WAFER SCALE DI E HANDLI NG BACKGROUND OF THE | NVENTI ON
FI ELD OF THE | NVENTI ON The present invention
relates to the field of die handling, sem conductor
packagi ng, assenbly, multi-chip nodules (MCM, and
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t he packagi ng process. SUMVARY OF THE MIVENTI ON

The present invention is directed to a waffle pack
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A still further object of the present invention is to handle the majority of die that
constitute a semiconductor wafer in a single waffle pack device. This capability results in
reducing the number of handling steps required for a wafer-scale solution.

Indeed, another object of the present invention is to handle all die that constitute a
semiconductor wafer in a single waffle pack device.

Still a further object of the present invention is to handle more die than constitute a
single semiconductor wafer in a single waffle pack device.

Another object of the present invention is to provide a waffle pack device for
processing single or multiple die in preparation for insertion into a semiconductor package.

A still further object of the present invention is to provide a waffle pack device for
processing multiple die of different sizes and shapes.

Another object of the present invention is to provide a waffle pack device of similar
dimensions and/or material as that a semiconductor wafer and thus is compatible with
semiconductor wafer processing equipment.

A further object of the present invention is to provide a method and waffle pack
device for handling die such that the die are restricted to move only a minimal amount in the
waffle pack device during processing without the aid of an adherent.

Another object of the present invention is to provide a waffle pack device whereby
die can be dropped from recesses in a member of the waffle pack device into recesses in an

accompanying lid without contacting the die surface(s).
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FIG IAis a schematic of a one enbodi nent of the

i nvention showing a waffl e pack devi ce having recesses
sized for a specific range of die size; FIG 1B
is a schematic of a another enbodi nent of the
invention with showing a waffl e pack device having
recesses sized for different sizes of die; FI G
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FIG. 6B is a schematic perspective view of the embodiment depicted in FIG. 4 about

a region of the recesses in which each recess accesses two channels;

FIG. 7A is a schematic illustration of of a lid for the waffle pack device of the

present invention ;
FIG. 7B is a schematic cross section of the lid of the present invention having

mating recesses that restnct die movement
FIG.7Cisa schematlc of a lid of the present invention having conduits to facilitate

the processing of small die during wet processing;

FIG. 8 is a flowchart depicting an illustrative asssmbly method of the present
invention;

FIG. 9 is a flowchart depicting another illustrative assembly method of the present
invention; and

FIG. 10 is a flowchart depicting another illustrative assembly method of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to the drawings, wherein like reference numerals designate like or

corresponding parts throughout the several views, and more particularly to FIG. 1A



FIG 6A is a schematic perspective view of the
enbodi nent depicted in FIG 4 about a region of the
recesses; FIG 6B is a schematic perspective
view of the embodi ment depicted in FIG 4 about a
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wet or dry processing. Vatious semiconductor-process-compatible materials applicable in

the present invention for use as the waffle pack device include sericonductor, silicon oxide,
silicon nitride, Al, Cu, W, and silicides. Other semiconductor-process-compatible materials
include stainless steel, titanium, altem, kapton, teflon, polypropylene and A1,0;. Some of
these semiconductor-process-compatible materials, according to one embodiment of the
present invention, can also be coated with silicon oxide or silicon nitride. The thickness of
the member 14 is preferably chosen to be thick enough to accommodate the thickness of the
recesses and not to deform when handled, The thickness depends on the depth and number
of recesses, the size or diameter of the host, and the material from which the host is made.
For example, for a member 14 made of nitride coated aluminum of 200 mm diameter and
with 100 - 1000 recesses each 0.2 mm deep, a member thickness would preferably be 3-10
mm. Furthermore, for 2 member 14 made of silicon of 100, 200, or 300 mm diameter and
with 100 -1000 recesses each 0.2 mm deep, a member thickuness would preferably be 0.5 -
1.0 mm.

If the member 14 is constructed primarily of a silicon, one method of fabricating the
waffle pack device 10 according to the present invention utilizes photolithography and
etching. The waffle pack device 10 can be for example a silicon-on-insulator (SOI) type
structure.. An example of a SOI structure suitable for the present invention includes a first
silicon member, a silicon oxide layer, and a second silicon member stack. The first silicon
member thickness is thick enough for mechanical handling stability. The silicon oxide layer
thickness provides etch selectivity. The second silicon member thickness provides the

desired recess depth.
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For exanple, during formng the recesses 12 and the

| edges 22, typically the circular menber as shown in
Figure Ais arbitrarily segnented into a nunber of
sections, for exanple quadrants, for the purpose of
setting up the machine tool to machine the recesses 12
and the | edges 22. In each section, the recesses and

| edges will be simlarly aligned. In this situation,

i n ref ent e

i T 12 B me e 4 M BRIE bt 1 SAT VS
aolfieved direxdofplaby ashcbglelon ﬂiéllﬁtmﬁ 2O tewesrdraside the Tepessd@iagRy
éogﬂ?e Gl o { thé % 1N n G i8] ?f% S20% sHAPLTRIpIeA to the

as a tangentl onent t p0|nted
redessrigteral @nersmnlcontammg theredee pnd agn bm@nnea!d iFoua eepshelch | mgrx

7 lr}E\ig%?Fl'tsstsegfab ethgi %raﬁ Q’l(faﬂ]ﬁfe tfht,el@&gf%ris icdilGesVbd § &um. The

srred present
tﬂtm? thetdiedi§,in thqeecp%sdzaﬁ th‘@cﬂ?i@éﬁé?ﬁ bYrthwam@d gizg ot thledgsr T

#rﬁne@ Sitob ARG ANGe Thd ﬁhgeca‘é’ BR/MSNETd. 3AQlong a center
acilitate retention of the die in the recesses 12

ligeieangtilt thpdin iy qpgosite directipho HIQWEY S HRIPSTREATY eBion h ot Fipitetl i

ﬂﬂ@&éﬁct@@ fﬁ?ati@ﬁ PAgm RIcREBMoratiBisSiMolved irl @mﬁﬁlﬁy\ﬁhdlpﬁogrammmg
gur es nd 5A which, show the | pocati o

AP ashing ST STioE B cbe s ol cBimb Say eyt in
gl difs SR YeRkses At hhﬁné {me smmﬁronﬂgmmn sHabieshavwm iEFIG. 3BA

157 Rttt drios o porrassaens P ed 22 el B R Rar
' nﬁﬁ@hhﬁﬁkhﬁnﬁ&Hﬁmﬂhﬁdﬁﬁd@Mwm%wﬂﬁkﬂm@éenm@ﬂieﬁhﬁmmmibﬂ

AT el I SO o o308
Ifbfmd ﬁlgledﬁs éﬁsk&adlﬁiecm @hmsqs andledges Wil bemimilaglyigligned. In
4 t]g%%tu uoPg%q%fglreQAe% & 3 & o ?Mgsgm}']?%n‘gﬁﬁ cm&%f %ﬂ%%w‘ﬂl gle%a%]e

rocessin e in
pehmeuee, atilt vectmnpfaeuc 1&ss ahosme 338 fw't% 5@&9# 1 Gprapgnent

? wa}cﬂ:ﬁe ko gf ?ag L&k @Qltér,rbuﬂﬂ@ haé 2 BRRkialofmBEHen: Of

e recesses contained in the recesses 12

pgmé plongedighetionggnzsake £ eyl e ERFEng s AU & 56 45 Rt
%k‘ HE aflepaik NEa E:ﬁ:?e%%& erﬁb’cfdhﬁ&t SfxhEredRgt inveutién) ee rad1a1

e Figurés 4 and 6A de a confl ur ati
CMO}wﬁﬁé o il meqtor lgis peat %ianﬁea o ?Tf “ﬁ@

rd@énﬁéfsiftﬁéidlsmﬁéiie%ws 19t1ur§dg%piﬁﬁ1ﬁ§ent i nvention, the
pack devi ce of the esent vent on can

o Atoien Gmeouent ot o Bl PR TELoT e R AR 1§ Sy in
FRHRWA ahds Atviach @&w el Tok4iRh of M6 cieRfel DS randi adyacent to the

consi der.atj on Fi 68 en.t he.l.at.e
rpoeta. e g e i pemonie 1F & WONRAIAD) 2o £ iaf S
tﬁéﬂsﬁﬁ@as\éfﬂéftoﬁ he of tharsieka 12Ghe Ardeyt iaventied is noirtimited tofavidgdhe

| | b
d?pg}s nl n ]V%‘%?Wem&‘}éﬁ% gé?éblyodgnen‘t:%f tﬂg]q%ﬁsg% Jeﬁmﬁa Elg €
cliahdils %—a’ie ﬂsrmmnahaﬁndﬂaeah@to prdapth lavet theintan hetfonyi Qe of

0.75 t0 1 . I
R B PTG B S B b o T Al e o e
dib4recfibjetted tomdfet | procpssivig vaile incke wafflphenk detiee. waf f | e pack
devi
B O e S
a fgivaefie mdckssss. sleqmﬂ ¢antpinefh o thh@CfFSva'S tlﬁ andephe digd8 cppflow into
tha )éédllT]Btlﬂg 1%%%6%%651%&&11 ﬂ%@&eg%uﬁﬁ snﬁ 2m dt !Fﬁrﬂ{e? rWﬁl{E E ]éures 4
i fference in
argi @edemt aewfiguhidonin avhich oalmn@ phanpe $6is ediacentiojafecesid 2, in a
waf fl e pack device 10 allows the waffle pack device 10
to be rotated about an axis,approximtely normal to
the waffl e pack surface at very high speeds w thout
losing the die 18. Arecess sized - 0.1 to 1 0 nm
greater than the die has been found to be sufficient
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speed rotation. This capability is conducive to
exposure of the die to wet processing and spin drying.




(i.e. the upper surface of the the as showmn in FIGS. 3
and 5) can be flipped by placing the Iid 24 onto the
menber 14 and flipping the entirety of the waffl e pack
device 10 over. As shown in FIG 7B, the die are
deposited into the mating recesses 26 with the former
top surface 29, i.e. the processed surface, for
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the single waffl e pack device are placed on a

sem conduct or package to assenble fromthe placed die

all die conponents required §or an integrated circuit.

In step 806, the die placed on the sem conduct or

package are electrically interconnected to formthe

integrated circuit. In a preferred enbodi nent of this

nmet hod, the single waffle pack device includes all the




In one aspect of the present invention, prior to step
802, the die are placed into respective recesses in
the waffl e pack device after having been cut ftom at

| east one die-including sem conductor wafer. Prior to
step 804, the die in the waffle pack device can be
subject to either wet or dry processing. Upon being
subjected to a wet process, such as for exanple a wet
chem cal process or a washing, effluent fromthe wet
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on the sem conductor package are electrically

i nterconnected to formthegcireuit or integrated
circuit. In step 1004, the die can be placed on a

sem conduct or wafer including devices or integrated
circuits. Further, as in the above-noted nethods,

prior to step 1002, the die are placed into respective
recesses in the waffl e pack device(s) after having
been cut froma sem conductor wafer or wafers. Prior
to step 1004, the die in the waffle pack device(s) can
be subject to either wet or dry processing. Upon being




CLAIMS: 1. A waffle pack device, conprising: a menber
including, recesses in a surface of said member,

sai d nenber conprising a material and at |east one of
a size and shape, conpatible with senm conductor wafer

processing, wherein the recesses are configured
totilt die in the recesses about an axis normal to a
face surface of the menber. 2. The device of

lei m 1, wherein the material is conpatible with wet
waf er proce ' |
P Rk Ay Ty ninod LAy 7, 8 & s
stm contvetiopadidevice. mstep 8044die frmdhapingle atlgPacisicR e,
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assembly of the integrated circuit,
Tn one aspect of the present invention, prior fo step 802, the die are placed into

respective recesses in the waffle pack device after having been cut from at least one die-
including semiconductor wafer. Prior to step 804, the die in the waffle pack device can be
subject to either wet or dry processing. Upon being subjected to a wet process, such as for
example a wet chemical process or a washing, effluent from the wet process can be expelled
from the die by rotating the waffle pack device to dispense of any liquid. After the wet
process, the die in the waffle pack device can be heated to evaporate any liquid remaining
from the wet process.

The step 806 involving electrically interconneoting the die to form an integrated
circuit follows practices and procedures known in the art for integrated circuit fabrication.

FIG. 9 is a flowchart depicting another illustrative assembly method of the present
invention using the waffle pack device of the present invention to provide die fora
semiconductor package assembly. In this method, as shown by step 902, die are removed
from at least one waffle pack device, each waffle pack device being compatible with
semiconductor wafer processing. In step 904, die from the waffle pack device(s) are
placed on a semiconductor package to assemble, from the placed die, device components
- required for an integrated circuit. In step 906, the die placed on the semiconductor package
are electrically interconmected to form the integrated circuit.

Tn one aspect of the present invention, prior to step 902, the die are placed into
respective recesses in the waffle pack device(s) after having been cut from different die-
including semiconductor wafers. Prior to step 904, the die in the waffle pack device(s) can
be subject to either wet or dry processing. Upon being subjected to a wet process, such as
for example a wet chemical process or a washing, effluent from the wet process can be
expelled from the die by rotating the waffle pack device(s) to dispense of any liquid. After
the wet process, the die in the waffle pack device(s) can be heated to evaporate any liquid
remaining from the wet process. Step 906, like step 806, follows practices and procedures

known in the art for integrated circuit fabrication.
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7. The device of Cdaim1, wherein the recesses have

| ateral dinensions from0.05 to 0.2 nm | arger than

| ateral dimensions of die froma sem conductor wafer.
8. The device of Cdaim1l, wherein the recesses have a
depth up to 0.2 of a mllinmeter snmaller or greater
than a thickness of die froma senicondg@ or wafer.

9. THe. Hbivpdevihartepioing aneiha ilsHaITsIBREsgERod pithe present
. 1 - f
5 Bt b ol s st
semidondhictayipackaizelasderablyn In this meshak seshoyadystep 4892 die are removed

c t t qlt [ .
S TRIPEG sy 0 0, s o
a workgietd totasdemblen fom thaplgesdtdia bll disrmomperntsdigyivsd dof 4 gircyit or an

oSS SR, At S5 OB kS B
plaved oh ki veeiTedel e ste DO, the die placed ah thersenticahdurtarpacieage are
el bel n s g&%g%sgqt%fgm%%‘ %hte%grgui% pra}gtffgrg%dfxg?lgf gﬁl irggelgklOM, the die can
bedfiMted Bn 2 SARBENdREDYWatkr TRIIARYE devicbsusd imtegrated cieaste s Finthes, as in

surface of said nenber, ) . . .
the above-noted methods, prior to step 1002, the die are placed into respective recesses in
the waffle pack device(s) after having been cut from a semiconductor wafer or wafers.
Prior to step 1004, the die in the waffle pack device(s) can be subject to either wet or dry
processing. Upon being subjected to a wet process, such as for example a wet chemical
process or a washing, effluent from the wet process can be expelled from the die by rotating
the single waffle pack device to dispense of any liquid. After the wet process, the die in the
single waffle pack device can be heated to evaporate any liquid remaining from the wet
process. Step 1006, like steps 806 and 906, follows practices and procedures known in the
art for integrated circuit fabrication.

Numerous modifications and variations of the present invention are possible in light

of the above teachings. It is therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise than as specifically described

herein.
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said nmenber conprising a material and at |east one of
a size and shape, conpatible with sem conductor wafer
processi ng, wherein said recesses are
configured to tilt a die disposed in the recesses,
said tilt has a radial conponent directed toward one
of the center of mass and a geonetric center of said
nenber , said tilt having a tangential conponent
C%ﬁ@%@sed in a plane of said die and directed
perpendicular to a line froma center of the die to
one of the center of mass and the geonetric center,
said radi al conponent being greater in magnitude than
t he It angefileipatk denigy o@nprisihgtdmerbértincluding, 12. The
device of aim9, wherein with said recess are

Confrb&%e%%ﬁguﬂfédetof@ﬁ&%é?ﬁbe@ first plurality of said
die disposed in a first section of said nenber with a

11 Shigthbhber30fhplibinh G360 n REQM, B #5AL hddspabe,

I'n a secon sal ;

seco ilt different than said first tilt. 13.
coppatl SW%GQI%W@“ FBY%S$He first and second

sections are quadrants. 14. A waffle pack

devivéereis dirgerassascie eonfigrstoitibicdiein ) fecﬁ@é@%@é‘% an gxig
surface of said nenber,
normal to a face surface of the member.

2. The device of Claim 1, wherein the material is compatible with wet wafer

processing.

3. The device of Claim 1, wherein the recesses are sized and shaped to hold

semiconductor die.

4. The device of Claim 1, wherein a number of said recesses is sufficient to

accommodate at least a majority of die from a semiconductor wafer.

5. The device of Claim 4, wherein said number is greater than 50.

6. The device of Claim 4, wherein said number is at least one thousand.
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said nmenber conprising a material and at |east one of

a size and shape, conpatible with sem conductor wafer
processi ng, wherein the recesses conprise: side

wal | s; a bottom surface connecting to said side walls;
and a |l edge on a side of the bottom surface
opposite a center of mass or center of the nenber.

15. A bhé d¢vdcopeitRlateV] whereindhprdcsssaghawe laterabdimensions from
including, recesses in a surface of said nenber,

0.98i¢10 renBasreeOMBA I8éraldimeffibey éfalic f0h Béentie@glucon eatr.
a size and shape, conpatible with sem conductor wafer

processi ng; and

8. The device of Claim 1, wherein the recesses have a depth up to 0.2 of a

millimeter smaller or greater than a thickness of die from a semiconductor wafer.

9. The device of Claim 1, wherein the recesses are configured to tilt the die

toward a center-of-mass of the member.

10. The device of Claim 9, wherein a tilt of said die in the recesses has a
radial component of the tilt, directed toward one of the center of mass and a
geometric center of said member,

said tilt having a tangential component disposed in a plane of said die and
directed perpendicular to a line from a center of the die to one of the center of mass
and the geometric center,

said radial component being greater in magnitude than the tangential

component of the tilt.

11. A waffle pack device, comprising:

a member including,

recesses in a surface of said member,

said member comprising a material and at least one of a size and shape,

compatible with semiconductor wafer processing,

13



channel s formed in said nmenber. 16. The device
of Caim15, wherein the nenber conprises a

ci rcul ar-shaped nenber, and the channels are di sposed
radially across the circul ar-shaped nmenber. 17.
The device of Caim15, wherein the nenber conprises a
ci rcul ar-shaped nenber, and the channels di sposed on
chords across the circul ar- shaped nenber. 18.
The whecinesaisf reGissdsrrel Gnfighenddb filtiarie dinpasedingheregesses,

di sposed adjacent to a side wall of the recesses.

sdi@ tilt haea ebelikl eempdnedt dirgvteiSowadidasneiof tietcehtensfimasaandi
t he channel s connect to each of the recesses.

g&net;[@@enq&\gfgﬁdg{mge@l m 19, wherein the at |east two
c annel s are di sposed on opposite sides of the

feCess having a tan%&nnc?lhcsrﬁgﬁ}éh{: t]%s;?cfseﬂnaal 50f s%%‘ieeéﬂa

t he Channe eater than
dxaggqc{;@?ge&xtgﬂ:ﬁ]ra; gchléx?ee omgﬁer prﬁt@e G5 tﬂ Q’ne oF the cenl%er of mass

and the geometric center,

said radial component being greater in magnitude than the tangential

component of the tilt.

12. The device of Claim 9, wherein with said recess are configured to tilt
each of a first plurality of said die disposed in a first section of said member with a
first tilt, and tilt each of a second plurality of said die in a second section of said

member with a second tilt different than said first tilt.

13. The device Claim 9, wherein said first and second sections are

- quadrants.

14. A waffle pack device, comprising:

a member including,

recesses in a surface of said member,

said member comprising a material and at least one of a size and shape,
compatible with semiconductor wafer processing,

wherein the recesses comprise:

14
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recesses in a surface of said nenber, sai d
menber conprising a material and at | east one of a

si ze and shape, conpatible with sem conductor wafer
processing, a lid to cover said nenber, wherein the
lid has a plurality of mating recesses. 23. The
device of Claim22, wherein the mating recesses of the
lid sidesefigond in position to the recesses in the
menber . 24. The device of Caim 22, wherein at

| eas} pefen QhirfhdecoBhetitimkitd Yai@kidawiallggandecesses
conprises: side walls; and a bottom surface having a

25, iR i G B b e Ppie 3 eef b iabfr Sater of

25. evi ce I'n said mati ng
qLecesses are configured to hold a die in a position to
heBsO%ont act between a pl anar surface of the die and

a bottom surface of said mating recesses.

15. A waffle pack device, comprising:

a member including,

recesses in a surface of said member,

said member comprising a material and at least one of a size and shape,
compatible with semiconductor wafer processing; and

channels formed in said member.

16. The device of Claim 15, wherein the member comprises a circular-
shaped member, and the channels are disposed radially across the circular-shaped

member.

17. The device of Claim 15, wherein the member comprises a circular-
shaped member, and the channels disposed on chords across the circular-shaped

member.

18. The device of Claim 15, wherein the channels are disposed adjacent to a

side wall of the recesses.
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26. The device of Caim?22, wherein the Iid conprises
a conduit connecting to the nmating recesses.

27. A waffl e pack device, conprising: a nenber
including, recesses in a surface of said nmenber,

said nmenber conprising a material and at |east one of
a size and shape, conpatible with sem conductor wafer
pr oc %.sThegdevideasfallnins 45 dvineeinat leastrtpoiod g channels connect to
ci rcul ar - shaped nenber. 28. The device of Claim
edchof thtelegéstes he nmenber conprises an al um num di sk. 29.
The device of Claim27, wherein the nenber conprises a
silicon disk. 170 30. The device of Caim 27,
wherei n the nenber conprises a silicon-oninsul ator

Str u%.u{"ﬁé device of Claim 19, wherein the at least two channels are disposed

on opposite sides of the recesses.

21. The device of Claim 15, wherein the channels have a depth equal to or

greater than a depth of the recesses.

22. A waffle pack device, comprising:

a member including,

recesses in a surface of said member,

said member comprising a material and at least one of a size and shape,
compatible with semiconductor wafer processing,

a lid to cover said member, wherein the lid has a plurality of mating recesses.

23. The device of Claim 22, wherein the mating recesses of the lid

correspond in position to the recesses in the member.
24. The device of Claim 22, wherein at least one of the plurality of mating

TECESSES comprises:

side walls; and
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31. The device of Caim30, wherein the
silicon-on-insulator structure conprises: a first
silicon nenber; a silicon oxide |layer in contact with

the first silicon nmenber; and a second silicon
menber in contact with the silicon oxide |ayer and
i ncl udi ng said recesses. 32. The device of

d ai ab3tom wheficeihavingi akbuivedsiorsord ¢anmactirentbene obsaid sides
a silicon layer of a thickness of 0.5-1.0 nm said

walld i con oxide layer has a thickness of 1-10 um and
sai d second silicon nenber conprises a silicon wafer
of a thickness of 50 -500 um 33. The device of
Claim 27, wherein said circul ar-shaped nenber

3 omg'%s?ﬁﬁ‘e@%ggee (g.ifﬁejné?% vgl%rmm%@gﬁleeh%é?%sges ard Wnfigured to

ci rcul ar-shaped nmenber conprises: a nmenber hayi
helf e B2 pSHIBGO pid contact besweenplapRiHgoeA! LBy aFpRd 2

wherei n said nenber conprises at |east one of a
batemi surficte ©f sai¢d nstingcenessesi de, silicon nitride, A, Cu,
W and suicide. 18

26. The device of Claim 22, wherein the lid comprises a conduit connecting

to the mating recesses.

27. A waffle pack device, comprising:

a member including,

recesses in a surface of said member,

said member comprising a material and at least one of a size and shape,
compatible with semiconductor wafer processing,

wherein said member comprises a circular-shaped member.

28. The device of Claim 27, wherein the member comprises an aluminum

disk.

29. The device of Claim 27, wherein the member comprises a silicon disk.
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36. The device of Caim?27, wherein said menber is
circular with a dianeter of 300 nm 37. The
device of Claim27, wherein a nunber of said recesses
is sufficient to accormpdate at |east a majority of
die froma sem conductor wafer. 38. The device
of Caim37, wherein said nunber is greater than 50.

P L e e i e R

mv\llﬂer ein sai d menber conprises a silicon wafer

RN HAUSt | east one of silicon oxide, silicon
nltrlde Al, Cu, W and silicide. 41. A waffle
pack device, conpri si ng: a circul ar-shaped

menber being conpati ble with sem conductor wafer

pr oc®k sThegdevanedb fi(Haies 3@ svlierein theni i @neominsslatod stmstirer .

42. The device of O aim4l, wherein said
coudrized:ar - shaped nenber has a dianmeter of 100 mm

43. The device of O aim4l, wherein said

Ci rcyhgggiﬁ[g&p&gn%ggber has a di ameter of 200 mm

a silicon oxide layer in contact with the first silicon member; and
a second silicon member in contact with the silicon oxide layer and including

said recesses.

32. The device of Claim 31, wherein said first silicon member comprises a
silicon layer of a thickness of 0.5-1.0 mm, said silicon oxide layer has a thickness of

1-10 um, and said second silicon member comprises a silicon wafer of a thickness of

50 -500 pm.

33. The device of Claim 27, wherein said circular-shaped member

comprises: a member having a diameter of 100 mm.

34. The device of Claim 27, wherein said circular-shaped member

comprises: a member having a diameter of 200 mm.

35. The device of Claim 1, wherein said member comprises at least one of a

semiconductor, silicon oxide, silicon nitride, Al, Cu, W, and silicide.
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44. The device of O aim4l, wherein said

ci rcul ar-shaped nenber has a dianeter of 300 mm

45. The device of O aim4l, wherein a nunber of said
recesses is sufficient to accormodate at | east a
majority of die froma sem conductor wafer. 46.
The device of Claim45, wherein said nunber is greater

t han360The device of/Clairh @7 dehdreia said r@trabenis sirculdrevitgh adiameter

said nunber is at | east one thousand. 48. A
of\8#(f lnen. pack devi ce, conprising: a menber including,
recesses in a surface of said nenber, sai d

recesses configured to tilt die froma sem conductor
waf er about an axis normal to a face surface of the

rrenbgf The dev1ce éf%laﬂﬂ 57 d&SIYér%lg qfug%e? ioP%aa[%@ gacmg{ ﬁiesﬂfﬁclije%t

recesses are gur ed to

recesses to d a center (i)f Mass de ?
to accommodate at east a majority of die from a semlcon uctor wafer.

38. The device of Claim 37, wherein said number is greater than 50.
39. The device of Claim 37, wherein said number is at least one thousand. |

40. The device of Claim 29, wherein said member comprises a silicon wafer

including at least one of silicon oxide, silicon nitride, Al, Cu, W, and silicide.

41. A waffle pack device, comprising:
a circular-shaped member being compatible with semiconductor wafer
processing; and

recesses in a surface of said member.

42. The device of Claim 41, wherein said circular-shaped member has a

diameter of 100 mm.

43. The device of Claim 41, wherein said circular-shaped member has a

diameter of 200 mm.
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50. The device of Claim48, wherein said recesses are
configured to tilt a die disposed in the recesses,
said tilt has a radial conponent directed toward one
of the center of mass and a geonetric center of said
menber , said tilt having a tangential conponent
dlsposed in a plane of said die and directed
per péadilbetlerice of Glaim Aé, Whapinsaidentcolar-shaned enefiiker has a
one of the center of mass and the geonetric center,
dRdieteriofido@mngonponent being greater in magnitude than
the tangential conponent of the tilt. 51. The
device of Claim48, wherein a nunber of said recesses
is sufficient to accormpdate at |east a majority of
di e f 0 Julfe r r v,
of ' hhedevicy %f?@ﬂ*fﬁ%% e Ringpurnter of 344 re@%q?% fffeiont
53. The device mhereln sajd nu is at
tq gegepmgdatesdt %@%%al oty of die £pm %?Ff%lﬁﬁ%dr By
hol di ng sem conductor die, conprising: a carrier
havi ng recesses to accommbdate said die; and
nmeans for securing said die during rotation of said
car r 4&r Theldévitdeft Clam d5 diveereinesatdatunghep éd greatedihan Hgy
said rotation |ocated in said recesses,

47. The device of Claim 45, wherein said number is at least one thousand.

48. A waffle pack device, comprising:

a member including,

recesses in a surface of said member,

said recesses configured to tilt die from a semiconductor wafer about an axis

normal to a face surface of the member.

49. The device of Claim 48, wherein the recesses are configured to tilt die

placed in the recesses toward a center-of-mass of the member.
50. The device of Claim 48, wherein said recesses are configured to tilt a die

disposed in the recesses, said tilt has a radial component directed toward one of the

center of mass and a geometric center of said member,
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wherei n said neans for securing conprises neans for

tilting said die in said recesses. 55. The

apparatus of Caimb54, wherein the nmeans for tilting

is configured to tilt the die toward a center-of - mass

of the carrier. 56. The device of C ai m 54,

wherein said recesses are configured to tilt a die

di spssédltihavinpe tarmestdeompeaérd disposedias maneadisaild die and

conponent directed toward one of the center of nass
diddtfeBpcgpadRiular ¢o & ERé BlonDA cédrdbfilBdieto one of the cangrf mass

tilt having a tangential conponent disposed in a plane

m{gthggg&ngth?ct@ﬁgr,di rected perpendicular to a line from

a center o e die to one of the center of mass and

boi ni QPO somPRRE b e A ehE Sy ApRaRERta

conmponent of the tilt. 57. The apparat us of
companensof the iy ein said carrier is configgred to be

conpati ble wwth a sem conductor wafer processing tool,

and nmeans for securing conprises a cover to

secure said die in said carrier during said rotation

of the The dévide dN\Claim 48,9emrecinadmaiber opsait esedsegistsofficient

to accommodate at least a majority of die from a semiconductor wafer
52. The device of Claim 51, wherein said number is greater than 50.
53. The device of Claim 51, wherein said number is at least one thousand.

54. An apparatus for holding semiconductor die, comprising:

a carrier having recesses to accommodate said die; and

means for securing said die during rotation of said carrier such that said die
are not expelled during said rotation located in said recesses,

wherein said means for securing comprises means for tilting said die in said

reCesscs.

55. The apparatus of Claim 54, wherein the means for tilting is configured to

tilt the die toward a center-of-mass of the carrier.
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56. The device of Claim 54, wherein said recesses are configured to tilt a die
disposed in the recesses, said tilt has a radial component directed toward one of the
center of mass and a geometric center of said member,

said tilt having a tangential component disposed in a plane of said die and
directed perpendicular to a line from a center of the die to one of the center of mass
and the geometric center,

said radial component being greater in magnitude than the tangential

component of the tilt.

57. The apparatus of Claim 54, wherein said carrier is configured to be
compatible with a semiconductor wafer processing tool, and
means for securing comprises a cover to secure said die in said carrier during

said rotation of the carrier by said semiconductor processing tool.
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