1hmmmuHuBum Replaced

1 TAB GRI D ARRAY The prese
rel ates tfo package design for integrated circuits (ICs), and

relates to nethods and apparatuses for providing packag
efficiently connect an integrated circuit die to a printed CIFCUIt board

(PCB). As 1Cs include a | arger nunber of circuits, use |arger
silicon areas, and operate at |ncreaS|neg hi gher cl ock frequenC|es
surface-nounted packages for |CS aré correspondlngly required to have
i ncreasi ngly higher |ead counts, Ié;{I y nts and higher electrical

and thernal perfornmance, while at the Sane |ne achieving at | east existing
accepted reliability standards. Conventional TAB- or |ead frane-based
packages can deliver satisfactory thermal and el ectrical performance up
to about 300 | eads, at 10 watts, and operate up to 50 MHz. However, as the
| ead count increases above 300 | eads, to avoid an increase in the
footprint, the lead pitch (i.e. spacing between leads) is required to be

| ess thanso 5mm m@ |§£—Q§énfc09.§rﬂre'n"&tlo‘fp%éild@ife%\/eﬂé Hia@ik age nsiééﬁgbpafﬁ'r

assenbl y, I S tical articularl portabl e
and consunﬁr“%ﬁﬂ ﬁ?‘ﬁﬁﬁ&gg %’e’ fﬁﬁg i(Sln P% f;llﬁu? gye caé; RS gn

i mportant caEidtdads v@mvaﬂpn@a&‘tUMVef sel yprovidied| eHEIC)p?WEﬁ reiches
expensi ve plaGa@s Imc@r@nalﬂtéétma SSSQIDE Ya P& OESSE . prifited

addi tion, frannt%;igéﬁ%éz£éi |gn poi nt " of view, to acconmpdate fine pitch
packages, have nore signal |ayers and nore vi as.

These factors lead to Iomer yield in the assenbly process and hi gher cost
for PCBs. :

As ICs include a larger number of circuits, use larger
silicon areas, and operate at increasingly -higher c¢lock
frequencies, surface-mounted packages for Ics are
correspondingly required to have increasingly higher lead

15 counts, smaller footprints and higher electrical and thermal
performance, while at the same time achieving at Jleast
existing accepted reliability standards. Conventional TAB-
or lead frame-~based packages can deliver satisfactory
thermal and electrical performance up to about 300 leads, at

20 10 watts, and operate up to 50 MHz. However, as the lead
count increases above 300 leads, to aveid an increase in the
footprint, the lead pitch (i.e. spacing between leads) is
reguired to be less than 0.5mm. A larger footprint would
prevent high densjity board assembly, which is critical for

25 many products, particularly in portable and consumer
oriented products, where function in limited space is an
important competitive advantage. Conversely, a fine lead
pitch requires expensive placement equipment and a difficult
assenbly process. In addition, from the product design

30 point of view, to accommodate fine pitch packages, PCBs are
regquired to have more signal layers and more vias. These
factors lead to lower yield in the assembly process and
higher cost for PCBs.
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F2-05 In response to the demand for |C packages of higher
and smaller foot print, Ball Gid Array (BGA) packages are de
package elimnates the need for fine pitch and reduces packag Nt
BGA package is a surface-nmount package that is assenbled to the external or
"nother"” PCB using an area array of solder balls, instead of fine pitch
in-line | eads which are easily damaged_during the process of installing the

| C on an external PCB. An advantage of The BGA package is a small

folo]g pri lnt, a largg Rkl Iogxrsied@areuep'tt@g\a{,ﬁnctoae {ﬁé ag%ag& esi eslgl Q;igaale@slt
self- alignin ass rocess 0 e .exter : or. npl e,
2 208 | ead, 197h FRIDE GFE (THRGLRT af OBlcIBF Wiy 4 ybi B5FO1 BEFAVI HERY 32x32
nm and a 0.Backageadapit develbpedont FafiGA pazkage relerpa;@Iaagme/\nw!e@ be
1.5 mmthi Pko@nﬂ,@éaftép%m Alaled? Peokall cU3LREsAtl: Sn BRAOHAHUdLC:

At the mnipgum a B ackage requires a two-neta aﬁer PCB substrate

i nstead of &S| dFLFFasR-BPUIRP2 BOR Ak &§Eerblefy by chre \exFe @ity
up" pﬁcléageor\r/]\#&nﬁbhés" aBCE NI Dtly virt fartdee alrael of ébbdse;bmm!dudtmqﬁc’e
attached to L.op ace_(i. 6. u - i %ﬁ s
substrate. S\EtgﬁbgaPig% s?ﬁaé‘%n?slégg&.‘ IrﬁlgI g;ldlage %gsgvl e- or%%g to tlie
substrate Eh&c@rose®sovel ndnpgkallingpnsheadseit &Pt 8*XtaFnakt EFRal PCB, an
gr ea ar &ay afivankdge bl khe BeN trachadd dd he memsestbdxe;iﬁﬁ:f i dea (laxyge t he
ownwar ds f,a f.a ] u r at r rat e
rout ed f} gmB% Eg ?_’g%&s%rg%f%&e&&ﬁ Qiﬁ gxg)rar%ggig%lg %%]p%tk%ﬂgo%b%]é%ri bed
in U S Pat2htgBinge, 388seahtlt | RHCCETEr MEP dédeSe #XE6ABASt oF CPackadiemN t h

Anchor i ng I\/Eﬁﬂﬁ\ialei,s%ugbﬁlﬂiﬁ;, tzlk)mthﬁE.GkaQ_I-‘bn_QQuI_heF'I&itn P:aicmj)t aldsons of
orLor 201, CROBRAI B, SN PR 0% I g LS g
di ssi pat i oncpPntxasti, o @12 BEM pRékapackagei wondd be 3 .Fatws Wridksznd
because tuenheakh gesepaiied kY bhe-emnconddalon dig hf soNHusiednfromthe
back of thet g %EL%P nntqg BéﬁkgggkgégsEE%hﬁr%% %h é?9ﬁ2€§¥ fﬁ%%r g%gder
substrate instead of a lead frame or TAB. Such BGA package
is. typically a'"cavity up'" package, which is assembled with
the back of the semiconductor die attached to the top
20 surface (i.e. the upward-facing surface) of the substrate.
A typical substrate is a PCB. The die is wire-bonded to the
substrate traces and overmolded. When assembled to an
external PCB, an area array of solder balls is attached to
the exposed back+-side (i.e. the downward-facing surface of
25 the substrate) metal traces of the substrate routed from the
top surface.
An exanple of a BGA package is described in U.S. Patent
5,136,368, entitled "Overmolded Semiconducter Package With
Anchoring Means", issued 8/4/92 to Motorola, Inc. The main
30 limitations of prior art BGA packages are their low power
dissipation, linmited electrical performance and
susceptibility to moisture. _
Power dissipation in a2 prior art BGa package is limited
te 3 watts or less because the heat generated by the
35 semiconductor die is conducted from the back of the IC
through the package substrate to the external PCB. Solder
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Jballs under the IC can be used to enhance power dissipation
achi eve power dissipation through the solder balls, the eXterMWUBIIHI“
required to have ground planes, which limt signal routing sp
PCB and increase board cost. Further, the operating frequency --
a measure of electrical performance -- of a prior art BGA package is nuch
| ower than 50 MHz. The low el ectrical performance is due to the high
i nduct ance traces |l ooping from'the top surface of the substrate to the edge

of the substyahe uhadri keR te £88 badksad de- fe@rha@wm%ubagdseswetsehder
bal |'s. Thrgklooprng f traces is dictate Ghnol ogy whi ch
u

cannot prod Y5 e 3u§|‘f MeYEs RY'$R ou%ésﬁéegéoﬂet rngl?al !Dade aﬁﬁ by
the need to kdldet r dpisatextemnal aReR, isshreguizedctonhbrivehedcbpdcphnaesi ng
the substratyg, sy piﬁriﬂgsl@@halorr&mr@erg & ofif thize MELK2N.. increadbe
noi sture susc tibility in"a prior art” BGA package is higher than a
convent i onl #%t‘?%‘"nm ded package because the PCB substrate of the BGA
package absorbs riurethet st u:rxfe anqbecraadhg theegaekage <r iang micheurear df

assenbly pro _c_i_ur

(typically g%gg?ﬁerrlﬁfr# err ° frjrg? %ﬁ}awé%g%g%kgsg to an
ext ernal PCB¥éf Ehamisd BﬁeH°Wn¢%‘ﬁ€ﬁrb‘"a%1<a®%"ftﬂﬁ’?arﬂfedﬁ@ dyer &P BGA
package assemdl lqulapiﬂaxyctexaanﬁsacee Smebpexgaﬂsr:ﬁntnantopusaru:a&eksfon
the nol di fg, £ QIR & SOV, AShe RARGD é@g& %, GASIKAGL &, Ragkage
failure. To minimze_ noisture enterln e ackage prior to assenbly
to the exterPdfPtEe e CW%%%%‘Q ss°r9rdﬁferbét¥1 Lp .camPii&d 186P1RFt hi n

a few hours aftieradde IBGA ikatiadge byScuefaredpEtB ohe chimil gy keriprho ek nslbi-ppi ng
gggkage Eﬁgéggcofngr?%er %‘F%O/ﬁ r%ir}ﬁasneaée% ngﬁrmrsar%g%sfb%?y Q-, Q:Ilcanl?r gagéd
cost by a " cabit PYolre BEReBackagelertraniate dswe" mc%%ckéﬁel%eé-sa
nul ti | ayeLs PABconPBL RS x«r\g{]taomse&/izs § W Chud e ftd dieMBmehRels bpal

parasitic |rr_9ﬁgangle§meter De @hepacgﬁlge extends the el ectrical

The moisture susceptibility in a prior art BGA package

is higher than a conventional plastic molded package because

the PCB substrate of the BGA package absorbs more moisture

20 and cracks the package during. the bcard assembly process.

This is because, during a high temperature step (typically

greater than 200°C) in the assembly 'of the BGA package to an

external PCB board, moisture trapped in such package during

and after BGA package assenbly rapidly expands. Such
25 expansion can cause cracks on the molding, commonly known as
“popcorning", thereby causing a package fajlure. To

minimize moisture entering the BGA package prior to assembly
to the external PCB board, board assembly is'preferably
carried out within a few hours after the BGA package is
30 removed from a moisture-proef shipping bag.
The electrical performance and thermal dissipation of
a BGA package can be considerably enhanced at a
significantly increased cost by a "eavity down" BGA package.
A "cavity down" BGA package uses a multilayer PCB substrate
35 with & cavity which allows for lower electrical parasitic
impedances. Such a package extends the electrical
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.-4- uperformance up to about 100 MHz. The inclusion of a soli _
at the bottomof the cavity increases thermal dissipation ]
The ™ "cavity down" BGA package technology is very simlar t
wel | -established Printed Circuit Pin Gid Array (PCPGA) technol ogy, except
that the pins of a PCPGA package are replaced in the BGA package with
sol der balls. The mai n drawback of a BGA package is the high cost.
Both "cavity up" and "cavity down" BGA packages use wire bonds to
el ectricall he, di.e t e te. W re- | p g t fine
the pad pi t%’ﬁ%g%%%%gewtgn%fn tI%C,a% |“chlsc|}8rjl?%%ira'n i%’)é%_eg’%%g@%i %wd+%rgsi§%fg¥v the
| C, especi amefaihehiUthe28i &hies Jatd-an npf e@he cpydty ninerases veetiahore
f’f ten az_ Ci rc'(ildistipdeﬂl%int yeb n@sﬁaﬁﬁﬁtand 9.1 o'aiaﬁdjw Sagea" I eaeh ﬂm_ﬁbrm A
arger die size results in a higher. cos i C N e n
reduci ng ch‘?v‘ﬁ?‘Péﬁt?gﬁ_’d lﬁ t.cerir.Y O%'r'?lelnatr vﬁt' ? e“f\g%n‘a’%?t %%eggg%g?‘g ﬁﬁj\‘/%t?%ached
its limt %aCiaeRit dtigngrid Array (RGPGRkorertmelogyh eheepletlert the
i nvention, tdigfee JdeSaPpeptegadkRgekass a1 A SN MEUBEAr pdbRags OFDER ST NY:
(a) a TAB taéa QNI isi Ng: in 4 first and se or}d dielectric Lg ers
havi ng first °§T‘Fge *s apefPir &0 Aravhack, iee%ﬁ 41 t%°
accommodat e helaihd ®@H.conductor die, said second dielectric |ayer
having an array gfot9peni sty sapd fddstrdiel @pt AbimbaRia packadliBfean

opening aljgned to sel ect ed, one said array of, said eni ngs . of
sai d secg‘rquﬁﬁreq é’&’\%isc%f:’aﬁé?,ctﬁﬁﬁaﬂy connect the fif &Y %«E‘QI ﬁyg?t’ﬁﬁﬁ\een
said first afidcesesoniirg alionits hdwayfdmrs, the padsgiittchordncbkeven| agpeklChavi ng

a third aperjifsh aid aech MAdrS2bdk fLR8tafP0size of SBRBNICAPREPHESREQ.
accommpdat e sai d sem conductor dige, said conduy I'ayer i ncluding

) C dycti,ve
el ectri cal | YR&FhdERE fe et it RAGTRI TG 1 r Sﬁld§§tila"ttl‘ﬁdr dtCs occunePPEife to
an array of eftmirasakliycndtduidnsietypatiscreases anndy Wfpical dbéestizesal |y
conduct i v£5 pads ' 4 gn ' 4y nisng A aid
second di el ect ,r?rgej[de})gle% V\hg{(jel:/grftgahzgiec?e*é%gF%%P??%alﬁ%y%cgéigﬁgﬂ §g§ ad
in said arr WPHFR FAR BT CAYPIARBNEULY | b¥ padschag BheopéRPnBoRAi BAtSPF gns
Wi th said opemrrght nwiwé dobhd Shitte| €eéhECLbal8Vé reached its limit at
- 5- ( | er having a cavity for accommodating said
seni conduct giroginzi,égs%f%' cavity being aligned with each of . said first,
second and third apertures, said stiffener having an electrically
conductive surface, such that-a solder ball forms an electrically

20 In accordance with the present invention, an integrated
ciurcuit package is provided, comprising-a TAB tape, a
" stiffener structure, and solder balls for providing external
connection to a semiconductor die connected ‘through
electrically conductive traces of the TAB tape. In the
25 preferred embodiment, the TAB tape has upper and lowver
dielectric layers.each having an aperture for accommodating
the semiconductor die. In addition, the lower dielsctric
layer is provided an array of openings which is coincident
with an array of electrically conductive pads in the TAB
30 tape, so as to' allow the solder balls to attach to the
conductive pads. The semiconductor die can be connected to
the TAB tape either by inner lead bonding, or by wire
bonding. _
The stiffener of the present invention can also act as
35 a heat spreader. Typically, the stiffener has a cavity for
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conductive path to said stiffener through said opening in sangls g
dielectric layer, said opening in said selected electrically c “ H”lH“‘
in said conductive |layer, and said sel ected opening in said se

dielectric |ayer; (c) an adhesive layer for attaching said TAB tape
to said stiffener, said first adhesive |ayer attaching a surface of said
first dielectric layer to said stiffener;, and (d) a plurality of

sol der balls each approximating the si ze2of said openi ngs of said second

dielectric |-=3¢§’ routq'h e L' sQﬁLEénBGb?Sr%*@Ch% ?ﬁg)ﬁﬁ'ﬁ%{ﬁﬁﬁééy

conducti ve pa sai d openings of said Secori I'ectric |ayer
In, the pref‘b‘r‘?}bdanerﬁiﬁﬁm 1f‘hé'- el'A@‘?ap@-‘Was BppetccomRPaatog  the

di el ectric Iseetnairc?ore:m&tckta\&mg a‘mhapeéﬁ\ﬁéencﬂ@ditmmudﬁtaldt@c&m to the
sem conduct di g, .diel £c d an
array of op%n ngs | chg?s J%:}b nC| (t?egttyvm %lmﬂ tcrhecr "‘all)fL ct lrzﬁnﬁpﬁﬂgg

array o
conduct i ved pthesive he The TaPetaps is tad‘-taﬁlflle@\/\/‘ctmeﬂs%)l sreriaee | thé‘!at t ach

to the Condbﬁlﬁiﬂﬁrpé‘:.d%s asﬁﬁb.ﬁof'ﬂ%t@f e e beraymast 99etersb@yTAB
tape either Stlff ner

of the preseﬁ/’r ne;ﬁ?o e%gtc' h@&?ogﬁbgg'&&r t]?prEBFFy, he
stiffener hahmaex:af/;hysm)i dxmman reg WA¥e te@e -conductor die. This

cavity :js al i gnedgacii b ¢RE é‘c?ﬁdiéie”ﬁallé) aﬁpeoxﬂ?@%egaese E9ke o:tttneh g
acconmo sem conduct or mccn s attachne
to the a%gc(gp%f’i‘g%f 1B hFRe 4OV ES %éfﬁﬁcﬁr’f?\eﬁz’éﬂ_y g %gﬁcgfg‘gekapﬁdhé’?l ve.
The TAB t apea$statezittedthe shbdenrbadisotot Abtackt Ebf sher edectyigaifivn

L i I m of adheéémncmghpbaspr ef ehallef ectSaM A& s d ordde jadhesd vsryéfdotfo
(0

| d together_ the u lower films of dielectric in pe
fach of ¢ ho SHPOEFLBREE: “SoptesT I s dsie SHTETHE BHE PROIIRTGEAt dhe
| ower di el ecthecellagericklijfe cbAButajoe ads and otlaé| dirshe dieleetrial | s
to attachyboihbers! o rLfigh! %ne COBHNGE Y:z%l@%dsat tmses%@gi@ﬂong%gy ons

in the array o el ectrically conductive peni n are provid bot h
in the el eREFRrERPRY ac?éfblucf’l \}@"epaak‘rgﬁaetﬁéffﬁ‘?t 'ﬂ?éf%%‘i"??c thexed¥  so

that the so&deatbagl saatgddiege cpasecitdps.are such ground connection

-6- attached,gl$04L0 th gyééﬁc?ec}%ftﬁ he stidd iR d éi;s T gr&% pa?‘ﬁ’ﬁ

ground conngctlon roun connection provi,

control | ed ahﬂpﬁ@éHFEtHbﬂé mmwwﬂ FEREEGT i &S STRNAS & and
extends the perkoriance of the package t6 wpvards of 100 M.

In accordance with another aspect o0f the present
invention, an assenbly process for fabricating an integrated
circuit package is provided. In one embodiment, in the
first step, electrically conductive traces on a TAB tape are

25 bonded to corresponding conductive pads of a semiconductor
die using inner lead bonds. Then, the semiconductor die is
attached to the back wall of & cavity in a heat spreader
using a thermally conductive adhesive. At the same time,
the TAB tape is attached to the heat spreader using a TAB

30 adhesive similar to the adhesive used in holding dielectric
layers of the TAB tape together. Both the thermally
conductive adhesive and the TAB adhesive are cured before an
encapsulation material for encansulatlng the semiconductor’
die and the inner lead bends is applied. Solder flux is

35 applied on the solder .balls, which are then attached to the
conductive pads of the TAB tape. The solfer balls are fixed
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Fn actordance with anot her aspect of the present invention,

process for fabricating an integrated circuit package, corrprl SI l}ll““l
st eps: bondi ng el ectrically conductive traces on a TA

to correspondi ng conductive pads of a sem conduct or d| e
using inner lead bonds, said conductive traces of said TAB tape

bei ng hel d between a first and a segond dielectric |ayer;

attaching said sem conductor die to the back wall of a cavity in a

heat spreadén asivedlawtimgr mtldpy by heagondurtiernes tithesi execess flux from

attaching sahd Zéﬁd"u%%%vfeo padsd é}%atve%m@@dﬂ% ing a L@ié%rig%ﬁ%éq@eéh& e

curing said therm ¥ conducgti ve adhesive an sdl esl ve;
encapsul ati i sé?‘&eg étéﬂdcéﬁi‘:&l nREFKPE&D 15oRBED AXY BFKPALIing said
cavity and coveriing aatdrdenteondireh oranothexli asputisaiod | ther peadehonds;

curing the ?.%%P%‘iloit' ng 'E%tc%rﬂda a%semb ly, aaro%@glsy' f'?osqla glcatli)ﬁg a%Rne or

nore sol der ball s conducti ve “pads of
sai d TAptegsated circuit PEF\‘B?\Pan FHW eI HENLS BYOEBEPyYi P heat ;

cl eani ng exeesd chinduchtiopm dsai naoneiuet iTas p@éi;Se are UStE4ciRed artw ofréat e
cleaning a0gRlie Al nefore a J1¥e WAIAMhG Ul LoRALALETLLLT CULL, DECLROC

) ONE “ertboar nBRAt
first step, PEASctdd cHre ySewheaRERvECx r dées ton t@ﬁ@ﬁ%% orees 08

correspondi mfeC ONABC Hare: pad of;rauﬁem EOMSeEt Don diig U% rogiddderd egle
bonds. Then, t}?e%%rp dgg%%e |s a{tach%ggtfgaﬁgsﬁpgck wal,l of ggcaw ty

in a heat spre usi y % oridfT
time, the TRB“'tléﬁﬁ@dl‘@t&tl’t &dived to the heat spreader using a TAB adhe5| ve

sinilar to the adpesi m:euseghan nﬁf Nt 2l ePaddiadayY¥eS tRE  hP8sedfB

tape together. ent Both g laé/ %lhfductlve adh 5| V ang t he, TAB

adhesi ve aré cure folsé’ é’ﬁ enc %gul ¥ er (BICHP-& ¥ati F§%t he

senm condd& @onventional BGA packages. The fine pitch capablllty of the
TAB tape allows a TGA package of the present invention to
route all signals to the solder balls on the same side of
the tape, thereby resulting in shorter traces and hence
lower electrical parasitic impedances.

20 In the present invention, when TAB inner lead bonding
is used instead of wire bonding, the pad pitch can be
reduced to 50 microns thereby allowing for significant die
§ize reduction and lower cost. By directly attaching the

semiconductor die onto the heat spreader,_ the <thermal
25 performance is significantly increased beyond 25
watts/device.

The susceptibility to moisture in a TGA package is much
less than a prior art package using a PCB substrate because
the TAB moisture absorption is comparatively low. The TGA

30 package also has a thinnexr profile when compared to a prior
art BGA package because the TAB tape is thinner than the PCB
substrate of a BGA package. Overall, the TGA package of the
present invention is more reliable because, as compared to
prior art BGA packages, fewer connections are used to

35 connect the signal from the IC to the board.
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die ahd the inner | ead bonds is applied. Sol der flux is appT‘"s Replaced
sol der balls, which are then attached to the conductive pads 0 Hmm Jl”"l
tape. The solder balls are fixed in a reflowing step by heat.

excess flux fromthe conductive pads are renoved using a cl eani ng_,agent and
the integrated circuit package is then dry baked. . I'n accordance with
anot her aspect of the present invention,there is provided an
assenbly process for fabricating an int eg’r ated ci I‘CUI t package conpri si ng

the steps: .g,t,;alglhé 2 il 205, 0 -
adhesi ve, sal d heat spre Q er urs‘)b“llﬁénrli jB'éald'{é%swe sal d eatapg l’g-al;é‘ =S

havi ng a cavfey ¥ *%&ﬁﬁmﬂ%& ér@nacéhéu‘éﬁoﬁmd?éternal P%ﬁ-t a@hﬂﬁ@ sai d
seni conduct oGxr flieatpay hpabheewakl aohigai @ewwttﬁnba S&h@hh%thw&%@%*
using a ther y capdyct hesi . Sal d ther

conduct i ve agﬁ%él vg’ agg ?égk%% \{%m veDverccéj on g éﬁ?ﬁg‘%g% sPfeader
and el ect rF’c'aPPVe%Bh%%i-l@-eBtWa@e%GanP%@FQHQS&B tape to corresponding

conductive pads ohns#pst-ecad €06 Ut Qmedteabsﬁgngnw £Ke %~ﬁ?&éﬂ :ﬁf)%@'ﬂécti ve
rst and a_ secopnd di ctric

traces of sa p en.a
| ayer hgﬁ%g@%ﬁ ?’“ggdggﬁat%eﬁ?cc aﬁcf‘B?’eﬁFé"‘anBaéaPﬁ fEreen Yby
filling sai d“‘éaﬁ}}'%vgaﬁhﬁ omﬂéquwg?$§|e&=sénpc®ﬂdmipndn eohndws@n:@fwmd

bonds; ‘efbbé DfehbE £REAPEELAE I RNG ﬂgiéﬂéfﬁccomnany &# ﬁggder flux
on one or rnoRefegeneteriblalnby;be made, By twaehoh@xaumild. sl 'dee” bal | s

conducti ve pa@@"’ﬁﬁ”>§apoﬂmﬂg’gsapén whicn: refl owi ng said sol der baI | s by
appl yi ng heat; cl eani ng excess. flux from said conductive pads using

an appropriate cleaghrg BINY 2 Jdss- sbctq%aga{;ggg SAI J AH el e;,q.,.%lyr cuit

package. o
In this proceS®™ ¢ RERAAL oA RPN e TR I"P\’ée‘i'AI%etaé‘pebSPQ B8t acked &% t he
stiffener befobedinent ecHobllengresept cimverct Sorihe conductive pads of the

sem conduct or di ept@utde;go t Qf,d o u
connect i opg l@fﬁ?ﬁr ov?%led .'E}(Sj ?ﬁggs %lﬂfeéngr yqjvﬁ rgab ?’nagﬁ‘?hé:agﬁ gfogn&" to a

pad on th& s oRdtEt or die. The TAB Gid Array (TGA) package of
the present invefigurne ol iesa phetiapropl-evk vieRcemteetdcabpacka
conventional ; BGAipaskages. The fine pitch capability of the TAB tape allows
a TGA package of _the present invention to route all signals to the solder
balls on the sanmef $¥UE®of2t K FafF eIttt angdulvisry ¢f shBEAepackages and
hence | ower 2b@ctsimalwirsr airiding Apedaseesnd embodiment of the present
20 invention. _
Figure 2b is a schematic view of the TAEB tape 203 of
Figure 22, which does not use the free-standing inner leagds
of TGA package 100.
Figure 3a summarizes the steps in an sssembly process
25 for TGa package 100 shown in Figure la.
Figure 3b summarizes the steps in an assembly process
for TGA package 200 shown in Figure 2a.

Figure la shows a cross-sectional view of a TAB Grid

30 Array (TGA) package 100 in' an embhodiment of the présent
invention. As shown in Pigure ia, a semiconductor die 103,
having contacts 102 closelv spaced at a pitch of 50 microns
or wider, is encapsulated in a cavity 125 of a metallie heat
spreader 106. Cavity 125 is filled with an encapsulation

L \DMSNQ130\H-2515_U\O06B404 . 01



In the present invention, when TAB inner |ead bonding is used'n?lss ; Replaced
w re bonding, the pad pitch can be reduced to 50 m crons thereim llllll
for significant die size reduction and | ower cost. By directl (

the sem conductor die onto the heat spreader,_ the thermal performance is
significantly I ncreased beyond 25 wat t s/ devi ce.

The. susceptibility to noisture in a TGA package is nmuch | ess than a prior
art package using a PCB substrate becausé the TAB noi sture absorption is

conmparativel ya{ Theg 7 GA s t,i r i \when _conpar ed
to a prior ar?%%ﬁbac %bgrﬁgécﬁﬁgg’ _?)ﬁe&f%g?"?%%q srmfhﬁl%gl r te%é\r%ht %é'-’ S’gg
substrate ofXBPHEAlRakR&gerteoyerSanicansiicter siekdg: ofst aktpebednby a

i nvention i sthbne Yxyémbler bepaumallds eoApatedvé 0 H5d@¥ ards Bed paglsaoes,

f ewer connec}] e sed,. to_conn the signal _fromthe I.C.to the
boar d. sbPORa8L 1042 ook RaBRRTEEL. ROE BOAAGFRLRaN, Mhatoes vaige
appar at use® ®Br 1RFBRY nd e@6nmendiisws teahmigugi e tico sarTait bapal 1PEB. whACHAB
Gid Array peelpgesés a8 hiighanerd:pidmnata ;kgcgh(*@A,ﬁ@@eztbirvlraiggerarlro%
package thalt_‘e QVELEQNES thed.d{a\/\%ack% of canventional TAB.,and BGA
packages. AR BPEYREN at YO bE T REr 1T & ETind 9Ph @ 6hjtdCri vBiedpctRd

di fferent enbd¥erehf8 &6 mhtschadehti bratmppbeadehi 206dbpyasthdyi Ngykre
fol I owing debai hadedesar ilpisl,on sl hepPsed&r 1 o6k eabodi Bﬁebgaaed shg,;o%rrrti ng
to the acggn?aél ng_ %avm nlg) . Reference wil] now be made, by way .
exanpl e, to the ALCompRfyi é'dr " SHNTRS & StiEfgpRE materiz?
cross-secti obar TABWEpPealTAB GIGA packpgeTEAp packagelde@0badileg (BAR.
inner | ead fgndeRd.bal e [ of, ot hg, i DV '

Fi gure 1b is.at art'i;aal\”(::lsﬁt fig]}t neﬁgwn%?_lm%ot a%égélﬁfgélggﬁé%ﬂrf%t_ the
Figure 1c is*¥ gﬁf? &f SHECGLE §A MFEH Iiite tTERE D Rk At SFFeEngdr Prigted

Fi gure 2a iscarcnbbs-lsemtd on@CB)i ewsof andEGA gmskage 200 uigkhMige Rendi ng

in a second @RRPHLERIL 9hykle N PSEMod NYEBLLOa1 connections between

the metallic traces on layer 1032 of TAB tape 103 and

metallic traces on external PCB 150. For example, solder

ball 112 is used teo make a connection between external PCB

150 and conductive pads in TAB tape 103 through an opening

20 in dielectric layer 110. An another example is an opening

114, which opens through both dielectric layers 109 and 110

to provide a ground connection between external PCB 150 and
heat spreader 106 via solder ball 113.

A partial cut-out view of TAB tape 103 is shown in

25 Figure 1b. In this embodiment, TAB tape 103 includes a 30~

micron thick conductor layer 103a and, two S&0-micron

dielectric layers 109 and 110 on each side of conductor

layer 103a. The partial cut-out view of Figure 1b is a top

view of TAB tape 103 with a corner of dielectric layer 109

30 removed, for the purpose of this illustration, to expose the

conductor layer 103a. Conductor layer 103a has a multitude

of electrically conductive traces 119 that emanate radially

from-the center device hole area 120 to connect to an array

121 of conductive pads. In this embodiment, the pitch of

35 pad array 221 can ranhge between 600-1500 microns and the

diameter of each pad can range between 100-750 microns,
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Figure 2b is a schematic view of the TAB tape 203 of Figure 2%“8 pech Replaced
not use the free-standing inner | eads of TGA package 100. Hl U MIII
sumari zes the steps in an assenbly process for TGA package 10

Figure 1la. Figure 3b sumari zes the steps in an assenbly process for

TGA Package 200 shown in Figure 2a. Figure la shows a

cross-sectional viewof a TAB Gid Ar ray, (TGA) package 100 in an

enbodi ment of the present invention. As shown in Figure la, a

seni conduct @&peh&ifdl onhatidOpeRntacht A ahese! iy SPAE @ cali canBubebrof 50
m crons or der,.is enga sul at(ﬁzd jn a cavl t%, 126 of a mﬁrt.%l lic heat_d
spreader 1083%- CNPPy 95508 PREF P B3 3RF Bh fr&t %G te, ®-9- Pad. g

material 10837 whin@ zue beedr Hur dethhyl arorepacdiaresi n Otderi palkdsowes.on t he
art. Sen1cfgﬂgiﬁ90ﬁg%ﬂ %gérﬁér@téécgﬁ@ Ot Nidk dr3Y @l ed0f N g tRinlay

conductive ) eat spreader 106. Contacts 102 aré
conduct i v&l §OBBREEECNEsi ng an i nner | ead bonding technique, to a TAB tape

103, which conprisprogessgifalr tsaemkaitigpata( baeckdget an') iksayersciideedhel d

bet ween two,eigl rigasl d 0 Lelkectrigc, | ' t ached
to heat sprggﬁgrgfi%Gég?/ ?ﬁ?%gﬁo%y%p og{%agﬁggi i‘/gflo%}.?e %% %;p)%gftsjg?tel%
al so provi dBEesHKIad Fef FRAB EESE-FFRNAIRGT P FARRS asialst iHFRGRS

mat eri al f or13ABviiapank) TonMehtiacleag e Hdihosoed oS ard ameraldeconparegs izol der

balls 1 d 35 i el Jd-cal t ot [0t Lrcut to
metal | i c%targggs 'lon. an g)%tagr rﬁ*c{)lrﬁt%%c%{%?@g?% bcr}gjr"lgp i%%@g‘f‘g&%% Ca_r?%t
shown) . known imcHrfgd nAREtEYel dOYGiVEingy dihel 10eareRAiEELPEREIin

connect i onsubst wrarkdrte 47e84d Jee2 ttacaaconil| agaeitdda obuhpBesapaniyy and

T e CBRRR OeLERS, PRy Al ST g (5ot bbb Lo
tape 103 t ht-Bagpoapndfeionfing el kel Eheaperigopducher afdehandeddifl e i s
an openi ag tis, waipeh opensidivsirgie batdyedi elstri gHianer £al@Qeand ghkd to
provide a gﬁgﬂaqc%gr\}rée%tria%résb gtlvéle"erlsexs:[o ri%alex%%%tlg %@1% locations of

the ground pads in pad array 121. At a ground pad,

dielectric layer 109 provides an aperture of the same size

as the ground pad. One example of such an aperture is

20 aperture 116 of Figure 1b. Dielectric layer 110 has an
array of apertures coincident with the pads in pad array 121
of conductor layer 103a, Dielectric layers . 109 and 110 each

- have an inner aperture, shown in Figure la at center device
hole area 120, The inner aperture accepts the semiconductor

25 die, but leaves a short length of the inner lecads or traces
1182 unsupported for bonding.

Figure 1c shows a partial cut-out view of Figure la’s
TGA package 100. This partial cut-out view exposes, for the
pPurpose of illustration, cavity 125 of heat spreader 106.

30 Heat spreader 106 is made of a thermally conductive
material, such as copper, to remove the power dissipated in
the semiconductor die. ©Other suitable materials can also be
used tor heat spreader 106. Such other materials inelude
copper /tungsten/copper and copper/molybdenum/copper

35 laminates, beryllium oxide or metallized aluminum nitride,
Aluminum nitride can be metallized with chromium/gold,
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tape 103 is shown in Figure 1b. In this enbodi nent, TAB tape Hl"l
a 30- mcron thick conductor l|ayer 103a and, two 50-m cron dlel

| ayers 109 and 110 on each side of conductor |ayer 103a. The parti al

cut-out view of Figure 1b is a top view of TAB tape 103 with a corner of
dielectric layer 109 renopved, for the _pyppose of this illustration, to
expose the conductor |ayer 103a. Cbnductor | ayer 103a has a mul titude of

gl ectri ﬁa: | yleaﬁduﬁyi;jwat, r agekel}Yolhak semanat %arc%clilc&:c Iahefs(rjeomaté&ﬁ%t er
evice hol e, are [y onnect .t.o.an arra of . conductive

thi s enmbodi Préﬁtg lh‘n%h czﬁm% UGS a‘fzf”&‘aﬁ %éﬁﬁléabe‘f “25’%0
m crons andexpenanamet ETChf Gmcmmg cahatange bssitMewm.100-FH0 aliceedys,

- 9- depehdhﬂqcﬁ'intyhéhal BCEOHRL hé@ﬁuéﬁféa@é(vtf@e S@é”&i)ﬁjé&{ o1y %erM%St of
the pads ng ad array gl are_soli and are use for I gnal

connect i oRs® Cfﬁb?sﬁaﬁg ugeqd diifr?f:d\ﬁé’g%ng’gﬁ&ht Bre afe‘t’ﬁ%e‘&%rhrérlaéﬁ& ar e,
used for grédre ddnmectdimss.larger phamessSmhobyasoem)l,i ryeT @A rdackage 100

i s describeggw th &he ad,d Q%-afé@ﬁ’é@c‘:%& ale Stﬁ@aéo%{pr&gﬁe gﬁsO@atnh% Jie

are bonded to the free-s traces, 1.e
convent i onaf“afiﬁePl“m@BFF’c'léﬁ-st Iﬁ@r ﬁncBﬁBFé@%?‘bWﬁ'A?&?F?ﬁl’érqued‘&mrhdm

t echni ques. silSooh.t e@lsnisiies aire Mmves nat kmd ndystHaat |gmlemherig JIdBe
rethod dhachased iy, JHA1 aitich AR 0RR 4 AAUNan L) UG SBUTPl g0

| nner Lead Bondi ng I"'ssued I n ess t errmsonl c
bondi ng on GBLA FF?@"Q&FPF@GndEE‘POP"UPEaﬁﬁdf?ﬁé"?@rﬁﬁ%s(1 e. s &dde ¢
| ayer 109, opehi clo mﬁl‘ﬂ}es:l.z5f'leo£0ﬁéﬂtt byeehoaceso$l9s plagel qridxcept at

the locatiopga@f f"hghg.‘hoiﬁ@ a1Pagds E@gr ﬁgld 12éhat &ln Sbaet Qeynd pad,

dielectric bayer provi des’an gpe ure o sane sl ze a he ground
pad. One &XafAl&ledt- sy anthper paral; §°ape|atldpe'511t@eofqrmugwsir soflsier

Di el ectriis bagas 148 hﬁécﬁlnilﬁam{yOfan’r’d)eréllérc%&l%‘a' N degtavht hed hgypads in
pad array 1%2_., %fau% nq_lé%t Qr, \ﬁy%nr&(% 3 2 D| electric layers, 109 and 110 each
e ure

have an inn aper ure }8Pat center device hole area 120.
The inner apertud& a(?d'(ﬁns I0R séRigeneducdal, di shebutalckayesirfasieor tod engt h

of the innesenqadnaltth@88e 101 is attached to the back wall of cavity
125 via a thermally conductive adhesive film 105. This

20 thermally conductive adhesive film 105 allows heat to be
transferred by conduction from semiconductor die 101 to heat
spreader 106. TAB tape 103 is attached to the bottonm
surface of heat spreader 106 using an appropriate adhesive
124 that can withstand the conventional environmental stress

25 tests usually performed on electronic packages. Usually,
such an adhesive is similar to that used in bending
conductor layer 103a and dielectric layers 109 and 110 of
TAB tape 103 itself. Die aperture 120 on TAB tape 103 is
aligned to cavity 125 with dielectric layer 109 secured on

30 the bottom surface of heat spreader 106. In this
embodiment, the process steps for attaching semiconductor
die 101 and for attaching TAB tape 103 to heat spreader 106
are performed simultaneocusly at step 302 and cured
simultaneously. Four optional posts, e.g. post 128 of

35 Figure lc, are provided at the corners of heat spreader 106

heat Spreader 106 via sol der ball 113. A partial cut-out mBSheetmmehced
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119 uhsupported for bonding. Figure ic shows a partial c is Sheet laced
Figure la's TGA package 100. This partial cut-out view exposes l ll |
purpose of illustration, cavity 125 of heat spreader 106. Heat

106 is nmade of a thermally conductive material, such as copper, to
renove the power dissipated in the sem conductor die. O her suitable
materials can al so be used tor heat sprggder 106. Such other materials

i ncl ude copper/tungsten/ copper and copper/ nol ybdenunt copper | am nat es,

beryl'I'ium oxpdgaghtdBhab! L&8Hash Uk (4t NbE Mésitae wdl 1Y rddf rd deer X@h be

metal lized with chron})urﬂ gs)l d,

titani unm goP&EPni{EREI P§IPY fi I ms. Each of these materials has a high
t hermal conduct i Thiey iamera el nindsge fthiecifarmntofs islg S| semi¢digR)ctor
~matching tha SihhCRe rdihinGhnsalysdBt £ RYathe T dlr hefbit
spreader 106 an :g]l'i con ingi ents o %:t e?scrse-ai nduce_g di é’ craclfi ng, W

whi ch
are prevaPer®5i:n2Fgr §214pEWith ENGRRED YR MAREN 183nHPRy 2 oRkFP %Q%J :

mninmzed EncapswiRitlieon seteepaudprisdicgpibealyspyehdge-dDEpeasedetande

f terial N ' | ' t | [yl [
i gures 12 Spripee RHlR oS A" AT Iy hfeey Jfndarn 110

sem conduct deadise *AGPV (Lhet BNFRRHIANFeRP, T1RE ¥dnhAl H-F3Ri FYVAEY f1R%
(i.e. the sicd@plpsielyo Ieawiing haSiohlsheahenPé pagietapOblatiphaheteddah a

coat of hLiy qmb?ggﬁ%a‘ﬁ%i gé\gh;/ﬁée Orn Al dre tdh%tonganragﬁ %ﬁi%@ﬁ&cﬁQLdﬁ?{.’e and

Thi s thin metal ground “sol dér I ani cal
el ectrical | y%lat £5eR neehanEkCXlhr aBderenNig Measttag. r @pPAELStep. In thep

sztep h382t i@t ké?:ﬁ)cltdlintdf}ﬁt, bﬁfé<_t eﬁﬁﬁﬁ&%tiﬁ? &ﬁﬂifﬂ@ucﬁsﬂ?@i‘@d 13% i's
att ache (0] & Ha Jd. 0 avlily Mia a r y.conductl ve adnesive
Fi1m0s. o TA e TR At o RREEY L SRARE, Suipf] TPhp ! RRRRE R, HE e
transferredrwlmmim&%rﬁﬁm sem conductor die 101 to heat spreader 106.
TAB tape 1H03 is aff aghed tenddieimaid,omesurdage gbsheasorddeadpn 1k06a48i ng

i T onmont A EAGARE SERY SR AYS Beri i Oh L bor PEARE BaSKeyRgsec
Usual | y, sudy drhediesniregs sofidieksctmic Hyarsei 0 n bbmdahygachndatder
layer 103a apgh i ebedr real uehagt09oNd 41610f is first deposited on
each solder ball. Next, the solder balls are placed using
20 an appropriate pick-and-place equipment. Subsegquently, the

solder balls so placed are reflowed in place uéing a
conventional infrared or hot air reflow eguipment and
process, heating the solder balls to above 200°C, The
excess flux is then removed by cleaning TGA package 100 with
25 an appropriate cleaning agent, e.g. a watér-based cleaning
agent. Under this process, the solder balls placed on the
pads of pad array 121 with apertures in dielectric layer 109
are reflowed on heat spreader 106, thereby directly
establishing a ground conneétion between the solder ball and
30 heat spreader 106. On the other hand, the solder bhalls
placed on the solid pads of pad array 121 are connected to
the device pads only and provide signal and power
canpnections between the solder balls and traces 119 of the
TAB tape. The inner lead bonds provide connection to the
35 corresponding pads of the semiconductor die 101. TGA
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TAB tape 103 itself. Die aperture 120 on TAB tape 103 is ali g cplaced
125 with dielectric layer 109 secured on the bottom surface I|
spreader 106. In this enbodi nent, the process steps for a_

sem conductor die 101 and for attaching TAB tape 103 to heat spr eader 106
are perforned sinultaneously at step 302 and cured sinmultaneously. Four

optional posts, e.g. post 128 of Fi gurﬁ are provided at the corners of
heat spreader 106 -11- to matAtain a certain hei ght of sol der

bal | s aft er pack8hkLowost ok ($88nPEYWpakea adherbBBEsdLag: DaRdS L tdip front

si de of sem conductor di'e 101, and“the remmi ni ng space in heat spreader
cavity 125 PSHE-filled with encapsul ati on materi al 104 at step 303.
Encapsul ati on matreri phck@gel sdoypianl tiyersybe ngesdhsmeds&d tam Mmml

sem conduct grpd|,g 1, [ gggﬁr ;g_yg

encapsul ant 9tEo *‘l’é&g ;{]EFFBSEeE%ﬁYHQﬁﬁ’%lC Jf ea I ng no Vol ds
Hence, enfafSuiBipBh- nat’é‘rl%PFa“_!E)hE pPbt EBEB E@FHet‘ﬁé°PﬁﬁeﬁWr§&&%dﬁﬂ-§ﬁand
sem conduct @&odeaslwggmwcwmml paBteely raurredtdon dpsagesr dhet he

pr esent enb nent, 4 9{,‘3%6 ﬁpc dgrl n,qat %I‘I %Gﬂnp%%gﬁﬁg a&0§5(£[°er{lle(‘sé or

t hree hours ur|n enperature I's Ta
this enbodi @emneckiont Esdsospf the| BER, band sref tovsit the el drX dﬁt:h?es p'Q"Ris of

pad array 13krawhiieh &he @e05eM reHHE cRRERINIg% I ctH RlactBdad ayetn 110.
To attac %b ﬁauabal I's onto TGA package 100, a flux is first deposited on

each sol Next, the solder balls are placed using an appropriate
pi ck- and- pI ace e@mep#eare ngmpredsarantades ofokberpreaent ETSI@@)imU are

refl ovvedt I @g@&acﬁmmoﬁwtomw b EREGes | ml‘) ?at-e‘étxqrmplg@ adzrgeor -
equi pment an oce eatin er, s to a er e
excess flux oﬁﬁg\ﬁn erB¥83 end‘eqfé/!t g‘géag“'ﬁaﬂﬁ)o ‘h ‘é{h bprbf)rl ate
cl eani ng agmabéeg o delévepised frleemency auerformamter of hilQfizcess, the
sol der balg aHhaced %ﬁt%rpadéug&l@ e@iialéa};%l mh meréyéﬁérwan

dielectric Ia er &_3 are refl owe eat spreader t.her rectly
establ i shin§ (o) Jb‘?ﬁ?’ec?PSﬁaB@FV\é&? t ’%oFdé’l""’J&lq 1859 Hé%‘f" FRader
106. on th@ltﬁdtendaangavhhéoswdynabaldm pliadedzenubhempehsdtpadsratepad

array 121 angRAReeetd s%ch performance is usually only achievable in
a relatively higher cost two~metal tape. Because TAB tape
20 103 «an connect to semiconductor die 101 and the external
PCB is done on the same side of TAB tape 103, shorter traces
result. Further, trace looping from the back side of
 substrate to the front, as required in a conventional BGA
package, is alsc avoided. The combined result of same-side
25 connection and short traces translate to a much smaller
inductance than that of a conventional BGA package.
Using TAB inner lead bonding, the present embodiment
achieves a smaller pitch than that achieved by wire bonding,
thereby allowing a smaller die to be designed for a pad-

30 limited 2IcC. A swmaller die size means Jlower cost of
production. Further, in the TGA package of the present °
invention, an electrical connection betwean the

semiconductor die and the external PCB board is achieved
using only +two connections rather than four connections
35 required of a conventional BGA package. A smallar number of
connections increases assembly yield and package
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t he device pads only and provi de signal and power connections Sheet Flas B laced
sol der balls and traces 119 of the TAB tape. The inner lead b H HIII
connection to the corresponding pads of the sem conductor die

-12- package 100 is then dry baked at 120[err]C for at |east one hour.
TGA package 100 can then be assenbled to an external PCB using a suitable
conventional surface nount process and equi pment. An exanple of such
conventional surface nount process dispéh%es sol der paste on connection

pads of the RGBamhiigys t hgyrddfiz bakhs ol Ge g@ck@@e a1 08GhO § e
connecti on %%%s of thé PCB, and refl ows the sola r balls to estiablish the
desired mecRRFEHS SFndfdcpnrdyl LBEFIBRWFERT e NERPER conventionak BEA

numer ous adyanrikages oflehlddngr etent aenhagdheent reVEsbLDIVENt paticdgBGhot
packages. FE | h re odL rent a_.si er t ape
103, whi ch sscti é%of“%dﬁf‘?ve?’?ﬁ%"??@qgé%?‘3%3?‘?%? n%%’g’gg%fl%%h?
above. Fir H&ed RG¥gkakeg8s-t ape 103 and el ectrically conductive heat

spreader 106 for e cendy@ll edi s gpedeise eép@&i’&ﬁa?f pat I'rz;tzxo_rp.-;.s:h@mgﬂI Soﬂndl
mnimze un t e ctance. . rformapce i sya only
achi evabl e ﬁ%{%%%%e{?ﬁéﬁgﬁj '{L:%sf ?9%§#r§?3€f¥a (%.eagégc:acﬁ?g‘ 'PABA‘_%/%pe
103 can conmREIKATE -seESndudEdr PaF¥agel candhandlexd epeinl cpuBigor ghie on

the sanme si dei=fipbAR HARRWER3 ups ke her whkasesitesut tusinfUs thedt siace

| oopi ng f.r t he back,side,of substrate tq t fron as _reguired in a
convent i &nnglr?%ap_gél%ggg,gn}{slﬁl%%e%vwojrtgfécr%erﬁ‘ghﬁﬁﬁ#ﬁg& PESHRE BReSSHE. si de
connecti on @TWVHHQN t Rewey timaexcass ©of A5nWehtsnadhebe i bandl edhoendemn

that of a coeidd ot BGRaPELkRSe. This WSidGhalARidWBiadgad opdipgy the
present enbadinment a‘?ﬁ?\,: eyes g.smal | er gl teh than that, achi eveg bg W re
bondi ng, t hér el T eiPndPRCEABITEP~BPES PP e TRIRERTST 1 8BS R8Pt ed

| C. A snalqer°Glivattsi ahimhalis kohdevedsbeceflisprobecseniconductderdien t he

TGA package f diteediBs et dcORhe ndRt sﬁéeaaé'%%@%%n?cgm&f'gﬁy

between the sem.nconductor die and the external P afd i s achieved
usi ng only tS&P MR iR N-at her than four connections
"A TGA package 200 in an alternative embodiment is shown

in Figures 2a and 2b, Figure 2a is a cross sectiocnal view
of TGh package 200, and Figure 2b is a partially cut-out top
20 view of TAB tape 203 in TGA package 200, TGA ﬁackage 200 is
substantially the same as TGA package 100 of Figure 1 except
for the differences described below. To facilitate cross
" reference between TGA packages 100 and 200, the same.
reference numerals are used to indicate substantially

25 identical features.

-In TGA package 200, the pads on pad array 121 are
connected to traces on a TAB tape 203 using a wire bonding
technique, rather than a TAB inner lead bonding technigue.
Wire bonds 210a and 210b in Figure 2a are illustrative. In

30 this second embodiment, TAB tapve aperture 220 (Figure 2b)
for semiconductor die 101 is slightly larger than die cavity
125 in heat spreader 106, thereby exposing a narrow
perimeter of heat spreader 106 surrounding cavity 125.
Instead of inner lead bonding, wire bonding is used to

35 provide ground connections directly from semiconductor die
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required of a conventional BGA package. A smaller nunmber of co lm“HhSB“mnclmxd
I ncr eases assenbly vyield and package [ﬂﬂﬂﬂmﬂﬂll I IIII
- 13 - reliability. Moreover, the TAB tape of a TGA packag
significantly | ess noisture than a conventional BGA package, leading to a
hi gher reliability package not susceptible to the "popcorn"” failure node
common in the PCB based BGA packages. The thernmal dissipation capacity
of a TGA package of the present inventidrf is significantly greater than a
BGA package Such a TGA package can handl e a sem conductor die dissi atlng
pover up tolPd k& ek SRARRGES AP6 Medt Witk PO hdf HHhKE iy
with the TGﬁera&cI@gea@‘ert h.(BSDBQS'ebhnldﬂmqnt:Bom,tpr%l: in excess of 25 watts
can be handl ed unger difio t;heryal
capacity represen q.'s groj%nngt% &Q%laﬁs% tﬁEerTéﬁm"? }%gﬁg‘;otd ﬁﬁé)@% han :
0.4[ err] O wame wapéﬁtﬁéYaéﬁpéveﬁe%e%ﬁu%kﬁl#ﬁ?%&ﬁnLﬁM@GUépér dvelikediRect|y
attached tsom.lmﬁhq% meeﬁereusiaaekagtahqrml hhesenainat |J.\a“fher@%ds at A
TGA package %b an alte Lye e I ment %i shown é@ F| % ée and 2b.
Figure 2a is CP8’§§p28’é¥ ﬁ?e\ﬁp&rhﬁ& phtkads €200 aﬁ’ e A is a
partial |y ceéiedgcuis vleéwrofquAB @apéeeeaw nlFEer padRagd m Mmkage
200 is substxayy Iﬁdﬁédﬂsec&@mesaiﬁ%ig&ekagetéo@lefa Bt e 12@ercqpéné@r the
di fferences esalr bed elom/ To f |tate: ross r rence tmeen
packages 160 @@iy" ef%xarga% re R hdie LPS r 1 B° |?|%i| cate
substantﬂﬂIEPiQﬁﬁﬁblmﬂhihanﬁﬁsaxy supnqnt'tem yacba@enﬁﬁog t he pads on pad
?rrﬂy_ 121 are co ﬁg igrA%haﬁesa@n &JA&%@D&QQ&&SE% @V%M rﬁaﬁéﬁgééggo
echni que, 15 [ r ni re bon s a
and 2100 1 n T4 gurAS SAAE TP BSEPRE| 3B, RF CHEP Son ARG
t ape apert uraRREhgd-i gorke2b) sporaden 40Rductiog mnaaﬂhhsxyaﬂfxﬁmlyz#arger
than die ca\uﬁsycrﬁisl ndQEé{-xﬁQ&e%\réO@‘ tthhef@Q‘Xe@\’.‘pQ?d n@h@ nescam
peri met er heat spreader surroundi ng_cavi |n er
| ead bond‘r%g?r‘?/ﬁ’?*es B?ﬁc?’rﬂj"ies 3L?sedAtto shesyiPdé - gFéEﬁH Eéhﬁﬁé‘t’?ofﬂé Wittty
from sem conidaictoredj esemiconductor die 101 is attached in cavity 125
using a thermally conductive epoxy 105, which is also
described above.

At step 353, afﬁer conductive epoxy 105 is cured, pads

20 on semiconductor die 101 are wire bonded to traces 119 on
TAB tape 203. At this step also, a ground ped on
semiconductor die 101 is wire bonded to heat spreader 106 at

" the periphery of die aperture 220 of TAB tape 203. This
wire bond is shown in Figure 2b as wire bond 210b. At step

25 354, an encapsulation material is syringe-—dispensed to form
encapsulation 104 £illing cavity 125 and covering both
semiconductor die 101 and the wire bonds. Encapuulatlon 104

of TGA package 200 is allowed to cure in the same way as the
corresponding encapsulatioﬁ in TGA package 100. Solder

30 balls are attached at step 355. Step 355 is substantially
identical as step 304 shown in Figure 3a in the assembly

process of TGA package 100. ' :

The main performance difference between TGA packages

100 and 200 stems from the wire bondings in TGA package 200.

35 Wire bondings in TGA package 200 cannot achieve the f£ine
pitch achieved in TAB inner lead bonding of TGA package 100.
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laced

- 14 - 101 to heat spreader 106 by a Wre bond 210b to t i Be
spreader 106 surrounding cavity 125. As shown in Figure 2 “ lﬂ I
| eads of traces 119 are conpletely supported by dielectric |ay H

Unlike in TAB tape 103 of TGA package 100, where the inner |eads at the
peri phery of die aperture 120 are not protected by dielectric |ayer 109,
dielectric |ayer 109 of TGA package 200,protects traces 119 right up to die
aperture 220, hence providing the nechanical support to netal trace 119, so
as to eStabbbﬁ?e@@éﬁé%%i?asBaaaﬂﬁmﬁeﬁdwbéﬁié@ﬂdh&ﬁbr_die BiegigRedb rPROWS an
assenbly process_for,, ,paﬁﬁigﬁlzoo. Aslspomn in.Fiqure 3b, at._step 351,
TAB tape 20%*F% RPPHEREJ i YsgreRfer 1208 tisPRY BRTEAREEPIE VR HC124,
whi ch i s deprodbed. abbisowi shncespee tunconpensssahbinpgtawss ohfa Migere 3a.
At step 352 t ﬁ%ﬂf J i i i ed, } Iy 1 S
attached i nbggéi tia%/ 125 %s;‘%g% a{nﬁérz‘%ls?’;?%géﬁ u'(I:‘ti|§\r/r?Le{.hgggg@é %SHH 1'\;\rd,h'i ?%él S

al so descFPi BéghapBdefrequengy pezfosnancer Pér TEANBGEKEFE 20k y-S135¥eE
cured, padsthanserecoaddespondinglfdequensgy rp=himettnds df Juas phtkage TAB
tape 203. oﬁg this step also, a ground pad on sem conductor die 101
IS wre bonée to heat_ spreader 106 at the periphery of die aperture 220 of
TAB tape 203. THP& widsEoiRe i sA8AGHAPTHOR g@PeVEh o&S wi PEOBOREA210P At
step 354, adlanegpatkathenspddefialentodindnige odi shensessém: fiarvantion

ot s el Liega o Ao LR g

die 101 and_t onds. En ul ation 104 of ~1GA i's al | oned
to cure in PHEeESHE RAG1iESCaREOBORPR STRIHER WP ¢tdifddmathenSFRPE E Jdtkage
_180. _ So: deprb&bh&B&rﬁrs’ﬁﬁi&ﬁh&dﬁ:@tp6§§:pb3§55- ﬁhep p’i‘ﬁr;belln& s&uhm:ﬁﬁdr?liTséA
identical a A i i.qur i.n the assenbly process o _
package 100§e§3%%dT%§ %&%ﬂ?ggﬁ 39% n%&ggpfference bet ween TGA packages 100
and 200 stens fromthe wire bondings in TGA package 200. Wre bondings in
TGA package 200 cannot achieve the fine pitch achieved in TAB i nner |ead

- bondi ng of TGA package -100.
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- 15~ Consequently, a pad-limited seniconductor die designetfigSheet Replaced
bonding is likely to be Iarger and nore expensive to produce. j & uﬁmll
t he -unconpensat ed i npedance of a wire bond is |arger than a. col

TAB i nner | ead bond, the high-end frequency perfornmance of TGA package 200
I's lower than the correspondi ng frequency performance of TGA package 100.
The detailed description above is provided to illustrate the

speci fic enbodi nents of the present inwenti en and is not intended to be
limting of the present invention. Nunmerous nodification and variations
within the s€aadmadf the present invention are possible. The present

I nventiFon i s defined by the follow ng clains.

- 16 - d ai ns 1. A package_for _a_sen conductor die, : conprising:

(a) a TAB tape coﬁpris@nﬁ?cgage for' 2 semlconductor; %?'eﬁﬁpgﬁég;ﬂg'
dielectric |layers havi bg) f ar TABahdpsecomgr apeng ur es,

respectiveky, aligned to acgopupdajfaSaLdeSea CONAUCIOr i di 90,330 gaepnd
dielectric layer havin array of openin sald first dielectric Iﬁyer
i

an S, ,
havi ng an openi ng aligﬂéﬂlpg a Ie@?@ﬁtﬁﬁg<ﬁf%&ﬂdaﬁFP§9° $EL88 0 S@fi ngs
of said second diel ect semitepdnctand die, said second dielecariondagkrve

| ayer between said firﬁgvggﬁiégcgggagiggeg éggn%gaf%ﬁd said

conductive layer having at erfure g |%£e said first and
second apertures to accompBat®® G LBNCcPEIVErE, Wit EbhdhcAnde
| ayer incR@ding el ectrseabhy cureliexttinie: tlayes ensaiddi ecgniinotisai datylrr d
aperture to an array ofngheahioal Ly COBMYE (0t8aRals veSal dodl kit ing

S ing al1g of 0 of

el ectrically conductive pa ¢ ned th said arra peni ng
sai d second di el ectri cEFSerSahferRar a8 cef ePaRcELFEEl | FnT 0 FRFENS e

pad i NqialdctEiay Ddyelrecits Canl \reaydueti a eaqs daadyan

Opening “hiCh aligns conductive pad@}t]§§yéj(Q%?yf“33f1sgyé%é¥fégily
dlelectr|%slayer,

conductive pads being zligned with said array of

openings of saiq second dielectric layer;

(k) a stiffener having a cavity for accommodating’
said semiconductor, said cavity being aiigned with each
of said apertures for accommodating said semiconductor
20 dle of said first and second dielectric layers;

(¢) an adhesive layer for attaching said TAB tape
to said stiffener, saiqd first adhesive layer attaching
a surface of =sajid first dielectric layer to said
stiffener; and .
25 . (d) a plurality of sclder balls each approximating
the size of said openings of said@ second dielectric
layer, said solder balls being attached to said
electrically conductive pads'through said openings of
said dielectric layer:

30 2. % structure as in Claim 1, wherein =saiag
electrically conductive +traces have free standing ends
protruding into said cavity, said semiconductor die has a
plurality of connection pads, said connection pads being
connected to free standing ends of said electrically

35 conductive traces of said conductive layer using TAB inner
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(b) a stiffener having a cavity for accommodati ng said sem¢ ' Replaced
sai d cavity being aligned with each of said first, secon - HHIH
apertures, said stiffener having an el ectrically conducti

such that a solder ball forns an electrically conductive path to said
stiffener through said opening in said first dielectric |layer, said

opening in said selected electrically conductive pad in said conductive

| ayer, and said sel ected opening in said second dielectric |ayer;

(c) an adhesive |layer for attaching said TAB tape to said stiffener, said
first adhesi ve | ayer attaching a-suPface of said first dielectric

| ayer to said stiffener; and (d) a plurality of solder balls
each approximating the size of said openings of said second di el ectric
| ayer, said solder balls being attached to said electrically conductive

pads through sajd eni ngs _of said second dielectrig layer. . s 2. A
structure gegé hopﬁ ngCF%PHFCti?ns'wﬁgﬁgiﬁgrUEEVﬁeef%f?%?%a???pﬁﬁﬁﬁﬁ%tive
traces havenf eacapsaddtignemdtseplefr ddlAgnoncaigdarevityi Y, saafd

sem Conducgeafgie%eh}asna ghﬁ&gkiih)g eb1@0RBRSELARLRRYS, a8dideCcaRACEhi@N pads
bei ng connecte ree standi ends of said electrically conductive

to f n
traces of §3@d1@@ﬁﬂu@FP@énﬂanP%&§¢ﬁ§n?AB i nner

- 17 - | ead bondi ng connections, said structure further conprising an

encapsul ation ”%Ke@‘QtﬂUJHBE%Qa%@L%Tiéﬁﬂhylof ﬁgggiﬁtggganer and encl osi ng
sai d sem conduct or_ device an S5 & i nner bon I Ng cQnnections. | 3.
A struct ur eRdganduction giahaseln PAXFG &N eAnaRENEFtAPEB RASSa BRUMal ity

of connect icamraAS.ons PadiaC PaitR icohneededheiongatanateteditaligi d _
el ectrical 'één‘"a%%g&i‘i}é Véi-atcre%‘:%% %‘;?i%a'c%n%%@&%' iEyE@yﬁEiﬂﬁ' p@&" re bonding

connect i ons, Sa.l StT uct ur.e urt E‘_I‘ conprising an” encapsu a_l c_)n mat eri al

filling saiRensinia waymestiipns,i fadfestametanel S3riYsarenpEArddaEdadt or
gilew2 ce agd Tl db M et AN HaRGXIANNGGNIGRSY said cAvifySbiUshiResasricBnekai m
, or , CO
an

éﬂéﬂggiﬁ% said semiconductor device and said wire
bonding connections.

4. A structure as in claim 1, 2 or 3, comprising a
second adhesive layer for attaching said semiconductor die
to saild stiffener. '

5. A structure as in claim 4, wherein said stiffener
comprises a thermally conductive material and said second
adhesive layer comprises a thermally conductive epoxy.

6. A structure as in any preceding claim, wherein said
stiffener comprises a material having a thermal expansion
coafficient approximating the thermal expansion coefficient
of silicon. _

7. A structure as in any preceding claim, wherein said
stiffener comprises a material selected from the group
consisting of (i) copper, (ii) copper/molybdenum/copper
laminate, (iii) copper/tungsten/copper laminate (iv)
beryllium oxide, and (v) metallized aluminium nitride.

8. A structure as in claim 7, wherein said metallized
aluninium nitride includes a film selected from the group of
nickel/gold, chromiun/gold and titanium/gold.

9. A structure as in any preceding claim, wherein said
stiffener has an electrically conductive surface, and said

A B



"secohd adhesive | ayer for attachi ng sai d sem conductor die Been Replaced
stiffener. 5. A structure as in claim4, wherein said stj I l“"l
conprises a thermally conductive material and said second ad

conprises a thermally conductive epoxy. 6. A structure as in any
preceding claim wherein said stiffener conprises a material having a

t hermal expansi on coefficient approxinmating the thermal expansion
coefficient of silicon. 7. A structure as in any preceding claim
wherein said stiffener conprises a material selected fromthe group
consisting of (i) copper, (ii) copper/ A5 ybdenunt copper |am nate, (iii)
copper/tungsten/ copper lamnate (iv) berylliumoxide, and (v) netallized
alumi niumnitride. 8. A structure as in claim7, wherein said

met al | i zed iadswmiddielectirtic das rclopdesing falligned| ot ed sklesteleogeogf of

ni ckel /'gol mcwp%mwsg@fd 3@1 @éﬁﬂwr&l&cﬁe@tnc 1a?e’"Aa§Eir weture as in any
precedi ng clalm erein said stiffener has an el ectricall uctlve
surf ace, %rﬁp@ndlng pad in said array of electrically con Eg ive i st

di el ectri paias aad.@era:a:g—eedpcgmadng Qe w\aﬂtgedm@emﬁngabdnnpemmgs of said
second di e‘% 09 rd (%t"i%ﬁrina guaa RS RO 1aSre§ak:‘1tﬁr

el ectricalTy co sai'd cor'respon ha |n% an open| ng

connect i ngPE%?id“bGé‘hlsﬁg-q Fagangd fqlf%lteﬁzé'll%c]tamec,rrl speh ek 3aF@L88&ning in
sai d secornshidi &d:Q6dd i |ARICr S o faina;muéerpabﬂi leof gali® aftiglmeleri cal |y

conductiv ath.to sajd stiffener thr sa lbn.said_first
dielectri c;et}&w fi?d'aiaﬁ rﬁ‘é}%c’t’%fﬁp‘gﬁl&'\rﬁ r‘i'{j:"s‘a eci:%é"é%o&&y&fref’é‘gt e &dl ayer.
10. A struelacted dperdng pirecedih@etandndigieradinic diayest-i f f ener has a

conductive surfage pl ALt £ MEl any fébéﬁﬁqet&%%e kme&@ﬁersam
11. A structur%‘s in claim 10 wher ei n sal

el ect ed from e
group const Gt hag e ‘“d'cPrYF surfaqe P%tse(dr Gf:‘ttz‘r th
precedi ng id arett.alicy Gy ddizier.

11.. A structure as in elaim 10, wherein said metal is
selected from the group consisting of silver and gold.

12. A structure as in any preceding claim, wherein the
thicknesses of said zdhesive layer and said first dielectric
layer are selected to allow said electrically conductive
traces and said stiffener to form a controlled impedance
electrical path.

13. A structure as in any preceding claim, wherein said
size of said openings in said second dielectric layer is
selected to maintain a predetermined diameter of a salder
ball after a reflow step.

14. A structure as in any preceding claim, wherein said
apertures for accommodating.said semiconducter die are
slightly larger than the opening of said cavity in said
stiffener, so as to allow a wire bond to provide a ground
connection between said semiconductoxr die and said
stiffener.

15. A structure as in any preceding claim, wherein said
first dielectric layer has inner and outer edges completely
supporting said electrically conductive traces, and/or has
inner edges that expose a short length of each of said
electrically conductive traces.
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.thicknesses of said adhesive layer and said first dielectri (':rh SheetHasMR@hced
selected to allow said el ectrically conductive traces and sai mﬂ”lﬂ“ﬁumuﬂ‘ )
forma controlled i npedance el ectrical path. 10. A struc

preceding claim wherein said size of said openings in said second
dielectric layer is selected to maintain a predeterm ned di aneter of a
sol der ball after a reflow step. - 14.df%structure as in any preceding

claim wherein sai,d apg{t ]?qg.g[gdg) 5 ' | C tor die.are
slightly |arger t,ﬁgn ?ﬁ{}ﬁ%ﬁ‘.‘gﬁg‘; I sal cav:'ll {%%‘g%?l taﬁpgiei%eer%r%%e%s to
al l ow a wi r &St PIFKATe FPRRIOVHENE oHMR cEFORS bet ween sai d sem conduct or
die and said stifferermonding 181eftSLETlY @dRudt B BFEcedi BE & abim
wherein said fi rsc}a di el q:ctri c_layer hl_\‘e)l:giinner angd outer ed e%co 'IFeter
supporting said ergctrical | ycc°c5‘f"{vﬁfé?cf 19 ac L EHIFYE hasP3Fher RFges®t hat
expose a short | empirafductdr of dseai dusliegt r i Datdy cdrddct bemdsr,acesaid
- 10- 16, An aseail dvoropssss foF Labhl eall auan dbeonal Rl SloguLl
ondi ng e

package, conpri si ngk_,t he st eps: . ectricd |y ‘conductive
traces on a TAB 2 Tiishdnqd £ S RbeieREriccdPNEEiive pads of a
sem conductor die usitigechimersaikagbnibomiductsdiflie to ORAGLEER WEa i1 aces
of said TAB tape I g etaee a fJi nd.a.secopd dielectric
| ayer; a%a?:’hiﬁg%gg d ’ﬁgn?co’r‘ﬁﬁ‘ét ogrlu(:ﬁ%ed%} tu%el aCE V\'l/:g??}maﬂyof a
cavity in a heat SPrEfelVeIAMLRiYhEer mal |y conduct i ve adhesi ve;
attaching said TAB tapsttfcistigl 8edl SpAgad@ipe to USA{W 8e2AB sdhesaye;
curing said ther r@,{a%y co ti%l_? adhesi ve anéD sai d TAB adhesi ve;
encapsul ating said’ 1% % HEFHHEF 1 ead bonds by filling said
cavity and covering satur Brgrisscdisticbiegmally conduand veaadheahre arddsdbads;

curing the encapsplmtidiedBberial ; appl yi ng solder flux on one or
nore sol der balls; attaching,sol der balls to conductive pads of
sai d TAB tape; &ncapsulaeing,fasdsdie &5dd&cishiinnas R yrandseat ;

cl eani ng excess fiwxt fring adald ancdeiCty viendaciver ing Usa Il Sén DPpidpst ot e
cl eaning agent; EH%L and said inner lead bonds; ‘
curing the encapsulating matexrial;
applying solder flux on one or more solder balls;
attaching solder balls to conductive pads of said
TAB tape; _ .
reflowing said solder balls by applying heat;
cleaning excess flux from said conductive pads
using an appropriate cleaning agent; and
dry baking.szid integrated circuit package.

17°, A process as in Claim 76, wherein said bonding

step uses conventional thermosonic bonding or bumpless
inper. leédd bonding . -

18. An assembly process for fabricating an integrated
circuit paékage, comprising the steps:
attaching a TAB tape to a heat spreader using a
TAB adhesive, said heat spreader having a cavity for
accommodating a semiconductor die;
attaching a semiconductor die to the back wal) of
said cavity in said heat spreader using a thermally
conductive adhesive;
. curing said thermally conductive adhesive and said
TAB adhesive; e
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B This Sheet Has Been Replaced
dry. baking said integrated circuit package. 17, A pro i
Cl aim 16, wherein said bonding step uses conventional ther m)qmmmmmmml
or bunpl ess i nper. | ead bondi ng.
- 20- 18. An assenbly process for fabricating an |ntegrat ed circuit
package, conprising the steps: attaching a TAB tape to a heat
spreader using a TAB adhesive, said heat-%preader using a TAB adhesi ve,
sai d heat spreader hawomiiry casalq f beaaccepredderng sndentberchkictarlyli e;
attaching said SEMEQANLEL Orclliced 0 e baffksw«éég@f €81 esAtLidohds i d

heat spreader using a therna con tive adhesi curing sai
thermal |y conductPRARGHHER | PRI d°Eai ¥ PR IGAEGRPr  die Bﬁﬁﬂﬁnd‘%ﬁ? d
heat spreader aridomlse,ctsad:al bpndaud.l:l&tel v ddeac e’ onasdi CARAB dmgpebé ing

correspondi ng. copgiethu,Baiss ok et deRenh cobobicy 0 g ecush RO e, bonds.

sai d conducti ve traces sai ween st "and
second dielectric | ay%‘PcaPsulatb‘h%aﬁﬁniaE‘P-ﬁga§§| gadsyiidhriuctend d‘i"é"’%d

said wire bonds by fillimg said cavity sl couwaring said seniconducter di e
and said wire boﬁjé;and sai&u:{xiqurtfga cgé’lat' ng material;
u

appl yi ng sol der X 0N one or nore so der attachlng said
sol der balls to condR¥¥HRd faer SncapFulanghg apeterial; ref|owing said

sol der balls by appl yAmg1yP£ad ; solder £1€2NbM0EX GRS SnbtelXsdla8Y SPaIls ;

conductive pads usi ng, ?Qp%ggéopréf& gi an| aqlfgggé c%[;'guctlve gégsb&ll(l ng

said integrated circul 0Cess
Caim 16,17 or %lwaﬁamar d encapsul ating step is perfor rred
using a syringe-di spefséding salengamaékabapnsnapeapauylng heat; 20.

A  process as i c%ﬁ%‘l‘gll"%nosﬁ’BS%ru”ﬁ%h ei,l no a?lg oo du ﬁﬁeto #;L&;l on

material is cured for enperature 1s
ranped at threeuél-%%san appropriate cleanmg agent; an

dry baking said integrated circuit package.

19. A process as in Claim 16, 17 or 18 wherein saild
encapsulating step is performed us:.ng a syra.nge—d:.spensad
encapsulation material,

Wor 12 pnovein said

28, A process as in Claim
encapsulation material is cured for three hours during which

the temperature is ramped at-three steps.
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