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small form factor may be desirable. One solution to achieve a small form factor is to use a

package-on-package (PoP) architecture, which generally includes an upper IC package
stacked over and electrically coupled with a lower IC package, each package including
one or more IC die disposed on a substrate or other die carrier. However, a PoP

20 component may increase the overall height (or thickness) of the assembly. Further, the
relatively lower layer count commonly found in the lower substrate of a PoP component
(e.g., 2-4 layers, as compared to the mainboard, which may have 6 or more layers) can
limit routing flexibility between the upper and lower packages. Conversely, to mount
these two packages side-by-side on the mainboard will increase the surface area of the

25 assembly.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A is a schematic diagram illustrating an elevation view of an

embodiment of an assembly including a mainboard having a package overlying an IC die
directly attached to the mainboard.

30 FIG. 1B is a schematic diagram illustrating an elevation view of another
embodiment of an assembly including a mainboard having a package overlying an IC die

directly attached to the mainboard.
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on the mai nboard 110 to forma conputing system The mai nboard assenbly
and one or more other components disposed on the mainboard. The mainboard may also
provide electrical communication between the package and one or more of the other
components disposed on the mainboard. By way of example, the DCA die may include a
20 processing system, and the package may include one or more memory devices. Also
disclosed are embodiments of a method of making the aforementioned mainboard
assembly.
Turning now to FIG. 1A, illustrated is an embodiment of an assembly 100.
The assembly 100 includes a number of components disposed on a mainboard 110.
25 Mainboard 110 includes a first side 112 and an opposing second side 114, and various
components may be disposed on either one or both of the first and second sides 112, 114.
The mainboard also includes a number of electrical paths (¢.g., conductive traces,
conductive vias, plated thru-holes, etc.) which interconnect one or more of the components
disposed on the mainboard 110 to form a computing system. The mainboard assembly
30 100 may comprise any type of computing system, such as a hand-held computing device
(e.g., a cell phone, a smart phone, a mobile internet device, etc.) or a mobile computing
device (e.g., a lap-top, a net-top computer, etc.). However, the disclosed embodiments are

not limited to hand-held and other mobile computing devices, and these embodiments may

.
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by a nunber of |nterconnects 125. Interconnects 125 may conprise any type
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110. In a furtheThenbdid 1POrit cleatricalysecoupled to the mainboard 110 by a number of
20 interconnects 125. Interconnects 125 may comprise any type of structure and materials
capable of providing electrical communication between the die 120 and mainboard 110.
In addition, the interconnects 125 may directly attach the IC die 120 to the mainboard 110,
either alone or in conjunction with other structures or features that couple the die and
board. In one embodiment, the interconnects 125 electrically coupled the die 120 to board
25 110 and also aid in mechanically securing the die to the mainboard. However, in other
embodiments, the interconnects 125 may provide a minimal contribution to the
mechanical attachment of die 120 to mainboard 110. In a further embodiment, a layer of
underfill material may also aid in mechanically securing the die 120 to mainboard 110, as
will be described below. As previously noted, an IC die directly coupled to a circuit board
30 in the aforementioned configuration may be referred to as a direct-chip attach (DCA) die.
As noted above, the interconnects 125 may comprise any suitable type of
interconnect and may comprise any suitable electrically conductive materials. According
to one embodiment, the interconnects 125 comprise an array of solder bumps extending

-3-



underfill material may also aid in nmechanically securing the die 120 to

mai nboard 110, as will be described below As previously noted, an IC die
directly woupload7¢9o a circuit board in the aforenenti onedTasediomssiati on may
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enbodi nerdlierd, helueRekage 150a may conprise a solid state drive (SSD), which
may have several |1C die including a nenory controller and one or nore
menory di e (al t hdbgkC div l00naraycebwdiseramt &/De REInRgEKad eiraBodeviagy not i ncl ude

e o SIRL S0 g 0T BRRLEH S g a2
el ectri cali¢ y70oupy eshprisctane tﬁiehﬁleyﬁﬁIﬁic]rﬁlﬁ)cﬁ)nbycoasmeﬂﬁefy (@RAM), any type of
20 static random access memory (SRAM), or any type of flash memory. In yet another

embodiment, the package 150a may comprise a solid state drive (SSD), which may have
several IC die including a memory controller and one or more memory die (although in
other embodiments the package 150a may not include a memory controller). As the reader
will appreciate, however, IC die 170a may comprise any other type or class of IC device.
25 The IC die 170a is electrically coupled to the substrate 160a by a number of
interconnects 175a. The interconnects 175a provide electrical connections between the die
170a and substrate 160a, and these interconnects may also aid in mechanically securing
the die to this substrate. To aid in securing the die 170a to substrate 160a, a layer of
underfill (not shown in figures) may be disposed between the die 170a and substrate 160a.
30 The interconnects 175a may comprise any suitable type of interconnect and may comprise
any suitable electrically conductive materials. According to one embodiment, the
interconnects 175a comprise an array of solder bumps extending between the die 170a and

the substrate 160a (perhaps in combination with an array of copper columns and/or copper
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interconnects 175a . The interconnects 175a provide el ectrical connections
between the die 170a and substrate 160a, and these interconnects may al so
aid in mewbaniooalsyy securing the die to this substrate. PCo/ts2@9iossisecuri ng
the die 170a to substrate 160a, a |layer of underfill (not shown in figures)
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dielectric material and metal that are builTt-up around the die 170a itself,
thi s procesmdsoentt thessbstrafeeitbe thaysoaprise dlbumgsingdsydnsiof delegiripmatesd atd Wher e
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interconnects may also aid in mechanically securing the package 150a to this board. In
another embodiment, as will be described below, a layer of underfill material may assist in
mechanically securing the package 150a to the mainboard 110. The interconnects 165a
may comprise any suitable type of interconnect and may comprise any suitable electrically

25 conductive materials. According to one embodiment, the interconnects 165a comprise an
array of solder bumps extending between the substrate 160a and the mainboard 110
(perhaps in combination with an array of copper columns and/or copper pads disposed on
the substrate 160a and/or board 110), and a solder reflow process may be utilized to form
the interconnects 165a. In one embodiment, the height of reflowed interconnects 165a is

30 such that a gap 180a exists between the DCA die 120 and the lower surface 164a of

package 150a. According to other embodiments, the height of reflowed interconnects

165a is such that at least portions of die 120 contact the lower surface 164a.
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may conprise any suitable type of interconnect and may conprise any
suitable electrically conductive materials. According to one enbodi nent,
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components 130a-c, 140a-b). In a further embodiment, the mainboard 110 provides at
least one electrical path electrically coupling the package 150a with another of the
components disposed on the mainboard. For example, the mainboard 110 may include an
electrical path 190a coupling the DCA die 120 and package 150a, an electrical path 190b

25  coupling the DCA die 120 to component 130a, an electrical path 190c coupling package
150a to component 130c, and an electrical path 190d coupling IC package 150a to
component 140b disposed on the mainboard’s opposing side 114. The electrical paths
190a-d may comprise any suitable conductive structures (e.g., any combination of traces,
vias, plated thru-holes, etc.) fabricated from any suitable conductive material (e.g.,

30 copper). The illustrated electrical paths 190a-d are presented as examples to aid in

understanding the disclosed embodiments; however, it should be understood that, in

practice, the mainboard may include several additional electrical paths (perhaps hundreds
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conponent s di sposed on the nmai nboard. For exanple, the mainboard 110 may

i nclude an electrical path 190a coupling the DCA die 120 and package 150a,
an el ect rvoab1opatrs»0190b coupling the DCA die 120 to conpomarskoo2®8x33 an

el ectrical path 190c coupling package 150a to conponent 130c, and an

el ectrical path 1%%@ cg pliégglgc Packa e 150a to copponent 140b di sposed on
the mai nBB&VER QoBBesP ée%ﬁ 5] §yInterpRINSEane Of B PR YAHHSLOPPRBS R onpr i se
any sui t aplRSoMIE M Rafd uctures (e.g., any conbination of traces, vias,
pl ated thru-holes, etc.) fabricated fromany suitable conductive materi al

(e.g., copper). Thaothdrgsibodinsuit,elredinriocsticlddndtshd @0 figare maelent ed as
exanples to aid in underst { ng, the disclo nbodi nents; h ver, it
shoul o belihoaet e Bedrmianrd T et e Heh Ao Ry Shasd b ever al
addi t i pnal508loe¢50d)C ahe PAtAGic(120rRaRS Qﬁﬁgé?Q&Qﬁmﬁgﬁﬁn&@@M§@&ﬁﬁy@ﬁcthese
paths) to interconnect one or nore OP t he vari ous conmponents di sposed on

t he mai niadipdon, lapd Hreoedietionsddimayriuppigsy hdicsaapo af SN dedroprgnctshown i n

figures) y..be. di t i r nd,.ext end . tthe DCA die
120 and 6%@%%%Enfg§§q§§g“%§bIQ%PH%§g%%%n%ﬁ%%%f§yﬁﬁge%g%w%%éﬁé%ﬂpackage 150a
may generg@hpoftRs in HoRGs! tochd @idilal and package 1 S0, r akk akdladon shickl idayray
suppress the escape of this_electromgnetic radiation in order to prevent

el ect r onegAWYISE aphitdtaplercdsrtracally cANUCHE? Plalesiablcart Hrcrralysrpdirsive ngtys,
Pr OXI 11 t YoybiPad Itfi‘ékéjf{).fr'lv%lz glﬁﬂﬂuﬂﬁ?ﬁi}?gﬁ atd fffoys Brends @ h b &?eeﬁgétsfsﬂ allB¥his

conprise any sultable électrica céonduct’ive nmateria €lectrically
conduct i whicietal avesanyhsuésblniskidpeland sohfugnatical Unmonelembodipret, thearadiatibh oys of

t hese and/or_ other netals), . and this shield . sui t abl e shape and
conf i gur alih!s DY SR %ﬂgr,owe t?é%ﬁlaﬁlgﬁ%rgﬁ@ Blfos mgtht rically
coupl ed athQArAUNG SRk LaQiatiBR sIRICRAALI dskQt irYeRRvingheRl AGH tRTRRAA , the

radi ation shield nay also assist i'n renoving heat “fromthe package 150
and/ or D@Ad@Ir ®QRdic 120. dAmendther cantivddnergnatherghéreral sdletiomn maobadispmsd nmy be

ci thot al Gra ol BT EnateevieEir: aTedar e i GcEaRe P Ranaihtie

enphasi zegitt haddidtioa sHicke! osed enbodi nents are not limted to the
configuration shown in FIG | A and, further, that other types of packages

may be di sposed Hwbeuldihe cophasizad thatche digelosddometiodanerssipivannt Ematedto the
L oL AR ISE, SRR, RSO ES ASREHRER-A8 Mo
shown i n dvkeGhelDACArdée 121 A ddtdoriah c@d6dinehtshk&BustrBediiiceatCof BIGS.i1B2and
20 1C, which are described below. Reference numerals used to identify certain features of
the assembly 100 shown in FIG. 1A are retained in each of FIGS. 1B and 1C for like
clements of these assemblies. Further, descriptions of like elements previously described
in the discussion of FIG. 1A may not be repeated in the text below.
Referring first to FIG. 1B, illustrated is another embodiment of the assembly
25 100. The embodiment of FIG. 1B is similar to that of FIG. 1A, but the assembly of FIG.
1B includes a package 150b disposed in a die-down configuration. More specifically, the
package 150b comprises a substrate 160b having a first side 162b and an opposing second
side 164b. The package 1500 is electrically coupled to the mainboard by a number of
interconnects 165b. An IC die 170b is disposed on the substrate’s second side 164b and
30 electrically coupled to the substrate 160b by a number of interconnects 165b. The IC die
1700 faces the DCA die 120. In one embodiment, a gap 180b exists between the IC die
170b and DCA die 120, although in other embodiments portions of the IC die 170b may
contact the underlying DCA die 120. Also, in a further embodiment, as will be described
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el ements of these assenblies. Further, descriptions of |like elenents
previously described in the discussion of FIG | A may not be repeated in
t he text welzow/2Reherring first to FIG 1B, illustratedPC3/us2a0lossi33
enbodi mrent of the assenbly 100. The enbodinment of FIG IBis simlar to

that of FI | A, but the_assenbly of F | B i.ncl.udes, a package 150b
di sposed befpg e émd%éﬁ@ﬁg?m&hf@ﬁﬁé %@4 PRO8Fd ?ﬁtw'eﬁbt%%a&%%rg&e 150b
conpri sesjs@p 3P flakHo8r L OOL 2 e Nehder £l 1ra§ér| rééﬁﬁsélﬁ@gre%ﬁl iffhe QPRRYARHecoNd

si de 164b. The package 150b 1s electrical coupled to the I nboard by a

nunber ofth¢ ey dierld6 end mbdBioardAnl 0f Gediap 180@betivsendihspos EDbomdtdie 1 Zubst rat e’ s

second si dﬁ/l 4b an leCtt'ili albg)bcogpl egr %:oléi()ﬁe ubstrate 160b by a nunber
of int er BHRELSPRESRTVIHEIE € R0 #7858 PsHEls! Phe W€ “120% I n one
enbodi srendmboRiBén, hQRitiex its 1S dRetM0B SohetdiendrEadiliodal Q0 @B aPPEAdRpEscd 28,

al though in other enbodinments portions of the IC die 170b may contact the
under | yi rihe DRsingeside2lP2b A sebstriate 0bur t her enbodi nent, as will be

descri bedbel ow g kayer , 8k Rer bl 0ok ;SDRMACL Dbl dinel Bl (Y. B Qi sposed

bet ween the subs mai’ nboar s un ayer may

al so be pioesdmt chibolimeens PAEKS. €T s iildr he tHaCAE FiiGe 112 Buadhid assembbosiG110, the
gap 180b between the die 170b and die 120, and/or the space between the die
170b and Kustudgs e padkesc 1 ¥)cdgvingri die staghdisprsed e Meae speaifieadly theon to 1C
di e 1Y0b, f it e 08y - al i ng

ot de. EoieSRfesoFBERpAYE s ORRe |dac atinTRieSidl RRRSRH aRBp b REGN 10
further eneodhidoeihe phckape 136csierizktyicAldP coupthel te rthonhaimboirddfl 0 Bly G nuher sf
simlar to that of

G, IA  but the assenbly of F 1C i ncl udes a package
150c havi'RTQmBFE TS BiERILEd'S f?_é)Fé‘BfﬁI}g_ pé Sgﬂ_&kgi ?qubﬂuray?n@ﬁ‘e package
150c conpfidRe& h BEREEAIL BROThRAW D dndy UeShtaSh 8o 10%FraRNG0RANPRPAR! NY
second side 164c. The package 150c is electrically coupled to the mai nboard

110 by a amathioeby edhcsive dayconivéet $n ai8Blocr cAabodmhant, apfpadirendy7i@adisposechged in a
st ack onfiquration . are disposed on the_.substrate Oc.. The die,170c may
be- at LcHede<d Y PRES B RG R DY RIS 14dheds UB° PRIS 178c.

| N anot heyireyrnasi MRptelcci@PR€6iipl BBYChRS th §iBQTQEtDRLYRLN 1 60Yanld? taBhacent

die 170c. A nunber of interconnects 175c - in this exanple, wrebonds - my

el ect ri capthesoliing carboningnt tahlofdhedieAG0e empritsshe sarec typoet mteprdedt o one
anot her . ., ONen STRAALIRAL 1 BhincRls, SNl @ 708 156IRLL B gIG AT, L YPe_of
ui n ot héer “enpvodi ment's, any” one o he d

integrated Circ , wWhereas | ie 170c
may be didnbhieesf tht dyniawnat bebodinchhead & thé IC divel 70okotbiienta maasty of the IC

die 127 pe dce(\)firggr III‘? grfotl?errgrenr{)%ﬁ%nent, at least one of the die 170c comprises a memory
controller and the other of die 170c in the stack comprise memory devices. In one
embodiment, the package 150c comprises a solid state drive (SSD). According to one
embodiment, a gap 180c¢ exists between the substrate 160c and DCA die 120, although in
other embodiments portions of the die 120 may contact the overlying substrate 160c.

25 Also, in a further embodiment, as will be described below, a layer of underfill (not shown
in FIG. 1C) may be disposed between the substrate 160c and mainboard 110, and this
underfill layer may also be present in the space between the DCA die 120 and mainboard
110 and/or the gap 180c between the DCA die 120 and substrate 160c.

Turning now to FIG. 2, illustrated are embodiments of a method of making a

30 mainboard assembly, such as, for example, any of the embodiments of the assembly 100
shown in FIGS. 1A-1C. Various embodiments of the method of FIG. 2 are further
illustrated in FIGS. 3A through 3E, and reference should be made to these figures as called

out in the text below. Also, it should be noted that reference numerals used to identify
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device. In another enbodi nent, at |east one of the die 170c conprises a
menory controller and the other of die 170c in the stack conprise nenory
devi ces. Wwo0me2esybodi ment, the package 150c conprises a&czalscapsase drive
(SSD). According to one enbodinent, a gap 180c exists between the substrate

160c and DCA dje 120, althoygh in other iments portions.of the die 120
may cont &t ﬁjsa%vépf Weﬁéseérﬂﬂsé%b‘gﬁl@%@ﬁ&bﬁg&re THIBEG e BiSodinent, as
will be dgseiiRedichRhRManddds@yilonQbr thasienitd él&méxﬁ?hla?rﬁgi’\ﬁ'e iBedibfin hS) may be
di sposed between the substrate 160c and mai nboard 110, and this underfill

| ayer maytedlbetovbe present in the space between the DCA die 120 and

mai nboard 110 ang/ pr .th 180c¢, between the. ie 120 .and substrate
To0c. Turning nofergit eoPBbipt SPRTIEED A4 88 tibsrant o f A mtiRot of
maki ngs a T RRRAHEARASE SIB! YA, MG 1@Yic I20ha8%88Pdifoct|dRMadted td)MrafIbBRd Ment s
of the assenbly 100 shown in FIGS. 1A-1C. Various enbodi nents of the nethod

of FIG 214y o uymbysef int¢rogineatsddsSi A wfles opgrtiph msydis peHormerbtorcssass ence
hould b i . Cal int t | so, it
§h83| 9 bglnt%&%gaécg%g S bdrIHE %%A'i‘ﬁle%]o 54 tﬁeg&?fgﬂ?%ﬁﬁ1b.e¥xcc$%‘§ln%"%’o Pfhe 0, |

rererence numeral’s use entrfycertarn reatures of
t he assendhbodiBénts mowavirna FHflaw dr@iod met adtve et forreatimmédidttieFollSMng3E f or
| i ke el ements, and descriptions of these |ike elenments may not be repeated
in the teteccBEnol thrdcdpiongngipbagrd d 0. pingepther gmpedimeny, apSet forgh & hlgck
directy t i RRo .Syl S i where 1 C
die 1l (%) hzg?ts5 agg*eagghl r e%tlil‘f? g?fglé e {;yg%}r%ﬁ?rﬁg%lg?&dén i%%g?/é gbcﬁtegn;)toe%of
i nt er conneahboat@510 &.g. eé¢dnopononsrld0a, dA0brdispded parthomambodrd’ sarppatieg side

i nterconnects .125 between the die 1 and t.he _mai npoard 110. According
to other ' Bﬂ?fﬁ@ﬁﬁ%?hmb@ﬁ,@rd& f%z’_g‘b"é?@f’il’&ﬁﬂ??ﬁ?mﬁ% M5B f or med
i mredi at &lonpoRbitOUfcN%a A% MRhaifbodrd Bridi ® BER L0 14 nboard 110. In anot her

enbodi nent, "as set fOI’th‘I n bl ock 205 anq as shown i n FIG 3A one or nore
ot her conponent sAsayt fosh seblocked2d,0 nahkageas atrwheditolth® masmbgard, ewhihonent s

140a, , 140b di sposed on the i nboard: s opposi n i i.or to

att achorte bt aerAT av e o FON TGS P RS REp HHRGE He LB o Conponent s
are attaGhedrated ihRGEE3MBRABM, Whér hadlQePTHLhA bhéDdisPssed 8hed DCARE MP! ock
220, a package is attached to the nalngoard, and this package is disposed

over at |aadspupad withithe meinbpardibyusicycoanecar Hed. BoAdetclsvatitii wewds showgsinr at ed
L 58 S DR BT TPRCLSE, DR haRer R T B O o 120
vi ew i s shoswatddembodiment, the package 150a and DCA die 120 are generally concentric to
20  one another, and die 120 and interconnects 125 lie within the pattern of interconnects
165a. In another embodiment, a set forth in block 225, additional components may be
disposed on the mainboard 110 along with the package 150a. This is illustrated in FIG.
3B, where components 130a-130c have also been disposed on the mainboard 110 (for
clarity and ease of illustration the components 130a-c have been omitted from FIG. 3C).
25 In one embodiment, a reflow operation is performed to complete formation of
interconnects 165a that extend between package 150a and mainboard 110 and to couple
the components 130a-c to mainboard 110. In another embodiment, a single reflow
operation may be performed to create interconnects 125 and interconnects 165a, and in
yet another embodiment this single reflow operation may also attach components 130a-c
30 to mainboard 110. However, in other embodiments, a reflow operation may be performed

to create only interconnects 165a (and a prior reflow operation performed to create

interconnects 125).



FIG 3B, whereas a plan viewis shown in FIG 3C As best seen in FIG 3C
inthe illustrated enbodi nent, the package 150a and DCA die 120 are

gener al | ywoanoentrsc to one another, and die 120 and i nPeraseomeosa3i2s |ie
within the pattern of interconnects 165a . In another enbodi nent, a set

forth in block 225, additio conponepts may . be di sposed on the mai nboard
110 al ong with tﬁéfeﬁ%&@d@@é& Py FRAETR el g E4ISPASE R B, wher e

conponent,§,iAdad. $7R%s MAVEatdl #r1eeeD, PhSRARALHAhal ’B@enr@%g&?&%éiw%érpthéf or
clarity and ease of illustration the conponents 130a-c have been omtted

f r om FI Gpagkge 15ha embmemboatidnd Atto fany arf urplarfdplay et 10nthisunglerfilblayed] G50

conplete forpmati gn of interconnects 5 t exte ween package 150a
and nai nbar s g e FOBGRIE Dt Aponan eaf LesRte TP R Pelas i 120, in
anot hes  ephQdiiREn, tha DY A dice 20@hH avisHarERT 100 MTH¥BM dBEi I PaAEALIN®E he, Creat e
interconnects 125 and interconnects 165a, and in yet another enbodi nent

this si ngoapries hexswigblcantemalniugh ab Yauidior aetanpdiep spem wm@oads Kutheni nboar d
110. Ho r, .10 . i . f i na forpged to
o oS b S PRSI E  L BRRI D RO, |

creat e i digeagnagedfsricdhefReée))r imend @ntlddaknt238r applidanide bf thelundadfiglr i al  may
be di sposed on the mainboard. This is illustrated 1n FIG 3D, where
mat eri al 1pes 19eenheating prasessgepoidamedrie cyadhagrlersblyah dnyst #98kd 110 to

form rfi i fil . s@fidling the
spaceﬁg80a g%%%gﬁ%?ﬁga?%giﬁﬁgﬁf%8§2ﬂ§&§§H§P§§¥@éTéggpﬁgéﬂﬁéﬁikgsgthe space
bet ween tdperaiicA tafeemlidfRrandeatai tag.atda fitther dihbodimdet; finddrfiatageriahinai®d may

conpri se any suitable terial, such as liquid qr pre- i ed _epox
Compound< PP D, PR Bousramis. i sdaBA s sy TePafa el 16 4
sui tabl e HeGRBHAUS (dhid In unG&HRiLIl 1hR Yndy! URVppli & uiics PEREE. 150aRRGIeEdHRd sheet

etc.). In one enbodinent, after application of the underfill layer 105, a
heati ng ptapcess is performed to cure the underfill layer. In yet another

enbodj pent, the underfill .layer is ¢ .durin refl ow operation (e.qg.
She el ow oper atl it e b sehEl attbags onk oL A R Dot et
under fil |pr8&%&rsin@dy B@érﬂbﬁné@@ﬁté&ﬂdéﬂﬁlﬂ(ﬁ@d@i;ﬁtb‘i-attE&fme@%amhle acl@@e}JrFiﬁ‘rfi |l

| ayer may be applied under the DCA die 120 in one step, and an underfil

| ayer mayexbapkppddidenal aereponsati(age cospanints B 0secandrspeponenis ster
oo o 56 A B e SR LAE A RAL BEgocss o=
above, one or more of these components may be secured to the mainboard at an earlier
20 stage of assembly. According to one embodiment, electrical interconnects formed to
couple any one or more of these additional components 130a-c, 140a-b are reflowed in the
same reflow operation used to form the interconnects 125 and/or the interconnects 165a.
Other additional processes that may be performed include mechanical attachment of
components (e.g., attachment by rivets, clips, screws, and other fasteners, etc.), as well as
25  testing.
The above-described embodiments may exhibit several noteworthy features.
For example, the overall height or thickness H (see FIG. 1A) of the assembly 100 may be
relatively small (e.g., the thickness H may be approximately 1.6 mm whereas the
corresponding thickness of a standard PoP assembly may be approximately 2.7 mm). By
30  way of further example, the mainboard 110 may have a relatively greater number of metal
layers (e.g., 6 or more), which can provide increased routing flexibility between the DCA

die 120 and package 150a (and/or other components disposed on the mainboard 110).
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exanpl e, additional conponents (e.g., conmponents 130a-c and/or conponents
140a-b) may be secured to and electrically coupled with the nmai nboard 110.
Agai n, aswoavwsd2zdove, one or nore of these conponents mray/useomwmsiised to
the mai nboard at an earlier stage of assenbly. According to one enbodi nent,

el ectrical, i nter.connegts forned t oupl e any one or nore of these
addi t | pnaJPlS%&ﬁaB??élﬁpﬁ 1@6&@6&986?&@%@%@@ haridaReersi it #y BeiFescrBfiow
oper at i 0rbdé?a@l_ckiie%rff%tg}iﬁmthé‘ﬁﬁfn%@%ea%e%lbl@.5 and/ or the interconnects 165a

O her additional processes that may be perfornmed i ncl ude mechani ca
attachment of coffhofresgeng detaled dseragiomemt abgonpanging, drovings aresnhews, and
ot her fasteners, etc.), as.well as testing. .The above-descri bed enbodi nents
- exh DIENEEyE P Forbuliithy B et Ben TRor Rl OHEGrERd: | et ght o
t hi cknes sobpkdRasifé fhddrddndg bhlc ARSRER] dmPIREMBRY aR®né Bhicbysetyy smal |
(e.g., the thickness H may be approximately 1.6 nm whereas the
cor r esporitiitggionp piska s anddrstaod therefeons Nomeepys eadifignsrdglcBensapidt oxi mately 2.7
) B WAL LRE R0 St A TRIRART I TRY RN SRl Eb B Vel ¥
greater nunber of netal l'ayers (e.g., or ’'nmore), PR cah prrovi de
i ncr easednsyobd ddvisetl bexhdieIskill¢d hetheaemyithvat DEArthefrdalhaqdripaakadscldsdda
(and/ or ot her conponents di sposed on the mainboard 110). Al so, application
of the di%eiodipentemsbidir seapcot dhmpandsdiclai@sul t in any increase in the
overall size or footprint of the mainboard assenbly. The foregoing detailed
description and acconpanyi ng drawi ngs are only illustrative and not
restrictive. They have been provided primarily for a clear and
conpr ehensi ve under st andi ng of the disclosed enbodi nents and no unnecessary
limtations are to be understood therefrom Nunerous additions, deletions,
and nodifications to the enbodi nents descri bed herein, as well as
alternative arrangenents, may be devised by those skilled in the art
wi t hout departing fromthe spirit of the disclosed enbodi nents and the
scope of the appended cl ainms. CLAIMS What is clainmed is: 1. A conputing
system conprising: a mainboard; an integrated circuit die directly attached
(DCA die) to the mainboard; a package attached to the mai nboard and
overlying at |least a portion of the DCA die; and at |east one other
conponent di sposed on the mai nboar d;
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wherein the mai nboard includes at | east one electrical path coupling the
DCA die to the package and at | east one other electrical path coupling the
DCA di e two=aiod2z890] east one ot her conponent. 2. The comrpmitsagsyasem of
claim1l1, wherein the package conprises: a substrate; and a first integrated
circuit (1C die disposed on the sulc:j)at‘r?t g 3. The conputing system of
claim2, further conprising a secon ¢Mpe di sposed on the substrate and
stacked over t\|gafiktBimdGsdi €. 4. The conputing systemof claim3, wherein
each of the first 1C die and the second I1C die conprises a nenory. 5. The
conput i ng systlem ofA compuing systeer @inmprisiieg: package conprises a solid state
drive (S(?ar[?%.. E a'.he conputing systemof claim5, wherein the SSD i ncludes a
nenory cSht'P8PPEF: 7. The conputing systemof claim2, wherein the first IC
di e fagesntiiRofd Hichit d dildey GRAINEH (DUASYS] B thOhmafibaird 1, wherein the DCA
die conprises a processing system the package includes at |east one nenory
di e, and apaekage dtieghad to e weinbeard gnp oreming Yripast & pertignwif thel [AG4 die; and
conmruni cat i ons_devi ce. The. [ of claim@8, further
conpri si %‘tgt:le%gt Oélgé%‘%eﬁggmg?%e&t g@%%@s@%mgﬁ%ﬁ@ mai nboard, the mai nboard
i ncl udi ngwiesteia tiRcinhindedrd padlides atRbitge thetrgabph csupting PhealyCradiato theast one
of the DCA die and the package; and a power supply disposed on_ the
mai nboard, t hé)aﬁﬁaqg@@aé@gleé&t@&: pherflegtrisnsth wpﬁagﬂﬁ@(?ﬁidée rigid Hdeashckage
to they power conputing systemof claima8, further
conpr |Fosi ng a ?;fgglt%eﬁtcé@poeé\%?ce di sposed on the mainboard.11. The conputing
system of cl ai2n 1, Therdohgutiog eysténs bfiglamm 1 uwbleeihithé packbhes cahpribesposed
bet ween t he Eack_ (Fe'i and the mai nboard. 12. A nethod conprising: directly
at t achi ng* %R tféﬁ?’e@% ated circuit die (DCA die) to a mainboard; placing a
g?f;ig?naatﬁ@t h%’g%‘étéc?&rc%\'(te(ﬁ@’dﬁ@Qis%séd%sthe QutRRLdki on of the DCA die and

J 3. The computing system of claim 2, further comprising a second IC die

15 disposed on the substrate and stacked over the first IC die.
4. The computing system of claim 3, wherein each of the first IC die and the

second IC die comprises a memory.

5. The computing system of claim 4, wherein the package comprises a solid
state drive (SSD).
20 6. The computing system of claim 5, wherein the SSD includes a memory
controller.
7. The computing system of claim 2, wherein the first IC die faces the DCA
die.
8. The computing system of claim 1, wherein the DCA die comprises a

25 processing system, the package includes at least one memory die, and the at least one other
component comprises a wireless communications device.
9. The computing system of claim 8, further comprising:
a graphics display disposed on the mainboard, the mainboard including an electrical path
coupling the graphics display to at least one of the DCA die and the package; and
30 apower supply disposed on the mainboard, the mainboard electrically coupling the DCA
die and the package to the power supply.
10.  The computing system of claim 8, further comprising a data entry device
disposed on the mainboard.
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t he package to the mainboard; providing an electrical path through the

mai nboard between the DCA die and the package; and providing an el ectrical
pat h t hr osghrotane7svai nboar d bet ween t he DCA di e and a t erairrasbkoodiosfiesed on
t he mai nboard, the terminal to couple with another component. 13. The

met hod of claim 12 further conprising elecfrically couplin conpanent to
the term nal . 4. 7HE SBIHEEE Sroten &l R ithe %}P&Mﬂ%ﬁraf%mfﬂawﬁli ng a
refl ow ogggpggé@%tgvge@ﬂlg?g&agggncpglglg@?ggogapd‘t he mai nboard, wherein the
conponent I's electrically coupled to the term nal during the reflow

operation. 15.12The Awptelod winprismigm 12, further conprising di spensing an
underfill, material.in a space between di e.and i nboard and in a
apace ber RN iR nBEaRT SRut T RO AT S RB I hod of i ai m 15,
wher ei g tﬂ}&iﬂg}@'ﬁédkla%é atBb@4tiodl oveA P IaBRad aSidAGsh SRhYDEN iRenbPetadhig; and t he

package. 17. The nmethod of claim12; further conprising performng a single
refl ow oper at itbhpackage todbtma®woBdA die to the mainboard and to attach the

package tp?oéigﬁlgrg%ie?e%%?craflpath through the mainboard between the DCA die and the package;
and
providing an electrical path through the mainboard between the DCA die and a terminal
10 disposed on the mainboard, the terminal to couple with another component.

13.  The method of claim 12 further comprising electrically coupling a
component to the terminal.

14.  The method of claim 13, further comprising performing a reflow operation
to attach the package to the mainboard, wherein the component is electrically coupled to

15 the terminal during the reflow operation.

15.  The method of claim 12, further comprising dispensing an underfill
material in a space between the DCA die and mainboard and in a space between the
package and the mainboard.

16. The method of claim 15, wherein the underfill material occupies a space

20  between the DCA die and the package.

17.  The method of claim 12, further comprising performing a single reflow

operation to attach the DCA die to the mainboard and to attach the package to the

mainboard.
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