CARRIER HAVING LOCKING MECHANISM FOR HOLDING SUBSTRATES

FIELD

[0001] An embodiment of the invention is directed to asttdie carrier for processing of
substrates, more specifically, a two-piece sulestatrier that is held together by a locking

mechanism. Other embodiments are also descrild:dlaimed.
BACKGROUND

[0002] Camera modules are assembled by first processengnittroelectronic device
substrates used within the modules. Process rsaie the main tooling component used to
hold the substrates during the various processamssin some cases, from the beginning of
the manufacturing line all the way to the completathera module. Due to the substrate's
near weightless characteristic and small size, kewenany of the processing steps, for
example, surface-mount technology (SMT), wash aeag flip-chip, under fill and glass
attach have become challenging. Representati8dM, and glass attach processing is done
on one side of the substrate while flip-chip andaurrfill is done on the other side, thus a flip
is required. It is difficult, however, to secutetsubstrate to a carrier that will allow for such
processing due to the very small weight and sizé@&ubstrate. Conventional systems have
tried to, for example, use an adhesive such asiblelsided adhesive tape to stick the
substrate to the carrier. Adhesives, however, wegr out and therefore are unreliable. In
addition, the adhesive may cover one side of thetsate and therefore not allow for
processing on both sides of the substrate whilsuhstrate is within the carrier. In such a
case, a pick, flip and placement or transfer ofsihigstrate from the carrier to, in some cases,
another carrier, must occur after each processem so that processing may occur on both
sides of the substrate. Other types of fasterars hlso been used to hold the substrate
between two plates of the carrier. Such fastehmesegver, may protrude from a surface of
one or more of the plates, causing gaps betweepldbes that may allow for shifting and/or

movement of the substrate.
SUMMARY

[0003] An embodiment of the invention is a carrier appasdbr processing of a
microelectronic device substrate. The carrier egtpa may include a first carrier plate for

processing of a microelectronic device substratéchvincludes a number of cantilevers (or



tabs) formed therein. Each of the cantilevers trase a first end connected to the first
carrier plate and a second end that is movabledssta first configuration in which the
second end is within a plane of the first carriatgpand a second configuration in which the
second end is outside a plane of the first caplete. The apparatus may further include a
second carrier plate for processing of a microedeat device substrate, which includes a
number of receiving slots formed therein. Eachhefreceiving slots may be dimensioned to
receive the second end of one of the cantilevetiseirsecond configuration, such that the first
carrier plate becomes clamped to the second cpta#s. In one embodiment, the second end
of at least one of the cantilevers and the secaddé&another of the cantilevers may face
opposite directions; in other words, the cantilevame “pointing” in opposite directions. In
addition, at least one of the cantilevers may bsdi to move toward a plane of the first
carrier plate. In still further embodiments, atdieane of the cantilevers is integrally formed
from a material of the first carrier plate. At$¢@ane of the receiving slots may include
positioned therein a detent dimensioned to holds#wnd end of a cantilever within the
receiving slot. In still further embodiments, irfgeing sides of the first carrier plate and the
second carrier are in contact with one another wheriirst carrier plate is clamped to the
second carrier plate. The first carrier plate rmather include a window through which a
microelectronic device substrate, that is positibbetween the first carrier plate and the
second carrier plate and that lies within a cafatyned in the second carrier plate, which

cavity is dimensioned to receive the device subestia exposed for processing.

[0004] Another embodiment of the invention is a carrigoa@tus including a first
carrier plate, having a number of beams and a nuofhgindows formed within the first
carrier plate. In one aspect, each of the beamshaagy a first end connected to the first
carrier plate and a second end suspended withena pf the first carrier plate and each of
the beams may be operable to move (e.g., be haatt)tbat in a first configuration, the
second end is within a plane of the first carriatgy and in a second configuration the
second end is outside the plane of the first captete. The carrier apparatus may further
include a second carrier plate having a numbeeadiving slots and a number of cavities
formed therein. Each of the receiving slots arerabple to receive the second end of one of
the beams in the second configuration, and eatiecfavities aligns with one of the
windows when the second carrier plate is positicaedg (e.g., abuts, while lying flat
against) the first carrier plate. In one emboditneach of the cavities that is aligned with

one of the windows is dimensioned to receive aoelectronic device substrate such that at



least two opposing sides of the microelectronidaesubstrate are exposed for processing.
The carrier apparatus may further include a suppernber that can be attached to the first
carrier plate, which has a number of pins thaiogerable to move the beams between the
first configuration and the second configuratidrhe support member may include a locking
pin to lock, or otherwise attach, the support membehe first carrier plate and the first
carrier plate may include an opening dimensiona@teive the locking pin. The locking pin
may be operable to slide within the opening betwaeérst position in which the support
member is locked to the first carrier plate aneé@oad position in which the support member
is releasable from the first carrier plate. Theaappus may further include a base member
operable to be positioned along a side of the skcarrier plate which is opposite the side
that abuts the first carrier plate. The base memiag have a number of channels and each
of the channels may be aligned with one of theivaug slots when the base member is

positioned along the side of the second carrigepla

[0005] Another embodiment of the invention is a methodsdembling a carrier for
processing of a microelectronic device substratee method may include providing a first
carrier plate and a second carrier plate. Thedamster plate may have a cantilever that is
biased in a direction toward a plane of the fiestier plate and a window dimensioned to
expose a first side of a microelectronic devicessnalbe positioned along the first carrier
plate. The second carrier plate may have a caatileceiving member and a cavity
dimensioned to receive the second side of the miiectronic device substrate. The first
carrier plate may be attached to the second canlaée by positioning an end of the
cantilever outside a plane of the first carrietglkand within the cantilever receiving member
such that the end of the cantilever engages thieaer receiving member and holds the
second carrier plate against the first carrierepl@he cantilever receiving member may
include a detent dimensioned to engage the entkafdntilever within a plane of the second
carrier plate. In one embodiment, positioning ad ef the cantilever outside a plane of the
first carrier plate may be accomplished by attagl@irsupport member having a pin
dimensioned to bend the cantilever to the firstieaplate. In one aspect, the support
member may be attached to the first carrier plgtaligning a locking member extending
from the support member with a lock receiving menibemed in the first carrier plate and
sliding the support member with respect to the tiesrier plate to lock the locking member
within the lock receiving member.In some embodireeptior to attaching the first carrier

plate to the second carrier plate, the seconderglate is attached to a base member, the



base member having a channel that aligns withdhélever receiving member. In some
embodiments, the cantilever is a first cantileasd the first carrier plate includes a second
cantilever, and wherein the first cantilever rosatea first direction to position the end of the
first cantilever outside the plane of the firstrearplate and the second cantilever rotates in a
second direction to position an end of the secamdtilever outside the plane of the first

carrier plate, wherein the first direction is di#at from the second direction.

[0006] The above summary does not include an exhaussiveflall aspects of the

present invention. Itis contemplated that thesirtion includes all systems and methods that
can be practiced from all suitable combinationthefvarious aspects summarized above, as
well as those disclosed in the Detailed Descriptielow and particularly pointed out in the
claims filed with the application. Such combinasdave particular advantages not

specifically recited in the above summary.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The embodiments are illustrated by way of exampbtkreot by way of limitation
in the figures of the accompanying drawings in WwHike references indicate similar
elements. It should be noted that referencesrtoda“one” embodiment in this disclosure

are not necessarily to the same embodiment, agdcilean at least one.

[0008] Fig. 1illustrates an exploded perspective view of oné@iiment of a substrate

carrier.
[0009] Fig. 2A illustrates a side view of a cantilever of thesudite carrier oFig. 1.
[0010] Fig. 2B illustrates a side view of a cantilever of thesitdte carrier oFig. 1.

[0011] Fig. 3A illustrates one embodiment of a cross-sectiom giew of a substrate

carrier having a cantilever in a first configuratio

[0012] Fig. 3B illustrates one embodiment of a cross-sectiomkd giew of a substrate

carrier having a cantilever in a second configorati

[0013] Fig. 3C illustrates one embodiment of a cross-sectiom giew of a substrate

carrier having a cantilever locking a first carnéate to a second carrier plate.



[0014] Fig. 4 illustrates an exploded perspective view of a sabiscarrier and assembly

tool for assembling the substrate carrier accortbngne embodiment.

[0015] Fig. 5A illustrates an exploded perspective view of admtside of the support

member and first carrier plate Big. 4.

[0016] Fig. 5B illustrates a perspective view of a first carpéate locked to the support

member ofFig. 4.

[0017] Fig. 6A illustrates a perspective view of the base merabdrsecond carrier plate
of Fig. 4.

[0018] Fig. 6B illustrates a perspective view of the base mematiached to the second

carrier plate ofig. 4.

[0019] Fig. 7 illustrates a perspective view of the substrateéeaand assembly tool of
Fig. 4.

[0020] Fig. 8illustrates a cross-sectional side view througk B-8 ofFig. 7.

[0021] Fig. 9illustrates a cross-sectional view of an assem$ldxstrate carrier holding a

substrate.
[0022] Fig. 10is a block diagram illustrating a process of asdemla substrate carrier.
DETAILED DESCRIPTION

[0023] In this section we shall explain several prefeestodiments of this invention
with reference to the appended drawings. Whenéeeshapes, relative positions and other
aspects of the parts described in the embodimeatsa clearly defined, the scope of the
invention is not limited only to the parts showrigh are meant merely for the purpose of
illustration. Also, while numerous details are fegth, it is understood that some
embodiments of the invention may be practiced witlibese details. In other instances,
well-known structures and techniques have not seemwn in detail so as not to obscure the

understanding of this description.

[0024] Fig. lillustrates an exploded perspective view of one @dithent of a substrate

carrier. Substrate carrier 100 may include a Gastier plate 102 and a second carrier plate



104. First carrier plate 102 may be a substapt@éinar structure having a substantially
planar, or flat, top side 130 and bottom side 1SEnilarly, second carrier plate 104 may be a
substantially planar structure having a substdpnt@anar, or flat, top side 134 and bottom
side 136. In this aspect, when first carrier plE2 is positioned on top of, and attached to,
second carrier plate 104, the interfacing surfadeie plates (e.g. bottom side 132 of first
carrier plate 102 and top side 134 of second agslégde 104) contact one another such that
there are substantially no gaps between the pldiess is the case even when a substrate 106
is positioned between first carrier plate 102 agxbsad carrier plate 104. This, in turn, allows
for substrate 106 to be held securely in place éetwthe plates during subsequent processing

operations.

[0025] Substrate 106 may be for example, a substrate ihvehmicroelectronic device
can be mounted, and therefore also referred tarhasea microelectronic device substrate.
For example, in some embodiments, substrate 18@ésamic substrate such as a leadless
chip carrier (LCC) substrate or other similarlyesizsubstrate that may be subjected to
substrate processing techniques (e.g. SMT, ultrasigm-chip mounting, wash and clean,
flip-chip, under fill and glass attach or ultrasomounting). In some embodiments, the
substrate 106 may be a substrate subjected to eraanodule assembly process. It is further
contemplated that the substrate 106 may be any gibe of micro scale structure or device
that could benefit from being able to be processeuiitaneously with other substrates, for
example as a panel of substrates, using a cautéras the substrate carrier 100 described

herein.

[0026] In one embodiment, first carrier plate 102 and sdazarrier plate 104 may have
substantially the same footprint. In other wortsoverall size and shape of first carrier
plate 102 and second carrier plate104 may be suttzdtg the same. First carrier plate 102
and second carrier plate 104 may be made of angriabsuitable for holding a
microelectronic device substrate 106 throughoustliestrate processing steps.
Representatively, first carrier plate 102 and sdamarrier plate 104 may be made of a
metallic material, for example, a metal alloy sashstainless steel. In one embodiment, first
carrier plate 102 and second carrier plate 104 meaiptegrally formed from the metallic
material such that the plates, as well as any featiormed therein, are inseparable parts of a

single integrally formed structure or unit.



[0027] First carrier plate 102 and second carrier platerh@y be dimensioned such that
first side 108 and second side 110 of substrateat®@xposed to the ambient environment
when microelectronic device substrate 106 is pmtil between first carrier plate 102 and
second carrier plate 104. In this aspect, firstieaplate 102 may include windows 112,
which align with cavities 114 formed in second mEarplate 104. Representatively, in one
embodiment, first carrier plate 102 may includedaws 112A, 112B, 112C, 112D and
112E, which align with cavities 114A, 114B, 114Q4D and 114E, respectively, formed in
second carrier plate 104. In this aspect, wharbatsate such as substrate 106 is positioned
between first carrier plate 102 and second captage 104 within windows 112A-112E and
the corresponding cavities 114A-114E, both the §iide 108 and the second side 110 are
exposed so that processing steps can be performkdtb sides of the substrate 106 without

having to remove it from substrate carrier 100.

[0028] Each of windows 112A-112E and cavities 114A-114E imave any size and
dimension suitable for holding a substrate 106exmbsing both sides 108 and 110 of the
substrate 106 to the ambient environment duringesgiloent processing operations. In one
embodiment, each of windows 112A-112E and cavitie$A-114E may have substantially
the same dimensions such that they are substgmtalor images of one another.Still
further, the dimensions of windows 112A-112E andtess 114A-114E may be such that
interfacing surfaces of first carrier plate 102 @edond carrier plate 104 (e.g. side 132 and
side 134) may be in contact and flush with one lagrotvhen a substrate 106 is positioned
within each of the aligned windows 112A-112E andA-NL114E. Representatively, windows
112A-112E and cavities 114A-114E may each havessstkregions such that the first side
108 and/or the second side 110 of substrate 1@&essed within a thickness of first carrier
plate 102 and second carrier plate 104 when thegare attached together. It should also
be understood that although a single substratesliGstrated, it is contemplated that a
substrate such as substrate 106 can be positioitieid wach of windows 112A-112E and
corresponding cavities 114A-114E, such that a pahslibstrates are formed within

substrate carrier 100 for subsequent processing.

[0029] It is further to be understood that although fiviedows 112 and five cavities 114
are illustrated within each of first carrier pldi@2 and second carrier plate 104, respectively,
it is contemplated that any number of windows 14@ eavities 114 suitable for holding a

desired number of substrates may be included.efample, in some embodiments, as many



as 20-30windows 112 and 20-30 cavities 114, or nmosy be formed within each of plates
102, 104, respectively. In addition, a pattermvofdows 112 and cavities 114 within first
carrier plate 102 and second carrier plate 10pec/ely, may be substantially the same
such that when first carrier plate 102 is posittbna second carrier plate 104, each of

windows 112 align with a single one of cavities 114

[0030] In one embodiment, to help align windows 112 wakities 114, second carrier
plate 104 may include optional alignment membeAl224B and first carrier plate 102
may include optional alignment openings 126A, 12@8ignment openings 126A, 126B
may be dimensioned to receive alignment members,1P24B, respectively. Alignment
members 124A, 124B may be, in one embodiment, tylighised structures which are
dimensioned to fit within alignment openings 128R6B. When alignment members 124A,
124B are positioned within alignment openings 12626B, respectively, each of windows

112 are, in turn, aligned with a respective oneafities 114.

[0031] First carrier plate 102 may be attached to secamiet plate 104 using

cantilevers 116, or tabs, formed from first carpate 102. Cantilevers 116 are dimensioned
to be inserted within receiving slots 118, als@nefd to herein as cantilever receiving
members, formed within second carrier plate 10ti&vers 116 may be formed by, for
example, beams 116A, 116B, 116C, 116D, 116E, 1166, 116H, which are cut out of the
material of first carrier plate 102 such that tlaeg integrally formed with first carrier plate
102. Each of beams 116A-116H may have a firstl®@dand a second end 122. The first
end 120 may be attached to, and integrally formiidl, first carrier plate 102 and second end
122 may be considered a “free end” in that it sppgunded within first carrier plate 102 and
free to move. In other words, the second end 42di directly attached to first carrier plate
102 and may therefore move outside a plane ofdasier plate 102, for example, above or
below a surface of first carrier plate 102. Cawirs 116 and/or each second end 122 may
therefore be considered to have, for example sadonfiguration in which the second end
122 is within a plane of first carrier plate 102lansecond configuration in which the second
end 122 is outside a plane of the first carrietgpl®2. It should be understood that the
second end 122 of cantilevers 116 is considerde toithin “a plane” of first carrier plate

102 (or second carrier plate 104) when it is betwee level with, the top side 130 (or

surface) and the bottom side 132 (or surface)@pthte. For example, “a plane” or “the



plane” of first carrier plate 102 could be any @aong a line drawn between and parallel to
the surfaces of first carrier plate 102.

[0032] Representatively, in the first configuration bedi§A-116H may be in a first
position, also referred to as a resting or natooaition, in which no external forces are
applied and therefore the second end 122 is wélplane of the first carrier plate 102. This
first position of second end 122 may also be reteto herein as a planar position because
the entire cantilever 116, including second end i2@ithin a plane of first carrier plate 102.
The first configuration is illustrated by, for expla, beams 116B and 116D-116H. In the
second configuration, the second end 122 of bed®a-116H may be in a second or biased
position in which the second end 122 is outsidaaeof first carrier plate 102. The second
configuration is illustrated by, for example, beai$A and 116C. As can be seen from
beams 116A and 116C, in this second configurabeams 116A and 116C may be
considered sloped or at an angle with respecte@line of first carrier plate 102. The
position of second end 122 of beams 116A and 118@isecond configuration may be
referred to as “biased” or a “biased position” hesgain this position, cantilevers 116, and
more specifically, beams 116A and 116C are biasddisant to move in a direction toward a
plane of first carrier plate 102 (i.e. back to thetural or resting position). Said another
way, when beams 116A and 116C are moved suchhiaeicond end 122 is outside a plane
of first carrier plate 102, they have a tendencyamt to spring back toward the plane of first
carrier plate 102, much like a diving board. Ihestwords, once an external force used to
move beams 116A and 116C outside of a plane afdasier plate 102 is removed, the
biasing force of the cantilever forces the secamti 22 of beams 116A and 116C to move
back to the resting position (or first configurafion which it is within a plane of first carrier
plate 102.

[0033] It is in turn this tendency of the second end 1PBeams 116A-116H to want to
spring back to the planar position that locks dawgirs 116 within receiving slots 118 of
second carrier plate 104. Representatively, secamikr plate 104 includes receiving slots
118A, 118B, 118C, 118D, 118E, 118F, 118G, 118Hctvailign with a respective one of
beams 116A-116H. The receiving slots 118A-118Hdamensioned to engage and retain
the second end 122 of each of beams 116A-116khidraspect, each of receiving slots
118A-118H may be elongated cut-outs formed thraegtond carrier plate 104. Receiving

slots 118A-118H are dimensioned so that the seeaddL22 of a respective one of beams



116A-116H in the second or biased position (outtheeplane of first carrier plate 102) can
be inserted within one of receiving slots 118A-118#tl engage the receiving slots 118A-
118H as the second end 122 springs back towaritsher planar position. This, in turn,
clamps first carrier plate 102 and second carieiel04 together, with a force sufficient to

hold one or more of a substrate 106 securely betweeplates 102, 104.

[0034] Cantilevers 116A-116H may be arranged arounddastier plate 102 in a pattern
that allows for the clamping force to be evenlytritisited across each of first carrier plate
102 and second carrier plate 104. For exampldileasrs 116A-116H may be arranged in a
lengthwise direction in rows extending from one ehéirst carrier plate 102 to another end
of first carrier plate 102 as shownhig. 1. Representatively, cantilevers 116A, 116B may
be arranged in one row along one edge of firsieraptate 102, cantilevers 116C and 116D
may be arranged in another row, cantilevers 11&E146F in another row and cantilevers
116G and 116H may be arranged in a row along ther @dge of first carrier plate 102. In
this aspect, cantilevers 116A-116H are evenly sheeaoss the entire first carrier plate 102
to allow for an even distribution of the clampirmgde between the plates. Still further, it
should be understood that cantilevers 116A-116Haam@nged such that they clamp first
carrier plate 102 and second carrier plate 104thegebut do not contact, or otherwise
directly clamp onto, any one or more of a substt@ that may be positioned between the
plates. Rather, first carrier plate 102 and seaamder plate 104 contact portions of the top
side 108 and the bottom side 110 of substrate A ®6It the substrate between the plates.

[0035] In addition, in some embodiments, at least twoanftitevers 116A-116H may

face different directions to help prevent shiftlmefween first carrier plate 102 and second
carrier plate 104. Representatively, cantilevdi8AL 116B, 116G and 116H may face one
direction and cantilevers 116C, 116D, 116E and Irhély face another direction, for
example, an opposite direction. The opposite taten of cantilevers 116A-116H helps to
provide a more secure attachment between firsiecgriate 102 and second carrier plate 104

and reduce shifting between the plates.

[0036] Representativelyrig. 2A andFig. 2B illustrate the opposite orientation of
cantilevers 116A and 116C in more detail. In pattr, Fig. 2A illustrates a side view of
cantilever 116A anéig. 2B illustrates a side view of cantilever 116C. Ihdze seen from
these views that the second end 122 of cantilel/@A1Fig. 2A) faces or points in one

direction while the second end 122 of cantileve3@ IFig. 2B) faces or points in a second,

10



different, direction. For example, according te thew illustrated byrig. 2A andFig. 2B,
second end 122 of cantilever 116A may face toitte,rwhich would be toward one end of
first carrier plate 102, and second end 122 ofileaer 116C may face to the left, which
would be toward another end of first carrier plad2. Each of cantilever 116A and
cantilever 116C, in turn, may be considered toteotaith respect to the first carrier plate
102, in different directions in response to theeexdl force used to move the respective
second end 122 outside a plane of first carrieel@2. For example, cantilever 116A
rotates in a first direction illustrated by arro@2and cantilever 116C rotates in a second
direction illustrated by arrow 204. The first diten 202 may be a clockwise direction while

the second direction 204 may be a counter-clockdiigztion.

[0037] In addition, when the external force is appliedaatilevers 116A, 116C in a
direction of arrow 206, the second end 122 of edaantilevers 116A, 116C move outside
of, and in this case, below a plane of first caplate 102. As previously discussed,
however, in this position, the second end 122 has@dency to want to spring back toward
the plane of first carrier plate 102, in a direotaf arrow 208. Thus, in this position, the
cantilevers 116A, 116C may be considered to besecand configuration, and more
specifically second end 122 may be considered ia bebiased position in which it is biased

in a direction of arrow 208.

[0038] The attachment of first carrier plate 102 to seccadier plate 104 using this
biasing force of cantilevers 116 may be better tstded in reference teigs. 3A, 3B and

3C. In particularFig. 3A illustrates a cross-sectional side view of a fuetrier plate 102

and a second carrier plate 104 of a substrateecaviih a cantilever in the first configuration.
From this view, it can be seen that in the firgtfgguration, the second end 122 of cantilever
116 is within a plane of first carrier plate 108s previously discussed, in this configuration,
the second end 122 may be considered to be istafiplanar position. Second carrier plate
104 is shown positioned below first carrier plad2 Such that receiving slot 118 is aligned
with cantilever 116. From this view, it can berséeat receiving slot 118 includes a detent
310 positioned therein. For example, detent 319 Inesa recess formed within a sidewall of
receiving slot 118. Detent 310 is dimensioned tgagle and hold cantilever 116 within
receiving slot 118 as will be described in moreadén reference té-ig. 3C. In addition,

both a top side 130 and a bottom side 132 of dastier plate 102 and a top side 134 and a

bottom side 136 of second carrier plate 104 arevshas substantially flat, planar surfaces.
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In this aspect, when the interfacing surfaces aessof first carrier plate 102 and second
carrier plate 104, in other words bottom side 132 #®p side 134, are placed in contact with
one another as shownhig. 3C, there are no gaps between first carrier plateat@Psecond

carrier plate 104, even when a substrate is positidoetween them.

[0039] Fig. 3B illustrates a cross-sectional side view of thstfoarrier plate and the
second carrier plate &ig. 3A with the cantilever in the second configuratidio move
cantilever 116, and more specifically the secordi B2 outside a plane of first carrier plate
102, an external force in a direction of arrow &lapplied to cantilever 116. In this case,
the external force is applied in a downward digtas illustrated by arrow 312, so that the
second end 122 of cantilever 116 is below a pldriesd carrier plate 102. It should be
understood, however, that the force may be in am@gtion so long as it causes the second
end 122 of cantilever 116 to move out of the plahfirst carrier plate 102 and in a direction
of second carrier plate 104. With the applicatibthe external force, the second end 122 of
cantilever 116 is now in a second or biased pasitiovhich it is outside a plane of first
carrier plate 102, but biased in a direction ofptene of first carrier plate 102. Said another
way, if the external force were removed, the secmdi122 of cantilever 116 would move or
spring back toward the plane of first carrier pla2 to the position shown Fig. 3A.

[0040] While the cantilever 116 is in the second or bigsesition as illustrated iRig.

3B, first carrier plate 102 and second carrier pl&té are moved toward one another so that
the second end 122 of cantilever 116 is positiomglain receiving slot 118. Once second
end 122 is within receiving slot 118, the extefioate may be removed so that the second
end 122 of cantilever 116 catches on detent 35@odnd carrier plate 104 as it springs back

toward first carrier plate 102. This configuratisrshown inFig. 3C.

[0041] Representativelyrig. 3C illustrates a cross-sectional side view of thstfoarrier
plate and the second carrier platd-aj. 3C with the cantilever engaging the receiving slot.
In particular, the second end 122 of cantilever islliased, or wants to move or bend, in a
direction of first carrier plate 102 as illustrategarrow 314. As such, when the external
force is removed, the second end 122 moves tovilgtccarrier plate 102 in a direction of
arrow 214. The detent 310 within receiving slo8 1iowever, catches on and engages the
second end 122 to prevent it from moving all thg Wwack to the first position, within the
plane of first carrier plate 102. The detent Ib0example, may be a recessed region

formed within the bottom side 134 of the secondieaplate 104, near the edge of the
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receiving slot 118. When the second end 122 i bglthe detent 310 in a biased position as
shown inFig. 3C, it pulls (i.e. in a direction of arrow 314) sedotarrier plate 104 against
first carrier plate 102 and clamps the plates togyet First carrier plate 102 will therefore
remain clamped or attached to second carrier fldédeuntil an external downward force (i.e.
in a direction of arrow 312) is applied to cantée\w 16 to release the second end 122 from
detent 310.

[0042] Any suitable mechanism may be used to apply thereat forces and assemble
substrate carrier 106ig. 4illustrates an exploded perspective view of a sabssicarrier and
assembly tool for assembling the substrate caadeording to one embodiment. Substrate
carrier 100 includes a first carrier plate 102 arskcond carrier plate 104 having the same
features and operation as described in referenésy$o1-3C. Assembly tool 400may
include a support member 402 and a base membeBd@port member 402 may attach to
first carrier plate 102 and base member 404 maglatio second carrier plate 104. The
support member 402 and base member 404, with riegpearrier plates attached, may be
drawn together to attach first carrier plate 108doond carrier plate 104 as previously

discussed.

[0043] More specifically, support member 402 may be forfogé substantially planar
panel 406 with a similar footprint to that of fisrrier plate 102. Panel 406 may have a first
side 408 (or top side) and a second side 410 (orncside). Push pins 412 may extend
from a side of panel 406 facing the first carrilt@ 102, in this case, from the second side
410 of panel 406. Push pins 412may be dimensianagply the previously discussed
external force needed to move the second end 1@8e0br more of cantilevers 116 to the
biased position, outside a plane of first carriatgp102. In this aspect, push pins 412may be
positioned along the second side 410 of supportimee02 so that they align with each of
cantilevers 116 formed in first carrier plate 1PR2sh pins 412may have any size and shape
suitable for applying the desired external forcedatilevers 116. Representatively, in one
embodiment, push pins 412are cylindrical structti@sng a similar width to that of
cantilevers 116 such that they can extend throbhgltantilever cut-outs 436 within first
carrier plate 102. Push pins 412may have any hesgfficient to push the second end 122 of
the cantilevers 116 to the desired biased positidre number of push pins 412extending
from support member 402 may correspond to the nuwifoeantilevers 116 such that there is

one pin 412 aligned with each of cantilevers 1R@sh pins 412may be integrally formed
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with the second side 410 of support member 408eparate structures which are mounted
(such as by chemical bonding or mechanical fass3itersecond side 410. In this aspect,
support member 402 and push pins 412may be matie shme or different material, for

example, a plastic material or a metal materiaf oombination of materials.

[0044] In one embodiment, support member 402 may furthdude a handle 414
attached to first side 408. Handle 414 may hayesae and shape suitable for allowing a
user or robotic mechanism to move support memb2ta@@ desired position. Handle 414
may be integrally formed as part of support mendl®®, or may be a separate structure
mounted (such as by chemical bonding or mechafasgners) to first side 408. In this
aspect, support member 402 and handle 414 may e afidhe same or different material,

for example, a plastic material or a metal mategah combination of materials.

[0045] The second side 410 of support member 402 maytdehad to first carrier plate
102 using one or more of a locking pin 416. Lockimg 416 may be dimensioned to be
inserted within, and engage with, a locking pinripg 418 within first carrier plate 102 as

will be described in more detail in referencd-tg. 5A andFig. 5B.

[0046] Base member 404 may be formed by a substantialyaplpanel upon which
second carrier plate 104 may be positioned. Basaber 404 may, in one embodiment,
have a slightly larger footprint to that of secaadrier plate 104 and include recessed regions
434A and 434B at each end to facilitate removaulifstrate carrier 100 once assembly is
complete. Panel 406 may have a first side 42%ofoside) and a second side 424 (or bottom
side). Channels 426A, 426B, 426C and 426D maybedd within the side of panel 406
facing second carrier plate 104, in this caseitedide 422. Channels 426A-426D may be
aligned with each row of receiving slots 118 sd ttemtilevers 116 can be pushed through
receiving slots 118, below a plane of second captage 104 during the attachment
operation. In this aspect, channels 426A-426D hwe a depth and width sufficient to
receive the second end 122 of each of cantileviess In addition, channels 426A-426D may
extend in a same direction as receiving slots fidk&xample, in a lengthwise direction along

base member 404, and from one end to another emasefmember 404.

[0047] To help align channels 426A-426D with receivingsIbl8, base member 404
may further include locating pins 430A and 430B afignment pins 428A, 428B, 428C and
428D extending from the first side 422. Locatimgsp430A and 430B may be dimensioned
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to fit within openings 432A and 432B, respectivdtyymed within second carrier plate 104 to
help position second carrier plate 104 on base reed®. Alignment pins 428A-428D may
be positioned along edges of base member 404 dime dereceiving area for second carrier
plate 104. In this aspect, when second carrieedl@4 is positioned between alignment pins
428A-428D, it will be centered on base member 4@dteach of receiving slots 118 aligned
with one of channels 426A-426D.

[0048] Fig. 5A illustrates an exploded perspective view of aditside of the support
member and first carrier plate Big. 4. From this view, it can be seen that the secai® s
410 (bottom side) of support member 402 includeshppins 412and locking pins 416
arranged around its surface. The number of push4il2 may correspond to the number of
cantilevers 116 and the number of locking pins #iHy correspond to the number of locking
pin openings 418 formed in first carrier plate 1B2presentatively, in one embodiment
where first carrier plate 102 includes cantilevEt6A-116H, support member 402 may
include push pins 412A, 412B, 412C, 412D, 412EH¥A2G, 412H, which each
correspond to one of cantilever beams 116A-116Hthik aspect, each of push pins 412A-
412H may be arranged along support member 402tkatithey align with one of cantilever
beams 116A-116H. In some cases, each of pusip2i-412H are arranged so that they

align with a second end 122 of each of cantileté&

[0049] As previously discussed, push pins 412A-412H amedsioned to push, or
otherwise move, a respective one of cantilever lsehkb6A-116H outside a plane of first
carrier plate 102 when the second side 410 of suppember 402 is positioned along a
surface of first carrier plate 102, for exampl®p side 130 of first carrier plate 102.
Representatively, as can be seen from the magmifezd of push pin 412B, which is
highlighted in dashed lines, in one embodiment, an@ore of push pins 412, in this case
push pin 412B, may be a cylindrical structure thgterpendicular to second side 410. In
some embodiments, the end of push pin 412B mayoseda, and in some cases, rounded to
provide a sufficient contact with cantilever 116Bis contemplated, however, that push pins
412 may be any size and shape suitable for pushiegpective one of cantilevers 116

outside a plane of first carrier plate 102.

[0050] Locking pins 416 may further be of any size andpshsuitable for locking
support member 402 to first carrier plate 102 usbeging pin openings 418.
Representatively, as can be seen from the magnii@d of locking pin 416A, highlighted
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by dashed lines, locking pin 416A may have a shaftion 502 and a head portion 504. The
head portion 504 may be raised above the surfafiesb§ide 410 of support member 402 by
shaft portion 502. In addition, head portion 50eyrbe wider than shaft portion 502. The
corresponding locking pin opening 418A may havénaertion portion 506 which is large
enough to receive the head portion 504 and a Iggiantion 508 which is wide enough to
receive the shaft portion 502 but narrower tharhésed portion 504. In this aspect, locking
pin 416A can be locked within locking pin openintB4 by inserting locking pin 416A

within the insertion portion 506 and then slidihg tocking pin 416A into the locking

portion 508. Because the head portion 504 is tatge the opening of locking portion 508,
the locking portion 508 prevents head portion 504nfbeing pulled out of the locking
portion 508, which in turn locks support member #®@8rst carrier plate 102. It should be
understood that, although not specifically desctjeach of the locking pins 416B, 416C and
416D and locking pin openings 418B, 418C and 41&y hmave the same dimensions and
operate in a similar manner as locking pin 416A lma#ting pin opening 418A. In addition,
each of locking pin openings 418A-418D may be dedrnn the same direction along first
carrier plate 102 such that each of the locking gih6A-416D may be locked within a
respective one of the locking pin openings 418AEts8nultaneously by sliding support

member 402 with respect to first carrier plate 102.

[0051] Representatively, this sliding operation can b&$emm Fig. 5B, which

illustrates a perspective view of a first carriatp 102 locked to support member 402. In
one embodiment, locking pins 416B and 416D ar¢ ifiserted into respective locking pin
openings 418B and 418D. Once within the openidgB4and 418D, first carrier plate 102
may be slid in a direction of arrow 510 while sugipuember 402 remains stationary to lock
the locking pins 416B and 416D within locking pipemings 418B and 418D. This in turn,
locks first carrier plate 102 to support member.4BR&st carrier plate 102 may be unlocked
from support member 402 by sliding first carrieaitpl 102 in a direction opposite arrow 510.
It should further be understood that in some embedis, instead of sliding first carrier plate
102, support member 402 may slide while first earplate 102 remains stationary, or both
the first carrier plate 102 and support member#@g be slid in opposite directions to

accomplish locking and unlocking of first carriéate 102 to support member 402.

[0052] Referring now in more detail to the second caplate 104 and base member

404,Fig. 6A andFig. 6B are perspective views illustrating the positionaiggecond carrier
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plate 104 on base member 404. Representativepgdition second carrier plate 104 on base
member 404, locating pins 430A, 430B extending feotop side 602 of base member 404
are aligned with locating pin openings 432A, 43&&pectively, formed in second carrier
plate 104. In addition, second carrier plate Hidligned within the area between alignment
pins 428A- 428D. Once aligned second carrier gl@iis positioned on the top side 422 of
base member as shownRig. 6B. Positioning of second carrier plate 104 withpeeg to

base member 404 in this manner, further aligns e&ofceiving slots 118 with one of
channels 426A-426D so that when the first carriategpl02 is attached to the second carrier
plate 104, the cantilevers 116 (see, for exan#ple,1) can be inserted within a respective on
of the receiving slots 118 as previously discusbedddition, it can be seen frofig. 6B

that the edges of second carrier plate 104 extepdra the recessed regions 434A and 434B
cut into the end edges of base member 404 totiteilfemoval of substrate carrier 100 once

assembly is complete.

[0053] Fig. 7 illustrates a perspective view of the substratéeraand assembly tool of
Fig. 4. More specificallyFig. 7 shows support member 402, first carrier plate difiched,
second carrier plate 104 and base member 404 dligite one another to complete the
assembly of substrate carrier 100. Representativebne embodiment, support member
402 is attached to first carrier plate 102 so daattilevers 116 are held outside a plane of first
carrier plate 102 as previously discussed. Secamikr plate 104 is positioned on base
member 404 as described in referencEigs. 6A-6B. One or more of a substrate 106
described irFig. 1, for example, a microelectronic device substriatéhen positioned within
cavities 114 of second carrier plate 104 as desdriib reference tbig. 1. Support member
402 having first carrier plate 102 attached thei®tben positioned on base member 404 so
that each of cantilevers 116 of first carrier pla are positioned within receiving slots 118
of second carrier plate 104. In addition, theratignt members 124A, 124B of second
carrier plate 104 are positioned within the aligningpenings 126A, 126B of first carrier
plate 102, as previously discussed in referenéégol. With the first carrier plate 102 and
second carrier plate 104 properly aligned and wntbtlide with respect to one another due
to the alignment members 124A, 124B being withigrahent openings 126A, 126B, support
member 402 is released from first carrier plate. 18@pport member 402 may be released
from first carrier plate 102 by sliding the lockipms 416 out of respective openings 418 as
previously discussed in referenceFig. 5A andFig. 5B. Once support member 402 is

released, the cantilevers 116 of first carriergfgiring back toward the plane of first carrier
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plate 102 and engage the receiving slots 118 aimskcarrier plate 104 as previously
discussed in reference Fogs. 3A-3C. With first carrier plate 102 clamped to secoadier
plate 104, and a substrate 106 sandwiched in batvassembly of the substrate carrier 100 is
complete and the substrate carrier 100 can be rednioem base member 404, such as by

lifting it off of base member 404.

[0054] Fig. 8illustrates a cross-sectional side view through BR8’ of Fig. 7. From this
view, it can be seen that when support member a@2ase member 404 are assembled as
previously discussed, one or more of a substraeslBeld between first carrier plate 102

and second carrier plate 104 of the substrateecdr®@0. In addition, it can be seen that
substrate 106 is within the aligned cavity 114 asmetlow 112 of first carrier plate 102 and
second carrier plate 104. One or more of the windid2 and the cavity 114 may further
include recessed regions 702, 704, respectivedy htblp to hold the substrate 106 within the
first carrier plate 102 and the second carrierepldt4 so that it does not create a gap between

the plates.

[0055] Once the substrate 106 is in place, support medizand base member 404
may be removed as previously discussed, leavinmehe completed substrate carrier 100.
A cross-sectional view of an assembled substrateecéolding a substrate is shownHig.

9. Representativelygig. 9illustrates substrates 106 positioned betweendasier plate

102 and second carrier plate 104.

[0056] Fig. 10is a block diagram illustrating one embodiment pracess of assembling
a substrate carrier. Representatively, in one emimu, process 1000 includes providing a
first carrier plate (block 1002). The first carrfdate may be a first carrier plate such as first
carrier plate 102 described in referenc&i@ 1, which includes a cantilever that is biased in
a direction toward a plane of the first carriet@land a window dimensioned to expose a
first side of a microelectronic device substratsifi@ned along the first carrier plate. The
process may further include providing a seconderaptate (block 1004). The second
carrier plate may be a second carrier plate suse@snd carrier plate 104 described in
reference td-ig. 1, which includes a cantilever receiving memberlor and a cavity
dimensioned to receive the second side of the mliectronic device substrate. The first
carrier plate may be attached to the second caniaée using the cantilevers of the first
carrier plate (block 1006). Representatively,fttat carrier plate may be attached to the

second plate by positioning an end of one or mbtheocantilevers outside a plane of the
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first carrier plate and within the cantilever receg member of the second carrier plate such
that the end of the cantilever engages the caastil®ceiving member and clamps the second
carrier plate against the first carrier plate. didiion, it is contemplated that prior to

attaching the first carrier plate to the secondieaplate a microelectronic device substrate
may be positioned on either the first carrier ptaitéhe second carrier plate such that when
assembly is complete, the substrate is held betweeplates for further processing
operations. In addition, it should be understoad ih any of the embodiments disclosed
herein, any number of substrates may be held witi@rsubstrate carrier so that a panel of

substrates that can be simultaneously processerngd.

[0057] While certain embodiments have been described lamrsin the accompanying
drawings, it is to be understood that such emborish@re merely illustrative of and not
restrictive on the broad invention, and that thesition is not limited to the specific
constructions and arrangements shown and desceled, various other modifications may
occur to those of ordinary skill in the art. Foaeyle, in some embodiments, the substrate
carrier assembly process may be automated by dicaystem which performs each of the
previously discussed assembly operations with,ithrout, the presence of a support member
and base member such as those previously disculsedlescription is thus to be regarded

as illustrative instead of limiting.
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CLAIMS

What is claimed is:

1. A carrier apparatus for processing of a mieeonic device substrate, the apparatus
comprising:

a first carrier plate for processing of a micro@ieaic device substrate, the first
carrier plate having a plurality of cantileversrfed therein, each of the plurality of
cantilevers having a first end connected to thst Giarrier plate and a second end that is
movable between a first configuration in which sieeond end is within a plane of the first
carrier plate and a second configuration in whighdecond end is outside a plane of the first
carrier plate; and

a second carrier plate for processing of a micotedaic device substrate, the second
carrier plate having a plurality of receiving sléasmed therein, each of the plurality of
receiving slots dimensioned to receive the secowldoé one of the plurality of cantilevers in

the second configuration such that the first caplate is clamped to the second carrier plate.

2. The carrier apparatus of claim 1 wherein th@séend of at least one of the plurality
of cantilevers and the second end of another oplinality of cantilevers face opposite

directions.

3. The carrier apparatus of claim 1 wherein attleas of the plurality of cantilevers is

biased to move toward a plane of the first caplate when it is in the second configuration.

4, The carrier apparatus of claim 1 wherein attleas of the plurality of cantilevers is

integrally formed from a material of the first darrplate.

5. The carrier apparatus of claim 1 wherein attleas of the plurality of receiving slots
comprises a detent dimensioned to hold the secothdithe one of the plurality of

cantilevers within the at least one of the pluyadit receiving slots.

6. The carrier apparatus of claim 1 wherein int@nf@ sides of the first carrier plate and
the second carrier contact one another when thiectrrier plate is clamped to the second

carrier plate.
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7. The carrier apparatus of claim 1 wherein thet tiarrier plate further comprises:
a window through which a microelectronic devicbsitate positioned between the

first carrier plate and the second carrier plaexjgosed for processing.

8. The carrier apparatus of claim 1 wherein th@seécarrier plate further comprises:

a cavity dimensioned to receive a microelectrai@eice substrate.

9. A carrier apparatus for processing of a micrdedaic device substrate, the apparatus
comprising:

a first carrier plate having a plurality of beaam&l a plurality of windows formed
within the first carrier plate, each of the plutalof beams having a first end connected to the
first carrier plate and a second end suspendednvatplane of the first carrier plate, and
wherein each of the plurality of beams is operadlmove such that the second end is within
a plane of the first carrier plate in a first cguifiiation and outside the plane of the first carrier
plate in a second configuration;

a second carrier plate having a plurality of reicej slots and a plurality of cavities
formed therein, wherein each of the plurality afeiwing slots is operable to receive the
second end of one of the plurality of beams insa®ond configuration and each of the
plurality of cavities aligns with one of the plutglof windows when the second carrier plate

is positioned along the first carrier plate.

10. The carrier apparatus of claim 9 wherein ed¢heoplurality of cavities aligned with
one of the plurality of windows is dimensioned éce&ive a microelectronic device substrate

such that at least two sides of the microelectrdemice substrate are exposed for processing.

11. The carrier apparatus of claim 9 further cosipg:

a base member operable to be positioned alongasithe second carrier plate
opposite the first carrier plate, the base membeinig a plurality of channels, wherein each
of the plurality of channels are aligned with orieh@ plurality of receiving slots when the

base member is positioned along the side of thenskecarrier plate.

12. The carrier apparatus of claim 9 further cosipg:

21



a support member attached to the first carrieeplie support member having a
plurality of pins operable to move the pluralityi#ams between the first configuration and

the second configuration.

13. The carrier apparatus of claim 12 wherein thgpert member further comprises:

a locking pin to lock the support member to thstfcarrier plate.

14. The carrier apparatus of claim 13 wherein tts¢ ¢arrier plate further comprises:
an opening dimensioned to receive the lockingwimgrein the locking pin is
operable to slide within the opening between a fiosition in which the support member is

locked to the first carrier plate and a secondtmsin which the support member is

releasable from the first carrier plate.

15. A method of assembling a carrier for processing microelectronic device substrate,
the method comprising:

providing a first carrier plate, the first carr@ate having a cantilever that is operable
to be biased to move in a direction toward a plafrtbe first carrier plate and a window
dimensioned to expose a first side of a microedeitrdevice substrate positioned along the
first carrier plate;

providing a second carrier plate, the second agptage having a cantilever receiving
member and a cavity dimensioned to receive thensksiole of the microelectronic device
substrate; and

attaching the first carrier plate to the secondieaplate by positioning an end of the
cantilever outside a plane of the first carrietglkand within the cantilever receiving member
such that the end of the cantilever engages thdeaar receiving member and holds the

second carrier plate against the first carriereplat

16. The method of claim 15 wherein the cantileeeeiving member comprises a detent

dimensioned to engage the end of the cantilevérinvé plane of the second carrier plate.
17. The method of claim 15 wherein positioning ad ef the cantilever outside a plane

of the first carrier plate comprises attaching jppgut member to the first carrier plate, the

support member having a pin dimensioned to bendahélever.
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18. The method of claim 17 wherein attaching thgpsut member comprises:

aligning a locking member extending from the suppgember with a lock receiving
member formed in the first carrier plate; and

sliding the support member with respect to th& tarrier plate to lock the locking

member within the lock receiving member.

19. The method of claim 15further comprising:
prior to attaching the first carrier plate to #exond carrier plate, attaching the second
carrier plate to a base member, the base memberghachannel that aligns with the

cantilever receiving member.

20. The method of claim 15 wherein the cantilegea first cantilever, the first carrier
plate further comprising a second cantilever, ahdmain the first cantilever rotates in a first
direction to position the end of the first cantdewutside the plane of the first carrier plate
and the second cantilever rotates in a secondtidineto position an end of the second
cantilever outside the plane of the first carrilattgy wherein the first direction is different

from the second direction.
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