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| NTEGRATED CFROBIHMIRAY W TH FLEXURAL BEARI NGS ThiPETIUSIBIH TN
rel ates generally to the manufacture of sem conduct or integrated
circuit chips and nore specifically to a tray used to hold integrated

cirout Ships during SiceRGsarsh drchf FRRYRAPRARAS BBRRNG |  , I"

t he manuf acture of -sem conductor | nt egrat ed circuit
the chips are pl acet?+n iRvgRtiogmaplefay generaldivisoning Wﬁgaaﬁélfﬁquoms

the chips to beeticosporter iNtegratefil 8££65HE dhipy ERENMBEeSLPUELBNAQOUS) Y.

cnabl o it op o S 3P ol ST BLATHIRGY oA, kbR S5rbAters
al i gned with t#8 Bbe peanufAqtarisg phecesster is used to hold t he chi ps

during testing. In the mBE¥ushlcRar@lof h&ﬂ&h&%&o@@ﬁ&@bﬂté&jeﬁf&ﬁ' and

are 15 config dt d the specific type of chi,p being rocessed
For exanpl e, U{bﬁhs nfg"ll:hi%\)e é"PPuE’(‘EP%sa&“% placedyingKXpKg. | e%%%h dfraghip in

the positions bébds metmh chips aafdt atlows tHe tdlﬂptse&b B¥StLahsPOSiad e al so
i ncluded in S, al S 0 the bin or_ _could be
20 wused to al |rg?1 t he {l}:lrglrtonitgﬁm?L ?&ﬁgl?ar}e%%si ¥or T y%f % & ol ded of
pl astic sd% haﬁ‘“‘i‘l’W’é‘arF%é‘ svstew mlghféds%vﬁaﬁé teght SM§thi<mmn¢rle

nol ded pl ast i c:.tpaufd Test ne&a&abl M:LM&MSMQSI hi eBay DL NGRS The

t ol er ances I atray, which js a_ 25
relatively |arge aV%) “?ﬁ% %&?t F%?'P j'ts'iﬁ?c %E}Fetfﬂt o:’r’5 used, £9 fipdfal
t ol erances. Podhe t@mmgw eeatq;mmbl em because the chips are not

held in the tray lrwaﬁenwsgak the tam§e&ﬁ&§&h¥elagnéi@am ks t hat

must contggt t . exanpl e erances are too | arge,
chi ps 30 q'%n o‘ﬁ’é’fdﬁ’tr%lf h?"ifla ¥hen spacifd oy caper P5 ShimRRATA th t he
work site, butpxvrgmsed: oFfber epample NaHinmmighe. have structid¥esagper oach to

avoiding this cLkb ) te Jatent
5,131, 535. Th%ﬁa?gr?lt iﬁggér{’g ek in, the; ggrggwg%ng ’?EL Qﬁés are

separ at el y madPHRSEoRns, ofi EhSSteﬁ/p?éf%\erl BP3tEiodED c218q Hnddiudedain
inserted intoemclebin, Thérpokts halidinthecethep DPRSthée B d0l2HaRCHS than

a nol ded 54 used to align the bin to the test system.

Trays are molded of plastic so that they can be of low
cost and light weight. However, molded plastic parts
generally have poor positional tclerances. The tolerances
are worge for larger parts. Thus, a tray, which is a

25 relatively large part, is particularly susceptible to poor
positional tolerances. Poor tolerances are a problem —
because the chips are not held in the tray in the right
positions relative to the work sites that must contact the
chips. For example, if the tolerances are too large, chips

'30 in one part of the tray might be properly aligned with the
work site, but éhips in other parts might not be.

Orie approach to avoiding this problem is described in
O'Conner et al., US patemt 5,131,535. That patent describes
a tray in which the bins are separately made of a plastic

35 type material. However, the bins are inserted into a metal

frame that has better positional tolerances than a molded



plastiepart of simlar size. That patent describes that t he bins can

move up andwdesnisses normal to the surface of the tray porafseniEatee
slight adjustnments for differences in hei ghts of the bins relative to
the test Sites. These 5 adjustnents help to ensure that all of the chips
to be tested at once actual |y nake contact with the test sites.

This tray desPRSEdFrears oh simidari gizeur fhats nafeat desciibes ithator mal
to the surfacenefbifig &iﬁYm&wié”'prZ'and dowh ' EClid¥hhl tb £RLI SSrflbe JEOStIY

nmetal frame t rovide 10 t onal accurac acr t he surface of
the tray. Enl' Ex R ATte? rﬁ:?ﬁﬁeeéi %QSBthgéf?%% d® he

bi ns made of bﬁashte ofl hehep | kesis a-eﬂ.aaimaets& aﬁie sless axgesd TheseM t h one
grid cell éoraagagﬁ&amxg éaogm_esﬁhké 5ﬂ.rlge| the & fg%t&e gy ns such

that the bins can slide aroun tron corrects
for poor posi FPBRER 2% Wemecturlly make e%‘t”r% WakBl the test laitas.face of

t he t rayt (t h? X-Y This C&fﬁﬁtdm%): corrects diﬂ.@h folr Rﬁﬁé@umt 2 édﬁiq!i?t%
conpensat es n accur a C|es on ed directions.
The for ner on ?%EJZ%L 1_1&2 & 32‘5%’1‘1: H‘?r % lh the X-Y
directions. Xrecumm d Mer@éwaabheat@qﬂwmaé frape ttatpyovddedes
conpl i ance of thBepdiNst dhd1n a%ci;%l:%;saér&@zgr&%s s%f%&&eg'f’“&rﬁﬁ x-.(ﬂy Each of
rom :

t hese approaches akio equi reizl th the frays e asse
nunerous parts, as Rattt o5 EpAY 42819 has, belhya 5 | 6k thee
undesi rabl e beéasseadd gfholamstic. | The plamuilcd fireamdesstatil sHen rae@lﬂa t he

nunber of coMRPERNbSe g’rz.d ce 1 ¥6.-h &w‘-\ed TR kddééf‘ﬁ%ad(}t IaSr :gﬁth

trays 1hat have bi_ns pl astic rarre

from semi condﬁ%?’%r%rﬁi‘rﬂ?e ghé?l % lfldiﬁ sayf slide arpund 30 thdimd tblaogs
“the slidess ¢63d, IThi®InMbvign! BerPésss | for R, posit:f.@idjl fdAYHatde in

causes fri Lf.%ﬁ%&%@%ﬁﬁ? Bretotths, kel prcrls' S (R B causes
the parts to %gpchians) . or can prevent the bins fromsliding in the frane
as 35 desired.- |iaé}h%£3|t|h%shoaﬂ§£o§éﬁﬂf»‘ d&n%@ﬁ%laﬁestf@r PUAE 1Wnlihg not
be properly aiﬁﬁ%@%&éﬁ%éé“i ?ypigklteéuéirections. The former omnly in
20 the Z dirsection, the latter only in the X-Y directiomns. It
would be desirable to provide a tray that provides
compliance of the bins with a full six degrees of freedom.
Each of these approaches also requires that the trays
be assembled from numerous parts, as each bin is separate.
25 Complex assemblies are undesirable because of the cost. It
would be desirable to reduce the number of components.
We have noted several disadvantages with trays that
have bins sliding within a plastic frame. .Mold flashing
fgom semiconducto; components sometimes falls off the chips
30 and clogs the slides. Also, in molding the plastic frame,
mold flashing sometimes is left in tracks on which the bins
slide. The mold flashing causes friction between the bins
and the tracks. The friction causes the parts to wear out
or can prevent the bins from sliding in the frame as
35 desired. - If the bins to not slide properly, the chips will
not be properly aligmed as they are processed. This might



-2-0 % cause the chips to jamin the processing equi pnent. Jans

are hi ghI y omaesirsabl e because they can require the mapeirAsh U6 709
operation to stop, which involves significant costs. 5 Anot her
di sadvantage of using a tray with sliding bins is that the friction

between the bins and the frame changes if the tray warps or flexes.
This can changE2Pfi@ FBepshies to jamingsher psesessing wsuipmester  Jams

eﬁt reme c?ses aeenh&bhmyeun%os:.ﬁébﬂeambaﬁae1Qhey can &Jq«a&%@elehar obl em wi th
the use of tra ave bi ns pl ane,
they are only }\/%Pf“b'gctur%ﬁ?t%%mfaoﬁ'i%s&%nsfﬁpe ‘ﬁ?‘ip%brﬁn XPBprgﬁg’Z%”Phe

chips with cogli@-tray horizontal. Sone equi pnment processes the chips
with the tray hel d xgethes! c'.li/:adw}dfn gtar ¥ Miﬁ%%'&a}gw%ﬂssiﬁaiﬁg hd o
etoth ottom I their range.

vertically, aII of .t he gln

On average theBi FB2% Fpe ?r'e’rf”ﬁaﬁf’ehFGWBQn he hing apd Shppfzame cRapges ger
adj ust ment t hadfi theheyapasarps o:stfabked outhis ddie chenyer thé téspeedd . The
greater the cha%QEFé%i’F@lc{ *Laé ?‘i?gegrfoi &l elid® cGNLDS c‘é‘ézjtng r{hetge\_/\ork

20 sites, the nore ere’ Wi € wWear or

As w || be des&Pi Béﬂm-F-Hgfmre det ail bel ow, we have sol ved t hese

probl ems viéh an i nArsyechd¥ %d&le&gwuﬁxemluse of@2hi808hat Fh&Xe!Bing
beari ngs have Qge@ uiegl |n ot her 1g$$I lcatlons such as OBtIC al i gnnent
systenms and coupfin vEs SR hhev Ry eply ral

bearings are suigeﬂefatlxyse wd.td:egqueméntr@a;h)mmpseess tha sbims rvartm
i nstances, f |€ﬁHr€£a adl.€ Péﬁg é&uﬂn&'ﬁﬂtdppx%'c ps tHE%

freedomif they_ are s e coi ovvs to Torm shaft

coupl i ngs. The etBeEP'@n é‘eld "GF§&G§§£¥1| 1A 1R Wetl’-‘éife}"éﬁbesi-@(’fn?’r%% on
Machi ne Dexsd gnis heldr-esitienllial,| alEngk cvme bidd ffizl Biid89%2c tEBMottom
0-13-719972-4 of their range. On average the bins will then have to be
forced to make a much larger adjustment than if they had
started cut in the center of the cell. The greater the
adjustment that is needed to align the chips with the work
20 sites, the more likely it is that there will be wear or
Jamming.

As will be described in more detail below, we have
solved these problems with an improved tray using flexural
bearings} Flexural bearings have been used in other

25 applications such as optical alignment systems and coupling
eléments in drive systems. However, flexural bearings are
generally two degree-of-freedom systemg. In some rare
instances, flexural- beazings are used to provide five
@egrééé of freedom if they are shaped like cociled springs or

30 ballcwsitc form shaft couplings. These designs are
discugbba in the reference text Precision Machine Design,
Prentice Hall, Englewood Cliffs, NJ 1992, ISBN 0-13-719972-4
by Alekanﬁer H. Slocum, which is hereby incorporated by
reference.

35



by. Al exander E. Sl ocum which is hereby incorporated by reference'. 35

- 3- WO 98/11599 SUMVARY OF THE | NVENTI Ocrusemiérre Wth
t he foregoing background in mnd, it is an object of the invention to
provide a | ow cost chip tray. It is also an object to provide a
chip tray that has 5 conpliance in up to six degrees of freedom

i ndependently for each chi pSY¥MARY: OFy FHE INVENTION |t js a further

obj ect to provide avithi |&hhr aﬁr&@ain&dﬁsckﬁro&ﬁhfiﬁaﬂiﬁl ng %lal Rnéb'_ﬁi)&iﬁ o
0™ tray i hat TadH9 ASVEBEAPRGED PEPARA LRPOHOR: I (SB8%1 {1 exural
bearings. In a prefifar tisdaéﬁboahxmivﬁqcti lte brawreée & cltmms:mdthhethml
bearings arse iéﬁnﬁﬁ.&%@é g/ gﬁdthgﬂl %yrges of freedom independently for
each chip in the tray. _
It is a further object to provide a chip tray that has
self centering chip support platforms.
The foregoing and other objects are achieved in a chip
10 tray that has bins coupled to a frame through a series of
flexural bearings. 1In a preferred embodiment, the frame,
bins and flexural bearings are integrally molded of plastic.



-4-x .t . BRI EF DESCRI PTI ON OF THE DRAW NGS
The i nventi owowsliis9pe better understood by reference to Fdreusowidioov ng
nore detail ed description and acconpanyi ng drawings in which 5

FIG 1 is a drawing of a chip tray according to the

i nvention;

FIG 2 is _an expanded view 0 of the bins in the
chip tray of FIG 1, BRliﬁrengchPgIWéW Eaﬁg‘ﬁwgéﬁative enbodi nent

of the 10

THei invhnEién @illad better understood by reference to
the following more detailed description and accompanying
drawings in which

L] PIG. 1 is & drawing of a chip tray according to the
| invention;
FIG. 2 is an expanded view of onme of the bina in the
chip tray of FIG. 1;
FIG. 3 is a view of an alternative embodiment of the
10 bin of FIG. 2; and
FIG. 4 is a view of a second alternative embodiment of
the bin of FIG. 2.



FIG: 4 15 a view of a second al t-ernative enbodi nent of

bin of FlI G w9s11599 DESCRI PTION OF THE R 'E?m
EVMBODI MENT ! FIG 1 shows a chip tray 1 capabl e of hgﬁg\gng 2 Chl ps
It has eight rows of four bins, labeled 2a...2d, 3a. ...

5a ....5d, 6a...6d, 7a...7d, 8a...8d and 9a...9d. 5 The blns are attached

to portions of the tray, DESURIPTIONNOF aTHE PRREFIERRED BYBORBMENTe bins.
Tray 1 is, in a prehgrredagohedi f@:[l‘ip £78ydedoQbanre dF %%&h@ng%ﬁo&fﬁé‘t I C

pl astic of the t pe normal ly used I n sem conduct or Id deV| ces IS
preferred. Preferas ?"gf‘ﬁer‘.’tﬁs ehtfiqus Pr"&?*aﬁ@%’r‘? e t'h@ Bi ﬂ
integral |y nolaged ua,oaa....sapesat i.®d, 7abhe.rabey. amd aadf Bgurasdon of

the bins i NGk, orta e invention ed by the
seni conducfor pr océ‘?s ﬁeoﬁgﬁﬁ %Q"AP?E&?P% °€n%“‘7 I':rﬁ%'ve“'g!L %

that allow it sxdddOhbetwaed vleitpm=at ed during 15 the senm conductor
processing operati @lay $UEH, s;_,gu&:tﬁy rred Yhbda DS kn@»lh@& gfior art and

are not expressly shown in raw of the bins
.2d, 3a..Plagtig, "4&""'5%"“1"5@’1““‘:68’3 thy type n%‘ﬂltm used) dhd

9a. C.od i s, i matﬁieopaai:ebfeﬁomttngerdmdwanis pﬁ&fnrm PrbEeranl gh e bi N

2a in gregper e I chi ngQ tf.orm 60.
The speci ?b azﬁ':ergatr‘t'gh¥ a'?ures or'tqo cgat g%?ﬁ”l Eﬁé arx;e:e(#}%\fiﬁi%" %Ql‘%& ]f' e type .
of chip to be %retﬁ-ﬁntr ayhe ppEREr ?;Pd configuratipn |of ﬁbﬁubwatw not

embodi ment , p|i&b%&'t:&h@0tbn§ﬁbldﬁ§ve%'im%| aha «fM %"&Qﬁ@tﬁ@ehﬁﬂ%ﬁ@s S0a.
Slots 50b recejve | al | ows

I
back side acc@?g‘lfﬁ’g‘?ﬁgtgﬁl’ﬂm“s”(% °§ﬁ59t/ﬁﬂ'°r(‘m rﬁ%ﬁq"o%%f‘go ?@ A% ss
can be used f@tructugashthat ngblows il o hg hehdpermd mzpunatedldadrmg onto

the 30 chsp aet s%ﬂ@%idgyééf‘%ztd:c%ts'saﬂgoépg{'w' N@uch structufdets 80,
81 and 82 canérli(é&use to,alignthe c shown) on_pl atform 60.

Such posts ar ePBl 2&héR the RA9F arg Hﬁg are A4 SFPrPFELY o3 k.
Posts 80, 81 xhe¢ 83Zapifgs.

Bach of the bins 2a...2&4, 3a...3d4, 4a...4d, Sa....54,
6a...6d, 7a...7d, 8a...8d and Ya...9d is, in the preferred
20 embodiment, identical. FIG. 2a shows bin 2a in greater
detail. Bin 2a holds a chip (not shown) on platform 60.
The specific shape and features of platform 60 are dictated
by the type of chilp to be held in tray 1 (FIG. 1).
In the illustrated embodiment, platform 60 includes
25 slots 50b separated by guides 50a. Slots 50b receive leads
of the chip. .
Central hole 390 allows back side access to the chip
{not shown) on platform 60. This access can be used for
such things as blowing temperature controlled air onto the
30 chip (not shown) during testing or processing. .
Pogtg 80, 81 and 82 can be used to align the chip (not
shown) on platform 60. Such posts are useful when the chip
hag a carrier-tvpe lead frame. Posts 80, 81 and 82 pass
through holes in the lead frame to position the chip.
35 Posts 80, 81 and 82 are also used to'position platform
60 relative to test sites on automatic test equipment or



t hraugh. holes in the lead franme to position the chip. 35 Posts 80, 81

and 82 are awswmeg/mssh t o position platform 60 relative toptpase7aEi7?@S ON
automati c test equi pnment or - 6-

work sites on other sem conductor processing equipnment to whi ch t he
chips (not shown) in tray 1 (FIG 1) will be presented. For exanpl e,

they will be us¥8Fkositescon rther gemicondupiion RFATPSEANG| aTRIIRATHO SNt 0 a

task site of a gROEBCERE ch‘%.pé)f(n%uhaﬂd&sr .in tray 1 (rEatiprwaB0,nd ncl uding
sl ots 50b, posts 80, 81 and 82 and centr, are as_in the prior

art. Platform 6B°®8 ent%‘?ffe"?%r PP‘BWP?‘ﬁe hep v n“Fﬁg hayTiide the <kip
attdched to (notaghdm(FlcCﬁ plat£oprCce 6 | fxsttd \a tpiskt Bdten 60 a scatttaativad t O
10 franme 1G of ofrayy ugh a flexural bearing syst emt hat . aI | ows
up to si x degrees of ree om Each of the bins 2d, 3a

4a. .. 4d, 5a....5d, cBlatfrem 69, ingluding gplots SQH"aHS"Qﬁ 8o, 9?11%’@! #des a
pl atf orm 60 COU@h&dc&ﬁlEﬂMmcﬁe 90 ht&cadend ivMe @&&berrhrérhesplédw @lo

beari ng systens ow | atforns in each of t eblnsto

| ndepe%de%t ly wft # %‘Ef"”l &%?pyrae r2%% eé'&é'rrf" ﬁe’r’éf’o? eatr%fg‘r‘?dt ke
tray is pr eszmy el tmGlurIBr.ous;:wiki&:th& rdacfofmt i@ Ldigscached to
shown) in tihe tf?a{?é(“ 10 d¥8 J¥aQPer Lﬁr&#lgr%%l §NBhhrin éfé&%ﬁ?tc g work

sites regardless i naccuracies In manuf acture of tray 1 or the
posi tioning of HECHR WP $q &ix degrees of fxeedop, of ERFR PR MRRIHEH , t he
flexural bearimna...28yI2m.B3a;, ban.26a, rsd.udesdf,osa. besds 2., . .24, 23 and

24 Fach ofglhe heaie 1900l Ugas Al £AED £l o3 ebb bl AiOfld Weraugn! 12"

can flex with at 1 ea egrees o ree der
full six degreekiin heeé@msweitelnhe Thase flsprural bparing rﬁmemmel%eurrs

are in paing Wid ,m&m%&&:;%&& of HRAB1nE eacao{aalind@m&@ngeﬁaeﬂ
e

tam’jo;gh the fl exzyrto six cpeeg‘arrelegggf a%ree&onght '1‘% ge%orSpe elex Ct o ¥:r ams

Presented to numercus work sites, all of the chips (not
shown) in the tray will be properly aligned with their
respective work sites regardless of inaccuracies in the

20 manufacture of tray 1 or the positioning of the work sites.

In the preferred embodiment, the flexural bearing

system for bin 2a includes four beams 21, 22, 23 and 24.
Each of the beams includes at each end a flemxural bearing
that can flex with at least two degrees of freedom, in order

25 to obtain a full six degrees of freedom for the motion of
ngtform 60. The beams are in pairs, with one end of each
beam in each pair being connected through the flexural
bearings at a right angle. Specifically, beams 21 and 22
form one pair and beams 23 and 24 forming a second pair. In

30 each pair, the other end of one beam is connected to the
frame 10 and the remaining end of the othexr beam is
connected to platform 60. In FIG. 2A, beams 21 and 23 are
connected to frame 10, Beams 22 and 24 are connected to
platform §0.

35 The flexural bearings used in the embodiment of FIG. 2
are made of two hinges at right angles, 3la and 412; 31b and



form one pair and beans 23 and 24 formng a second pair. In 30 each pair,
t he ot her en®Ww®98/088 beamis connected to the frame 10 aaludiw16170
remai ni ng end of the other beamis connected to platform60. In FIG
2A, beans 21 and 23 are connected to frane 10. Beans 22 and 24 are

connected to | atform_6 The flexural heari
embodi ment of I‘—dliﬁp’ PR2 Mdagé"naa%b % ASEhi ﬁ@%s"‘é‘% 'ﬁbgh ?3131 g‘hd
41A; 31b and and 44A; 34b and 44b. In the embodidment of FIG. 2. eddlh: 32a

o, o h2b 2l s TP 83 ot Wmitdlesd Mhqenealdnd i ddd and

44b. I'n the enbod ment nels or ne orm ng
symmetric |ndemmqsén§ BAfdgs of b‘tm)dmaﬁg Sheesewlttm @é&ﬂPSTHEGrM?ﬂi ng

hi nges are sharﬁi "Iz%uﬁ%lagﬁﬂé“m FEBhge tﬁscﬁiﬁﬁeé hig, [Hakfie s 1bfugaLh

fl exural aring are at ht angl_es e resu] ting_bearing has a
"crossed hour gﬁe(fs?‘%gsﬁé'ﬁe. right g"‘f"ﬁé fE ﬁu?%?“icfe‘é}qgﬁgaﬁgﬁe
Il lustrated in “erGasdd heur glassle siapecl| atively sinple elenents. It

consi sts of beans 1QggWighly Lf%a[ﬂgy alkeBs i rﬁéﬁ%@ Xl ?&&'% s

Hovvever, -t he resulti ng exura earing asse temis ul t
conpl ex. EZade P@xﬁ‘P&thﬁ?‘Yr@W%ﬁ-éﬁPP‘éﬁ y Tar- Hﬁﬂ@é%ﬂj 8f 9“"5I'he
four beansiand wiltdXar afbwbeaaaﬁe&tmek tToOﬁQlBﬁl’flék:HiillQWy. HPpWaré o] Nt t 0

nmove . Wi th six dear reedo | t, can 15 relatiy fr
e e chi FoHIEng £1LpREEl boads st denRu v S e SdlhiBe | Catd Y. *°
site by positi &@achg flmpeétbe@;nﬁhamasgtmlly a Kocﬁ@éﬂbeamﬁl T 23

and 24 run, togdhe %ﬂifse&hdefi&%ral beld?3 ﬂ?'@ot@'%&ﬁ% ESnQifb@f each
si de of platfor at th made as | ong as

6% % [ referable t g%é)
possible to Tﬁ\ Pﬁ?“zé tﬁgllFOE Wi 4%, AT ARs efarteﬁg°§ase IHi £ whi ch
pl at f or m 605" f ["ddicat"" relative tdhiragiex ldegr tess ofedaleclidm daneehsiebm by -
defining a can be aligned with its respective work site by positioning
rosts 80, 81 and 82.
Thae beams 21, 22, 23 and 24 run, to the greatest extent
possible, alcong the length of each side of platform 60. It
20 is preferable that the beams be made as long as possible to
minimize their stiffness and increase the ease with which
platform 60 "floats."®
The six degrees of freedom can be seen by defining a
Cartesian coordinate system with the X direction parallel
25 with beams 22 and 24 and the Y direction parallel with beans
21 and 23. The Z direction is then normal to the surface of
platform 60.
Hinges 3la, 31b, 32a, 32b, 33a, 33b, 34a and 34b can be
flexed in the same or opposlng directions to allow any
30 comblnation of translation or rotation within the X-Y plane.
For example, during translatlongl motion in the X direction,
'hinges 31a and 33a will flex in the same direction. During
rotation in the X-Y plane, they will flex in opposeing
directions.
35 Hinges 41la, 41b, 42b, 43a, 43b, 44a and 44b can be

flexed to allow translation in the Z direction or rotation



Cart esi an codwgi”[g;s” systemwith the X direction parallel 25PCHUSH/tHs 22
and 24 and the Y direction parallel wth beans 21 and 23. The Z°
direction is then nornmal to the surfacée of pl at f orm 60. Hi nges
3la, 31b, 32a, 32b, 33a, 33b, 34a and 34b can be flexed in the sanme or

opposi ng direct yBRSet 1 GhbPVEREI% 3 YCREBENAFON difan1a)Shahyes O2a reaidt i on
within the X-Y plane. For_ exanpl e, durln‘? translatlonglr__ lon in the X

nmo
di rection, ktagEill1flen i dhe, \PPPopits FH IR Foxdi 88?#‘%5’.‘" ng
rotation in thetKeYzpdpectidiey Whely #itX fledppodihegsame directizmsfor35
H nges 41a, 41b, 42 43a, 43b,. .44 and 44 : t I
g Fﬂ&agiayr%%?$ the ?b?g%?bnbbffghfgi, hinle8X€¥al Sndld AWV

translation in

- 8- 5 willafbet intthe dupesiterdirestwion Bwrimgatpraslarifrdimog
and 44a Wi | |Lpbl gX g4 PR} i | 00 41y demNElidbbeloh NE the
Z di‘rection. Thgfl‘];vm%l Fi??%gf?tﬁ’ t%ﬁ% té’g%rg gfﬁcﬁ]on for r ot at?on oarr ound

the Y axis. Likepcssion apeanditheyfdaxlg. 5 will flex in the opposite
direction during trapshat2Diwdske in bALaZlél et deanh23 wol Eothex in the
sane .direction for tation around.the X axis. _ 21 wor ks
in parallel wt RSBSBHQ%ﬂ(oaf 4R paz g%?%ﬁ??hl éy&‘:;imfeot}’rea'gxarzz*:3%%€11€]age
because beah® 23om&bognabriduxgiass hdnggsaddb MaHSSI3TR oRE 228, ArbiSeend,
and 33a and,432,98 Hhecid NN dna T00BLHeEndIe Hams] 2andnd 322 4106w

for motion in the X direction. Note that beans 21 and 2 e

cantil evered be#RE, maR#eR i rttha X difpAFiPle tTREG that gfl‘f‘fsng%sa?w:’ch i s

desirabl e), theakecBdfitiloverd Weags, dadd 1in asxamwitcamialilngzpethods ned, so

they are coupledel@ehlfe (wpPhflHIESHabIl UL el nligR Do 2dn Afilh it

respectively. e end 0 eam I's attached to the end _of beam 22,

wher e i5 and not axially restrained, soc they are coupled to the
platform 60 through flexural beams 22 and 24, respectively.

. The end of beam 21 is attached to the end of beam 22, where
that end of flexural beam 22 has orthogonal hourglass hinges
32a and 42a. The other end of beam 22 is attached to the

20 platform 60 by orthogonal hourglass hinges 32b and 42b.
Just as beam 22 connects beam 21 to the platform 60 without
restraining the desired motion of the tip of beam 21 so as
to minimize stiffness (which is desired for flexural bearing
motion), beam 21 does the same for beam 22. The collection
25 of hourglass hinges 31b, 41b, 32a, and 42a all act to
prevent transfer of moments bgtwaen the tips of beams 21 and
22 which minimizes stiffness of the flexure and maximizes
the range of motion. Similarly, beam 24 is supported at its
ends by orthogonal flexural hinges 34Db, 44b,_34a, and 44a.
30 knd similarly, beam 22 and 24 work together as a four-bar
linkage to provide for motion in the Y direction. And beams
24 and 23 guide each others’ tips without restraining them
in the desired motion directicns, and provide connection
between the pratform 60 and the £rame 10.
35 To achieve motion in the Z direction without causing

undo undesirable pitch or yaw resistance, beams 21 and 22



t hat: end of flexural beam 22 has orthogonal hourglass hinges 32a and
42a. The ot h#onds®wf beam 22 is attached to the 20 pl at f orpoTAX9tys170

ort hogonal hourgl ass hi nges 32b and 42b. Just as beam 22 connects beam
21 to the platform 60 vvithout restraining the desired notion of the tip
of beam 21 so as mnim ze stiffness (which is desired for flexural

beari ng rmtVB’ﬁ])" a%e%nﬂ?f“dﬂ@s orFROGORAL R T, ¥RAr9 cona Reawy|q JdEepgRgos
of hourgl ass hi Wt&d&hé%&n@&d;ﬂ%ﬁdcm leAgth ar]i)cleﬂ/Rﬂ:te tofagaker

of monents bet }'\‘@9? N6 44 RS, Oafll%%aggr gtu%]hlé’ u%%e\,\@rgbng% v.erZi% mlarly

stiffness of t exure and naxim ze
beam 24 in supp®fttemat $tn§llarl}'enbsa:b§ %t%@ﬁaFOeriwathﬂng@gmb

44b, 34a, an.d 4&33 3&&5&&1@&&5&;%@1@:&&@%&41&9rﬂﬁﬂ@ﬂ@tﬁ&%ﬁ% a
f our - bar Pt ge {ij rovi de f?lwr i t he % I Q And be%
24 and 23 gui de"tEEHPHIHEF 2 (F49Ps AhFBR eé:’;l”rﬁaﬁ?‘n the GoRnegs ing

desired noti on beawesgti ons, and pI’OVI de connecti on between the platform

00 2nd the frame 10.3%1cm £ol0 AENLEYEITHd e o N Lol cCLIAN Yl out

causi ng undo undeS| ra aw resi stance, beans 21

-9- thedpgams val Xl é)@itbﬁe w@h&m@ peare where one heamnouides
fl exi ng 108CCORIDSkRE 65F (i GtABYEwL thdi®) AHediheAgt i ANtr&d QAN ol he

ot her beamto al for virtuall nrestra|n vertical ti
Sinilarly, bearnsi‘%\‘: a’h’&"izlf%& K ¥85é?’ﬁe7’b %ga?'ﬁ 2 o S t%g@%gpem
hour gl ass fl exu?dmgetardefiddtndastheoneghtive X dixpptiony iRpunsdadisescti ons

for each end 0f3§ﬂ99a£@n.ﬂf‘é3tdxﬁgle thebfaci@rectlon motioﬂ_oot‘i'dkm/\’Jﬁ JE0bahinonal
degrees-of -free once a he beans w_l | act 3 orthom%onal pairs

wher e one beam |‘Efés Tgps °r¥eq-§n8° ofhe Riajhem \ﬁn"t hBYE gitpoutpy,
exanpl e, 15 rigdethmining lthe alapeost ditcaterddhef/barns23 t e tagp taf beam

23 nust defl ectymd 415 NGRAH ‘é% Xﬁg&ﬁfﬂd ben@UEHbISehs 23. 3ihi3adiga
gU|detheXd|rect|on not 1 on t eendo eam
beam 21 bends in the positive X direction and its tip motion

is transferred to the structure 60 by beam 22. The result
is compliance in rotation about the Z axis. The use of the

20 pairs of beams with flexural coupled connections minimizing
momants betwaen the ends of the beams increases flexibility
and range of motion.

For angular compliance about the Y axis, the ends of
beams 23 and 24 move in the positive Z direction, and the

25 Dbeams’ ends’ slopes and small Y and X direction deflection
components are unrestrained becausé of the flexibiiity of
the connection to-and provided by-each beam to each other.
S8imilarly, beams 22 and 21 ends deflect in the negative 2
direction where their interconnected ends are unrestrained

30 ﬁy the orthogonal flexibility of the beams.

For angular compliance about the Y axis, beam 24’s
hourglass flexures 34b and 44b move in the positigé z
direction, and the hourglass flexures 44a, 34a, flex and
move in the negative Z direction. In addition, some

35 flexibility is also gained, ag is the case for rotation
about the X axis, by deflection of the orthogonal comnected

- 10 -



23 to transfer it to the platfornt60, but they do so without 15

restraining twpeope at the end of beam 23, so as to m NpeB/es»7TURE0
force required to bend the beam 23. Simlarly, - beam 21 bends in the
positive X direction and its tip notion is transferred to the structure
60 by beam 22. The result I's conpliance in rotation about the Z axis.

The use of the RPaP#AY.s dlegeaReamp e fand FlafuashpradteInihas iah&

m ni m zi ng nBreYdnt ibelaVednilie SAfe)f noRGnBeanBLthé Cigpatisrd IZexi bility
and range of notdfi Lorio For angul ar conpliance about the Y axis, the
ends of beans and 24 move in the positive Z direction, and the 25
beanms, ends' slopes &edmsn@ll, ¥2an23 Xanf r2dcthiodd ddatfermoi? at acaepdnabt s

are unrestraisneGRGAGH cehtbbeal {Eeiil idey 2hme 10! Nep LIRS 160N wii@ 1284

provi ded by-each heamto_ each ot her. Simlarly, beans 22 and 21 ends
deflect in the &R e this pogifics izasamidess: AE| Fhe REISRTAIOR@EchTeYar
unr elst r ai nedI 30 1.by Tiie @b%hmgynﬁkkéd g&ﬁd&l I wa10f sihee&e]ﬂﬁs.us']cel with FOL
angul ar conplia ut Y _ axi m 24" s ou ss . f.l exyres 34
and 44b nove i nri’f%%ga}%%gi ttlh\éf'g Eoi‘é tshcﬁ rcg‘c |'c’oﬁ,n 3nﬁef€%°%%§%gﬂ%§§§ ggur es
44a, 34a, flex &e#ting.nmove in the negative Z direction. In addition, sone

35 flexibihpty is ahl@acyaiiednodfa ive dited@e8atOh140idkd @b "£loakgut the X
axi s, by deflecti 9;[1]‘ of tﬂi or't hogopal conr]ect ed . )
- 10 - withoug g %?‘QA‘P’go&%Hﬁ 225 fhoReforr [doRF P8GRl i8s a
systemin a sintharemdsnenldnblasiging dohEramgatlove X tray agicoedingnto the
W ihin the (1ans™yaicgra for 1PRGHEYy Tathnd' o8 APEL VL1 RO% chloOBrARA. o7 o
regardl ess of tR& & FSREREFoRdBIntagR, it shoulf ke mpted Fhak ¥BTPLay 9= vel |
suited for wmSe filelring ofadthers ddwd et dhhhge CthPSreédpomsecrti cal position
for characteristics of tray 60. The resulting tray is therefore
extremely robust.
Having described one embodiment, numerous alternative
embodiments or variations might be made. For example, it
20 was de=scribed that tray 1 is molded of plastic. The tray
might be made of other materials. It also be made in other
ways, such as by stamping from a sheet or millimg.
Though integral molding is desirable because it
provides a lost cost method of manufacture, it is not
25 necessary. The bins, including the flexures, might be made
individually and then organized in a frame which might be
made of metal or plastic.
FI1G. 3 shows a an alternative construction for some of
ghe flexural bearings. Hinges 34a and 33b might be replaced
30 by a single thin curve& beam 122c. Hinges 31b and 32a might
also be similarly replaced with a single thin curved beam
12ic. Beams= 121ic and 122¢ provide the same relative
flexural motion for beams 21, 22, 23 and 24.
FIG. 4 shows a still further alternative embodiment.
35 FIG. 4 shows that beams 121, 122, 123 and 124 are used in
place of beams 21, 22, 23 and 24. Beams 121, 122, 123 and

- 11 -



testing. 10 Al so, it should be noted that plat form 60 "fl oats"
wi t hout slidiwWgaI®?ane 10. It therefore does not jamif PCtrives76i® nol d

flashing on franme 10. A tray according to the invention is |ikew se

i mmune to dirt buildup on the frarre As a further advantage, it should
be noted that |ng of tra does n change the response
characteri sti c\é\@%? %)% %%i F@gu?lﬁ"ﬁ t%/%ﬁ]’:"l%"st Hégéf'ﬁ?%s‘gs 14%r enel y
robust . 14Ha,v|r@cdemﬂ maed onespediocirainnt , Beansr D2 atd cY22atarec
enbodi nents or 42 vg?’ desell bed
that tray 1 is a}“é:_gﬂl&gg@g ﬁg é:&me)&%@pkﬁd %5 3 %%'%
materials. It ‘B@"fmd‘é*zl ‘n §epes 121 Jé-’t?cﬁ-nésl%fl %%%ﬁl‘bl’rﬁj"’f rom a
sheet or mlgi rngu.sta 140a, “n'hcoughlmé egﬁaum dlrﬂgpbatﬂeéu,atﬂ:e thecause it

provi des a | ost,cost_.Jret hod facture ot _25 gcessa The
bi ns, i ncl udi ngd"'f’ﬁen%‘mxsures uﬁfgﬁ SH M o 1n & vFam%\I?’S/r qx%eﬁs
organi zed in a prixe ofhilkingwsgkhbowe in FIMdE -of 'I‘Mt ébnarthd ®sections,
FIG 3 shows a phwédd:£r Naldais Qog b&uedi (ytrggge the flexural
beari ngs, Hi nges 34a and 33b m t be replaced 3 by a single thin curved
beam 122c. Hi nges 3Frihd cPPEtapfhEross- %ﬁ%‘&%@%?ﬁwar?w@%m%&%th a
si ngl e thi mmurwmhbeannin beiﬂ&cmmﬁ&zﬂ.%ﬁea@drﬂ:ﬂﬂﬁt%@yﬂﬂq:ﬁdﬂdﬁame

relative QS%? a;l“ EIG 4
shows a stiII fur er alterna |ve € I ment . °§ée ngéllh ems utldbeams

121, 122, 123 &wePvite & Jimisgdi pange of matiem-beans 21, 22 23 and 24.

Bearr]n; 121, 122, 123 mover, it 19 n%t e dsupaie dhh@uéﬂéw&mdaieﬁgl ons
with wai sts 140 an 40 ectiv Beanms 1 an 122
are connec?h%l :b)f“ﬁ Bseogf (Lf??%aﬁ‘a ﬁﬂﬁ éé

fl exure 1325 Bepyevilds a matQZSrmb 9%} mcsgiom anﬂohaﬁlmltétes bbtfa, rGi0b,
140c and 140d, g&sPedy VRlkh thd & 8 of “Bﬁ‘%&%'rﬂn%o mJMmthﬁ)é CRRphkEX 1N

t he sane dlrectlé)nstas pairs o ss?nvj\_mm FIG 2. The | ang
t aper ed sectloﬁ§, ructure. However platf 60 ght be attached tc frame

10 at multiple points through a structure that more
resembles a coil spring. Such a coiled spring type

20 structure might be created with beams that are zig-zagged
with flexural bearings at their joints.

It should be appreciated that other types of flexures
might be used. Por example, elastic diaphragms, twisted
£flat bar links, rolling bellows and other membrane and

25 spring-type structures could be uged to provide up to six
degrees of freedom to platform 60. Any of these systems"
could be optimized to minimize gtiffness and stress by one
skilled in the art of stress deflection analysis.

‘ As an example of another modification, it should be

30 nated that some prior art trays provide cdmpliance to the
chip bins with only two degrees of freedom. If desired,
half of the hinges might be eliminated. For example, hinges
4la, 41b, 42a, 42b, 43a, 43b, 44a and 44b might be
eliminated if compliance only in the X-Y plane is reguired.

35 Also, it should be noted that the flexural bearing
system of the invention includes pairs of beams 21, 22 and

- 12 -



however, create a nore uniform stress. Thi n, const ant
cross-secti ongdofyem® m ght al so be 10 used. Thin beans m glrCrrusssoree

circumst ances, provide the required flexural conpliance. However, such
beans woul d provide a limted range of notion. Moreover, it is
not necessary that the beans run al ong the |l ength _of platform 60,

t hough | onger baams2@encFae | beame i eerBepaiyraxa ouPiffeabf THERT ARHIRP
havi ng the beangor #8duce Peifédds \birehihbfessly Farple PiFanbeioht0 sakes a

nor e conpact St turg. However platfor 0 m ght . attache frame
10 at nultiple Bgf*ﬁﬁgg?h?gurg}he af'%vteﬁ&gf’ﬂr ‘é°‘t‘ﬂéa5”nnarcg ev Er %%eﬁ% eés]I %Pca&
spring. Such a @3i wedespoupled e pl@tformuéld (hye meiagst ofeacfdaxexialyi t h beans
that are zi ggagggdring. Wi th flexural bearings at their joints. It
shoul d be appreciated that other types of flexures . _.m q$ be, used. _For
exanpl e, el astic di apRPESFRTe lika dgvention ghauld F"Pn&é‘,ﬂgﬁ | PRAY R s
and ot her nenbr gpeérstdad® sSdid RE kYpCappéndddcAniadul d be used to provide
up to six degrees of freedomto platform60. Any of these systens
could be optimzed to mnimze stiffness and stress by one skilled in
the art of stress deflection analysis. As an exanpl e of anot her
modi fication, it should be 30 noted that sonme prior art trays provide
conpliance to the chip bins with only two degrees of freedom |If
desired, hal f of the hinges m ght be elimnated. For exanple, hinges
4la, 41b, 42a, 42b, 43a, 43b, 44a and 44b night be elimnated if
conpliance only in the X-Y plane is required. 35 Al'so, it should be
noted that the flexural bearing system of the invention includes pairs
of beans 21, 22 and - 12 -

23, '24. The beans in each pair are coupled at right angles to reduce
stiffness are increase range of notion. Sone

- 13 -



benefits of the invention could be achieved if beans 21 and 23 were

coupi ed to Plwbbeii$0 by nmeans of a flexrural 5 bearing.
Therefore, the Bﬁ\ilentlon should be limted only by the splrlgmgnlr@cope
of the appended cl ai ns.

What iz claimed is

i 1. A tray for holding semiconductor chips, the tray

2 compriging:

3 a) a platform;

4 b) a2 frame;

5 c) at leagt one beam; and

6 da) a plurality of flexurazl bearings coupling the at

7 least one beam to the platform and to the frame,
2. The tray of claim 1 wherein the platform. frame, beam

2 and flexural bearings are integrally molded.

1 3. The tray of claim 1 wherein each flexural bearing
comprises a pair of hinges, with the hinges in each
3 pair allowing flexure in orthogonal directions.

H
[
°

The tray of claim 3 wherein each of each hinge

N

comprises recasses in opposite sides of the beam.

5. The trxay of claim 1 wherein the at least one beanm
comprises four beams and wherein each of the beams has
two ends with ons of the plurality of flemxural bearings

W

at each of the ends.

6. The tray of claim 5 wherein pairs of the beams are
joined at right angles at one end and one of the pair
of beams is joined to the frame at one end and the
other of the pair of beams is joined to the platform at

v o W N

onae end.

7. A tray for holding semiconductor chips, the tray
comprising:
a) a frame; N
b) a plurality of platforms;

- c) a plurality of flewxural bearing systems, each

N U1 b W NP

joining one of the platforms tc the frame while

Jo——

TSI
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- 13 - What is clainmed is

1. - Atray (1)

fort hot di ng senmi conductor chips including a frame (10) and apcRuysemisi7e

plurality of WQ9&L§®a, 2b, 2c, 2d, 3a, 3b, 3c, 3d, 4a, 4b

5¢c, 5d, 3 6a, 6b, 6c¢, 6d, 7a, 7b, 7c, 7d, 8a, 8c, 8c, 8d, 9a,

, 4c, 4d, b5a,

9b, 9c, 9d), each bin including 4 a platforrm (60),

characterized in that:
by a respective set of b
bearms is or@gani zed i n paPEsfree@¥mpair of bearns 7

joined at right angles at one end and one of the pair of beans 8

being joined to the frane at gne, end OLhE! £0dmd N
bei rig j oi ned t 1 he T&Paf‘f"ﬁ?fn?gt&o ’é“e’ﬁg’?"’%’%“ 10 bear
beam i ncl udgs neans et fprosi dhdgpIumdity ofpfiguray bea

S ] owing motiSACBEPEAL pIAR S siiphe dikodedTess ane
%am;, % wherein each respective set of

bei ng
uaialiaf b€ans 9

ix&fﬁéﬁggygagpa

al | owi ng ea?h pl at f cirdgftgg.aggyefggﬁg‘a B REPLabBiIthe frame with nultiple 12

degrees of freedom

crossed houngl ags shapedrRivngesciaim,7 4dwmredpbthal lexural

The tray as recited in claiml, 2
wherein the means for providing flexual notion conprises a

B gl

42b. .33a, 43a, 33b, 43b, .,34a, .44a,.. 440 1nakEng two ends, am@®ei n one
of the cros@ed hour JOREFises,§ éﬁi?lg‘é%"

pe ges Is at .each o

the 6
beans. 3 plurality of flexural bearings, witﬁhghé”ﬁgidg

organized into pairs, with the beams of
joined together at one end of each beam

end of one of the beams of each pair bei

W o N W e

each pair being
through a

portion of the plurality of flexural bearings and one

ng joined to

the frame through a portion of the plurality of
flexural bearings and one and of the other of the beans

10 in each pair being joined to the platform through a
11 portion of the plurality of flexural bearings.

1 10. The tray of claim 7 wherein each of the plurality of

flexural bearing systems comprises four

w w

11i. The tray of claim 7 wherein each of the
bearing systems comprises:
a) a first beam having two ends, with

coupled to the frame;

platform; and

W o N W N

N

compriséa:

e e e

T

|
This Sheet Has Been Replaced |

beams, each of

the beams having a tapered cross-section.

flexural

one‘gnd being

b) a second beam having two ends, orthogonal to the

; first beam, with one end being coupled teo the

c) at least one flexural bearing coupling one end of

the first beam to omne end of the second beam.

12. The tray of claim 11 wherein the flexural bearing

- e
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i
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1 .3. .7 .The tray as recited in claim2, 2 wherei n each crossed
hour gl ass shagpeghispnge conprises a pair of hi nges, wth 3 PCIT/US97/16170

the hinges in each pair allowing flexure in orthogonal directions.

4. The tray as recited in clain 3, 2 wherein each hinge in
each pair conprlses recesses I n_opposite sides qQf fhe 3 ,

beam 1 3 5. et fafiFsty Bipse % & |S8CRPY, nlnge,’ at right angles
AVENDED SHEET with the first hinge, integrally formed with4the

2 wherein the s,for proyiding flexural notion conprises a
plurality oOf hinges £1¥8E peln; Pasd (31a, 4l1la, 41b, 42a, 32b, 42b,
33a, 43a, 43b, 44a,bB4ba Ahirdahdnge amd a fourth hinge, atprighti apodes

curved beams (122c), andyied the first ﬂ!ﬁﬂéﬂ antbﬁﬁalxyuﬂainaa Qiegegnare at

each of the ends of the beans COHRI ed to the pl at f orns
and the fr&e, with the 3RGRHEs each first palr allowing 7
Fl exure in orthogonal directions, and 8 wherei n second pairs of

hinges and yrespect ipmg, %?a&e‘ifb%i‘gﬁmaiﬁ z?édak'l%nﬁﬁ!ﬂ? Qdmprising a second

the beans joined at right "an each resEectlve curved begam 10
bei ng bet w&en t he hﬂﬂiﬁ?ﬁlnb@&é‘lﬁnge%%cﬁ ghirds §Lexpral i haraingyare in 11
orthogonal zdirecti Gfiereinl thebfirst bdde id &bu@ieﬂeﬁttﬂfb ifragleaithréugh

4 the second flewxural bearing and the second beam is

5 coupled to the platform through the third flemural

8 bearing.

1 14. The tray of claim 11 wherein the each of the first beam

2 and the second beam is tapered.

1 15. A tray for holding semiconductor chips, the tray

2 comprising:

3 a) a plurality of bins organized in a plurality of

4 rows, each of the binms including a platform;

5 b) a frame;

6 c) a plurality of sets of beams, each set of beams

7 connecting one of the platforms to the frame and

8 the beams in each of the sets being organized in

9 pairs with the beams in each pair being coupled at
10 right angles.

16. The tray of claim 15 wherein each of the beams includes

2 " means for providing flexural motion.

1 17. The tray of claim 16 wherein the means for providing

2 flexural motion comprises a crossed hourglaas shaped

3 flexural hinges.

- 1S SHEET HAS BEEN I
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2 .« 1 Wherein the means for providing flexural notion conprises a

pl urallty of 3vos/rises t aper ed hourgl ass shaped secy) o7k Erd
122, 123, 124) WI9t respectlve 4 wai st's (1452'?&%%,
140c, 140d). 1 7. The tray as recited in claiml, 2

V\,herel n the plurality of bins conprises at |east 32 bins. 8. The

tray as recitled 18.clPhen dray’ of claim IHewiternirncthepmarher fotr Spravridbichg 0
the frame by Jwo of t f S. O
9. The trai as rec‘llzTI ’g'll H cotgxr%glcgﬂérm;s %aper\ﬁhg% erf F%% %@?%e
platforns, amd the retpedrdams.sets of beans are integrally 3

nol ded. 1 Il Iimt little H
15 - P 1 19, The tray of claim of 15 wherein the plurality of bins
2 comprises at least 32 bins.

1 20. The tray of claim 15 wherein the each platform is
2 joined to tha frame by two of the plurality of sets of

3 boame.

21. The tray of claim 16 wherein the means for providing
2 flexural motion comprises means for providing motion of
3 the platform with six degrees of freedom.

1 22. The tray of claim 16 wherein the meanz for providing
2 flexural motion comprises means for providing motion of
3 the platform with less than six degrees of freedom.

THIS SHEET HAS BEEN ii
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