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DIE INTERCONNECTIONS USING
INTERMEDIATE CONNECTION ELEMENTS
SECURED TO THE DIE FACE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a method and apparatus
for routing die interconnections on a semiconductor die and,
more specifically, to a method and apparatus for routing die
interconnections using intermediate connection elements
secured to a major surface of the die.

2. State of the Art

A typical integrated circuit (IC) or semiconductor die
includes external connection points termed “bond pads” that
are in electrical communication with integrated circuits
formed in or on the active surface of the die. The bond pads
are used to provide electrical connection between the inte-
grated circuits and external devices, such as lead frames or
printed circuit boards. The bond pads also provide sites for
electrical testing of the die, typically by contact with probes,
which send and receive signals to and from the die to
evaluate the functionality of the die.

In a conventional die/lead frame assembly, the semicon-
ductor die is attached to a die paddle of a lead frame using
an adhesive or tape. The bond pads formed on the face of the
die are typically electrically and mechanically attached to
lead fingers terminating adjacent the periphery of the die
using thin bonding wires of gold, aluminum or other metals
or alloys. Other types of lead frames, frames, such as
so-called “leads over chip” (LOC) or “leads under chip”
(LUC), dispense with the die paddle and support the die
from portions of the lead fingers themselves.

Wire bonding is typically a process through which some
or all of the bond pads formed on the face of the die are
connected to the lead fingers or buses of a lead frame by thin
bonding wires. The bonding wires comprise the electrical
bridge between the bond pads and the leads of the packaged
integrated circuit. A wire bonding apparatus bonds the
bonding wires to the bond pads and to the lead fingers,
typically using heat and pressure, as well as ultrasonic
vibration in some instances. Following wire bonding, the
lead frame and die are typically encapsulated in a plastic
(particle-filled polymer) or packaged in a preformed ceramic
or metal package. After encapsulation, the lead fingers are
then trimmed and usually bent to form external leads of a
completed semiconductor package in what is termed a “trim
and form” operation.

Another wire bonding application may include chip-on-
board (COB), where the back-side surface of a bare IC die
is directly mounted on the surface of a substantially rigid
printed circuit board (PCB) or other carrier substrate, and
bond pads on the frontside or active surface of the bare die
are then wire bonded to wire bondable trace pads or termi-
nals on the surface of the PCB to interconnect circuitry in the
die with external circuitry through conductive traces on the
PCB. Likewise, wire bondable traces may be formed from a
metal film carried on a flexible polyimide or other dielectric
film or sheet similar to those employed in so called TAB
(tape automated bonding) lead frame structures. A die may
be back-mounted on the flex circuit and the traces wire
bonded to bond pads on the surface of the die.

A typical die bond pad is formed as a rectangle or square
typically having an area of less than 10* um* and framed or
bounded by a passivation layer on the face of the die. Bond
pads are typically formed from a conductive metal such as
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aluminum and electrically connected to an underlying inte-
grated circuit formed in or on the die. Usually a barrier layer
and a polysilicon layer separate the bonding pad from an
oxide layer of a silicon substrate in which the active semi-
conductor devices are formed. A passivation layer formed of
a dielectric material (silicon dioxide, silicon nitride,
polyimide, BPSG, ctc.) or as a sandwich of different mate-
rials (e.g., silicon dioxide/silicon) covers the oxide layer, and
the bond pad is embedded in the passivation layer. Such
bond pads may be located generally along the peripheral
edges of the die, inset from the edges a desired distance, or
in one or more center rows. These bond pads are then
typically wire bonded to a lead frame, thermocompression
bonded to an overlying TAB tape or flip-chip bonded (with
appropriate prior “bumping” of the bond pads) to a printed
circuit board.

It is often desirable to interconnect various bond pads on
a single semiconductor die in order to alter the input and/or
output functionality of the die, such as when it is necessary
to “wire around” defective portions of a die which is only
partially functional. For example, a 16 megabit DRAM
memory die may only demonstrate 11 megabits of functional
memory under electrical testing and burn-in. Alternatively, it
may be desirable for a die having a given input/output (bond
pad) configuration to “look™ to a particular lead frame or
carrier substrate as if it were configured differently so that
the die could be used with a lead frame for which it was not
originally intended. Such “wire around” functions, where
possible, are typically accomplished by interconnecting
bond pads on the die through external circuitry in printed
circuit boards or other carrier substrates to which the die is
mounted. Where the desired input and/or output function-
ality configuration varies from die to die, a separately
configured printed circuit board or other carrier substrate
must be provided for each desired input and/or output
functional configuration. Thus, it would be desirable to
provide a relatively easy way of interconnecting selected
bond pads on a single integrated circuit die without requiring
the use of external circuitry in printed circuit boards and
other carrier substrates.

BRIEF SUMMARY OF THE INVENTION

Accordingly, a semiconductor die according to the present
invention is comprised of a die bearing integrated circuits.
Such integrated circuits may comprise a memory device,
microprocessor, or any other semiconductor device or func-
tional combination of devices. In a preferred embodiment,
the active surface of the die (i.e., the surface of the die
having bond pads thereon and bearing the integrated
circuits) includes at least one electrically isolated interme-
diate connection element or wire-bondable jumper pad
attached thereto, each bondable jumper pad being electri-
cally isolated from external circuitry and from circuitry of
the die, but for wire bonds extending to and/or from the
bondable jumper pad. That is, each bondable jumper pad is
not directly electrically connected to internal circuitry of the
die, unlike the bond pads, but provides a “stepping stone” for
wire bonds between bond pads of the die or between a bond
pad and a conductor external to the die. Thus, a relatively
short wire bond can be formed from a bond pad to the
jumper pad and another relatively short wire bond formed
from the jumper pad to another bond pad (or external
conductor) forming an electrical connection between the two
bond pads (or bond pad and external conductor).

In another preferred embodiment, a plurality of jumper
pads is provided over the active surface of the die, providing
various serial jump points for a plurality of wire bonds to be
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formed in series between a plurality of bond pads. Where the
semiconductor die has bond pads located about a peripheral
edge of the active surface, a grid or array of jumper pads
may be provided proximate the center of the active surface

4

second contact pads exposed on the top of the adapter and
in horizontally-offset locations from the bond pads, and
conductors extending to and between the first and second
contact pads. The second contact pads may be bumped so

and at least partially bounded by the peripheral bond pads. 5 that the adapter, and thus the die, can be flip-chip bonded to
In yet another preferred embodiment, the semiconductor a PCB or other carrier substrate.
device is of the aforementioned LOC configuration and
includes a lead frame having lead fingers and/or bus bars that BRIEF DESCRIPTION OF THE DRAWINGS
extend over the active surface of the die. In addition, a FIGS. 1A and 1B are top and side views, respectively, of
plurality of jumper pads is provided on the active surface 50 10 first embodiment of a semiconductor device in accordance
that wire bonds can be made from bond pads to jumper pads with the present invention;
to bus. bar to jumper pad to l?ond pad to 1e.ad ﬁpger, or any FIG. 1C is a cross-sectional side view of a second
combination thereof, depending on the desired input/output . - A .
. . embodiment of a semiconductor device illustrated in FIG.
(I/0) configuration of the die. 1A;
Preferably, the jumper pads are comprised of a conductive 15 FIGS. 2A and 2B are top and side views, respectively, of
material, such as metals (e.g., aluminum or gold) or alloys . . . I
thereof. a t.hlrd embodlmem of a.semlconductor device in accordance
. . . with the present invention;
In a preferred embodiment, the jumper pads are silk- . . . .
screened onto the active surface of the die. The jumper pads FIG‘.3 1S an explode.d cross-sectiona ! Sl.de view ofa foufth
may also be electrolessly plated, electroplated, or electro- 20 embodlment. of a §em1conductor device in accordance with
chemically deposited, printed, sprayed (through a mesh), the present {nV@nHon; . ) . )
adhesively attached or otherwise formed onto the active FIG. 3A is a cross-sectional side view of the semicon-
surface of the die. ductor device shown in FIG. 3 after assembly and applica-
In yet another preferred embodiment, the jumper pads are tion of a protective coating;
formed in a grid or array on one side of an adhesive tape or 2 FIG. 4 s a top view of a fifth embodiment of a semicon-
film. Such a tape or film could then be cut to size to fit the ductor device wire bonded to a lead frame in accordance
specific die. The tape could be attached to the die by with the present invention;
thermosetting, application of pressure, or other methods, FIG. 5A is a top view of a sixth embodiment of a
depending on the type of tape and adhesive employed. 30 semiconductor device wire bonded to a lead frame in
In another preferred embodiment, the jumper pads may be accordance with the present invention;
formed over a segment of insulating or dielectric material, FIG. 5B is a cross-sectional side view of the embodiment
such as a non-conductive film or coating, that is applied to illustrated in FIG. 5A;
Fhe active .surf.ace of the die. The insulating material profects FIG. 6 is a cross-sectional side view of a seventh embodi-
internal circuitry near the active surfac.:e from any interfer- o oo e 0 comiconductor device in accordance with the
ence or shorting that may be otherwise generated by the t invention:
f the jumper pad or connections to the jumper presen . . . . .
g;f(:isse.nce © FIG. 6A is a cross-sectional side view of an eighth
. . embodiment of a semiconductor device in accordance with
In yet another preferred embodiment, a jumper pad . S
. . . the present invention;
adapter is attached to the active surface of the die by an ,, . . . . . .
adhesive. The adhesive may be a pressure sensitive FIG.6Bisa gmss-sechonal 51‘de view of an ninth embodl-
adhesive, a thermosetting adhesive or any other suitable ment of a semiconductor device in accordance with the
adhesives known in the art. The jumper pad adapter includes present invention;
a plurality of conductive lines extending through the adapter FIG. 7 is a top view of a semiconductor wafer comprising
from the lower surface thereof which provides electrical 4 a plurality of the semiconductor device illustrated in FIG.
contact between the bond pads or conductive bumps formed 1A; and
on the die and contact pads formed on the top surface of the FIG. 8 is a block diagram of an electronic system incor-
jumper pad adapter. Thus, jumper pads are formed on the porating the semiconductor device of FIG. 1A.
upper surface of the adapter rather than on the active surface
of the die, and the contact pads and jumper pads on the 50 DETAILED DESCRIPTION OF THE
adapter lie in substantially the same plane. Accordingly, all ILLUSTRATED EMBODIMENT
wire bonds between jumper pads and contact pads can be As illustrated in FIGS. 1A and 1B, a preferred embodi-
formed in the same horizontal plane relative to the top ment of a semiconductor device 10 of the present invention
surface of the jumper pad adapter. includes a die 12 of generally rectangular configuration. The
Preferably, the jumper pad adapter includes access holes 55 die 12 has an active surface 14 carrying a plurality of bond
that extend through the adapter to allow access for wire pads 16 proximate its perime[er 18 and a plura]ity ofjumper
bonds to be made to bond pads on the active surface of the pads 20, distinguished by surface shading in the drawing and
die that would otherwise be covered by the adapter. disposed between the rows of peripheral bond pads 16. The
In another preferred embodiment of the jumper pad bond pads 16 are formed as an integral part of the die 12,
adapter, the adapter includes internal and/or external con- o making contact with and providing an external contact for
ductive paths which can route signals between jumper pads internal circuitry (not shown) contained within the die 12, as
and to and between bond pads on the active surface of the is known in the art.
die. As indicated, the bond pads 16 are typically formed in the
In yet another preferred embodiment, an adapter, which active surface 14 of the die 12 and thus extend a distance into
converts a die having peripherally mounted bond pads to a 65 the active surface 14 through a passivation layer 21

flip-chip array connection configuration, includes first con-
tact pads electrically connected to the bond pads of the die,

(illustrated in FIG. 1C) to make electrical contact with the
internal circuitry of the die 12. The jumper pads 20, on the
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other hand, are formed on the active surface 14 but are
electrically isolated from the internal circuitry of the die 12.
Moreover, the jumper pads 20 are preferably formed from a
conductive material such as a metal, metal alloy, or any other
suitable material known in the art to which a wire bond can
be attached. The jumper pads 20 may be silk-screened,
printed, sprayed through a patterned mesh, electrochemi-
cally deposited, or electroplated, electrolessly plated or
otherwise attached to the active surface. Similarly, as shown
in FIG. 1C, the jumper pads 20 may be preformed, and each
adhesively attached to the active surface 14 with an adhesive
22, such as an epoxy or other similar material known in the
art. The adhesive 22 is preferably insulative, although it does
not have to be if the passivation layer 21 possesses suffi-
ciently robust dielectric characteristics.

In FIGS. 2A and 2B, a semiconductor device 30 having
peripheral bond pads 116 includes a sheet-like insulating
layer, film or tape segment 32 disposed between an active
surface 114 and jumper pads 120. The jumper pads 120 are
thus formed in or on the tape 32 and the tape 32 is adhesively
attached to the active surface 14 of a die 34. The tape 32 may
be an adhesive-type tape or bear a thermosetting adhesive
33, one preferred tape being a polyimide film as sold under
the trademark Kapton®, or other suitable tapes, tape-like
films or sheet structures adhesively attached to active sur-
face 114 using adhesive techniques known in the art.
Preferably, the tape 32 is non-conductive, and thus insulates
the active surface 114 of the die 34 from electrical signals
that may be passed through the jumper pads 120. The
thickness of tape 32 has been exaggerated for clarity but
may, in fact, be extremely thin, only of sufficient structural
integrity to maintain its form during handling and applica-
tion to the die.

FIG. 3 illustrates yet another preferred embodiment of a
semiconductor device 40 according to the present invention
in which an adapter 46 converts a peripherally bond padded
semiconductor die 42 to a device 40 bearing jumper pads
220. The semiconductor die 42 includes bond pads 216
which have been “bumped;” that is, balls or bumps 44 of
gold, solder or conductive adhesive have been attached
thereto. An adapter 46 configured to mate with the active
surface 214 and bond pads 216 of the die 42 is comprised of
a support structure 48, which may be formed of a sheet-like
structure, such as Kapton® or other tape as used in tape
automated bonding, or a more rigid structure formed from
ceramic, silicon, FR-4 or other materials known in the art.
Preferably, the adapter 46 is formed from a material having
a coefficient of thermal expansion (CTE) substantially
matching the CTE of the die 42. The adapter 46 includes a
plurality of first contact pads 50 on a top surface 52 and a
plurality of second contact pads 54 proximate a bottom
surface 56. The first contact pads 50 are electrically con-
nected to the second contact pads 52 by conductive contacts
or vias 58 that extend to and between the first and second
contact pads 50 and 52, respectively, and are contained
within the support structure 48. The second contact pads 54
are arranged to match the arrangement of bumped bond pads
216. Thus, when the adapter 46 and die 42 are brought
together and mutually secured by adhesive 57, the second
contact pads 54 mate with the bumped pads 216. As further
illustrated in FIG. 3A, the assembled semiconductor device
40 may be dipped or coated with a protective layer 59 of, for
example, epoxy or silicon gel to protect and insulate the
adapter 46 and the die 42, and the contact pads 50 may be
bumped so that the conductive bumps 61 extend above the
protective layer 59 for flip-chip connection to a carrier
substrate. In such an arrangement, short conductive traces
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formed on the carrier substrate would extend between
jumper pads 220 and contact pads 50 to be connected, a
series of jumper pads 220, a contact pad 50 and an external
circuit trace, etc. Alternatively, and as more fully described
with respect to FIG. 6, rerouting circuitry may be carried
within adapter 46 to reroute a bond pad 216 to a new location
of a contact pad 50. It is also an option to employ adapter 46
only as an interposer substrate to provide for flip-chip
connection of die 42 to a carrier substrate, omitting jumper
pads 220 or any sort of bond pad rerouting capability.

As shown in FIG. 4, a semiconductor device 60, such as
those illustrated in FIGS. 1A, 1B, 1C, 2A, 2B and 3, can be
mounted to a conventional lead frame 62 as is known in the
art. The lead frame 62 includes a plurality of lead fingers 66
extending outwardly from proximate the perimeter 67 of a
die 70 and a die paddle 68 which supports the die 70 relative
to the lead fingers 66. The lead fingers 66 form leads for a
packaged semiconductor device (the outline of which is
indicated by dashed line 72) after transfer-molded polymer
encapsulation of the die 70 and lead frame 62 as is known
in the art.

Conventionally, any connections to be made between
bond pads 316, other than those made with circuitry internal
to the die 70, are made through external circuitry, such as
that contained in a printed circuit board to which the
semiconductor device 60 is connected. This approach,
however, requires a permanently configured product,
namely the printed circuit board or other carrier substrate.
The semiconductor device 60 of the present invention pro-
vides for flexibility in input/output (I/O) configurations of
the device 60 that can be changed from device to device in
the manufacturing process.

As illustrated, wire bonds 80, 81, 82, 83 and 84 can be
formed: between bond pad 316 and lead finger 66; between
adjacent or proximate bond pads 316; between, adjacent or
proximate jumper pads 320; between bond pad 316 and
jumper pad 320; or between jumper pad 320 and lead finger
66. The termination points of wire bonds 80, 81, 82, 83 and
84 can be of ball, wedge, or other configuration as is known
in the art, and formed with a conventional wire bonding
machine. Accordingly, a large number of I/O alternative
configurations can be achieved for any semiconductor
device, depending on the number and layout of jumper pads
320 and configuration of wire bonds.

It is contemplated that any semiconductor die having
bond pads thereon can benefit from the jumper pads in
accordance with the present invention. In addition, such a
die can be combined with any lead frame known in the art,
such as a leads-over-chip (LOC) lead frame, or a hybrid
frame, such as a lead frame 90 illustrated in FIG. 5A, that
includes lead fingers or bus bars 92, 93, 94, and 95 extending
over the active surface 414 of a die 96. Wire bonds 98 can
thus be made between jumper pads 420 and lead fingers or
bus bars 92, 93, 94 and 95 as well as those combinations
described with reference to FIG. 4.

As illustrated in FIGS. 5A and 5B, a tape-like structure
100 adhesively attached to the active surface 14 and which
supports the jumper pads 420 above the active surface 414
of the die 96 is provided with through holes or windows 102
to expose bond pads 416 located on the active surface 414
that would otherwise be covered by the sheet, film or
tape-like structure 100. A wire bond 104 can thus be made
between an exposed bond pad 416 and bus bar 93.
Preferably, the bus bars 92, 93, 94, and 95 are attached with
an adhesive 105 to the top surface 106 of the tape-like
structure 100, with the sheet, film or tape-like structure
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likewise being adhesively attached as at 101 to the active
surface 414 of the die 96. Thus, the bus bars 92, 93, 94, and
95 effectively support the die 96 relative to the rest of the
lead frame 90.

8

What is claimed is:

1. A semiconductor device, comprising:

a die having an active surface, having integrated circuitry,
and including at least one bond pad on said active

In another preferred embodiment of the present invention 5 surface Cormed?d to said mtegrate@ c1rcu1t'ry, and
shown in FIG. 6, a tape-like structure 110 may include its at least one elcc'trlcal.ly conductive dl'scre.te jumper p ad
own internal circuitry or conductive lines 112 that connect altached to said actlv.c surface of §a1d die, said at I?aSt
jumper pads 520 to other jumper pads 520 and/or jumper one jumper pad havmg an electrical connect portion,
pads 520 to bond pads 516 which are located on an active haymg a dle-faC}ng portion, a1.1d haVlng a perp hery,
surface 514 of a die 512, and which are covered by the 10 said al.leagt one jumper Pad bemg elec?rlcally isolated
tape-like structure 110. It is also contemplated, as further about 1ts die-facing portion and s perlphery: .
illustrated, that the present invention has equal utility for 2‘, The scmlconductor deVlc? of claim 1, further including
multiple dice 512 and 513 in the same package (such as in an 1nsu1a11ng‘ structure having an attachment §urface
a multi-chip module, or MCM) where wire bonds 515 make attached to said d.le active surface anc! an opposed jumper
die-to-die interconnections between jumper pads 521 and/or 15 pad surface carrylng said at lf,;aSt 0One jumper p ad. . .
bond pad 516 between the dice 512 and 513, as well as those . 3. T.he SemlcondL}Clor device of claim 2, wherein ,S,ald
combinations described with reference to single die 70 of insulating strl.lc?lure 15 se;lected from the Sroup comprising
FIG. 4. pressure-sensitive adhesive tape and thermosetting adhesive

tape.

It is contemplated that jumper pads in accordance withthe 59 4. The semiconductor device of claim 2, wherein said
present invention may also be advantageous to any situation insulating structure includes an at least partially adhesive top
where wire bonds are formed between a semiconductor die side.
and external circuitry. For example, as illustrated in FIG. 6A, 5. The semiconductor device of claim 2, wherein said
jumper pads 530 may be employed on a die 532 that is wire insulating structure extends over a preselected portion of
bonded to the leads 534 of a flex circuit 536. Likewise, as 35 said die active surface and defines at least one access hole
shown in FIG. 6B, jumper pads 540 may be formed on a die therethrough to expose said at least one bond pad there-
542 that is directly mounted on a rigid PCB or carrier through.
substrate 544 in a COB configuration with wire bonds 546 6. The semiconductor device of claim 1, wherein said at
that are formed between jumper pads 540 and bond pads 548 least one jumper pad is formed from a conductive material
and traces 550 on the PCB 544. 30 selected from the group comprising metals and metal alloys.

Those skilled in the art will appreciate that semiconductor 7. The semiconductor device of claim 1, further including
devices according to the present invention may comprise an a jumper pad adapter carrying said at least one jurpper pad
integrated circuit die employed for storing or processing on a first surface thereof and attached to said die active
digital information, including, for example, a Dynamic surface by a second surface of said adapter.

Random Access Memory (DRAM) integrated circuit die, a 35 8. The semiconductor device of claim 7, further including
Static Random Access Memory (SRAM) integrated circuit at least one conductor extending between said electrical
die, a Synchronous Graphics Random Access Memory connect portion of at least two jumper pads.
(SGRAM)integrated circuit die, a Programmable Read-Only 9. The semiconductor device of claim 1, further including
Memory (PROM) integrated circuit die, an Electrically a lead frame having at least one lead attached to said die and
Erasable PROM (EEPROM) integrated circuit die, a flash 40 at least one connection between said at least one lead and
memory die and a microprocessor die, and that the present ~ said at least one bond pad being effected through an inter-
invention includes such devices within its scope. In addition, mediate connection to said electrical connect portion of said
it will be understood that the shape, size, and configuration at least one jumper pad.
of bond pads, jumper pads, dice, and lead frames may be 10. The semiconductor device of claim 1, further includ-
varied without departing from the scope of the invention and 45 ing at least one wire bond between said electrical connect
appended claims. For example, the jumper pads may be portion of said at least one jumper pad and said at least one
round, oblong, hemispherical or variously shaped and sized bond pad.
so long as the jumper pads provide enough surface area to . 1. Thc semi.con(.iuctor chiC‘? of claim 1, further inch.ld-
accept attachment of one or more wire bonds thereto. In g a printed circuit board having at least one conductive
addition, the bond pads may be positioned at any location on 50 trace thereon, said die being mounted thereon and wire
the active surface of the die. bonded from said electrical connect portion of said at least
. . . one jumper pad to said at least one conductive trace.

As shown in ,FIG' 7,’ a semlcoqduc?or w afer 620 1ncor- 12J. Tlfe sfmiconductor device of claim 1, further includ-
porates a plurality of integrated circuit dlqe 12 (shown in ing a flex circuit having at least one conductive trace
increased scale and reduced numbers relatwg to the wafer 55 thereon, said die being mounted thereon and said electrical
620) Of,F IGS. 1A and. 1B. Also, s shown' in FIG. 8, an connect portion of said at least one jumper pad wire bonded
electronic system 130 includes an input deVl.ce 132 anq an to said at least one conductive trace.

(_)utput d.eVICe 134 coupled to a processor d§V1ce 136 Wthh’ 13. The semiconductor device of claim 1, further includ-
In turn, 1s cquplcd oa n;em.ory‘dewcc 138 incorporating the ing another die having an active surface including at least
exemplary integrated circuit die 12 of FIGS. 1A and 1B. ¢, n¢ pog pad thereon and at least one electrically isolated

Accordingly, the claims appended hereto are written to jumper pad, said electrical connect portion of said at least
encompass all semiconductor devices including those men- one jumper pad of said another die wire bonded to said at
tioned. Those skilled in the art will also appreciate that least one bond pad of said die.
various combinations and obvious modifications of the 14. The semiconductor device of claim 1, wherein said die
preferred embodiments may be made without departing 65 includes functions selected from at least one of the group

from the spirit of this invention and the scope of the
accompanying claims.

comprising a Dynamic Random Access Memory (DRAM)
integrated circuit, a Static Random Access Memory
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(SRAM) integrated circuit, a Synchronous Graphics Ran-
dom Access Memory (SGRAM) integrated circuit, a Pro-
grammable Read-Only Memory (PROM) integrated circuit,
an Electrically Erasable PROM (EEPROM) integrated

10

of discrete electrically conductive, mutually electri-
cally isolated pads electrically isolated about its periph-
ery and electrically isolated about its die-facing por-
tion;

circuit, a flash memory circuit, and a microprocessor circuit. 5 at least one wire extending from at least one of said

15. A semiconductor device, comprising: plurality of bond pads to said electrical connect portion

a first die having integrated circuitry and having an active of at least one of said plurality of discrete electrically
surface including a plurality of bond pads thereon conductive, mutually electrically isolated pads; and

connected to at least a portion of the integrated cir- at least one other wire extending from at least one of said

cuitry; 10 plurality of bond pads to at least one of said plurality of

a plurality of discrete intermediate connection elements lead fingers.

electrically isolated from each other, attached to said 22. The semiconductor device of claim 21, further includ-
active surface of said first die and isolated from direct ing an insulating layer having a first surface attached to said
electrical connection with said integrated circuitry, active surface of said die and a second surface carrying said
cach of said discrete intermediate connection elements 1° plurality of discrete electrically conductive, mutually elec-
having a die-facing portion, having an electrical con- trically isolated pads.
nect portion, and having a periphery, said die-facing 23. The semiconductor device of claim 22, wherein said
portion and said periphery of each discrete intermediate insulating layer includes at least one conductor extending
connection element being electrically isolated; and from and electrically connected to at least one of said
at least one wire bond extending from at least one of said » plurality of bond pads and electrically connected to said
plurality of bond pads to said electrical connect portion elbectrlcal connect portion of at least one of said p.luraht}./ of
of at least one of said plurality of intermediate connec- discrete electrically conductive, mutually electrically iso-
tion elements. lated pads. ) ) S

16. The semiconductor device of claim 15, further includ- . _24. The semiconductor device of claim 21, wherein said
ing a second die having a plurality of intermediate connec- die includes at least one function selected from the group
tion elements thereon and wherein said at least one wire comprising a Dynamic Random Access Memory (DRAM)
bond extends from at least one of said plurality of bond pads integr ated circuit, a Static Random  Access Memory
on said first die to an electrical connect portion of at least one (SRAM) integrated circuit, a SYthTOHOUS G}'apk_ncs Ran-
of said plurality of intermediate connection elements on said dom Access Memory (SGRAM) integrated circuit, a Pro-
second die. 30 grammable Read-Only Memory (PROM) integrated circuit,

17. The semiconductor device of claim 15, wherein said an Electrically erasable PROM (EEPROM) integrated
plurality of intermediate connection elements lies entirely circuit, a flash memory CIrcuit, anda MICIOProCEssOr CIrcuit.
within a perimeter of said active surface of said first die. _ 25.The semiconductor device of claim 21, further includ-

18. The semiconductor device of claim 15, further includ- 1§ an insulative encapsulant covering a portion of at least
ing an insulating layer having an attachment side attached to said active surface of said die. . .
said active surface of said first die and a connection element 26. A packaged semiconductor device, comprising;
surface carrying said plurality of intermediate connection a die having internal integrated circuitry and having an
elements. active surface including a plurality of bond pads

19. The semiconductor device of claim 15, further includ- 0 thereon electrically connected to a portion of the inter-
ing an insulating layer carrying said plurality of intermediate nal integrated circuitry;
connection elements and including at least one conductor a lead frame having a plurality of lead fingers located
connecting said electrical connect portions of at least two of adjacent said active surface of said die and extending
said plurality of intermediate connection elements. therefrom to form external leads;

20. The semiconductor device of claim 15, wherein said 45  aplurality of discrete conductive pads electrically isolated
first die includes at least one function selected from the from each other, attached to said active surface of said
group comprising a Dynamic Random Access Memory die, electrically isolated from said internal circuitry of
(DRAM) integrated circuit die, a Static Random Access said die, each of said discrete conductive pads having
Memory (SRAM) integrated circuit, a Synchronous Graph- an electrical connect portion, having a die-facing
ics Random Access Memory (SGRAM) integrated circuit, a 50 portion, and having a periphery, each discrete conduc-
Programmable Read-Only Memory (PROM) integrated tive pad of the plurality of discrete conductive pads
circuit, an Electrically Erasable PROM (EEPROM) inte- electrically isolated about its die-facing portion and its
grated circuit, a flash memory circuit, and a microprocessor periphery;
crreult. . ) . at least one wire bond extending from at least one of said

21. A semiconductor device, comprising: 55 plurality of bond pads to said electrical connect portion

a die having internal integrated circuitry and having an of at least one of said plurality of conductive pads;

active surface including a plurality of bond pads at least one other wire bond extending from at least one
thereon electrically connected to the internal integrated of said plurality of bond pads to at least one of said
circuitry; plurality of lead fingers; and

a lead frame having a plurality of lead fingers located 6o  an encapsulant formed over said die.

adjacent said active surface of said die; 27. The semiconductor device of claim 26, further includ-
a plurality of discrete electrically conductive, mutually ing an insulating layer having an attachment side attached to

electrically isolated pads attached to said active surface said active surface of said die and a conductive pad surface

of said die, each of said plurality of discrete electrically carrying said plurality of conductive pads.

conductive mutuallly electrically isolated pads having 65  28. The semiconductor device of claim 27, wherein said

an electrical connect portion, having a die-facing
portion, and having a periphery, each of said plurality

insulating layer is selected from the group comprising
adhesive tape and thermosetting tape.

Micron Ex. 1020, p. 17
Micron v. YMTC
IPR2025-00118



6,097,098

1

29. The semiconductor device of claim 27, wherein said
insulating layer includes an adapter carrying said plurality of
discrete conductive pads on a first surface thereof and
attached to said die active surface at a second surface of said
adapter, said adapter comprising a first plurality of electrical

12

function selected from a group comprising a Dynamic
Random Access Memory (DRAM) integrated circuit, a
Static Random Access Memory (SRAM) integrated circuit,
a Synchronous Graphics Random Access Memory
(SGRAM) integrated circuit, a Programmable Read-Only

5
contacts adjacent said second surface for connection to said Memory (PROM) integrated circuit, an Electrically Erasable
plurality of bond pads, at least one conductor extending from PROM (EEPROM) integrated circuit, flash memory circuit,
at least one of said plurality of bond pads to at least one of and a microprocessor circuit.
said plurality of contacts. 38. A memory system comprising:

30. The semiconductor device of claim 26, wherein said ;; a memory device including at least one semiconductor
plura]ity of conductive pads is formed from a conductive die, said at least one semiconductor die haVil’lg internal
material selected from the group comprising metals and circuitry having an active surface, and having a plural-
metal alloys. ity of bond pads attached to said active surface elec-

31. The semiconductor device of claim 26, wherein said trically CODﬂthcd to the i.ntcrnal circuitry of said at
die includes at least one function selected from a group ;s least one semiconductor die; and
comprising a Dynamic Random Access Memory (DRAM) a plurality of discrete conductive pads electrically isolated
integrated circuit, a Static Random Access Memory from each other attached to said active surface of said
(SRAM) integrated circuit, a Synchronous Graphics Ran- at least one semiconductor die, electrically isolated
dom Access Memory (SGRAM) integrated circuit, a Pro- from said internal circuitry of said at least one semi-
grammable Read-Only Memory (PROM) integrated circuit, ,, conductor die, each of said discrete conductive pads
an Electrically Erasable PROM (EEPROM) integrated having an electrical connect portion, having a die-
circuit, a flash memory circuit, and a microprocessor circuit. facing portion, and having a periphery, each discrete

32. A semiconductor wafer, comprising: conductive pad electrically isolated about its die-facing

a plurality of integrated circuit dice, each die of said portion and about its periph.cry. ) .

plurality of integrated circuit dice having an active s 39. The memory system of claim 38, further including an
surface having circuitry; insulating layer having an attachment side attached to said

a plurality of bond pads on the active surface of each die active st}rface of said at leas.t one .semicon.duclor die an(.i a

of said plurality of integrated circuit dice, the plurality conductive pad surface carrying said plurality of conductive
of bond pads on the active surface of each die electri- pads. . .

cally connected to the circuitry of its respective circuit 39 40- The memory system of claim 39, wherein said insu-
die; and lating layer is selected from the group comprising pressure-

a plurality of discrete connection elements electrically sensitive adhesive tape and thcrr.nosetlmg adl?651v.e tape.

isolated from each other, disposed on the active surface 41. The memory system of claim 39, wherein said at least
of each dice of said plurality of integrated circuit die one semiconductor die 1nc1uc.16's at least one function
electrically isolated from direct electrical connection 35 selected from a group COMPpIISING & Dy‘namlc Random
with internal circuitry of said plurality of integrated Access Memory (DRAM) 1nte.grated cireult, a Static Ran-
circuit dice, each of said discrete connection elements dom Access M emory (SRAM) integrated circuit, a Synch ro-
having an electrical connect portion, a die-facing nous GmPhIC,S Random Access Memory (SGRAM) inte-
portion, and a periphery, each discrete connection ele- grated cireult, a P.rogljammable Read—Or_lly .Memory
ment electrically isolated about its die-facing portion 40 (PROM) integrated circuit, a flash memory circui, apd an
and about its periphery. Electrically Erasable PROM (EEPROM) mtegrgted cireuit.

33. The semiconductor wafer of claim 32, further includ- ‘,‘2' The memory system Qf claim 38, wherein said p.lu—
ing an insulating layer having an attachment side extending rality ,Of conductive pads is formed fro.n? a conductive
over said active surfaces of said dice and a connection ma:eimh selected from the group comprising metals and

- . . . _ metal alloys.
izrriznftofusrﬁfeplﬁzrﬁ/;lgofszli(iel.)lurahty of connection cle- 45 43. The memory system of claim 38, further including a

34. The semiconductor wafer of claim 33, wherein said conductive pad adapter carrying said plurality of con duct@ve
insulating layer is selected from the group comprising a pads on a ﬁr§t surface thereof a.nd attached .to said active
pressure-sensitive adhesive tape and thermosetting adhesive surface of Sz}ld at least one Semlcondua,or die at a second
tape. 50 surface of said adapter, sa1q adapter electrically connected to

35. The semiconductor wafer of claim 32, wherein said at leastA one of Sal(.i plurality of bond Pads by a conductor
plurality of connection elements is formed from a conduc- extending from said at lgasl one f)f said plurah}y of bond
tive material selected from the group comprising metals and pads to at least one of said pluraht.y' of conductive pads.
metal alloys. 44.-An electriomc system comprising:

36. The semiconductor wafer of claim 32, further includ- 55 40 input device;
ing a connection element adapter carrying said plurality of an output device;
discreteconnection elements on a first surface thereof and a processor device coupled to the input and output
attached to said each active surface of each of said plurality devices; and
of dice at a second surface of said adapter, said adapter a memory device coupled to the processor device, the
electrically connected to said plurality of bond pads of each 60 memory device comprising:
die of said plurality of dice by a conductor extending from at least one integrated circuit die having internal
proximate said first surface to proximate said second surface circuitry, having an active surface and having a
and electrically connected to at least one of said plurality of plurality of bond pads attached to said active surface
discrete connection elements of each of said plurality of electrically connected to the internal circuitry of said
dice. 65 at least one integrated circuit die; and

37. The semiconductor wafer of claim 32, wherein at least
one of said integrated circuit dice includes at least one

~

plurality of discrete conductive pads electrically
isolated from each other, attached to said active
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surface of said at least one integrated circuit die
electrically isolated from said internal circuitry of
said at least one integrated circuit die other than
through a bond pad of said plurality of bond pads,

14

48. The electronic system of claim 44, further including a
conductive pad adapter carrying said plurality of conductive
pads on a first surface thereof and attached to said active
surface of said at least one die at a second surface of said

each ,Of said discrete C(.)nductive. pads hflvingvan s adapter, said adapter including at least one conductor
elec.trlcal connect portion, haV1.ng a dlC-faCl.Ilg extending from at least one of said plurality of conductive
portion, having a periphery, each discrete conductive . . .
- . P . . pads to another of said plurality of conductive pads.
pad electrically isolated about its die-facing portion 49, The el . ¢ claim 44. wherci d
and its periphery. . ¢ electronic system of claim 44, wherem said at
45. The electronic system of claim 44, further including 10 least one integrated circuit die includes at least one function
an insulating layer having an attachment side attached to selected from a group comprising a Dynamic Random
said active surface of said at least one die and a conductive Access Memory (DRAM) integrated circuit, a Static Ran-
pad surface carrying said plurality Of.COHdUCﬁVe pa.ds. ) dom Access Memory (SRAM) integrated circuit, a Synchro-
_ 46. The electrgmc system of claim 45, wherein _s§1d nous Graphics Random Access Memory (SGRAM) inte-
insulating la}./le.r 1S d}slele.cte? fromd :Ee grou}ljt . COHIdI;lHSl‘ng 15 grated circuit, a Programmable Read-Only Memory
ressure-sensitive adhesive tape and thermosetting adhesive . e .
fap e P & (PROM) integrated circuit, an Electrically Erasable PROM
47. The electronic system of claim 44, wherein said (EEPROM) integrated circuit, a flash memory circuit, and a
plurality of conductive pads is formed from a conductive MiCroprocessor circuit.
material selected from the group comprising metals and 20

metal alloys.
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