2 June 2006 | SEM CONDUCTOR PACKAGE HAVI NG SUBSTRATE W TH MULTI - LAYER

METAL BUMPS Field of the Invention This invention rel ates general |y Jihe 2006
sem conductor packagi ng, and specifically to a sem conductor package that

i nct'udes a substrate having external contacts, and optionally die

contacts, fornmed as multi-Ilayer netal nps. This invention also relates

to a nethod for fabricating the package, and to el ectronic assenblies
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.package, phkhragke is back bonded to the substrate and wire bonded to the
die contacts on the substrate, or alternately flip chip bonded directly to
the die cont ubstrate. The substrate al so i ncludes externa
contacts YSRHANCati on with the conductors and the die
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includes a semlconductor die bonded to a substrate, and an
encapsulant on the die. Typically, the substrate compriséé
an organic material, such as bismaleimide triazine (BT), an
epoxy resin (e.g., "FR-4*) or a polyimide rasin, The
substrate also includes a pattern of conductors, such as
copper traces formed directly on the sgubstrate, or
alternately on a flexible tape attached to the substrate,

One type of BGA package is known as a BOC (board-on-
chip) package. With a BOC package, the substrate (i.e., the
board) is bonded to the circuit side (face) of the die, and
wire bonds are made bestween the die contacts on the substrate
and the bond pads on the die. Another type of BGA package is
known as a COB {(chip-on-board) package. With a COB package,
the die is back bonded to the substrate and wire bonded to
the die contacts on the substrate, or alternately flip chip
bonded directly to the die contacts on the substrate.

The substrate also includes external contacts in

electrical communication with the conductors and the die
contacts. Typically, the external contacts comprise solder
balls arranged in a dense array, such as a ball grid array
(BGA), or a fine ball grid array (FBGA).

Referring to Figures 1A-1C, a conventional BGA package
10 in a COB configuration is illustrated. The BGA package 10
includes a stacked pair of semiconductor dice 12, 14, each



Referring to Figures 1A-1C, a conventional BGA package 10 in a COB
configuration is illustrated. The BGA package 10 includes a st ackedn@ 200s
of sem conductor dice 12, 14, each 2 June 2006 2 having a pattern of bond
pads 16 on a circuit side thereof. The dice 12, 14 are sized, and bonded
to one another, such that the bond pads 16 are exposed for w re bondi ng.
The bond 'pads 16 are in electrical conunication with the integrated
circuits and sem-conductor devices contained on the dice 12, 14. The BGA
package 10 al so includes a substrate 18 and adhesives |ayers 20 which bond
the dice 12, 14 to one another and to the substrate 18. The substrate 18
includes die contacts 22 configured for wire bonding to the dice 12, 14.
Speci f i cal hpvingr esP2atere oBreRd (RAdh b PAdTE8IEnSifAe tapkerfi, 14
and to therfleedgeat agt s122aee kheedybahaabenaZhetBHnaskegesi @Lao
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“array (BGA) or a fine ba a F .. The external cqntacts 26 are
bonded to BaPFaCHDH %#%éﬁ?%ﬁ)ﬁ? Fﬁgg gP? PItHe 4ﬁ§quﬁa aéhding
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encapsul anth8Ziairatentapsahdtas driveydofeed@ernkd, coheavis €26 24 tawad t he
' polyner tape 28 in electrical communication with the die
contacts 22 on the substrate 18. Conductors (not shown) on.
the polymer tape 28 and 1nter1eve1 conductors {not shown) on .
the substrate 18 electrically connect the external contacts
26 to the die contacts 22. Typically, the polymer tape 28
' inclﬁdes a flexible polymer substrate, such as polyimide, on
which required circuit patterns are formed.

The external contacts 26 comprise solder balls in a grid
array, such as a ball grid array (BGA) or a fipe ball grid
array (FBGA). The external contacts 26 are bonded to ball
bonding sites 30 on the polymer tape 28 using a bonding
techniqgque such ae soldering, welding or brazing. In
addition, a solder mask 34 includes openings 36 (Figure 1C)
for aligning the external contacts 26 for bonding, and for
electrically insulating the external contacts 26 from one
another. ' 7 _

The BGA package 10 also includes an encapsulant 32_that‘
encapsulates the dice 12, 14, ‘the wires 24, and the
associated wire bonds on the bond pads 16 and on the die
contacts 22. Typically, the encapsulant 32 comprises a
Novolac based epoxy formed in a dJdesired shape usging a
transfer molding process, and then cured using an oven.



associ ated wire bonds on the bond pads 16 and on the die contacts 22.
Typlcally the -encapsul ant 32 conprises a Novolac based epoxy forgreg, i #oe
desired shape using a transfer nolding process, and then cured using an
oven. 2 June 2006 3 One feature of this type of EGA package 10 is that due .
to their size, the external contacts 26 add considerably to the thickness
T (Figure 1A) of the BGA package 10. F& exanple, conventional sol der
balls typically have a dianmeter of fromabout 0.012-inch (0.3-nm to-
0.030-inch (0.762-nm. The size of the external contacts 26 also limts
the density or "packing fraction" of the external contacts 26. _
Simlarly,. due to their size, the spaces between the external . contacts 26
are rel ativel y omalfealgxre hef dties rtowte od 86t hackame r¥Spondibwf cwwluct or s
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art work &L Ql % ﬁg&{gaduced during fabrication of the bonding sites 30, and
during f abri cation of -the sol der rmask 34. Another problemwith external
contacts 26 inXthewpydsh dre Selv@atagaaus | kot s ?géeplb&’nafﬁﬁj'l&ﬁt?he

external CHM&GlsS contacts that are smaller than conventional solder
balls. This would decrease the height of the BGA package 10.
In addition, smaller ext_é;rnal contacts could be spaced
further apart allowing the density of the conductor pattern
on the polymer subgtrate 28 to increase. This in turn would
decrease the peripheral outline, or "footprint®, of th;a BGA
package 10. ' ' : '
Another problem with external contacts 26 in the form of
conventional solder balls, 4is that the locations of the

external contacts 26 may vary in the X-direction from a
theoretical location (dotted lines), as indicated by AX in

Figure 1B, or in the y-direction as indicated by AY in Figure
1B. Thege variations in the locations of the external
contacts 26 may be due to mask alignment and art work exrors

 introduced during fabrication of the bonding sites 30, and
during fabrication of the solder mask 34.

Another problem with external contacts 26 in the form of
solder balls is that the planarity of the external contacts
26 may vary. For example, as shown in Figure 1C, the middle
external <ontact 26 is offset from a theoretical plane P by a
distance AZ. This planarity variation may be due to warpage
of the polymer substrate 28 followlng tha mold cure process
for the encapsulant 32.




26 may, vary. For exanple, as shown in Figure 1C, the middle external

contact 26 is offset froma theoretical plane P by a distance Az., Thiss 2006
planarity variation nay be due to warpage of the polyner substrate 28
following the nold cure process for the encapsulant 32. 2 June 2006 4 Yet
anot her problemw th external contacts 26 in the formof solder balls is
illustrated in Figure iD. Typically thé package 10 is nounted to a
supporting substrate 38-(e.qg. PCB), by reflowi ng the external contacts
26RF onto el ectrodes 40 on the supporting substrate 38. A solder mask 42

on the supporting substrate 38 facilitates the sol dering process.
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S between theex ernal contacts 26 and the bonding sites 30 can- o
cause opens and shorts, or can cause the external contacts 26
to separate from the bonding sites 30.° Poor quality selder
joints can also cause the external contacts 26 to separate
from the bonding sites 30. In general, the quality of the
solder joints is affected by the surface topography of the
bonding sites 30 and by the thermal profile and cycling times
of the bonding process. Similarly the quality of the solder
joints betwsen the reflowed externmal contacts 26RF (Figure
1D)_can cause opens and shorts, and planarity problems for
the package 10.

In view of the foregoing improved semiconductor packages
having better external contacts are needed in the art. 'The
‘present invention is directed to an improved semiconductor
package bhaving multi layered external contacts, and
opticnally multi layered die contacts. The present invention
is also directed to a method for fabricating the package, and
to improved electronic assemblies incorporating the package.




is alsp directed to a nmethod for fabricating the package, and to inproved
el ectroni c assenblies i ncorporating the package. 2 June 2006 5 SumefynLfo006
the Invention In accordance with the present invention, an inproved

sem conduct or package, a nethod for fabricating the package and an

el ectroni c assenbly incorporating the package are provided.- The package

i ncl udes a substrate, a seniconductor dde nounted to the substrate, and an
encapsul ant nolded to the substrate-encapsulating the die. The substrate
conprises a conventional "board" nmaterial such :as an organic polyner
resin reinforced mnth glass fibers. In addition, the substrate includes
die contacts_ that a ced.in el ectrical communication with bond pads on
the di e usPHEHEp """ ‘"'.s t her noconpr essi on bondi ng, w re bonding or
TAB bondi ng. Thﬁ aubetdaheeahsbhlnhEuQEesenhdmnVGmsmanuiﬁmwwmygogedes in
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as thermocompression bonding, wire bonding or TAB bondlng.

The substrate also includes conductors and bondlng sites in
electrical communication with the die contacts. The
conductors and bonding sites can be formed directly on the
substrate, or on a flexible pblymer tape attached to the
substrate. ' A

The package also includes external contacts on the
'bondlng gites arranged in a demnse grid array, and configured
as input/output ports for the package. The external contacts
comprise multi layered metal bumps that include a base layer
(first layer) on the bonding sites, a bump layer (second

- layer) on the base layer, and an ocuter layer (third layer)'on
the bump layer. The bage layer comprises a metal such as
copper, that adheres to the bonding sites, which can also
conprise copper. The bump layer compfises a metal such as
nickel, that can be easily deposited to a desgsired thickness
on the base layer.  The outer layer comprises a non-oxidizing
metal, such as gold, that will bond easily to mating
electrodes on a supporting subgtrate (e.g.., PCB).

One advantage of the package is that the external
contacts can be made smaller than coﬁventional solder balls.
The decreased size of the external contacts decreases the
thickness af the package, and allows an increase in the
density of the conductors, and thus the signal density of thé




contacis can be nmade smaller than conventional solder balls. The decreased
size of the external contacts decreases the thickness of the packagf,,&hoe
allows an increase in the density of the conductors, and thus the signal
density of the 2 June 2006 6 package. In addition, the external contacts

can be fabricated using | ow tenperature deposition processes such as

el ectrol ess and electrolytic depositio such that package warpage is
decreased.- Further, the external contacts can be -made nore uniformy and
with inproved planarity over conventional solder balls. Still further, the
external  contacts can be shaped by etching to include a generally- planar

tip portion configure eaS|I to th n odeg, O
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configuration. In .a secon od] t of cka st.a e is
back bondé‘tf‘rtxif“gm%elssﬁ%ffﬁgfggb gu’é%%r ‘on- 8%? %ﬁf?m}ﬁ% t‘i%riicea(}l o is wire
bonded t o Mdrte dirwoonuadiformliy andt hvith eriouiawead @flatﬂﬁ’éflﬁfatk&@r@r the die

i s adhesi vely, ﬁ@f&lﬁe@lfasgaéewrbﬂqg he gub3tr ahg-thed beredegieshiap
conflguratlon and is ?‘3 to the die contac QuL

embodi mentCFFtads ﬁ%’(’, aé’euet g stcba{ﬁ%c'i'b‘aﬁdgdgte6le§arlg(¥ess in
t he subst naltaman mmtlamttmn heanfhieatreds oe kded, casd livs twi tdebowdéaat o t he

“die cont aClSset %eEE%HOQ gﬂpﬂgﬁbcgﬁﬁg}&attge package includes the initial
steps of. providing the substrate, and form t he dlt%?e%nt acts, the

conduct ors and ¥hé tﬁi‘r?cﬁtn&"'?f’fiég‘eﬁﬁ Pﬁe kagey % COGReEEEs, the
conduct or son ahd shesheate nylscs idoaprdaa xbleltineﬂm:rédrmet&y Immgishe astdbst rate,

or Dy allgehie ke BoLlodanadl b Eﬁl@%ﬁeekﬁgﬁ“&ﬁetcﬁfé%{‘at ¢14e

substrate he ne SO I nc es t estepq orm.ng the _external

‘contacts IshigesesiigyrabionepdiafesreErad suBndimentatethe packaginpd| ayer,

out er Iay@t)admgd hiei botwli backi besded to the substrate in a chip-on-
board configuration, and is wire bonded to the die contacts.
In a third embodiment of the package, the die is adhesively
boﬁded face down to the substrate in a board-on-chip
configuration, and is wire bonded to the die contacts. 1In a
fourth embodiment of the. packé.ge, a stacked die is back
bonded to a recesg in the substrate in contact with a heat
spreader, and is wire bonded tao the die contacts.

The method for fabricating the package includes the
initial steps of providing the substrate, and forming the die
contacts, the conductors and the bonding sites on the
substrate. The die contacts, the conductors, and the bonding
'sa_tas can be formed directly on the substrate, or . by
attaching the polymer tape with these elements thereon to the
substrate. The method also includes the step of forming the
external contacts by deposition of separate metal layers
(base lhyer, bump layer, outer iayer) on the bonding gites.
In the embeodiment wherein the die contacts also comprise

- multi-layexr metal bumps, the die contacts and the external
contacts ¢an be fabricated at the same time. The mekhod also
includeg the step of mounting the die to the substrate in

electrical communication with the die contacts on the
substrate. *he ‘mounting step can be performed by wire



I.n the, enbodi mnent wherein the die contacts also conprise nulti-|layer netal
bunps, the die contacts and the external contacts can be fabricagp%ﬂﬁ$t§gb6
sanme tinme. The nmethod also includes the step of nounting the die to t
substrate in electrical comrmunication with the die contacts on the
substrate. The 'nounting step can be perfornmed by wire 2 June 2006 bondi ng,
flip chip bonding or TAB bonding. In adéition, the nethod includes the-
step of form ng the encapsulant on the di-e. The el ectronic assenbl y

i ncludes a supporting substrate, and one or nore of the packages flip chip
nDunted the substrate. In an illustrative enbodi mrent the el ectronic
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sectional geew of a prior art BGA sem conductor package; Figure 1B is a

view ol the Brigt BibcBGh PNl ARANNG! SRRk AWE pakeRs AL CAbRREIeOn || ne

1B-i B of Figur I'S an~enl arged crosS sectional view { aken
al ong sectsmgh bige HC- E@—‘Gf o gthe PBokPEESt rEtimgcBiPertRInEEANFREL s on

the prior &{gstq%é_em q&n@dftﬂlmmﬁre ﬁi:ﬂbtichnl&ﬂ stha edkatgedischematic

cross sectional _view atln an_e ctr nlc I ed with
t he prloFEQQAQ§§A1§eﬂPC%ﬁ aékgﬁg% 1§§£ba¥3en:ar gg
_schemat i ¢ pickegese davenal mﬁawedohemlsbmécdmjuﬂhtoﬁfpéél@ag”@s@@#%fr 4€ted in
accordancey \3}0 tﬁfgﬁé‘ed' nvention; Figure 2B is a view of the package taken
along line B of Figure 2A; Figure 2C is an enl arged portion of the
package taken al ong I|ne ZC of Figure 2A;, Figure 2D is an, enlarged
portion ofBui¢fDe g henDrawings | i ne 2D of Figure 2A;

‘ Figure 1A is an enlarged schematic cross sectional view
of a prior art BGA semiconductor package;
N Figure 1B is a view of the prior &rt BGA semiconductor -
package taken along section line 1B-1B of Figure 1A; '
Figure 1C is an enlarged cross sectional view taken
along section line 1C-1C of Figure 1B illustrating external
contacts on the prior art BGA semiconductor package;
, - Figure 1D is an enlarged schematic cross sectional view
i-llustrating_ an electronic assembly constructed with the
pribr art BGA semiconductor package;
Figure 2A is an enlarged schematic cross sectional view
‘of a semiconductor package constructed in accardance with the

invention;

Figure 2B is a view 'of the package taken along line 2B-
2B of Figure 2a; '

Figure 2C-is an enlarged portion of the package taken
along line 2C of Figuré 2Aa;

Figure 2D is an enlarged portion of the package taken
along line 2D of Figure 2A; _ '

Figures 3A-3I are schematic cross sectional views
illustrating process steps in a method for fabricating the
package of Figure 2A;

Figure 4 is a block diagram illustrating additional
steps in the method for fabricating the package of Figure 2A;




Fi,gures 3A-31 are schematic cross sectional views illustrating process
steps in a nmethod for fabricating the package of Figure 2A; Figure f4dsS hosg
bl ock diagramillustrating additional steps in the nmethod for fabricating

t he package of Figure 2A; 2 June 2006 8 Figure 4A is a bl ock diagram
Illustrating steps in a prior art nethod for fabricating the package of
Figure A, Figure 5is a schematic cros& sectional view of an alternate
enbodi ment ‘sem conduct or package constructed in accordance with the
invention; Figure 6 is a schematic cross sectional view of an alternate.

enbodi ment sem conduct gr. package, cqnstyucted | accordance wth, t he
i nvention; Fi guF&S¥res %3 §t§hé‘h§i’]ﬁ? r%’s%g’éaé?:tﬁ'@n%ﬁ't’fﬂté'\ﬁ%fs%?s atefnate
enbodi nment pgaicandustiiod fok afebrisrdtingctbd packaec ofdBhoeravit?y t he
invention; Figupe 84,0 s 3Dl an JrRWa0f AN.S 8Ot LAREEoRSEeRRbY, Wi8tan
I ncl udes sem condiict or _packages constructed 1 n accordance wth the

i nvent i on; 23%8TPAGEr ETipdineRts i tRRAGRAGTHF RaRlasge (TRP-HFRGTS5hi B2 _
assenbl y t akeorddnong wiithe tBB- Bidraftiemngure 8A. Detail ed Description of the

Preferred EMbodpials Rl Ll ANGd@nBidW Srady 2Decfi SR COMdNCIAr fackage
50 constructed 1h accordance with the jnvention_ s 1llustrated.. .The .
package 503lkernats SIRGRIEGHFSP Freiustor, Ragkage @rEF Wt} o t he

di e 52; angdcabrenedd wiltnthdSisveaadsm;ating the die 52. The die 52
.Includes a sem QQﬁggt ot j?é’bgt %%?a aByeh oséiééé?@ﬁx%l 9g} Li,uggargeni de,
cont ai ning int egr ed circuits abricat ed using_we nown processes. The
di e 52 canaBteznagsnFERGGAERts SAESRRGYCHPLc ARFETRER REtFTRcteddyan ¢
random aceessramies WwitBRAN: , irvayiohronous DRAM (SDRAM), a static
(andom access MEIRYe (PR 5 Lok §180 Sr PLLUAIERLA o' S80enIY VerllR™!
(EPROM), a | ogi TR &P)a'% or “any ot her Y

includes semiconductor packages constructed in accordance

with the invention; and . ,
'~ Figure 8B is a side elevation view of the electronic

assenbly taken along line 8B-8B of Figure 8A.

Detsajled Description of the Preferred Embodiments _

Referring to Figures 2A-2D, a semiconductor package 50
constiucted in accoxrdance with the invention is illustrated.
The package 50 includes a semiconductor die 52; a substrate
54 bonded to the die 52; and an encapsulant 48 encapsulating
the die 52. , ' - |

The die 52 includes a semiconductor substrate, such as
silicon or gallium arsenide, containing integrated circuits
fabricated using well known procesgses, The die 52 can be a
conventional semiconductor component such as a dynawic random
access memory (DRAM), a synchronous DRaM (SDRAM), a static
random~accass memoxry (SRAM), an erasable programmable read-
only memory (EPROM), a logic cirxcuit (LOGIC), or any othex
semiconductor device that requires packaging.

As shown in Figure 2a, the die 52 includes a circuit
gide 856 (face) and a back side 58. In addition, the die 52
includes a pattern of bond pads 60 on the circuit side 56 in
electrical communication with the integrated c¢ircuits
contained on the die 52. In the illustrative embodiment, the




sem copduct or device that requires packaging. As shown in Figure 2A, the

die 52 includes a circuit side 56 (face) and a back side 58. In agddiidPMoos
the die 52 includes a pattern of bond pads 60 on the circuit side 56 In

el ectrical comunication with the integrated circuits contained on the die
52. In the illustrative enbodi nent, the 2 June 2006 9 bond pads 60 conprise
pl anar contacts forned of a bondabl e rhteri al (e.g., alum num. However,

t he bond pads can conprise-any type of conventional contact including
bunmped " contacts. Also for illustrative purposes, the bond pads 60 are
shown as being recessed bel ow a pfssivationtéﬁyﬁé)on the, circujt _side 56

of the di eb®dRads BOnGERRPTLHAIPIFNAT LRI ek iofe s BRI S e 52
can be conygpéioabl (s.igh, aallmibkwepss ofHdetween aheutbdhd padane:af 5 mm
being 1 ePLEREN AL 1 4Gy {Hifo SUPSLLAYE DAl S8 RACKANA ol b Wi an
electrlcaL?y'?nsu ating matertal such as an organic polyner_~ resin

rei nf or cedcqartf asP¥DrE IdJAtaafalver PRFPPEES sohft | P&AS 28d to as
a "circuitghoagbwipiebeing facbsséddicldie = phatiaheidd Taremalso the
referred to.as " rd"; ui | g4 rials;tgor rat e i ncl ude
bi smal ei m'ﬁlerc?i?f z?%gmogpoé@rgéﬁg%gﬁ% QI% acn " &%‘i%%;al 'and,%ol yi m de
resins. A adfitdaant at i Péﬁn@gsﬂ!ﬁ Fife S2ueRr ReeCoveriongd f“’r"’&g‘u about
0.2 MM to 4. gnTKkrAEsSherN Hatwddiir ebddt the swhstamt e054 imel bddaga back
_side 62 having an a%rag of external contacts 84, and a circuit side 64
havi ng an %ﬁQé%fegFa % tontacts 86. The external contacts 84 are arranged
in a dense gri d'ter r gaybagatiuntti derasthhe DaskAgm| SR oML S PRe

pﬁckgged5%]a£1-§:‘did§lﬂyﬁ(1@1f§@§h§i§§ ﬁrée?@iwr@aﬁl F1 emp_aiﬂgamlcn@mbiua]g tha‘:] of
bond pads T Fh PSSR IREH EHe T trers 67 Cootne SREEFERL 45" ps
will be fusdiserimesplzafrsed heo et eanakiconibcboagd” material, such
' : that“themsﬁbstxate 54 can also be referred to as a_fpgg;df.._
Suitable materials for the substrate 54 include bismaleimide-
trizine (BT), epoxy resins ("FR-4" and *FR-5*), and polyimide
resins. A representative thickness of the substrate 54 can
be from about 0.2 mm to 1.6 mm.

As shown in Figure 2A, the substrate 54 includes a back
'si&e_SZ'having'an array of external contacts 84, and a .
circuit side 64 having an array of die contacts 86. The
external contacts 84 are arranged in a dense gfid array and
function as the terminal contacts.for the package 50. The
die contacts 86 are arranged in a pattern matching that of
the bond pads 60 on the die 52, and function as bonding
elements for the bond pads 60 for flip chip mounting the die
‘52 to the substrate 54.

| As will be further explained, the external contacts B4
 (and also the die contacts 86) comprise ﬁnlti layered metal
bumps rather than solder balls as withlr the prior art package
16 (Figure 124). Using the fabrication process to be
hereinafter described, the external contacts 84 can be made
with a smaller height H and a smaller width W relative to the
external contacts 26 (Figure 1A) of the prior art package 10
(Figure ia). Accordingly, an owverall thickness Ti of the
package 50 can be less than the overall thickness T (Figure




(and a] so the die contacts 86) conprise nmulti layered nmetal bunps rather
than solder balls as with the prior art package 10 (Figure 1A). Wsifgd oe
fabrication process to be hereinafter described, the external contacts 84
can be made wth a smaller height Hand a smaller width Wrelative to the
external contacts 26 (Figure 1A) of the prior art package 10 (Figure 1A).
Accordingly, an overall thickness Ti oflfdthe package 50 can be | ess than
the overall thickness T (Figure 2 June 2006 10 1A) of the prior art package
10. A representative overall thickness Ti (Figure 2A) of the package 50

can be from0.1 mm to 1.4 mm As shown in Figure 2B, the external contacts
84 can al- sdA)befartkmgedion artarrpdagg dbat tﬂememt&‘@r ovezxpddy .

Because of ¢ifiexheduced $r7&nf da)e oeXtré NalcieRRt 86t 8af4be AErsPaACHNHMS
between the external contacts 84 can be greater than a spacing of the

external cdtt dcfs™Be (Figure 1A) of the prior art package 10. Accordi ngl yr,
there is nore r@asmshown iiheFimnou@Ber she 2ftsnmpAecertachml 8& ommaefls©26 and

a sikgnal 10%@;_%5 eah@npacaaﬂ@eb t tf@g@&@c&:@%ﬁntmnat aﬁlar b.%a?rk t 20
package | gure u rat e SO | NCl u S mas on
P i Bt i e RAAEED e PhcaPe RERFEPREncPBRSEhE Bhatr nal
contacts Sépam.n@hcﬁrwbestwé‘erg urlze 2€xtetmnls otatdragtes kB4 76an nbeudesapart er ns
of openi nggy88 Soﬁgébﬂhﬁ'%f)% '&&tékﬁ@f chRakek ﬁ@ecﬁf&ﬂ@%w%t gRbs 84.

~The bonding sites 66 are in _electrical ,communjcatiopn wth patterns of
conduct or s P¥20%n 2%t @ ssilfe 62GPFPEBILYIpstRETe Bﬂ RAFRNTPPBVERE si gnal
pat hs for the exnduecbreofRatbs e dhiermidisicoatachd 2bsendi ackigesl

nternal cquugklveeifs ééck&gé' §6'4k0le HATRUD EALLORN bl LD

conductors grow d nal paths through the substr 4 to the
di e cont acPgcksaead fgure 2D, the substrate 54 also includes a

sol der mask 80 wnethebetrauet5$|a&sdﬁhﬁdhmaepravbdeaerehaskrVOabnifﬁ@lation
er_the_dﬁgagﬁnkﬁﬁﬁ§ éginiﬁﬂﬁ1ﬁgkg&{des electrical insulation. for the
. external contacts 84. As shown in Figure 2C, the solder mask
70 includes patterns of openings 68 containing bonding sites
66 for the external contacts 84. The bonding sites 66 are in
electrical communication with patterns of conductors 72 on
the back side 62 of the substrate 54 which provide signal
paths for the external contacts 84. The substrate 54 also
includes .internal conductive vias 74 in electrical
communication with the conductors 72 that provide signal
paths through the substrate 54 to the die contacts 86. '
‘ As shown in Figure 2D, the substrate 54 also includes a
solder mask 80 on the circuit side 64 that provides
electrical insulation for the die contacts 86. The solder
mask 80 includes openings 82 which contain bonding sites 78
for the die contacts 86, The substrate S4 also includes
patterns of conductors 76 on the circuit side 64 in
electric¢al communication with the bonding gites 78 and with
the conductive vias 74.
Preferably, the conductors 72, 76 and the bonding sites
66, 78 comprise a highly-conductive, easily-bondable metal
such as copper. Preferably, the golder masks 70, 80 comprise
a photoimageable dielectric material, such as a negative or
positive tone resist, which can be blanket deposited to a




mask 80 includes openings 82 which contain bonding sites 78 for the die
contacts 86. The substrate 54 also includes patterns of conductors #6,0%o0¢g
the circuit side 64 in electrical comrunication with the bonding sites 78
and with the conductive vias 74. Preferably, the conductors 72, 76 and the
bonding sites 66, 78 conprise a highly-conductive, easily-bondable netal
such as copper:. Preferably, t he sol der hasks 70, 80 conprise a

phot oi mageabl e di el ectric material, such as a negative or positive tone-
resist, which can be bl anket deposited to a 2 June 2006 11 desired

t hi ckness, then exposed and devel oped to formthe openings 68, 82. As

shown i n FigeftedCthigkmesst, etiign @meaed and mgvurdeped mstcrmy®hags on a

bondi ng si |,gaRfngf d8iMy2.ayer 90 on the base layer 88, and an outer |ayer
92 on the bunp layer 90., Each ex% rnal .contact 84 is n E?ngl ¥ranidal

'n shape, and PRCPERD AhEAHFS: 1y Jo1 9 Grreasoek geIoPt HRELRSRar cip
portion 85apbasédbsyer rgs a \eelbpridingespraneé, @ dawnodayken8Pngnt themt i ng

el ectrodesy136 ﬁE{Dygw 888BLnafl a8 suPRPT 1ipar SHbSLTElE | (gl eoBB) . As
shown in Flgure 2 ), each die gogaapt 86 alig |nclud%%g'a ase | ayer.94 on a
bondi ng 'si EETREeRES TR GoRFartolt off (GRRSTRILY PRSI 1h ARARCOIARS | ayer
98 on the buepudayerpBénar Bdgh pdiréiconn8ac(FRAuies 2g8ner Sheyppgmami dgp in
shape, andpol-ebids BLaYakek! i PREIALIVETy (Talel PlinazlNE-Bhanay L1 P
_portion 87 provides a eJatlveI¥5Iarge_ lanar. afeator onding o the
bond pads BORSHIY hee FrRA-1T ehpetpgde I%§%rEF%ﬁﬁrquBéaﬂfcﬁnﬁFPE%r%P%%taI
such as cagpstratdaBladpegase t8B)t.he bondi ng sites 66, 78, which '

preferably als ' ) oS W S ‘ e
Payers 85 o4 1| s 39 SROREE 20 PRlor L NLRAT Ao anlh LERAATE | o,
usi ng convanPIMmalaxee i qed WPPAIRS o Eadifer 8nbB™PoleXer bdhdi™hdd t es 66,

78. The bupaséaygyer994, afdcan cwver i beyer ngd ain Siteh lasunildgedy, dehat can
be easi | y_ Each die contact 86 is genexally pyramidal in shape, and
include a planar tip portion B7 (Figure 2D). The planar tip
portion 87 provides a relatively large planar. area for
bonding to the bond pads 60 on the die 52. |
The base layers 88, 94 can comprise a metal such as
copper, that adheres to the bonding sites 66, 78, which
preferably also comprises copper. Other suitable metals for
the base layers 88, 94 include nickel, as well as any metal
‘capable of deposition using conventional technigues with good
adherence to the bonding sites 66, 78. The bump layers 90,
96 can comprise a metal such as nickel, that can be easily
deposited to a desired thickness on the base layers B8, 94.
Alternately the bump layers 90, 96 can comprise any metal
. that can be deposited using conventional techniques. The
outer layers 92, 98 can comprise a non-oxidizing metal that
will bond easily to mating electrodes on a supporting
substrate (e.g., PCB). A preferred metal for the outer
1ajfers 92, 98 is gold. Other suitable metals for the outer
layers 92, 98 include platinum, palladium, coppex, nickel,
tin.
Referring to Figures 3A-3T, steps in a method for
fabricating the semiconductor package 50 (Figure 23A) are
illustrated ‘schematically. Although the steps of the




deposited to a desired thickness on the base |ayers 88, 94. Alternately

the bunp | ayers 90, 96 can conprise any netal that can be depositedrusl Mhog
conventional techniques. The outer |ayers 92, 98 can conprise a
non-oxi di zing netal that wll bond easily to mating el ectrodes on a
supporting substrate (e.g., PCB). A preferred nmetal for the outer

| ayers92,98 is gold. Other suitable netl# s for the outer | ayers 92, 98

i nclude pl atinum palladium -copper, nickel, tin. Referring to Figures

3A-31, steps in a nmethod for fabricating the sem conduct or package 50
(Figure 2A) are illustrated schematically. Although the steps of the 2

June 2006 12 fabricat hod h f
i gl o SUBREIR PR | OOt oahE AL Do DEREY T AP Rsl i Ja®

per f or ned sAingike sdosriitee 5én il tlisplte debsmderss.osd tbetfébﬁréﬁﬁésnultrple
sem conductgr ypa Smad: Eoeheeéeﬁalememaﬁ il B SRS i be@EabdsCcol be

cont ai ned on a ne simlar to.a ane and %he fabgbcatrgn st eps
can be pd&fof §l€ﬁ§%I“Wﬁt%R%esdﬁ§q DnPPREAFE el Abt her
al ternati Sammildt, | pud tiphe condsct el Sk cﬁh doen demtadoetiapned panel

sem condugll ! do 427 eéd\reth;nre' UL ¢ é‘bféﬁfi 86455 066855 Cain DUt | [ zed

to attach “SUbStTat es dice 52, and orm Itrple_ conductor

packages Ps@feemeck undlli pé QQﬁﬁr%%%% 4 oPPoWi 'f ab?f cati on

.process t hgdtaee dﬂtéﬂﬂ&tW&éermﬂanlbmessegﬂhamédctmntﬁu¢md$2rchnﬂhe

senrconductoripachgggg 50 séﬁlﬁgﬁ chQrH é%S Bﬁkpe s%g%gfnfbgglcan be
1

initially®© ﬂr Wt | ayers of copper Ol lamnated to the

back srdeﬁ@briSR@lpé Pﬁé°@$$cG@¥ ke dat Bl aecb tspattpcd pubsrzatet dpper

foil 100 th0knearike Isapi aadedot Sobheamslibiyiratseri4ondsichgraphekageat i ng

press, t he abI AP tus. -The r co 101 can
o s {:plré?e a?naye?f]&lg (Eeei tRE! Bele CORBRIOWTRY 1o

al so i ncl not

fabrication process a panel or the wafer can be 51ngu1ated

into 1ndlv1dual semiconductor packages 50.

As shown in Figure 3, the substrate 54 can be initially
previded with layers of copper foil 100, 101'1aminated to the
back side 62, and to the c¢ircuit side 64 thereof. The layers
of copper foil 100, 101 can be laminated to the substrate 54
using a laminating press, or other suitable apparatus. The
layers of copper foil 100, 101 can also include a plating
layer (not shown), such as tin, or other suitable material,
as is known in the art.

Preferably, the substrate 54 can be initially provided
as a commercially produced bi~matériel core,-such as a copper

- . c¢lad bismaleimide—trizine (8T) core, available from a
. commercial manufactﬁrer such as Mitsubishi Gas Chemical
Corp., Japan. A representative weight of the copper can be
‘from 0.5 oz to 2 oz. per square Foot. Besides bismaleimide-
trizine (BT); other suitable materials foxr the substrate 54
include epoxy resinsg, (e.g., "FR-4" and "FR-5") and polyimide
resins. ' :

The substrate 54 can be formed with a required thickness
(e.g., 0.2 mm to 1,6 mm), and then punched, machined, and
otherwise formed with a required peripheral configuration and
with required features. For example, openings (not shown)
for the conductive vias 74 (Figure 2A} can be drilled or




as is known in the art, or other suitable material, Preferably, the
substrate 54 can be initially provided as a commercially produced gune 2006
bi -material core, such as a copper clad bisnaleimde-trizine (BT) core,

avai l able froma conmercial manufacturer such as Mtsubishi Gas Chemi cal
Corp., Japan. A representative weight of the copper can be fromO0.5 oz to

2 0z. per square foot. Besides bisnalei B de- trizine (BT), other suitable
‘materials for the substrate 54 include epoxy resins, (e.g., "FR 4" and
"FR-51) and polyimde resins. The substrate 54 can be forned with a
required thickness (e.g., 0.2 nmto 1.6 mm), and then punched, nachi ned,
and ot heryhser f aaaRinvAL lanathequhbedraeei phenall amehi gleatidoriahd a wit h

required feat For _exa n W) t co tive
vies 74 (F‘fﬁ‘ﬁ'ﬁaJ %AY ﬁ% ngrl I’tf)e%% %née)ér?(%’g% ‘éel‘fégéesr’ ?rgchl %gc’ in the
substrate m:almbitnen tphe taEnangs - arecGﬁﬁuéh‘P‘m Hat e apubgbradiemidhe
conductive Vi asydék:, B shelfiPih Grighre BE, oa%nlmsn @}@t@@&s_s@@myé&g he

substrate as .shawn .in, Fi.g fil hot or e ers
102, 103 c:g%bgf@n?%tlé%%tadﬂ%eﬁaygr 50Ss l%% § rogno‘? PR, tsm%OIw% the
back side B @mdthe backciidei§2 siafed ep dfhe helranils sigee 6§4f>fTFR3318dry film

phot or esi sg,hehed e W2, hﬁ?e GBY FfSARPphoCoPestt | 1AYEFa QIEANIIGICERAROSI t €
conprising a flexible tore5| st filmbetween rel ease and fgl ver _sheets.

SheTtry "Heammniag o Bu Bl ORIOE Artmae SURSH D SRR (RS Sy ey &
of copper Plostoxd stl Ol s itegwaenurehbhise appdratves; sisaedis .as They drly

| am nat or. ¢ Next haéofagwt' maﬁég 408G m@e Ay ﬂ%'i%ﬂﬂ?&@é&skét gpkayers
102, 103 can e ex osed deve formetc TT% ks 102M and 103M

Exposure aH¥SRT ?r‘é?ﬁ’e’bf fodle ]oorc{/) 1qu1 M5t 6 64 EPP3T3103 can
be'perforrmnl:lruasng remmlmﬁnmmnd techni ques that are known in the art. The

etch masks 1044, ¢103M G GM RO SR 3¢ T Ry Gt 3he ShohdRksife
layers 102, 103 can be exposed and developed to form etch -
masks 102M and 103M. Exposure and development of the dry
film photoresist layers 102, 103 can be performed using
equipment and technigues that are known in the art. The etch
masks 102M, 103M can then be nsed with a -suitable etchant to
etch the layers of copper foil 100, 101. '~ This etch step
fm:ms the ‘bonding sites 78 on the circuit side 64, and the-
bonding gites 66 on the back sgide 62 of the substrate 54. 1In
addition, the same etch step can be used to form the
conductors 76 (Figure 2D) . in electrical communication with
the bonding sites 78, and the c¢onductors 72 (Figure 2C) in
electrical communication with the bonding sites 66. For
simplicity, the conductors 72, 76 are not shown in Figure 3C.
Following the etch step, the masks 102M, 103M can be stripped
 from the substrate 54 using a suitable stripper. '
Although a subtractive process [(i.e., etching through
the masks 102M, 103M) is illustrated to form the bonding
sites 66, 78 and the conduétors 72, 76, an additive process
(i.e., deposition through a mask) can alternately be
emploved. In addition, although copper is a preferred
material for the bonding sites 66, 78 and the conductors 72,
.76, other suitable materials include aluminum, titanium,




etch the layers of copper foil 100, 101. This etch step forms the bonding
sites 78 on the circuit side 64, and the bonding sites 66 on t he Jbagk Sidr s
62 of the substrate 54. In addition, the sanme etch step can be used to
formthe conductors 76 (Figure 2D) in el ectrical comunication with the
bondi ng sites 78, and the conductors 72 (Figure 2C) in electrical

communi cation with the bonding sites 644 For si nmplicity, the conductors

72, 76 are not shown in Figure 3C. Follow ng the etch step, the masks -
102M 103M can be stripped fromthe substrate 54 using a suitable

stripper. Although a subtractive process (i.e., etching through the masks
102M 103Muﬂ1§stéﬂustaateﬁumo'bdﬂ#ﬁnn@rbmwh@enmtre§°g’91t78 g5dFthe

conductors 12‘} azb Qﬁﬂl tive process (i.e., deposition through a mask)
can al t er nat errp oyed. In addltlg , al thou 17 e aprbeferred
mat erial for tﬁie%ndisngﬂ%q"{”e§n6@lg°7‘§ea H'tﬁﬁec‘ﬁ d‘?% éi ot her
sui tabl e npéghidcdlcn nma Idﬂ&c&h_urTBﬂldm 64 taanl uine 2oldae RO 1Y Ctaain@ﬁ en,

tantal um pl at |5| Lg}}decq@alotf tﬂbcgﬁi:stragﬂé dsand gyd (y'dlmerl\lext as

shown in gure e so der mask_80 can fo the circuyit S|de
64, and tHeaslks d&9. ndlkead BanfREmefoPRthd of FHEE ?J'?:\S‘c?? P?chfeo %’tLJh
substrate pdsisihectsnl dﬁ exmagiesl Ahd SRvednpbd iforacdewsivey Pahiierabl e

phot oi mag b'e sfSPl St haéhési(%i]%é%gaﬂgdﬁveéd)%% ishoRm' @@Uigeagignat tern.

For sinplit? or'der are shown as bei ng, betvveEg t he
“bondi ng sﬂbe’ewﬁﬁﬂ *Féle HowRddng isitest udfr pilact | EOWENETsol ter 2FESRY 70, 80
can incl udgrddie: QP aHNEGS188r nhERE 20 2G)0 tdaﬁ:t mlc:llgdevw:]ﬁdn denimgrdicdg sites

Asoot htehi%w%e S SRS R tegg%n §" 55 %%.685?29*‘99 B o 1 he
sol der nastépstimsn 82oVEiguhe TWhdihatordigs W’( pingEsdteshd 8shown in

Fi gure 3E afsdafsle (Hol@!éQp%sko%Cm dsrdd &méeboﬂ&@@mﬁecﬂmrtmlgarbondl ng

sites 66 to form(t:l Ef\:heasseolder mask. 80 can cover the conductors 76

(Fiqure 2D) .

" Next, as shown in Figure 3E, a layer of copper 104 can
be blanket deposited on the bonding sites 66 to form the base
layers 88 for the external contacts 84 (Figure 2C). At the
same time, a layer of copper 106 can be blanket deposited on
the bonding sites 78 to form the base 1ayérs 94 for the die
contacts 86 (Figure 2D). The layers of copper 104, 106 can
alsc be deposited on the soldexr masks 70, 80 and will be
removed later. _ :

_ The lavers of copper 104, 106 can be deposited to a
thickness of about 5 um to 200 um using electroless
deposition, followed by electrolytic deposition. Electroless
deposition and electrolytic depogition can be performed uging
 solutions, equlpment and technigques that are kmown in the
art, Although copper is a preferred metal for the base
layers 88, 94, other suitable metals include nleEI gold tin
as well as other depositable metals. Rather than electroless
and electrolytic deposition, the lavers of copper 104, 106
can be deposited uging any suitable deposition process.
Next, as shown in Figure 3F, a dry film photoresist can
be laminated to the layers of copPer 104, then exposed and
developed as previously described, to form a deposition mask



| ayers, 88 for the external contacts 84 (Figure 2C). At the sane tine, a

| ayer of copper 106 can be bl anket deposited on the bonding sites 78;,4L 2006

formthe base |layers 94 for the die contacts 86 (Figure 2D). The |layers of

copper 104, 106 can also be deposited on the solder masks 70, 80 and will

be renoved |ater. The | ayers of copper 104, 106 can be deposited to a

t hi ckness of about 5 Hmto 200 pm usi n§5el ectrol ess deposition, followed
by el-ectrolytic deposition. Electroless deposition and electrol-ytic

deposition can be perfornmed using solutions, equipnent and techni ques that
are known in the art. Although copper is a preferred netal for the base

| ayers 88,108 oot h@ie Juivieablor mRippks 04| used ni ckeposigdleth tiask dadomel | as
ot her deposi tt%bI? net alg.coRatehrerm han el ectroless and electrolytic
deposi ti oP® tHE 2Y&F s“of“Copper 104, 106 can be deposited using any

sui t abl e deposi¥eixtn @eocdwn NextElgares B¢wn the Hepesdtipn gaghy 108Mm

ShOt or esij%ax;c% Beed i?tfﬁ a@éﬁ@bi@d&ﬁ% ﬂzﬂnteu%y@‘rsc@mpfwiéﬁﬁe tabeojemo;ggfsagg
evel oped as previouys esgripe oram a, depositio u

108M on t H&'9 &%&FTo aé’éﬁﬁeﬁﬁléﬁ?%ﬁ%%é’r}dgﬁ sFﬂ?oﬁx?%%ﬁaql%%a%ﬁst %g | ayer
of  copper (Fi@ure REXt, 3¥mElmoky. #hei gapesBdon mesBepb¥f 1938h hmsedd8M can
be used tqJepgsbdit NenBUBRAY P $F1 qHLEu3E) 36GING&nd heh@ubakelkayers 92

(Figure 3G for the ternal_ contacts 84.. (Fiqure. 2C Lol arl t he
_deposi t i on-a¥EGe f%OM%ciﬁﬁrt?e %@eoéort TS © Scﬁﬁrr%b‘l i&%glslr%}éplki'gur e 30
and the owigher ajertroBeéHi gnre}@@rdlmt_ichéenbeibinn aoceFs CRhgbee 2D).
Ei ther el gl lt%sﬁe%sglte%héobﬁh%glgﬁgf@50,0@63ra9£2?5t§1e0@»ﬁtg§ 18g8dst 0

deposit the bu | ayers 90, .96 a outer layers 92,.98. |n addition,
t echni que§,2rsoﬂrm1io % 2AGiE4ORpERCHRIRYES oy E&"ﬁBW? PP e SFHEPREA he used
to perfor mHate adepdaidwonipr odessast Acarepbeserstssit | ke perdomssther the
bump | ayerd%pggitggn Igﬁ;]:eg%efsr_om 0.1 pmto 50 pm A representative thickness
For SRR representative thickness for the bump layers 90, 96 - -
can be from 0.1 pm to 50 pm. A representative thickness for
the outer layers 92, 98 can be from 0.05 pm to 10 um. A
preferred material for the bump layers 90, 96 is mnickel.
Other suitable materials for the bump layers 90, 96 include
copper, nickel, gold, tin as well as othe:'depositable
metals.. A preferred material for the ocuter layers 92, 98 i=s
gold. Other suitable materials for the outer layers 382, 98
include copper, nickel, tin as well as other depositable
metals. '
Next, as shown in Figure 3H, the deposition masks 108M,
110M can be stripped using a suitable stripper. '
Next, as shown in Figure 3I, the layver of copper 104,
can be etched to remove the portions thereof on the solder
mask 70, At the same time the layer of copper 106 can be
etched to remove the-portions thereof on the solder mask 80.
This'etch step can be performed using an etchant such as a
solution of iron chloride, that selectively etches the layers
of copper 104, 106 while the bump layers 50, 356 and outer
layers 92, 98 remain unaffected.
In addition, this etch step can be controlled to define
the final shape of the external contacts 84 as generally
pyramidal with planar tip portions 85 (Figure 2¢), and the




the outer layers 92, 98 can be from0.05 p.mto 10 pm A preferred
material for the bunp layers 90, 96 is nickel. Oher suitable materdals 2006
for the bunp layers 90, 96 include copper, nickel, gold, tin as well as

ot her depositable netals. A preferred material for the outer layers 92, 98
Is gold. Oher suitable materials for the outer |ayers 92, 98 include
copper, nickel, tin as well as other ddBositable nmetals. Next, as shown in
Figure 3x3, the deposition masks 108M 110M can be stripped using a

sui tabl e stripper. Next, as shown .n Figure 31, the |ayer of copper 104,

be et d.t t A I ] . At th
con %, en el SyRAIRY G el DR LRERCRE 0 sty il AL i

same tine Y a%?P%f °_cop ) € renpve the portions
t her eof omwitdie wiingsr Giws pogtionFhpd EFégure cPlean hdpiciiothed §¥eng an
etchant SUGH A%:A SOLHdQN gif (=@ Qiloonhde gikhaiontakest is6gl yant bees t he

| ayers of_ coppey 104, 106 while the b | ayers, Q0 6 outgs . | ayers
92, 98 rer 9 uﬁéf’flgctsé'&". b9 AW Pfgﬁ,lggﬁi éia &R T Qgp%%%]?]&}gte' coﬁit%flgl led to
define theifghtalH shapebef suhstentiahly tows athan sihgshgagbEaPEy tbgyrani dal

With Pl andhedd i ppr cbaRScES 05 OprBaetd 187 dukiie 26s4i0e c2A0@ntlobinal shape
0 e die goptacts 86 as genera ram anar. Li p<pos.tions
(Figure 2@91‘3@%3?59}1]@14 ?Pé:esﬁf%{:éir%ﬁgle (‘5’35%#%&&‘%4% an agfasgft %ielgdi e
contacts @Rreramlbeontackrabaud s theadieposstates dposian & HEPPht . This
_hei ght H,g.g;n H C?,bséhﬁye'&éﬁoéifﬁ%nt heabsi ghMinpé wieh edneenab

contacts | gure made_ f rom ¢conventignal . sol der halls. A
represent &9 VE“%?&FI‘F“\thﬁ s é the LEPRESTa) ogon'iq'éect §XEShB24I so the
di e cont acimtB@tsc2® HEifmoen 1A0 mprie Cramy cpossnbl enafeposidaopalidth. This

W dth can als(sg%cﬂ?g subsé aAld AadverdBss dhAcesdbanetar paf sdiecestensal
contacts 5’6 -1 gure 1C) made from con\égritlgnal solder halls. _A sggm ng S
of the exfERErecfPsanghe SiPHantapddyjahde i (e SrFcdad

subst ant i aiHey extfegeralt kmnthhesspaciAjgafe 1C) made from conventional
soldexr balls. _
Referring to Figure 4, additional steps in the method
for fabricating the semiconductor package 50 (Figure ZA)Vare
illustrated in a block diagram. Initially, as indicated by
Block 1, a semiconductor wafer containing multiple
semiconductor dice is provided, and a wafer mount step is
performed to mount the wafer to a wafer dicing apparatus.
Next, as indicated by Block 2, a saw/dicing step'is
performed to singulate the wafer into individual dice, which
include the die 52 (Figure 2A}. :
‘ Next, as indicated by Block 3, a flip
die/thermocompression step is performed to mount the die 52
(Figure 2A) to the substrate 54 {(Figure 2A). During this
step, the bond pads 60 (Figure 27} on the die 52 are
thermocompression bonded to the die contacts 86 (Figure 2A)
on the substrate 54, Conventional thermocompression bonding
techniques and apparatus can be used to perform this step.
In addition, the substrate 54 can be contained on a panel
containing multiple substrates, such that multiple dice can
be bonded form making multiple paﬁkages.at the game time.
Next, as indicated by Block 4, an encapsulation step is

performed te form the encapsulant 48 (Figure 2a). The




the external contacts 26 (Figure 1C) nade from conventional solder balls.
Referring to Figure 4, additional steps in the nethod for fabricalifgd s
sem conduct or package 50 (Figure 2A) are illustrated in a block diagram
Initially, as indicated by Block 1, a sem conductor wafer containing

mul tiple sem conductor dice is provided, and a wafer nount step is
perforned to nmount the wafer to a wafel7dicing apparatus. Next, as

i ndi cated by. Block 2, a saw dicing step is perfermed to singulate the

waf er into individual di-ce, which include the die 52 (Figure 2A). Next, as
i ndi cated by Block_3, a flip die/thernoconpression step is perfornmed to
nount 't he dfBCSREULERGUFRR 22 RHLIha Nivrlost erdxy( FeginemoAfedDusimg thi s
step, the bebfiveatdonal( Mdtipthedh) 0t t Beckih Bydeds Ar € Tt NEIIDCIY! eSigd ON
bonded to t Le.. agt s . 86.(Figure .2A) _on.the substrate 54. ,
Convent i ona?gﬁggrgﬁ%%g%pgées%%#ebgﬁgfiﬁa 1%'e%h%ﬁﬁ1 & dfréi’ﬁ'ﬁ‘ﬁr 2t BE2REHF be
used to perbefm eanEigueed tq engapsuiahe the Ao and Shechanded odiw ai ned
on a panel ceANkatsi 99. Mikihdh ecidilsidapi0lacauin st Bt il bbPberflGRgan be

bonded form jyakin | tipl ack s.at the same tine. Next, as indicated

by Bl ock 4,°%nae%%é%ﬂ;u O&%fgﬁ?ﬁé‘gﬂ%§piﬁe?¢%ﬁ’%ﬁso form the encapsul ant 48

(Figure -2A). ThieRtgume RobBatrdelyaBdarhnb, canlaseprigckind\ostodpodsepoxy

resin nol degadsbBfedC OBY € iah&Nabh& AWARTRHe 250 t 8ENALLET)! nw%@%' tiron, the
,0oay

~encapsul ant . 48 can.be npolded in a s e that forns a pl.astic /
confi gur ed i‘ée’éﬁégﬂigﬁr;éf’g- ﬁ’r@’lbtﬁre SZ%EFd T dtrde B8 é‘dseé’d:ﬁ‘tf&&aé'-lz%{ Agai n
t he encapsulrambhen gare e madee opeat oexiezkicon smrfarel of othai émdwpaullamitpl e

substrates. gfNext, as indicat ed by Block 5, a laser marking step is

performed to mark the package 50 (Figure 2A) with an identification
nunber. For exapPeE:- t%‘?—: T"agh‘f?ff‘? al?l?oﬁl"??ﬁnﬁeracéﬁnﬁglﬁﬁa@noﬁtaﬁ agterior

surface of péefermedstbamtingud8te the completed package 50 from the
strip. S _ - o |
Next, as indicated by Block 7, a module fabrication step
is performed in which multiple packages 50 are used to
fabricate a module,to be herainafter described.

Figure 4A is a block diagram of a prior art method for
fabricating the prior art package 10 (Figure 1A). The
present fabrication process eliminates the die lamination
step {Block 3-Figure 4A}, and replaces a wire bonding step '

' {Block 4) with the flip die/thermocompression step (Block 3~
Figure 4)., 1In addition, a ball mount/reflow step (Block 7-
.Figure 4a) for attaching solder balls to form the external
contacts 26 (Figure 1A) ig eliminated.

Referring'to Figure 5, a =emiconductor package 50a
congtructed in accordance with a second embodiment of the
invention is illustrated. The package 50 includes a
substrate 54A having a circuit side 64A and a back side 62A.
The package 50A also includes a stacked semiconductor die 52A
back bonded to the circuit side 64A of the substrate 54A in a
chip-on~boaxd configuration. Adhesive layers 110A adhesively |
bond the stacked die 52A to the substrate 54A and also the
Beparate dice of the stacked die 52A to ohe another.

The substrate 543 comprises a board material, such as
bismaleimide~trizine (BT), substantially as previously




Next, .as indicated by Block 6, a singulation step is perforned to
singul ate the conpl eted package 50 fromthe strip. Next, as indicatggd,P¥oos

Block 7, a nodule fabrication step is perfornmed in which nmultiple packages
50 are used to fabricate a nodule. to be hereinafter described. Figure 4A
Is a block diagramof a prior art nmethod for fabricating the prior art

package 10 (Figure 1A). The present f&Brication process elinminates the die
| antnation step (Block- 3-Figure 4A), and replaces a wire bonding step

(Block 4) with the flip die/thernoconpression step (Block 3- Figure 4).
l.ow step (Block 7- Figure 4A)_ for attaching

addition, a Qajsclz rcﬁt;)%@téref
sol der bal | s“FaCT o7t e AR rFdStran &é-s Poweregur shé Aubsteldari gwl ed.
Referring toaFeguirchudas semfmendihmopop@edsﬁgguiég&a@rﬁzrpy%ﬁgegﬁq,e v
accordance WhthaédSeeo | of.f.he _inyention is Illustrated? The
¥ %@@QQM@Q&EA ﬁ#a{&vi o Eﬁ&’i strgit@e B an@he back

package 50A i&:l udes a substrate _
side 62A TNk JEPsERER sbliciadebnilest aok ethreareeaductor it (52A

back bonded layéimi craBuitamsd das84A if the splstdat eﬁ?ffb&%‘ysaggﬁgipﬁe _

chi p- on- boar g, egnijgqupat i o Adhesi ve | rs 110A adhesive _
stacked die 5ZA to the substra ce’f%ﬁ%aéf’fg};’ 86t h22 suplugde’ @i polyierhe
stacked di e B t bléfe madn hef . aThil esuidste apelddr coapeirsas, a 10af das -
material, Sieflydmidel s mBheadasie:és) K fofTher SBSL AN ALY 35 BT EYLOUSI Y 2
_June 2006 1%&%%{4.b 4oL t substrate 54. Hovv.evéer, L &l.éﬁb%flgé&léegd”b‘
al so includes a Tlexible pol yifer ThbstTRY 92N adhsi vigt y elssitiad the
back side 6FA"BHUFRLLYDIIR dhedbondhey gidlesmgeasubmie al@ahbRArkSysim lar
i N const r uckindn boadinkt isitkay #BRd ATAB11,ARE Ued !ig LOgnatt for. variaus
packagi ng. @gﬁhﬁ?@i{rgngia-rhg gl ng substrate L12A% Ehdryier
tape 114A made F A'TI GAPBI °EbI FHERRFrtBr FBF , sWbekrake Styiavdlac tim
addi tion, tHéepePRtRGtss #6at pat thd XdAcnt| siies cdoondi Age SidRsag8A and
~conductors 72A iThel @iV substrate 112A also includes external
contacts 84A on the bonding sites 78a. The external contacts"
842 are configured substantially as previocusly described fof‘
external contacts 84 (Figure 2¢). As such, the external
contacits B4A include base layers 8BA, bump layers 80A and
- outer layers_SZA, which are constructed substantiallf aé
- previously degecribed for base layers 88 (Fiéure ZC), bump |
layers 90 (Figure 2C) and outer layers 92 (Figure 20). '

The package 50A also includes wires 116A wire bonded to
the bond pads 602 om the stacked die 522 and to the die
‘contacts 86A on the circuit side 64A of the substrate 54a,
In addition, the package 50A includes an encapsulant 48A that
forms a package body and encapsulates the stackéd die 52a,
the wires 116A, and the associated wire bonds on the bond
pads 60A and on the die contacts 86A.

A method for fabricating the package 504 can include the
follow&ng steps: :

1. Initially the substrate 54A can be provided and the
die contacts 86A formed on the circult side 64A thereof using
an etching processg substantially ag previously described for

bonding sites 78 (Figure 30).

In

2. Next, the polymer substrate 112aA can be prowvided.
The polymer substrate 1123a can be fabricated as a separate




comrunj cation with the bonding sites 78A. The conductors 72A and bondi ng
sites 78A are in electrical comunication with conductive vias (RotypsPWhos
in the substrate 54A; and with die contacts 86A on the circuit side 64A of
the substrate. The pol ynmer substrate 112A al so includes external contacts
84A on the bonding sites 78A. The external contacts 84A are configured
substantially as previously described fi® external contacts 84 (Figure

2C). As such, the external contacts 84A include base |ayers 88A, bunp

| ayers 90A and outer |ayers 92A, which are constructed substantially as
previously described for base | ayers 88 (Figure 2C), bunp, Ilayers 90
(Figure 20) &hIeRE ebhrfyinelniey fpuroleBer thpepatkagerbdAcahidial udes
wires 116A wWz®, bandedHdd bdrdie dipneh fadsy h ked die 52A and to
the die contagts §1§At§n ‘”E‘hﬁ cilf&guié S| de@%mgg?étﬁggéﬁgg?ﬁt é‘%ﬁ'A.ar@i n
addition, the package 50AThel ufBs28f* EHeapstharrolugren rubs thrtes 14 Zaackage
body and encisubat edheredsttackdn: diecko 2 de t4Ea Wof €6hd 16ALRRA LLNG , '
associ at ed Wit AN@s 1ALl e Mk 6 and an.t die contacts 86A. A
met hod for fahr ig%_?ti_-n%écrlhe gaa,cka%geg %aga%e?“ﬁglﬂq E:ht Ege ?’%‘P‘?‘Uﬁ/ﬁ?ﬁf dedps: 1.
Initially tfe supst rATE B TheHe’Ht i delecdimd cvlle cotinandort-aohs wB6A
formed on t f&ecidieurentacles ®PA.t hereof using an etching process
substanti al |y as3prexeeus! ¥ ' ndi,ng sites 78 (Figure 30 . 2.
Next, the p%%r “subst r gt e Q%%éggﬁgb%&%tr%%%dgég Cﬁé’%tﬁ%ﬂ’@fi Shpkheat e
"112A can be "t égd“é%saé@pataé’t etlidnelaves 1vebsdnemimpaatushedudes

t he pol yner efl@ntid2dsst haumdndeteers o 1434 « andeble 11angh, N sites 78A using
t echni ques kbﬁét&&@iaﬁ}o\é(% bgeggguglr : Iaﬁz?la&dl%ti'gn, “the pol %grceess_lfbes%rate
112A can be adhered 6 thetback & de BIAET {9t SXGpERrhieoHegtsu8dng a
sui t abl e adhesi v&* (nd*&mofite Hitaskee ddendlat cen T2A amntldie kondidg

sites 78A inukbbratechila, comwhanthide Wohlea! B 8hE SO0t 8G1S 86  gen
using techniques and equipment that are known in the art:-— -
7 5. Next, the encapsulant 482 can be molded to the
subgtrata 54A using a conventional transfer molding process.
Referring to Figure &, a semiconduct.or_ package LDB
constructed in accerdance with a third embodiment of the
ipvention is illustrated. . The package 50B includes a
- substrate 54B and a semiconductor die 528 bondéd face down to
the substrate 54B in a board-on-chip configuration. Adhesive
layers (not shown) adhesively bond thev die 52B to the
substrate 54B, | o
| The substrate 54B comprises a board material, such as
bismaleimide-trizine (BT}, substantially ag previocusgly
described for the substrate 54. In ‘addition, the substrate
54B includes a flexible polymer substrate 112B adhasively
bonded the substrate 54B. The polymer substrate 112B is
constructed gubstantially as previously described for polymer
substrate 112a, The polymer substrate 112B includes a
polymer tape 114B made of a flexible polymer material, such
as polyinide, In addition, the polymer substrate 112B
inc:ludes bonding sites 78B and conductors 72B in electrical
communication with the bonding sites 78B.
Wires 116B are bonded to the - conductors 728 on the
polymer substrate 112B, and to the bond pads SOB on the die




3. Next, the external contacts 84A can be fornmed on the bonding sites 78A
as multi layer metal bunps using electroless and electrolytic der§¢&d4n2006
processes substantially as previously decried for external contacts 84.
Next, the stacked die. 52A can be attached to the substrate 54A, and then
wire bonded to the die contacts 86A using techniques and equi pnent that

are known in the art. 5. Next, the encdBsul ant 48A can be nolded to the
substrate 54A using a conventional transfer nol di ng process. - Referring to
Figure 6, a sem conductor package 50B constructed in accordance with a

third enbodi nt of the invention is illustrated. The package SOB incl udes
a substrat artd's: SWhFeererIcE4B dire 15@Bsbendeshdped 689whihg tz%
substrate SMmgnai bwatH- @heC BopdC dggug@f;l hesi ve ers

shown) adhesjelys bapgd. th ﬁ dl‘e 528%_{ ngstég gl%'ﬂﬁedT% Qfl?é’t’-fiéte 54B
conprises a board materi rral cithi 8ddiEigrae 4BPLob top

subst anti al Ieﬁ"cé@%‘rl@ﬂtoéé-laﬁ elieapsubetle$ othé hei rah Stired it addd %ggéél on,
t he subst ratwdrebBBndacl udes a fl eX| bl e pol ynmer substrate 112B 3 esively

bonded t he subst&ﬂ%evg4§ The ner. substrate 112B is constructed
substantial ly as DrEG™ d tl}?d:‘? of 188l ydero  Subdudase éﬁ@érn&'ile

pol ymer sub§PF'a"P€ §1@‘B3|Q¥cltlh¢eboadlpglgimrs t73pe lixd éﬁ%ﬂl aof L 8X
pol.ymer mat 8aBahreSUSHF wos )RV Ny Mal-Y ddi t yner S rate
Pondine-Si 1 eI or sty aﬁet‘:‘ﬁlbeélfor

11213 incly ding sites 78B an co uc

“conmuni cat | O%E%Ir%{%ﬂt heo%d:@r‘?d:l hF i (BI9vB8. 20 res mﬁmackabendmk tfl ddhe

conduct ors ¥2leReshan p@llcytpenlanbsuaat e¢hdt2Boraldat ¢ Eii%gg 31‘ ads £GOB on
a bon d&

the die 2 Jéﬁ&é@g_@t& 2R8- aid bstrate 54B incl udés Openi ng
122B aligned with t bond ?2%2‘08 and configured to provide . access for

ihe wires 1168 A E%b@:rqﬁ;qngp thenwpageaﬁmBléaﬁ eneBRTlkdkes the
wires 1168 %ﬂﬂdmsaepd- vm re bonds.

1, Initially the substrate 4B can be provided:-

- 2. Next, the polymer substrate 112B can be provided.
The polymer substra.te 112B can be fabricated as a separater
_element that includes the polymer tape 114B, the conductoxrs |
128, - and the bonding sites 78B uging tec:hn:l.ques that are
known in the art. In additionm, the polymer substrate 112B
can be adhered the substrate 54B using a suitable adhesive
{not shown)_ ' '

3. Next, the external contacts 84B can be formed ‘on the
bonding sites 78B as multi layer metal bumps using
electroless and electrolytic -deposition processes
substant:.ally as previously decried for external contacts 84.

4. Next, the die 528 can be attached to the substrate
=4B, and then wire bonded to the conductors 72B using
techniques and equipment that are known J.n the art.

5. Next, the encapsulant 48B can be molded to the
substrate 54B using a conventional transfer molding process
and the glob top- encapsulant 1188 can be formed using a
conventional glob top process. '

Referring to Figure 7, a semicon&uctor package 50C
constxucted in accordance with a fourth embodiment of the
invention is illustrated. The package 50C includes a
subgtrate 54¢ having a recess 124c¢ formed thereln. In



The polyner substrate 1128 al so includes external contacts 84B on the
bonding sites 788. The external contacts 84B are configured substanii:sd |9bos

as previously described for external contacts 84 (Figure 2C).. The package
508 al so includes an encapsul ant 4.8B that forns a package body and
encapsul ates the die 528. A nethod for fabricating the package 508 can
include the following steps: 1. Initi&lly the substrate 54B can be
provided. 2. Next, the polymer substrate 1128 can be provided. The pol yner
substrate . 112B can be fabricated as a separate .elenent that includes the
pol ymer tape 11413, the conductors 726, and the bonding sites 78B using

t echni ques tAAELEFeR kKHadnPapkade 59€. ihaladish t4 0BLadbe] PO, AUASLL at e

1128 can hedwehgzed ahd aubshiat i i t.abl.e adhesive (not
shown) . " 3. %,hégﬁ exl-eLRal igfﬁ?ﬁ%&%ﬁ‘%ﬁﬁa ' SFTERE i ng
sites 78B.as multi ayé[ netal- u%‘pslsué?"l?éle‘sel'@tt?@ eBackhndiééeofr eyt i C
deposi ti on ptotdeadssemiperduetar| diss acvandsliy dawd asbIig ext eli:p’%|
48,

cont acts 84.subsiMexk, sate die 528 can be attached to the substrate
and then wire bor;}q,%c: e %o%gg:t ors 728 using techniques and equi prent
that are known in the art. 5o CYRE1EREaPs brand megerialbesuohdad to
the substr &S imidertriainent (Bfk)  subashert il .ngsprﬁ,_c@ﬁs_o sfpd the
glob top endepswlibetl ¥38ErRaANshB{LLORG4SI NG, A 4 & r{"ent'gna!e. £ Pod i
_process. Re%‘i&;]'i'}giﬁ% @ng‘i::@o? sem conductor package 50€ SeBft¥reeted in
accordance W th g Tourt _ ??F’r@rﬁ BPlymRr suhafratn 152¢ | ddis¢spietl The
Fac;age _5og§ggé§gldéézegt§@m§ga esnsakgag ha‘hén@_odylfnéﬁ'e%%b%%;%gt%or B therein.
n 2 June sEHu@Eell [dPREahRSaP €§ 3 q&;s A pad- fox elgn
semi conduct g gl e 52% 2.g\nd a hea?fsi)r z:’a 8’?"&5@’6 S ibedh £oF deelignepn 40
The heat spregﬁ FaE503 448 hon R tBoivmepaskbsitaatel 11 includes a
- polymer tape 114C made of a flexible polymer material, such
~as polyimide. 1In additien, the polymer substrate 1120'
~includes bonding sites 78C and conductors 72C in.electrical
communication with the bonding sites 78C. -
The package 50C also includes wires 116C bonded to the.
. conductors 72C on the polymer substrate 112C, and to the bond
‘pads 60C on the stacked die 52¢, TIn addition, a Qloh top
‘encgpgulant 118C encapsulates the wires 11sC énd associated
wire bonds, The polymer substrate 112C also includes
Vexternal contacts 84C on the bonding sites 78C. The 'extem-:al
contacts 84C are configured substantially as previously
ldescrz_bed for external contacts 84 (Figure 20). -
A method for fabricating the package 50C can include the
following steps: : |
1. Initially the substrate 54C can be'provided. 
2. Next, the polymer substrate 112¢ can be provide.d.
The polymer substrate 112¢ can be fabricated as a separate
elament that includes the polymer tape 114¢, the conditctors
72C, and the bonding sites 78cC using techniques that are
known in the art. 1In addition, the polymer substrate 112C
can be adhered the substrate 54¢C using a suitable adhesive
{not shown). ‘
3. Next, the extérnal contacts B84C can he formed on the
bonding sites 78C as multi layer metal bumps using



st.acked sem conductor die 52C and is al so bonded to the substrate 54C. The
substrate 54C conprises a board material, such as bismaleimde-trd zhf}& 2006
(BT), substantially as previously . described for the substrate 54." In
addition, the substrate 54C includes a flexible pol yner substrate 1120
adhe5|vely bonded t he substrate 54C. The pol yner substrate 1120 is
constructed substantially as previousl $2descri bed for polymer substrate
112A. The pol ynmer substrate 1120 +includes a polyner -tape 114C nmade of a
flexibl'e polymer material, such as polyiipide. In addition, the polyner
substrate 112C i ncl udes bondlng sites 78C and conductors. 72C in

el ectrical edsmimpeasicon andh rlediomdingiei t @ept3 168 PRekads: SOE also

1120, and 6 T hesbong pac 2os e Bl SEBCaeE afspal, RSRE 35 5l o

112C, and to the bong ﬁ on
top encapsul ant “1180%% %%% s sﬁ’fga@fa?’eézqu%rfdl&aﬁé@cﬁaﬂedanvbe e
bonds. The pétpabeds iHes et esmaadescﬁdm@bixdﬁm 157,59 efét&is§Qﬂi-ﬁ,€t Sa: 84 C on’

t he bond|ngtﬁbheﬁ1z§Cboﬁhgde§5eﬁﬁ@l C are configure
substantlalgéu reV|o sl ESCFI%P or ex?%?n F1E8n Sgbglﬁﬁeiﬁ?ﬁ%re
2C). A neth i eaSBC can include the follow ng

steps: 1. In|t|a5Ly thtsubh2rglebSﬂapcencﬁpgmméﬁﬁ(kﬁhc:%adwgg £dAsgool yner

substrate Ll2f¢ah RebeYbief o118 R0 r.substrate 112C can be
fabricated as éfse arate el ené%f’tﬁgg %d?dses t he pol yner tape 1140, the

"conductors 72CE T JshFisyrest 82 288 8Bi ngnt ebdrtrpes: tdmtendle  known
inthe art.134 adustrwqtedhelmmlynpluﬁmmﬁﬁya&ﬁ éé&%éod&ﬂb %%Q&L% dgthe

€ external

b h
cusetroLe, o35, seomy soBuchet sdbest g bple oM il 1L Bl

contacts 84C can be for
bunps usi ndPeRifERFgheoel etteanis %geEth%bmbynsesobpmﬂjﬁm ehip

processes module. However, other electronic assemblies can also be
constructed using. one or more of the semiconductor packages
50, 50A, 50B or 50cC.

The assembly 130 includesz a supporting substrate 132,
and an edge connector 134 on the substrate 132. The
‘substrate 132 also includes a plurality of electrodes 136
(Figgre 8B) in electrical communication w1th the edge
connector 134. The semiconductor packages 50, 50A, 50B or
50C are mounted to the substrate 132 with the external
contacts 84, 84A, 84B or B84C on the semiconductor packages
50, 50a, 50B orx 50C bonded to the electrodes 136. Beacause
the semiconductor packages 50, 50A, S50B or 50C have a reduced
overall thickness T1 (profile), the assembly 130 also has a
reduced thickness TA (profile).

Thus the invention provides an improved semiconductor
rackage, a method for fabricating the package, and improved
semiconductor assemblies constructed with tha package. While
the invention has been described with reference to certain
preferred embodiments, as will be apparent to those skilled
in the art, certain changes and modifications can be made
without departing from the scope of the invention as defined
by the following claims.




substantially as previously decried for external contacts 84. 4. Next, the
heat spreader 120C and the die 52C can be attached to the substraj e;34Boggg
within the recess 124C, and then wire bgnsded to the conductors 72C usi ng
techni ques and equi pnent that are known in the art. 5. Next, the glob top
encapsul ant 118c can be fornmed wusing a conventional glob top process.
Referrin? t mykes 8Avand 188, an el ectronic assenbly 130 constructed

with a-plurality of sem conductor packages 50, 50A, 50B or 50C is
illustrated. In the illustrative enbodinent the electronic assenbly 130

conprises a multi.chapsemddhaucHoweyarkagthebmpl-éetihgni ¢ assenbl i es can
al so be constructed,u ing one or .nore of rlhe ien‘i co d%ct ar, ack%%es 50,
Sﬁﬁglﬁdgsura it O Ondi S =3

SOA, SOB or 50C. E’le“i':’él.jOS ﬁbfﬁm?gﬁ a suapporting Subst Pate®132,

and an edge connectsemi@dndncthe slibst wate I3ddfe tosubker atudbsii3®tad so

I ncl udegpa pl 1dynQf £ 661 8Pdes 136, s(FhgHRe 8BNS N1l echkltal; ca
connuniggtigﬁ\ggﬁét%% edgég conneg or?l34._The§enﬁcoﬁductor paéﬁgbes 50,
50A, 50B or Conmunarcatistintiedht Fhendosdager 826832 with the external

gggt gctz 34, 84ﬁ\a 8?%9&13&5; (igf6 t fég{t@fﬁéipn@ﬁ)@ltt%rcwc@dﬁge@he5%orﬁ%g Sgg or
onde tqQ the el ectrodes ecaus t he sem condaductor ackage
S0A  S0B or SSGE Ay Raehr BRI by EPRA T CRNBESE TE0( F of PFEY MRt

assenbly 13Qa3leso dmas aa bewrdilngd diiecknessebbr(drotibe) .1ahhers blke ilwventi on
_provideszan d.npro e du (age, 118, r gQ;i t t he
package:TTS an l%r }c({l\%g&%‘ ?éa i cr%dn%% St nggggﬁﬁﬁ%slﬁn%gﬁ%r&le Wi t(ﬁr?t%}gg

package. Wisegonghaeitavedelyen ;hasidbeen described with reference to certain

preferred enbodi %nténcé’}?sﬂéhtb%rﬁp@ﬁée%hbts(%ﬂah:%seeﬁghbgﬁ@atii?lgt henart,
certain changes and nodifications can be nade w thout departing fromthe

scope of théinvention as defined by the following claims. 23 WHAT IS
CLAIMED | S: 2 June 2006

20 : 2. The semiconductor package of claim 1  further
comprising a plurality of die contacts on the substrate
in electrical communication with the external contacts,
the die contacts comprising multi laver metal bumps
bonded to the bond pads on the die.

25 , :

3. The sgemiconductor package of claim 1 further
comprigsing a plurality of die contacts on the substrate
in electrical communication with the external contacts,
and wherein the die is back bonded to the substrate and

30 wire bonded to the die contacts.

4, The semiconductor package of claim 1 wherein the
first metal layer comprises copper, the second metal
layer comprises nickel, and the non-oxidizing outer laver

35 comprises gold.

5. The semiconductor package of claim 1 wherein the
gsubstrate comprises a material selected from the group
congisting of bismaleimide-trizine (BT), epoxy resins,

40 and polyvimide resins.




1. A sem conductor package conprising: a substrate conprising a plurality

of bonding sites; a sem conductor die wire bonded to the substrate 9= 2006
conprising a plurality of bond pads in elMctrical comunication with t
bonding sites; a plurality of external contacts on the bonding sites, each
external contact conprising a first netal |ayer on a bonding site, a

second mgtal layer on the 15 first netal |ayer, and a non-oxidi zi ng outer

-layer on the sec taI nd an nca on he substr
encapsul ating th d|§1%xf%ﬂl%ﬂgﬁ§é %% % o EREF ?ther
conpri sing wjﬁuialwtyaﬁbah&e@oabamh@(Bubémram®snnawechipfbneboazdl
conmmlcatlo&3 ]&ﬂ%i§¥ternal contacts, the die contacts conprising

mul ti | ayer I% unps  bonded to the bond pads on the die. 25 3. The
sem conduct or package of claim1 further conprising a plurality of die

contact ggon the substyad eserhfb@ﬂ&%tfé:?%a&%ﬁ@%ﬁaél@ﬂnﬂt@hé?@lﬁxﬁﬁénm
contacts, and wherein the d|e is bg&ﬁ Oﬂded to the suhstrate and ,30 wire

bonded to t HE-Si 25 cYATEctROnWed The [CIdTe pABK &g O LT P if B+ Rher ei n
the first neiaiid@eaticonprises copper, the second netal |ayer conprises
ni ckel , and the non-oxidizing outer layer 35 conprises gold. 5. The

sem conduct or package of claim 1l wherein the substrate conprises a

mat eri al sel ect ed f r dthe heergr oupducorsisadrpgofobi chalei ki deereizi hee(BT),

.epoxy 1 asi nS,pA40-and polyhakder e:lnss %é @hé“&§e2q(£6 cﬁ% nidfned in

sem conduct or package of cIa|n11 wherein t dieis wre bonded to the
substrate||$hf(ﬂﬁﬁ?%ﬁ1%ﬂxﬁQPtaCt with a heat spreader.

9. A semiconductor package comprising:
a substrate comprising a board material;

20 a plurality of die contacts on the substrate and a
plurality of external contacts on the substrate in
electrical communication with the die contacts, each die
contact and each external contact comprising a base metal
laver, a bump metal laver and a non-oxidizing outer metal

25 fayer; and _ .

a senmniconductor die flip chip mounted to the
substrate, the die comprising a plurality of bond pads
bonded to the die contacts.

30 10. The semiconductor package of claim 9 further
comprising an encapsulant on the substrate encapsulating
the die. .

11, The semiconductor package of clalm 9 wherein
35 the base metal layer comprises coppexr, the bump metal
laver comprises nickel, and the non-oxidizing outer metal

layer comprises gold.



configuration. 10 7. The sem conductor package of claim1l wherein the die
is wre bonded to the substrate in a board-on-chip configuration.s83;,J0®006
sem conduct or package of claim 1 wherein2he 15 substrate includes a

recess and the die is contained in the recess in contact with a heat
spreader. 9. A sem conductor package conprising: a substrate conprising a
board material; 2@ .a plruealddi @ndi€cepnbaeksgen dihecsubst ratenandi @
plurality of eqﬁecﬁ.'lnal coFt a&ts th substratf in_ el %ct.ri cal .

comuni cat i 615w t$H T he°Qrgc oﬁf’%@t%ﬁc AThE T8 L cGRPAEE tand ATHEEXt &Y nal

cont act conpnirsimiglad bas ehagtealwi tdhayemlaaaungp pretalt iloay.er and a

non-oxi di zing outer nmetal 25 layer; and a sem conductor die flip chip

mounted to the substrate, the die_ conprisi ng a plurality of bond pads
bonded to the di &3cont §8€s.5Q0 AP ATHOL ehRESAGECtOT phekrgd ofuethem 9

further jocomiipy iGN £neapsehamasan ddecsabshratesercapsidabixgn the die.
11. The sem conduct or. _packa of claim9 wherein 35 the base netal [|ayer

conprises ¢ Lr1o5d g e |Rfe PXETALs EQTFRSES -, and t he
non- oxi di zi ng outer netal |ayer conprises gold. 25 2 June 2006 5 12. The

sem conduct or package ;of_ cl.aj m9 wherein, each die.contact and each
ext ernal contact q'll&s ggngregq C)?n pycrté)n];i cﬁ)éalc}ﬁaﬁesﬁgﬁ)ngrvﬁstlﬁlga pl anar tip

portion. 13. Theasesmibshdateorhpatkager of irkai n¥ Bd¢ uptier anlemorprngi ng a
.sol der npgsk Qe Sstrate configured to electrically insulate the
external contacts. 14. A sem conductor package conprising: a substrate
having a first sifdePaidadntoppSd ngle15ceBésRESsi gp; the  first side

comprising first multi layered metal bumps having
generally planar first tip portions;
a plurality of external contacts on the second side
200 in electrical communication with the .die contacts
comprising second multi layered metal bumps having
generally planar second tip portions; and
a semiconductor die flip chip mounted to the
substrate, the die comprising a plurality of bond pads
25 bonded to the die contacts.

15. The semiconductor package of c¢laim 14 wherein
each first multi layered metal bump and each second multi
layered metal bump comprises a copper layer, a nickel

30 layer and a gold laver.

16. The semiconductor package of claim 14 further .
comprising an encapsulant on the substrate encapsulating
the die.

35

17. The semiconductor package of claim 14 wherein
the die contacts have a pattern matching that of the bond
pads on the die and the external contacts are in a grid

array.
40




a plurality of die contacts on the first side conprising first nulti

| ayered nmetal bunps having generally planar first tip portions; & June 2006
plurality of external contacts on the segend side 20 in electrical

comuni cation with the die contacts conprising second nulti |ayered netal
bunps having generally planar second tip portions; and a sem conductor die

flip chip mountedgto hhgemsuBahhatEy %Q@kggé comprising.a plurality of bond
pads 25 bonded to the die contacts. e sem conductor package of claim

14 wherein each?f iTRSHAEE DRERA AetHIDums &I 28Eh aecORPIRING
| ayered met gecbuapseaapri ses a copper |layer, a nickel 30 |ayer and a gold

| ayer. 16. The sem cond clor _pa kage of ¢ ai furt nprising an
encapsul ant on t ie? gu 8trafe gngéﬁsﬁ %lng ?ﬁe4%|e%l§§ 1518?he

seni conduct or paskadereflidivaiof 1domfiengi riteke cdi eclvonsacosdhavdea jpatt ern
"atCh'”ﬂ)thé&e@ErE@QlbeaﬂmuﬂﬁgétQBntQ?tﬂ'EhénﬁléhéoﬁﬁééEQa| contacts are in

agrid array. 2 June 20 . seni conduct or package conpri sing:
a substrate haV|ﬁgE%#¥?%%t¥|d@faﬁ&tﬁﬁqﬁﬁx@PﬁﬁaC§étoﬁﬁ i, Pensiigyal ity

of die contagteson éah?hflels{?tter&jdi&c@nﬁhdtmddﬂpﬁsﬁ@@dlangf_ﬁté@Sn@'tatlhe
second side,in 10 elecgﬁ%gi nlcatlon with th gl contacts;
ety a

plurality of 2¥KEerdtal & oﬁ fre ﬁ%nﬁﬁﬁﬁndgﬂ?%g éﬁmﬁitg?néﬁ“%ontact
conpri si ng aifeksheteflallayeayeramgh @ hondorgdsziey ahsedon@tmét@ayewer on

the fijst ?ﬁt@Lel§¥853daﬁgtgln9998§Ldgﬁﬁng third nmetal layer 15 on the

second netal 'l ayer
a semiconductor die back bonded to the first side in

a chip-on-board configuration, the die comprising a

plurality of bond pads wire bonded to the die contacts.

20 19. The semiconductor package of claim 18 wherein
the first metal layer comprises copper, the second metal
layer comprises nickel and the non-oxidizing third metal

layer comprises gold.

25 . 20. The semiconductor package of claim 18 further
comprising an encapsulant on the substrate encapsulating
the die.

21. The semiconductor package of claim 18 wherein
30 the substrate comprises a material selected from the
group congisting of bismaleimide-trizine (BT), epoxy

resins, and-polyimide resins.

22. A semiconductor package comprising:
35 a substrate having a first side, an opposing second
side and an opening;
a plurality of bonding sites on the second side and
a plurality of conductors on the second side in

electrical communication with the bonding sites;




a sem conductor die back bonded to the first side in a chip-on-board
configuration, the die conprising a plurality of bond pads w re Bonfgd ®o¢
the die contacts. 20 19. The sem conduct @7 package of claim 18 wherein the
first netal |ayer conprises copper, the second netal |ayer conprises

ni ckel and the non-oxidizing third netal |ayer conprises gold. 25 .20. The

seni condyict or pagkage, P41 cLai MAB UL EBARLISINTLAN WicapIHBM, ON the
substrate encapsulat|$§ the die.- 21. The sem conductor package of éialna18
t

wherein  305thESsuRA Tt 8%E6Ha s eSCR  REFerGUPTET Be8 e@ ¥ bRFEh&SGrcup
consi sting ohybkirsral eammerdingi Be teBT)a epexynd NeStAs, lanrtkmpobyi mide
resins. 22. A sem condugtor package conprising. .35 %hsugstrz{ﬂtggviqg a
first side, "an~opposing $dcond 8 e ARd openl%g; 3°p1 dFa5 %fbondi ng
sites on thenskbendespdd matdalalpleral ang of conductors on the second side

in elegjrical comupiicRId QN Nt be bording i taS) Rls JUNg.2006 5 a
plurality of external contacts on the bon |n% sites, each external contact
conpri si ng ROPFFSOTERALP | §9&E ig 52 BeABI ng T8t e i SO MBEHT | &er on
the first petakllayeof archad galy Gxd iZed Ot thr enaebakbnk ayehnORyithe

second neta£ Ia Sr' apg 10 a segiconductor die bonded to the first side in
a board-on®cH % cbRf FYGr SPPORC“PAE8 die conprising a plurality of bond

pads aligned with the opening and wire bonded to the conductors. 15 23.

. The senmjgonduct og;package j _ r.ei t | get al_ | ayer
conpriggg co per%the sec&%%nﬁéggﬁhcﬁé§e gg%%%Fiégg %%%ﬁ%lagnﬁﬂ¥ﬁ§%fhird
met al | ayer theofpirpsedefaild. laprn Lompel segri eemplett okhpaslkeagadofratiadi m 22

further layer comprises nickel and the third metal layer
comprises gold.

- 20. : 24, The semiconductor package of claim 22 further
comprising an encapsulant on the substrate encapsulating
the die.

25, The semiconductor package of claim 22 wherein
25 the substrate comprises a material selected from the
group consisting of bismaleimide-trizine (BT), epoxy

resins, and polyimide resins.

26. A semiconductor package comprising:

30 a substrate having a first side, an opposing second
side and a recess;

. a plurality of bonding sites on the second side and
a plurality of conductors on the second side in
electrical communication with the bonding sites;

35 a plurality of external contacts on the bonding
sites, each external contact comprising a first metal
layer on a bonding site, a second metal layer on the
first metal layer, and a non-oxidizing third metal layer
on the second metal layer;

40 a heat spreader in the recess; and




conprising an encapsul ant on the substrate encapsulating the die. 25. The
sem conduct or package of claim 22 wherein 25 the substrate conpris€f. & 2006
material selected fromthe group consi sti2Bg of bismal eimde-trizine (BT),
epoxy resins, and polyimde resins. 26. A sem conductor package

conprising: 30 a substrate having a first side, an opposing second side

alnd aI _r;egesfs; a gl Lk{é%ﬂliiédh&{l%@@ﬁdidﬂ@zdsiiﬂ gﬁhénr%E%s%fcmdF§h@%c%n%i%
plurality of  conductors o e second side i,n, electrical, commupication
with the bof anle %@?Fe?%eg'plt%’real 1S PR Fal® S %Pt HPMdNndi ng
sites, eachpexisewiak bontlact toompel sbnduatbirsst netal |ayer on a bonding
site, a second netal layer on the first netal |ayer, and a non-oxidi zi ng
third netal layer on the second netal |ayer; 40 a heat spreader in the
recess; and 28 22June T®essmaceBAilcsatudEeekadice ¢h cheime@ésstuntlvont act

with the heahpshkeadehn PR 1GoMHISIHME &ddddAldddnfuRand gy pads wire
bonded to tﬁg conductors. 27. The sem conductor package of claim 26 further
10 conpri si fig€an encapsul ant in the recess encapsulating the die. 28. The
sem conduct or package of claim 26 wherein the first nmetal |ayer conprises
copper, the seco metgal 15 | ayer .conpri ses.ni ckel .and the_third netal

| ayer conprisesagOIdfﬁE .g %¥§89P8 RAUEESF A5 KA e bR ZCm e HEt ei n
the substratéecipsits et natareal cospetsed Eopperhe tRegreuprrbmstsili ng of
Di simal el 41 dealid:2l MR} 5 c8POKY c1IBST Rigyg andh ol w42 hERLNS: 13%eA

met hod for fabricating a _sem conductor package conprisin
comprises gold.

29. The semiconductor package of claim 26 wherein
the substrate comprises a material selected from the
20 . .group consisting of bismaleimide-trizine (BT), epoxy

regins, and polyimide resins.

30. 2 method for fabricating a semiconductor
package comprising:
25 . providing a substrate comprising a board material;
forming &a plurality of bonding sites on the
substrate;
depositing first metal layers on the bonding sites:
depositing second metal layers on the first metal
30 layers;
depositing non-oxidizing third metal layers on the
second metal layers to form a plurality of die contacts
and a plurality of external contacts for the package in
electrical communication with the die contacts;
35 bonding a semiconductor die to the die contacts; and
bonding the external contacts to a supporting
substrate. '




25 providing a substrate conprising a board material; formng a plurality
of bonding sites on the substrate; depositing first metal |ayers pPnpidl€ 2006
bondi ng sites; depositing second netal R&yers on the first netal 30

| ayers; depositing non-oxidizing third netal |ayers on the second netal

| ayers to forma plurality of die contacts and a plurality of external
contacts5for the3packages i metRbaCbli GalaGOMAINGBALEON Whh ddioditeing
cont act s; 3%h%on§iiirn a_se icaonductor-die to the die contacts; and %ondl ng
the external Contdcts T3 sﬁﬁﬁ{ﬁ'ﬁ ng-CBuFSIPRISeHoebeghRele6668Y5 1. The
met hod of ckaert30lwhereailivt Hepdeposinti ngpptheohi tht bBehadlnkbayerssst ep
conprises electrolessly or electrolytically depositing copper on the
bondi ng sites. 32. The nethod of claim 31 wherein the depositing 10 the
second netal |ayérs stBp cbpphedesielcdetmlEsstlyeneinl ber dlepdstialing

deposi t Ihg Bhekelecmd heetdl Staleial sty BsmpBBsed N818BEDRAY 0k 1¢) 8,m 32
wherein the c_liegcgm Tll 2%7 ]jglttha third nmetal | ayers ste?l conpri ses

el ect r ol essPy or *Erédtr yt¥ cAFPYSdepdd t PhgGol Pbntike SEEDRd MasEd

| ayers. 34. lémeeaded) The method of claim 30 the bonding 20 the die to the
die contacts step conprises flip chip bonding. 35. A nethod for
fabricating a sem conductor package conprising: 25 providing a

sem conduct or di @3congissimgtizedl afakileym G2 borer ehdsthpr depdisig iag
_substrat® heMengma Ad reéesi dqa%@sans%egpeahggi%%%ongléé9%1&85 %2

plurality of _die cqntacts on the firs

electrolytically depositing gold on the second metal

layers.

34. (amended) The method of claim 30 the bonding

20  the die to the die contacts step comprises £flip chip
bonding.

35. A method for fabricating a semiconductor

package comprising:
25 broviding a semiconductor die comprising a plurality
of bond pads;
providing a substrate having a first side and an
opposing second side:
forming a plurality of die contacts on the first
30 side and a plurality of external contacts on the second
side in electrical communication with the die contacts,
each die contact and each . external contact comprising a
base metal layer, a bump metal layer, a non-oxidizing
outer metal layer and a generally planar tip portion; and
35 mounting the die to the first side in a flip chip
configuration with the bond pads bonded to the die
contacts.

36. The method of claim 35 further comprising
40  encapsulating the die.




30 side and a plurality of external contacts on the second side in

el ectrical comunication with the die contacts, each die contact anf,ne 2006

each. external contact conprising a base3oetal |ayer, a bunp netal layer, a
non-oxi di zing outer netal |layer and a generally planar tip portion; and 35
mounting the die to the first side in a flip chip configuration with the
bond pads bonded to the die contacts. 36. The nethod of claim35 further

conprisi-ng 40 en aps | atin th di_e. June 2006 37 The net hod of

cl ai m 35 wherei n gué%ee Wf%?%‘? ngEFa&Bhﬁr% EXobperhet kessums et al

| ayer conprilsger maﬁgﬂis&@ thepean- i« Biung mmﬁﬂlneaﬁérlmwmpﬂxyﬁglses
old. 10 38 oq .of i m3 e b trate ri.ses

grgnaterl al se égggémfgr (E&m%t 1'%rrguépgk céon%\!ﬁ%l%%té %lgs?ral &) rrrrprzllsneS (BT),
epoxy resingolgnd polylnlde resins. 15 39. The met hod of cIa|n135 wher ei n

the forpng step conprises electrolessly or electrolytically depositing

t he base netal éer t he bungeneta | ayer and t he non- oxidizing outer

metal |ayer. 20 3, A The hBatheA dor§ tat ' nga et CohdbBeos Ut ded e
conpri si ng: cpmpyndeegaamaﬁﬁ&iauesementealmidmtxﬁédgﬂahprb@nsﬂyhﬂﬂw a

first side d,.a @Sl econd SI% formn pl_ur I|ty I rst
bondi ng, ?gsbéﬁmgg lm%?gs?rlzageaﬁ %é pFﬁPﬁViFf éﬁﬁg Sites
on the seceﬁdlssde in electrical communication with the first bondlng
sites; 15

39. The method of claim 35 wherein the forming step
comprises electrolessly or electrolytically depositing
the base metal layer, the bump metal layer and the non-

oxidizing outer metal layer.

20 .
40. A method for fabricating a semiconductor
package comprising:
providing a substrate comprising a board material
having a first side and an opposing second side;
25  forming a plurality of first bonding sites on the

first side and a plurality of second bonding sites on the
second side in electrical communication with the first
bonding sites;
depositing first metal layers on the first bonding
30 sites and on the second bonding sites;
depositing second metal layers on the first metal
lavers;
depositing non-oxidizing third metal layers on the
second metal layers to form a plurality of die contacts
35 on the first side and a plurality of external contacts
for the package on the second side; and
flip chip mounting a semiconductor die to the
substrate by bonding the die to the die contacts.




depositing first netal layers on the first bonding 30 sites and on the
second bonding sites; depositing second netal |ayers on the first Ale 2006
| ayers; depositing non-oxidizing third mdtal |ayers on the secon

| ayers to forma plurality of die contacts 35 on the first side and a
plurality of external contacts for the package on the second side; and

flip chip nounting.a semdceBdustonmiedomt he wHdstNAt enby Fhopding g he die
‘to the die contﬁﬁﬁs 31 2 June 2006 5 41. The nethod of claim40 erein

the flip chi"g"* &%|$Eﬁgtgﬁmﬂﬁhﬁ?%eEh?ﬁ@Pﬁﬂ@@ﬁﬁﬁé&ﬂQNP%BﬁaPﬁghﬂﬂﬁi pads
on the di e bpedshendtbhecdhkacdsthé2ditheonetbed.of claim 40 wherein each of
the 10 depositing steps conprises electroless or electrolytic deposition.
43. The nethod of claim40 further conprising encapsulating the die in an
encapsul ant. 15 44. ThEheettwithod elfai pd a0nwhér evinetdenf iqesth nefalthd ayer s

conpri se) CoppehsitthRSeso m%to%{ Y Se¢RARLLI® s sNi Gkelk, fhe third
net al Iayerésgoﬁ§r|s§§gol S20 4 JThe n%thod gf%gﬁaf%?4%%ﬁg?giny%hcp

substrate EL8% material selected fromthe group consisting of
bi smal ei m de- tri2|ne (BT), epoxy resins, and polyinide resins. 25 46. A

met hod for fabrigating sem n packa |ng rovi din
seni conduct or dlggconpgﬁgingeggplurg it %gh g§&¥~ SQ&QFﬁé%Q
substrate hagvtagsalétisg Shdedaﬁd1anan36noppaslagtsecond side; formng a
pluralify of die contacts on the first side;
44. The method of claim 40 wherein the first metal
layers comprise copper, the second metal layers comprise

nickel, and the third metal layers comprise gold.

20 . 45, The method of c¢laim 40.wherein the substrate
comprises a material selected from the group consisting
of bismaleimide-trizine (BT), epoxy resins, and polyimide

resins.

25 46, A method for fabricating a semiconductor

package comprising:

providing a semiconductor die comprising a plurality
of bond pads;

providing a substrate having a first side and an

30 opposing second side;

forming a plurality of die contacts on the first
side;

forming a plurality of bonding sites on the second
side in electrical communication with the die contacts;

35 forming a plurality of external contacts on the
second side, each external contact comprising a first
metal layer on a bonding site, a second metal layer on
the first metal layer, and a non-oxidizing third metal

layer on the second metal layer;




formng a plurality of bonding sites on the second side in electrical
communi cation with the die contacts; 35 formng a plurality of exterfale 2006
contacts on the second side, each exterBal contact conprising a first

netal |ayer on a bonding site, a second netal |ayer on the first netal

| ayer, and a non-oxidizing third netal [|ayer on the second netal |ayer; 32

2 June 2906 5 nouBlinkd decdeée die tHhe thestrisige kBda G PaoOR-hiinadgl
configuratign' %nd wi.r.e bondi ng thg.bond pads to the die contacts. 47. The
met hod of cPRPR-48°Far-ERER “d6Mpr P8Fhg 10 encapsulating the die in an
encapsul ant. 48. wilte benbaodgothel domi4badherei nhehdiki eehtaetal. | ayer
conpri ses copper, the second netal |ayer conprises nickel, and the third
nmetal |ayer conprise gold. 15 49. The nmethod of claim 46 wherein the
substrate conpritdes a The efieahosk| eét edll #Bm4the Egrdire T orometriing nof

bi smal elg dentkbaungtr(BE) chepex¥ ReSkASenadBdsAOL¥LM de resins. 20 50. A
met hod for fabricating a sem conductor package conprising: providing a

sem conductor die conprising a plurality of bond pads; 25 providing a
substrate havi ng4a.fi mte siddhodmf opposhngs sehepdiai @t eard rait QEafiing;

formng ap [ f . [ ites,on th con si.de and _a plurality of
conduct ors gggltg%e%én%gﬁ%%s%?d%%ﬁ]&’el%% r%%g?égonn%%qﬁilc&tapfgﬁ Wi ¥ HE ondi ng
sites; 30 f®BiAkAd.aapfuihki thisf metelndkyevntavpsiea ghéd.second side,

~each exgernal contact conprising a first netal |layer on a bonding site, a

second netal layer on the first metal |ayer, and a non-oxidizing third
met al 49, The method of claim 46 wherein the substrate

comprises a material selected from the group consisting
of bismaleimide-trizine (BT), epoxy resins, and polyimide
resins.

20 -

50. A method for fabricating a semiconductor
rackage comprising:

providing a semiconductor die comprising a plurality
of bond pads;

25 ~providing a substrate having a first side, an
opposing second side and an opening;

forming a plurality of bonding sites on the second
side and a plurality of conductors on the second side in
electrical communication with the bonding sites:

30 forming a plurality of external contacts on the
second side, each external contact comprising a first
metal layer on a bonding site, a second metal layer on
the first metal layer, and a non-oxidizing third metal
layer on the second metal layer:;

35 mounting the die to the first side in a board-on-
chip configuration with the bond pads aligned with the
opening; and

wire bonding the bond pads to the conductors.




| ayer on the second netal layer; 35 mounting the die to the first side in a
board-on- chip configuration with the bond pads aligned with the Hpapd%ioos
and wire bonding the bond pads to the coBdductors. 33 2 June 2006 5 51. The
met hod of claim50 further conprising formng an encapsulant in the

openi ng. 52. The nmethod of claim50 wherein the first metal |ayer

conprises copper sithe seconechadt@icd bayes1£0RPrd GeFurkddy Ckemprand dde
third netal | ayer conprlse e nmet hod of cl aim50 mhereln t he

substrate COAPrSes a SREER u§9n§eﬁgclg& PP&httHe group consisting of

bi snal ei m de-trizine (BT), epoxy resins, and polyimde 15 resins. 54. A

nmet hod for fabri g@tl NG f %@é@ﬁ@@d&ft?i?lﬂa%ag’;ﬁ % I’It%l ngtlrpg OV q_’anlg a

seni conductor di e conprising a plura S; prOV| i g a
substrat e ha@ve§ &oOrsitses qEOPRRK o@b@ssﬁgogécm@@ash d@ymd PMECEss i n t he

second $hdenickenn aagacpkurali-ty mekahondiag éb%n $i98 Lhegsecond side and a
plurality of conductors on the second side in el ectrical comunication

with the bonding sites; formng a plurality of external contacts on the
second si de, eaCE3eXteIﬁa|mEQMdﬂHO&OﬁDakﬁi@@ihﬁéféin ﬁﬁéabdhﬁﬁﬁaﬂéla

bondi ng sit er. gn e first_netal |aye

non- OXIdIZI%gm?ﬁI % mﬁé€§61$% gFggﬁtF%e I Ref AP F% é?“; qﬂHF?ng t he
die in the péc@s§m|aﬁeemﬁ@cttrwzuhn%1 (Hieat eppryvad@sirend and aadab_,rndmrtgethe
_bond pags teckhgsconductors. 35 55. The nethod of claim 54 further

conprising formng an encapsulant in the recess. 56. The nmethod of claim
54 wherein the first netal

54 . A method for fabricating a semiconductor
package comprising:
providing a semiconductor die comprising a plurality
20  of bond pads;
providing a substrate having a first side, an
opposing second side and a recess in the second side;
forming a plurality of bonding sites on the second
side and a plurality of conductors on the second side in
25 electrical communication with the bonding sites;
forming a plurality of external contacts on the
second side, each external contact comprising a first
metal layer on a bonding site, a second metal layer on
the first metal layer, and a non-oxidizing third metal
30 layer on the second metal layer;
mounting the die in the recess in contact with a
heat spreader; and

wire bonding the bond pads to the conductors.

35 55. The method of claim 54 further comprising

forming an encapsulant in the recess.

56. The method of claim 54 wherein the first metal
layer comprises copper, the second metal layer comprises

40 nickel, and the third metal layer comprise gold.




| ayer conprises copper, the second netal |ayer conprises 40 nickel, and

the third netal |ayer conprise gold. 34 5 2 June 2006 57. The nethquﬁge 2006
cl aim54 wherein the substrate conprise84a material selected fromthe

group consisting of bismaleinde-trizine (BT), epoxy resins, and polyim de
resins. 10 58. (amended) An electronic assembly conprising: a supporting
substrat® conprising a plurality of electrodes; at |east one sem conductor

pacrage_og t he Sgﬁﬁfif+%%. gB&éPS%{ ﬁébﬁgsé ubstrate d th pact%g?e.
configured as a iﬁﬂﬁ%*

conpri si ng aOppuiabstpwﬂmtmmﬂahgseREesed Z&amsmh@cgﬂdupt@bﬂhﬁyﬂlﬂgm
substrate CB?pﬁ&éhQQengh%rgEHEX ?3 %@géyi%é%l Lghcac % gﬁg@kfatlon

with the bonding sites ura erna
bondi ng S|F§§156ﬂded to the electrodes on the substrate, each 25 external
contacti@onprising a first netal |layer on a bonding site, a second netal

| ayer on the f|r e and_.a non-oxidi zi ng_outer |ayer on the
segond net al %ér %@mggdeégneﬁﬂeﬁ}e Eﬁoﬁégeﬁﬁ??mgiychPﬁ¥58lﬂﬁérein t he
dieis wire bondedauppdmtsm@s@mMstriﬁb Thepadsanty yaofpohwd 1 68 Wrerein
the first g@& Frggg r conprises copper, the second netal |ayer 35

e

conprises nic ) "t he non-oxidizing outer |layer conprises gold. 61.
The assenbly of @ralars8 waher eemichadpatkagpackagehen dchmpreusgeraipigural ity

of die pontaghbstpPAtbhethe substrate and the package configured as a
multi chip module,
the package comprising:
a substrate comprising a plurality of bonding
sites;

20 a semiconductor die on the substrate comprising
a plurality of bond pads in electrical communication with
the bonding sites; and

a plurality of external contacts on the bonding
sites bonded to the electrodes on the substrate, each

25 external contact comprising a first metal layer on a
bonding site, a second metal layer on the first metal
layer, and a non-oxidizing outer layer on the second

metal layer.

30 59. {amended) The assembly of claim 58 wherein the
die is wire bonded to the substrate.

60. The assembly of claim 58 wherein the first
metal layer comprises copper, the second metal layer
35 comprises nickel, and the non-oxidizing outer layer

comprises gold.

61. The assembly of claim 58 wherein the package
further comprises a plurality of die contacts on the

40 substrate in electrical communication with the external




s

40 gﬁbstrate in electrical conmmunication with the external 35 2 June 2006 5
contacts, the die contacts conprising nulti layer metal bunps borngeg; {0 2006
the bond pads on the die. 62. An electrobc assenbly conprising: a
supporting substrate conprising a plurality of 10 electrodes; and a

sem conduct or package conprising a substrate, a plurality of die contacts
on the siibstbatactenprirsd n@lefbbﬁtaﬁﬂlst icdmtergichgreta@l « bunpg ehavidith1

general |y planar flrs S sem ndyctor di e bonded-to the die
15 contactskupﬁ ab?Fgﬁ % Sn%oﬁg B?gﬁ ﬁge ngUrality of external

contacts on the substrate |n electrical communication with the die
contacts conprisikhg SgRO kol g a -having generally planar
second tip portFons g ng%%e %g%?gg EogggggéﬁaThe assenbly of claim
62 wherein each @i @umﬁéﬁgc@%}sts@%e coppEr ispyrs | aa mekelitayef and a
gol d Iaﬂ@r e28ctbddedheangsenbly of claim 62 wherein each external contact
conprise a copper |layer, a nickel |ayer and a old layer. 2 June 2006 36
ABSTRACT SEM ORI T AIPRS SRS PIREL T T8 L THOERVRRS: VETAL
BUWPS A senplomdidter packidge ¢owtades arsubber a.ﬂas‘w:maei ebmdrilkaarg
material, ag t oy o] t qu§ n encap sul ant
on the d|e %ﬁe pac qg%é a:goP?ﬁcﬁggg% gﬁ&ﬁgﬂra o %?%aglgoﬁiaé%s f or med
as multi |ayéred ﬁépaporba@p§ tﬁaﬁemn€pnﬁécaoma§eel&y@ﬂEGaﬂmunhangﬁ and
.a non- pxi deghBgceut en laayf@_rle mge@oﬁrfa@hr@e%act S & HRIAr 13nd, g more
er bal

uni form than conventi onal , and can ,
external contacts on the substrate in electrical

communication with the die contacts comprising second
multi layer metal bumps having generally planar second
tip portions bonded to the electrodes.

20
63. The assembly of claim 62 wherein each die
-contact comprise a copper layer, a nickel layer and a -
geld layer.
25 . 64. The assembly of claim 62 wherein each external

contact comprise a copper layer, a nickel layer and a

gold layer.



fabricated using | ow tenperature deposition processes, such that package
warpage is decreased. Further, the external contacts can be shapefl fiyne 2006

etching to have generally planar tip portions that facilitate bonding to
el ectrodes of a supporting substrate. Die contacts on the substrate can
also be fornmed as nmulti |ayered netal Eunps havi ng generally planar tip
portions, such that the die can be fIi chip nounted to the substrate. A
nmet hod for fabricating the package includes the step of depositing the
different layers for the netal bufARBSTBA&J el ectrol ess and el ectrol ytic
deposition, and then etching the different |layers to shape the netal
bunps. Fl| GSEMIZZONDUCTOR PACKAGE HAVING SUBSTRATE WITH MULTI- LAYER
METAL BUMPS

A semiconductor package includes a substrate formed of a
board material, a semiconductor die bonded to the substrate,
and an encapsulant on the die. The package also includes an
array of external contacts formed as multi layered metal
bumps that include a base layer, a bump laver, and a non-
oxidizing outer layer. The external contacts are smaller and
‘more uniform than conventional solder balls, and can be
fabricated using low remparature deposition processes, such
that package warpage is decreased. Further, the external
_contacts can be shaped by etching to bhave generally planar
tip portlcns that facilitate bonding to electrodes of a
supporting substrate. Die contacts on the substrate can also
be formed as multi layered metal bumps having geﬁerally
planar tip portions, such that the die can be flip chip
mounted to the substrate. A method for fabricating the
package includes the step of depositing the different layers
for the metal bumps using electroless and electrolytic
deposition, and then etching the different layers to ghape
the metal bumps.

FIGURE 2A




