; ammummrA~lrl Frerreerrerrerrrrrrrrrrrtibtrir~trrlt -1 SEM CONDUCTOR
Di |TH RECESSED 00000z* | NTERCONNKCTI NG STRUCTURES AND METHODS
FOR ASSEMBI NG THE SAME 5 TECHNI CAL FIELD The present invention relates to
ball grid array sem conductor packages and nethods of attaching, and

i nterconnecting the sanme. In particular, the present invention relates to

i n;ﬁnmﬂmmmﬂw nmounting a sem conductor-ldie to a substrate with which the
se i e is in electrical commnication. The senm conductor die nmay
be 10 eppgapsul at ed Jg%MIFﬁ%WHFJ JHE PACKAGES WERH RECESSED onduct or die
package. The i nter JOIERGONNECTUNGTTRUET URES AND METHOBS EORunber of

sinmlar sem conductor die packadSSEMBLENGIEIESAME y connected to a single
substrate in a stack. BACKGROUND ART 15 Ball grid array ("BGA") packages

are well_known in the art. BGA pac i Ly conprise a substrate,
such as 2 printed circuit board, ﬁﬁ%@éﬁ‘\@%&%ct or die nmounted on top of
the substrate. ThehSRBIRPRHISHIRN refAte 158311 Briddirhy sdtARoMuchR § and
electrically connecqtsﬁeid to a serirgs of matgll‘1 traj(’:es oﬂ tuhe ?%Bpas%:édgnof t he
printed ci r ouéthodroafrattachihg,sand antexsonnxcting thel samea dr pattisulag the present inveatieecond
series of netal traces 20 located on the undersj.de of .the pr.i,nted, ¢ircuit
boar d by a depisdd ieppads EREElnd tuiPIETERIAR SronsPReSHTERn Bl 1 e o
Wi th a cont agiidu¥bBeaie ifincdadicd cyRnRnRABH. Tﬁeﬁéﬁia@ﬁzﬁ@torﬁt&nsgﬁéuctl ve

e . e

elenments are typically solder balls or conductive filled (ﬁgxy
conduct 19e etnsppsuiatedupondhe imteypeser to formarqomplete serpicandustpridiepackage obleruct or

die along wi.th its electrical connections are encapsulated wth,a nol.di ng
conpound. 2ankmpoiRa B e e 1 6kt & MoBL niBFaRT Sl Setficonp eapriie
packagi ng S%E@%@Wb@éle&ﬁ@ﬂy@ﬁmbﬁ@@td@sih@l@@ﬁl@sh‘a&ﬁin@vﬁz{&l| size of the
package, allow ng the nounted packages to take up less "real estate" or
area within a device. A BGA package nmounted in a flip chip fashion
conserves real estate laterally b - o ety e connection structures
(wi rebond, TAB, etc) around the p?c%%gl{ n?e}r\%?ng real estate vertically
present $530 di f f eBalhgrid by ¢BIRA”) padkageryretwiélBkivaen inahearac BGppackhges is by
reduci ng the overall height or profile of BGA packages.. Anot her V\ﬁ¥ is by
usi ng nol dedYpisallngurapRFeaSubsiae. s as 3 prnted scbbaard, skithya semisondictor it her .
St acking B Lt# J : & eq .t erved
in exchanggq{1 g@“é@?‘?@@:ﬁ@%@?ﬁ&%’hgﬂﬁ%ﬁt@ﬁﬁ&dg d&i@isgacﬁ%gg{e dl}‘l’tl)?ﬁ(lijg?(?l% t he
substrate, ele@ricatlyiconnehtiext tora stries ofmetabivaeds pn ¢éhectap side afi thegprihtedceichmitt | ve

el ements, limt he effe tivagness of this nethod. One eﬁangl e of an
attenpt to-r¥¥te lﬁéerrf:éi°§met fragReds ponnesisd o pecond serles qfandipldiaces ed in
U.S. Papgnt l%ate&o@ﬁ%,t%agrsi&?’f% ﬂrﬁ;t@éilac%it%o@ﬁd BY a JAR oPwiad0GHle %é'a%ﬁd

di scl osed packages consist of a sem conductor di'e nounted face down on a

t hi n subst r atesies ghmetal wades eagheterminatgwith & eontact padi wheretaeondugtisereleraeryys

1y | i.r ebond ich . h f th
centr ey, | AER. iR M R0 P B BEESE D sl
hei ghts of tTig ¢ondtétBe ctanéntond uethfgeddh an andy bhterwiahé B Wnfcundnsol diet ar e

spaced al ong the perinmeter of the substrate. By npving the encapsulant to
the | ower suAlengwithitselestrisabongectiong atesangapsylatid with apaaldiag compownd.j ne bal |

i d FBGA ' ANeLehk -
The abi Pty 1o r cana o sl Gftay GBI AR, BY YR it filind toroBRERRC
pl acement andieshasdbeeett redadd thasverall size of thegackage| dllbwing tteimoniséd packags

di aneter greater than the confi ned heights of th m conduct or di es .and
wi rebond encl@gR uess ¥ esaisacr aice i{hdh a evies. G PGS PekAECaIRUTIS{N i il

packages apaf; I r %?reéi'inﬂ n:)éqh i . t ack,
i ncreasi ng fﬂltép g%gxﬁgggﬁ%?\‘ eglr?gzgﬁitslg l%reﬁzlgn am ngetltli n. é%ﬂlg}eg{]%rr}%&c?ﬁez\%\oul d be
advant ageous(wirebded, A, cic) anppelrthe packagel Cersendng teat estdte vedichlly prekenthei ght

Pt wour d01 i SRARERT ShaliEngsSn CRsrnabtdns B rosmmali o B Fhafhadbe SiD S
provide for lﬁgﬂt?ﬁﬁ?ofﬁé‘&fB@iAnﬂackﬁ%sp%@Hﬁ} W49 i€b L IBAL ol didPackages wathhanced

support as 20 we as protection from breakage and contam nation. It would
be an addi t i leadframesthaticag be steekedaterone anetlsdi ment s of such an apparatus and

nmet hod to enpl oy &t J.ea sonmewhat .f | exi.bl.e stk at all pwing use.in

i ncreased appli ca?tia‘gﬂgg. ﬁﬁ%&%&%ﬁ@ll&\ysla@hmzﬁgj%e%re?ﬁgm%tfé%gﬁfor%ﬁvgﬁtu} on

i ncl udes appexchinge faneertiedl kpate. The heighpel 4 BGASgitkagy) thebidiig the\subgrapgckages,
or assenblies. An interposer may be constructed froma flexible material,
such as a polyimde tape. A pattern of conductive traces is disposed on a
first surface of the interposer in electrical comrunication with a

sem conductor die attached to that first surface. Interconnect recesses
accessi bl e are opposite, second 30 surface each allow contact with at | east



-3 simlar assenbly. By substantially receiving the conductive el enent
within the interconnect recess, the height of the conpleted assenbly is
reduced. A nunber of assenblies may be stacked to form stacked

sem conductor arrays. |Interconnect structures, such as connection pads, or
enl arged traces upon the first 5 surface may allow for interaction between
st acked assenblies. Assenblies nay be stébked stepwi se, or directly

al i gned. BRI EF DE IP% THEDRA ‘?'H’E“r?g 1|sa5|d Vi ew of a
substrate usemigondpctasdis pirebands, speans ductive ghements ﬁﬁlﬁle in
accordance V\ég Ftib s L tAS IndthSd. Wnd 1@éﬁmatt 6 felce ﬁkﬁelg%t LEBEA
secti onal e view of a portion of on nmbodi ne t of an i nterposer nade in

accordance vpackagehn qnstadcxsrnhs&:k)sed inUeS. ﬁmmelﬁo 6,972;233 issyedRd GoriSisiet ala
sectional sigde vi

of_.one d ment of duct Kk d
accor dance WUR O {0, Fhg 'sﬁf"ég B?Ckf‘geeg ‘%P%’g (ﬁfm Co‘gﬂ’hﬁﬁtﬁ{d’gﬁ’gﬁ ﬁm‘? et|0n15

mount i ngs  Fl fgwiffod $tidn aﬂf.«;&h&”ﬁhe Sik Geel¥tAVAIBS conhibctedRAdE Q%!&raféfbyF deﬁtral%{)
attached to a substrate; FIG Is a sectional side view of oné possible

st acked asséobited wirebomals awhich amema)sgmibhm@nbssqﬁf thesibstratdu Solsier ballskages

made in accor h the £t sent venti o FI G 6
is a secti on‘ﬁﬁagﬁa‘ée‘?/ Aghtgre & ?I{ ﬁ&?’r@? ‘@Itﬁ%ﬁ‘é’a t&@é%%f’{}&]%‘ﬁ’
fourth alterdgigahhd theSiRddhdendap gjlamm s‘paestuabﬁg t}ﬁgﬁmﬁ@@ dmcbesubgtra@cgydance
with the principles of the present i nvention; FIG 7 is a sid

secti onal vimeviog tmmm@mlaat tocthe lawersudagsodi th@mck@ge andousingia thin &%@N’B 8 es

Che’ pr odint Tl il PR Ran BR hed et BERG b h Bk RO

Ref erence w dﬂ]llt’?QWrélﬁcéY&iéﬁleight bf 68 padkagads still iinfted by e picedient Aidgiposer 20
restrictions on the solder balls, which must have a diameter greater than the combined
heights of the semiconductor dies and wirebond encapsulant. The substrate must be
rigid to hold the individual packages apart. The solder balls are exposed at the side of

15  the stack, increasing the chances of breakage or contamination.

Therefore, it would be advantageous to develop an apparatus and method that
allows for the height of stacked packages to be reduced in comparison to conventional
packages. It would further be advantageous for such an apparatus and method to
provide for at least enclosing the conductive elements, providing enhanced support as

20  well as protection from breakage and contamination. It would be an additional
advantage for certain embodiments of such an apparatus and method to employ at least

somewhat flexible substrates, allowing use in increased applications.

DISCLOSURE OF INVENTION
25 The present invention includes apparatus and methods for preparing
semiconductor device packages, or assemblies. An interposer may be constructed from
a flexible material, such as a polyimide tape. A pattern of conductive traces is disposed
on a first surface of the interposer in electrical communication with a semiconductor
die attached to that first surface. Interconnect recesses accessible are opposite, second
30 surface each allow contact with at least one conductive trace. A conductive element,
such as a solder ball, disposed substantially within the interconnect recess is used to

mechanically and electrically connect the assembly to a carrier substrate or to another,



«30 includes a substrate 22 with a recess 30 and adj acent conductive traces

24. Substrate 22 may be formed of any suitable material, including FR-4
resin and bi snal ei nidetrizaine (BT) resin, anong others. In enbodi nents
where it is desired that interposer 20 have -4 flexibility, the substrate

22 may be formed froma flex material, such as polyimde tape. One such
suitable tape is Kapton, available fromE4d. Du Pont Nenours and Conpany. A

recess 30 is lgcated jn a second surface 28 of the interposer baqdy or
substrat e 225mpay assemblye Sigtndstaptalty igeaying shesondyctivsdenend within thep posi t e,
first 5 surf; : j | 0. Conducti ve
traces 24 nﬁg&g%&?ﬁ&g%eeg%’ﬁ%g S@?&%ﬁﬁ&gﬁlﬁgg%ﬁet %l}}z’igggtﬁ‘lﬁ:g%nductor die
attached to the iAmambesef asRénblissmulayche stackicd aw fiam2Hackey sdmicOnductnt afmpsn any

suitable material, including tallic traces nmade of . copper alloys or other
metals, a COPMRIEATINGE SHEKYES, SchIa3 SpRREcHiRR BRdaPT CUAESH RGeS UEORHS T o

particles, OfurfAc€RRYUAbIBr infdfactibB berFRRdHcked SssEhBRRNA3EmBR MS B Sposed
in the recess 30, naking an electrical connection wth the conductive
traces 24 t hstadkedstepyise, @adifactplalignadecess 30 is configured such that a

maj or portion of the conductive el enent 32 resides substantially within the
recess 30. It wll be appreciated that conductive el enent 32 may be forned
from any nunber of el ectrigRIBRYDESQORWELION OFTHAE IDRAWINGeri al s suitable
for use in the 15 interconnection of interposer 20 with higher |evel

packagi ng. Exanpl B&3.dfis 8 sidgrview ofa substratetusefdbin ass¢mblingssomeeambivdiments ofi

ot her o 1971 LA BhoPam FREbR e X BRI A5 bees BRI " Coope of

the present invenfi®n. is WhedtRnhhGdevieaFta poetic GmRlctnbddi@ITBF hiS Mité&pbséer
balls, the solder balls may be 20 di sposed within the recesses by any

sui t abl e metiade inpeeorgares wWith the prinaiplasod she presentimventinn; di r ect pl acenent  of
pr ef or med sol der 1S 1 . r for N face
D5: the 11 oodi ng S-cn o Sedishal 8t el stont EBROGRyPHr £kt SSnOREPRGHE TS
fol | owed by inbée meicoordhncefwitihtheprinaiples of tied prsinbihveRtich, sidim prikad di st ance
fromthe second surface 28 and therefore not disposed in a recess 30; and
t he di séési tMEWEYS; a 25 sol der paste directly within the recesses 30,

fol 1 owed by refl opg it heeapheiad feh et BRAsdifight SHITGRYLS obGlcugng from
t he openi ngs of recesses or, |1 the recesses are sized to constrain

formul ati on sabstsgalrer es, to form hem spherical protnzsions of solder from
t he nouths of rec s. 30. A sol.der, mask may applied tq.the second
surface 28 to facﬁlscfs'SdPé_sg‘éﬂo&élr“g“aYlFWfoPHﬁPaﬁl St ﬁ(qdwésq*ﬁqlw Sanner. 30
Recess 30 mayjteptative effbddintentd W seHik®ndalt6r Sa%kbg/es%%aﬁ%ilg ?&Gc%%&c&rm%he

i ncluding both additive and subtractive nethods. 1 is depicted a
subst ra@ bl principles ofithe preagntievention f or f ormi ng sone enbodi ments of

i nterposers 30 i ordance w th the . -5 present.inventi.on. Blank 10

ol ubes . subst r Bk oagarpatl ide 1o of antrRCo e Yk e P B0 p oy be
formed in thpuihlakématiee érab@liment dfRemidNBYASr sHckiFk flddelin adcdfd0¥éWith the
substrate layer 12 may be cut with a |aser, drilled, punched, chemcally

et ched, or tPrncipies of thepeasentiivvention;ddi ng chenmical to a depth sufficient to
expose conductiv I I Lt T, J Ut il stenci |
or patterned res?g 'Jﬁ%?isgdg Sf-g%ﬁ{%ﬁ%ﬁlgﬁbosf?ﬁ Ié%’éﬁ?lg%#&%%mgr% %‘lti)l!rflentk 8f?7‘fgcekgfirrent.

I n al t eehat i aserabiisdif ganicdondidier denleipacitagedhad®in feoidandewith therprimdiphetdi ti ve
nmet hod, vvithtlhe recess 3Q preforned in the substrate material and

| ani nat ed t o°fhe BrsatanXEBLPRyer thru the use of tape adhesive. Conductive
traces 24 may simlarly be fornmed by any suitable nethod, including 10 both
additive and subtractive nethods. In FIG 1, the conductive |ayer 14 may be
etched to form a BESITMODIRORSMODES EORIVARRYING QUASTHE INMENTIORY be

acconplished b in stencil or terning a.and, then renoyin
CondlrIEt : ve mat gr ?g&le{ehf’gﬂ’ghn%w@ﬁ@ﬁd@é? Bi(ﬁgﬁlt 6‘?‘{%; ﬁg’rortﬁﬁ’a‘%san IPWH%?F?IJ\'/(La? ive
erbodi mept s, inthGePAidRirite 20 WS HEESVID z{nﬂaaﬁﬁa%ebr?t‘bom}bti% trfagémd SBstrate 22

depositing the conductive traces 24 on the substrate 22. 15 Any suitable
addi ti ve t ecinay heéorowd of eny seithblesmaterials ingjudimgFRrdiesig andbismaletwidetpizaine by

etching or s ing and appl i themto substrate 22. .by. | vi a
conducti ve pa1yeT g difcrt, feambodients whers iy M deeired tatinrabestt &pfe o
otherwise as known in the art. FIGS. 3 and 4 depict a sem conduct or
assenbly 40 made in accordance with the 20 principles of the present
invention. It will be appreciated that FIGS. 3 and 4 are not to scale, but
are only representative. A sem conductor die 54 is attached to an

i nterposer 42. In the depicted enbodi nent, the sem conductor die 54 is
attached in a flip chip fashion, depicted by conductive col ums 56,

- N o Y o o N 1



.on the first surface 46 of the interposer 42. Recesses SO are | ocated on
opposite surface 48. Each of the conductive elenents 52 residing
substantially within the recesses 50 make el ectrical contact with at | east
one of the conductive traces 44, traces 44 being in electrical

comuni cation with the sem conductor die 54 through 30 conductive col ums
56. The positioning of a nunber of recessgs 50 on the interposer 42 may be
used to provide a grid array, such as a ball grid array (BGA) or -6 fine
ball grid ar m@MbﬂlﬁBﬁ@wb&&&e@iﬁ@fb&%}ﬁe@mn{ magrrﬁaaﬂﬁcgumas p@ylm@e@ enbl y
40 to hi gher leve ackagi ng. Sem conduct or assenb e atta ed to
hi gher | evel chskdgsuugble tapeheKapon® ofvadableafroinds. L. ijléanta{emosrs amd|(2nhmpmy/ be a

printed circuit bqar ot her 5 ruct Assenbly 40
P bl aced on-t he st AP lebiied e Bhod winSTA Shibe e eRLhidia” S5 ar e
llocated on apghsharded AGaceRihnahiiNe tAkéTAUIB BispHRH Bhihe SpobitaSirdthe cont act
pads 58. It will be appreciated that in addition to contact pads 58, the

attachnmen® peutfacs 20epd pee dcoessible tblfouah thege¢esaBf.eCondugtivastraces 2 olay b iy
conducti ve traces n_enbodi nent he . condugcti ve
o ot & 52" sREERy ATPRRiRHAT Wi alstnEBRETHAIERE Riabhe] RACREINEE ot ng ¢ he

sol der. The ERAHIdtIBIMAGsT4 BB EEFEhsET6h QRE AlitbR Infers tirdMidind m¥talicttiacss t he
recesses 50 allows the |nterposer 42 to be nounted cIoser to the substrate

S, reduci ng tde&feonper allpys ghothes metals, & senduplixe epoxy, [arplastic MatasiabeantARingNt s,
the interpos even be disposed directly on the
substrate S. %ﬁlﬁ&%tl§§§&gge§ld%%8€ ﬁé”?ﬁés sol der 15 ball conductive el enents

are refl goed and fA esndbictivieieldmenny2 magbe dispased i thy revesslB] niaking a0 leltetrichial |
within the recess 50. Wth enbodi nents where the interposer 42 has reduced
rigidity, ascRmRestionwithghercondciivetacesiZddhersiheoughn Desisablinieopsutd ifmy f1 ex
towards the Héé:"r Pthat Yhtd | ‘
depicts a si 3” cr%i%cséce{t ?ongﬁ p@ﬁ%ﬁtwc%? g((::t é?‘{selgtmf%oﬁggu%%dgét%%;ﬂy
assenbl i es fahﬁnm@xbeebessﬁ(hdtmldmmrmatdfd uhmyacqnduatwepleﬁsenmz mhxebqofoememt

nvention. It Il be . a cat t hat ke ot s in
e pr'esem ol v OF SSiiAtally gontl %eaat?eargm.%%r ko tele e P RRS Ll of

the pringspl %e&%nﬁéaﬁorpsﬁﬁ@gsosemmm ﬁlgherﬁ}e\fel padkaSifEl ELNMES StTcondrB®! Y 70
is attached to a substrate di scussed above Wt h respect to FIGS. 2

and 3. Conduclimentsi2dnelvdessolier ballsiand gelumagt S,truuc@msmfwgndructlm andreeoduestes 80

841 o di sposolea i PRioRasc Al putplifie SRRE R Supersp SRR " " ' ©

el ectrical cqpIpevfeRd presentiniéntione conductive el enent 82 through the
conductive traces 74. Interposer 72 of assenbly 70 includes an interconnect
structure al | owi ngVirese thesenductive pleipnth 32 sempase saldee hallsythe solder talixedy bey t he
first supfac I i i t A ructure 30
is repr eg‘ze)nt glofz)gsed g{upn 3?%8%%@@?%2”@%?"% rﬁ(ahﬁﬁgc?&%ﬁ@t@f unction

simlar to camilddzt thealitectGacemehtofippefomndt dotder BaiRlitoaduatmrofasesrbiyoho be
el ectricall y tachcg r{ahereto I ng erconnect ads 92 % be connect ed to the
pattern of cd ARISEORY, R e heflooding of the,spgongysurtane; 48 ith @ Rlyralify of golger

t her et hr ough,, ¢ ¢,{TBY, (pﬁ"y fHe r%\La‘f oﬁmﬂwﬁﬁl?ﬂr&&dﬁn RS $ianded ms{ancéafrom
conducti ve el enment t erelrn ternatively, a VI or other connective

struct ure nmayhdgcosbohirfaoe 2% ambiherefdre nett disposell insigecdss g/o wntl iheadi$positioh bfa

substrate_S or, the f| st .ass 70. 5 uctor ssenbly 100
ot hak a8 adpuerpnsia diteety PRRndad mhesis Hh Olosen by reluanb I S2der Prierhcs o
sem conduct orgygl Raleléméid ﬁ%ﬂﬁ&liné Brof e Bb&ﬁﬁ sDHrdRERs i@ér @ﬁth@ﬂecbe@&?&@oses

102. The sem conductor die 114 Ts in el ectr| cal communidation wt
pattern of coimddte camstraindommlaioa of spfeatsetd form hbmispharisel psotrd e of@cﬂder

depicted in t t thrqug wi r.ebon on 11 ec ses
I o e oot RE i S edkot A e Bap G R e SRS B HiRGeciTsniisady of
t he interposag fadliate Qoldbd AN E@IMRDNGRAH M teMntaAnéhe conductive traces 104.

Each recess 110 nmy allow el ectrical comrunication with one or nore

conduct i ¥@ traces Regdss 30amay hetfosneeddh eieesybsirate 22 by @nymuﬁp‘ds agansninchidingecesses

110 and may aftqt n t electrica
conmmuni cat i olrﬁ)%\t/\},i%I %(ﬁdﬂfveoand 3 t%gﬁxﬁp%th? dllgl%1§4 'S@P Ctet]dhaﬁ é%{%‘a'%i%é ﬁlggenbl y
100 i ncl udes raaysi ubed forasnid® Sonl entaRiaterdslpRiaRAoséd 30heac$ceﬁian§b wigh fiece 108
for facilitating the formati on of conductive elenents 112. The second

assenbly further includes a die recess 90 accessi ble on the second surface
108. Die recess 90 may be fornmed in any suitable manner, as di scussed above
with respect to the interconnection recesses 110. The die recess 90 is
configured to




«20 contain at least a portion of die 84. The dinensions of the die recess
90 may vary with different enbodinents to acconplish this purpose. If
necessary, die recess 90 may extend to or even through the first surface

| 06, desirably at a location other than die 114, or conductive traces 104.
Second assenbly 100 is positioned with second surface 102 adj acent to the
first 25 surface 76 of the first assenbl y- 70. Second assenbly 100 is
positioned such that conductive elenments 112 are aligned with the

i nt erconnect . . ' 00 1.1 ' it i e. ducti ve
el enent s llngerg‘gelﬁtl eﬁtuﬁ’[&%@ﬁ?%%ﬁ? ]ﬁggsi an{&g%tz%%lﬁlgg'{]%%{l & %Q?h(glc‘)’ggﬁyie%‘ﬂt he
assenbl i es i Recesa32 iraglbe dorated drythe 3ulthtratt |ayer by hengmelf of macsadal. cKormuni cat i on

t her ebet ween the assenblies 70 and 100 and the sybstrate,S. 30 Jurning to
FIG 6, ther exwlﬁéﬁma&dawaamygw cuf with & aset, dulih gpnchieds Q?SWEPG‘IX gehed,
assenblies 1 LS 1 ' udes a
sem conduct orgﬁg?%{g%%vﬁﬁg?;g%;&ﬁéﬂgﬁtﬁ%g? ﬁég?“g ??gtu g&@pfs g@%{%ﬁ%ﬂgy e())( &%ﬁc"r%‘yﬁos es
160. _ 05 Stayesotesetsobtratitiee fréthods miap utlizect sténcilor pauternet esisti applied toltha
pattern of conductive i%aces 174 di spfsagd on the first surface. A_recess
170 is accesSY fratedayer _pgﬁrptBﬁEPaH’b‘ﬁ‘Bs It te%'l?f‘f"%\‘&'@b‘i_ 'Qe'_éﬂs’ OSTRE 25 5Ys . A
conductive ebedfited ibd érﬁadiltﬁz@?&%ﬂ:d?%ﬁ%%b&kbﬁ p\%f&l?ﬁe'a ih iR sugGRss. Note

that in the depicted enbodinent die 164 is 5 encapsulated with an
encapsul ant matesial ard laBdated to e icdndugtivaddyerithmahe wreaif¢apteiadhesivs. t he di e 164.

Fi r st nbly 158 is attached,to a.s. te S wth.conducti | t
175" bonded o’ contabiuchit B58 24 ntayDirblan s ety Yok S FRRCH RO, dncei "
adj acent 100 BuihSdddR#/E afl subtradiivel mdiBoRP B BIG. 2! 1 cbmti«‘«my&rmqmyr&][&cma

first assenbly 158, as shown in FIG 6, may iInclude a pl uraI.itgal of recesses
170 and condi@farme dasiserbpatiern gfxondyative iraqes 24n Thisrmagy besasspmplished bal | gri d

. AL | ' i it hint . f: t
Mventi on.  SARATESHGEL: By AR ErliCs Hsilled bl el STORTOP Frefbial AR BN
sem conduct okchéhieal k8h crlotlas hredngd. dnlahernitivessmbdinients thk3fattein dfiebaduedses 130.

Die 134 is in electrical_ comrunication with at |east one nenber of a
pattern of céReRsAANY befaraed bydepgsitipgithe gonductive frages 24 on thepbstiaig22.depi ct ed
here by ywre . : i i

conduct i 05" ¢ P gutable adhifctelhnBlcddh (BLE RN 2 ORRRRE Rk pABripy;

i nt er connect etchingss sthipirigsand applging bhetn rsubsteato PR dyidpplysgacoddstive ace 148
and passes intp the g)ody of the i.nter ﬁ%s ]dgo. At | east one nber. of the
conduct i ve t PYEEr fuiprmdeyicess Y pritmg; endpetye;ink oF OBIRREE ot opedn 150, A
conductive 2@u&£lement, such as solder ball 152 is disposed in the

i nterconnect recess 150, in an electrically conmmuni cative connection with
at | east one menb&IGH{3 ardet depiad @stinicenductarassembly 40 madd inlacéadansp mathitbe ed

h d bl ve.130 i ncl. ude, ar b i
150 and 201 qoTRRer &t hESrelp ihVERst Ty ARto PR PRI 3NAR Blord 55305
for connecti geal®but fre oABTEpHRLentativs. AZemidofidiREdr BSS€ERichedQo b f Or ned by

attaching the second surface 148 of second assenbly 128 to the first
surface 166 d&fteippsesi2adn tetiepicted gmbpdiment thesgmicondiqteidie Shisattaghed in a

i nt er connect . Ml . i be . ch i N

el ectrical cﬁné‘r%ﬂfhfEag@:grc‘)’n(ﬂ’{cﬁe\ﬂc%'%ﬁ%@gﬁug%?ag%]% ?@g&?oqgﬁl lmgﬁbgnqg’grcﬁc%e&that

depi cted in Rhfmethodtknewh bé eHos@skiledtin seraCingy be iised AP LI SRANRBhaIs agne or
nore nmenbers aof .conductive traces, 174 30 di sposed on first surface 166 of
the firs®dasydti the seape ofthepresentisrentionodepattereof copdiceiyn Haeas 48ty dispased may
be any structur k t @l skill.ed in the
art that naytogéﬁ%*sﬁggmé‘gf g%? Pgﬁlglrl{gé{rg?%g? ?i gg%%%%?u%?é%%%@%"b@f \%algen first

-9 assenbly kbfacer@. Eachofithasesdustive d&Bentf\b2 residirdy substartially esthimrtke Wi t hi n t he
scope of the prese bﬂj@gve ti,or]. As sol der, ball 152 is reflowed to attach

t he i nt er confEesses fiplestrigg copfactyxith atleashene o the eandyetiveteacesd4 74, any
space remai ni A A ki IS L : . i second
surface 148 ttf)glg?is\rl\aad\:/vma'(lztI{kolg1 %%%?%alﬂc%&u#ﬁ%%nbi%ﬁ? g%eesce%%?ﬁ?ﬁﬁqﬁg r5 1 rﬂggh@l\ﬁg t he
hei ght 080t heosdurntike colarmsehth| ThelRBitiohing @b adinbemdfyesthses §0ionttler poser 130 is

constructed f.roma flexifhle terial, such as a polyimde ta t he reduced
o dl Ly of dugeE: A2duhe IS P Fha B A AL P EER A i HBGHY O A
non-rigid enbodi ment of first assenbly 128 is able to flex and adj ust

wi thin the avail able space, drawing closer to the 10 adjacent first
assenbly 158. Through these attributes, sonme enbodi ments of the present

i nvention may be used to create stacks of sem conductor assenblies with a
reduction in the overall height of the stacked assenblies, conserving real
estate in a device in both |ateral and vertical directions. Turning to FIG
7 is depicted a side, cross sectional view of nmultiple conponent 15 stack

. o o I I 1. . Y




«present invention. It will be appreciated that FIG 7, l|ike the other
figures in the present application, is not to scale but is instead
representational of the principles of the present invention. Simlar to
FIG 5, a first sem conductor assenbly 220 is attached to a substrate S,
which may be a printed circuit board (PCB) or simlar structure, as 20

di scussed el sewhere herein. Conductive el@nments 222, substantially residing
Wi thin recesses 221 are connected to contact pads 304 of the substrate S,
on first sur fiaebalBfid idar @BGA)Afos atthchanedtiaiddfitetbonstiBn bfthdiaseabBA0R a
first surface, 227 of the |nterposer 226 and is in electrical conmunication
with the condighe]geel PREREIE. 222 through the conductive traces 224.

| nt er poser 226 in i : 0.0,

connection with a%t erﬁdlafjlcg(')slje&ig 3}3%52)%&@ g%&tgd&ﬁ%&n{oﬁﬁéé{ ?érv El?ﬂﬂgﬁ%x%gé t]}e??. In

t he depi ct ed fembolth caemndr,substiate Sitvehictommelbd a ptimted tincuit board @@B)enrhedthey t he

i nt erconnect pa 224, as,discussed with respect taq, Fl 5 and 6. . A second
Son condust o CEREABYrST 6 SPlER aliceliEE Rbetrae Y Frhinadadfendpenis,
Second assemyehedls®2i E1046488 oR aRE P el 6l ctlicttdditnddt b_@iﬁﬂg%chfis fie first

surface 217 30 of an interposer 2l 6. The seni conductor die 8isin
el ectrical coontaetipads S®Hnltwiill be appreciated thatin addition ¢o consact padedB, 2e4, | ocat ed

on the first surface 217, depicted i.n this, enpodi nent. throu .he wirebond
connection 2% ’.“Chﬁbeggg%'g@ nﬁr%%ﬁr egiogﬁ%%taplﬁg{)rwg e, '—nfb‘dgl&fﬁ@c Ur Fa%e 215
and pass t hr QH@fg bitRrd Id¥mBbdiiefits wheRS the s&idudie diénéttd SMare QEMBLIBHIIS ahisON
with the conductive traces 214, Each recess 211 may allow el ectri cal
comuni c&@i omayibetgcesiaplishedyrreflewing thersoldsrt races 214. Conductive el ements
212 are disposed i he,. esses 211 S for..att achment..of the
nssenbly 210 and 2 iepaipTESrERaidke W R i iRE BinBobatESR 9 215

Second assenllyw2h@ ineypoberci2itd ®e totihed cReEl§ So the sibstiateeS, eodiritigtRebverll F1 G
5. Second assenbly 210 is positioned with second surface 215 adjacent to

the first sumpigheoftheassemplydOr iln eqrtajsephadinenss dhe integpaser 4kseeond urfageds s
SRR ‘ . . ;
Poter connect 13 fregho SRLE LRy ShifPRbardas, 356 iy WEfodtbillled dojder |

i nt er conidgct bplhdendd2dve dangits arg réflosved and fibwite filliany spage sdnsikinglar@undithe and
establishing e].ectrical. gomunicat] t herebet ween the assenblies 210 and
220 and ¢ he® Saklet kit g TFePR 0. Wi cbbagines Wit L8 TIGROST I8srnids
fabricated i '?igi’cﬁﬁl9£sd\§ﬂl§hq?o%éd'fr&ﬁﬁfp8f)‘xﬂ§étﬁ & $hfsséd¥sty ?g ﬁ%??lh)lc 'Fd(}%ﬁ'@ theh 1S

| ocated at a second surface 302 of the substrate S.
seni conduct orsubstraen® | fyrtiet @edusingtthaoveeall height.he second surface 302 of

substrate S. Cond ﬁig/ el erre%ts 242, suglstant'%all rfesidi ng within
recesses 241 are Lcég negfpé?fsf‘@ S PHEHPAR 13D 8 %Fta%/]ﬁ% S§ﬁ‘b°§’f18‘éctt%r S, on the
second spof aGeseaidies FAbSRIAIGA BELoRdAMEe Fith thAftinciplediof BRRekeM Indenkion STt willr f ace

247 of the interposer 246 and is in electrical comunication with the
conduct i ve elbeppreciated that Fggh likp ehecasherdigures in the presertapplication,|inneirtposer 246

conduct i ve el _ e plaaoninuakipos
accenbly 250 CHERHIRERR RptEhulidhalls BPARIY o REPREN Bl ARG G ren:

t he i nt er connemicosductistagsemblys70 i pttached ted subytrate S, andieduswarBete Wikl sespdot
| ocated on the_second surface 249 and simlar to those discussed previously

herein. A foufFECSehitdohdbendyetivesdamints 82 sepstaptiallyreridiag yajhitcrepessestfd ar¢ r st
I’Tb | 40 . i 3 t . H

28 o RS oPRR S SEREL O ot |,

di e 258 is i fabtesntfacec?d oftberimerpeset VD andnk irhelectpicil tenmunitatandtictheve traces

254, located on ,the first surface 257, depicted in_this enbodi ment through
the wirebond “CBHHFLYE F'GWC'Z@Q.tE‘Wé‘&EM“M‘V%lfrécedﬂépé%téﬂ’oﬁ‘ﬁ ek apserdly Wur f ace

255 and cont ahdhyds GRHILELANE: ﬁh@ﬁﬁéﬂa&“@égfope&we%muﬁLﬁ&m'aysehﬁsﬁry fiorom 30

Conductive el enents 252 may be used for attachnment of the asse 250 and
el ectrical comacked emthedinstwsitfacet6e Is thei depicthdendoditient, 2BSintefétinnect agsentel y 240
may inclyde a die recess as .in the enbadi nent of FI . -11 Fourth
assenbl y l:@50 ¥ Eepbeégtﬁf‘f@hg‘ﬁ ntercnrect pads ggr E’ﬁ’&rgo’%’ﬁt %ag];s 3? SHetioR Siphlar e ¢ ong
surface 249 Qlontabepdds 8B CalRSHRHRother &hicdrAUEtoP a RERBINRS Be ellribalyR@atiddoned
such that conductive elenents 252 are aligned with the interconnect pads
243. Conduct itheretel dnteraosnens padsrdd mayehe dooneiiet todhe pastermobgondwuetive ttrapesdit, 243,
coupling the assenblies into 5 a stacked array, and establishing electrical
conmmuni cation therebetween the assenblies 240 and 250 and the substrate S
It will be appreciated that the stacked assenblies 210, 220, 23 0 and 240
are representational only and that as nany assenblies as desired may be
utilized to forma stacks on a surface of a substrate S. By stacking

mul tiple assenblies on the different 10 surfaces of the substrate S,

Y M Y Y T 1 L o



«In accordance with the description provided, the present invention includes
a nethod of form ng a stackabl e sem conductor assenbly with recessed

i nterconnections. This nethod may be practiced by providing a substrate to
forman interposer body 15 having first and second surfaces, then disposing
electrically conductive traces on the first surface, disposing a stacking
el ectrical interconnection structure on the first surface and formng a
connection recess in the second surface and passing through the interposer
body to expogsd &fcondadive @tneatsBIRe el @phS brandyl be diRBedne&ed t@ge di sposed
on the first surface. A sem conductor die is then provided to the first
surface, sucKeHR0, ¥itha cpnductive elsmguicthereingiAdternatively.c e oF pibar canpestivai cat i on
with at | easky oG oSVIRGlbd'h Ghith My SROANG WiNGMEARE «HHRRISG R0 the
first surface then an electrically conductive connection materral is

di sposed sub¢éitsanssemblyy70mi t hi n t he connection recess, such that the
electrically condyctive material is in. electrical]y. conductive contact with

the at !e%st one S%X?é’cPeB’l“Fé’“éll“iéﬁrtqu_ ly JOQis stagkad W"F‘Ftéb“eﬁrsﬁﬁsﬁm_@ﬁ Phe
met hod i s pr &etdd&dsentbly HINRREAs 2Bl BRG BN F1 44ttalchid thOfAPLIHHE $od he
procedure. For exanple,” the die may be attached 1 n conventional or Ip
chi p f ashi onof @himtepdseni02li Biposmimpniintoradie t 14 is daélegtricad nomomnicationonitioaind i n

th ti I d i dj i ng the_el i cal | duct i
compound. i n SRET P eandegiivedrasenl 4 BooelsARadee fiet wotere PG, apadien il Ve
connecting elgpbdifedd thougR MbAGHéboRd thb@fettion 8. IhcBisEST 10 fakiisyoe@ et | ve

conpound connection nmay be a sol der paste disposed in the recesses and
refl onedl® o #epond swifagerl O and pass treughthe bodit of theiintdsposer pAR tpialfiode | ex t ape,

or other material.. The elegctricall. ond ixe.trace oul d. be for.nmed by
otching a . ChbRpicdit FF Bl IpRdictiye GRS ik, KEon e TLE iy Aok plga
di sposi ng t r asmfmublicatesi With BRO6r hdte chbhditivettided 164, GBndIchES Elbmaits Y12 are
conductive trace may Serve as t he i nterconnect struct ure, or a Separate

connect i on paispegy ibtheuseeases FiY andbiay be wed forettashment pf the apssmblydl A0rrngdhe
second sur f a%ﬁcﬁri‘cgl c%ﬁﬁl{m{]n?cqtigxl &{tﬁ”tlkel segl? %P@thrcdlgtl Fz{j ﬁgt%tthgt@gcso%dopt lons are
illustrative only an at ot’her usetul options ‘known or rteadily

ascert ai hfibl assemblyl@sdnckdel hadldemmaskel 0ardisposed addjacets €6l thefseedndaurfadet 1081 | | be
appreci ated that .the present invention includes a nethod of formng a

semi conduct ofPTA8dWANE the Tormeatinp phepnduetyeistenmspticizced by providing a
nonrigid substrat gt Qecfoi?{i le@ﬂblg@?ﬁﬁe?%ﬁfgepggﬁé rBARUd §18adckdsi &P@e%@&%d
surfaces, disposing 10 electrically conductive traces on the first surface
and form ng audaweri€8:t Dicrecess 88 mayrbetftrmedar emdsuitablé amenaa daassedgbder ough

t he interposer, hbodl%/: to Fx,@fse at | east onﬁ11 exposed el ectr.i cal conductive

trace di spos&ddfe Fltetioft ¢ er%‘li‘r“?“&'@é.re%ssseé (_t):o ?6?°e§f!9é) ' §0 f?dﬁPovi ded

and attag@edcmamﬂefastras;hrﬁw bediesh NTR &ﬁkﬁdi&ﬁ'ofmy%cﬁﬁtgo%})’%}—fwﬁh | east
y

one connecting electrically conduct_l ve trace. Next, an electrica

conduct i ve cofesent emhodifents tpacaothplish Hispuoed Huosdssany,idid tegessid0may t he
connection recess.in elegtri | onductij.ve, contact wit.h the at | east one
exposed one 8?"‘88??1 %raquzg}ﬁg&;éﬁtb?ﬁ{f 54 aﬁﬁgbg,@s'ﬁﬂyb' a l%ﬁ‘i’ﬂnf’ eéaﬁgt hod is
practiced, adpuniaesr &ndogive@RsescAa, be utilized to optim ze the procedure.
For exanple, the die may be attached in conventional or flip chip fashion.

The act of di sposiSaepndiasseanbbciQo s apsijoned ndtheerand sudagsolP3cddjagent ite thr(first
connect i r Q i NC LSPESI he, el.ectrical ly, conductive
compoundZin Sie, B AR 2P B8 e ipFiBF b onde SRR

connecti ng elcenducticatlentertd DIgre ialigned vithethe i@ caineetpad € o2, layid dideeest by &
conpound connection may be a sol der paste disposed in the recesses and

refl owed to RBNeAIEhle 8halCpaductiye eleenis bkkargalienhondedtodhaintaicanmect
licati ] i i , th
oo CaU1 0 ko2l ek LRSS0 M FRIBARLY, 1T

of those t hatcompmuhicatien thebewaercthe tassembliéssi0aand € 00 hhétheubbdraed € may be a
pol yi m dg flex tag,e, .or Ql%lgiré mat eri,al,. The €] ecéri cally conductive traces
may be foPned by ErEHMAY ¢ taere;ig depigred 2 gPrtigp 9E | sigek { Hoksemigondugterace or
by di SPOSI N aldeSs F"EY5Y. ¥ROMrs) MnildrudlioP MLiftF. 1 RMndthRSL! | Cal |y
conductive trace may serve as the Interconnect structure, or a separate
connecti on paem@0Ondveiorisiee Lisledtaciiadrto s firstasudiaee @oafan imeaspober 160r med in t he
second surface, if desired. It



W ll.be appreciated that these options are illustrative only and that other
useful options known or readily ascertainable to those skilled in the art
may be used -13 It will be appreciated that the present invention al so

i ncludes a nethod of formng a stack of sem conductor assenblies. A first
sem conductor assenbly is assenbled by taking a first substrate to forma
first interposer body having first and segond surfaces, disposing first

el ectrically conductive traces on the first surface, 5 formng at |east a
first conneckb@Roh®ibisid 1648 64RM coHmlAcRIANFIPARMAIM of fUnal&lvet he first
i nterposer body to expose at |east one exposed first electrically

conducti ve t traess 1A slspesed aprthe fiwst furfage. Auedeas &70 ismosessihle gn thefsecantd

sem conduct or__di at.t achpng,. the first ,sem.conductor die to the first
surface i n orebufe alitBaRh AR eanidi o CRuAREihL i iBebRg 1 1 ot

el ectri cal |y satantigityl wighih fiRGEceds. SINORQRat i tHeliRpicted mbddinfeaAt §ie 164 &POSI Ng an
10 electrically conductive connection conpound _ substantially within the at
Least firt €nfapadatediyithaseacapgpant mtmabré?% peqyidipg additinnet protectiomtoathe wit h
the at | east e ' I r LV, nd

sem conduct Old Rl'ggs""e ?@a%?es?fl H‘szgegn§|a§§$hﬁ§?‘?gk‘¥br?§9%c§ég&é%‘n° né uc@g?Flgégﬁttel? forma
second i nt er posded tboditadtapdad N98 bhsubstrata 8, irlyetdndssukthec B8, adglicerasi ng second
electrically conducti ve,iéaces on%{)he hi %lg iiurface di sposi ng 15 at | east
a first stacRybsgaie el will by annreciatedihalihe emhodimeptcaf fire assemblyel XBnas $hositr f ace,
formng at | ' i

passi ng throug Ki{ %éﬁlggg{gﬁlgg?%ﬁ?%%gg?&%gﬁﬂoo&gkggg%ag{ &Plgglg% flgér:]gmglxﬂl osed
second ell@ct aneahy, puchoasciballigvid atmapc All ductpostedimentd dre idchided withinf the egope

provi ding a Sffhg”d sem conductor die, attaching the second sem conduct or
die to the tRf M PESFREABEPAYe| ectrical conmunication with at |east 20 one
connecting secondseddhalsbhfhduttdrA8dHbly MR ShidR iAUIRRE 3 6mRBnduorRe pixd

surface, and disposing an electrically conductive connection conpound
subst ant i al | ptteghedinthetisst surfaced36 of interposer d3theliei 164 is immbstricahd i n

electrically conductive contact with the.at |east. onge exposed second
ol ot 11 cal |y EOMHEIACF AN qfihgubel 58 bt PR L SRR PREL 1 Gusied
sem condyst olon $isst SuPAcE 136, dplobsdiRee ByPwirboniNBs d Dedl1 T4 tRé elbdificgecond

sem conductor 25 assenbly, such that the at least first recess is aligned
with the sta&RMsgtien ©@dhe Penductivgiteaceompebe ensapsatescwith an encapsulane

electrically | V i I: ithin the at | east
first recess nﬁdg%g{egg%%'e‘g? W%gﬁéétggcﬁgﬁwgggcgggﬁlfﬁggﬁ%%oggtp ﬁgl{eastec?n?ast first
st acki ng el estifficedHs iand passarimeahe badysdfithecintesgosed 130M At led3eommeanbditiof thwat

details of the cflpgar at us _and net hods herei n_ described can 30 be varied
consi der abl y SQRQUSHYR trarep aF4 isRgeessiblmtirauship duprconnest seespd SO Arradychivent i on.

The cl ai al i - Of: j i {V nd as
doscri bed hotapient Sl sbg, RAAR iPlindonly i HERarange: H£RRE A B o
assenbl y conplectically. commemdatdenchnnectiondvieh atJeast orenmermgbed of titeaopdistise

conprising an interpaoses body havi,ng a first surface and . a,second, surface,
sairrg i nt e?poérélgesf I 'Ito feWﬁlcbWBﬁeg'iaWd :tﬁaélsﬁ‘if’t“p iaﬁsﬁf‘“l%{)' @@ﬁ?ﬂ)’df“fl\}%" any Juaberpfs nosed

on said firstnsdbhReErec@bes 158%hd 9618erVafi§ i 42, Edthling £dAeLy Mifeht kaoRd el ng
el ectrically connected to said sem conductor die, and 10 a connection
recess for meduifaved 4B dormooneetios of thaesserbly 128ssi ng t hrough sai d i nt er poses

body to pose at | east one,electrical onductive trace disposed on said
Frot suffhoe: and ShvensSbf LA el s efird i e ond Hifach28RPetotd
subst anti al | yssahblyl 12838k fHovIeREd 166 dfem%gsembgv RN tRaebssWish s Aighéll with | east
one exposed el ectrically conductive trace. 15 2. The sem conductor assenbly
of clainl, waBiéereorRgristRIchIe oHeNwe dire assembliss th kpastasheddn elsairigalsecond
surface. 3. ], € r | aim .1 r.ein. ast one
exposed 20 eﬁg‘?{"?‘%ﬁgﬁﬂgg‘%&é@ \§/§ 1r%té(‘: gké%err%?llggg é“s‘e“\s@.g%lgtﬁi* "}alt(:alegj's t% ’ %‘ﬁe

el ectri cal | y imencometedreheeisrepradentedae bdei6 mdee mhémes ofcondii®@ive @fab&orrduct or
assenbly of claim1, wherein said sem conductor die is electrically

connect ed0wi dfspesgd Pndlrstisuriase 1R dhedistraseamtily 1 tonhedisaised abeva theal I y 25
conductive tERLe,MectstitichFORMAY b€ YKLt known, or readily ascertainable, to those

skilled in the art that may be used establishing electrical communication between first



. 5. The sem conductor assenbly of claim, wherein said sem conductor die is
di sposed on said first surface. 30 6 The sem conductor assenbly of claimb5,
wherein said sem conductor die is flip chip attached to said first surface.
-15 7. The sem conductor assenbly of claim®6, wherein said sem conduct or
die is attached to said first surface by at | east one sol der connection to
said at | east one connected electrically-gonductive trace. 5 8. The
sem conductor assenbly of claim1l1l, wherein said electrically conductive

material CcoMpidemBy 138904 8&0nd Fsserhb§ 128 MANQNEH G REurdS 58 Wihih BE sedpdiofie,
wherein said interfposes body conprises a flex tape. 10 10. The

sem conduct opreseanughtiorof claim 9, wherein said flex tape conprises a

pol yi m de tape. 11. The semni.condyctor, assephly. of claiml, wherein said
Ol entr1cal 1y 15 oonatle: Gl Tsp LEHSHE s REER Moo odunrdy S BeBa®h  ne
first surfacefcdnductiaraedl 70 aal§labd reaaiifithif recebsl I0id filled¥yesokien Fhik d
netallic traces conprise a copper alloy. 20 13. The sem conductor assenbly

y A
of claimi, elewhiecordiwstare]dffotiawslosgrdaithefirstsustoee bop, fyrther sadycing the
encapsul ati ng_.sa g% G hes ' [ I.sing: a
nonrigid int gflgges(géﬁ%o y Eg%ﬁg&aﬁ i rI% 2%dﬁ\?gé:tgkglﬁ%q§t%§)é’§%b§§rface; 25
el ectri cal | y convn@iuiet ifvom 4 fladisie natesiph) sech a3 podiislideitasy tieuedwred rigiitg ol
connecti on recesa forped in sai econd sur.face, and passi ng tg,roucéfk)lﬁ ai d
é

i nter poses h&gRPNE dsseBlyslZ8 alloveRuthenieducsiondn hejght ot pen-eigidinbedinst e
traces dispo Is | f P > ' Qﬁfn? '
sufficient v%F%nrrlg@tlo%%slﬂ%gsl% %ﬁfﬁx%ﬂfi@ﬁ]@é&n\?@lﬂ%%g%g%gdp g‘gbl’ Iapdpr ?IE%}I 'rtggle

t her ef r oi® 30 adjacenT fisst assemmblydS8&s Thfough dHiese dtdribundse senaerstzdiinems ef the peeserhody

conprises a flex.ta
P mventlom%

Ey' be used to create stacks of semiconductor assemblies with a reduction in
the overall height of the stacked assemblies, conserving real estate in a device in both
lateral and vertical directions.

Turning to FIG. 7 is depicted a side, cross sectional view of multiple component

15  stack of semiconductor assemblies fabricated in accordance with the principles of the
present invention. It will be appreciated that FIG. 7, like the other figures in the present
application, is not to scale but is instead representational of the principles of the present
invention. Similar to FIG. 5, a first semiconductor assembly 220 is attached to a
substrate S, which may be a printed circuit board (PCB) or similar structure, as

20  discussed elsewhere herein, Conductive elements 222, substantially residing within
recesses 221 are connected to contact pads 304 of the substrate S, on first surface 301
thereof. A semiconductor die 228 is disposed on a first surface 227 of the
interposer 226 and is in electrical communication with the conductive element 222
through the conductive traces 224. Interposer 226 includes an interconnect structure

25  allowing for connection with another assembly 210 stacked on the first surface 227. In
the depicted embodiment, the interconnect structure is represented by the interconnect
pads 224, as discussed with respect to FIGS. 5 and 6.

A second semiconductor assembly 210 is stacked adjacent the first assembly 220.
Second assembly 210 includes a semiconductor die 218 attached to the first surface 217

30 ofaninterposer 216. The semiconductor die 218 is in electrical communication with a

pattern of conductive traces 214, located on the first surface 217, depicted in this

embodiment through the wirebond connection 219. Recesses 211 are disposed in the



.-16 16. The interposes of claim 15, wherein said flex tape conprises a
polyi m de tape. 17. The interposes of claim 14, wherein said electrically
conductive traces 5 conprise netallic traces disposed on said first
surface. 18. The interposes of claim17, wherein said netallic traces
conprise a copper alloy. 10 19. A nethod of form ng a sem conduct or
assenbly conprising: providing a nonrigiggsubstrate to form an interposes
body having first and second surfaces; disposing electrically conductive

traces on saisgbohl s8iface 15 A€ pass %Bﬁ%}i}th@ bE@NORERE iR phRE236 td Alicsdl d second
surface and passing through said interposes 15 body to expose at |east one

el ectri cal | y comnunsationewith theeonduntive traces 2 14.aEdclf iecess 28 Linfay abow pleotyicali ng a

sem conductor_die:. attachi ng said sem, conductor,.die t aid inte ses body
such that  sacamenieRiHETch Bl GRabeISMIIEHES 2 Eahfislit GemsHS aRERe,

| east one el &ixpbicddh the reeRsBICl 1 ¥R bpbeusta foii fpeRAEht O tifeadssnibly 310 &idr f ace;
and di sposing_an electrically conductive material substantially within said

connect i oh r Eteetival comepnnigation with dhestegicantugipr die @bhdBecond esssoly@ifdnays i n
o et} oLl AU LEsSplot kg it boast one xpescd ety cal
seni conduct or _di e Secorrasseatblya® 1Ceis posigorrd ivdthsseoormiomefacd DiS adfjazeditao $iad fitsf i r st
ncapsui ant SURCCoR! B DErATEGHEATDLGR i Seconbassgm e sdRbanetoueh den 1o,
e e SSSMATSUGRBRT SRR e 965 oS OIS,
wher ei n 30t aeleimegts2d R cresthen bonddd ¢d the inteohmect pads 224, coupling the assemblies into
a stacked array, and establishing electrical communication therebetween the
assemblies 210 and 220 and the substrate S.
Similarly, a stack of semiconductor assemblies fabricated in accordance with the
principles of the present invention is located at a second surface 302 of the substrate S.
15 A third semiconductor assembly 240 is attached to the second surface 302 of
substrate S. Conductive elements 242, substantially residing within recesses 241 are
connected to contact pads 305 of the substrate S, on the second surface 302. A
semiconductor die 248 is disposed on a first surface 247 of the interposer 246 and is in
electrical communication with the conductive element 242 through the conductive
20  traces 244. Interposer 246 includes an interconnect structure allowing for connection
with another assembly 250 stacked on the second surface 249. In the depicted
embodiment, the interconnect structure is represented by the interconnect pads 243
located on the second surface 249 and similar to those discussed previously herein.
A fourth semiconductor assembly 250 is stacked adjacent the first assembly 240.
25  Fourth assembly 250 includes a semiconductor die 258 attached to the first surface 257
of an interposer 256. The semiconductor die 258 is in electrical communication with a
pattern of conductive traces 254, located on the first surface 257, depicted in this
embodiment through the wirebond connection 259. Recesses 251 are disposed in the
first surface 255 and contain a conductive elements 252 protruding slightly therefrom.
30  Conductive elements 252 may be used for attachment of the assembly 250 and electrical
communication with the semiconductor die 258. Third assembly 240 may include a die

recess as in the embodiment of FIG. 5.



.said. first surface conprises attaching said sem conductor die to said first
surface with an adhesive and then form ng a w rebond connecti on between
said sem conductor die and said at | east one electrically conductive trace.
5 24. The nethod of claim 22, wherein attaching said sem conductor die to
said first surface conprises attaching said sem conductor die in flip chip
fashion to said first surface with an elgqtrically conductive nateri al
maki ng an el ectrically connection between said sem conductor die and said

at | east one el ectFougRbisgmbgP306d posRiohediGath fitdd surPace DHS adjatdnbeb Mk sedoai m 24,
wherein attachi ng said sem conductor die conprises _disposing said
seni conduct orsuidace 24P of thethisd assombly 2481 Hayrtihagsembly 35Q iginesitioped sushtahce and

rofl ol ng. salcdh BRUSE LB 353 BB InSENIRS piRoh Sellgenglict or die

to said at | east one e ec%rlcal con rve trac et hod of
claim 19, whetetientsdi52posiheg baided te cerintemdohiyece padd 248 | somplifgd ¥he lasdemblies into
substantially within said connection recess conprises disposing sol der
within saPd @cHitked Maa, prtestablislyng electrieal compppigaiagitherebgtiveerghe wher ei n

di sposi ng sol LdJu | ' ecess conprises disposing a sol der
ags%hgﬁéstilforhna%é ah@THASERHALL §.

paste wthin said connection recess and then reflow ng said sol der paste to
form a sol der bal It wilihe appeecintditbat thd stadkail ass2mblids210h220, 230pmd 240get he act

of disposing a solder 25 sk over said second surface, prior to_.disposing
Shi d ol der EBEnEPR e b A ety oemaies es desred B e IS gemal o
19, wherein RN 64 £8urfact ¥Pa biRirStels %‘,oaam@@ hiltifle RERELLQASHYhE affRFdng €S
providing a polyimde flex tape. 30 30. The nethod of claim 19, wherein

di sposi nd0el sutfades af the substratecy, ifurther redustionscfithe aveaunt of spaegycansemed bycart r aces
on said fir Stassseumrbiyai%selde an electronic device may be realized.
In accordance with the description provided, the present invention includes a
method of forming a stackable semiconductor assembly with recessed interconnections.
This method may be practiced by providing a substrate to form an interposer body

15  having first and second surfaces, then disposing electrically conductive traces on the first
surface, disposing a stacking electrical interconnection structyre on the first surface and
forming a connection recess in the second surface and passing through the interposer
body to expose at least one exposed electrically conductive trace disposed on the first
surface. A semiconductor die is then provided to the first surface, such that said

20  semiconductor die is in electrical communication with at least one connecting electrically
conductive trace disposed on the first surface then an electrically conductive connection
material i; disposed substantially within the connection recess, such that the electrically
conductive material is in electrically conductive contact with the at least one exposed
one electrically conductive trace.

25 When the method is practiced, a number of options may be utilized to optimize
the procedure. For example, the die may be attached in conventional or flip chip
fashion. The act of disposing the electrically conductive compound in the connection
recess could include disposing the electrically conductive compound in electrically
conductive contact with the at least one connecting electrically conductive trace. The

30 electrically conductive compound connection may be a solder paste disposed in the

recesses and reflowed to form solder balls. The substrate may be a polyimide flex tape,

or other material. The electrically conductive traces could be formed by etching a



,-18 31. The nethod of claim 30, wherein formng netallic traces conprises
etching a netallic |ayer disposed on said first surface. 32. A

sem conductor assenbly conprising: 5 a sem conductor die; an interposes
conprising an interposes body having a first surface and a second surface,
said interposes further conprising: electrically conductive traces di sposed
on said first surface, at |least one elecyhically conductive trace being in
el ectrical connection with said 10 sem conductor die, a stacking electrical

I nterconnect m&ll&tl%tgﬁggseg%itﬂgﬁ}sp&r%kg&t by & og&gq&@s; it} Bpéh tﬁeﬁgggne .

i nt er poses di spose al rst surface, —an onnect i on’ recess
in sai d secosdfear Anctectdllpewsluctiyetthace ngly sk ds thetisteposeest Sodure,mraxpose

at least one electrically cqnductive,trace 15.di sposed . on. said first
Surface; and ST GG A MY R HSC- KITTHER & i Fect SR dotnidn rsecand,
Wi thin said gaRRRGKHENed CRSHf bk '&gﬁ@ahﬁﬁ thatkHebe 3&1&5 rRSRALR ol BRI thane
electrically conductive trace. 33. The sem conductor assenbly ot claim 32,

wher ei n si dogheniisefisl dptionskngiva o2 gedddy dscspaivale tnthesed dilled dothd agundydse. 34,
The sem conducet or assenbly of claim 32, wherein at | east one exposed
el ectricall yufbéinduct Ive trace conprises said at | east one electrically

connected el ectri paithet, € WMdbeigprecidtedmat the predont iMratiGemtiaaaduméasd assenbl y
of claim 32, wherein said sem conductor die is in electrical connection

with said at foreung a samicanduetor pesembly. dbismeathadomay kepresticadl by pecitingt i ve trace
by a wireb Onﬂo&t@éfﬁ' §iftstrR%-to form an interposer body having first and second surfaces, disposing

10 electrically conductive traces on the first surface and forming a connection recess in the
second surface and passing through the interposer body to expose at least one exposed
electrically conductive trace disposed on the first surface. A semiconductor die is then
provided and attached to the first surface in electrical communication with at least one
connecting electrically conductive trace. Next, an electrically conductive connection

15 compound is disposed substantially within the connection recess in electrically
conductive contact with the at least one exposed one electrically conductive trace.

As above, when this method is practiced, a number of options can be utilized to
optimize the procedure. For example, the die may be attached in conventional or flip
chip fashion. The act of disposing the electrically conductive compound in the

20  connection recess could include disposing the electrically conductive compound in
electrically conductive contact with the at least one connecting electrically conductive
trace. The electrically conductive compound connection may be a solder paste disposed
in the recesses and reflowed to form solder balls, this process may be aided with the
application of a solder mask to the second surface. Alternatively, the second surface

25  may be flooded with solder balls, followed by the removal of those that protrude above a
certain distance. The substrate may be a polyimide flex tape, or other material. The
electrically conductive traces may be formed by etching a metallic layer disposed on the
first surface or by disposing traces directly upon the first surface. An electrically
conductive trace may serve as the interconnect structure, or a separate connection pad

30 may be used. Further, a die recess may be formed in the second surface, if desired. It
will be appreciated that these options are illustrative only and that other useful options

known or readily ascertainable to those skilled in the art may be used



.30 36. The sem conductor assenbly of claim 32, wherein said sem conduct or
die is disposed on said first surface. -19 37. The sem conduct or assenbly
of claim 36, wherein said sem conductor die is nounted in flip chip fashion
on said first surface. 38. The sem conductor assenbly of claim 37, wherein
said sem conductor die 5 is attached to said first surface by a sol dered
connection that electrically connects saijg-sem conductor die to said at

| east one connected electrically conductive trace. 39. The sem conduct or

assenbly of cl ai m3gi Hé/raPmbiat_eaam tifd FedenDiver tRa alsoGdluded b MefIyINICt i on
structure conprises an electrical connection pad. 10 40. The seni conduct or

assenbl y of d&oraing Bstack gfffemiconduchorchsaampdivg. ndy fisst semicprdyctargssembbrifiect i on

structure co ' an_.el eckricall 0 Clé Ve i S 0 id first
Surface 15 el ot bl Rbtrlte (ORI Ak inld RS B ARGRE Vel
el ectri cal | y sesondugifices; digpbsing fifst Elodtritdlly@snductioe tetes ofiZhe fllsesusfass, conduct or

assenbly of claim 32, wherein said interposes body conprises a flex tape.
20 43. The sdprminheileash? fiesk sanmsetiongecess iy the secongsarfase and pasging thaqughthe

conpri ses a Wgtﬂtgijgggerglayto & ogse-q;gea?te(me gﬂgééﬁtﬁ?gt gfé%ﬁ‘fc f é’onﬁa?tﬁfle%iagé 32,

fiarther conprisi reces ormed’ I n sald second surface and said
i nt er poses bdiposedaindhelfimt surfaeg provadihg g dirst derhisonduetaxidie, attadhagshe firspor t i on
of a second semn copduct or The sem, conduct ar asseﬂﬁ%iaof claim 32,

Sherer noai d STEGRICAN Kb ochi Bt Biree b Srmy Seat R oaN 3t o oA
di sposed on gghfbcling fifst SLEHIAHS cortflictive trace disposed on the first surface, disposing an
10 electrically conductive connection compound substantially within the at least first
connection recess and in electrically conductive contact with the at least one exposed
first electrically conductive trace. A second semiconductor assembly is assembled by
taking a second substrate to form a second interposer body having third and fourth
surfaces, disposing second electrically conductive traces on the third surface, disposing
15  atleast a first stacking electrical interconnection structure on the third surface, forming
at least a second connection recess in the fourth surface and passing through the second
interposer body to expose at least one exposed second electrically conductive trace
disposed on the third surface, providing a second semiconductor die, attaching the
second semiconductor die to the third surface in electrical communication with at least
20  one connecting second electrically conductive trace disposed on the second surface, and
disposing an electrically conductive connection compound substantially within the at
least second connection recess and in electrically conductive contact with the at least
one exposed one second electrically conductive trace. The second surface of the first
semiconductor assembly is attached to the third surface of the second semiconductor
25  assembly, such that the at least first recess is aligned with the stacking electrical
interconnection structure, and the electrically conductive connection compound
disposed within the at least first recess makes electrically conductive contact to the at
least first stacking electrical interconnection structure.
It will be apparent that details of the apparatus and methods herein described can
30 be varied considerably without departing from the concept and scope of the invention.

The claims alone define the scope of the invention as conceived and as described herein.



.46 The sem conductor assenbly of claim45, wherein said netallic traces
conpri se a copper all oy. -20 47. The sem conduct or assenbly of claim 32,
further conprising an encapsul ant nmaterial encapsul ating said sem conduct or
die. 48. An interposes conprising: 5 an interposes body having a first
surface and a second surface, electrically conductive traces di sposed on
said first surface, and a stacking electhhgal i nterconnection structure

di sposed on said first surface, and a connection recess forned in said
second surface and passing through sai gyi r poses body to expose at | east
one of said electrically conductive traces disposed on 10 said first
surface, sai Wiabisndamedis: recess configured to contain a sol der bal
substantial ly mﬁtEin the connection recess. 49. The interposes of claim 48,
wherei n sai d stacking & ¥BYGAngYtos W%‘Pﬁiﬁ%ﬁ‘?{g‘&rﬁ'% structure conprises an

el ectrical cqnBgcbh@Ridiafk;15 50. The interposes of claim48, wherein said
stacking electrical interconnection structure conprises an electrically
conduct i v t mraoerigid sporpesktr enmpasing dn interpaser hadydaving agitst sTifeceiand arspewnds  of

claim48, wherein said injerposes. body conprises a flex tape. 52. The

i nterposes of cl ais'r\ﬁ(il eis,a‘({/\ﬂg’?%qsﬁr félgﬁedyqof‘}?g&f‘%pe conprises a polyi nide tape.
25 53. The inter peregically condidtivé GracdsWidpdSdd SHOVAR firSt suefade, di Radt@fgss forned
in said second surface and said interposes body, said die recess configured

to contain at |east a glsetrically @ndurtive traeabringelentrienlls comperd to yéd i nt er poses
of claim 48, wherein sgig rica conductive traces conprise netallic
traces di sposed on sai gérﬁ'ﬁg‘g@%{soﬁrd aé‘@/ -21 55. The interposes of claim
54, wher e)dn sai d aebahdction tecasdornedripkdid secand apfaee and pasying through said

interposer body to expose at least one electrically conductive trace
disposed on said first surface; and
an electrically conductive material disposed substantially within said connection recess,
in contact with said at least one exposed electrically conductive trace.
15
2. The semiconductor assembly of claim1, wherein said semiconductor die

is disposed on said second surface.

3. The semiconductor assembly of claim 1, wherein at least one exposed
20  electrically conductive trace comprises said at least one electrically connected

electrically conductive trace.

4. The semiconductor assembly of claim 1, wherein said semiconductor die
is electrically connected with said at least one electrically connected electrically

25  conductive trace by a wirebond connection.

5. The semiconductor assembly of claiml, wherein said semiconductor die

is disposed on said first surface.

30
6 The semiconductor assembly of claim 5, wherein said semiconductor die

is flip chip attached to said first surface.



.56. An interposes conprising: 5 an interposes body having a first surface
and a second surface; electrically conductive traces disposed on said first
surface, said traces in electrical communication with a conductive el ement
accessi bl e on said second surface; and a die recess forned in said second
surface and said interposes body, said die recess configured to contain at
| east a portion of a sem conductor die. 148.57. A nmethod of formng a

sem conductor assenbly conprising: providing a substrate to form an

i nterposes body hgvi ng e kbhbndiictdr %gsgm?%f%laﬁﬁ SORferei’shidGEmicdh@ResH i
electrically conductive traces on sal I'rst surface; 15 disposing a

st acki ng el edt attachéd torsawrfostrandede tymnt ddastianeusoldenconpedtodnfto said atleast ace;
formng a connect%%n rece sai d second surface and passing through said

i nt er poses b&QPFE é%ﬁBgﬁﬁgf&F%g?Ptﬁﬁg electrically conductive trace

di sposed on said first surface; providing a sem conductor die; 20 attaching
said sem conductor die to said interposes body, such that said
senmi condu8t or di e 8 s i helsemicendugtor @snemblyi o slaino A, wherkingeid|elestricalline

electrically LVE . Isposed on said first surface; and di sposing
an electri calcﬁg&%g'%%ﬁ‘gﬁn%&%rgés %ﬁagﬁbst antially within said connection

recess in contact with said at | east one exposed electrically conductive
trace. 25 58. The method of claim57, further conprisjng disposing an
encapsul ant over faid ddgisemisanductor agremblysy claimd, yherpigsaigrinterpapenbody
wherei n attachj i ] conductor die to 30 said interposes body

conpri ses at t%ggﬁlg%%%s%ngﬂgém conductor die to said first surface with an
adhesi veléand then form ng a wirebond connecti on between sai d sem conduct or
die and said at |east e electricall onductive trace.

I sal 10.S Ql‘rgw semicon ulctor ass)t/am%ly o% cfa&m 9, wherein said flex tape comprises

a polyimide tape.

11.  The semiconductor assembly of claim 1, wherein said electrically

15 conductive traces comprise metallic traces disposed on the first surface..

12.  The semiconductor assembly of claim 11, wherein said metallic traces

comprise a copper alloy.

20 13.  The semiconductor assembly of claim 1, further comprising an

encapsulant disposed over and encapsulating said semiconductor die.

14.  Aninterposer comprising:
a nonrigid interposer body having a first surface and a second surface;
25  electrically conductive traces disposed on said first surface; and
a connection recess formed in said second surface and passing through said interposer
body to expose at least one of said electrically conductive traces disposed on
said first surface, said connection recess having sufficient volume to substantially
contain a solder ball protruding therefrom
30
15.  The interposer of claim 14, wherein said interposer body comprises a flex

tape.



,-22 60. The nethod of claimb57, wherein attaching said sem conductor die
conpri ses attaching said sem conductor die in flip chip fashion on said
first surface with an electrically conductive material making an

el ectrically connection between said sem conductor die and said at | east
one connected electrically conductive trace. 5 61. The method of claim 60,
wherein attachi ng said sem conductor diejgonprises disposing said

sem conductor die with an array of solder balls on said first surface and

reflow ng said soligler #néinferpéiebddim B2 h¥reiPsaREldx t8F ChnfiRIRLOPSIAaHQS die
to said at | east one electrf%ally conductive trace. ?%!62. The ne?hod of

claimb57, whéapei n attaching said sem conductor die conprises attaching said
sem conductor die to said second surface of said interposer body. 15 63.
The nethod of claimb57, wherein disposing a stacking electrical

i nterconnection sf7.uct Theint@piret 6€aifi B diefih @il @tctidally catducivyiesdes on pad
on said first surface. 64. The nmethod of claim57, wherein disposing a

st acki ng ¥l ecoppiisgimesylic Haces disppsedonsaiddirstfatiagee conpri ses di sposing an
electrically conductive trace on said first surface. 65. The nethod of

cl aim 64, wherein disposing an electrically conductive material conprises
di sposi ng sol der 3$8bst ¥hé¢ insdrpysendf dlaim Kamthermimsagimetaliic tracgompdse £6. The
nmet hod of cl aim 65, wherein disposing solder substantially within said
connection ré%@§§a@%hprises f1 oodi ng said second surface with a nunber of
sol der balls and then renoving solder balls not disposed substantially

W thin said connection recess. 30 -23 67. The nethod of claim65, wherein
di sposi n#0 sol der $8bst Arhethdd of faiinga ssmicondimtorastanbly congesmgronpr i ses

RS L EAIROOR MR e RN
conprising disgpRes:ng a sol der mask over
disposing electrically conductive traces on said first surface;
forming a connection recess in said second surface and passing through said interposer
15 body to expose at least one electrically conductive trace disposed on said first
surface; '
providing a semiconductor die;
attaching said semiconductor die to said interposer body such that said semiconductor
die is in electrical communication with at least one electrically conductive trace
20 disposed on said first surface; and
disposing an electrically conductive material substantially within said connection recess,
such that said electrically conductive compound is in electrically conductive

contact with said at least one exposed electrically conductive trace.

25 20. The method of claim19, wherein attaching said semiconductor die

comprises attaching said semiconductor die to said first surface.

21, The method of claim 17, further comprising disposing an encapsulant
over said semiconductor die.
30
22. The method of claim19, wherein attaching said semiconductor die

comprises attaching said semiconductor die to said first surface.



., said second surface, prior to disposing said solder. 69. The nethod of
claim57, wherein providing a substrate to form an interposes body
conprises providing a polyimde flex tape. 10 70. The nethod of claim57,
further conprising formng a die recess in said second surface. 71. The
met hod of claimb57, wherein disposing electrically conductive traces 15
conprises formng nmetallic traces on saig,first surface. 72. The nethod of
claim71, wherein formng netallic traces conprises etching a netallic

| ayer di sposed onyai drf o bf bAP22 Abheletn b MEENGH (Bhick B AycSt acked
I ormng a fi I

sem conduct or assenbly conprising: rst sem conductor assenbly
by provi di ngs&d first sarfae lbstprides attachingr saidsemicoatudtort die posébsfidsoayfabawithgn f i r st

and second surfaces, disposing first electrically conductive traces on said
first surfac@dhesyeppg e vt s koo P Rt stalen S egticagusthy dgand cecond

surface and pagsaf rRekt bhE au&hcaﬂl?!cgnédcﬁ%trhé& erposes body to expose at |east
one first electrically conducfive trace di sposed on said first surface,

providinga first sem conductor die, attaching said first sem conductor die

to said first surface in el ectri.cal omuni cation.with at | east. one
first electricall gcon@ﬁ%me&@dtof 8@'«5“ §£W B P r?ﬁldéﬁmgpg‘i‘{cﬁrﬁﬂoy_
conducti ve mg4igfiksdurfitl ThRpPFised att¥chivgl sAidsemdofld@ditor A flip Chip tfashidNAE Gdil ON
recess and in electrically conductive contact with said at | east one

exposed fi rsfirssedaceivath anyelestrivallic eandactiveapaserial gakinggn gleswisalhconaedtioonduct or
assenbly by between said semiconductor die and said at least one electrically conductive trace.
10
25.  The method of claim 24, wherein attaching said semiconductor die
comprises disposing said semiconductor die with an array of solder balls on said first
surface and reflowing said solder balls to electrically connect said semiconductor die to
said at least one electrically conductive trace.
15
26.  The method of claim 19, wherein disposing an electrically conductive
material substantially within said connection recess comprises disposing solder within

said connection recess.

20 27.  The method of claim 26, wherein disposing solder within said connection
recess comprises disposing a solder paste within said connection recess and then

reflowing said solder paste to form a solder ball.

28. The method of claim 27, further comprising the act of disposing a solder
25  mask over said second surface, prior to disposing said solder paste within said

connection recess.

29.  The method of claim 19, wherein providing a substrate to form an
interposer body comprises providing a polyimide flex tape.
30
30.  The method of claim 19, wherein disposing electrically conductive traces

comprises forming metallic traces on said first surface.



.5 providing a second substrate to forma second interposer body having
third and fourth surfaces, disposing second electrically conductive traces
on said third surface, disposing at |east a first stacking electrical

i nterconnection structure on said third surface, 10 formng at |east a
second connection recess in said fourth surface and passing through said
second interposer body to expose at |easfgone second el ectrically
conductive trace disposed on said third surface, providing a second

sem conductor dieg;att ?g@in@&oﬁ%%glaitﬁff(?%efﬁx{%o?ﬂ]ﬂ%gg%tgﬁic ﬂ%@es%mﬁﬂée@ third

surface in electrical comuni cati ol w one secon

el ectri cal | yewhingudahetaltic layeratispdsesipmssaidl fast ssefack. second surface, di sposing an
el ectrically conductive material substantially within said at | east second

connection recess and in electrically conductive contact with said at |east

one exposed one sngndAg%@ﬁ?ﬁ%gﬁ%&*ﬁﬁggggﬁgh&ﬁﬁfrace; and 20 attaching said

first sem conductor asse sefm conduct or assenbly, such
t hat sai & at alsemsbnductgtdie;ecess is aligned with said stacking electrical

i nterconnection structure,.and .said electricall onductiye materi al

i sposed wi t AR MEGEPSE BOmprsloniptros oay bevifk e Br BRASE hd F oS hurfhces ve
contact to said akaidl fA&podet fittheBEdftisiig: €l ectrical interconnection
structure. 25 74. The nmethod of claim 73, further conprising formng a die

recess in said seeloetdicalyrdonductivg gaceridispasedioncsaidffiret] suifase7 at leaghenei n

attaching said first sem . conductor .30 assemnbl. Q.+t he second seni.conduct or
Sssenbl y comri ses pl afeHgeRgandds REHER el bR R BRI A G e
recess. 10-25 76. The p&hibsrdubtbr @leai m 75, wherein pl acing sai d second

sem conductor die within said die recess aligns said_at |east first
connecti ng recessa#iacking glegtrigal intergepnetipnsgtructure for making electrical connection to

a second interposer disposed on said first surface, and
a connection recess formed in said second surface and passing through said
interposer body to expose at least one electrically conductive trace
15 disposed on said first surface; and
an electrically conductive material disposed substantially within said connection recess in

contact with said exposed at least one electrically conductive trace.

33.  The semiconductor assembly of claim 32, wherein said semiconductor die

20  1s disposed on said second surface.

34.  The semiconductor assembly of claim 32, wherein at least one exposed
electrically conductive trace comprises said at least one electrically connected

electrically conductive trace.

25
35.  The semiconductor assembly of claim 32, wherein said semiconductor die
is in electrical connection with said at least one electrically connected electrically
conductive trace by a wirebond connection.
30 36.  The semiconductor assembly of claim 32, wherein said semiconductor die

is disposed on said first surface.



.stacking electrical interconnection structure. 5 77. The nethod of claim
73, wherein disposing said electrically conductive material in said at

| east first connection recess conprises disposing said electrically
conductive material in electrically conductive contact with said at |east
one connecting electrically conductive trace. 10 78. The nethod of claim
73, wherein disposing at least a first sfjgcking el ectrical interconnection
structure conprises disposing an el ectrical connection pad. 79. The net hod

of claim 78, wherghn dirfpeshiBshdatiok S&8hbIF of biafh 3§,t»€1€e|féi£'9ai&'[sff§tc6ﬁd%@40r die

i nterconnection structure conprises dispdosing an electrica conductive
trace 15 on ssandutfted miflig ohip fshion 80 saidiest wetfived of cl ai m 73, wherein

di sposing an electrically conductive material substantially within said at
| east first connection recess conprises disposing solder within said at

| east first connegRi onThes&fiSonddBioB dssehb§ oFefalh®d7,0ihepdiR ka1l SnicHIRERK Bie
di sposing solder within said at |east first connection recess conprises

f1 oodi ng ¥ heissattached tosaidfisst swifade by arsgideead aonnestipulthat plastricallyreenndstsrsaidenovi ng

sol der balls_not di S suhstant.ially wthi i t Jeast fjrst
connection r é%rgigcs’gdl%g)?g?tof#@ a&‘reﬁta%{c? e3¥mce F{flg r%rég%l,%al\?\%cgorng?cﬁwaittr'saﬁ%si ng sol der
substantially within said at |east first connection recess conprises

di sposing a solder paste within said at |east first caonnection recess and
then reflowi ng saP8 soilhesemigordyetor assemblyef clabm B2, valprein said ptackieg plecirienl
claim 82, fuk 1S ' [ g&gg ver said second
surface, pri 6@%@“%?2%%%?%895%@8@%% e?l@%gig%lgsﬂne *96P84. The nethod of
claim 7310wherein providing a substrate to formsaid first
40.  The semiconductor assembly of claim 32, wherein said stacking electrical
interconnection structure comprises an electrically conductive trace disposed on said

first surface.

15 41.  The semiconductor assembly of claim 32, wherein said electrically

conductive material comprises a solder.

42.  The semiconductor assembly of claim 32, wherein said interposer body
comprises a flex tape.
20
43.  The semiconductor assembly of claim 42, wherein said flex tape

comprises a polyimide tape.

44.  The semiconductor assembly of claim 32, further comprising a die recess
25 formed in said second surface and said interposer body, said die recess configured to

contain at least a portion of a second semiconductor die.

45.  The semiconductor assembly of claim 32, wherein said electrically
conductive traces comprise metallic traces disposed on said first surface.
30
46 The semiconductor assembly of claim 45, wherein said metallic traces

comprise a copper alloy.



. i nterposer body conprises providing a polyimde flex tape. 85. The nethod
of claim73, wherein providing a substrate to formsaid 5 second i nterposer
body conprises providing a polyimde flex tape. 86. The nethod of claim 73,
wherein disposing first electrically conductive traces conprises form ng
first metallic traces on said first surface. 10 87. The nethod of claim 86,
wherein formng first netallic traces cqggjises etching a first netallic

| ayer di sposed on said first surface. 88. The nethod of claim 87, wherein
di sposi ng second ect 4y . i > i : 1.ng second
metallic traces Oﬁ#saighfﬁ#ﬁd"@gggg%%%m%§nggﬁ$ﬁ§%%2¥ gﬁa%$§%$%?n188,
wher ei n f or nemgpsdano nateniel aichpsalating sxd santomrdustes diet chi ng a second netal lic
| ayer di sposed on said third surface. 90. A nethod of form ng a stacked
sem conductor assenbly conprising: 20 formng a first sem conduct or
assenbly by proviggng ﬂn%h&§5m§%9§bﬁﬁ%§‘t0 forma first interposer body
having first and second surfaces, disposing at least a first electrically
conduct i Ve t amimécrposesbody howingndirstisufiaceandfaseenndgueface] eadticallyiconditctive

connection recess,in said first. surfa and ssing,thro 25 said first
Cnterposer body.+ 58k BBegseson gt Ao s L BN el MhofinifioDe ¢ 1 ace
di sposed on sai d sAeARd dEpoded o said ytisdia@, and | rst sem conductor die,
attaching said first sem conductor die to said first surface, disposing an

el ectri cal | yacomgaden seeespberarer an said sesonthaurfare gnd passingthsensh said interposerf i r st
30 connection 1 ecE?cfyrt§{%Q%+s§€fle§&tqrn}e GRldiy gﬁ@ﬁ?@@tc@}r{cgugg;?é‘{r&%% l;}’s“pés%d%%' d at

| east one exposed rically con
10 said first surface, said connection recess configured to contain a solder ball

substantially within the connection recess.

49.  The interposer of claim 48, wherein said stacking electrical

interconnection structure comprises an electrical connection pad

15
50.  The interposer of claim 48, wherein said stacking electrical
interconnection structure comprises an electrically conductive trace disposed on said
first surface.
20 51.  The interposer of claim 48, wherein said interposer body comprises a flex
tape.
52.  The interposer of claim 51, wherein said flex tape comprises a polyimide
tape.
25
53.  The interposer of claim 48, further comprising a die recess formed in said
second surface and said interposer body, said die recess configured to contain at least a
portion of a semiconductor die.
30 54.  The interposer of claim 48, wherein said electrically conductive traces

comprise metallic traces disposed on said first surface.



.form ng a second sem conductor assenbly by providing a second substrate to
forma second interposes body having third and fourth surfaces, disposing
at least a first electrically conductive trace on said third surface, 5

di sposing at |east a first stacking electrical interconnection structure on
said fourth surface, formng at | east a second connection recess in said
third surface and passing through said segond interposes body to expose at

| east one second el ectrically conductive trace disposed on said fourth
surface, 10 provi g§.ng BhSREDPPSLeSSNGIAMTAGhEreindaRl mehlid aBédldGompiisk Second
sem conductor die to said third surface, disposing an electrically
conduct i ve meepper alloysubstantially within said at | east second connection
recess and in electrically conductive contact with said at | east one
exposed second electrically conductive trace; and 15 attaching said first
sem conduct or asseebl yAhntepbskr sempriingen conduct or assenbly, such that
said at least first recess Is aligned with said stacking electrical

i nt er conntct PBHLIPSeE bedydhaving @ fisstisyrfagecand g seeandysubiaseguct i ve materi al

di sposed w t Qi.n..Sai . i r 4 | ek .1 cal uctive
Contact 10 saryratbofluceiEfacd byl thRaR ARGRAE B Fhed dotid
structure. 20 91. caihmuniedtioadvith a ednductive@]enfenk adchaibleamniaid sscogl duofate;agd a di e
recess in saigisecon surface. 92. The method .of claim91,. wherein

attachi ng saP@errest UBRT Kbttt erdl PEEEEIBIYERosHSSRBIffiS B Sonduct or
assenbly conpri segodHeAfddd oSathitl a8 RaQNDoHEs SONGHEAHudbEGY thin said die
recess. 93. The nethod of claim92, erein placing said second

sem condi@tor die within said die recess aligns said at |east first

nn ing r ith i fir Ki I rical
iC(r)It eregz)nng ct iegﬁSSISWUE:t érsrgetﬁioda (E)fztlgg%gé a semlscE)n u%tosrtagscembg'gco%lp%%llng: ca

providing a substrate to form an interposer body having a first surface and a second

surface;
disposing electrically conductive traces on said first surface;
15 disposing a stacking electrical interconnection structure on said first surface;
forming a connection recess in said second surface and passing through said interposer
body to expose at least one electrically conductive trace disposed on said first
surface;
providing a semiconductor die;

20  attaching said semiconductor die to said interposer body, such that said semiconductor
die is in electrical communication with at least one electrically conductive trace
disposed on said first surface; and

disposing an electrically conductive material substantially within said connection recess
in contact with said at least one exposed electrically conductive trace.

25
58.  The method of claim 57, further comprising disposing an encapsulant

over said semiconductor die.

59.  The method of claim 57, wherein attaching said semiconductor die to
30  said interposer body comprises attaching said semiconductor die to said first surface
with an adhesive and then forming a wirebond connection between said semiconductor

die and said at least one electrically conductive trace.



.94. The method of claim90, wherein disposing said electrically conductive
material in said at |l east first connection recess conprises disposing said
el ectrically conductive material in electrically conductive contact with
said at | east one connecting electrically conductive trace. 5 95. The

met hod of claim 90, wherein disposing at |l east a first stacking electrical
i nterconnection structure conprises di spgaing an el ectrical connection pad.
96. The nmethod of claim 90, wherein disposing at |east a first stacking 10

el ectrical i nterc@onectingmetiodEtling 5T onkréin afadingRarl BoiRdNdR&cdi&i cal Iy
conductive trace on said second surface. 97. The nmethod of clai m 90,

wher ei n di sp&8magsesattaching saidsgmicpndusnterudie inip glip Sashign onspishfigsttsuetheeywigh t hi n
idat | fj ' , ' i i 5 sold i t hi
21 d at | oaot FlebElafARNEiGlE i SRERR RGP L ARSI AREREPR AR BT e o 1

di sposi ng solseiticosdilesiralid dndlshid andeastione sanrtcrlt cleeaivhlly ¢ondlictbenfeet i on recess
conpri ses_di sposing a solder paste within said at |east first connection

recess andl then refl ow ng said solder to forma solder ball. 20 99. The
met hod of claim9g; furgb a5 BE Ghi NG I r said
first surface, prior to d?&%@@?ﬁghggﬁd‘§3?§§Ehggggéaﬁf%§?”$ﬁ§%%€¥§od of

cl ai m 90, wheomprisepdoposinggidsemidmntinadedit withanraragiofl sdlderdall2én said fosposer
body conprises providing.a po]yimde flex tape 101. The net hod of ¢l aim 90,
wher ei n provisuﬁf%g‘ a_adéﬁﬁgwga@@ e Bl o eatre o‘fﬂ?“?‘ﬁts%‘aﬁﬁ_g’éP“ Wy disdpr i ses
provi ding a Qe Rhd@nt bRMibARRoRRHICradie Method of clai m 90, wherein

di sposing first electrically Conductive traces conprises formng first

metal | i cl@races on said second surface. -29
62.  The method of claim 57, wherein attaching said semiconductor die
comprises attaching said semiconductor die to said second surface of said interposer
body.

15 63.  The method of claim 57, wherein disposing a stacking electrical
interconnection structure comprises disposing an electrical connection pad on said first

surface.

64.  The method of claim 57, wherein disposing a stacking electrical
20  interconnection structure comprises disposing an electrically conductive trace on said

first surface.

65.  The method of claim 64, wherein disposing an electrically conductive
material comprises disposing solder substantially within said connection recess.
25
66.  The method of claim 65, wherein disposing solder substantially within
said connection recess comprises flooding said second surface with a number of solder
balls and then removing solder balls not disposed substantially within said connection
recess.

30



. 103.- The nethod of claim 102, wherein formng first nmetallic traces
conprises etching a first netallic | ayer disposed on said second surface.
| 04. The net hod of claim 102, wherein disposing second electrically 5
conductive traces conprises formng second netallic traces on said fourth
surface. 105. The nethod of claim 104, wherein form ng second netallic
traces conprises etching a second netal li2g-1 ayer di sposed on said fourth
surf ace.
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30 communication with at least one first electrically conductive trace,
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101 a0"10%: () - 110" lo(y(%/h\rlgﬁg(h) said second interposer body to expose at least one second
electrically conductive trace disposed on said third surface,
providing a second semiconductor die,
attaching said second semiconductor die to said third surface in electrical
15 communication with at least one second electrically conductive trace
disposed on said second surface,
disposing an electrically conductive material substantially within said at least
second connection recess and in electrically conductive contact with said
at least one exposed one second electrically conductive trace; and
20  attaching said first semiconductor assembly to said second semiconductor assembly,
such that said at least first recess is aligned with said stacking electrical
interconnection structure, and said electrically conductive material disposed
within said at least first recess makes electrically conductive contact to said at
least first stacking electrical interconnection structure.
25
74.  The method of claim 73, further comprising forming a die recess in said

second surface.

75.  The method of claim 74, wherein attaching said first semiconductor
30  assembly to the second semiconductor assembly comprises placing said second

semiconductor die within said die recess.
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electrical interconnection structure comprises disposing an electrical connection pad.

79.  The method of claim 78, wherein disposing at least a first stacking
electrical interconnection structure comprises disposing an electrically conductive trace

15  on said first surface.

80.  The method of claim 73, wherein disposing an electrically conductive
material substantially within said at least first connection recess comprises disposing
solder within said at least first connection recess.

20

81.  The method of claim 80, wherein disposing solder within said at least
first connection recess comprises flooding the second surface with a number of solder
balls and then removing solder balls not disposed substantially within said at least first
connection recess.

25

82.  The method of claim 80, wherein disposing solder substantially within

said at least first connection recess comprises disposing a solder paste within said at

least first connection recess and then reflowing said solder to form a solder ball.

30 83.  The method of claim 82, further comprising disposing a solder mask over

said second surface, prior to disposing said solder paste.
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1098 ()-f2 88.  The method of claim 87, wherein dlsposmg second electrically
conductive traces comprises forming second metallic traces on said third surface.
15
89.  The method of claim 88, wherein forming second metallic traces

comprises etching a second metallic layer disposed on said third surface.

90. A method of forming a stacked semiconductor assembly comprising:
20  forming a first semiconductor assembly by
providing a first substrate to form a first interposer body having first and second
surfaces,
disposing at least a first electrically conductive trace on said second surface,
forming at least a first connection recess in said first surface and passing through
25 said first interposer body to expose at least one first electrically
conductive trace disposed on said second surface,
providing a first semiconductor die,
attaching said first semiconductor die to said first surface,
disposing an electrically conductive material substantially within said at least first
30 connection recess and in electrically conductive contact with said at least

one exposed first electrically conductive trace;
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forming at least a second connection recess in said third surface and passing

through said second interposer body to expose at least one second
electrically conductive trace disposed on said fourth surface,
10 providing a second semiconductor die,
attaching said second semiconductor die to said third surface,
disposing an electrically conductive material substantially within said at least
second connection recess and in electrically conductive contact with said
at least one exposed second electrically conductive trace; and
15  attaching said first semiconductor assembly to said second semiconductor assembly,
such that said at least first recess is aligned with said stacking electrical
interconnection structure, and said electrically conductive material disposed
within said at least first recess makes electrically conductive contact to said at
least first stacking electrical interconnection structure.
20
91.  The method of claim 66, further comprising forming a die recess in said

second surface.

92.  The method of claim 91, wherein attaching said first semiconductor
25  assembly to the second semiconductor assembly comprises placing said second

semiconductor die within said die recess.

93.  The method of claim 92, wherein placing said second semiconductor die
within said die recess aligns said at least first connecting recess with said at least first

30  stacking electrical interconnection structure.
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electrically conductive trace.

95.  The method of claim 90, wherein disposing at least a first stacking

electrical interconnection structure comprises disposing an electrical connection pad.

96.  The method of claim 90, wherein disposing at least a first stacking
10 electrical interconnection structure comprises disposing an electrically conductive trace

on said second surface.

97.  The method of claim 90, wherein disposing an electrically conductive
material substantially within said at least first connection recess comprises disposing

15  solder within said at least first connection recess.

98.  The method of claim 97, wherein disposing solder substantially within
said at least first connection recess comprises disposing a solder paste within said at
least first connection recess and then reflowing said solder to form a solder ball.

20
99.  The method of claim 98, further comprising disposing a solder mask over

said first surface, prior to disposing said solder paste.

100. The method of claim 90, wherein providing a substrate to form said first

25  interposer body comprises providing a polyimide flex tape

101. The method of claim 90, wherein providing a substrate to form said

second interposer body comprises providing a polyimide flex tape

30 102. The method of claim 90, wherein disposing first electrically conductive

traces comprises forming first metallic traces on said second surface.
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5 conductive traces comprises forming second metallic traces on said fourth surface.

105. The method of claim 104, wherein forming second metallic traces

comprises etching a second metallic layer disposed on said fourth surface.



