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PACKAGE HOUSI NG MULTI PLE SEM CONDUCTOR DI ES FI ELD OF THE

| NVENTI ON This invention relates to the field of

sem conduct or paekagkd9 technol ogi es. More specifi cal pbppdedBsasas

I nvention rel ates to packages which ' I ncorporate two or nore

sem conductor dies in a single enclosure. BACKGROUND OF THE

| NVENTI ON El ectronic circuits integrated on a sem conduct or
substrate are commonl y housed within packages suited to the
particul ar integrated circuit (10 de_\ii_ce. A typi cal sem conduct or
package conprises a | eadf ranme which interconnects the ICto
external circuitry | pLj L I SHLL A ' t rd
| eadfrane is |arger ?ﬁg'%ﬂﬁ@@?zy%ﬁ‘s!'ﬂﬁ Hﬁﬁﬂ"‘% n%gyi‘&. e @Prfgaﬁt iﬁﬂg SO
t hat bondi ng pad regions on the die can be W re-bonded to

extensi ons or "fing;ﬂn)qf?qmgermgﬂ%wmer the 1C on the die
haﬁs been wi re-bonded To s invention refates 10 thaesi?eeigglfxeh?conductor packaging

¥
technologies. More specifically, the invention relates to packages which
incorporate two or more semiconductor dies in a single enclosure.

BACKGROUND OF THE INVENTION

Electronic circuits integrated on a semiconductor substrate are
commonly housed within packages suited to the particular integrated
circuit (IC) device. A typical semiconductor package comprises a
leadframe which interconnects the IC to external circuitry located on a
printed circuit board. A standard leadframe is larger than the size of the
integrated circuit die so that bonding pad regions on the die can be
wire-bonded to extensions or "fingers” of the leadframe. After the IC on
the die has been wire-bonded to the ieadframe, the assembly is
normally encapsulated in plastic or some other type of packaging
material. Terminals connected to the leadframe fingers extend outside
the packaging material to provide ‘points. of interconnection to other
electronic components.

A continuing goal of the semiconductor industry is to maximize
circuit density. One past scheme for increasing circuit density has been
to house muitiple semiconductor die in a single package. By way of
example, multi-chip semiconductor packages are disclosed in U.S.
Patent Nos. 5,012,323 and 5,019,893. The problem with prior art multi-
chip packages, however, is that they either require the use of a
specially-adapted custom package, or they impose size restrictions on
the semiconductor dies that may be housed together. In addition,
conventional dual die semiconductor packages often mandate a custom
bonding pad routing for the ICs so that interconnection can be made to a
single leadframe. Thus, past efforts have often resulted in costly
package designs limited in use to specific die sizes or particular
bonding pad configurations.
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to specific die siz s o# &eo@glgj Becausabmag ons
WD*96/ 28860 represent a tremendous investment of tlme. money, and human effort,

PCT/ US96/ 03331 there is a heightened concern among manufacturers to find new ways of

preventing accass to critical or sensitive functional portions of the
integrated circuitry. This concern has lead to an increased demand for
semiconductor packages which include adequate protection
mechanisms against outside intrusion.

For example, today many designers wish they could integrate a
microprocessor or controller (or some other function) with additional
non-volatile flash memory (e.g., 8 MBytes) in a single package offering
security protection. A typical application might have the flash memory
storing highly proprietary code that is accessed or executed by the
controlling processor. For obvious reasons, such code must be kept
secret. In this type of system, it is desirable to have code or programs
only be addressed through the microprocessor or controller. The
problem with previous:packaging technologies has been the inability to
prohibit access to information stored in on or both of the semiconductor:
devices from outside intruders.

Therefore what is needed is a semiconductor package which
increases circuit density by housing multiple semiconductor die in a
single leadframe package while overcoming the drawbacks of the prior
art. Furthermore, the package should render functionality important
circuitry inaccessible to outside intruders, and critical algorithms, code,
or programs should remain hidden from interioping copiers or
competitors.

As will be seen, the present invention is a multi-die
semiconductor package that allows a wide variety of existing
semiconductor chips to be integrated on the same leadframe with
relatively little change to the standard packaging process flow. The
invention aiso obviates changes to the bond pad routing of the ICs.
Performance is enhanced by providing greater package density at a
lower manufacturing cost. The invented multiple semiconductor die
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accessed or executed by the controlllng processor. For obvious

reasons, such code , : In this type of system it
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g\r’]ngcgmr 22 dte?ef Sﬁgwiﬁ% tlﬁlc ! ?ftfﬂ;gp'a%{ leadirame wt‘%clln mcludes a rectangular pa&ﬁ
and a number of lead fingers extending near to the paddie. A fiexible
{or "flex") circuit is adhesively attached to both sides of the paddie. A
first semiconductor die is then bonded to the bottom surface of the
paddie and wire-bonded to the flexible circuit. The leadframe is then
turned over and the operation repeated with a second semiconductor
die being attached to the opposite or top surface of the paddle. Wires
are used to electrically connect the integrated circuits on the first and
second semiconductor die to the flexible circuit and to-the lead fingers of
the leadframe. In.each case, the semiconductor dies are attached with
their back sides mounted on the flex circuit against opposing surfaces of
the paddie. In other embodiments, the semiconductor dies may be
mounted face down; that is, with the integrated circuit mounted against
and facing the fiex circuit.

Finally, the leadframe is either encapsulated in plastic or another
suitable material. A polymer security coating may be dispensed and
cured to cover the semiconductor dies prior to encapsulation in the
casing material.

Special advantages are achieved by the present invention in
applications where the upper chip comprises a processor or controller
device and the lower chip comprises a memory (e.g., a flash memory).
In such cases, the invented package permits the implementation of an
encryption/decryption scheme with the versatility of the controlier
coupled to the maximum density of a large flash memory array while
preventing interrogation of hidden functions. Programs, code, or

kage
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circuitry inaccessible to outside intruders, and:-critical algorithnms, code,
or prograns should remain hidden frominterl|loping copiers or

conpetitors. As will be seen, the present invention is a

mul ti-die sem conduct or package that allows a w de variety of
existing  woogmfgy conductor chips to be integrated on the SR/adasadf rame
W th relatively little change to the standard packagi ng process
flow. The i nvention al so obviates changes to the bond pad routing
of the 1Gs. Performance i s enhanced by providi ng greater package
density at a | ower manufacturing cost. The invented multiple
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package al so permts nBI enment ati on of powerful encryption/decryption
systems to prevent 4'9?'8 msder PmBﬁ'“%ﬁﬂéé'ﬂaY ke starad o the lower meMoRK CiRs .
and addressed solely through the controlling upper semiconductor chip.

Such a system prohibits direct memory access to the lower chip and
provides a powerful data security system in a compact single leadframe:
package.

L]

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully from the
detailed description which follows and from the accompanying
drawings, which however, should not be taken to limit the invention to
the specific embodiments shown, but are for explanation and
understanding only.

Figure 1 is a sectional perspective view of one embodiment of
the semiconductor package of the present invention.

Figure 2 is a cross-sectional side view of the embodiment
illustrated in Figure 1.

Figure 3 is a cross-sectional side view of another embodiment
of the present invention.

Figure 4 is a cross-sectional side view of yet another
embodiment of the present invention.

Figure 5 is a cross-sectional side view of still another
embodiment of the present invention.

DETAILED DESCRIPTION

In the following description, a package housing multiple
semiconductor die is set forth in specific detail in order to provide a
thorough understanding of the present invention. It will be obvious,
however, to one skilled in the art that these specific details may not be
needed to practice the present invention. In other instances, well-known



SUMVARY COF THE | NVENTI ON _ The present invention is a package

housi Rg—Wo—et—A ed_package greatly

i ncreases | C density and is capable of accombdating a variety of
different sizes of sem conduct or di e. I n one

enbodi nent, thgygegpaggnduct or package of the present i#ﬁﬁf&&%@sn
conprises a |eadframe which includes a rectangul ar paddl e and a
nunber of lead fingers extending near to the paddle. A flexible (or

"flex") circuit is adhesively attached to both sides of the paddle. A
first sem conductor die is then bonded to the bottom surface of the
paddl e and wire-bonded to the flexible circuit,_. The |eadfranme is then
turned over and the operation repeated with a Cecond seni conduct or

die being attached to the opposite or top surface of the paddle. Wres
are used to el ectri cé“?'8°%r\'ﬁ§€f'a|§h9'qcﬁ§§59é?‘gﬂ"%lelscm"t'sa ot feserbed ing g

second seni conduct or dstail inordértof aveid bhrecassarilytobscuring thehpresentiinventiper. s of
the leadframe. In each Caﬁ%fertiﬁ& PF%‘FQQ&HC’F.%@@! i§ Shawh é"éé&iﬁhﬁl&;{i‘sb&ﬁve
e t t rfaces

t heir "back si des noung edegn t ex Ci ui

[ C _ I NSt , OpposI Ng, S of
‘the paddle. In ot her Viav8Hene Ampodimentf the. sikikle spmigdagugioy dispackage of
~nmounted face down; t ke presenthinvantiore The pgckagadcamprisesta leaifraaw whighnst

Ceapeul Ao n' pi acfidSds s i mouming pacdle'gid ¥ pirbRy i36hd k21 1
security coating nay SEenAINGREAde. Hi not contacttng,Lnagglqu%O.Ciog,leqq{@me s
sem conduct or di es pfatvicated iarthestanderd onanner taceording to convesatiogalpeEckagiag -
Special advant ages kgl Wiifbrain tha i paaEI'20 £ Ricialiyuidr platiorm located
_app! i cations where the_up ct}! onprises roce?sor or_controller
“device and the | ower "Emepé)%ﬁﬂ .tﬁ%iea?'ﬁm%?‘gﬁ?bg'ﬂdv plage;atong orppre goints.
I'n such cases, the i hvthe endbodioientof Piguneé 1 paddie 20rphd head fingers 2dfaran
located in the same general plane and are fabricated from the same
material.

With continuing reference to Figure 1, a first semiconductor die 22
is shown comprising an essentially wafer-thin rectangular solid having
an upper surface 23 on which is constructed an integrated circuit. The
bottom or back surface 24 of die 22 is mounted on a flexible .
interconnect circuit 27." As can be seen, paddie 20 is larger than flexible
circuit 27 and semiconductor die 22.

In accordance with one embodiment of the invention, flexible
(“flex™) circuit 27 is adhesively attached to the upper and lower primary
surfaces of paddie 20. By way of example, flex circuit 27 is normally
bonded to the upper primary surface with an adhesive glue, wrapped
around the side of the paddie, and then adhesively bonded to the lower
primary surface of paddle 20. It is appreciated that the upper and lower
primary surfaces of the paddle are essentially paraiiel to one another
and perpendicular to the side surfaces.

Flex circuit 27 may be bonded to paddie 20 using a variety of
methods. For instance, flex circuit 27 may be manufactured with an
adhesive backing to allow straightforward attachment to the paddie
surfaces. Alternatively, flex circuit 27 may be bonded utilizing
conventional adhesives. A polyimide adhesive may be utilized to tightly
hold flexible circuit 27 against the surfaces of paddie 20 to prevent
formation of air bubbles between paddle 20 and the flex circuit 27.
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preventing interrogation of hidden functions. Progranms, code, or WO
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menory chip " and addressed solely through the controlrlng upper

sem conduct or chi p. Such a system prohibits direct nenory access to
the | ower chip and provi des a powerful data security systemin a
conpact single |eadfrane package. BRI EF DESCRI PTI ON OF THE
DRAW NGS The present invention wll be understood nore fully
fromthe detalled descrlptlon whi ch ™I 1 ows and fromthe

acconpanyi ng dra whi ch however, shoul d not be taken to limt
the invention to Flex rcunt 27 ls made up of a plurality of interconnects

connected to sets of bonding pads 28. Figure 1 illustrates a set of
bonding pads 28 being arranged about flex circuit 27 so as to define a

¥ die-mounting area for semiconductor die 22 over the upper surface of .
paddie 20. Likewise, another set of bonding pads 28 are disposed to
provide a second die-mounting area for a second semiconductor die
mounted over the lower surface of paddle 20 {see Figure 2).

All of the interconnect lines of flex circuit 27 may be ‘embedded in
a flexible insulating material that extends over the side of paddle 20 to
provide electrical interconnection between the first set of bonding pads
28 located on the upper surface of paddle 20 and the second set ot
bonding pads 28 located on the bottom surface of paddle 20. Typically,
flex circuit 27 is on the order of 1.5 thousandths of an inch thick, and
easily fits in the space separating lead fingers 21 from one side of
paddie 20.

Semiconductor die 22 has a front surface on which is constructed
integrated circuitry that includes a plurality of input/output (I1O) bond
pads 25, usually distributed around the periphery of the die. in
accordance with one embodiment, extremely fine wires 31, typically -
comprising gold or aluminum, are utilized to electrically connect /O
bond pads 25 with bonding pads 28 and/or lead fingers 21.

Figure 2 illustrates a cross-sectional side view of the package of
Figure 1 taken across cut lines 30 - 30". As can be seen, Figure 2 shows
semiconductor die 22 mounted on flex circuit 27 against the upper
surface of paddie 20. Flex circuit 27 is wrapped around a side 35 of
paddie 20 and includes a second set of bonding pads 28 that define
another die-mounting area for a second semiconductor die 23.
Semiconductor die 23 is mounted against the lower primary surface of
paddie 20.

Instead of mountung the semiconductor dies 22 and 23 to the flex
circuit insulation material, an alternative is tc have the die-mounting
areas removed from flex circuit 27 so that openings are defined large
enough to fit the associated die. Such an embodiment is shown in
Figure 5 is which the semiconductor dies 22 and 23 are mounted
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vi ew of one embodi ment of the sem conductor package of t he present

I nventi on. Figure 2 is a cross-sectional side view of the
enbodi ment wossaiaﬂo!“t rated in Figure 1. Fi g nfsodedss 2
cross-sectional e view of anot her enbodi nent of the present

i nventi on. Figure 4 is a cross-sectional side view of yet
anot her enbodi ment of the present invention. Fi gure
5 1is a cross-sectional side view of still another enbodi nent of the
present invention. DETAI LED DESCRI PTI | In the

foll ow ng description, a package housi ng nul ti’ sem conductor die

e e 5 whi P o, ot 7
however, to one skil lladinated tocpaddie 20.chuttbecsuse thecmatetialiot @Blfbxmumm be
needed to practice tlghgurisiititel thedie! fidn thé pAEMEthéreSs dBfEStherkl - known
: conduction. Hence, this alternative is well-suited for ICs having high
power dissipation.

in the embodiment of Figure 2, integrated circuitry is constructed
on the outward face of semiconductor dies 22 and 23. Each die has a
back that is devoid of circuitry. In accordance with the present invention,
the back of semiconductor dies 22 and 23 is mounted against flex circuit
27, which is laminated to the upper and lower primary surfaces of
paddle 20, respectively. In other words, the integrated circuitry
fabricated on the faces of semiconductor dies 22 and 23 is exposed to
permit wire-bonding. Connections are made from various I/O bond pads
25 of the respective die to bonding pads 28 on flex circuit 27 via wires
31. It should be understood that an assortment of wire-bonding
techniques may be employed during the manufacturing process in
accordance with the present invention.

in an alternative embodiment, one or both of the dies may be
mounted face down-against the flex circuit using the well-know. "flip-
chip®” mounting technique. By way of example, Figure 4 illustrates a
configuration in which dies 22 and 23 are mounted face-down against
flex circuit 27 in a "flip-chip™ manner. Flip-chip mounting involves
forming solder bumps 41 on the bond pads 25 of the integrated circuitry.
Flex circuit 27 is manufactured such that when the die is placed face-
down against the flex circuit substrate, solder bumps 41 align to
corresponding bonding pads 28 (or similar metal connection points) of -
the flex circuit. The respective faces of dies 22 and 23 thereby adjoin
the sections of the flex circuit laminated to the upper and lower surfaces
of paddie 20.

Thus, flip-chip mounting obviates wire bonding to connect the
integrated circuitry to the flex circuit. Of course, wires 31 are still needed
to interconnect flex circuit 27 (e.g., via additional bonding pads 28) to
lead fingers 21 of the frame.

Y
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nmet hods, materials, processing techniques, etc., are not described in
detail in order to avoid unnecessarily obscuring the present invention.

Referring no bgure 1, there is shown a sectional persp '

vi ew of one \éw g‘ﬁn@nt of the multiple sem conductor die pa?&?ﬁé%’u
the present invention. The package conprises a | eadfrane which

i ncludes a die-nounting paddle 20 and a plurality of |ead fingers 21
extendi ng near to, but not contacting, paddle 20. The l|eadfrane is
fabricated in the standard manner according to conventional packaging

t echnol ogy wherein the die paddle 20 is a ré@tangular pl atform | ocat ed
in the center of the |eadfranme and held in place at one or nore points.
In the embodi ment of Fi JVithrefeignge againtodiigurecd: @ exemenlaryprogess useful for

| ocated in the samthgensiMctitesiahs packags &wn minatleibodiniér meyTRiciude
o bonduct o i o 230 olobd s8R, i ek ShELFIF3 AobtabhSapodel L' 1
rectangul ar solid Iaiiached to paddle 29thgheckside die:taemiconduciar die 23%is -
constructed an i nt ¢pnhdb8do te wWer suffife of paddie 20QUri 2 Wie>molAfitly ardd eifex24 of
die 22 is mounted qfygit b7 '3iB'23 may be mounted using ordinary epoxy adhesive.

Next, wires 31 are bonded to I/O pads 25 of the integrated circuit

constructed on die 23 and to corresponding bonding pads 28 on flex

circuit 27. The configuration of bonding pads 28 on flex circuit 27 is

originally adapted for the particular semiconductor die. '

An implementation of the invented semiconductor package in an
encrypted system would maximize the number of connections between
semiconductor dies 22 and 23 and minimize the number of connections
from die 22 to lead fingers 21. For example, sensitive address and data
line connections between dies 22 and 23 would be made via wire
bonds from bonding pads 25 to bonding pads 28, but not also to fingers
21. Wire connections.from pads 25 to pads 28 and lead fingers 21 for
die 22 would be limited to. power supply lines and basic /O signals. .-

Designing an interconnect routing between sets of pads 28 is a
relatively simple and low-cost operation as compared to prior art
methods which normally involved defining locations and routing |
patterns for /0 bond pads 25 of the integrated circuit. One of the
advantageous features of the present invention is that no changes need
be made to the IC fabricated on the die -- the only essential requirement
is that bonding pads 28 of flex circuit 27 be distributed beyond the
edges of die 23 so as to provide a sufficient die-mounting area.
Furthermore, note that no wires 31 are used to interconnect
semiconductor die 23 with lead fingers 21. In other words,
semiconductor die 23 is only interconnected to fiex circuit 27. This
aspect of the present invention advantageously makes it possible to
implement a data security scheme.

After die 23 has been mounted and wire-bonded to flex circuit 27,
the leadframe may be flipped over and the same process repeated with
respect to semiconductor die 22. The only difference in the operations




interconnect circuit 27. As can be seen, paddle 20 is larger than flexible
ci-rcuit. 27 and senm caondiictor die 22 ln accordance with ophe
enbodi ment of the invention, flexible ("flex") circuit 27 is

adggfively attached to the upper and |ower primary surfaces of

paddl e 20. By exanple, flex circuit 27 is normall dto

t he upper pri rﬁé‘@ face with an adhesive gl ue, Wrappedy mmsa’rp@il}gﬁ t he
side of the paddle, and then adhesively bonded to the | ower primary
surface of paddle 20. It is appreciated that the upper and | ower

primary surfaces of the paddle are essentially parallel to one another

and perpendicular to the side surfaces. Flex circuit 27 may
be bonded to paddle 20 using a variety of ‘8- .nethods. For instance,
flex circuit 27 may be manufactured with an adhesi ve backing to

al | ow strai ght f or warid thattwirasn3hare usadte hangthe integrated gifguitRfcdie 22 to both
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formation of air bubtthets anly tepads,28 endlexirauiti 27 nand stilhothersigihotly pads 28
WO 96/ 28860 and fingers 21. Once all wire bBRINgIRE Bsshddompleted, the

' semiconductor die, paddie, and lead fingers are encased in a

packaging material 50, which typically comprises plastic. The

processing steps employed for encasing the components are well

known and standard in the packaging industry.

To provide maximum protection against intrusion, a security
coating 40 is applied to cover both of the semiconductor dies prior to the
encasing procedure. This aspect of the invention is shown in Figure 2
wherein security coating 40 is a conformal coating of a material that
encapsulates the die to prevent physical tampering of the integrated
circuitry. In one embodiment, a polymer encapsulate is used as security
coating 40. ldeally, the material used should be impervious to visual
light, or to other forms of penetrating radiation, e.g., X-rays. The purpose
of security coating 40 is to provide physical protection to the integrated
circuitry housed within the package. Therefore, any material utilized as
a security coating 40 should have properties which include adhesion to
the surface of the semiconductor die such that any attempts to penetrate
coating 40 result in substantial destruction of the integrated circuitry
constructed therein.

As discussed earlier, the present invention provides an excellent
package for implementing an encryption/decryption system. The
invented package is also ideally-suited for integrating two or more die
having complementary functions in the same leadframe. As an
example, semiconductor die 22 of Figure 2 may comprise a
microprocessor or microcontroller device with semiconductor die 23
comprising a non-volatile flash memory. Because semiconductor die 23
is bonded only to pads 28 of flex circuit 27, it may only be accessed
through the integrated circuitry of semiconductor die 22. This permits a
great deal of flexibility in devising encryption/decryption techniques
which can make it virtually impossible for an intruder to access data,
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I nterconnects connected to sets of bonding_pads 28. Figure 1
illustrates a set of bondi ng pads 28 bei ng arranged about fl ex
circuit 27 so as to define a di e-mounti ng area for sem conductor
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die 22 mounted on fPESieircuit 27 agai nst the upper '

With reference now to Figure 3, there is shown a cross-sectional
view of another embodiment of the multi-die package of the present
invention. In Figure 3, a single semiconductor die 22 is mounted
against the portion of flex circuit 27 that is laminated to the upper
primary surface of paddie 20. Two semiconductor dies 23 and 33 are
shown mounted against the portion of flex circuit 27 that is iaminated to
the lower primary surface ot paddie 20. The flex circuit bonding, die-
mounting, and wire-bonding operations for the:embodiment of Figure 3
are the same as described in conjunction with-Figures 1-and 2.

Practitioners in the art will appreciate the only limitation on the
number of chips that may be housed within a single package in
accordance with the present invention is that the paddie 20 must be
large enough to accommodate each of the individual die. In the case
where more than two semiconductor die are mounted against paddie
20, fiex circuit 27 needs to have sets of bonding pads 28 arranged so as
to define separate die-mounting areas for the respective die. It is worth
noting that there is no strict limit on the relative sizes of the
semiconductor dies; that is, semiconductor die 22 may be larger than or
smaller than semiconductor die 23 (Figure 2), and semiconductor die 22
may be larger than or smaller than the combination of semiconductor
dies 23 and 33 (Figure 3). )

Whereas many alterations and modifications to the present
invention will no doubt become apparent to the person of ordinary skill
in the art after having read the foregoing description, it is to be
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anot her die-nounting area for a second sem conductor die 23.
Sem conductor die 23 is nmounted against the |ower primary surface of

paddl e 20. WO 96/28860 I nstead of nounting the sem conduct opcflussnssd and
23 to the flex circuit insulation nmaterial, an alternative is to
have the di e-nounting areas renoved fromflex circuit 27 so that
openi ngs are defined | arge enough to fit the associated die. Such
an enbodi ment is shown in Figure 5 is which the sem conductor dies
22 and 23 are nounted WO 96/ 28860 11-

PCT/ US96/ 03331 -7-

directly agai nst pad I

| am nated to paddl e er%%ﬂg@%? tﬂg Mé’n%a?'ﬁg?ﬂﬁeﬁﬁ ﬁf;ﬁ'*] %é?( %é P#@ﬁa b

longer insulates t heway of fllustratiancareda mocvay intended tode limiting e Therefore,
reference to the details of the illustrated diagrams is not intended to limit
the scope of the claims which themseives recite only those features

regarded as essential to the invention.



conduct i on. Hence, this alternative is vveI | - UI ted for 1Cs havi ng hi gh
power di ssipatio This Sheet Has Bean[Re nt—of Figu i nt egr at ed
cireuitry is construct ed vvard face of sem conductor di es
22 and 23. Each die has a IS dev0|d of circuitry. In
accordance W odrhiReoP’ €SENt 1 Nvention, e back of %ﬁgg;&gﬁtor
dies 22 and 2 |&s nount ed agai nst flex circuit 27, which 1s

| ami nated to the upper and |ower prinmary surfacesfoE pacet-e—20-
respectively. In other words, the integrated circli trBEPLACED SHEETSAt e§G

on the faces of sem conductor dies 22 and 23 is ekposed to perm t

Wi re-bondi ng. Connections are made from vari gus |} 0s8iptiomyeaged ...%... to pagedf...w...
the respective die to bonding pads 28 on fléeXci r:Eleaiﬂ{s)wapagede.S‘a to paged ..>!

-------

31. It should be umd t hat an assortnent of mng,ﬁmpag) ed ...5... 10 paged ..
t echni ques nmay be during the manufacturi rﬁi@str s, oG o lo paged .......

accordance with the predetgimi nvention. an' %ﬁ%r ‘rrert $0,0A0€d .......

embodi nent, one or bothqof tI ﬁﬁn Pﬁackag mpHSHg:c0 1 ace dow
R RMECTEI ings v bty e AT
in which dies 22 arpadei bavingabadydvittaasideoand firshand second substantiatlyci r cui t
27 in a "flip-chi ppi;@mg?n d: Qrtabdg nounting invol ves form ng
isol der bunps 41 on't 3" 3 §50fth6Int rated,circyitry. .
Bt P O e ARt AR 13 6 5% aRiskbae prmary
down agai nst the flsurfaces otithe padsiia, the Gtercohoists bavipg affirsbsetqi booding
correspondi ng bond'ﬁﬂﬂaﬂgogé’d bR "tl?é first bﬁhaﬁ?éﬁa&%ﬁlﬁ&%b@éhd)gétfﬁf%\mﬁfn

he, 5P

the fl t d
thg segt(l gln;Cch):‘ t hATPRAR 8 P?%‘éjpf” 5 896 'P%'yﬁ\‘e‘agn o eaﬂﬁ&thgw)erast?t gces

of paddl e 20. first aﬁdl*&acpnﬂlsapﬁmnmcm)m wrdmm adaece withbondi ng
'to connect the mtegrétaé eAEMErp ofisthicted fherdch aMPablaBk, thb bakk of tHd fir§Pur se,
wres 31 are still sen%conductor die being bonded against the first primary surface, and
the back of the second semiconductor die being bonded against the
second primary surface ot the paddie;
a first set of wires electrically connecting the integrated circuitry of
the first semiconductor die to the first set of bonding areas;
a second set of wires electrically connecting the integrated
circuitry. of the-second semiconductor die to the second set of bonding
areas, thereby coupling together the integrated circuitry of the first and
second semiconductor dies;
a third set of wires electrically coupling the integrated clrcultry of
the first semiconductor die to the lead fingers; and
a casing which encloses the semiconductor dies.

2. The semiconductor package of claim 1 further comprising
a coating covering the first and second semiconductor dies, the coating
comprising a material which adheres to the faces of the semiconductor
dies such that penetration of the material substantially destroys the
integrated circuitry constructed thereon.

3. The semiconductor package of claim 2 wherein the
material is characteristically impervious to light.

* c L M ] *
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Wth reference again to Figure 2, an exe for

t he manuf act ur cisbd package shown I n that enbodi nent may '%sm
the foll ow ng g‘g%s. First, once flex circuit 27 has been adhesively 3331
attached to paddl e 20 the backside die (sem conductor die 23) is

bonded to the | ower surface of paddle 20 on a die-nmounting area of flex
circuit 27. Die 23 may be nmounted using ordinary epoxy adhesi ve.

Next, wires 31 are bonded to |I/O pads 25 of t @lntegrated_ circuit
constructed on die 23 and to correspondlng bontt™ng pads 28 on fl ex
circuit 27. The configuration gf bondi pads 28 on flex circuit 27 is
originally adapted for th#& par The Seay HF'@(SIP&E@Q?(“O‘F'@"" 1 wherein the casingap,
i npl enent ation of theompriees acplasticl conduct or package in an

to interconnect flex circuit 27 (e g., via addi Qeeﬁ‘kel?agéhd' ng pads 28) to
| ead—+rge+s—2i—of—thed+rare— =MD ”
Iﬁﬁﬁﬁl Ul l.AsefuI

5. The semiconductor package of claim 1 wherein the casmg
comprises a ceramic.

6. The semiconductor package of claim 1 wherein the paddie
and the first and second semiconductor dies each have a lateral
dimension associated therewith, the lateral dimension of the paddie
being substantially parallel to the first and second primary surfaces and
larger than the lateral dimensions of either the first or second
semiconductor dies.

7. The semiconductor package of claim 6 wherein the lateral
dimension of the first semiconductor die is larger than the lateral
dimension of the second semiconductor die.

8. The semiconductor package of claim 6 wherein the lateral
dimension of the: second.semiconductor die is larger than the lateral
dimension of the first semiconductor die.

S. The semiconductor package of claims 2, 3, 4,5,6,7or 8
wherein the plurality of interconnects comprises a flexible circuit
laminated to the first and second primary surfaces and wrapped around
the side of the paddle.

10. A semiconductor package comptising:

a leadframe which inciudes a plurality of lead fingers and a
paddie having a body with a side and first and second substantially
paraliel primary surfaces;

a substrate having a piurality of interconnects embedded therein,
a first section of the substrate being bonded to the first primary surface of
the paddle, and a second section of the substrate being bonded to the
second primary surface of the paddle;

* [+ L Ll S *



encrypted system woul d nmaxi m ze the-nunber of connections between
sem conductor dies 22 .and. 23 and mnim ze the nunber of_connections

fromdie 22 to lead fingers 21. For d&ig as Besn 8pplicee addr ess and dat a

| i he connections between dies 22 and _ eviawre

bonds from bgggikisksiipds 25 to bondi ng . ot al so l;&éqg,?,gﬁg‘s
n or

21. Wre connecfions frompads 25 to pads 28 a ' ead fingers

die 22 would be Iimted to power supply lines and basic I/O signals.
Desi gning an interconnect routing between sets of pads 28 is a
relatively sinple and | owcost operation as conpared to prior art
nmet hods which normal Iy i nvol ved defining Ioc?éions and routing

patterns for 1/0 bond pads 25 of the integrat®d circuit. One of the

‘advant ageous features of, the present invention is that no changes need
be made to the IC fabri d&steandospqong semiconducir digs gachshaving aibackqand anent
i 3 that f bghdi gg padiace Withfinfelgeated circuliry cdristagctel tHerednttvel iregratati tiksitry
edges o ie so . ] - :
Furt her more,  not o (GEgrerats BY bierdt Sithiobfigibr Al Belfl Birrathell 6% pluraity
seni conduct or di e 2f agnguctiveRumps,mouategdo the ficst sectionspfige substrate .

sem cond]chct ﬁr di e Aghersirotheybumps provideeelbetticabedrinestion betweenthe iffeigsated
aspect of the pres Y/ : .
Tomrement a data sciputdsidhe Bt SOHRELRAERY e ag e i il 5 hSrforbere
mount ed and wire- bdﬁﬂél?%&ffnﬁaie“&“ﬂcﬁﬁnﬂ'c@ﬂumo' die being/faoyntgd 9 tha-seeaNdhe
flipped over and t hsectianef theosubstratezpeated with respect to E

sem conductor die 22. Thegrpkst df'vifdd dBGRcally ddRfeltity k! fiiility of
interconnects to the lead fingers;
a casing which encloses the first and second semiconductor dies
and the first and second sets of wires.

11.  The semiconductor package of claim 10 further comprising
a coating covering the first and second semiconductor dies, the coating
comprising a material which adheres to the faces of the first and second
semiconductor dies such that penetration of the material substantially
destroys the integrated circuitry constructed thereon.:

12. The semiconductor package of claim 11 wherein the
material is characteristically impervious to light.

| 13. The semiconductor package of claim 10 wherein the
casing comprises a plastic.

14. The semiconductor package of claim 10 wherein the
casing comprises a ceramic.

16. The semiconductor package of claim 10 wherein the
paddie and the first and second semiconductor dies each have a lateral
dimension associated therewith, the lateral dimension of the paddie
being substantially parallel to the first and second primary surtaces and
larger than the lateral dimensions of either the first or second
semiconductor dies.

[T
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-9- is that mﬁres 5 31 are used t 0 bere—thRe—-nt-egr at ed -ci+etHt—of-—

die 22 to both s‘hhalﬂa.(ﬂem ace'E? and to lead fingers 21. By way

of exanple, sone of on die 22 may only be connected to

| ead fingers 2wo 9628860 pads 28 on flex C|rcupbyﬁ§aﬁﬁﬁ

still others to both pads and fingers 21. Once all wire bonding

has been conpl eted, the sem conductor die, paddle, and |l ead fingers

are encased in a packagi ng material 50, which typically conprises
~plastic. The processing steps enployed for encasing the conponents

are wel | known and standard in the paq%aglng | ndustry.
- To provide maxi mum protection against intrusion, a security coating

40 is applied to cover both of the sem conductor dies prior to the

encasing procedure. This aspect of the invention is shown in Figure 2
~wherein security coating 1 i sThe semicondustor packagg aliciaimnih whergin thent

encapsul ates the di elamapammorpdsmewét seniibsriduetordie idardartRan fHekteral

circuitry. In one e r is used as security
coating 40. ldeally, ﬁ'ﬂe@% 8’ {ﬁglsoeégg sgﬁﬁfﬂ%@a&ﬁ%erw ous to visual

light, or to other forns of penetrating radiation, X-rays. The
purpose of securi{y. COpH¢ Qé]‘m%@ndﬁctbﬂpﬂéﬁybdﬂ d&ib‘ﬁ&ﬁlheﬁimmt lon to
the integrated lateral dimension of the second semiconductor dis is larger than the

lateral dimension of the first semiconductor die.

18. A semiconductor package comprising:

a leadframe which includes a plurality of iead fingers and a
paddle having a body with a side and first and second substantially
paraliel primary surfaces;

a substrate having a plurality of interconnects embedded therein,
a first section of the substrate being bonded to the first primary surface of
the paddle, and a second section of the substrate being bonded to the
second primary surface of the paddie;

first and second semiconductor dies each having a back, and-a
face with integrated circuitry ‘constructed thereon, the integrated circuitry
on the face of the first semiconductor die being connected to a plurality
of first conductive bumps mounted to the first section of the substrate
wherein the first bumps provide electrical connection between the
integrated circuitry of the first semiconductor die and the plurality of
interconnects, the integrated circuitry on the face of the second
semiconductor die being connected to a plurality of second conductive
bumps mounted to the second section of the substrate wherein the
second bumps provide electrical connection between the integrated
circuitry of the second semiconductor die and the plurality of
interconnects;

a set of wires electrically connecting a portion of the plurality of
interconnects to the lead fingers; and

a casing which encloses the first and second semiconductor dies
and the set of wires.

L



circuitry housed within the package. Therefofe—ﬁﬁyﬂmtﬁﬁ—ak utilized as
a security coating 40 shauld-have properti ‘ﬁ’hetﬁ ﬁﬁﬁe adhesion to

t he .surface of the sem conductor die such @ 1o penetrate
coating 40 result in substantial destructi'o r at ed circuitry

constructed t | As disc

I nvention pros‘lﬁfm excel | ent package for I mpl enen %’géa‘?]‘u%“
encryption/ decryption system The i nvent ed package is al so
ideally-suited for integrating two or nore die havi ng conpl enent ary
functions in the sane | eadframe. As an exanpl e, sem conductor die
22 of Figure 2 may conprise a m cr opr,gcessor or mcrocontroller
device with sem conductor die 23 conp™sing a non-volatile flash
menory. Because sem conductor_die 23 i s bonded only to pads 28 of
flex circuit 27, it may &%y FHee gemiceaductor package;of claight§ ﬁmeﬁsegmﬁ@a

circuitry of sem coawaatmg cdvmlngthe'lﬂlstSamwdnd semiconductorgfies) tthel eohtirgy
flexibility i devi ShaRrghs’ led AR dlefdt LAHBIAGNCS the frst and B fig~a"

make it virtually i rrpo access
06/ 28860 sem|conductor dies such that penelt@rpwgg theymaterial substantially

destroys the integrated circuitry constructed thereon.

20. The semiconductor package of claim 19 wherein the
material is characteristically impervious to light.

21. The semiconductor package of claim 18 wherein the
casing comprises a plastic.

22. The semiconductor package of claim 18 wherein the
casing comprises a ceramic.

23. The semiconductor package of claim 18 wherein the
paddle and the first and second semiconductor dies each have a lateral
dimension associated therewith, the lateral dimension of the paddie
being substantially: paraliel-to the first and:second primary surfaces and
larger than the lateral dimensions of either the first or second
semiconductor dies.

24. The semiconductor package of claim 23 wherein the
lateral dimension of the first semiconductor die is larger than the lateral
dimension of the second semiconductor die.

25. The semiconductor package of claim 23 wherein the
lateral dimension of the second semiconductor die is larger than the
lateral dimension of the first semiconductor die.

26. A semiconductor package comprising:

a leadframe which includes a paddie having first and second
substantially parallel primary surfaces and a side, the first and second
primary surfaces being substantially perpendicular to the side, the

[



-10- . progranms, code, or algorithnms stored on sem conductor die 23.

Mor eover+- t he back-te-back rel ati onship of sem-senductor.dies 22 and

23, coupled with the use This Shext Has Begn Replatadng 40, nakes it extrenely
di-fficult for a woul d-be c m ulm’ﬁ aIIy penetrate the package for the
pur pose of pro ‘?&'ﬁ* her uctor die. Thus, the Quasehiaas,

I nvention W - Sul l‘?’ed for specla app I cations which requi re maxi mum

dat a securlty. Furt her nore, the invention is easily adapted for use with
many different sem conductor devices and package types since the flex
circuit 27 need only be changed to accommodate different conponents

or die. Wth reference nowto Fjgure 3, there is shown a
cross-secti onal vi ew of anot her enbodihE€nt of the nulti-die package
of the present invention. In Figure 3, si,ngl e sem conductor die
22 is nount ed ' 'e%@m%ta WBC‘HGW&%H‘U@"‘Y Pg!?‘ié’iffg'&?ﬁ disposegin the same

| ami nated to the uppganeral plane @s theefirgt and SecondofrimanydEuziagds ofithe paddle, the

sem conductor dies 2 h tion
of flex circuit 27 tﬁe 6%5 n[dln(? near t5, M&%H@HV\QQ%%&HC’ Gntﬂ ace
of paddl e 20. The fmomrretﬁhe lmamg{s being separated framp the 'Hg of Wpypaddie

Wi r e- bondi ng operatlcbysaijerermhmdsmmdce;ent of Figure 3 are the sane
as described in conjuncti ; . "

ractiti oners in rhe art &14U80cruit 6ameAsAG dursiity of conductive lings,
number of chi ps t hat 'W%\Qeﬁw&éﬁﬂvﬁttﬂ@ﬁ"%b%ﬂq\@gBa%dhﬁéléx'”? circuit being
accordance with the [bongedito thefirst and secoridpimaiyesyrtates @andlvrappéd beer the

| arge enough to aCCOW@%@%@B& ctghﬁai &9k 's?l“@J dﬂdﬁ}?séébstéﬁvﬁﬁsfﬂrst die-

where nore than two sem con are noun
B0 £l on Citeait 59 ARUENGATR AGAREt BodFSURITAM FuiaGe, 305! SPEIRLEetR! as

bonding pads provide a second die-mounting area against the second
primary surface of the paddle;

first and second semiconductor dies each having a back and a
face with integrated circuitry constructed thereon, the first semiconductor
die being mounted to the first die-mounting area of the flexible circuit,
and the second semiconductor die being mounted to the second die-
mounting area of the flexible circuit;

first and second sets of interconnects electrically connecting the
integrated circuitry of the first and second semiconductor dies to the first -
and second sets of bonding pads, respectively, thereby coupling
together the integrated circuitry of the first and second semiconductor
dies;

a set of wires electrically connecting the integrated circuitry of the
first semiconductor die to the lead fingers; and

a casing which encapsulates the first and second semiconductor
dies.

" 27. The semiconductor package of claim 26 wherein the first
and second sets of interconnects each comprise solder bumps such that
the faces of the first and second semiconductor dies adjoin the first and
second die-mounting areas of the flexible circuit, respectively.

28. The semiconductor package of claim 27 wherein the
plurality of conductive iines comprise copper.

HII\II\ I I||\l -



to define separate die-nounting areas for the respective die. It is worth
noting that there is no strict limt onﬂuhéheete{aaBeeuRe dc&kes of the

sem conductor dies; that is, sem conduct e | arger than or
smal l er than seni conduct or di e 23 (Fi gur onduct or die 22

may be | arge ?@ﬂ smal l er than the co |nat|on of
dies 23 and ?56 gﬁ’re - \Whereas nmany al terzcai"?ﬂ.?)i%é&esi’rﬁ]l

nodi fications to the present, invention will no doubt becone
apparent to the person of ordinary skill in the art after having
read-the foregoing description, it is to be WO 96/ 28860

PCT/ US96/ 03331 -11-
understood that the particular enbodlnents‘iﬂbmm and descri bed by

way of illustration are in no way intended to be limting. Therefore,
reference to the details of the illustrated diagrans is not intended to

!‘i n‘;t the scopegof tThe snfitoRdusiirgackagebetiain 26ashdreinohky t hose
eat ures

paddie is centrally-located within the package.

30. The semiconductor package of claim 26 whersin the
flexible circuit further includes a third set of bonding pads providing a
third die-mounting area on the second primary surface of the paddle, the
package further comprising: |

a third semiconductor die having a back and a face with
integrated circuitry constructed thereon, the third semiconductor die
being mounted to the third die-mounting area of the flexible circuit; and

a third set of interconnects electrically connecting the integrated
circuitry of the third semiconductor die to the third set of bonding pads,
thereby coupling the integrated circuitry of the third semiconductor die to
either the first or second semiconductor dies, or to both the first and
second semiconductor dies.

31. The semiconductor package of claim 30 wherein the back
of the third semiconductor die.is mounted to the third die-mounting area
of the fiexible circuit, and the third set of interconnects comprise wires
coupling the integrated circuitry on the face of the third semiconductor
die to the third set of bonding pads.

32. The semiconductor package of claim 30 wherein the third
set of interconnects comprise solder bumps such that the face of the
third semiconductor die adjoins the third die-mounting area of the
flexible circuit.

33. The semiconductor package of claim 30 wherein the
casing comprises a plastic.

34. The semiconductor package of claim 30 wherein the
casing comprises a ceramic.

[T



regarded as essenti al tO‘fh@‘fﬁVﬁﬁPﬁ&ﬁ—————

o -12- ——GLALNS———————#—e#a S em-eeRauet-or—package—corprSsHrg—

a | eadframe which |ncludes ﬁm Iead fingers and a paddl e having
a*body with a side and flr ubstantially parallel primry

sur f aces; w6lodrissep bl e ted to the first and weEsyecosss:

. primary surfaces and wwapped around the side of the paddle, the flexible

circuit having a plurality of interconnects enbedded therein, the

i nterconnects having a first set of bonding areas di sposed on the first

primary surface and a second set of bonding areas di sposed on the second
primary surface of the paddle; . . .19-

35. The semiconductor package of claims 26, 27, 28, 29, 30,
31, 32, 33 or 34 further comprising a coating which conformably covers
the first and second semiconductor dies, the coating comprising a
material which adheres to the faces of the semiconductor dies such
penetration of the material substantially destroys the integrated ci rcum'y
constructed thereon. :

36. The semiconductor package of claim 35 wherein the
material is characteristically impervious to light.

37. The semiconductor package of claim 26 wherein the
integrated circuitry of the first semiconductor die comprises a
microcontrolier.

38. The semiconductor package of claim 37 wherein the
integrated circuitry of the second semiconductor die comprises a
memory device.

39. A method of packaging multiple- sem:conductor dies
comprising the steps of:

(a) providing a leadframe having a paddle with first and
second primary surfaces and a plurality of lead fingers which extend
near to the paddie;

{b) bonding a flex circuit to the paddle such that a first portion
of the flex circuit having a first set of bonding pads providing a first die-
mounting area covers a first primary surface, and a second set of
bonding pads providing a second die-mounting area covers the second
primary surtace, the first and second sets of bonding pads being
electrically interconnected;

(c) mounting first and second semiconductor dies against the
first and second die-mounting areas, respectively, the first and second
semiconductor dies each having a back and a face with integrated
circuitry constructed thereon;

-
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first and second sem conductor dies each havi ng a face with integrated
circuitry constructed thereon and a backTh&Sleetbaﬁkee@RTﬂdmi first

sem.conductor di e being bonded over the fi rface, and the back
of the second sem conductor die being bon cond primry
surface of thgovaasiss; a first set s el'ectricap ﬁy ?ﬁﬁ gagting -
the integrated circuitry of the first sen1conductor dietot st set

of bonding areas and to the lead fingers; a second set of wires

el ectrically connecting the integrated circuitry of the second

sem conductor die to the second set of bonding areas, thereby coupling
together the integrated circuitry of the first and second sem conduct or
di es; and a casing which encl oses the sem cétiduct or dies.

£13-

(d) coupling the integrated circuitry ot the first and second
semiconductor dies. to the fiex circuit and at least the integrated circuitry
of the first. semiconductor die to the lead fingers; and

(e) encasing the first and second semiconductor dies.

40.  The method of claim 39 wherein the backs of the first and
second semiconductor dies are mounted against the first and second
die-mounting areas, respectively, in step (c).

41. The method of claim 40 wherein step (d) comprises the
steps of:

wire-bonding the integrated circuitry on the face of the first
semiconductor die to the first set of bonding pads; and

wire-bonding the integrated circuitry on the face of the second
semiconductor die to the second set of bonding pads.

42. The method of claim 39 further comprising the step, prior to
step (e), of:

conformably coating the first and second semiconductor dies with
a material that encapsulates the first and second semiconductor dies.

43. A semiconductor package comprising:

a lead frame which includes a piurality of lead fingers and a
paddle having a body with a side and first and second substantially
paraliel primary surface;

first and second semiconductor dies each having a face with
integrated circuitry constructed thereon and a back, the paddie and the
first and second semiconductor dies each having a laterai dimension
associated therewith, the lateral dimension of the paddie being
substantially parallel to the first and second primary surfaces and larger
than the lateral dimensions of either the first or second semiconductor
dies;

means for mounting the first and second semiconductor dies
against the first and second primary surfaces of the paddie, respectively;

S
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2. . The sem conduct or package of claim 1l further conprising a coating
covering the first and second sem canductor dies—the coating conprising-a
mat eri al which adheres to the faces of the sem conductor dies such that
penetration of the material substantially destroys the integrated circuitry
constructed t hgH9gsksso 3. The sem conductor package OfefbsdbAias:
wherein the material Is characteristicaltly inpervious to |ight.

The seni conductor package of claim 1 wherein the casing conprises a

pl asti c. 5. The sem conduct or package of claim1l wherein the
casing conprises a ceramc. 6. The sem conduct or package of claim
1 wherein the paddle and the first and secong sem conduct or di es each have
a lateral dinension associated therewith Wateral dinension of the

paddl e bei ng substanti al | arallel to the first and, second pri ma
surfaces and | arger tharf"gﬂgs{ ﬂ@?%“ﬂ?%&ﬁﬂgegmﬁf’@ﬂ% {) fFF')r/%'Id or

second sem conduct oseadindssemiconductor dies together, the interconnecting means being
' attached to the first and second primary surfaces of the paddie;
electrically: coupling means for at least the first semiconductor die
to the lead fingers;
means for encasing the semiconductor dies.

44. The semiconductor package of claim 43 wherein the backs

of the first and second semiconductor dies are mounted against the first
and second primary surfaces, respectively.

This Sheet Has Been R
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7. The seniconductor package of claim6 wherein the lateral dinension of
the_first sem conductor die is |largec.thanthe-lateral di mensiepnof—the——
second sem conductor die.

-14 - 8. The sem conduct or package of claim6 wherein the latera
di mensi on of {hfs gnd sem conductor die is larger than theptpissemsssi
~dimension of the first sem conductor die. 9. The sem conduct or

package of clainms 2, 3, 4, 5, 6, 7 or 8 wherein the a flexible circuit

i ncl udes an opening, the first set of bonding pads being di sposed about the
opening, the first sem conductor die being nounted directly to the first
primary surface of the paddle through the ofydni ng.




10. © A sem conduct or package conpri si ng: a | eadframe which includes

a plurality of lead fingers anda—paddl-e—haw-Rg—a—body W th a—srdeand
first and second substantially parallel primary surfaces; a flexible
substrate having a plurality of interconnects enbedded therein, a first
section of theﬁd,g%be substrate being bonded to the first pPCHESSHOEIIf ace
of the paddl e, and a second section of the flexible substrate bei ng bonded
to the second primary surface of the paddle; first and second

sem conductor dies each having a back, and a face with integrated circuitry
constructed thereon, the integrated circuitry on the face of the first

sem conduct or die being connected to a plurdMty of conductive bunps
nounted to the first section of the flexible substrate wherein the bunps
provi de el ectrical connection between the integrated circuitry of the first
sem conductor die and the plurality of interconnects; the back of the

. second sem conductor die being nounted to the second section of the
fl,exi bl e substrate;
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-15¢ a first set of wires electrically connecting the plurality of

i.nterconnects to the_lead fingers; a-seeeRd—set—ef—W r es—etectrtcatty
connecting the integrated circuitry of the second sem conductor die to the
plurality of interconnects, thereby coupling together the integrated
circuitry of t@§ Jhdesg and second semi conductor dies; and a GeHvUSIswdIBLh
encl oses the first and second sem conductor dies and the first and second
sets of wires. 11. The sem conduct or package of claim 10 further
conprising a coating covering the first and second sem conductor dies, the
coating conprising a material which adheres to the faces of the first and
second sem conductor dies such that penetraBy$n of the nmaterial
substantially destroys the integrated circuitry constructed thereon.

12. The sem conductor package of claim 11 wherein the material is
charagcteristically inpervious to |light. 13. The sem conduct or
package of claim 10 wherein the casing conprises a plastic.

~
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14. The sem conduct or package of claim 10 wherein the casing conprises a

cer arte- 15-——TJhe-sen conduei-oi—package—ai .claim 10 wherein the
paddl e and the first and second sem conductor dies each have a | ateral
-16 - di mensi on associated therewith, the |ateral dinension of the

paddl e bei ng sWerdenidspal | y parallel to the first and second phbﬂ?&%ﬂ&ﬂl
surfaces and larger than the | ateral dinensions than either the frrst or

second sem conductor dies.
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1'&. The seni conductor package of claim 15 wherein the \ NS fag 2
the first ;emconductor die is larger than the |ateral & 0 gﬁ&g 1
sgcond seni conductor die. 17. The semi conduct o m%gf JAN 189/
e
1 .

15 wherein the lateral dinmension of the second sem conduct or ["ar ger
than the lateral dinension of the first sem conductor die. 8. A
sem conduct or package conpri sing: a | eadfrane which includes a
plurality of l'ead fingers and a paddl e having a body with a side and first
and second substantially parallel primry surfaces; a flexible
substrate having a plurality of interconnects enbedded therein, a first
section of the flexible substrate being bond8d flush to the first primary
surface of the paddle, and a second section of the flexible substrate being
bonded fl U_Sh tgLiAMSecond primary surface of the paddl e, first and
second sem conductor dies each having a back, and a face w th integrated
circuitry constructkdaimereon, the integrated circuitry on the face of the
first sem conductor die being connected to a plurality of first conductive
bunps mounted to the first section of the flexible,
1. A semiconductor package comprising:
a leadframe which includes a plurality of lead fingers and a
paddle having a body with a side and first and second substantially
parallel primary surfaces;
a flexible circuit laminated to the first and second primary
surfaces and wrapped around the side of the paddle, the flexible circuit
having a plurality of interconnects embedded therein, the interconnects
having a first set of bonding areas disposed on the first primary surface
and a second set of bonding areas disposed on the second primary
‘surface of the paddle;
first and second semiconductor dies each having a face with
integrated circuitry constructed thereon and a back, the back of the first
semiconductor die being bonded over the first primary surface, and the
back of the second semiconductor die being bonded over the second
primary surface of the paddle;
a first set of wires electrically connecting the integrated circuitry of
the first semiconductor die to the first set of bonding areas and to the
lead fingers;
a second set of wires electrically connecting the integrated circqitry of
the second semiconductor die to the second set of bonding areas,
thereby coupling together the integrated circuitry of the first and second
'semiconductor dies; and

a casing which encloses the semiconductor dies.

* C L M L] *
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217- substrate wherein the first bunps provide el ec&-r ect|
bet ween t he integrated circuitry of the first semco di

pI urality of interconnects, the integrated circuitry OWQ§%0J2££QII
second seni conductor die being connected to a pluralit

conductive bunps nmounted to the second section of the flexible substrate
wherein the second bunps provide electrical connection between the
integrated circuitry of the second sem conductor die and the plurality of

I nt er connects; a set of wires electrically connecting the plurality.

of interconnects to the lead fingers; and a casing which encl oses the
first and second seniconductor dies and the se@-of wires. - 19. The
sem conductor package of claim18 further conprising: a coating

covering the first ang secqmg setfiiconddotor packags of bhﬁnclofurthw coPipiging ng a
mat eri al which adheres to the faces of the first and
a coating covering the first and second semiconductor dies, the coating
comprising a material which adheres to the faces of the semiconductor
dies such that penetration of the material substantially destroys the

integrated circuitry constructed thereon.

3. The semiconductor package of claim 2 wherein the

material is characteristically impervious to light.

4, The semiconductor package of claim 1 wherein the casing

comprises a plastic.

5. The semiconductor package of claim 1 wherein the casing

comprises a ceramic.

6. The semiconductor package of claim 1 wherein the. paddle
and the first and second semiconductor dies each have a I_ateral
dimension associated therewith, the lateral dimension of the paddle
being substantially parallel to the first and second primary surfaces and
largér than the' lateral dimensions than either the first or second |

semiconductor dies.

7. The semicond'uctor package of claim 6 wherein the lateral
dimension of the first semiconductor die is larger than the lateral

dimension of the second semiconductor die.
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second sem conductor dies such that penetration of th 9 /03531
subst anti al | y destroys the integrated circuitry construc
20~ The sem conductor package of claim 19 wherein the AN 33
characteristically inpervious to |ight. 21. The sem conduct or

package of claim 18 wherein the casing conprises a plastic.

- 18- 22. The sem conductor package of claim 18 wherein the casing
conprises a ceramnic. '

-14 -

8. The semiconductor package of claim 6 wherein the lateral
dimension of the second semiconductor die is larger than the lateral

dimensioh of the first semiconductor die.

9. The semiconductor package of claims 2, 3,4,5,6,70r8
wherein the a flexible circuit includes an opening, the first set of bonding
pads being disposed about the opening, the first semiconductor die
being mounted directly to the first- primary surface of the paddle through

the opening.

10. A semiconductor pa_ckage comprising:

a leadframe which includes a plurality of lead fingers and a
paddie having a body with a side and first and second substantially
parallel primary surfaces, _

a flexible substrate having a plurality of interconnects embedded
therein, a first section of the flexible substrate being bonded to the first
primary surface of the paddle, and a second section of the flexible
substrate befng bonded to the second primary surface of the-paddie;

first and second semiconductor dies each having a back, and a
face with integrated circuit_ry constructed thereon, the integrated circuitry
on the face of the first semiconductor die being connected to a plurality

~ of conductive bumps mounted to the first section of the flexi'ble substrate
wherein the bumps provide electrical connection betwee.n the integrated
circuitry of the first semiconductor die and the plurality of interconnects;
the back of the second semiconductor die being mounted to the second

section of the flexible substrate;

-
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y e
23: The semiconductor package of claim 18 wherein th%ﬁi%@f}f%l
and second sem conductor dies each have a |l ateral

therewith, the |l ateral dinension of the paddle being su gl
to'the flrst and second prinary surfaces and larger than the |ateral

di mensions than either the first or second sem conductor dies.

The sem conduct or package of claim 23 wherein the |ateral dinension of the
first sem conductor die is larger than the | ateral dinension of the second
sem conduct or di e. 25. The sem conduct or package of claim 23

wherein the | ateral dinension of the second sem conductor die is |arger

than the lateral dinension of the first sem gq@nductor die. 26. A
sem conduct or package conpri si ng: a | 6d®Tanme which includes a paddl e
having first and second substantially parallel primary surfaces and a side,
the first and secondaﬁﬂ'ﬂrﬁﬁt;ms\mm%ﬁléﬁfl?@llmQogﬂﬁﬁfl%thﬁapwa'ﬂ!\loﬂ)end| cular to
the side, the | eadfrane alsq cl ? a plurality of lead fingers disposed
in the same genBIYCOPNEFs taéheﬁ%aéj IPgerSand second pri mary surfaces of the

\?Ma? ﬂl g the lead fi ngesrescoreiétsee?%'f Wires éfj]lec{ncallyll3 lcJ:E>n|E1'<(3<t':tlr(fgo e mtt rgteé he paddl e,

circuitry of the second semiconductor die to the plurality of
interconnects, thereby coupling together the integrated circuitry of the
first and second semiconductor dies; and |
a casing which encloses the first and second semiconductor dies and

. the first and second sets of wires.

11.  The semiconductor package of claim 10 further comprising
a coating covering the first and second semiconductor dies, the coating
comprising a material which adheres to the faces of the first and second
semiconductor dies such that penetration of the material substantially

destroys the integrated circuitry constructed thereon.

12.  The semiconductor package of claim 11 wherein the

material is characteristically impervious to light.

13.  The semiconductor package of claim 10 wherein the

casing comprises a plastic.

14. The semiconductor package of claim 10 wherein the

casing comprises a ceramic.

15.  The semiconductor package of claim 10 whersin the

paddle and the first and second semiconductor dies each have a lateral
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-19- portion of the lead fingers being separated frow le h y
paddl e by a determ ned distance; - a flexible cincu mgirpﬁb ZQGa} 3 3 1

plarality of conductive |ines interconnecting distinct nglle 97
pads, the flexible circuit being lam nated to the first and secohd pri mar

surfaces and w apped over the side of the paddle such that a first set of
bondi ng pads provide a first die- nounting area against the first primary
surface, and a second set of bondi ng pads provide a second die-nounting
area agai nst the second primary surface of the paddle; first and second

sem conductor dies each having a back and a face with integrated circuitry
constructed thereon, the first sem conductor, die being nounted in the first
di e-nounting area of the flexible circuit, "alli"t he second seni conductor die
bei ng nounted in the second die- nounting area of the flexible circuit;
first and second sedineRsipRtassesiated therewily; the: latexal dimassionf thee

paddle being substantially parallel to the first and second primary
surfaces and larger than the lateral dimensions than either the first or

second semiconductor dies.

16. The semiconductor package of claim 15 wherein the
lateral dimension of the first semiconductor die is larger than the lateral

dimension of the second semicohductor die.

17.  The semiconductor package of claim 15 wherein the
lateral dimension of the second semiconductor die is larger than the

lateral dimension of the first 'semiconductor die.

18. A semiconductor package comprising:

a leadframe which includes a plurality of lead fingers and a
paddie having a body with a side and first and second substantially
parallel primary surfaces; .

a flexible substrate having a plurality of interconnects embedded

" therein, a first section of the flexible substrate being bonded fiush to the
first primary surface of the paddle, and a second section of the flexible
substrate being bonded fluéh .to the second primary surface of the
paddlé;

first and second semiconductor dies each having a back, and a
face with integrated circuitry constructed thereon, the integrated circuitry
on the face of the first semiconductor die being connected to a pluralify

of first conductive bumps mounted to the first section of the flexible

L



4 .
I nttegrated circuitry of the first and second sem conductle i : tqb 035 ]
first and second sets of bondi ng pads, respectively, thei -;u;j‘o} I
together the integrated circuitry of the first and secon(g g c N]99
di es; a set of wires electrically connecting the integrated circuitry
of the second sem conductor die to the second set of bond pads, thereby
coupling the integrated circuitry of the first and second sem conduct or
di es; and- a casing which encapsul ates the first and second
sem conduct or dies. - 20 -
27. The sem conductor package of claim 26 \/\herel n the first and second
sets of interconnects each conprise solder bunps such that the faces of the
first and second sem conductor dies adjoin tHd first and

substrate wherein the first bumps provide electrical connection between
the integrated circuitry of the first semiconductor die and the pldrality of

interconnects, the integrated circuitry on the face of the second
semiconductor die being connected to a plurality of second conductive
bumps mounted to the second section of the flexible substrate wherein
the second bumps provide electrical connection between the integrated
circuitry of the second semiconductor die and the plurality of
interconnects;

a set of wires electrically connecting the plurality of interconnects
to the lead fingers; and

a casing which encloses the first and second semiconductor dies

andthe set of wires.

19. The semiconductor package of claim 18 further
comprising:
' a coating covering the first and second semiconductor dies, the
coating comprising a material which adheres to the féces of the first and
second semiconductor dies such that penetration of the material

substantially destroys the integrated circuitry constructed thereon.

20. The semiconductor package 6f claim 19 wherein the

material is characteristically impervioUs to light.

21. The semiconductor package of claim 18 wherein the

casing comprises a plastic.
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y oo |
second di e-nounting areas of the flexible circuit, A Vel yy

28. The sem conductor package of claim 27 V\/nerei n W ﬁ@/oDB 33 1
conductive |ines conprise copper. The se stof packy f
claim 26 wherein the paddle is centrally-| ocat ed wt hﬁw{q&ha’ckaﬁé” 8%7)

30. The sem conductor package of claim 26 wherein the flexible circuit

further includes a third set of bonding pads providing a third die-nounting
area agai nst the second prinmary surface of the paddle, the package further

conpri si ng: a third sem conductor die having a back and a face with
integrated circuitry constructed thereon, the third sem conductor die being
nmounted in the third die-nounting area of the flexible circuit; and a

third set. of interconnects electrically connd8ting the int egrat ed circuitry
of the third semiconductor die to the third set of bonding pads, thereby
coupling the integra22d cThesemigondudtbepatkage skolrimid@uwhereiditket o ei t her
the first or second sem conductor dies, or to both the first and second
sem conduct or dtasing comprises3 cerane. seni conduct or package of claim 30
wherein the back
23. The semiconductor package of claim 18 wherein the

paddle and the first and second semiconductor dies each have a lateral

dimension associated therewith, the lateral dimension of the paddle

being substantially parallel to the first and second primary surfaces and

larger than the lateral dimensions than either the first or second

semiconductor dies.

24. The semiconductor package of claim 23 wherein the
lateral dimension of the first semiconductor die is larger than the lateral

dimensibn_of the second semiconductor die.

25. The semiconductor package of claim 23 wherein the
lateral dimension of the second semiconductor die is larger than the

lateral dimension of the first semiconductor die.

26. A semiconductor package comprising: _

a leadframe which includes a paddle having first and second
substantially parallel primary surfaces and a side, the first and second
primary surfaces being substahtially p'erpendicular to the side, the
leadframe also including a plurality of lead fingers disposed in the same
general plane as the first and second primary surfaces of the paddle, the

lead fingers extending near to, but not confacting, the paddle, with a

A



ofltthé third sem conductor die is nmounted in the thg ' ti r
- 21 - of the flexible circuit, and the third setmmhﬁejisf
comprise wires coupling the integrated circuitry on tMW%ﬁT%Nh]QQ?

sem conductor die to the third set of bondi ng pads. 2

sem conduct or package of claim 30 wherein the third set of interconnects
conpri se sol der bunps such that the face of the third sem conductor die
adjoins the third die-nmounting area of the flexible circuit. 33.
The sem conductor package of clai m.30 wherein the .casing conprises a
pl asti c. ' '

-19 -
portion of the lead fingers being separated from the side of the paddle
by a determined distance; '

a flexible circuit comprising a plurality of conductive lines
interconnecting distinct sets of bonding pads, the flexible circuit being
laminated to the first and second primary surfaces and wrapped over the
side of the paddle such that a first set of bonding pads provide a first die-
mounting area against the first primary surface, and a second set of
bonding pads provide a second die-mounting area against the second
primary surface of the paddle; _
first and second semiconduc;tor dies each having a back and a face with
integrated circuitry .constructed thereon, the first semiconductor die
being mounted in the first dieQmounting area of the flexible circuit, and
the second semiconductor die being mounted in the second die-
mounting area of the flexible circuit; '

first and second sets of interconnects electrically connecting the
integrated circuitry of the first and second semiconductor dies to the first
and second sets of bonding pads, respectively, thereby coupling
together the integrated circuitry of the first and second semiconductor
dies;

a set of wires electrically connecting the integrated cirguitry of the
second semiconductor die to the second set of bond pads, thereby
coupling the integrated circuitry of the first and second semiconductor
dies; and

a casing which encapsulates the first and second semiconductor

dies.
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34: The sem conduct or package of claim30 wherei ?ﬁ%s}% 1
ceramc. 35. The sem conduct or package of

30, 31, 32, 33 or 34 further conprising a coating wh gcﬂ

the first and second sem conductor dies, the coating conprising a mnateri aI
whi ch adheres to the faces of the sem conductor di es such that penetration
of the material substantially destroys the integrated circuitry constructed
t her eon. 36. The sem conduct or package of claim 35 wherein the

material is characteristically inpervious to |light.
-20 -
27.  The semiconductor package of claim 26 wherein the first
and second sets of interconnects each comprise solder bumps such that

the faces of the first and second semicbnductor dies adjoin the first and

second die-mounting areas of the flexible circuit, respectively.

28. The semiconductor package of claim 27 wherein the

plurality of conductive lines comprise copper.

29. The semiconductor package of claim 26 wherein the

- paddie is centrally-located within the package.

30. The semiconductor package of claim 26 wherein the
flexible circuit further includes a third set of bonding pads providing a
third die-mounting area against the second primary surface of the

E paddie, the package further comprising: |

a third semiconductor die having a back and a face with
integrated circuitry constructed thereon, the third semiconductor die
being mountad in the third die-mounting area of the flexible circuit, and

a third set of interconnects electrically connecting the integrated
circuitry of the third semiconduct_or die to the third set of bonding pads,
thereby coupling the integrated circuitry of the third semiconductor die to
eit'her the first or second semiconductor dies, or to both the first and

second semiconductor dies.

31.  The semiconductor package of claim 30 wherein the back

of the third semiconductor die is mounted in the third die-mounting area
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-22 - 37. The sem conductor package of cl aumﬁ ﬁ\ger
integrated circuitry of the first sem conductor di & )fﬁ}}} 1

m.croprocessor or a mcrocontroller. 38. qunduct or:
of claim 37 wherein the integrated circuitry of the d<'wéhi cefiduct-or
die conprises a nenory device storing a proprietary code. 39. A

nmet hod of packaging nmultiple sem conductor dies conprising the steps of:
(a) providing a |leadframe having a paddle with first and second primary
surfaces and a plurality of lead fingers which extend near to the paddle;
(b) bonding a flex circuit to the paddle such that a first portion of the
flex circuit having a first set of bonding p gs providing a first die-
nmounting area is flush with the first prlnar? surface, and a second set of

bondi ng pads pr vi di ngb? secaond dlg\qrmuntl ng,area is flush with the second
primry surfacé’ the, dexibje; cirgyil and-ihedhydiset "Bemnﬁgcsﬁaegma@%mres

e conduct o dPURIEG e Tearaed circtit.pn ik Bice o hentBlia SEmISSHGa0
respectively, H‘?H{ Hgml@gets&%%lﬁde%agnduct or di e§ each havi ng a back

and a face wit

32. The semiconductor package of claim 30 wherein the third
set of interconnects comprise solder bumps such that the face of the
third semiconductor die adjoins the third die-mounting area of the

flexible circuit.

33. The semiconductor package of claim 30 wherein the

casing comprises a plastic.

34. The semiconductor package of claim 30 wherein the

casing comptrises a ceramic.

35.  The semiconductor package of claims 26, 27, 28, 29, 30,
31, 32, 33 or 34 further comprising a coating which conformably covers
the first and second semiconductor dies, the coafing comprising a
material which adheres to the faces of the semiconductor dies such that
penetration of the material substantiaily destroys thé integrated circuitry

constructed thereon.

36. The semiconductor package of claim 35 wherein the

material is characteristically impervious to light.

TN O O T



circcuitry constructed thereon; (d) coupling thg{?’ﬁ a [ iji
of*the first and second semi conductor dies to the flek'ci %%jg 1
plurality of lead fingers; and 11 u} N 1 7
-23 - (e) encasing the first and second sem conductor dies.

40. The nethod of claim 39 wherein the backs of the first and second

sem conduct or dies are nounted against the first and second die-nounting
areas, respectively, in step (c).

-22-
37. The semiconductor package of claim 26 wherein the

integrated circuitry of the first semiconductor die comprises a

microprocessor or a microcontroller.

38. The semiconductor package of claim 37 wherein the
integrated circuitry of the second semiconductor die comprises a

memory device storing a proprietary code.

39. A method of packaging muitiple semiconductor dies
comprising the steps of: |

(a)  providing a leadframe having a paddie with first and
second primary sutfaces and a plurality of lead fingers which extend |
near to the paddle;

(b) bonding a flex circuit to the paddle such that a first portion
of the flex circuit having a first set of bdndin'g pads providing a first die-
mounting area is flush with the first primary surface, and a second set of
bonding pads providing a second die-mounting area is flush with the .
second primary surface, the first and second sets of bonding pads being
electrically interconnected; |

(c)  mounting first and second semiconductor dies against the
first and secbnd die-mounting areas, respectively, the first and second
semiconductor dies each having a back and a face with integrated
circuitry constructed thereon;

(d)  coupling the integrated circuitry of the first and second
semiconductor dieg to the f.lex circuit and to the plurality of lead fingers;

and

L
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41 "The method of claim40 wherein step (d) conpri m 033 1
wire-bonding the integrated circuitry on the face of fghegjy ir@ﬁ
sem conductor die to the first set of bonding pads a g'{‘ &&AN

lead fingers; and Wi re-bonding the integrated circuitry on the face
of  the second sem conductor die to the second set of bondi ng pads.
42. The nmethod of claim39 further conprising the step, prior to step

(e), of: ~conformably coating the first and second sem conduct or
dies with a material that encapsulates the first and second semi conductor.
dies. ~43. A semi conduct or packagﬁ_providing code and/or data
security conpri sing: a | eadfrane ch includes a plurality of |ead

fingers and a . . . )
: (e)  encasing the first and second semiconductor dies.

40. The method of claim 39 wherein the backs of the first and
second semiconductor dies are mounted against the first and second

die-mounting areas, respectively, in step (¢).

41. The method of claim 40 wherein step (d) comprises the
steps of:
wire-bonding the integrated circuitry on the face of the first
semiconductor die to the first set of bonding pads and to the plurality of
_ lead fingers; and . '
~ wire-bonding the integrated circuitry on the face of the second

semiconductor die to the second set of bonding pads.

42. The method of claim 39 further comprising the step, prior to
step (e), of:
conformably coating the first and second semiconductor dies with

a material that encapsulates the first and second semiconductor dies.

43.. A semiconductor package providing code and/or data
security .comprising:

a leadframe which includes a plurality of lead fingers and a
paddle having opposing first and second primary surfaces;

a flexible circuit having a first section, a second section, and a

plurality of interconnects embedded therein, the first and second
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p’é,:ddln.e havi ng opposing first and second primary sugpgpl é
flexible circuit having a first section, a second sef OAS aﬁa&jﬁ}r l '

of _interconnects enbedded therein, the f| rst and secwy .—'GI\ b AN [
-24 - sections being | aninated against the first and setond”pri rrary
surfaces of the paddle, respectively;- first and second sem conduct or

di es having respective first and second integrated circuits fabricated

t hereon, the first sem conductor die being nounted in the first section of
the flexible circuit and the second sem conductor die being nmounted in the
second section of the flexible circuit, ths second integrated circuit
conprising a menmory storing a code and/or data and the first I nt egrated

dat a st or ed sactee PeffllineteRa o) 1S Tirdcari BRSO phfhary SuftBess [0S ¢ o
| el ectricall yo?%lg 588|et rﬁgsgéct‘%-l and second

first and second semiconductor dies having respective first and
second integrated circuits fabricated thereon, the first semiconductor die
being mounted in the first section of the flexible circuit and the second
semiconductor die being mounted in the second section of the flexible
circuit, the second integrated circuit comprising a memory storing a code
and/or data and the first integrated circuit comprising a device that
provides sole access to the code and/or data stored in the memory of
the second integrated circuit;'

means for elect_rically coupling the first and second
semiconductor dies to the interconnects of the flexible circuit;

means for electrically connecting the first semiconductor die to
the lead fingers; and |

a casing which encloses the first and seco_nd semiconductor dies.

44. The semiconductor package of _claim 43 wherein the first

integrated circuit comprises a microprocessor or microcontroller.

45. The semiconductor package of claim 43 further comprising
a
polymer encapsulate which coats the first and second semiconductor
dies, the polymer encapsulate being sufficiently adherent to the
semiconductor dies such that penetration of the polymer encapsulate
results in substantial destruction of the integrated circuitry fabricated

thereon.
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sé~m conduct’or dies to the interconnects of the flexﬁﬁﬁ q. ?}
means for electrically connecting the first semi cont ét% gﬁ/ }?

frngers; and a casing which encloses the fi rst‘éﬁd*sé’cond

sem conduct or dies. 44. The seniconduct or package of cl ai m 43
wherein the first integrated circuit conprises a m croprocessor or

m crocontroll er. 45. The sem conduct or package of claim43

further conprising a polynmer encapsul ate which coats the first and second
sem.conductor dies, the polynmer encapsul ate being sufficiently adherent to
the sem conductor dies such that penetrat.i of the polynmer encapsul ate

results in substantial destruction of the Integrated circuitry fabricated

thereon. 46. The semiconductor package of claim 45 wherein the

polymer encapsulate is impervious to light.

47. The sehwiconductor package of claim 45 wherein each of
the semiconductor dies has a back and a face, the integrated circuit of
each of the semiconductor dies being fabricated on the face, with the
semiconductor dies being mounted to the flexible circuit in a back-to-

back relationship.

48. The semiconductor package of claim 43 wherein the first
section of the flexible circuit includes a first opening, the first
semiconductor die being mounted to the first primary surface of the

paddle 'through the first opening.

49. The semiconductor package of claim 48 wherein the
second section of the flexible circuit also includes an opening, the
second semiconductor die being mounted to the second primary surface

of the paddle through the second opening.

A
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-25 - " 46. The seniconductor package of claim45 wherein therpg ymer

ehba-ps—uJ—&t—e—i—s—i:—ncper—\H—eu-s—t—e—J | ght= Lk Tbe—gem_cgad-uet-a.r@gael@age__
of claim45 wherein each of the senm conductor dies has a back and ‘Fﬁce,

the integrated circuit of each of the sem conductor dies being jeas
on the face, with_the seniconductor dies being nounted to the flgsias

circuit in a backHGTbac!( re|ww%mma TY ORGENIZATOR e seni CWS

package of ' e [.L ectlon of the flexible circﬁit
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{57) Abstract

A package (50) housing multiple semiconductor dies (22, 23) includes a leadframe having a paddle (20) and a number of lead fingers
(21). A fiexible circuit (27) is adhesively laminated to both sides of the paddle. A first semiconductor die (23) is back-mounted to the
bottom susface of the paddie and wire-bonded to the Rexible circuit and the lead fingers. A second semiconductor die (22) is back-mounted
!t:astl:l%t&pb)surfweotﬂwpaddleandtotheﬂexibkcircuit. The dies (22, 23) are encapsulated in 2 security coating (40) and encased in
P 5




