht ¥hb! o gnggqtahet hat the

top panel 17 has one side to fo the curvatu e curved
side portion IPxftiomel4 rofiethe, conpartunenthchasi aeggperpddy curved

oD Of ISitag @R e t8NGEHek a1 29 268 1by! BReOBRApY! 62 RA! WalFekt '
the conpartnent, "has a generaflfly curved shape so as t0 generally follow the
shape of the \adrtoverieend heyend bheondaehefclije WRLPKeSRafEr as to

fully protect #fE1yaiestécOMROONEFEAIFEEMSABBVENANANtLr epanditheof t he

waf er . A hopk-shaped waf retginer 31 is swingably nounted by a pin-
32 upon an eIéVb.%EPFW%éfkr%?3§£?oVﬂgﬂrrntegralIy with the top panel 17,
but protruding slightly above the top surface of the platform17. It wll

be 1 scounized haty L0EoLah oL 41rheos e Bbrody! 15 hilighiy! Gl 3
whi ch the uppésy a pin 32 upon an elevated platform 33 formed
integrally with the top panel 17, but protruding
slightly above the top surface of the platform 17. It
will be recognized that the platform 17 has a slot 34 in
which the retainer 31 resides and is swingable, and the
top platform 33 also has a slot 35 in which the upper
portion of the retainer 31 is mounted.

The lower hook-shaped portion of the retainer 31
traverses across the thickness of the opening 12 and
particularly at the open side portion 14 thereof to
confront the edge portion of the wafer and obstruct any
possible movement of the wafer in an outward direction.
Preferably, when the wafer is in correct position in the
compartment 12 and resting upon the supporting ledge 21,
the retainer 31 will not engage, the edge of the wafer,
but the retainer will prevent movement of the wafer out
of the compartment 12 if the package 10 might be tilted
or jostled in its movement.

The retainer is swingable between the obstructing
position illustated in Figures 5 and 13 to a retracted
position illustrated in Figure 4 which permits insertion
and removal of the wafer relative to the compartment
12. The platform 33 has a bridging portion 36 spanning
across the slot 34 and also serving to limit the upward'
swinging of the retainer 31, as illustated in Figure 4.



. portion of ‘the retainer. 31 is nounted. = - The | ower- hook-shaped portion

of the retainer 31 traverses across the thickness of..the opening 12 and
particularly at the open side portion 14 thereof to confront the edge
portion of the wafer and obstruct any possible novenent of the wafer in an
outward direction. Preferably, when theawgfer is in correct position in the
conpartment 12 and resting upon the supporting | edge 21, the retainer 31

wi |1 not engage,the edge of the wafer, but the retainer will prevent
novenent of the wafer out of the conpartnent 12 if the package 10 m ght be

tilted or jostl g lts Nt & l.aer .l I 0g ween
the obstructi %8E§83 Rploon 3??%§sr£?’atseld'dlar?1|¥i y&&er{s%% efg&t;é)yagrg?é'gggg%
position il ueperatdngnrbdg4ile whinh dis manneactedisto tthe retainepval of the
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portion 36 spaniiing across the slo I so serving to [imt the upward
swi ngi ng of t@emparkmeat 32. afhe operatdng ol 4 has one end

- 8- robot kBpRidh dhse13Walial) noRIES i fbéfe o8| bfléhi Rgoner ahi Ny
rod 42 which 1s connected tQ thé retainer 31 which pbstructs, npvenent of
the wafer frofPehEobGfpRansd 372, agang eth i%ggf?%’cf‘qlz‘}#aghbgg gﬁarﬁort i on

43 slidably magaiadti khe @hdoYorYicPal ’/E 4¢hd lopératigtréantdbe 37, al ong
Fod to cont | nEBRSTTMENRGAY, HEBHAE (BT S0 T Tt VAl CRFPEER b of the
openi ng 44. TAérechkdoneond fivet iopendifigfd4.he Tiyerotthery end portien #A a
groove 47 forgpdyhg SB%rTa‘EHnBa'i%d 1{)% RGN 14 5«;3:‘6‘66@”@’7 £8£m8Qr £hon 48
connected by a pin 49°to the “swi ngable retainer 31 In ]
the top panel 17 and has its terminal end portion 48
connected by a pin 49 to the swingable retainer 31 in
order to move the retainer 31 from the obstructing
position illustrated in Figures 5 and 13- to the
retracted position illustrated in Figure 4. It will be
recognzied in Figure 11 that the operating rod 42
traverses the tapered or inclined side portion 41 of the
robot handle 37 and accordingly, when the robot arm 38
engages and grips the robot handle 37, the robot arm 38
may also engage and move the operating rod 42.
Normally, the spring 45 will urge the end portion 43
outwardly of the recess 44 so as to move the entire rod
42, causing the retainer 31 to swing into retracted
position as illustrated in Figure 4. However, when the
robot arm or handle grips the knob 37 and also engages
the operating rod 42, the operating rod 42 will be urged
) endways into the recess 44 so as to retract the end
portion 46, causing the retainer 31 to swing into

obstructing position as illustrated in Figures 5 and 13.

In order to minimize movement of the wafer W in the
compartment 12, the package 10 is provided with three
clamping devices 50 for clamping the wafer onto the
ledge 21 of the frame 18 and preventing the wafer from
moving upwardly off the ledge 21 as the package 10 is



‘order to nove the retainer 31 fromthe obstructing position illustrated in
Figures 5 .and 13-to the-reétracted position illustrated in Figure 4. It wll
be-récognzied in Figure 11 that the operating rod 42 traverses the tapered
or inclined side portion 41 of the robot handle 37 and accordi ngly, when
the robot arm 38 engages and grips the rgobgt_handle 37, the robot arm 38
may al so engage and nove the operating rod 42. Nornally, the spring 45 wi |l
urge the end portion 43 outwardly of the recess 44 so as to nove the entire
rod 42, causing the retainer 31 to swing into retracted position as

illustrated in Fi 4. . Howeyver, whe he robpt_ arm or _handl e grips the
knob 37 and al I@é‘?&%%dt% Loahspen e‘&od as 1i%lé IEnB‘éFQt ilﬁgf"rlsg‘ralm Il be

urged endways tihet @:ltahlpime&evﬂéesosaSail;@ spaceat £1om éadhpalth!eti'n 4?, o

causing the r i ne 1 to swing.intp obstructing position _as illustrate

in Figgres 5 %ﬁﬁnﬂgi thie 'a %1%?H%rcf59 ﬁ¥n§iéenﬁsﬁﬁéﬂP &P Offe er Win

the conpart nefiraii lthepakage digage pwidelpdspatedt poetiohsmpitngheevi ces

50 for Cla”piW&fdya&Mﬁfﬁeﬁ%“fiérghéﬁdﬂe 21 of the frame 18 and preventing
ng y of

t he wafer from novi pwar dl e ledge 21 as the package 10 is _
-9- bei ng noved or transported. As illustated in Figure 1, the cl anping

devices 50 are spagad df AREaETampicy GEPLEEst1H6 RALT 1abh¥ichACHnA’ thiede
portion 19 of the frane 18 so as to epgage W dely spaced_ portions of the
waf er ‘adj acenfBead I fFf one of then thtustsabed gipefigugeso 840 .
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confront the adjacent portion of the ledge 21 so as to
cooperate with the ledge 21 in clamping the edge portion
of the wafer, substantially as illustrated in Figure 9.
The clamping bar 51 is confined in a recess 53 formed in
the frame 18 and opening through the peripheral wall 54
of the frame 18 adjacent the ledge 21. It will be
recognized in Figures 9 and 10, that a portion 53.1 of
the recess 53 is formed in the top panel 17 to
accommodate retraction of the clamp bar in an upward
direction as illustrated in Figure 10. The clamp bar 51
has an upwardly extending guide pin 55 protruding _
through an aperture 56 in the frame 18 as to guide the
clamp bar in its upward and downward movement. A coil
spring 57 surrounds the pin 55 and the ends of the
spring 57 bear against the adjacent portion of the frame
and against the clamp bar 51 to ordinarily urge the
clamp bar toward its lower wafer clamping position as
illustrated in Figure 9.

The clamp bar 51 also has a downwardly extending peg
or rod 58 affixed thereto and protruding through an
aperture 59 to be guided by the frame 18 as the clamp
bar and the peg 58 move upwardly and downwardly. The
frame 18 has a recess 60 beneath the clamp bar 51 and
adjacent the aperture 59 to receive the peg 58 therein



- confront the adjacent portion of the |edge 21 so as.tQ cooperate with the
| edge. 21 i:n cl anmpi ng the. edge portion of the wafer,.:substantially as
illustrated in Figure 9. The clanping bar 51 is confined in a recess 53
formed in the frane 18 and opening through the peripheral wall 54 of the
franmp 18 adjacent the ledge 21. It will _bgqgrecognized in Figures 9 and 10,
that a portion 53.1 of the recess 53 is forned in the top panel 17 to
accomodate retraction of the clanp bar in an upward direction as
illustrated in Figure 10. The clanp bar 51 has an upwardly extendi ng guide

pin 55 protrudin rough an aperture 56 _in the frame 18 as to,guide the

clanp bar in T”*‘?g’uﬁdﬁrd’%ﬁ’m’ dﬁ%nﬂér JoXRE e the olewer, cAaMBING Y [ ounds
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0 e frame ang,agai ns cla ar 0 or ar urge the_clanp bar
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The cl anp bar upbnawhdchathe pauksryell 10 adie sk nElaegd prsoothat shéi xed

thereto and p i.ng .t hr.qug ture 59.t0 Lge y.the_ frame 18

as the clanp g%?‘q:g%& lg %e%g'gli %E?%.q{ﬂf r%éysénﬂ?‘go%gg[gﬁl%.p%‘aeagf’ﬁﬁe 18

has a recess Batbheifhg elamp dagPlhamtsy thel uppex cpesihionpeft the 59 to

receive the pegahg baef,elas illustrated in Figure 10, wherein-th8 - when

for the bur poSERBE. FBE NS T L ansat e MAFFE pr ATEESL0gHM dFBSPr om ¢ he
tabl e 62 uponthei packiagepaokdge 1T ey JBE Mlecethbbe 6hattheefikkunee 61
the upper posPdi 08 SR SRR R, frap QIR o4 b Fuf; ETeRdposarnt.
the cl anp bar whih thleepegd 58he teirabya loawinl nche , sphingt 52 pachaye 10 i s
lifted off th@hgaghngZBJQ“gfifﬂégw%lamping position on the wafer W

again. Accordingly, the wafer is in clamped condition

by the several clamping devices 50 when the robot lifts

the pacakge off the table and the wafers are thereby

prevented, while transport is oécurring, from being

jostled or from moving in the compartment 12.

The frame 18 is also provided with at least one
access slot 63 entirely through the width of the frame
18 below the level of the top panel 17, subtantially as
illustrated in Figures 7 and 8. The slot 63 extends
entirely through the adjacent inclined wafer supporting
ledge 21 and through the peripheral surface 54 of the
frame. The slot 63 is for the purpose of allowing a.
robot finger or arm 64 to obtain access to the edge
portion of the wafer W in order to lift the wafer off
the ledge portion 21. Additional robot fingers 64 for
lifting the wafer W.will be able to obtain access to the
edge portion of the wafer adjacent the end portioné 20
of the frame, substantially as illustated in Figure 1.
Accordingly, the robot fingers 64 may lift the wafer W
at three locations about its periphery for the purpose
of moving the wafer either into or out of the



61 is withdrawmn fromthe recess 60 and out of engagénent with the peg 58,
‘thereby allow ng the spring 57 to nove the clanp bar 51 into clanping
posifion on the wafer Wagain. Accordingly, the wafer is in cl anped
condition by the several clanping devices 50 when the robot lifts the
pacakge off the table and the wafers arQ_Hngngby prevented, while transport
I's occurring, frombeing jostled or fromnbving in the conpartnent 12.

The frame 18 is also provided with at | east one access slot 63 entirely

t hrough the width of the frame 18 below the |l evel of the top panel 17,
subtantially as illustrated in Figures 7 and 8. The sl ot 63 extends

entirely throucempactnentctad: | FEiVhdd har Ercogpised thate@fderL and

through the pefipheras &H'da¢ecéd willhRolaakhe packabe! 163 and @ittear
pur pose of allow ng a robot, finger or arm to obt |QP%pcess t 0 _the edge

4
portion of thetR@feafeyar oFaer ?Sk?gFtwﬂ-ﬁi Rer Bev NG dPSSFSHIHn 21.
Addi tional rohgidfr@geval6dff thel wafeRgrehatimbetol\thiel lcompaatiimertto bt ai n
access to the edge portion of the wafer adjacent the end portions 20 of the
frame, substantially as illustated in Figure 1. Accordingly, the robot
fingers 64 may |ifAsthkluatrat¥daint Rigureoddti the xiobot handd® iQthery for
t he purpose of i e ' I o lt 93,0 ,OL. e
- 11 - conp]ér ma%? ﬁgfl"‘?% é:\noﬁ%{%g V%gggﬁi %‘égli%ihg%not e3r7 ’ |>}-’t°urcels°soer
devi ces wi || hohe recepackagandoconfiinei ther enfle pxtdonoddt Rf ddv&age wil

be noved duringpégéeiﬁggfo&ngzrgﬁgygkngf the wafer relative to the
conpartnment 12. Illustrated in Figure 11, the robot handl e or knob

37 will be covered with a rigid panel 37.1 to close the recess 44 and
confine the end popid@haddlpf ihh€he use of the package 10, the edge

portion of the wafer W will rest upon the semicircular
ledge 21. If the pacakge is simply being used to store
the wafer W, the package may rest upon a flat shelf or
supporting table and in this condition, the clamping
bars 51 will be in clamping engagement with the edge
portion of the wafer as illustated in Figure 9. Other
pacakges of the same nature as is illustated may be
stacked upon the pacakge 10 or the package 10 may be
stacked upon other identical packages therebelow. When
the package 10 is to be moved so that the wafer may be-
processed, the robot arm 38 will grip the handle portion
37 for the purpose of lifting the package and
transporting it. As the robot arm grips the handle 37,
the operating rod will also be engaged by the robot and
the rod will be retracted into the position illustrated
in Figure 5 so as to swing the retainer 31 into
confronting relation with the edge portion E of the
wafer adjacent the open side 14 of the compartment,
which forms the opening through which the wafer W might
move out of the package.

Accordingly, as the package is being moved, the
wafer is fully retained in the compartment, both by the
retainer 31 and by the clamping bars 51.



operating rod 42 therein. =~ = Odinarily in the use,of the package 10,

t he edge portion of the.wafer Ww || rest upon the ‘sg#icircul ar | edge 21.

| f t'he pacakge is sinply being used to store the wafer W the package may
rest upon a flat shelf or supporting table and in this condition, the
clanping bars 51 will be in clanmping engaggnent with the edge portion of
the wafer as illustated in Figure 9. Qther pacakges of the sane nature as
is illustated may be stacked upon the pacakge 10 or the package 10 may be
stacked upon ot her identical packages therebel ow. Wen the package 10 is to

E:ng})\éegofﬁi E)E%?E:Bor { hg pl%()a?xge%r O%ﬁfﬁse%dag ]Hi d@%ﬁageré%%g?&akgpgﬂ Pn;he
it. As the robpright posiditdane dathdire t3ian tire ajwmizontabdpesitiahgo be
1 ast rat ed | PEEaSpof ErE pacdngl ML B SBdELAd Yy | Pef08) uBien

rel ation MAtharﬁefeyyedp@mﬁagxaéhm=qﬂu&h&ﬁﬁyamﬁnk&ent t he open side 14 of
the conpartment, which forms the opening through which the wafer Wm ght

A I S - T R RO
by the Clanpimgsbaterébe postion, the wafer is to be processedZand
than i n a hor EBSnERP BRSRACS Vo Rs BRIt et ¢ BaP SBpor ted by
feet 63 whi chllulustaltndd inntFegualel W 0gf stchdHataree flixture 61 will lift

the peg 58, causing the clamp bar 51 to release the

wafer W. As the robot has placed the package on the

table 62, the robot will release the handle 37 and

release the operating rod 42, whereupon the spring 44

will move the operating rod into the position

illustrated in Figure 4 wherein the retainer 31 is in

retracted position, thereby opening the open side 14 of

the compartment.

- The robot fingers 64 may, in a suitably constructed
support table or structure 62, protrude beneath the edge
portion of the wafer W and lift the wafer off the ledge
21 and move thé wafer edgeways out of the compartment
12. The robot fingers 64 will engage only the bottom
side of the wafer, which does not carry the coating
being processed, and the primary circuit side or coated
upper side of the wafer will not be touched or damaged.

Subsequently, the wafer, or another wafer W, will be
moved into the compartment 12 in an edgeways direction
so that no portions of the wafer will engage any portion
of the frame or package until the wafer is in the
correct position with its edge portion E directly above
the inclined ledge 21, whereupon the robot fingers will
be lowered so as to lower the wafer onto the ledge
portion.



. Ordinarily, when the robot noves the package fromits storage postion, the
wafer'is. to be processed--and the the package will be.placed upon a table
62, ‘as illustated in Figure 10, so that a fixture 61 will lift the peg 58,
causing the clanp bar 51 to release the wafer W As the robot has pl aced

t he package on the table 62, the robot wii3 +el ease the handle 37 and

rel ease the operating rod 42, whereupon the spring 44 will nove the
operating rod into the position illustrated in Figure 4 wherein the
retainer 31 is in retracted position, thereby opening the open side 14 of

Support tabl o o A%, SXPRACTES BreviBUSy, ad e RObe AN g L[ C

support table or structure protru eneat . . _
waf er Wand | Vafernhagaaner ther refaineagd12 viddd swing tintavathatruceinys out

of the conparigeatida. wikh tAROLpEhNEdhe Shriiln Qnoage vy v the bottom
side of the wafer, I ch does noP Carbéﬁt e_coating Qelngkfrocessgd, and

the primary cFPRBRECRERE. ANdoLhEe ChapRing baxs: Sdh#idds desgend nintee

touched or daskgmping relaBibacGieh! khe bdgadveht edye PrHHIRINSVFGELrtd Wl |
be noved into %Pg conpartment 12 in an edgeways direction so that no

portions of the Warer will engage any portion of the frame or package until
the wafer is in the correct position with its edge portion E directly above

the inclined Iedgf 24 m@g&ggg&nigh%hgﬁbgkagkggg%%agIgné%iééwwwed so as to
| ower the wafer onfo ?ﬁe edgeé portion.
- 13 - identipnidi pagkpoevi Shel yibas 2dhe 260l06t Hhiecipackagecumwr er
gggienboﬁpfogeaﬁigﬁﬁé Phbkagy 19 rB&RsOPHNYCHd nsthrtdPLiid tidie open
recesses or grooves 27 so as to make sure that the
package is stacked in secure relationship. The robot
handle 37 of the package therebelow will protrude
slightly into the open bottom 15 of the compartment 12,
but not so much as to engage or bear against the bottom
side of the wafer. The height of the robot arm 37,
above the top surface of the frame 18, is less than the
depth of the open bottom portion 15 of the compartment,
between the bottom surface of the frame and the wafer on

the ledge 21.

It will be seen that this invention provides a
package for storing and transporting a single large
silicon wafer which may be in the range of 300
millimeters in diameter, whereby the wafer rests upon a
ledge which engages only the bottom side of the wafer

" and the tbp coated side of the wafer, or its primary
circuit side will not be engaged by any part of the
package at any time. While the wafer is in the package,
it is clamped by the clamp bars and while the package is
being transported, an additional retainer 31 will
obstruct any possible movement of the wafer out through
the open side of the compartment.



- conpartnent, and the clanping bars 51 will descend:into clanping relation
w th the adjacent edge--portions -of the wafer. ~..d f the package is then
st acked upon another identical package,  the ribs 24, 26 of the package upon
whi ch the package 10 rests, will be inserted into the recesses or grooves
27 s9 as to make sure that the package t+sl4tacked in secure relationship.
The robot handl e 37 of the package therebelow will protrude slightly into
t he open bottom 15 of the conpartnment 12, but not so nuch as to engage or
bear against the bottom side of the wafer. The hei ght of the robot arm 37,
above the top surifge ppleddift rfftlin iy &5 1@ fierbEnat the open
bottom portion 1570 BRé conpartnent,'bet en the bottom surface of the
frane and thespetdfien fioras atighout departing from sehe sPi¥hkt OFhi s

i nvention proykdestd alaGHA98 dutless tHdrdb BN thid a6 PPs t theracsiagl e | arge
silicon wafer which nmay be in

] the range of 300 mllineters.in gianetﬁé,
wher eby t he wiesdiredsthai,dhe, RRagRNLAMRPLIRERE PR FMEFaehet: 3 8ilde of
t_hleI waf er bandrbhgegrtgs G@’itiQ.d.Lféﬁi&fﬁfvf hthararict ,rﬁtfictpvénarsa_fe'renﬁiet s} de
Wi not be epgage a rt of t ackage . at_any .t i t he wafer
isin the pacggd‘ g F“F&esrpé fﬁbee@wr{ c%%a‘?%éé%ﬁ #Aﬁ??e%hke:ﬁﬁackage is
bei ng transpoforegoimgaditisicriptiiorettz nendXdatve | thebscopet ofinghpossi bl e
novenent of tE$H§%E lorlut t hrough the open side of the conpartnent.

. - 14 - present invention may be enbodied in other specific forns
; without departing fromthe spirit or essential attributes thereof, and it
is therefore



desired that the present enbodi ment be considered in.all respects as
illustrative and not restrictive, reference being nade to the appended
clains rather than to the foregoing description to indicate the scope of
t he inventi on. - 15-- | CLAIM . 1
A package for storing a single silicon wafjg - conpri sing ' an
encl osure neans conprising a wafer conpartnent corresponding to the shape

of the wafer and having a thickness greater than the thickness—ef—the mnfpr

to pernmt limted novement of the wafer in the conpartnent,

encl osure nmeans dawyg a width to confine substantially thfuﬂmmﬁl’wd’muy"
t he wafer, the encl osure means conprising first

portions opposite each other across said width, the first. of s&idsite s *

portions conprising, a |2§§9§cl§§’% f’é‘rté’téfgrgﬁré LR i\@f Eilieohhﬁafer

conpar t ment, second si portio conprls ng an adcess
openi ng thromﬁ?ﬁﬂﬁ%ﬁiﬂ?mamafer may be inserted into and rennved fromthe
conpart nment. 2. A wafer storing package according to claim1l

an enclosure means comprising a wafer
compartment corresponding to the shape of the wafer and
having a thickness greater than the thickness of the
wafer to permit limited movement of the wafer in the
compartment,

the enclosure means having a width to confine
substantially the entire width of the wafer,

the enclosure means comprising first and second
side portions opposite each other across said width, the
first of said side portions comprising a ledge portion
to support the wafer in the compartment,

and said second side portion comprising an _
access opening through which the wafer may be inserted-
into and removed from the compartment.

2. A wafer storing package according to claim 1
‘wherein the enclosure means comprises a closed top
portion confronting the ledge portion.

3. A wafer storing package according to claim 1
wherein the enclosure means comprises an open bottom
portion adjacent said ledge portion.

4. A wafer storing package according to claim 2
wherein said closed top portion comprises a panel
portion.



mhereln the enclosure . means conprlses a closed top portion confronting the

| edge’ porti on. 3.2 A wafer storing package according to claim1
wher €i n-the encl osure neans conprises an.open bottom portion adjacent said
| edge portion. 4. A wafer storing package according to claim?2

whergin said closed top portion conprisesig panel portion.

- 16 - 5. A wafer storing package according to cIa|U| uuﬂ1
panel portion lies approximately parallel to and spaced fro mmﬂ" “"I
portion. 6. A wafer storing package according to cla|n11 wher §i n®t hé
encl osure means cQnpri ges retginer portion travers S enlng and
retaining the wafeér aggl ?% \é%ﬁﬁﬁné) Qﬂﬁéﬁﬁ% 1R 47 A wafer
storing packaghezedar gaid manélmpnrtidnwkmdstdppnnximaterynpanalﬁeMprises

a retainer s ucting relation with the
opening to ref:éagggl P%%QE Os\/\gf(grl## %f?o"réﬁrtrrent 8. A

waf er storing package according to claim1l mhereln t he encl osure neans

comprises an out wardl y apialeiei it ¥y fadklidd UbdSkding' tEPELalY & T ObO!
or novin e packa
J whgrelngthe enclosure means comprises a retainer portion
traversing said opening and retaining the wafer against

movement through the opening.

7. A wafer storing package according to claim 1
wherein the enclosure means comprises a retainer portion
swingable into and out of obtstructing relation with the
opening to releasably retain the wafer in the
compartment.

8. A wafer storing package according to claim 1
wherein the enclosure means comprises an outwardly
protruding handle portion to be gripped by a robot for
moving the package.

9. A wafer storing package according to claim 1
wherein the enclosure means comprises a releasable
retainer portion movable into and out of obstructing
relation with the access opening to alternately retain
and release the wafer in the compartment, and a handle
portion with an operating portion thereon and connected
with the retainer portion to move the retainer portion
into and out of obstructing relation.

10. A wafer storing package according to claim 1
wherein the enclosure means comprises a wafer clamping
portion opposite the ledge portion and restricting
movement of the wafer.



9. A wafer storing package according to claim21 wherein the 'encl osure
means conprises a rel easable retainer portion novahlé into and out of
obstructing relation with the access opening to alternately retain and

rel ease the wafer in the conpartnent, and a handle portion with an
operating portion thereon and connected-watzh-~t he retai ner portion to. nove.
the retainer portion into and out of obstructing relation. \Mﬂ““‘“\
waf er storing package according to claim1l wherein the enc‘“ﬂ““u“ .
conprises a wafer clanping portion opposite the | edge portien &nd " s
restricting novengnt, ofp t f ] : - o s -
11. A wafer storimr?'r1 pa&jhgf %%cﬁ%ﬁlnrzf t%a%lfaa??m?%?%%%% nt?hglevé e:rl'0
cl anpi ng por t WX qﬂﬁﬁﬂﬁkﬁﬁ?ﬁwﬁ%F@BEPQWESF?¥Qﬁn%%ém?%ﬂb%epB?V¢§ﬁ,aaﬁd a
Spring porti oRwaydifi®n fﬁé'ﬁéﬂl;@ggd}ﬁfidrpﬁ drfaad GspPend 8Lt POAT 18G1ing
12. A wafer Sbéﬁﬁl1 ackage according to.claiml10 wherejp the clanping
portion is no zﬂﬂFEﬁﬁﬁfﬁékﬁﬁqrﬁP? SR BHONt he ¢l anpi ng

portion conprising a novabl e operating peg portion protrudi ng downwardly

fromthe | edge ponti on f o) p kon

13. A wafer stori r}tgzl'pa&gﬁareﬁazg(%%‘{% té)é)%‘%%fém #ﬁ?ieﬁggggi gi%ﬁﬁl 88ure
means conpri s¥hereidy itheralanping prirttiom is rxvrabbe stowardaapdr awey of
the conpart nmeftront Rd MRS PHOIbIF,OHHd ETMPAG PSFIEoR0ELMSRising

a movable operating peg portion protruding downwardly

17 -

from the ledge portion to be operated from below the
ledge portion.

13. A wafer storing package according to claim 1
wherein said enclosure means comprises a peripheral
frame portion to extend around a portion of the
compartment, the frame portion comprising said ledge
portion.

14. A wafer storing package according to claim 1
wherein said enclosure means comprises a generally
U-shaped frame portion embracing a portion of said
compartment.

15. A wafer storing package according to claim 14
wherein the U-shaped frame portion comprises the ledge
portion and also comprises an open side portion forming
said access opening.

16. A wafer storing package according to claim 14
wherein the enclosure means comprises a panel portion
traversing the U-shaped frame portion.



14. A wafer storing package according to claim 1 wherein said enclosure
means conprises a generally U shaped frame portion-enbracing a portion of
sai d”conpar.t nent. 15. A wafer storing package according to claim14
wherein the U shaped frane portion conprises the | @dge portio al'so
conpri ses an open side portion form ng sail® access ' . A
waf er storing package according to claim14 wherei nﬂmmmnﬂ“ﬂwlal”mans
conprises a panel portion traversing the U shaped franeepar TinOls =
-18 - 17. A wafer storing package according to claim 14 wherein the
U shaped f1ame ponly.on & Qige:s Gt dir Y WA KAYe OREBLRE1AGCESS clalln AY LI ON
t hrough the | edge portion to obtain access t0,the edge,é of the water |ying
on the |edge Mﬁ%ﬁ%ﬁ?fQHerHﬁﬁhﬁP?4m;¥$N%rP°rt1°“ g@MPRLIFEESeR st oring
package accor diowgiwaddilytidpeing it dsd Ne1 68 ChOSHLEnMCARSUGHRheS AR ayePanel

portion on the franme porti.gn and overlying the Ledge_ppLtion_n aced
relation, andP&tdIh&bs q-éa a%'sc%%?m#? g\ﬂhﬁ %é?ﬁb‘BF ﬁéﬁdf"@f&ﬁ' ﬁ'&é‘"ﬁanel
portion and poo i rgedgs ot thior rfore movingnthé hwaferl osure neans al so
conprising an open bottom portion below the | edge portion, the frane
portion having a thickness below the | edge portion which is |less than the
di mensi on by whi cH-&-he & sRfienhFpring dackege spocerdingf tanslpdm ildn.
wherein the enclosure means comprises a panel portion on

the frame portion and overlying the ledge portion in
spaced relation, and said enclosure means comprising a
robot handle on the panel portion and protruding above
the frame portion, the enclosure means also comprising
an open bottom portion below the ledge portion, the
frame portion having a thickness below the ledge portion
which is less than the dimension by which the robot
handle protrudes above the frame portion.



.19. A package for storing a single silicon wafer, conprising
i encl osure heans conpri si.ng, a generally-tshaped frame portion
conprising a partially circular- wafer enbracing side portion and an open
side portion through which a wafer may be inserted an :
the encl osure nmeans al so conprising a tap jpanel portion_on
portion and traversing the partially circular side por Mmmm “)@I‘Hme
portion, the frane portion and panel porti oh' ST Rgl e
waf er - shaped conpart nment, t he encl osure neans al so conprising an
open bottom porti adj hesl.d lops he frane_portion to

oBt ain accesg i ntg'{bthejgxi%%]r{ %ngéién%t&%{ébvéf 3$;\g§5ﬁt ﬁi":@&of‘hé'ﬁgerf'

the partial |l y aomprdsingi de portion of the frame portion conprising a wafer
supporting | edge portion confronting and spaced fromthe panel portion to
permt |limted novenent of the wafer between the | edge portion and the

panel portion. enclosire rmeans | gamppisingn on the panel portion
adj acent said open side portion and traversing said

a generally U~shaped frame portion comprising a
partially circular wafer embracing side portion and an
open side portion through which a wafer may be inserted
and removed.

the enclosure means also comprising a top panel
portion on the frame portion and traversing the
partially circular side portion and open side portion,

the frame portion and panel portion defining a
single wafer-shaped compartment,

the enclosure means also comprising an open
bottom portion adjacent both side portions of the frame
portion to obtain access into the compartment and to a
wafer contained therein,

the partially circular side portion of the
frame portion comprising a wafer supporting ledge
portion confronting and spaced from the panel portion to
permit limited movement of the wafer between the ledge
portion and the panel portion.

a wafer retainer portion on the panel portion
adjacent said open side portion and traversing said
compartment to obstruct movement of the wafer into and
out of the compartment,

a plurality of releasable wafer clamping
portions spaced from each other on the frame portion and
confronting the ledge portion,



corrpartrrent to obstruct movement of the wafer into.and out of the
conpart nent, o .a plurality of releasable waf er cl anpi ng portlons
spaced from each other on the franme portion and confrontlng t he | edge

portion, - 20 - _““*\ﬁf44ﬂmu\‘;TTE?
handl e portion on the panel portion to ke gyipped by a r for novi ng
package, and a retainer operating portion on ? ’m” ’ﬂl”
adj acent the handle portion to be operated by the robot. ﬂ'luﬂ
a robot handle portion on the panel portion to
be gripped by a robot for moving the package,

and a retainer operating portion on the
enclosure adjacent the handle portion to be operated by
the robot.



