-1- VERY THI N MJULTI - CHI P- PACKAGE AND METHOD

OF MASS PRODUCI NG THE SAME BACKGROUND Wl (b —
| NVENTI ON (1) FIELD OF THE | NVENTI ON Thi s %@gention
relates to a multi-chip-package for active and/or passive dé es. The

devices are joined to a flexible tape which is then joined to a substrate

having a cavity such that the devices are within the cavity. (2)

DESCRI PTI ON OF THE RELATED ART -1- Utra Large Scale Integration,

ULSI, packaging is discussed in a book by C. Y. Chang and S. M Sze

entitled "ULSI Technol ogy”, 1996, The McG aw H || Conpanies, Inc., pages

573-582. U S. Pat. No. 5,150,274 to Okada et al. describes
VERY THIN MULTI-CHIP-PACKAGE AND METHOD

OF MASS PRODUCING THE SAME

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

This invention relates to a multi-chip-package for
active and/or passive devices. The devices are joined to a
flexible tape which is then joined to a substrate having a

cavity such that the devices are within the cavity.

(2) DESCRIPTION OF THE RELATED ART

Ultra Large Scale Integration, ULSI, packaging is
discussed in a book by C. Y. Chang and S. M. Sze entitled
"ULSI Technology", 1996, The McGraw-Hill Companies, Inc.,

pages 573-582.

U. §. Pat. No. 5,150,274 to Okada et al. describes
a multi-channel module with a plurality of chips mounded on

a multilayer circuit board.



a multi-channel nodule with a plurality of chips nounded on a nmultilayer

circuit board. -2-

U S Pat. No. 5,620,928 to Lee et al. shows an ultra thin bal
grid array using a flex tape or printed W ring board.

U S Pat. No. 5,648,679 to Chillara et al. 5 describes a dielectric
flex tape substrate defining a predeterm ned array of electrically
conductive traces and an array & sol der balls or solder colums
electrically connected to the bottom surface of the flex tape
Substrate and the traces. An integrated circuit chip having a

series 10 of i npyt/ qut p t th bst
U S. Pat. No. 5, GOZUﬁlg'tgg%ake a et62H 595! & EQ& cr?g gﬁaﬁ%[?%xurler

sem conduch Df r devhes Baﬁﬁrb§hﬁga%ray usingS8MegeRdyaher o¢hiph ;haddg a

surface on which a plurality of contact pads, a tape carrier
overlyi ng wheisgnbeamrdyctor 15 chip and a plurality of |eads provided
on the tape carrier overlying the sem conductor chip.

U S Pat. No. 5,239,448 to Perkins et al.
U. S. Pat. No. 5,648,679 to Chillara et al.

5 describes a dielectric flex tape substrate defining a
predetermined array of electrically conductive traces and an
array of solder balls or solder columns electrically
connected to the bottom surface of the flex tape substrate
and the traces. BAn integrated circuit chip having a series

10 of input/output pads is supported on the substrate.

U. S. Pat. No. 5,602,419 to Takeda et al.
describes a chip carrier semiconductor device comprising a
semiconductor chip having a surface on which a plurality of
contact pads, ‘a tape carrier overlying the semiconductor
15 chip and a plurality of leads provided on the tape carrier

overlying the semiconductor chip.

U. S. Pat. No. 5,239,448 to Perkins et al.
describes the formation of multichip modules. The invention
shows a multichip module carrier that is constructed on a
20 flex carrier, along with other components to form a

subsystem.



describes the formation of nultichip nodules. The invention shows a
multichip nodule carrier that is constructed on a 20 flex carrier,

al ong with other conponents to forma subsystem

- 3- U S Pat. No. 5,147,210 to Patterson et al.
describes a first pattern of electrical conductors on a first

el ectrical conponent and a second pattern of el ectrical conductors
on a second el ectrical conponent. 5 3. A paper by A Aintila
et al. entitled "El ectrol ess Ni / Au Bunps for Flipchip-on-Flex and
TAB Applications”, 1994 | EEE/ CMPT Int'l Electronics Manufacturing

Technol ogy XFR9SI es 4 describes an electroless N/Au
waf er bunpi ng process. Iw% W 511697 12610 t%;%%%’jt% SR ?/f aghnson et al.
entitled " V. I S y on

Pol yi m dedél ex BEs a %{J%S‘Eﬁ%?g?ﬂ 1@5%% er n%?o%%d%é?égeﬁgggon

Ml tichipeirse o MUl £Sa1 PAGRSoALA E0ullpSETd LaSnd G588EE Copduct ed Lo
devel op and evaluate isotropically conducti've adhesive preforns.

15 electridalPapsidbytSrs BEnd USeciM | é1 &t r fE&X ebmbéRent .

Sol der Paste Bunping", 1997 International Synposium on
5 A paper by A. Aintila et al. entitled "Electroless
Ni/Au Bumps for Flipchip-on-Flex and TAB Applications", 1994
IEEE/CMPT Int'l Electronics Manufacturing Technology
Symposium, pages 160-164 describes an electroless Ni/Au

wafer bumping process.

10 A paper by R. W. Johnson et al. entitled "Adhesive
Based, Flip Chip Technology for Assembly on Polyimide Flex
Substrates”, 1997 International Conference on Multichip
Modules, pages 81-86 describes research conducted to develop

and evaluate isotropically conductive adhesive preforms.

15 A paper by P. Elenius entitled "Flex on Cap-
Solder Paste Bumping”, 1997 International Symposium on
Advanced Packaging Materials, pages 115-116 describes the
capabilities and reliability results of the Flex on Cap

solder bumping process.



Advanced Packagi ng Materials, pages 115-116 describes the

capabilities and reliability results of the Flex on Cap sol der
bunpi ng process. -4-

A paper by R Aschenbrenner et al. entitled "Flip Chi p Attachnent
Usi ng Ani sotropi c Conductive Adhesives and El ectrol ess Ni ckel
Bunps", 1996 | EEE/CMPT Int'l El ectronics Manuf acturi ng Technol ogy
Synposi um pages 26-33 describes 5 -4tudies carried out on electrical
and nechani cal perfornmance of two types of anisotropic adhesives.

A paper by A. F. J. Baggerman et aI entitled "Rel i abl e Au Sn Flip
Chi p Bonding on Flexjble Prints” 5503/ 94/ 0000- 0 994

| EEE, 1994 pages 90 %@’%s@%esﬁs%e“br%“%ﬁ ¢Fi {ch?‘btb*bh ?13

t egr at eg..Gi I oy bl e
A paper by 'GP Steadifhdie Msing anseptfiite TARNLALIE Rihbitues opg i b
Ca T "
osgsral ggo\é\ﬁlﬁtg%%orgg eggoét? 1903 | égg@@%%@g‘” TarT In{lz %EE?? &S an

el ect r oni ¢ragsseidthve 1sd nﬂeéwop Oﬁ'ﬁ%és-,lmn, pa gé\érﬂsbﬂﬂdéésébiﬁésas wel |
as area array chips attached to a | exible carrier.
5 studies carried out on electrical and mechanical performance

of two types of anisotropic adhesives.

A paper by A. F. J. Baggerman et al. entitled
"Reliable Au-Sn Flip Chip Bonding on Flexible Prints", 0569-
5503/94/0000~-0900 1994 IEEE, 1994 pages 900-905 describes
10 Au-Sn flip chip bonding of integrated circuit chips on

flexible polyimide prints.

A paper by C. S. Milkovich et al. entitled "Double

Sided Flexible Carrier with Discretes and Thermally Enhanced
FCA/COF", 0569-5503/93/0000-0016 1993 IEEE, 1993, pages

15 16~-21 describes an electronic assembly using SMT components,

wire bonded chips as well as area array chips attached to a

flexible carrier.



- 5- SUMVARY OF THE | NVENTI ON

Current Ml ti-Chi p- Package designs call for a nunber of types of
manuf act uri ng technol ogy such as silicon t echnol ogy, ceramc
technol ogy, | am nation technology, 5 bondi ng technol ogy and the |ike.
The integrated circuit chi ps or other devices are attached using
t echnol ogi es such as Wre-Bonding, Flip-Chip technology or the Iike.
Wth chi p thicknesses of about 0.025 inches, substrate materi al
t hi cknesses of about 0.050 inches, input/output pin heights 10 of about
0. 15 inches, and over-nold height required for nodul e encapsul ati on
of about 0.025 inches a typiggimARYtbr e INVERTPORackage hei ght or
t hi ckness i s about 0.25 inches. Mul ti - chi p- packages are
used in a nunber of appl i cati ons where the package thickness is an
i mportant 15 constraint such as wreless hand held tel ephones,
el ectronic nahweboaks , MuapitOhiperpokage, dpaggns, cRCM Aogands, and
t he | i ke. These applications require packages with a very | ow
profile. number of types of manufagtpringi pechoblegyi sucbf ashisd liipwenti on
to 20 provide a | ow cost nethod of formng a nulti-chip-package
havi ng a Eashnaolegy of ¢¢ramker techeodpereniampnathenpiekhgelogy,

5 bonding technology and the like. The integrated circuit

chips or other devices are attached using technologies such
as Wire-Bonding, Flip-Chip technology or the like. With
chip thicknesses of about 0.025 inches, substrate material
thicknesses of about 0.050 inches, input/output pin heights
10 of about 0.15 inches, and over-mold height required for
module encapsulation of about 0.025 inches a typical multi-

chip-package height or thickness is about 0.25 inches.

Multi-chip-packages are used in a number of
applications where the package thickness is an important
15 constraint such as wireless hand held telephones, electronic
notebooks, lap top computers, pagers, PCMIA cards, and the
like. These applications require packages with a very low

profile.

It is a principle objective of this invention to
20 provide a low cost method of forming a multi-chip-package
having a very low profile where the elements of the package

are testable before final assembly.



are testable before final assenbly.

- 6- It is another principle objective of this

i nvention to provide a |low cost multi-chip-package having a very

| ow profile. These obj ectives are achi eved by using a
flexible 5 tape and a substrate having a nunber of cavities forned at
the chip locations. The flexible tape hag_a nunber of devi ce

bl ocks, a nunber of interconnect pads surrounding each device

bl ocks, and a nunber of test pads. Integrated circuit chips or

ot her devices are jogned to the flexible .10 tape in the device blocks.

The interconnect pad tadd epether prlqﬁ&ﬁ:eb§@§e§% V@bﬁﬁ% to the
i ntegrated; chip other devi,ces .h trodes _an
X g ES‘H%%)n h.]_ %r%v:.de a w St,[ u\{L i-chi é) ucsi{e(?et atve1§{g tahe

within the' eX| pa S can

flexible t Mﬁgn £i1 |ntegrated CIrCUIt chi ps and ot her devices
attached be o¥e pro ljg Ining the flexible tape to the substrate.

The substrate has a nunber of cavities, with a cavity to match each
devi ce block on the flexible tape, and a nunber of peripheral pads

surroundi ng each cavirhgseTb®jectives fdr@Xidda dvaide bys Udigry J0imned it d he

substrate by joining the 20 I nt erconnect pads on the flexible tape to

t he peri phtapé and a substrate having a number of cavities formed at
the chip locations. The flexible tape has a number of
device blocks, a number of interconnect pads surrounding
each device blocks, and a number of test pads. Integrated
circuit chips or other devices are joined to the flexible

10 tape in the device blocks. The interconnect pads and the

test pads are connected to the integrated circuit chips or
other devices by electrodes on or within the flexible tape.
The test pads can be used to test the flexible tape with

integrated circuit chips and other devices attached before

15 joining the flexible tape to the substrate.

The substrate has a number of cavities, with a

cavity to match each device block on the flexible tape, and
a number of peripheral pads surrounding each cavity; The
flexible tape is then joined to the substrate by joining the

20 interconnect pads on the flexible tape to the peripheral
pads on the substrate so that the integrated circuit chips
and other devices joined to the flexible tape fit into the
cavity of the substrate. The peripheral pads on the

substrate are connected to plated through holes through the



pads on the substrate so that the integrated circuit chips and ot her

devices joined to the flexible tape fit into the cavity of the
substrate. The peripheral pads on the substrate are connected to

pl ated t hrough hol es through the

-7- substrate and connected to input/output pads on the back of

t he substrate. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fig. 1A shbws a top view of the flexible tape
5 showi ng four device bl ocks and a nunmber of test pads.

Fig. IB shows a top view of the flexible tape showi ng four device
bl ocks, de $& n e ice ads in.the four

bl ocks, %?Eiék#é% gg? ? ecg S input/oubput pads En th sﬁgws°§ Cross
section VI@WE(guﬁé%&££gXIb|e 10 tape with devices jOIned tot he device
pads shown in Fig. 1B taken along line 2-2' of Fig. 1B.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A shows a top view of the flexible tape

5 showing four device blocks and a number of test pads.

Fig. 1B shows a top view of the flexible tape
showing four device blocks, devices joined to the device

pads in the four device blocks, and a number of test pads.

Fig. 2 shows a cross section view of the flexible
18 tape with devices joined tot he device pads shown in Fig. 1B

taken along line 2-2' of Fig. 1B.

Fig. 3A shows a cross section view of a portion of
one of the device blocks of the flexible tape showing
integrated circuit chips joined to the flexible tape and

15 internal electrodes within the flexible tape.



Fig. 3A shows a cross section view of a portion of one of the

devi ce bl ocks of the flexible tape show ng integrated circuit chips
joined to the flexible tape and 15 internal electrodes within the

fl exible tape. Fig. 3B shows a cross
section view of a portion of one of the device blocks of the

fl exi ble tape show ng passi ve devices joined to the flexible tape
and i nternal el ectrodes withim&he flexible tape. 5

Fig. 4 shows a top view of a substrate show ng ei ght cavities and
peri pheral pads surroundi ng each cavity. Fig. 5 shows
a Cross section viewdj.tBB shostrateross sectsbownien &fga goakbag bEne
5-5' of Fig. 4. Fig. 6 shows a cross section view of a
flexi ble dte of thgedevibedeVvdcks aftbbhefll¢nihid tora shosingte.

Fig. 7 shows a bottomview of a flexible tape with a single device

bl ock and RRSS e’ devhensdipdnaddteothe flexiblgybappapBdnantagnalsingl e

cavity. . Fig. 8 shows a cross section view of the
fl exi bl e €lectrodes within the flexible tape.

5 : Fig. 4 shows a top view of a substrate showing

eight cavities and peripheral pads surrounding each cavity.

Fig. 5 shows a cross section view of the substrate

shown in Fig. 4 along line 5-5' of Fig. 4.

Fig. 6 shows a cross section view of a flexible

10 tape with devices attached joined to a substrate.

Fig. 7 shows a bottom view of a flexible tape with
a single device block and devices attached joined to a

substrate having a single cavity.

Fig. 8 shows a cross section view of the flexible

15 tape and substrate assembly taken along line 8-8' of Fig. 7.



15 tape and substrate assenbly taken along line 8-8 of Fig. 7.

- 9- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Refer nowto Figs. 1-8 for a description of the preferred

enbodi ments of the nulti-chip-package of this i nvention. Fig. 1A
shows a top view of a flexible tape 5 assenbly conprising a flexible
tape 10 havi ng four device bl ocks 32, 34, 36, and 38. In this
exanpl e the four device bl ocks 22~ 34, 36, and 38 are the sane and
only the first device block 32 will be described in detail. Wile
this exanpl e descri bes four device blocks those skilled in the 10
art will readily recdGRIRHAN (0 THRRRERHRREY | BMBORIOEINTS .coul d
be | arger or snaller. Each of the device bl ocks 32, 34, 36, and
38 have a nunber of device pads 44 and are surrounded by a nunber

The adaes of the i1 eRied I flgs. 18 £t &SGR o THEC 167"
connect sel to oy . ect.ed i connegt, .pads 12.

Fig. 1B shg\%sgﬁrtee?ieﬁ%be%(}la'?een cid(?fcatﬁé 3%‘?%1‘1 1:%—55&[&_?%0??61%131%2 and
three passiiveIRUGES 2. 2 s@{&ﬂn@%iﬁw%ebvf of a f%}ﬁ{lﬁléeﬂﬁﬁpfgdfsi n

each of the device blocks. The 20 Il exi ble tape IS e

formsd of peiswnBlde coipi@aSing a flexible tape 10 having four device
blocks 32, 34, 36, and 38. 1In this example the four device
blocks 22, 34, 36, and 38 are the same and only the first
device block 32 will be described in detail. While this
example describes four device blocks those skilled in the

10 art will readily recognize that the number of device blocks

could be larger or smaller. Each of the device blocks 32,
34, 36, and 38 have a number of device pads 44 and are
surrounded by a number of interconnect pads 12. A number of
test pads 14 are located along the edges of the flexible

15 tape. A number of first electrodes 16 connect selected test

pads 14 to selected interconnect pads 12.

Fig. 1B shows three integrated circuit chips 18,
20, and 22 and three passive devices 24, 26, and 28.joined
to the device pads in each of the device blocks. The
20 flexible tape in this example is formed of prolyimide and has
a thickness of between about 0.008 and 0.012 inches. Fig.
1B shows a number of integrated circuit chips 18, 20, and 22
and a number of passive devices 24, 26, and 28 joined to the

device pads 44.



a thickness of between about 0.008 and 0.012 inches. Fig. 1B shows

a nunber of integrated circuit chips 18, 20, and 22 and a nunber of
passi ve devices 24, 26, and 28 joined to the devi ce pads 44.

-10- Fig. 2 is a cross section view of the flexible
tape with the integrated circuit chips 18, 20, and 22 and t he
passive devices 24, 26, and 28 joined tp,the device pads of the
flexible tape shown in Fig. | B taken along line 2-2' 5 of Fig. |IB.

Fig. 2 shows that the integrated circuit devices 18 and 20 are

j oi ned to device pa@gg% 5 cir;r%ﬂ%h&tﬁesectio? Ji&xi bt & é\pﬁeﬁ/@é evel s of

wiring inmbedded in th o e tape formsecond el ectrodes 40 and
42 whi ch e with 20 Q4 tkd NG A/YI CRS 16, 1) | Nehd 2T £RANect
pads 12. 1 The second el ectrodes 40 and 42 can al so be used to nake
circuit imher peRactd sy vdddizn f Iws f lfnd & joeed to the device pads Fi Q.

3A shows a nore detailed view of the connections between the

i nt egr at edfcitheuifil esiifise P Gsldwn in Fig anB thekeleva benpabind42-Fi g. 3B
shows a nore detailed view 15 of the connections between one of the
pas$i ve dedi Fdg.26Bnd Fig. 2 shdws dehatcetlpadmtdegoaidedneioduite i nt egrat ed
circuit chips 26 and the device pads 44. As can be seen in Figs. 3A
and devigeshd § randri eareiieined it deviepwpradadst stoaredior the

passi ve devi ce i nput/output pads 52 are bonded to the device
flexible tape. Two levels of wiring imbedded in the

flexible tape form second electrodes 40 and 42 which are
used to join the device pads 44 to the interconnect pads 12.
"0 The second electrodes 40 and 42 can also be used to make

circuit interconnections within the flexible tape.

Fig. 3A shows a more detailed view of the
connections between the integrated circuit chips 18 and 20
and the device pads 44. Fig. 3B shows a more detailed view
15 of the connections between one of the passive devices 26 and
the device pads 44 and one of the integrated circuit chips
26 and the device pads 44. As can be seen in Figs. 3A and .
3B the integrated circuit input/output pads 50 and the
passive device input/output pads 52 are bonded to the device
20 pads 44. The device pads on the flexible tape can be a
metal such as solder, aluminum, copper, gold or the like.
The integrated circuit chips and passive devices can be
joined to the flexible tape using soldering, ultrasonic
bonding, thermocompression bonding or the like. As is also

25 shown in Figs. 3A and 3B an optional under chip material 46,



20 pads 44. The device pads on the flexible tape can be a met al

such as solder, alum num copper, gold or the I|ike. The integrated
circuit chips and passi ve devi ces can be joined to the flexible
tape using soldering, ultrasonic bondi ng, thernoconpressi on bondi ng
or the like. As is also 25 shown in Figs. 3A and 3B an optional under
chip material 46, -11-

such as conductive epoxy or silicon ba§%é_gel, can be forned
underneath the integrated circuit chips 18, 20, and 22 and

under neat e bas eg 24, 26 d _28. th
I ntegrate ‘%g}cd?tgéﬁﬁﬁg ang ssyve dev?%%gnhggge § gan be, goﬁggdto

the flexi thdélarp@ameﬁﬁgyﬁ%a}?gea I;H?ﬁ;%ecﬂ?ﬁ§ 18, 20, aﬁaeabl ¥nhhe

flexi bl e tape assenbly can ectrica fested using the test

pads 14. underneath the passib8 8%37BLS ﬁbomﬁﬁa §h§X2§|e t apeew thef our
devi ce bl ocks. As those skilied in the art will readily recognize

10 t heidteexidtedt apecaan BRYPsaagaephesive agnlites nawbebeeh

devi ce bl ocks. The flexible tape can be forned and stored, such as
on & reel ,jamedutot bhehéldeibledtapezetherebgdforming a flexible tapki g. 4
shows a top view of the substrate 60 of this invention, having a
nunber of assenblys Bhewhdewihleathpelsssembinviay be elecdundedlyy a nunber

of perlpheral pads 62. In
ested using the test pads 14.

The example shows a flexible tape with four device
blocks. As those skilled in the art will readily recognize
10 the flexible tape can have a greater or smaller number of
device blocks. The flexible tape can be formed and stored,

such as on a reel, and cut to the desired size as used.

Fig. 4 shows a top view of the substrate 60 of
this invention, having a number of cavities 64 wherein each
15 cavity is surrounded by a number of peripheral pads 62. 1In
this example there are two rows of four cavities in each row
for a total of eight cavities. Those skilled in the art
will readily recognize that there could be a single row of
cavities or more than two rows of cavities having more than
20 four cavities per row or fewer than four cavities per row.
Fig. 5 shows a cross section view of the substrate along the
line 5-5' of Fig. 4. As can be seen in Fig. 5 the cavities
64 extend from the top surface 61 through the bottom surface

63 of the substrate 60. As can also be seen in Fig. 5 the



this exanple there are two rows of four cavities in each row for a
total of eight cavities. Those skilled in the art will readily
recogni ze that there could be a single row of cavities or nore than
two rows of cavities having nore than 20 four cavities per row or

fewer than four cavities per row. Fig. 5 shows a cross section view
of the substrate al ong the Iinq4.15' of Fig. 4. As can be seen in
Fig. 5 the cavities 64 extend fr the top surface 61 through the
bottom surface 63 of the substrate 60. As can also be seen in

Fig. 5 the -12-
perlpheraPﬁﬁﬁﬁPqﬁ?lvﬂﬁ%ﬁ &% e Whlehearoprrukhackopiserfage 51 of the
substrate GQg ra conpected to glatq& throu h holes 66 whic ext end
through t RECENtiTE thi ckPes sCIFIEhES uB%t? ge@othrough h?h?%u@ﬁ ¥hé<Bot t om

f 6 / t ds 68 d th
bot t oy sobaerd RERA A enpire thIBKIAOH B ‘3% SuS8Phte BBe 76" can®
be fornmed @tough the tx?@gt&ﬁ”éé?f‘é@ t6£’a¢9§ 68 supd ﬂék'gs”at.e is formed of

a nunber Iayer ed together permitting ormation of a

numzer of 1R g?é@§n§8p$§@e§ofﬁ%awﬁﬂ ihe ﬁ?@téﬂré@ffaCﬁ of tn8l and

t he bottonlsurface 63 the substrate. This exa OWS oOne

ground pl aubshrand 602 POYEioRARIY, 'dolder pads 76 can be fdPRegUbgtrate
is formed having an array of rows and colums of cavities, in this

exanpl e a theo impdtploutput padarédy, artetsehserdté oigheogesared size. The
substrate has
number layers bonded together permitting the formatlon of a
number of power and/or ground planes between the top surface
) 61 and the bottom surface 63 of the substrate. This example

shows one ground plane 70 and one power plane 72.

The substrate is formed having an array of rows
and columns of cavities, in this example a two by four
array, and then cut to the desired size. The substrate has

15 a thickness of between about 0.04 and 0.06 inches. The
peripheral pads 62 and the input/out pads can be formed of

metals such as aluminum, copper, gold, solder, or the like.

As shown in Fig. 6 the tape assembly with the
integrated circuit chips and passive devices bonded in place
20 is brought together with the substrate such that the device
blocks on the tape assembly match the cavities in the
substrate, the integrated circuit devices and passive
devices extend into the cavity, and the interconnect pads 12

on the tape assembly match the peripheral pads 62 on the

12



15 a thi ckness of between about 0.04 and 0.06 inches. The

peri pheral pads 62 and the input/out pads can be forned of netal s
such as al um num copper, gold, solder, or the |ike. As
shown in Fig. 6 the tape assenbly with the integrated circuit chips
and passi ve devices bonded in place 20 I s brought together with the
substrate such that the device bliocks on the tape assenbly nmatch the
cavities in the substrate, the integrated circuit devices and

passi ve ~ devices extend into the cavity, and the interconnect pads 12
on the 1apg, a338Mly maheh D€ PELLROSE PaBeE % Ohd Neape assemnty

The, i nt o7 GOS8l il A LI (80P ARSEEP! Yaas 62 ofend hooboRdEd 1O L he

peri pher al on the substr %S|ng means such as dering,

ul trasoni GAeRdinMins such AHCLHPEOPPAES ShPA-REHRL 80boRdikge | i ke thereby
formng a b5 substrate assenbly. e thickness of the entire substrate

assenbl y PR ddhp i $s IR NSEnd Snd et YEefhabpike OtREPeBPdforming &. 074

I nches. The flexible tape and the substrate can be

for med subs tifa tiditad Seme TP MUTRE et RDyknesdes £ ot hdegnterd| sulistdaser ed.
assembly formed in this manner is between about 0.050 and

0.074 inches.

The flexible tape and the substrate can be formed
or cut to accommodate any number of device blocks desired.
10 Figs. 7 and 8 show a substrate assembly having a single
device block and a single cavity. Fig. 7 shows a bottom
view of the substrate assembly and Fig. 8 shows a cross
section view of the substrate assembly taken along line 8-8'

of Fig. 7.

15 The flexible tapes and substrates of this
invention provide a great deal of manufacturing flexibility.
The substrates can be manufactured in large arrays and cut
to the desired size. The flexible tape can be stored on a
reel for easy manufacturability during the joining of the

20 integrated circuit chips or passive devices. Since the
devices are within the substrate cavity in the completed
substrate assembly the substrate assembly has a very thin

form factor, having a thickness of between about 0.050 and

0.074 inches.



10 Figs. 7 and 8 show a substrate assenbly having a single devi ce
bl ock and a single cavity. Fig. 7 shows a bottom vi ew of the
substrate assenbly and Fig. 8 shows a cross section view of the
substrate assenbly taken along line 8-8 of Fig. 7. 15

The flexible tapes and substrates of this i nvention provide a great
deal of manufacturing flexibility. The substrates can be

manuf actured in large arrays and cut to the desired size. The
flexible tape can be stored on a -142el for easy manufacturability
during the joining of the 20 integrated circuit chips or passive
devices. Since the devices are within the substrate cavity in the
conpl et ed subriLat enassawhy ibhe hadbskeat paggsenblay1Rasnawwery thin
formfactor, having a thickness of between about 0.050 and 0.074

i nches. and described with reference to the preferred- éhbodiments

Wiile the invention has been particularly shown and described with
ref erence thereef pretevidd bebuvddpwsteood by thbhseeskililednin the avder st ood
by those skilled in the art ~ that various changes in formand details
may be nmadeR@Ftwdtious chaggpsr ipn§ormorthdedpildist Mayd P Higdeotvifhout
|nvegt| On'departing from the spirit and scope of the invention.



-15- What is claimed is 1. A method of formng a nulti-chip package,
conprising the steps of: providing a flexible tape having a first
nunber of device bl ocks, a second nunber of interconnect pads surrounding
each of said device blocks, a third nunber of device pads in each of said
devi ce bl ocks, a fourth nunber of test-pgads, first el ectrodes connecting
said test pads to said interconnect pads, and second el ectrodes connecting
sai d intergeapecs padsnte sai d device pads; providing a fifth nunber
of devices; roviding a substrate having a first surface, a second
surface, alsikthekbadepfoformiing @s muddiid chdpompdakageor comprperirghertad  pads
on said first surface of said substrate, said second nunber of
i nput / out pAtePRdeton said second surface of said substrate, and said
second nunber of glaéed thrg%gg hol es wherei.n each of said_plated through
ditdngng &

holes is conneRf n Pd e &PPFh &Y nga ds HHAd o s 8Ly
[ t/ out tends f Ld first. f t id d
surtace: TabvRRERHBEKE L B CR o e of AHEHCCEDCT $20F dovi o pads

oo ok EPolhACkS BhoRAbE LRI MG tAPBIRS0Y Bl M B P°

t ape assenbly; attaching sa ‘t ape asse I d

substrate abyicenpaas! g sakh il 8aiaNBRGL RAY ke At AP bnktR® 1O
sai d peripheral pads on said substrate so that sal

of test pads, first electrodes connecting said test pads to
said interconnect pads, and second electrodes connecting
said interconnect pads to said device pads;

providing a fifth number of devices;

providing a substrate having a first surface, a second
surface, a sixth number of cavities, said second number of
peripheral pads on said first surface of said substrate,
said second number of input/output pads on said second
surface of said substrate, and said second number of plated
through holes wherein each of said plated through holes is
connected to 6ﬁe of said peripheral pads and one of said
input/output pads and extends from said first surface to
said second surface;

attaching said fifth number of devices to said. device
pads in said device blocks of said flexible tape thereby
forming a flexible tape assembly; and

attaching said flexible tape assembly to said substrate
by connecting said interconnect pads on said flexible tape
to said peripheral~pads on said substrate so that said

devices attached to said device pads are within said

TG



devi ces attached to said device pads are within said

- 16- cavities of said substrate thereby form ng a substrate assenbly.

2. The nethod of claim1l wherein said flexible tape is nmade up of a first

| ayer, a second layer, and a third | ayer bonded together wherein said

I nt erconnect pads, said device pads, said test pads, and said first

el ectrodes are forned on said first |ayer and said second el ectrodes are
formed between said first |ayer and sait® second | ayer and between said
second | ayer and said third |ayer. 3. The method of claim1l wherein said
substrate has a ground plane and a power pl ane inbedded between said first
surface otasatdesulost i€l FUbs3Aiates at@rkBurfcaetrf £ aubstig at e. 4.
The nethod of claim1 wherein said interconnect pads are sol der. 5. The
met hod of ekaemblywherein said fifth nunber of devices conprises
Integrated circuit chips, passive device chips, or a conbination of
Integrated circuit chips and passive device chips.

2. The method of claim 1 wherein said flexible tape is made
up of a first layer, a second layer, and a third layer
bonded together wherein said interconnect pads, said device
pads, said test pads, and said first electrodes are formed
on said first layer and said second electrodes are formed
between said first layer and said second layer and between

said second layer and said third layer.

3. The method of claim 1 wherein said substrate has a ground
plane and a power plane imbedded between said first surface

of said substrate and said second surface of said substrate.

4. The method of claim 1 wherein said interconnect pads are

solder.

5. The method of claim 1 wherein said fifth number of
devices comprises integrated circuit chips, passive device
chips, or a combination of integrated circuit chips and

rassive device chips.

6. The method of claim 1 wherein said flexible tape assembly
is electrically tested using said test pads before attaching

said flexible tape assembly to said substrate.
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6. The nethod of claiml1 wherein said flexible tape assenbly is
electrically tested using said test pads before attaching said flexible
tape assenbly to said substrate.

-17- 7. The nethod of claim1 wherein said attaching said devices to
sai d device pads in said device blocks of said flexible tape uses

sol deri ng.

8. The nethod of claim 1l wherein said attaching said devices

to said device pads in said device blockiss-of said flexible tape uses
t her noconpr essi on bondi ng. 9. The nethod of claim1l wherein said
flexible tape has a thickness of between about 0.008 and 0.012 inches.

10. The nmethodhd rdtdida omhersin 1SaHESURSIIAIE B éhiddi SdNeSEePices

bet ween about 0.04 and 0. 06 i nches.
sai d subst rtat sadsseydlice hasia ihikine sevwfcd e masns abpwWa i 06kaiwh . 074

i nches.

11. The nethod of claim 1 wherein

12. A multi-chip package, conprising: a flexible tape

havi ng a fitegte maasersagfdedeanige bl ocks,

8. The method of claim 1 wherein said attaching said devices
to said device pads in said device blocks of said flexible

tape uses thermocompression bonding.

9. The method of claim 1 wherein said flexible tape has a

thickness of between about 0.008 and 0.012 inches.

10. The method of claim 1 wherein said substrate has a

thickness of between about 0.04 and 0.06 inches.

11. The method of claim 1 wherein said substrate assembly

has a thickness of between about 0.050 and 0.074 inches.

12. A multi-chip package, comprising:

a flexible tape having a first number of device blocks,
a second number of interconnect pads surrounding each of
said device blocks, a third number of device pads in each of
said device blocks, a fourth number of test pads, first
electrodes connecting said test pads to said interconnect
pads, and second electrodes connecting said interconnect

pads to said device pads;

* [ L M N *



a second nunber of interconnect pads surroundi ng each of said device

bl ocks, a third nunber of device pads in each of said device blocks, a
fourth nunber of test pads, first electrodes connecting said test pads to
said interconnect pads, and second el ectrodes connecting said interconnect
pads to said device pads; a fifth nunber of devices
attached to said device pads in said de %ce bl ocks of said flexible tape
thereby formng a flexible tape assenbly; " a substrate having a first
surface, a second surface, a sixth nunber of cavities, said second numnber
of peripheral pads on said first surface of said substrate, said second
nunber of i nput Aodtifitith guyen ahidpsicahdtiadhed ¥ sid devbse reads and
sai d second nunmbey of plated through holes wherein each of said plated

t hr ough hol*®s S35 & SetePIFEDRE st idhi i gt hdrage pgarreb Henig sai d
I nput / out put ads and extends fromsaid first surface to said second
squace; a%Hfﬂ%Xf%ﬁfgiﬁﬁﬁr%ﬁif%g nbly formed by attaching said flexible

tape assenbly 1o sahb oyl LY LUNAE IQB-ARL d UELGANGELpads o

said flexible tape to said peripheral” "pads on said s e So at said

devi ces at iaghaf st bt Ao PO BAISAIE SEAUA Rl Yt 1B&F1 PllesF d
pads on said first surface of said substrate, said second
number of'input/output pads on said second surface of said
‘3ubstrate, and said second number of plated through holes
wherein each of said plated through holes is connected to
one of said peripheral pads and one of said input/output
pads and extends from said first surface to said second
surface; and

a substrate assembly formed by attaching said flexible
tape assembly to said substrate by connecting said
interconnect pads on said flexible tape to said peripheral

pads on said substrate so that said devices attached to said

device pads are within said cavities of said substrate.

13. The multi-chip package of claim 11 wherein said flexible
tape is made up of a first layer, a second layer, aﬁd a
third layer bonded together wherein said interconnect pads,
said device pads, said test pads, and said first electrodes
are formed on said first layer and said second electrodes
are formed between said first layer and said second layer

and between said second layer and said third layer.

[



13. The multi-chip package of claim 11 wherein said flexible tape is nade
up of a first layer, a second layer, and a third |ayer bonded together
wherein said interconnect pads, said device pads, said test pads, and said
first electrodes are formed on said first layer and said second el ectrodes
are formed between said first |layer and said second | ayer and between said
second | ayer and said third | ayer. _19-

-19- 14. The multi-chip package of claim 1l wherein said substrate has a
ground pl ane and a power plane inbedded between said first surface of said

subst r at e; gndrgai #,38§008 1 pS PalaegeObsS@1diaURSt Bkfein shia The multi-chip
package of claim 11 wherein said 7interconnect pads are sol der. 16. The

mul ti - chigupsekage BhsChagrobhavpehaienapai d bolklk pnumkermdbaded ces
conprises integrated circuit chips, passive device chips, or a conbination
of 1 ntegrbtétdeenrsaildl fdlisps sand apas ifveaddyvisapstiriape. and kaidllsecond

mul ti-chip package of claim 11l wherein said flexible tape assenbly is

el ectri casttyfaecst ed seiidg ssdisk reget. pads

15. The multi-chip package of claim 11 wherein said

interconnect pads are solder.

16. The multi-chip package of claim 11 wherein said fifth
number of devices comprises integrated circuit chips,
passive device chips, or a combination of integrated circuit

chips and passive device chips.

17. The multi-chip package of claim 11 wherein said flexible
tape assembly is electrically tested using said test pads
before attaching said flexible tape assembly to said

substrate.

18. The multi-chip package of claim 11 wherein said
attaching said devices to said device pads in said device

blocks of said flexible tape uses soldering.

19. The multi-chip package of claim 11 wherein said
attaching said devices to said device pads in said device

blocks of said flex;ble tape uses thermocompression bonding.

I )



before attaching said flexible tape assenbly to said substrate. 18. The
mul ti-chip package of claim 11l wherein said attaching said devices to said
device pads in said device blocks of said flexible tape uses sol dering.

19. The multi-chip package of claim 11 wherein said attaching said devices
to said device pads in said device blocks of said flexible tape uses

t her noconpr essi on bondi ng. - 20-

20. The multi-chip package of claim1ll wherein said flexible tape has a

t hi ckness of between about 0.008 and 0.012 i nches. 21. The net hod of
claim1 wherein said substrate has a 1A% ckness of between about 0.04 and
0. 06 i nches. 22. The nmethod of claim1l wherein said substrate assenbly
has a thickness of between about 0.050 and 0.074 inches.

20. The multi-chip package of claim 11 wherein said flexible
tape has a thickness of between about 0.008 and 0.012

inches.

21. The method of claim 1 wherein said substrate has a

thickness of between about 0.04 and 0.06 inches.

22. The method of claim 1 wherein said substrate assembly

has a thickness of between about 0.050 and 0.074 inches.
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