2 August 2006 M CRCELECTRONI C DEVI CES AND METHODS OF MANUFACT REudgasHG8\L
FI ELD This invention relates to m croel ectroni c devices having

m croel ectronic conmponents nmounted on substrates and net hods of

manuf act uri ng such devices. The invention has particular utility in
connection with flip-chip packagi ng. BACKGROUND M croel ectroni c devices,

such as nennrywmg I g i sar ically.include one or nore
m croel ectronic %ﬁ? lega@ﬁ&gégg @%TPF/' > OFTHANKIRAGEURH r oni ¢
conponents comonly include at | east one die including functional features
such as nmenory cells, processor circuits, and interconnecting circuitry.
The dies of the nlcroelectronlc conponents may be encased in a plastic,
ceranmi c orlEHeHMICALJtIEED ve covering. Each die commonly includes an array
of very small bond pads electrically coupled to the functional features.
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ese ConMupRaAYentidrfhak Pt ause are

typi cal ly manufactured ?)fr? L? Gt?'jlﬁw C(%ar{\ﬁ% ’énﬂ‘gti‘cfl Rﬁ?l@g e initially
faci ng upwar dl y After manufacture is conpleted and the sem conductor die

i's singul giagek RQ{P’ Ee wafer, it is inverted or "flipped" such that the
surface bearing the bond pads faces downwardly for attachnent to a

substrate. Thewgond %ﬁds are usually coupled to termnals, such as
conducti ve SroelgHIc deviqese $Uah a$ ewemonyatiewinds rm@amcmﬁro@ema%ﬂ ors

connect i ncymé‘aﬂlydh@luﬁé drhéaons éhﬁ&r%el%tr’bﬂfd @&rﬁp&i rﬂggglgcﬁeg g Sgﬁtsfed Lo

form theR son p-chi p, such as vari'o
conduct i v&ne Wﬁ%% rOPH? asmpioaamsm@mmnng irnalidke ratbleaps ,onehele'smwl@dm@u”ps

are ref| opp@tibgal fte@tumea fRhdgy nie?r?d?& Rt Eeééb‘? C%ILCUF}P‘C%[I‘] ToeR ,égnd

the substrate., Th EE | eaves a snm gap ween t
subst r at eCIrfiNenhAReedieReo] @%tm'CEOPl@tmg@wnments may be encased in a

plastic, ceramic or metal protective covering. Each die commonly includes an
array of very small bond pads electrically coupled to the functional features.
These terminals can be used to operatively connect the microelectronic
component to the substrate.

One type of microelectronic component which is gaining increased
acceptance is the "flip-chip" semiconductor device. These components are
referred to as "flip-chips" because they are typically manufactured in wafer form
having bond pads which are initially facing upwardly. After manufacture is
completed and the semiconductor die is singulated from the wafer, it is inverted or
"flipped" such that the surface bearing the bond pads faces downwardly for
attachment to a substrate. The bond pads are usually coupled to terminals, such
as conductive "bumps," which are used as electrical and mechanical connectors
connecting the die to the substrate. A variety of materials may be used to form
the bumps on the flip-chip, such as various types of solder and conductive
polymers. In applications using solder bumps, the solder bumps are reflowed to
form a solder joint between the flip-chip component and the substrate. This
leaves a small gap between the flip-chip and the substrate. To enhance the joint
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integrity between the mcroel ectronic conponent and the su _
unde?fi I Iy material is introduced into the gap between the conponents. This
underfill material helps equalize stress placed on the conmponents and I
protects the conponents from contam nants, such as noi sture and chem cal s.
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Typically, the underfill material U dispensed along the edge(s) of the die D
in this process has a relatively high viscosity at dispensing temperatures. - This
permits a well-defined bead of material to be applied adjacent a single die D,
facilitating a more dense arrangement of dies on the surface of the substrate. To
get the underfill material U to flow into the underflow gap, the substrate is typically
heated - sufficiently to reduce the viscosity of the underfill material. This
significantly increases manufacturing time and complexity.

_ Others have proposed pumping an underfill material into the underfill gap
through an opening in the substrate. For example, U.S. Patent No. 6,057,178
(Galuschki et al, the teachings of which are incorporated herein by reference)
adds the underfill material via an orifice in the substrate. A viscous underfill
material is added to the orifice (e.g., by dispensing it under pressure). The

assembly must then be heated to allow the underfill material to flow into the
underfill gap
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assenbly nust then be heated to allow the underfill material t@ Ahgust 2966
the wunderfill gap. -2 2 August 2006 U.S. Patent No. 5,697,148 (Lance Jr.

et a[., the teachings of which are incorporated herein by reference) also
suggests di spensing an underfill material into the underfill gap through
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sur f ace %L?&Sgﬁ SH %"%{em e 15 f ace, a rmunting surface, a
second term nal array, and an aperture which extends through the support
fromthe c pounting surface. The second term nal
array is c W’Qg agﬂgﬂgmghbﬂ&\%urface and is electrically coupled to
the first termnal array of the mcroel ectronic conponent. The aperture
has a first di ri’é‘msmasetwtdtmeabmmrmodld@en@erwh||ﬁf§)$0\l’fé]ﬁ@nt%h@1 Hligrdb|irBRRS! On.
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component has a facing surface, an exterior surface, and a first terminal array
carried on the facing surface. The first support has a component surface, a

- mounting surface, a second terminal array, and an aperture which extends

through the support from the component surface to the mounting surface. The
second terminal array is carried on the component surface and is electrically
coupled to the first terminal array of the microelectronic component. The aperture
has a first dimension and a second dimension less than the first dimension. The
component surface of the support is juxtaposed with the facing surface of the
microelectronic component to define a first underfill gap between the component
surface and the facing surface. A first underfill material at least substantially fills
the first underfill gap.

In an alternative embodiment, the microelectronic device assembly further
includes a second support such as a circuit board. In this embodiment, the first
support includes a third terminal array on its mounting surface. A second support
has a fourth terminal array carried on a terminal surface. The third terminal array
of the first support is electrically coupled to the fourth terminal array of the second
support. The mounting surface of the first support is juxtaposed with the terminal
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i ncl udes a second support such as a circuit board. In this em%g?agtzdd*ee
first support includes a third termnal array on its mounting surTace. A

second support has a fourth termnal array carried on a term nal surface.
The third termnal array of the first support is electrically coupled to
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i ncl udi.n sup al.it i croel ectroni ¢ conponents. Each o
the ni crgg%gbtrgﬁ?écg%gn% S lr)réayxﬁg\?éfeaq’a kﬁ'&ir\qg %uPPHH?@et@erWﬁ@méled
terni nal BHér@glegipnihdevoppssemhlyy have a nounting surface, a conponent

surface carrying a plurality of termnal arrays, and a plurality of
underfill aper IPHEr eraodinent of thedeventionguriovidesrsportiid ofmeanfeeirigda
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. , ponent surface carrying a plurality of terminal arrays, and a
plurality of underfill apertures. For each microelectronic component, a connecting
material is deposited on the terminal array of the microelectronic component
andfor an associated one of the terminal arrays of the support. The facing
surface of each microelectronic component is juxtaposed with the component
surface of the support such that the connecting material electrically couples the
terminal array of the microelectronic component with the associated terminal array
of the support. The facing surface of each microelectronic component is spaced
from the component surface of the support to define a separate underfill gap
between each microelectronic component and the support. At least one of the
underfill apertures in the support is in fluid communication with each of the
underfill gaps. A stencil is placed adjacent to the mounting surface of the support,
with the stencil having a separate stencil aperture in registry with each of the
underfill apertures in the support. Each stencil aperture defines, at least in part, a
fill volume at least as great as the volume of the underfill gap in fluid
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term nal arrag of the support. The facing surface of each nlcroeﬁ ?ronlc
conponent is spaced fromthe conponent surface of the support to define a
separate underfill gap between each mcroel ectronic conponent and the
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of a prior art underfill process.
Figure 2 is a schematic illustration of another prior art underfill process.

Figure 3 is a top elevation view of a microelectronic component in
accordance with an embodiment of the invention.

Figure 4 is a top elevation view of a support which may be connected to the
die of Figure 3 in accordance with an embodiment of the invention..

Figure 5 is top elevation view of a support in accordance with another
embodiment of the invention.

Figure 6 is a top elevation view of a support in accordance with yet another
embodiment of the invention.



Figure | is a schematic illustration of a prior art underfill
Figure 2 is a schematic illustration of another prior art undeglﬂﬁgaétzoo6
process- Figure 3 is a top elevation view of a mcroel ectronic conponent in.
accordance with an enbodi nent of the invention. Figure 4 is a top elevation
view of a suppoFigurdlddarey dns/t indi L QU A 1
accordance wth gn enhodi rrgn el @?Rgé\flﬁgtnﬁﬂg?ﬁm% S%’?’%‘“Eég‘g{*}%ﬁ’ %?%mﬁfi on
view of a ¥l %%'Flefl*r? bVEERe® wi th another enbodi ment of the invention,
Figure 6 is a tlﬁﬁ el gvati on )%y%}ﬁ' of .a support in accordance with yet

anot her  embodi'HaHIE 84S 8AP £ PRYEW of Ayippertdnescordagae avith stil andtiogr

el evat i on emeodinfent of thepiowention.accor dance with still another enbodi nent of
the invention, Figure 8 is a top elevation view of a support in accordance

with still anotfigure @idathprelkivatibn ey bﬂé%ﬁb@@ﬁin EF@HEnQ%Whastﬁl%gﬂ}%rm of

el evation yj .Of port in accordance with sti anot her  “enbodi
the i nventelYlﬁ)tﬁ). "%ﬁ&ﬁPﬁ@'%fﬁyﬁf?'%e side el evation views schematically
illustrating a assenbl ing a m. croel ectronic device in accordance
with an enbodi #3@@'@%?1 Qﬁ% 13 e eleition; \gewe sehematicallyofiugrating & anetiodw
schemat i caf Bgsémblisg maniongelpteoriceddvies in sé@tghhcd Rithidrd ﬁbehw&h'éfyth&?f
underfill . 5 hn a single step in accordance with anotﬁer alternative
enbodi menf'i'oé#' PHe invention. Fi gure 14 is a top elevation view of a circuit

board whi ch may. C d, to ,the support of Figure 4 in accordance with
anot her enbodi ﬁeﬁ’ﬁeo&lﬁ%g F%Slﬁ"iaﬁﬂﬂ Vigygeghegatically ilystratingeplacement of
views schstencil ctal fi & lplurstityadf ngdarfiteidaps hos aa§IE SN, %e&ﬁ%ﬂ@{a%ﬁﬁom c
device in f%ﬁg@%t%te d.aI tgrf%id.ve enbodi ment of the invention.
DETAI LED Rl PTTON Var ot @b P¥eOn he present invention provide
M cr ol ectr N FiguiEies Bb RIS IS YR bord Uit mas be sacpied to

the support of Figure 4 in accordance with another embodiment of the invention.

Figures 15-17 are side elevation views schematically illustrating a method
for assembling a microelectronic device in accordance with an alternative
embodiment of the invention.

DETAILED DESCRIPTION

Various embodiments of the present invention provide microelectronic
devices or methods of manufacturing microelectronic devices. The following
description provides specific details of certain embodiments of the invention
illustrated in the drawings to provide a thorough understanding of those
embodiments. It should be recognized, however, that the present invention can

- be reflected in additional embodiments and the invention may be practiced"
without some of the details in the following description.

Figures 3, 4, and 10-12 schematically depict the manufacture of a
microelectronic device 10 in accordance with one embodiment of the invention.
The microelectronic device 10 generally includes a microelectronic component 20
and a support 40. The microelectronic component 20 may be SIMM, DRAM,
flash-memory, processors or any of a variety of other types of microelectronic
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description provides specific details of certain enbodi nents of.
invention illustrated in the drawings to provide a thorough ur?cégg?%%‘?%
of those enbodinents. It should be recogni zed, however, that the present
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formed of withttiee indibrastentroniy compdnbot 2RSS IrlF RILRS 8 ORiESEFRM %0 béat es,
igﬁh as CHLAPICor $did Wha%aasnsy d8Sired %%hﬁ&grla ion, t?ﬁéesojbpo-[thios%%yoéé #0

- formed of material commonly used to manufacture microelectronic substrates,
such as ceramic, silicone, glass, or combinations thereof. The support 40 can
alternatively be formed of an organic material or other materials suitable for
PCBs. In one embodiment of the invention, the support 40 comprises a prihtéd
circuit board such as an FR-4 PCB. In another embodiment, the support 40 may
comprise a flexible interposer such as a conventional polyimide tape (e.g.,
UPILEX, commercially available from Ube Industries, Inc. of Tokyo, Japan;
KAPTON or MICROLUX, both commercially available from E. I. du Pont de
Nemours and Co. of Delaware, USA; or ESPANEX, commercially available from
Nippon Steel Chemical Co., Ltd. of Tokyo, Japan) and this microelectronic device

10 may be attached to a circuit board, as mentioned below in connection with
Figures 15-17.

The support 40 shown in Figure 4 includes a pair of spaced-apart lateral
edges 42a and 42b and a pair of spaced-apart transverse edges 44a and 44b
which together define the circumference of the substrate. In the illustrated
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alternatively be formed of an organic material or other materi Swéélgdaﬁe
for PCBs. In one enbodinent of the invention, the support 40

printed circuit board such as an FR-4 PCB. In another enbodi nent, the
support 40 may conprise a flexible interposer such as a conventi onal

pol yi ni de érﬂb@diﬁﬁerﬁ the @BE%AOC%%%IeraWaMtﬁ%@ lfafé?ﬂ Qegeé a? z%rﬁd es,

Inc. of To or conmerci a vai e from
E. 1. du F)g?vﬁ lﬁ@ﬁ%ﬂﬁlstoeﬁ’ﬂ? epother and Reependicudar tQ)rbOESM&MEﬁ( transverse

conmerci alg efsvméahuembrom Ni ppon Steel Chem cal Co., Ltd. of Tokyo,
Japan) and this mcroelectronic device 10 nay be attached to a circuit

board, as rrentlme@ub bav4ad ﬁa@@@@ﬁw?bﬁ@n%@ﬁacé:uguér% all'ﬁ_’mﬂiﬁtl dJ %%rf%e@mt 40
shown in Figure E S.% aced- | at er al es 42a and
42b and a(E%qreﬁﬁdsBé 3&9"5 8@ qﬁﬁaaéﬂﬁraﬂ%d W&mﬁfﬁcﬁj’et her
define t hejeﬂriirﬁgl@ftermm aﬂ*aytﬁme $H§&éfrﬁih@ls 521 ohhlﬁe' édrhﬁérfeﬁt%@rfac@ 4% @léggst
edges

2006 enbodi nent 1S a para ram with the [atera

228 and DA > B BR0 Rstigre WaitsUREY Gana-gY SRFRARSRIEP T PEBEM oF e
tr gnsver sehe etdgﬁ&a&efla%csfdhé%rmﬁw a$ wbﬂ&ﬁﬁﬁﬁc@emﬁ@e&rpéaﬁéﬁc‘?o 46

and a nounting surfa ur.es e conmponent surface

i ncl udes gﬁlﬂ %r”&‘l' 7aly %gfoﬁté?ﬁﬁ Hg”%J agpay %éf'%eﬁ’ %tl’g)qgg}tpqu AaIdefiningya Eptprimte

termnal s dﬁiﬂh@ supbertmmuoee @bsﬁéﬁfm@&eﬁﬁmérse& ﬂiéﬁﬁ@@!édtﬁba?lgﬂfdﬁ%&ie‘&et@
pattern e termnals 32

eneral I.es to the attern of
of the te lr'ﬁ’ Eﬂn né% {@”Pﬁ(gt% inor 3k e stppert 40rhdn the

t erm nal s ilhtefted hanbeﬂmnélm caichagf %Ae MRymAsals hgggtgt cehnastedletd ™ r§ing71e

f oot print of the,su | f. so desired, the term nals_ 52 may
el ecFrl calMIHMUEGh é%ﬁ”ﬁ@ ;86 ¢arreg BHa‘?‘ecm%@HBEt%Um &Bned mﬁ&ehm%\tmg

at t ached wrm;helssaepmey Ké. arlréhgdai%m id lprsdefierd aﬁbﬁﬁ'taeaéﬂnee%cm ntihg®©

t | t t 56 d
mount | ng LITNASLAREY DHA I BAHEIT Surar U MR

pr edef | nethepauppon 40 gl eftemdeds tapentdriribctd® kN abedid 8VpPdrt 08s tdiscu¥REAt | Ng
surface. Lf’ts can be particularly useful where the support 40 is I ntended

to be conﬁg Yed to a second support, as discussed

The substrate 40 also includes an underfill aperture 60 which passes
- through the substrate from the component surface 46 to the mounting surface 48.
The underfill aperture 60 has a first dimension 62 and second dimension 64. The
second dimension 64 is smaller than the first dimension 62, yielding an
asymmetrical shape to the underfill aperture 60. In Figure 4, the underfill apertui'é.
60 is typified as an elongate slot. The first dimension 62 of the aperture 60 may
coincide with a major axis of the slot. This major axis may extend along a midline

which is parallel to one or both of the lateral edges 42a and 42b.

The larger first dimension 62 of the underfill aperture 64 can be adjusted
for differently sized microelectronic components 20 and supports 40. |t is
anticipated that in most applications the first dimension will range from 3 mm to 25
mm. - The smaller second dimension 64 of the underfill aperture 60 may vary
depending on the size and shape of the support 40 and terminal array 50 on the

| component surface and the nature of the underfill material. In one embodiment of

the invention, the second dimension 64 ranges from 0.03 mm to 0.5 mm. To

enhance flow of underfill material 74 through the underfill aperture 60, the second
-8-



bel ow. The substrate 40 al so includes an underfill aperture 60 WQICh
t hrough the substrate fromthe conponent surface 46 to the nDu ce
48. The under-fill aperture 60 has a first dinension 62 and second
di rension 64. The second dinension 64 is snmaller than the first dinension

62, vyiel d'dﬂﬁeﬁélon%ﬂ@%"ﬁbb!ycé't' le§9999"/§ gréeg@ r HRPEMHE! fat %s{lﬁférﬁél? s(?%] of %p?!stg ure

4, the underfill aperture as an elon
di nensi on fier pfesen !rh%@rurmeéﬂlsma%wal cHinmaspret viatit of theapioderiltiapedtire 6@

or “bot h of- S ha Y MR URneRlof thiida By 3G shofef cbPShd tERsibh B 4ZaldtnbE, o
t he under PNEf llap@fstam@dame@éﬁf the indpoierndhe aepediratie isgtaajersthaadive.

m croel ectroni ¢ conponents 20 and supports 40. It is anticipated that in
nost appl i cati §héhe pmbodisentyeikigsred, ihe |undaﬁ@leanermfe:60rm spacsl famer The

smal | er sgpeANdadh rB?rlﬁéqateﬁél Qé%éé“?&'é”gﬁcﬂ f4oh) th%ﬂe%é % %P{svers%o on

dependi ng on the size and he support er m na array
the conpBAgas éaﬁnacf’ébanﬂﬂe ﬁ@eﬁalfaﬁ@ ipshawe ag heing generatly sentgred bn thee

nmbod t
Lo 05 rsuSort LI I BakcAler, e (FARTSE dRARLP T, (R0 BEIPRO S O T
aperture 8pertynebQ i 8 tigstlaleiglrdoedds is thewsame s the tr@@@ver@m q;stanceé:@m 50%
greater t{mnoths digé Qﬂ&he%’déd&b%@'té%@‘c%ﬁ@ﬁ’ laéér‘éfl e{?{ge‘)&%e%nﬂlfé{sﬁ/hﬁq

underfill rmaterj al he aspect ratio o

the firstlan ﬁ%ﬁt%weofrwala@ PBiirhery efitbetapertyer ttha ffastrteamvgrge $®egééau$r
than oneghgl élarﬁé%s%@%ibf&!'&ﬁstgﬁcé h’%rﬂ ;B‘ér'ipﬁfér{lbhﬁweaé "6t footh S%Héreat er

than five. In the enbodi nent of gure nderfi arert

spaced f all@PRMErse Pgﬁ?é*él@h l5shewuld W%H@?’aﬂSt%é@Om tlaaidhmzapetrm GDrraﬁPECbl t her
of the trﬁcﬁlsuérc%ﬁhteréﬂg‘?é 411‘1@ éﬁé’mﬂr‘éb(SOTr'ﬂ@y%@ Qﬁ%n@@ élﬁséﬂ"%n@sopmeng

gener al | )/ ceﬁf er.ed I cul ar e transverse

di st ance” RIS ?ﬁ%eﬁ)égﬁrﬁiﬁﬁz%fth@%éhe &ﬁ@@rtancﬂoregios@r to presaf thatteansversgge 42a

i s the sas@yers44dand UapMan g dingkance from the other side of the aperture
60 to the other |ateral edge 42b. Simlarly, the lateral distance fromthe

periphery of triguaper talgce sh@w@ {ihr éhaﬁ%ﬁﬂsé%%cﬁgﬁeoﬂ‘iﬁe'l%caﬂcﬂﬁ
the |ateral distance fromthe BGI’I phery of the aperture 6

t ransver JBICEFRIECUAHC cPMPIRSHT 40uth, rripest Boine SuRpeRA0 !mgﬂetaﬁ@péﬁjm@r e 60

need the invention. When the support is so positioned, the underfill aperture 60 is
spaced farther from at least one of the component's lateral edges 22a and 22b
than it is from one or both of the component's transverse edges 24a and.24b. In
the illustrated embodiment, the transverse distance 66a from the periphery of thé
aperture 60 to the first lateral edge 22a of the component 20 is the same as the
transverse distance 66b from the other side of the aperture 60 to the other lateral
edge 22b. The lateral distances 65a and 65b from the periphery of the aperture
60 to the component's transverse edges 24a and 24b, respectively, are also equal
to one another. However, the transverse distances 66a and 66b are each greater
than the lateral distances 65a and 65b.

Figures 5-9 illustrate alternative underfill apertures in accordance with an
embodiment of the invention. The support 40a of Figure 5 has a generally I-
shaped slot 60a. The support 40b of Figure 6 includes a generally T-shaped slot
60b. Figure 7 illustrates a support 40c which has a generally star-shaped
underfill aperture 60c. This star-shaped aperture may be thought of as a plurality
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not be centered, i.e., the aperture 60 may be positioned cl oser, one 6
the |l|ateral edges 42a and 42b than the other and/or closer to o‘%@gﬁ? gﬁ%

transverse edges 44a and 44b than the other. Figure 4 also shows (in
phantom) a pr ojgecti on of the location of the mcroelectronic conmponent 20

Wi th respecft etangsite s!utspmcm%tbrsemeor@@foﬁiérc’ﬁet‘i@rall%gél?tsrié‘g:%ggéérgi}; 1 ﬁgr

From at T CHHPOsh 30815 oG i slrtranedon dnsriarS Blged neosrmeat 40 of Figurois | &
11 St rat ef bt nant. § b o aner oS o ey Taar ASSTORIOET s A of

the aper TR0 Lo tared 1oL BORSHATh hedlhaped siol e amhiismbranazba siot he
sane as t0e Brarivstrateddas benee poelichearydhean) Khﬁ!hir%ltgg tszfur%ﬁg,ggpﬁ fHy e 60

. _The | at | . di stances a an om t he
ber i phery (SmiaL8EB SERReGEBratite 5hHanun ad pumetpbhedages Sasend
24b,  r espestots\BEldyand66e ahapbe positionta cusida s Bria bmyffh(ﬁ fé?ﬁ]iﬁél%{?%/:r S€

i th the | atera st ances and
655, - gurLh 2ud'o REVRBD At SSTHTal Ay 50 20HSer 4 the daferal s sid?. at sbodince
with an drboddenstdocbthat hise ienvsitiiments diheigarRPaId a@@sﬁélgﬁ!l%fé&@s@ a®

- t 40b of Fi

Genor al 1y “iae RADBE wrelfr doferritagarir Shanesodd alsobs appimedioc whi ch has

gegggeral}lly st s SHaRe ung;erfi | | iert?re,G c. This star-shaped aperture

may be thought 9’8% ‘2‘% VG A9 pipsen ﬁ’yﬁé‘ 0B dudest methnsatos r@armfgcwnghf_

i nt er sect Nicekgaitdric dgeices allr m@bllbmyfailg%i&‘;, rgég%?c?gl? % gfg%% %ﬁ'&g; : Se

th tar- - : € s or ) K

U shaped @P@'ﬁgﬁ%@"%%ﬁrﬁ%&g{béﬁtgﬁ%ﬁu%ﬁ BHEI PP .- Ehapeo

fS: IOt s?(r):i opoul hehiendiaso i tqhnegh’ tenergllﬁjlZIO W thin the g.oundzyr]i esd(?)% tnﬁ%

!terlrjn' nal gfer Z@Dt g’% qlio}? e@ hiors@%%%tcgﬂmg & "ﬁgoag‘érpetﬁ dgyee orcqpsdiagoto tthe | egs
iti [ he area bound by the

of these meithnds eatlinaddet®e nay be positioned outside t

' ' f the
termnal array 50, e.g., between the termnal array 50 and one o _ _
| at er al edgesylmﬁall)'t tBRotdrohindleamayl 3G tafotthet FratrobleetrefodbmpdhenefadFiigur es

; : i i i derfill aperture
4-9 are ”@l(egirﬁéa'llglc%ﬁbféa& Fd’ ﬂ'leaﬂaqm%alvgrpaey 6otk cogm&%nheenrt surface 46 of the
shapes coul d als e enployed. ' _ _ )

- support 40. This electrical coupling may be carried out in any known fashion. For
example, these components may be electrically coupled using standard flip chip
manufacturing techniques such as those taught in connection with Figure 3 of
U.S. Patent 5,697,148, (Lance, Jr. et al.,, the entire teachings of which are

incorporated herein by reference).

Techniques for electrically coupling microelectronic components to
supports are well known in the art and need not be discussed in great detail here.
Briefly, though, a connecting material is deposited on at least one of the two
terminal arrays 30 and 50 which are to be connected to one another. For
example, solder "bumps" may be deposited on one or more terminals 32 of the
microelectronic component's terminal array 30. The connecting material need not
be solder, though. Instead, it may be any of a variety of other materials known in
the art, such as gold, indium, tin, lead, silver, or alloys thereof that reflow to make
electrical interconnects. The connecting material may also be formed of
conductive polymeric or epoxy materials, which may be plated with metals.
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As noted above, the present invention includes nethods for g 6
m croel ectronic devices. In the foll ow ng di scussion, referenc éﬁéﬁ ‘02&0
made to the microel ectronic conponent 20 and the support 40 shown in
Figures 3 and 4. It should be understood, though, that many of the

features shown Thet kefgy cguamcgg‘s_a af QhaohlérSEﬁégerchf %H@p%hﬁggjlr rh ?rl\)? & "

m cr oel ectro |c d w@gz accor di ng out I

the terni n%ﬂ?‘ dpe mamﬁr@néeﬂua‘@wcﬂﬁ of d;lm@unpnrt 40 wih tlaéetetmm@al ly
C
coupl ed t cafrips taermcn@b gérﬁewnﬁ%ngﬁea hﬁthcge AieMher Ou? f?{#\;ﬁgnq rYB%ﬁ“a'

4 T. el ectrical cou
fS ;gﬁlo(r); g%lp r@%ﬂﬁp?@‘pl?ﬁe%'éec wﬂﬁﬂ@nttgrfwa?isb@feﬂ’@cttermmial yarcay pB@diousi ng

standard fddrpesponplingTRstHHiRat ot ie'?ﬁnrﬁa% W'tﬂgqg é'@“% 451?%&5@ 021 h%lrjgogupioa@nt t he

connecti o

entire te%a:?hs%?gﬁﬁ”'éﬁra&?@ inj 'ﬁ'@éifﬁbdﬂat dheheorviasting mefesiatme®) then be
Techni quesreﬂoweel ¢fChéb§§édry fd’l&éd:tHGal!}’ %’ggﬁiee?ﬁé qahﬁm%?%giggﬂfj 5%” oThe

supports a he art an not be di sC

det ai | Jrsg 'Y\%}tu %‘PPE})'C&' r?&ﬁ@ﬁc Op 1o e Blsey seMee k9 ahechardegilys cormkbatnthat

o?t”@b ted
| east one noitrddiecttomic cbek ﬂih@ﬁiZ@Edﬂf%éss 50 which are to be connec
to one anot her. For exargpl e, solder "bunps" may be deposited on one or

f y.
T COnneG: . vt or |l ool SUreS eIl SIS miEdedhaiit BUEBI GO oy
of a vari 2\3 g%f g%ﬁﬁﬁn @%”Qn&%qeﬁt”%é’oaﬂ@ﬁowaﬁ sesve do @pacedham
tin, | eadfagingvaurfacer 28 mymet eicedledtidic r&hPhd . TBK FonPlRE! Lhsdys
i nt erconn nec terlal may also b ve
pol yrer i ceé}r“?’é’f}%&@ SYREEP %5 quleffﬂ%‘? @epsrlah@r@llw Pﬁeﬁeumi@flllzga;ngQt
2006  ThetHeaebeiyesnr  Hoe eRftridal COANSEIOFOPD &6 6ABHF EQQMG@% e tﬂﬁerfﬁ?

h t
Jt g)ﬁnaﬁglse ap aysﬁg% u&ﬁ%ﬁ%&%}ez Lf%rlr? @8@4&5%5}“@;:35“@{ g{}@ow@erﬂllaperture
connect i NGO rimttlee isapport|46ct Pbslabhbhgcmémrﬁﬁrﬁlméf)@i;t?@t)gr@ n\fnﬁ’g gﬁé"f&gtﬁfm{ er

array g0 O meohor sRuraESS 1ETARALaRR) bt iiessBhistacot thompgtie 60 witte
connect i niperendariilhpapa. t hen be reflowed, if necessary, to electrically
cou Ie the termnals 32 and 52. The

P In conventional manufacture, the flip chip die is positioned above the

substrate during the underfill process. In accordance with one embodiment of the
present invention, though, the partially assembled microelectronic device is

oriented to such that the support 40 is positioned above the microelectronic
component 20.

The underfill gap 70 is filled by delivering an underfill material 74 (shown
schematically in Figure 10) through the underfill aperture 60 in the support 40.
The underfill material 74 may be selected to enhance the mechanical bond |
between the microelectronic component 20 and the support 40, to help distribute
stress on the microelectronic component 20 and the electrical connectors 72, and
to increase structural integrity of the microelectronic device 10. The underfill
material may also help protect the microelectronic component 20 and/or the
electrical connectors 72 from degradation by contaminants, such as moisture.

The underfill material 74 is typically a polymeric material, such as an epoxy

or acrylic resin, and may contain various types of inert fillers. These fillers may
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resul tant electrical connector 72 may al so serve to nechanical ly,conn {)
the mcroelectronic conponent 20 to the support 40. Figure 10 ngf’fg L)
such a partially assenbled nmicroel ectronic device 10. As can be seen in
this drawing, the electrical connectors 72 serve to space the facing

surface 26cofnprise, Mmémlhpﬂet §i064 @a‘?ﬁ%ﬂ@@”ﬁ%e&gqérﬁlpmatt&‘?aﬁ%'g)&%éqy :‘gedﬁct?g
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of the premwj]tlommv&npaﬂmuldrhmhwdérhﬁ nﬁ’&éhé?&%&ﬁl@ﬁé@’&{sﬂg ghﬁ é’ﬁ% tron| ¢
rt I's posi

device is riented to such_that the suppo
ni cr oel ect?foﬁbg “Eg%@néﬁ’ Z@’ E JREMEPIEING  \@igls, 7bubbles) | aretl - dnﬂfmmerl ng

an under f i diistribattieni afithd 4ntisHMAates I QR fh@'ddael 15%;;9?{;6 10) through the
underfill aperture 60 in the support 40. he un material 74 may be

sel ected to enhtine euridegfilirendteriar 74 @@@snrﬁﬁ&“@&ﬁéw tg! ﬁ]%oﬁhgé:rrﬂ[ @éﬁ 70
conmponent \ﬁﬁlz { ppoart.. 40 0 diStribute stres h

m cr oel ect 1 oMl % {%%Sﬁg aj%tya?foth?ﬁg‘é"@&???@éﬂe f@dnheekipgatthe sapportt4®
inder 11 e o oo e Ole desirabR et ARt [pish Ea e dbifered g
and/ or thé IS’@é Jp? a@g%”%gh%ee&“&? 2“’ &28W%Tﬁ'%&?a@faﬂ‘ieoﬁbbga@@nﬂatrﬁﬁanifbw such

as noi st umgay ‘h@eauq@tapfshéd iratzewi af a?%mayt(yfpwg?gl Yif & (Pgﬁgm
such as a contai n vari ous fces 0 |nert

I cr eS| n,
fillers, '?‘Hﬁggé’ﬁ chaﬂ% h? "WrflR MBHBE Mevshaloss, th?d?“@t%a@fph@ apgrtirea
particles GOTWtQmaWé'V ] ﬂheuaiz;zre miayiravieydh eRngrteerdisséRsng QPW@h 8xtends

i or ool ectia & e PORRAT) B 1 B v%rﬁféh%q?@%mwtae»«ma st r ess

pl aced onsmﬁié'eﬁihﬂmé‘leeﬁﬂqoodlchméemoueﬁzﬂ.o As discussed in nore detail bel ow,

t he ,
Figure 11 shows one embodiment in which the underfill material 74 is

delivered to the underfill gap 70 utilizing a stencil 80. The stencil 80 includes a
contact surface 82, an exterior surface 84, and a stencil aperture or opening 86.
The stencil aperture 86 passes through the entire thickness of the stencil 80,
extending from the contact surface 82 to the exterior surface 84. As suggested in
Figure 13 (discussed in more detail below), the shape of the stencil aperture 86
may, but need not, generally correspond to the shape of the underfill aperture 60
in the substrate 40. For example, if the underfill aperture 60 is an elongated slot,
the stencil aperture 86 may also be an elongated slot. If the underfill aperture 60a
is generally I-shaped, the stencil aperture 86a may be I-shaped, too. If the
underfill aperture 60b is generally T-shaped, the stencil aperture 86b may also be
T-shaped. If the underfill aperture 60c is generally star-shaped, the stencil
opening may also be generally star-shaped. As suggested in Figure 13, though,
the stencil aperture 86¢c may take a different shape, such as an ellipse. If the
underfill aperture 60d is generally U-shaped, the stencil aperture may be U-
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viscosity of the underfill material 74 is selected to ensure t%f‘l\g%@é’tzoos

underfill material will flowto fill the underfill gap 70 und
sel ected processing conditions. In particular, the underfill materi al
should flow-easily to fill the volume of the underfill gap 70 while
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60d is generally U shaped, the sten aperture 2006
. process Is complete.

The stencil 80 may be made of any desired material. As explained below,
the stencil opening 86 can be used to control the volume of underfill material
being provided to the underfill aperture 60. As a consequence, a stencil ‘80 in
accordance with one embodiment of the invention may be flexible, but is not
readily compressed or stressed under the conditions of use outlined below.
Suitable stencil materials may include metals, photoimageable polyamides, dry
film photo masks, liquid photoimageable photomasks, silicon, and ceramics. If so

desired, the stencil 80 may be formed of a material which is not wettable by the
underfill material 74.

In use, the stencil 80 is positioned above the support 40. In the illustrated
embodiment, the contact surface 82 of the stencil 80 is in direct physical contact
with the mounting surface 48 of the support 40. This can be achieved by
providing a separate stencil 80 and positioning it directly on top of the support 40.

The stencil should be positioned to ensure that the stencil aperture 86 is in
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shaped, and if the underfill aperture 60e is generally L-shapeg, ,the
stelr[:cil aperture may be L-shaped. In one enbodi ment, the sten%4\uﬁﬂ§}?(&9%
86 is at least as large as the wunderfill aperture 60 and may be | arger

than the underfill aperture 60. In particular, the stencil aperture 86 nmay
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conpl ete. The sg;encil 80 ma?gbe made of any desired material. As expl ai ned
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i nvent i on stencibapéitenci 86.e, THiindysbé ccompBRshdd/ fépgﬁéﬁ?r%?%frsqﬁéégéeﬁﬁg."under
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' ' The volume of underfill material 74 delivered through the stencil aperture
will depend, in part, on the thickness of the stencil 80 and the surface area of the
stencil aperture 86. The stencil aperture 86, however, is in registry with the
underfill aperture 60. As a consequence, at least a pbrtion of the underfill
material 74 may pass into the underfill aperture 60 during the process of
squeegeeing. The amount of underfill materials 74 which passes into to through
the underfill aperture 60 as the blade 90 passes over the stencil aperture 86 will
depend, in part, on the viscosity of the underfill material 74. For this reason, the
stencil aperture 86 may only partly define the fill volume of underfill material being
delivered in the squeegeeing process. The fill volume so defined should be at
least as great as the volume of the underfill gap 70 to ensure that the underfill gap
70 is substantially filled with underfill material 74.

The underfill material 74 is permitted to flow through the stencil aperture 86
and the underfill aperture 60 into the underfill gap 70. The fill characteristics of

the underfill material 74 may be selected to permit the fill material to substantially
' -14-



roviding a separate stencil 80 and positioning it directly on of
Eupport go. Tﬁe stencil should be positioned to ensure that tﬁéggggﬁké$ﬁk

aperture 86 is in 2 August 2006 registry with the underfill aperture 60.
IIE) so desired, the nounting surface 48 of the support 40 and the contact
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squeegeeing process.

As noted above in connection with Figure 4, in one embodiment of the
invention, the underfill aperture 60 is spaced farther from at least one of the
microelectronic component's lateral edges 22a and 22b than from at least one of
the microelectronic component's transverse edges 24a and 24b. In the
embodiment of Figure 4, the transverse distances 66a and 66b from the underill
aperture 60 to lateral edges 22a and 22b, respectively, are both greater than
either of the lateral distances 65a and 65b between the underfill aperture 60 and
the transverse edges 24a and 24b, respectively. As a consequence, as the
underfill material flows outwardly away from the underfill aperture 60 to fill the
underfill gap 70, it will travel a greater distance laterally than it will travel
transversely to reach the outer edge of the microelectronic component 20. The
surface area of the microelectronic component 20 being covered by the underfill
material will also be proportional to the distance traveled, dictating that the
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| east as great as the volunme of the underfill gap 70 to ensure that t
underfill gap 70 is substantially filled with underfill nnteri%?‘ugﬂfc'pgﬂ%s
underfill material 74 is permtted to flow through the stencil aperture 86
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spaced, RS SARAtakesH 05l Diecd EhghRHl Shect SoTRSI Fom
Conponenturgdqrﬂﬁm@@t@rlgwédgns fleengabelyditbthel outthedge of the support 40. As a
_consequence, delivering the underfill material 74 to the underfill gap 70 via the
underfill aperture 60 allows multiple microelectronic components 20 to be added
to a single support without risk that capillary action will draw underfill material U
intended for one die D under an adjacent component on the associated substrate
S, which is a risk in the process shown in Figures 1 and 2.

Others have proposed delivering underfill material to a small, centrally
located orifice through a substrate. For example, U.S. Patent 5,697,148 proposes
pumpmg an underfill material through a small hole drilled through a substrate. As
can be seen in Figure 5 of this patent, this still requires that the underfill material
flow a substantial distance to completely fill the underfill gap. Using an elongate
underfill aperture 60 in accordance with an embodiment of the present invention,
however, can material_ly reduce the distance which the underflow material must
travel to fill the underfill gap 70. In addition, the relatively restrictive opening
through the substrate suggested in this and other patents limits the rate at which
the underfill material can be delivered to the underfill gap. Hence, either it will
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enbodi mrent of Figure 4, the transverse distances 66a and 66b fromthe
underfill aperture 60 to |ateral edges 22a and 22b, respecti v&& $E2008 1
greater than either of the lateral distances 65a and 65b between the
underfill aperture 60 and the transverse edges 24a and 24b, respectively.
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underfill aperture 60 reduces the distance which the underfill naterial
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As a con§ rgye I [ 74 to the
Gap 70 vi 3R Dermag e 16Fidiad, Bl B8 g B el Rt Putrce dPatitee
conponent §umpr[t 4O0bAltagaaiively, the stencil may be removed by chemical etching or use
of a solvent which would remove the stencil 80 from the support 40. Particularly,
if a hlgher viscosity underfill material 74 is used and. subsequently heated to fill
the underfill gap 70, the stencil can be removed before the underfill material fills
the underfill gap 70.

Figures 4-12 illustrate embodiments of the invention which utilize a single
underfill aperture to fill a single underfill gap beneath a single microelectronic
device. Using a stencil in accordance with an embodiment to the present

invention, however, can allow the underfilling of multiple underfill gaps in a single
step.

In one such embodiment of the invention, a single substrate 40 is provided
with multiple microelectronic components 20, as shown in F igure 13. The process
of attaching each microelectronic component 20 the substrate may be generally
as outlined above. In particular, the support 40 may be provided with multiple

terminal arrays, with each terminal array being associated with one of the
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- visualization equipment to ensure proper alignment of the needle. A fixed period
of time is necessary to hydraulically deliver an appropriate quantity of underfill
material to each underfill gap. If one were to attempt to adapt this technique to a
mass manufacturing process, one may utilize multiple needles. However, this
would require a dedicated needle array for each microelectronic device
configuration. As the configuration of the microelectronic component change from
one microelectronic device to another, the entire array of needles would have to
be replaced or adjusted.

Figure 13 illustrates a single microelectronic device 10 having a wide
variety of differently sized microelectronic components 20 and a wide variety of
shapes and sizes of underfill apertures 60, 60a, 60b, and 60c. This is done
primarily to illustrate how various stencil aperture configurations can be
positioned in relation to different underfill apertures. It should be understood that
in many circumstances all of the underfill apertures and stencil apertures will be of
substantially the same size and orientation.
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ctin rial c 03|te on one or
gg?rggnelnt g%ar'tfl@ﬁ ¥ ASYeQ Pay i Q'ﬁ‘étr%§o@?&'@§§ Mayt neeTaprise r apeofort meore

support. Tm@rd@lectmmsucémp@n@rﬁtsezehaﬁb&{ébeh@céfQH fé stBSRARC n%%:cht gn be
j uxt aposed urface of the_ suppor such t hat

connect i nd”‘ﬁmﬂ%ag?gd ég‘g% 3 Scarﬁ?%&lﬁ‘l"@ﬁeqmﬁ’é"q @?WPﬁaassémw?Smeetmeot be
conponent splctmttdmeﬁhmraedlgcel?ta&i}bl%e?ﬂtﬁbﬁlr&*s:talgt#gfl? o aﬁ@tﬁe?“ﬁ?{égr ﬁeecf‘%n nly be

. r ,
ﬁgﬂﬁ{? E'gcg’&r“ sdidots th@Qﬁﬁ%&B?P'ev&g?ﬁl o %%53\!%&36 Lssdfagméﬁ«lnglpeafemlb %o,
86a, 86b faa:lm&ﬁ@; drapere glighmygntivof hh@rtﬂeﬁcf:ll Wiﬁ?: tﬁédﬁlrdréilltgrﬁg%% anﬁt@o tp@oa’
Eggeﬂ i F?%ngp 8}rtlga 0 '/ajgp §suba§)(fy a% 535&“81 ttﬁ%t rrf\'/%”ttﬂgr fHiaces arge
stenci | 8@engrallywmepleeabl ade (not shown

e The stencil 80 may have a plurality of stencil apertures 86 and the stencil
would be positioned such that at least one of the stencil apertures 86 is in registry
with at least one underfill aperture 60 of each of the supports 40. All of the stencil
apertures 86 may be filled with flowable underfill material in a single pass, as
discussed above in connection with Figure 13. The underfill material may be
permitted to flow through each of the supports via their respective underfill
apertures to fill each of the underfill gaps. Removing the stencil 80 will yield a
plurality of co-formed microelectronic device assemblies 10.

Figure 14 schematically illustrates a stylized circuit board 110 which may
be used in connection with a further embodiment of the invention. This circuit
board 110 has a pair of spaced-apart lateral edges 112a and 112b and a pair of
spaced-apart transverse edges 114a and 114b. The circuit board 110 includes a
terminal surface 116 and an outer surface 118 (Figure 15). The terminal surface
116 bears a plurality of terminals 122 which define a terminal array 120. This
terminal array 120 is configured to be electrically coupled to the terminal array 54
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in Figure 13) may then be noved across the exterior surface 84 of th
stenmgl 80, )thereby filling all of the stencil apertures wthMueuﬁZﬂOﬁ

material in a single pass. This can materially reduce processing time to
manuf act ure such multi- conmponent m croel ectronic devices as conpared to

I d U.S. Patent
D b0y, 145, T e HoultHig, SEHAED LB, of the Mol A8 BN s ur o isy et
next, r eqd?‘?fi‘rﬁg TR Isashown asopalding a wiuabtyi cz‘eaddmlnrmjmompmfentSME@%ﬁﬂ%n
proper al ijgfte P56 WhtcH'854b8- usédftb)&gﬂn&?,rtbg%gpﬁh r?&’é‘?‘st? Ano ﬁﬁ? EE’I%&IX' t'f)

hydraulically deliver an appropriate quan
each under¥q 13135'5%@) thescirsnit bpsre 140 raay bapt rlgld R@Bpthdughsartyechthieqtigterials

mass manufreabyrabigeih @BRRSe Rt He LidddEfo WLid Gdigsy However, this
d@ﬁ? 3}5 or "eac 8ef NS9hi ¢ devi ce

woul d require a dedicate arra

conf i gurati on. ﬂ@ebﬁ@un@%@ékﬂ‘ﬁ@%l&f‘nﬁiuc{% T 08 LA L R RPN Bhigpran o

| ect c device to ano e €n
woul . hay S ETpuah dhs dniskness of thal mrmgmm Fomt ietarmimisutice

I V. i f .si zed
M o o6l et Home s SHLer SUbacRoHel DTfe tebna UKL AN airtdtol 15L& Plstieided on,
underfill 1 S’%e@ god dmenssoh 1 34ndigois Ie$a|tbam $hel dinst dlmenmnl132 t fs

d

i rel i ?gn"’*p”“@”@h“g’:'@n?bmundel OORAIEIHLR 40He BN IMREED BB T a0 R ha

in many cit f‘él‘%@@' figd agrny w@nga@drsloﬂ I ltaabv@utdjbewrwedstsbdnmwghpﬂfétur es
will be Oihss%ébéhéfurio%HuVaﬁé‘t%r%af@) e 95R8 &ncd 8 f}t 24 UsLe 2006
28R fioferfshiies cdo

Thi s met ho OWs, a Sing substrate _
conponent §ﬁ9@e%ﬁaampvﬁ5@@%Ha@@mmapegaw $hSJWJEIrT FigIJeeIs 549. a single pass. in
a further enbgdl ment, of_thjs nethod, the support 40 is subsequently
divided into a" PGP o1y sehewaperiv Busipor methedof cole ebotiment rtmelseat

| east oneirventiba for sdseaitaiphr Qnmibr&QI@EfPBﬁ' Bl ?ev%@ell%%ﬁgés qﬁ%t B gl'ff‘%%éj RS

et o U el il e demncngpr i olos e e
gaps of muiidropleetrohiy delvRet 1006 wHRY 8RS mibr tﬁidi@'cg‘ev?éeeﬁo p[écﬁgé’é&‘er
al ternati 450 en%%(gll l%a %n&&e;[e%ea Isﬂ\tgggsteln%gly al'hezl grroacels:[s lllustrated in Flgures 15-
.17 is directly analogous to the process outlined above in connection with Fi igures
10-12.  In particular, the terminal array 120 of the circuit board 110 will be
electrically coupled to the terminal array 54 on the support's mounting surface 48
via electrical connectors 142. This will define a second underfill gap 140 between
the circuit board 110 and the support 140. In Figures 156-17, the second underfill
~aperture 130 is shown as being about the same size and positioned vertically
directly above the first underfill aperture 60. It should be understood, however,
that this is not necessary and the two underfill apertures 60, 130 can be different
sizes and positioned in different locations or orientations with respect to one

another.

The second underfill gap 140 may be filled with a second underfill material

144 in any desired fashion. For example, it may be filled using a stencil 80 and

squeegee blade 90 generally outlined above in connection with Figures 10-12.

Desirably, the second underfill material not only fills the gap between the second

support's terminal surface 116 and the other support's mounting surface 148, but
-20-



assenbl ed m croel ectroni c devices are positioned adjacent to oge 3@’?&:@'
The partially assenbled m croel ectronic devices nmay conprise ﬁ% Pg
m croel ectroni c conponents 20 attached to a single substrate 40, such as

illustrated in Figure 10. These m croel ectroni c device assenblies need not

be positi i b i not her need
only be %Eﬁj ?Illér?gﬁg r?@?ﬁaﬁ{nﬁougﬁﬁﬂh%ﬁg #5 l@% @Lﬁc e?"é[%f)qugkﬂ
single st eﬁ@ﬂlbe fesilitatggi by pasiiopingpibe moogildmderinlf apbruret €3¢ idireot!y Iabbh@

plurality g{eﬁ,%pgﬁ?éﬁ,”gbe tpgsosupports 40 are desirably aligned such that
their nounting surfaces 40 are generally co- pl'anar. The stencil 80 may

have a pluralitynhgf séécﬁﬂf”dnd@?fﬁf%‘é%ﬁaﬁGI@ngnr?é/hﬁeSH% rtegr‘gggltﬁgbﬁq]derﬂll

positioned such that_at |east one o e st aper
registry Waterialt’4. ebRis roaebameventageonsdt diffeesrd dlesigneatijéctfestdre regpiped t s

40. ALl “of of ige Sé&i’c‘fh'd' undesit H’fa§§n§I61ﬁEy 9§ bhd 'é?ﬂbé%l?nréni | g ﬁrﬂ\y%ﬁgrf' H

material in a si n% pass, i scussed above in connection w

13. The unQ@VeYel ﬁﬁt@rﬂﬂaunﬁ?&yﬁlb@at@@lm?ﬁtam 144 hauthensaog lcospokitioh. t he
supports via th r respective underfill apertures to fill each of the
underfill gaps ROPeRs PHdned dadiigums #9417 stediwitma piaieelectrgniofdevice

co- f or med m)wmémcm@%maerﬂwaﬁe?@%%mbumuéﬁ witH EH%&f.Ft‘%ngféP%F%'ﬁ #“ on

illustrates a stylized circuit board i n conn

with a furlfRdPICEARIBRIrARIRICeyca H is Aliashedin thﬁﬁ%ﬁfmdr%mplort btlr dhetdefteas a
pair of sppaeeskodpalr inddHirkk p 134@%ﬂi‘lé@@wﬁﬂﬁlel%%&rﬁlgn@erﬂﬂ“rﬁ?@bal 144 j3 a

spaced apart transverse e 4a and e Clrcul oar

i ncl udes a>cRaEate pigP- sliy ?ﬁﬁtqﬁ@'%ém@%@@r the firs{cenderfill @Ripgl® entbthe The
term nal  ssgdongeunderfi l@%@r pa apb bl With &f cétﬁﬁmn”@rﬁerﬂl?%n%@ ughbrP%féIH&e

t er m nal arra 120. Thi rmnal array 1S con

el ectri cal§t§P: cdﬂﬁ@@r@%‘%éﬂthémﬁ ﬁmboafmgryt dae underfif @m@jﬂs’ﬁ 8006 thedirsthe
mount i g syupeseadt B lﬂfflw@@omﬁﬂﬂ%étld}pw(tﬁ fﬂl@évgeédhacbr%&rﬁn é?ap 1UtﬁonenquMl12 .

board 110|§:showng fwgc udlnﬁa lurality of addition
and an idpdrPUEs 199 fwihe rrecoRdpddartily QR?T%‘%HQ’& mﬁMeb%lppélﬁiOUeﬁoﬁr@Wo
anot her deadove. theff:rspu:ﬁ@@mn eerfuhe 601 I THé irflomH A sdddhdTay dé}%na%ergsw@ aREFB
t hough any, er#‘a not ed above i n_connection support
coul d be drnﬁxglp%%b illed with @ common underfill material 74 in a single step, e.g.,

‘ usmg a stencil 80 and squeegee blade 90 analogous to that discussed above in

the context of Figures 10-12.

From the foregoing, it will be appreciated that specific embodiments of the
invention have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the spirit and scope of the

invention.  Accordingly, the invention is not limited except as by the appended
claims.
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The circuit board I 10 al so includes a second underfill aperture {
extends through the thickness of the circuit board 110 fromi t?%ﬁ%t\r’\gq&h

surface 116 to its outer surface 118. The second underfill aperture has a
first dinension 132 and a second di nension 134 which is |ess than the
first dinension 132. As wth the underfill aperture 60 of Figure 4, the
second underfill aperture 130 in Figure 14 is typified as an el ongated
slot. It should be understood, thoughgilapgs this second underfill aperture
130 may take on a variety of different shapes, e.g., shapes analogous to
the underfill apertures shown in Figures 5-9. Figures 15-17 schematically

illustrat t one enbodi nent to the invention for assenbling a
BB e

m croel ec 510 such as that discussed above with a circuit
board 110 or other second support. This y| eI ds a larger mcroelectronic
devi ce 1001.i n vhifitrobhetitngd @6Vies bsSehBlydR) ,—Jé') di scussed above may be
consi dered a subassenbly. The process i Iustrat ed in Figures 15- A7 is

G 5511, 21l oS8 eopan i el LG C LB B 0

10-12. In particular, the term e circui
be electrical Iayldca)ﬂmtéernmoatdarmy e:anmededn thierfayingdupfacthe support's nounting
surface 48 via electrical connectors 142. This will define a second

underfill gap ¥Afirsbeupper havitgy &idoRionehpanfadd & ARAlinkiRg swi%ef b sktdngl N

Fi gures 15-17, the second underfill aperture 130 is shdown as being about
the same size &MipakRTAYLABUIaAkeR theasoypponntstriageanclalectieally coupledder fi | |

1 60. h t thi 1
e the v, und TSt el TEEED SR anr SRENSTE: haifing ca S dlsporibiornad &
posi tioned in dieéded &ifhehoiont ic@Bsthan Wei fﬁ@t %ﬁmeﬁ§: Q”tﬁb reperd Oén>§ nﬁgrf .
u i

anot her. The second underfill 1[gap 140 may be fil with'a sec
material 144 thioddh taesiupeartiiaemnitbe. COﬁmorethprfece ito theyndmtingl $etacesi ng a

stencil 80 and | ad eral | tlined above in connectlon
with Figures 1&%%8%%%5§PF F@ ‘6‘?&3’&2’@@9 iapesed waih fs fasing
fills the gap betaesnftthe ﬁfﬁ@r@éféctréHiEpéﬁﬁp&érﬁr@ H@hné% euﬁéﬁlﬁng ‘Phe

ot her support’s nmounti ng surface 148, but -20 2 August
any remaini ng b@ﬁqumther@mpmmlsuﬁaa@endm@fmfg aunfme sauﬂport 40. This

a first underfill material substantially filling the first underfill gap.

2. The microelectronic device assembly of claim 1 wherein the first support

includes a third terminal array on its mounting surface.

3. The microelectronic device assembly of claim 2 further comprising:

a second support having a terminal surface and a fourth terminal array
carried on the terminal surface, the third terminal array being electrically
coupled to the fourth terminal array, the mounting surface of the first
support being juxtaposed with the terminal surface of the second support to

define a second underfill gap therebetween; and

a second underfill material substantially filling the second underfill gap.
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can be facilitated by positioning the second underfill apert urgﬁgﬁtzo%

directly above the first underfill aperture 60. The second un

material 144 nmay be different fromthe underfill material 74. This nmay be
advant ageous if different design objectives are required of the second
underfill material 144. In one enbodi nent of the invention, however, both

of the underfi | thamiistdeRidirotfe aBdicbdsdafitfy ORISIATS ATRASHId ARt S

process outlined in Figures 15-17 start evi ce'” 10
wher ei n t he undeatdrial hgaphersarine calnmpesitionf a8 thedsetionil wrdbefil hidtemat eri al 74
before the mcroelectronic device 10 is attached to the second support |
10. Thereafter, the second underfill gap 140 is filled with the second

underfill Srat erThe midrdelestranicsdpvicataassingly. of Blah Blvherdiatihy appasligent |
the first underfill gap 70 and the second underfill gap 140 are filled

with a cormon GHEEEAi 11 material in a si ngle step, In accordance with this
enbodi nent, the underfill aperture 60 in the first support 40 is in fluid
communi catjon with the second underfill gap 140. As shown in Figures
15-17, th&-secdd® Wdegkecipnigrigvics asasoblyenf dirinpbsiheareimethedapartirkyis Tabove
the first “”dersfnifaHs aperture 60. The first and second underfill gaps 70 and
140 may then be P‘ed with a common underfill material 74 in a single
step, e.g., wusing a stencil 80 and squeegee bl ade 90 anal ogous to that

di scussed-above,in . context, of Fiqures 10-12. Fromthe foregoing, it
will be appr ecﬁ— eem%rﬁ)%{ec 158 fqe(‘f'c@nﬁgﬁ‘?'ﬁs% of (5%"’“frhe1 whereit it Peen
descri bed hereics seb bid i i i

nodi ficati ons mag1c Fjtgre ngrﬂgﬁﬁf" hgﬂ?'b{féb%ﬁ?‘ﬁ'g”@ﬁ”ﬁn&?ﬁéggg i\r{)?ﬁ'l %%%ré?%%% of
the invention. Accordingly, the invention is not |imted except as by the

appended gcl ai Ao migtoddeSHH 6 gnrﬁl%@ ' ' is | A
m cr oel ectroni c device gsserr%}df/a%%%rr%srsl Si rl1 : févgﬂ‘lhcfr @Q%%bgﬁgia@egbjﬁ%%ght
havi ng a faci nghgped.ace, an exterior surface, and a first termnal array

carried on the facing surface;

9. The microelectronic device assembly of claim 1 wherein the aperture is L-

shaped.

10.  The microelectronic device assembly of claim 1 wherein the first support
includes spaced-apart lateral edges, the first dimension of the aperture

extending along a midline between the lateral edges.

11. The microelectronic device assembly of claim 1 wherein the aperture has a
second dimension of 0.03 mm to 0.5 mm.

12.  The microelectronic device assembly of claim 1 wherein the first underfill

gap is peripherally open.

13. The microelectronic device assembly of claim 1 wherein the first support

comprises a flexible substrate.
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a first support having a conponent surface, a nounting surface S cqo%g) y
term nal array carried on the conponent surface and el ectrical ?ﬁ‘é%@f) 6to

the first terminal array, and an aperture having a first dinmension and a
second di mension |less than the first dinension, the aperture extending
t hrough the support fromthe conponent surface to the nounting-surface,

t he conponggpt swr faet rg. bei j (o) W th t facin :
surface of q'lta he sr‘:‘if(':r?}ge (’écqtfr%%‘iewggp@ﬁeﬁi&ggiegﬁjﬁﬁeagﬂw @é?e'ﬂ?ﬁg'e?‘ap‘ql’%gép
bet ween t he conpomenisirgur face and the facing surface; and a first underfill

material substantially filling the first underfill gap. 2. The

m croel ectroni cjusteyp 5 F; ' WS .rst. _sunport

i ncl udes a thi r"d term n%l arr gz//g girjlﬁ?%é:wn@ljmtl nﬁ%ﬁggwagé afﬁeagc{”ca"y

mi croel ect roni coelplingstereiratblof thé firbatemmindl ik ae withoRRRingi 6f e S865HHY
support havi ng ter rp nal iur %};ce_ and a fourth termnal array carried on-
the termnal sulff@d hg fasingpwiaca and the compagert surfacedwming spacad| ed

to the fourth tegmin: i : “of the first t
boi g it apos oMY afbhBY to BN In gl BEB. Ot oh i stppor t o def i ne
d under fj,l]. her.eb - and d underfill i al
S unerant i arer tmerinBeR aatGE BRES TN i Prieriof surtace 1 the siimport, Jootemsil The
m croel ect r oni cha#lgg G2 s@ét%?n_@t)éniﬁb fr %&@y"mﬁ{ %Qc#e@?g’%ty%éi Xfﬂlg(grpﬁl é\le The

material has the sane conposition~as t second un
m croel ect r oni SUPPRTic gheredy sfining ancaitwatdlywopenivolihe fePRICeNity URderfill

shaped. 6. The n% riogl ectroni c device assenbly of claim| wherein the
aperture is T- gt B@ .. 7. The mcroel ectronic device assenbly of claiml

wherein the ap rtur&%co rises a plurality of slots intersecting one
anot her to for MG OUWRFIY-opgn vpligmawitdbedtstunderfilimaterialassenbl y of

claim1 wherein the aperture is U shaped. 9. The microel ectronic device
assembly of cl &llawin Hiish underfillppateniab to Sow-into and substantially fill the first

underfill gap; and

removing the stencil.

15. A method of underfilling a mioroelectronic component électrically coupled
to a support, the microelectronic component and the support defining ah
underfill gap therebetween, an underfill aperture extending through. thé
support and in fluid communication with the underfill gap, the method
comprising: |
placing a stencil adjacent the underfill aperture, the stencil having a stencil
opening in registry with the underfill aperture, the stencil opening defining,
with the underﬁll aperture, a reproducible fill volume at least as great as a
volume of the underfill gap;
filling the fill volume with a flowable underfill material at a first viscosity;
reducing the viscosity of the underfill material, thus permitting the underfill
material in the stencil opening to flow through the support via the underfill
aperture to a level within the underfill aperture to leave a void in the

underfill aperture, the undérfill material substantially filling the underfill gap
and '

’
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shaped. 10. The m croel ectroni c device assenbly of clai
first support includes spaced-apart |ateral edges, the

et A8

the aperture extending along a mdline between the |ateral edges. 11. The
m croel ectroni c device assenbly of claim1 wherein the aperture has a

second di nensi ofpn@dvifg &% 818N 0.5 mMm 12. The microele
assenbly of claim!|l \Mg']erei nthe first underfill gap is

13. The mcroel ectroni c device assenbly of claim1 wher

ctroni c device
peri pherally open.
ein the first

support  CAPr i8S nfethb& o R Sns YB WAL R agﬁ%ﬁ@t%\%;qeﬁg%?o@%%m%nnﬁt _psOd of

assenbling the mcroel ectronic device ass

~j uxt aposi ng t heareaelettricaliyf eopled tth theesgsponeish fidrba
coupling termnals of the, first termnal array with te
second ter ni naPeAg SRgced feom dbe syrrort tacefina® seraratarp

retrent ebapbhbRal | Y
rmnals of the
pderitl gap farceadiei ng

d f : - i ' derfill - ol aci.
Dol aur aconficFoabBebnbRoildiiy d Eepdibi AN bbett HBinB YT g o
stenci | openi ngedoh uegérsitirgapyi drd the sedrenaRiving bosepdrarusnch e leﬁﬁﬁﬁ)%ﬁy

t hereby defining an outwardly-open volume for Teceiving

under fi

material ; fillilegistievidueaeh ungediaperioretbe wethod fertHearcomprisieg:f i | |

material; allowng the first underfill material to flowinto and

substantial |y falaging tike tarsil adjambert inldxteyap;susfade bethevsuspdrheuch Bittiohe 15.
a mcroel ectroni c_conponent electrically coupl ed

A t hod of derfil]in . €
t om:i sappgrt ?ntq%éhé,?{ﬁlr\ggp@@mm I§ 1 Bpisine With saghiundedillhars

underfill gap therebetween, an underfill aperture exten
support and i nfilling @l ebthesicasit Peenings withta:flewalele funderfy
conpri si ng: pass;

permitting the underfill material to flow through the sup

rturg@ef i ni ng an
di ng through the
apatarfed imatdingle

port via the underfill

apertures and substantially fill each of the underfill gaps; and

removing the stencil.

17.

The method of claim 15 further comprising, after removing the stencil and

after the underfill material substantially fills the underfill gap:

providing a circuit board having an underfill aperture therethrough and a

terminal array on a terminal surface thereof;

juxtaposing a mounting surface of the support with the terminal surface of

the circuit board;

electrically coupling a terminal array on the mounting surface of the support
to the terminal array on the terminal surface of the circuit board, the
mounting surface and the terminal surface defining a second underfill gap

therebetween; and

thereafter, substantially filling the second underfill gap with a second

underfill material through the underfill aperture in the circuit board.
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pl acing a stencil adjacent the underfill aperture, the stencil ,havin
stencil opening in registry with the underfill aperture, the gt/‘g‘&"i'ﬁzao%
opening defining, wth the underfill aperture, a reproducible fill volune
at least as great as a volume of the undeffill gap; filling the fill

volume with a flowable underfill material at a first viscosity; reducing

the viscosigty L i t 1, L1 the underfill

maceri al 0t he St AeUE laim 1 B Rarel el B PR et v
~underfill apenisoosity @t aobmvempsiratarewhith pasits itlthb fRREtHYG tie LBaYEIIA
void in the wundeffill aperture, the underfill material substantially
filling the un@®efiue aggpiubsmla“w'dbeilrmgliiﬁrﬂlizgae withouhait gf hiidrastienci | .
16, The method pfsgrai M 15 wherein a plurality of mcroelectronic
conponent s arg e? ectrically coupled to the support, each mcroel ectronic
conponent being spaced fromthe support to define a separate underfill gap

for each i crael i ent, a separate underfill aperture heing
provi ded f1§1r gﬁ?ﬁ%@%@r?ﬁﬁgﬂgggﬂﬂanﬁg @‘%ﬁ@fm ehalig hgaEeé{) r R8Nk enci |
opening for regFsW HrawdHh tRAGHRIeHI Sk iute %H@r%%%ntfa'ﬂg f{]ﬁ%@%‘ f @Hcﬁé?ﬁﬁ
conprising: placing the stencil adjacent an exterior surface o? he support
such that one 98p wWithwudaichef hydspelid prgssie.in regi stry with each underfill
aperture; filling all of the stencil openings with a fl owable underfill

material in a single pass; permtting the underfill nmaterial to flow

t hrough tB@ suppemethiod af maiomtiewhetdin e efengil és pesitionsdi sbans tted ipport |
each of the underf'bll qcbiiqps; . and .r_em)%i ng the stencil. 17, The nmet hod of
claim 15 furt hehddBRpTHRBORyiS Resilieneq Abpva dhenmicserliesirpnignepmpenant, the

underfill matep ; & i i : vi ding. a
circuit board ﬁ"é‘?)ﬁ@ﬁ%ﬁ%%@b P?"?g@&% @:@oﬁher g@hrthﬁg‘ﬁ%aeﬁ@@pe'?lgp%m%l
array on a tersibstantallyf & eéhe ese ohdeifillxgapamideg gratmp RindNeasikfyageticH the

support with tvr\]/ff\hcg&tranl]d%?lhyayarljlig%eresosfure.

21.  The method of claim 15 wherein the underfill aperture comprises an
elongate underfill slot and the stencil opening comprises a stencil slot
having a width greater than a width of the elongate underfill slot, the stencil
being positioned to extend outwardly beyond a periphery of the elongate

underfill slot.

22.  The method of claim 15 wherein the underfill aperture comprises an |-
shaped underfill slot having a periphery and the stencil opening comprises
an I-shaped stencil slot having a periphery, the stencil being positioned
such that the periphery of the stencil slot extends outwardly beyond the

periphery of the underfill slot.

23.  The method of claim 15 wherein the underfill aperture comprises a T-
shaped underfill slot having a periphery and the stencil opening comprises

a T-shaped stencil slot having a periphery, the stencil being positioned
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ti
the circuit board; electrically coupling a term nal array on tge nou %
surfate of the support to the termnal array on the terninal Lﬁ"f‘%‘é&i@

the circuit board, the nounting surface and the term nal surface defining

a second underfill gap therebetween; and thereafter, subist aEti al IhytLi I'1ing
t he second unde f I se underfill materla t hr oug e
underfill apert ér%’JI mé*t W@%P@%W gog}edstengg siota@dards sudwardis beyprd ee hod
of claim15 V\heper;,ﬂqvczegfwﬁ@gﬁaém”gy&terl al is selected to have a viscosity
at room tenperature permts it to flow through the underfill

aperture and substantially fill the first underfill gap ¥mht hou::I ?:‘? of
hydraul i ¢ res t I in e _unde

m);t eri al |%¢heaf§%&?%thggrﬁ1§aﬁ 1@9\, e'ﬁ @F%@@%@%H&%PPNH”%& lsl_ﬁre and
subst ant i aI | y f$hapetd1mderﬂttbpenmg lha\hh aoegripMdr ant tﬁécgtmc,hygé,ﬁH ias 2

od of claim15 erein the stencil is positTone
g[)g\s;zu': (hae suppo‘?‘?” Eﬁ% Retengd 'E‘Q|P§Sﬁt9§ﬁﬂ|8@!ﬁédh@tﬁbe@ariw@em of thel steaibni c

Cndor 11" apor 1 eI e GendE Ry Ry SOy PRl P b tmdiderl Shnancer

gravity and capillary action W|thout aid of hydraul ic pressure. 21. The

et hod. of ai r?ﬁle'S ﬁ&&l& &Ig uﬁ%ﬁ%l IEb grg%yco éfqegg%lsggg te

underfill sl ot and stenc

wi dth greater téfnaped umdéirfhl stot hhgi A EGRE) %{Hel sﬁgﬁéiPBpeﬁﬂg cﬁﬁ:%s&sé

bei n osi tioned to extend outward eyon a perip
unde?f PI | sl ot.@ bbshappd sianedoslot hGlegrraJp'enmemlﬁmet ﬁenumdﬁ‘:ﬁg Idos@tipetur e
conprises an | peri phery and the stencil

openi ng conpri slejénatﬂgp H@ﬁgﬂgfae@t 8'&1 fﬂ‘étv%?&“ﬁs paitvardly Jeyond theenci |

bei n osi t i ong@ripRBghoftthatundaeiiPabt. phery of the stencil slot extends
out wgrgl y beyoﬁg Fhe@r%erl phery of the underfill slot.

26. The method of claim 15 wherein the underfill aperture comprises an L-
shaped underfill slot having a periphery and the stencil opening comprises
an L-shaped stencil slot having a periphery, the stencil being positioned
such that the periphery of the stencil slot extends outwardly beyond the
periphery of the underfill slot.

27. A method of manufacturing a microelectronic device assembly including a
microelectronic component and a first support, the microelectronic
component having a facing surface carrying a first terminal array, the first
support having a component surface carrying a second terminal array
defining a footprint, a mounting surface, and an elongate underfill slot
having closed ends extending through the first support from its component
surface to its mounting surface at a location within the footprint, the
method comprising:
juxtaposing the facing surface of the microelectronic component with the
component surface of the first support and electrically coupling terminals
of the first terminal array with terminals of the second terminal array, the
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23. The nethod of claim 15 wherein the underfill aperture conprises a T-
shaped underfill slot having a periphery and the stencil openi UGSt 2006
a T-shaped stencil slot having a periphery, the stencil being positioned
-26 2 August 2006 such that the peri phery of the stencil slot extends

_Th hod of
cl'ai m 15" whet o AT S e AR et Byiare beitesiosd ramapecnaer 11 1

- openi ng havi ng tadmﬁneﬁimwﬁﬁ@ﬁm%p&héﬂ%btw@é}?m ng has a periphery, the
stenci| being p93|t|oned such that the periphery of the stencil opening

ext ends out war di @C'B%y'i‘oﬂﬁn?' @dlﬁéﬁi“ptﬁér%}%ﬁateh@dﬁl’fdle\?ﬂ@ii suchdpeha rsgencﬁl&lotThe
hod of cl
inderfi 11 sl ot hane SAAE i IEBYILM Mo RS EniSH 50 Bud stencl G108

underfill

U-shaped st encidefiging, Vhﬁ\/thﬁguad@ﬁﬂlapieeuum 4 hepratasisld fllbﬁbfm%epgﬂéds@?%
stenci | sl ot extends outwardly beyond the

such that the p f th

peri phery of t@g %}Pﬂ]se X’Pﬁim§9g¥he yiglertilh@apiet hod of claim 15 wherein the

underfill aper tijlihg the | ot having a periphery
hg ofiftfe Withla ﬂé\néﬁl%qh g@f%tagr{ta?

and the stencil opening conprises ci’l slot having a
periphery, the psraiting Imse.ungepfrﬂsnatemmm tlmjsienbh&ioehh@ wefiow heroughfthehe

t | | ot be h f th d f [ 1 | ot .
57 " method oF\GHR AtHERCE S 2R AR onrare Ydﬁ{ﬁ¥%fg°@s@gﬁﬁ$¥,§|rwlleﬁhlnd|sng "
m croel ect r oni m@omeﬁﬂrﬁpmﬁe%ﬂéé@a%wwm ﬁr{b%r’m Sén @Cttﬁé)ﬂhﬁerﬁﬁ

conmponent havin a facing surface carrying a first arra
first support W?\Igs%)s Ylélﬂlﬂgsthﬁ?flmiemdarfrllygapgaadsecond term nal array
defining a foo} | ng surface, and an el ongate underfill sl ot

havi ng cl osed e s egt endl ng thr ough the first support fromits conponent
surface to its rmuntlng surface at a location within the footprint, the

nmet hod conpri sing: juxtaposing the facing surface of the mcroelectronic
conponent with the conponent surface of the first support and electrically

coupling term nals
28. The method of claim 27 wherein the microelectronic device assembly

includes a plurallty of microelectronic components, each microelectronic
component including a facing surface carrying a first terminal array;. the first
support includes a plurality of second terminal arrays, each of which
defines a separate footprint, and a separate elongate underfill slot within
each footprint; and the stencil has a plurality of stencil slots the method

further comprlsmg

for each microelectronic component, depositing a connecting material on at
least one of the first terminal array of the microelectronic component and

an associated one of the second terminal arrays;

for each microelectronic component, juxtaposing the facing surface of the
microelectronic component with the mating surface of the first support such
that the connecting material electrically couples terminals of the first
terminal array of the microelectronic componenf with terminals of the
associated second terminal array, the facing surface of each

microelectronic component being spaced from the mating surface to define
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of the first terrninal array with termnals of the second termynal aryr
the -27- 0 2 August 2006 facing surface and the conponent surzf E%u%lefqvp&
spaced fromone another to define a first underfill gap therebetween;

pl acing a stencil adjacent the elongate underfill slot such that a stencil
slot in the stgrebhlrdts U ; ] . i sl o t he
stencil slot defi ﬁi ng, LJvr\‘/ila‘te F\m?%gb %(t:l\)gér%ﬁ]F%%Sﬁé@%@ﬁgwgﬁ%éhéwbﬂl’@ Fl% I
vol ume at | eastsupporgyreat as a volume of the underfill gap; filling the
fill volume with a flowable underfill material; permtting the underfill

material in theplatiagthé stareilidaadent bnexéitrauefacts the\sapeal Subh #&i il
erri

slot and laterall K outwardly therefromto a level within "the un

aperture to | edfdNg S{RNGH anenings isriaeegisiry witherachralpngate unddedilf sbt:  mat er i al
substantially filling the first underfill gap; and renoving the stencil.
28. The net hod filingakhohtterstaneit epenine withca fielvablerundetfill metsealan seam ¥

i ncludes a plur Isi tg gf m cr oel ectroni ¢ conponents, each mcroelectronic
conmponent i ncl F ﬁg Q9+ aci ng surface carrying a first termnal array; the
first support incl,gdes a plurality of second term nal arrays, each of

whi ch def i nes PErREHaY e upderilmateriahtniflow deoaohttbe siuppgetwa thedanderdill s ot
Wi thin each fq tE@nBts'ub%{b%i%ﬂﬁﬁﬁte%'&ﬁio'glgﬁ%ﬁe&%ﬁliura'”y of stencil slots;

the nethod further conprising. for ea &PPoni ¢ conmponent,
depositing a connecting material on at |east one of the first termnal

array of e mygk roni, c c nent .and an. associated one of the second
t er m nal grg Fays: eﬁﬁ%@?&%ﬁm%ﬁ%‘?@ﬁﬁ% %ﬁ%ﬂﬁ@ﬁ?‘?r 1l i ealestadie have a aci ng
surface of thevistosipet Asdr iperATROWAIh Prhks! it o TR Posdlt LAER ffnd Ne
first support such that the connecting material electricalfy cour?l es

terninal s of tHedeffilsapertuseaiansl suhstaytialy filheach of deé astdeniil gaps WivREN
of each m or oBrbet NI EREBRSSHER: “bei ng spaced from the mating surface fo
define
30.  The method of claim 27 wherein the underfill material is heated to permit it
to flow through each of the underfill apertures and substantially fill the

underfill gaps without aid of hydraulic pressure.

31.  The method of claim 27 wherein the stencil is positioned above the partially
assembled microelectronic device assemblies and each of the partially
assembled microelectronic device assemblies is oriented such théi its
support is above its microelectronic component, the underfill material being
permitted to flow through each of the underfill apertures and substantially

fill each of the underfill gaps without aid of hydraulic pressure.

32. - The method of claim 27 wherein the stencil slot has a width greater than a
width of the elongate underfill slot, the stencil being positioned to extend

outwardly beyond a periphery of the elongate underfill slot.
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-28-0 2 August 2006 a separate underfill gap between each m crpgl ect i
conponent and the support; placing the stencil adjacent an exéRFg S{Q&sc
surface of the support such that one of the stencil openings is in

registry with each elongate underfill slot; filli ng all of the stencil
openings with a flowable underfill material in a si ngl e pass; and ew

permi tting38he Thdenéthod ofedigifi 27 V\IhéréﬂnQWeté]éﬁ?‘ﬁ stl ¥ d
underfill slots and substantially fill each of the urrlfﬁ % %@ The

met hod of cl ai "2y %@ﬁ@hWthmﬂlﬁjﬁmcﬂISlmgtsleta;r:age}dis%wthﬁrsgfgﬁtlgg??vg?@t .
Under i 11 apert Aroet BREEEHERANEH PP ThR IRecoriptiry of he.disgen ot geseds
wi thout aid of olwdreylieyontars werpnél) ofihe didE ufieiligR 27 wher i n the

underfill material is heated to permt roug each of the
underfill apertures and substantially f|II the underfill gaps W|thout ald

f hydraul r I : i 7 ein the stencil
805| %/I onedggbgvﬁgﬁ?ﬁ{eégggﬁg% as@g%b d‘&%’lﬂgg]a?% X@%ﬁs@tﬁ@lsﬁa pgd I | es
and each of t hehgmatpeiphgry asdehblstendi slobes FosHzpoidCarterbs @ PEHSHEN | 8%

oriented such t ort |s above its mcroelectronic corrponent the
underfill mater$ QFC'LbPW P‘S’ﬁ??ﬁﬁi gch $hat|the Remipbephokthenstencit slot extands | |

t d [ e s W thout aid of
Ryaradl o preseuraerdybepla e berr o e BHAREDNMI RBES onci | 1 ot has
a wdth greater than a w dth of the elongate underflhll SI?tththel g;egflel
bei osid on ery o |
ol 7T o7 orhd SR o IR o PEX kPR bBRGRK Hhadd St he
el ongat e under fprbhdedcihroughl thehfree duppstt hing éioﬁ@éﬂepuhﬂiéfﬂ@@fbté hﬁ’te?éé}‘ﬁﬁgc

slot is f-shaped and has a periphery, the stencil bei ng positione
that the peri pi¥eyaBethendo feenad ISthfﬁftaP@)dt gnderfill aperture having a periphery

and the stencil slot has a periphery, the stencil being positioned such that
the periphery of the stencil slot extends outwardly beyond the periphery of
the underfill aperture.

36, The method of claim 27 wherein the elongate underfill slot is U-shaped and
has a periphery and the stencil slot is U-shaped and has a periphery, the
stencil being positioned such that the periphery of the stencil slot extends

outwardly beyond the periphery of the elongate underfill slot.

37.  The method of claim 27 wherein the elongate underfill slot is L-shaped and
has a periphery and the stencil slot is L-shaped and has a periphery, the
stencil being positioned such that the periphery of the stencil slot extends

outwardly beyond the periphery of the elongate underfill slot.

38.  The method of claim 27 further comprising, after removing the stencil and

after the underfill material substantially fills the first underfill gap:
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outwardly beyond the periphery of the elongate underfill slot. 34. The
met hod of claim 27 wherein the elongate underfill slot is T-shgﬂ%ﬁg%§RFOQQas
a periphery and the stencil slot is T-shaped and has a periphery, the
stencil being positioned such that the periphery of the stencil slot

extends out war gtoyvidigy @rskdorg jopied i1l slot. 35,
The net hod of CFai m 2% wher ei nﬁgmpl ur a\%{??énwﬁgﬁgﬁaaé éﬁﬁﬁﬁg@?'ﬁ"wg& dare
provi ded t hr ouglermingl eiraytors ageominal suracel thegatfe underfill slots

intersecting one another to forma star-shaped underfill aperture having a

periphery and jukimpssiercite shotn s@rfﬁ@éi@h@fewiréthﬁj%icﬁ' bi ' '
positioned such that the peri phtﬁ of the stencil sl ot e%lg]ngzégggn\}%rahly
beyond t he periPHESE Hithesseeondseippprty aperture. 36. The nethod of clai m 27
wherein the elongate underfill slot is U shaped and has a periphery and

the stencil sl ctlectsicallsegpplingne termimalparraphen ythet hibunsihgnsirfadeithOthe
posi tioned suc sl ot extends outwardly

t'{that t he per, pher f the stencil _
beyond t he periFHBIAG! 8¥ra¥r?$f%$5ﬁ@§m£8mﬁm mogngng sgifacqadrtbe terningl
cl ai m 27 wher ei [y PS (P - ed and has a

| e SUATBSHBIBEH RIS pbiihen :

peri phery and the stencil eri phery, the

stencil being i Lane . t..the periphery of the stencil sl ot

ext ends outmﬁ@?@e%gggoggﬁg%g“%@?ifﬁ%)’R%fs cﬁQdePE}ﬂ@g‘ﬂ_egﬂﬂd‘é‘Wf'i?IS%qoﬁﬁ. 38.
The method of _alnalerfilPiatasl lnetoL@ATRE lABAI el e IPRYGRGAIE S enct | and
after the underfill material substantially fills the first underfill gap:

-30 2 August 2006 providing a second support having an underfill aperture

t her et hr oggh amdm@fhd@@mmrﬁﬂihbaé’gﬂlﬁgy Ppéég’erﬁ%“egug:{ﬁ&ﬁ?% er eof ;

j uxt aposi ng the nounting surfacé o I rst suppbr the term nal

A o e RSB Pl kaliG! OF LAY Y COURLIERT AckENTlnaL. AL AL "

the nmounting surface to th mnal —arr
mount i ng sur f aaesemtbllig¢hadjpeent oad an&tlfér,&?&fﬂﬁrﬁ@il)ﬂQs@erﬁ@l@@ﬂﬁic%@?étﬁﬁib gap
|

t herebet ween; thereafter, substantially filling the second under gap

with a second device assembly including a microelectronic component attached to and
electrically coupled with a separate support, an underfill gap defined
between the microelectronic component and the support, and an underfill
aperture passing through the support and in fluid communication with the

underfill gap;
providing a stencil having a plurality of stencil apertures therethrough;

positioning the stencil adjacent the plurality of adjacent partially assembled
microelectronic assemblies such that one of the stencil apertures is in

registry with each of the underfill apertures;

filling all of the stencil apertures with a flowable underfill material in a

single pass;

permitting the underfill material to flow through each of the supports via the
underfill aperture therein and substantially fill each of the underfill gaps;
and
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underfill material through the underfill aperture in the circui} , board, 39.
A nmethod of underfilling a plurality of assenblies, conprising2fHEHEt MG
a plurality of partially assenbl ed m croel ectronic device assenblies

adj acent one anot her, each partially assenbled m croel ectronic device

assenbl y i ncl udrergouingi tireoesteradily oiéldlirep e PIaRlityator a6heskned diroelectronic
electrically coagl.ed W th ﬁ separate support, an underfill gap define

bet ween the ni cFBYUCEASEEMPES®onponent and the support, and an underfill
aperture passing through the support and in fluid comrunication with the
underfill gap; providing a stencil having a plurality of stencil apertures
t her et hr ou‘g‘h; ‘Bdﬁ?tﬁ%’n‘i’fd@aﬂhféicgﬂmc@ Imiattjedestranic kieviweuasdenbly dficladihgeent

partially assenjl m el ectroni.c assenblies such that one of the
stenci| apert u?iehsﬁl%sﬁi né%{(fegq stRJS’fqllAﬁ/t h < acW"%F?e'teHEOUWdeICPmHO”%ESﬁt ufaeh
filling all of mhgoslcefbhic 8ORPbHERS i I al in
a single pass; permtting thebunderfi llrﬁnﬁt%k:@gig?gaggg%r H#%u%ﬁggg@%l of
the supports viarane theinstpport Ihasipgr ttumeourtimgeisarfand, subsinawdrienit| yurfadd

each of the underfi.l] _ S:.. a 2. Aygust 200 removi ng the stencil,.

yiel ding a pl ur%ﬁer'S}g&%@Eﬁ'%Pﬂgﬁﬁmﬂﬁ%%&@Y@cﬁPgﬁ plurgfdy it eindedfdlhaperiiges40. A
met hod of manufipetyétnhed c@n’ﬁﬁrf‘s’irﬁb@' ectroni c device assenbly including a
support and a plurality of mcroel ectronic conponents, each

m croel ectroni i i rface carrying a termnal

array, the supggftegﬁgaﬁ ﬁtgeta&% \#gﬁ%(faoﬁ%ﬂﬁuéﬁ’a _,O_Sé'%ﬁfgﬁ\éﬁf Q1A gt vi ng
a plurality of leastmomelofdhe agsminandrray Rfuhal microSIbctbERr EdrhporRdRr 4t &

t he net hod conprising: for each m croel ectronic conponent, depositing a

connect i ng mat ISSaFIakRd gpe of Bigsterminal sfrays ef ther stipprt;array of t he
m croel ectroni c conponent and an associated one of the terminal arrays of
the support, fder eaeth mitetasttenia oonposemtp pneéaposingixha fasihg GuraeefsFahag
surface of the . . ' )

microelectronic component with the component surface of the support such
that the connecting material electrically couples a terminal array of the
microelectronic component with one of the terminal arrays of the support,
the facing surfaces of each microelectronic component being spaced from
the component surface of the support to define a separate underfill gap
between each microelectronic component and the support, at least one of

the underfill apertures being in fluid communication with each underfill gap;

placing a stencil adjacent the mounting surface of the support, the stencil
having a separate stencil aperture in registry with each of the underfill
apertures in the support, each stencil aperture defining, at least in part, a
fill volume at least as great as a volume of the underfill gap in fluid
communication with the underfill aperture with which the stencil aperture is

registered,;

filling all of the stencil apertures with a flowable underfill material in a

single pass;
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m croel ectroni c conponent with the conponent surface of the su&;r)‘grt St%
that the connecting nmaterial electrically couples a term nal S}g‘fﬁ <§

m croel ectroni c conponent with one of the ternminal arrays of the support,
the facing surfaces of each m croel ectroni c conponent being spaced from
the conponent spefmitthepfhet MR RRItEribOONRS RfoBgR AR EabSor VELH: Mdeﬁlﬁﬁp

bet ween each microel ectroni c conponent and the support, at |east one o

the underfilf apepituiessansk(aterally qutwaedly therafiotatd substantial yaiitheactdef thd |

gap; placing auﬁégr‘ﬁﬁi ag?djarg(fem the nounting surface of the support, the
e

stencil having a Sep encil aperture in registry with each of the
underfill apertures irt'hthe s_lllpport, each stencil aperture defining, at
| east in part, remeving MpleReilat | east as great- as a volunme of the
underfill gap in fluid comunication with the underfill aperture with
reis registered, filling all of the stencil

whi ch t he gjencjgl1 %{)ﬁ%ra(tbqlij S : |

apertures ™M-th &8¢ 8t glaiie 40 Wherain éhe enderfll anateriabisesatectsd to 32ve a

A t 2006 -t L i rial..tq flow throu t he support

o he onder F POyl b0 fRRS L e VIR befiis R ioRiB s amaSri

substantial |y fapdriuras taref stteantelnefif ithe RBSI 3a8s WARRYE R 1di%, [a‘ig.%'t X
cte

41. The nethod of claim40 wherein the underfill nmaterial is sel o]
have a Vi scosiR¢S&i™ oom tenperature which permits it to flow through the
underfill apertures and substantially fill the underfill gaps w thout aid

of hydraulic pressure. 42. The nethod of claim 40 wherein the underfill
mat eri al 42 heathgdmethgskehelain 0 whereirothe timaerfjih materialing didated t@pemiitiies

and substantially,fill the yunderfil]l aps Wi thout aid of hydraulic _
pressure. 43, 'Fﬂeﬂ%tthrc%'ggf ey Wes ek sspelaatially dillpthe underét

above the suppgfdps vdtHbut BRI SURRPALIE Eré%%}é'i oned above the mcroel ectronic

conponents, the underfill material being pernmitted to flow through the
underfill apertures and '

43.  The method of claim 40 wherein the stencil is positioned above the support
and the support is positioned above the microelectronic components, the
underfill material being permitted to flow through the underfill apertures and

substantially fill the underfill gaps without aid of hydraulic pressure.

44. The method of claim 40 wherein each stencil slot has a width greater than
a width of the underfill aperture with which it is registered, the stencil being
positioned so that each stencil slot extends outwardly beyond a periphery
of the underfill aperture with which it is registered.

45.  The method of claim 40 wherein at least one of the underfill apertures is |-
shaped and has a periphery and the stencil aperture which is registered
therewith is |-shaped and has a periphery, the stencil being positioned
such that the periphery of the I-shaped stencil aperture extends outwardly

beyond the periphery of the I-shaped underfill aperture.
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substantially fill the underfill gaps without aid of hydraulic essu 44
The method of claim40 wherein each stencil slot has a width ggéi'gﬁ‘s{ﬁ?ﬂp

a wdth of the underfill aperture with which it is registered, the stencil
being positioned so that each stencil slot extends outwardly beyond a
peri phery of the underfill aperture with which it is registered. 45. The

met hod of 48.ai rTHOmattieo bf claliml4awheie apfedshens i id LhdeBP ipeHURSs iST! -
shaped and has a periphery and the stencil aperture which is registered

therewith is |-H13RSddanthdiasaa PeripBenpredthetsiencit epeiturebwhich isosigisterezt
such that the j i - d_stencil apertuyre.extends outwardly
beyond t he perﬁﬁ%t&%ﬁ{(’)# ﬁ%ﬁ%&%gﬁggg)%naebgﬁﬁe%pgﬁ 3%&5‘01'%;9”29/&@}&”%06
46. The met hod suichdthat theffenptesgion e Tharmecdfiendl abbituidnélteldd buangitlyr e
is T shaped and has a periphery and the stencil aperture ich s

regi stered t hd¥andihe peripsaapeidhaidsharedupderfibi@pesture. he stencil being
positioned such that the periphery of the T-shaped stencil aperture

extends outwardly beyond the periphery of the T-shaped underfill aperture.
47. The nét’hod Tdte metiad abclaine 48 whenein ehigasboeealf théendedigirdpdriuraperdsur es
has a star-sh riphery. . the stencil aperture which is registered
therewith havia%?g‘%&%ﬁéP ggﬁ’@% Vpe%éﬁgtsm"l aF%‘é{‘ﬂﬁ "gﬁéﬁ‘]ﬂ? (ﬁﬂéﬁieé‘ﬂg therguitht he
periphery of  1aQirkf &periphaRE the sBerfit SEAS e ! ! D& -sfhaped
peri phery of the ﬁd% |bl I ﬂgpert ure. 48. é%&}r@%ﬁo%mgﬁxg{]g}enﬁgﬁmﬁgr@i n at
| east one of t e ateteil fapertusp extemde ouitwatdly bbppetithenstahelsapaddpetipienyofand
the stencil ap rtur&- r\_?Iﬂich is registered therewith is U shaped and has a
peri phery, the F HHSF AR MBositioned such that the periphery of the
U-shaped stencil aperture extends outwardly beyond the periphery of the

U- shaped %der i1l a ertt%r?._ 49, The method of claim40 wherein at |east
one of t h&%unddheimethagaitdlaiasd) whereigiat jeast ame ofdbe angerfiligpariurasds the

stencil apertu i i Ok St ew th.i -shaped and has a

peri phery, thegg?%%wci%ljﬁdb@?gn% %%ﬁsﬁe?gnae ﬁgeu%vﬁhp\ha%%emggﬂ‘&’&b%@g' %r?ﬂe

L- shaped st enctHerepihtisrid-stapeddmdhbwved @eyiphery, the stencil being positioned
such that the periphery of the U-shaped stencil aperture extends outwardly

beyond the periphery of the U-shaped underfill aperture.

49. The method of claim 40 wherein at least one of the underfill apertures is L-
shaped and has a periphery and the stencil aperture which is registered
therewith is Ljshaped and has a periphery, the stencil being positioned
such that the periphery of the L-shaped stencil aperture extends outwardly

beyond the periphery of the L-shaped underfill aperture.

50. The method of claim 40 further comprising, after removing the stencil,
dividing the support into a plurality of supports, each of which carries at

least one of the microelectronic components.

51. The method of claim 40 further comprising, after removing the stencil and
after the underfill material substantially fills each of the underfill gaps:
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beyond the periphery of the L-shaped underfill aperture. 50. The,neth
claim40 further conprising, after renoving the stencil, divi &eﬁﬂgyﬁ‘gﬁu&’f
support into a plurality of supports, each of which carries at |east one

of the m croel ’ectrq&i c conponents. 51. The method of claim40 further
conprising, aftprovidingva eicutidasrdieEvingaag urrfdrl abBRuH deskt -3l
substantial ly ngl S %ach of the underfill gaps: -32 2 Augusrt% fgéggﬁta?{d d
provi ding a ci r MY PR iRgnia! swdege therecfpert ure theret hrough and a

termnal array on a term nal surface thereof-, juxtaposing the nounting
surface of the KfAROSINGMNerMeHBting suiface ofthefsupportwitti frfe RirfititsuFaas &

electrically comgpl i:n9.:48. termnal array on the nounting surface to the
term nal array ﬂoJ]% %’@'@De%i{jhal surface, the nounting surface and the

t erm nal surfa(t:é' dﬁfi Qi ng a second underfill gap therebetween; and
thereafter, subSESHICRLY | SPYRING Ry terminalcatay omdibel Mdurdimg sutface teegmnd

derfilf . bathi i [ ' it board. 52.
A et hod of - under Ty o O ap B ERled B Eermibh PubliBer ik prdotns e

to a support, ttaeminat sodaestienning £ osmMIRHIAghD TereBRRTderfiehni ng an
underfill gap therebetween, the nethod conprising: placing a'renovabl e

stenci| in conttasteafier h sabs@xtigiy o SUrgac t p t.,.the stencil
having a stencil openin [?1 re'gi%ﬁlg'/%tbﬁ %&hgdte}rﬁgleﬁﬂ 5§Be¥"ft r8 $EFAee
support, the urtnsteriil| mag?ﬂﬁittlmoelghahém@darfmiammémﬂﬁ 6fci@NBoarg. second

di mension less than the first dinension; filing the stencil opening and at
| east a p io nderfill aperture with an underfill naterial;

al | owi ng %Zte ur?‘dgieftqm%e °ﬁ€f‘§?r@fn% MICERI@FFaie Kormpanent electtically cooplele
underfill aper torestippdit!thé anickedibdrdiit ! Eﬂﬁ rfill gap; .and. renmoving
t he renovabl e stencj!|. 53. The rret?;tggh% ot a,ﬂ%“ﬁ%n%&g%%m% Ining an

mi cr oel ect r oni &NdeFlgaprtherehetwepn; the réthedanethrpfy:t | ateral edges and a

i f d t d
pair of spacedpRid af FARSVAIRCsEASTSH contact with an exterior surface of the

support, the stencil having a stencil opening in registry with an underfill
aperture in the support, the underfill aperture having a first dimension and
a second dimension less than the first dimension;

filing the stencil opening and at least a portion of the underfill aperture with
an underfill material;

allowing the underfill material to flow through and outwardly from the
underfill aperture to substantially fill the underfill gap; and
removing the removable stencil.

53. The method of claim 52 wherein the microelectronic component“has a pair |
of spaced-apart lateral edges and a pair of spaced-apart transverse edges,
the underfill aperture being spaced farther from each of the lateral edges
than from either of the transverse edges, the underfill material flowing
outwardly from the underfill aperture a greater distance, and covering a
greater surface area, laterally than transversely.

54.  The method of claim 52 wherein the underfill material is selected to have é

viscosity at room temperature which permits it to flow through the underfill
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the underfill aperture being spaced farther fromeach of the | ateral edges
than fromeither of the transverse edges, the underfill nateri 2Aug¥sk 6
outwardly fromthe underfill aperture a greater distance, and covering a
greater surface area, laterally than transversely. 54. The nethod of claim
52 wherein the aperure and sabstantdllyi 6l 963 Gedtethdegilh ' ' j£oom
t enperat ure which gern‘its it to flyow t hrough the u%é(epl\’fatihlclvJt éﬁg?quggﬂ%ust
2006 aperture BS¥§Ybstantially fill the first underfill gap without aid
of hydraulic pressure. 55. The nethod of claim52 wherein the underfill
mat eri al g heated to permt it to flow through the underfill aperture and
subst anti ay fI¢ MeiRod pf skaimffewherdin thapndedidrmatepial Isaneatadtth germittinout

aid of hydraul iy R5CH5UEh the Sinderfil aperture and substantially fill the first underfil

gap under capillary action without aid of hydréulic pressure.
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