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INSULATED LEAD FRAME FOR
SEMICONDUCTOR PACRAGED DEVICES

FIELD OF THE INVENTION

"Phis invention relates to integrated circuits, and more
particularly relates to integrated circuit packages.

- BACKGROUND OF THE INVENTION

An integrated circuit packaged device generally includes
an integrated circuit chip lying on a chip support pad. Wire
bonds connect the IC te a lead frame. A substance, such as
piastic, encapsulates the structure. The plastic small
outline J lead (PS0OJ) package is one exemplary example. For
application, one technique uses reflow solder to surface mount
the IC package to a printed circuit board.

As the industry moves Lowards thinner packages and

. packages containing chips of larger size for higher volumetric

packaging, new packaging techniques #ve evolving. One such
.technique is the lead on chip package, (LOC). As described in
United States Patent No. 4,862,245 to Pashby et al., issued
August 29, 1989, and in United States Patent No., 4,916,519 to
Ward, issuned April 10, 1990, and in the article entitled
Volume Production ef Unique Plastic Surface Mount Modules For
The IBM 80-ns 1-Mbit DRAM Chip by Area Wire Bond Technigues by

" William C. Ward, published at the 38th ECC in IEEE 1988, pages

552=557, this technique disposes a lead frame over the active
area of an integrated circuit. Adhesive insulating tape
attaches the lead frame to the integrated circuit chip. Wire
bonds connsct the circuit to the centrally disposed power

. This Sheet Has Been Replaced
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‘FI ELD OF THE | NVENT| ON ‘This invention relates to integrated
cireguits, and more particularly relates to integrated circuit packages.
BACKGRCUND OF THE | NVENTI ON An integrated circuit packaged device

general Iy incl udes E
| THIS SHEET HAS BEEN |
RepLAGED |

e vt e g,

supply busses. And, wire bonds jump over the power supply
busses to connect the integrated circuit to conductive lead
fingers. No chip support pad is required.

Concerns exist about potential wire bond shorting to the
5 power bus portions of the lead frame in the LOC package.
Since the wires to the signal pins cross the metal lead frame
power bus, the opportunity for shorting may arise £from
assembly processes such as poor bond location, wire loop -
control, mold compound sweep, or from accidental touching
10 during processing. These assembly processes also create
concerns about shorting between the wirebonds themselves,

One approach to minimize sherting problems suggests the

use insulated wire. See, Insulated Aluminum Bonding Wire For
High Tead Count Packaging by Alex J. Oto, International

15 Journal For Hybrid Microelectronics, Vol. 9, No. 1, 1986,
While insulated wire has been reported to have some degree of
suceess in conventional assemply packages, the successful
implementation in a LOC package is questionable due to the
nature of the wire bond stitéh as it occurs over the

20 insulating £ilm on top of +the integrated circuit; the
probability of successful impiementation is therefore less
likely. Additionally, insulated wire is expensive.

It is an object of this invention te provide a solution
to wire bond shorting in lead on chip integrated circuit
25 packaged devices.

Other objects and benefi:s of this invention will be
apparent to those of ordinary skill in the art having the
benaefit of the description to Iollow herein.

TI-15%5366 2 This Sheet Has Been Replaced
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‘an integrated circuit chip lying on a chip support pad. Wre bonds connect
the;ICto a | ead frame. A substance, such as plastic, encapsul ates  the

struct ur é. The plastic small outline J lead (PSQJ) package is one
exenpl ary exanpl e. For application, one technique uses ref | opt—set-der—t-e .
surface mount the 1C package to a printed circuit board. THISASHEETHAS BEEN

i ndustry noves towards thinner packages and packages contaihing ARBEPPACKT

| arger size for higher volunetric packagi ng, new packagi ng, CECNhMIUES are
evol ving. One such technique is the |ead on chip package, (LOC). As
described in

SUMMARY OF THE INVENTION

An insulated lead frame is disclosed. The lead frame has
a first plurality of lead fingers and a second plurality of
lead fingers. It also has a power supply bus lying between
) the first plurality of lead fingers and the second plurality
of lead fingers. An insulating strip lies on a face of the
power supply bus near an edge of the face. Examples of a
suitable dielectric strip are an adhesive type tape, such as
a polyimidé tape, and a nonconductive liquid, such as liquid
10 polyimide. An insulated lead f£frame is useful in the
manufacture of packaged semiconductor inteqrated circuit
devices to reduce the possibility of wire bond shorting to the
power supply busses. One example is a dynamic random access
memory, DRAM, die having centrally disposed bonding pads
15 mounted to a lead on chip lead frame. The power supply busses
of the lead on chip lead frame have dielectric strips running
along their edges to reduce the possibility of shorting
between the power supply busses and the c¢rossing that connect
the lead fingers of the lead frame to the bonding pads of the

20 DRAM,

- This Sheet Has Bce'x ‘le lacc
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.United States Patent No. 4,862,245 to Pashby et al.., issued August 29,

1989, and in United States Patent No. 4,916,519 to ward, issued April 10,

1990, and in the article entitled Volume Production of Unique Plastic

Surface Mount Mdul es For The | BM 80-ns 1-Mit DRAM Chip by Awpa~MLLe&Bpnd
Techni ques by W1liam C. Vard, published at the 38th ECC in | BERISSBHEET nag gepn
pages 552-557, this techni que di sposes a |lead frane over the 4ptive35p@@mgf ’
an integrated circuit. Adhesi ve insul ating tape attaches the Teadt~—fF+ahBmm . __
to the integrated circuit chip. Wre bonds connect the circuit to the
centrally di sposed power

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross section view of a typical integrated
circuit package. '

FIG. 2 is a perspective, exploded view of a lead on chip
5 center bond device illustrating the lead frame, adhesive tape,
and integrated circuit.

FIG. 2a is a top view of the lead on chip center bond
device illustrating the connection of the integrated circuit
chip thereunder.

10 FIG. 2b is a top view of the lead on chip center bond
device illustrating the connecting wire bonds.

FIG. 2¢ is a top view of the lead on chip center bond
device wherein the encapsulatiag meld compound is rendered
‘transparent.

15 FIG. 2d is a side view of the completed lead on chip
center bond package.

FIG. 2e is a perspective view, partially broken away, of
the completed lead on chip center bond integrated circuit
package.

20 FIG. 3 is partial broken away top view of an altexred FIG.
2b, illustrating the preferred embodiment of the invention.

hoet Has Been Replaced.
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-2 Esupply busses. And, wire bonds junp over the power

conpect }he Integrdated circuit to conductive | ead

supply busses to

FIG. 4 is a partial perspective view of the preferred
embodiment of the invention taken along the line 4 =~ 4 of

FIG. 3.

FIG. 4a is an enlarged partial end view of FIG. 4,

5 FIG. S5 is an enlarged partial end view of FIG. 4

illustrating an alternative embodiment of the invention.

FIG. 5a is an enlarged partial end view of FIG. 5.
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No chip support pad is required. Concerns exi st about
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potential wre bond shorting to the power bus portions of the lead f rane
in the LOC package. Since the_wires to the signal pins cros he net al
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DETAILED DESCRIPTION OF SPECIFIC EMBODIMENT

FIG. 1 illustrates an integrated circuit packaged device
12 constructed in the industry s:zandard plastic small outline
J-leaded (PSQJ) surface mount package. A semiconductor
integrated circuit chip 11 rests on a2 mount support pad (chip
attach) 12. Wire bonds 14 connect the bonding pads (not
shown) located along the outer edges of semiconductor circuit
11 to conductive "J" shaped lead fingers 15. A mold compound
matarial 16 such as plastic encapsulates the components.

FIG. 2 illustrates an initial stage of the LOC concept.
The following copending and coassigned applications also
describe the LOC concept:

Serial No. Inventor Filed TI~-Docket
373,742 Beinen, et al. 06/30/89 14287
455,210 Lim, et al. 12/22/89 14600
455,105 Lim, et al. 12/22/89 14603

In packaged device 20 of FIG. 2, the bond pads 23 lie
along the central horizontal axis of semiconductor integrated
circuit chip 21. Semiconductor 21 lies heneath lead on chip
lead frame 25. Lead on chip lead frame 25 may be formed of
conductive metal. An example is full hard temper CDA alloy
151 about .008 inches thick that may be spot plated in gold,
silver, or the like. Another example is half hard alloy 42.
Semiconductor chip 21 may be. for example, a 16 Megabit
Dynamic Random Access Memory (DRAM) storing more than 16
million data bits on a semiconductor substrate about 325 X 660
mils. Two pieces of double sided adhesive tape 22a and 22b
are disposed over the top active surface of semiconductor
circuit 21 and attach lead frame 25 over thae top of chip 21.

TI-15366 6



.Cne‘approach to mnimze shorting problens suggests the use insulated wre.

See,

I nsul ated Al um num Bonding Wre For Hi gh Lead Count Pa
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It is this configuration that leads to the description "lead
on c¢hip”, (LOC}. The centrally disposed bond pads 23 lead to
the further description "lead or. chip center bond", (LOCCR).
Double sided adhesive tape 22a and 22b may comprise, for
example, a double sided thermesetting epoxy adhesive coated
polyimide £ilm that also acts as an active barrier. One such
commercially available tape containing a polyimide film is
sold under the trade name Dupont Kapton. The chip 21 and the
lead frame 25 form a self supporting structure. No chip

“support pad is required.

FIG. 2a depicts the resul:ing structure when the lead
frame 25 is affixed over the integrated circuit 21 in the
manner shown in FIG. 2. The power busses 28a and 28b are part
of the lead frame material and comprise spaced apart parallel
conductive busses that runm along the middle of the chip 21.
Power supply bus 28a is connected between lead fingers 27w and
27x and may provide, for exampla, ground voltage Vss. Power
supply bus 28b is connected between lead fingers 27y and 27z
and may provide, for example, positive voltage Vdd. The
adhesive tapes 22a and 22b are spaced apart such that the bond
pads 23 of chip 21 are exposed for bonding to the conductive
lead fingers 27 of lead frame 25.

FIG. 2b 1illustrates a subsequent assembly stage of
packaged device 20 wherein high speed thermosonic gold ball
wire bondihg is accomplished to connect the bond pads 23 to
various lead fingers 27 and to the power supply busses 28a and
28b. While various types of wire bonding may be utilized,
gold wire bonds of about 0.001 inches diameter are sufficient.
One end of the wire bonds 24 are connected to various of the
bond pads 23. The other end of various wire bonds 24 are
connected to the two centrally disposed power supply busses

TI-15366 7
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At is an object of this invention to provide a solution to wre bond
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28a and 28b of lead frame 25. Multiple wire bond contacts may
be made to these busses to :more efficiently distribute
voltage. The other end of various wire bonds 24 cross over a
power supply bus to make contact with the internal tip ends of
the conductive lead fingers 27. Wire bond 24a is exemplary.
One end of wire bond 24a is attached to the intermal tip end
of lead finger 27a. Wire bond 24z passes over power supply bus
28a where the other end of wire bond 24a is connected to bond
pad 23a. .The intermal tip ends of the lead fingers 27 are
downset. An undesirable wire sweep could result in wire bond
24a touching power supply bus 28a thereby causing an
undesirable short.

FIG. 2¢ illustrates packaced device 20 in a subsequent
assembly stage with the plastic encapsulant 26 rendered
transparent. Transfer molding is accomplished using a molding
compound such ag a Novolac epoxy. Low stress mold techniques
work well in encapsulating the device. The plastic
~ncapsulant 26 surrcunds the integrated circuit 21, the lead
frame 25, and the wire bonds 24 to form a plastic body. The
lead frame 25 is trimmed and the lead fingers 27 are bent in
the "J" shape with the outer lead finger ends extending
through the plastic encapsulant 26 so that suitable physical
and electrical connection may be made with external circuitry.
There are 24 lead fingers 27 extending through the plastic
encapsulant.

FIG. 24 is a side view of the completed lead on chip
packaged device 20. The package size for the die size above
described may be on the order of about 400 X 725 mils and may
ba thinner than about 50 mils. The external appearance of the
package is that of a 24 pin PSOJ.

TI-13366 8
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FIG. 2e illustrates in perspective a partially cut away
view of the finished semiconductcr packaged device package 20.

PIG. 3 is a partial broken away top view of an altered
FIG. 2b illustrating the preferred embodiment of the
invention, while FIG. 4 is a perspective view along the line
4 -- 4 of FIG. 3 to further illustrate the preferred
embodiment of the invention. (The lead frame 25 is broken
away from its cuter edges and for clairty, only a few of all
the actual wire bonds are iliustrated.) FIG. 4a is an
enlarged end view of FIG. 4.

Referring now to FIG.s 3, 4, and 4a, insulating, non
conductive, strips 28al and 28a2 run along the edges on the
top face of power supply bus 28a and insulating,
nonconductive, strips 28bl and 23b2 run along the edges on the
top of power supply bus 28b., Portions of the surface of power
supply busses 28a and 28b between the insulating strips are
left exposed for bonding purpesesz. Wire bond 24s extends from
bond pad 23s. It passes over insulator strip 28a2 and
connects to power supply bus 28a. Wire bond 24a extends from
bond pad 23a. It'passes over insulator strips 28a2 and 28a1
and connects to the internal tip end of lead finger 27a. The
insulator strips protect crossing wire bonds from collapsing
against the power supply busses and shorting. Sheould wire
bond 24a unfortunately collapse, it should rest against
nonconductive strip 28al, against nonconductive strip 28b2, or
against both nonconductive strips 28al and 28a2 and therefore
not short to power supply bus 28a. '

In the preferrad embodiment of the invention, the
insulating strips 28al, 28a2, 28bl, and 28b2 are formed out of
an insulating adhesive tape. A single sided adhesive tape is

TI-15366 9
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.a ffrst'plurality of lead fingers and a second plurality of |ead fingers.
It .also has a power  supply-bus lying between the first plurality of Iead

fingers and—the sécond plurality of lead fingers. An insulatij 33““—7
on a face S gﬁHﬂMRﬂl y bus near an edge of the face. qgﬁg #géfka

suitabl e die re an adhesive type tape, such as mﬁaéﬁl f
tape, and a ““ I quid, such as |iquid polyimde. An insulatéa—
| ead frane in the manufacture of packaged sem conduct or
integrated circuit deV|ces to reduce the possibility of wire bond shorting

to the power supply busses. Onée exanple is a dynam c random access nenory,
DRAM die having centrally di sposed bondi ng pads

sufficient to adhere the nonconductive strips to the power
supply busses, although the double sided adhesive tape 22
described above warks also, Suitable examples are the Dupont
"Rapton" tape and an Upliex tape. These tapes contain a

5 thermosetting epoxy adhesive polyimide film that acts as an
active barrier.

The size of the dielectric strips should be such so as to

eliminate electrical transmissicn through it while allowing a

sufficient area of the power supply busses exposed for wire

10 bonding purposes; the insulating strips should be large

encugh to prevent electrical <ontact between a wire bond

resting against the strip and the power supply bus, but not

too big so that they interfere with wire bonding to the power

supply busses. Suitable dimensions, as illustrated in FIG.

15 4a, include a tape strip height 30h of approximately 0,002

inches and a tape strip width 30w of approximately 0.005

inches. These sizes leave a suficient area of the power

supply busses, that are approximately 0.01%5 inches wide,
exposed foxr the bond wires to be connected to them.

20 FIG. 5 1llustrates an alternative embodiment for the
composition of the insulating strips. Here, the insulator
strips 28al and 28a2 are formed from a nonconductive liquid.
The copending, cofiled, and coassigned application of Texas
Instruments entitled "Insulated Lead Frame For Integrated

25 Circuits And Method of Manufacture Therecf" by Lim, et al,
Serial No. '+ (TI-15310), incorporated herein by
reference, discloses a suitable method of putting the
nonconductive liguid material on the power supply busses.
Ligquid polyimide is the preferred liguid insulating material

30 of this alternative embodiment. The liquid insulator is
applied along the edges of the power supply busses and after

-

TI-15366 10



.mounted to a lead on chip lead frame. The power supply busses of the |ead
on- chpp~Lead_LLanE ‘have dielectric strips running along their edges to
reduce the possibility of shorting between the power supply TH@ go ane—t
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curing, has a curved outer topography resembling a bead, or
half roll strip, along the edges.

To facilitate reception by the power supply busses of the
liquid insulator, the power supply busses are preferably
notched, or stepped, along the edges before the liquid
insulator is applied. This helps the liguid stay on the edge
of the power supply busses and not drain or slide off. More
importantly, the insulating material on the step reduces the
possibilitf of shorts occurring at the edge of the power
supply busses. Referring to FIG. 5a, a step width 31w of
approximately 0.005 inches and a step height 31k of
approximately 0.003 to 0.005 inches works well. The size of
the cured liguid insulating strips should be such to eliminate
electrical transmission bhetween a power supply bus and a
touching crossing wire bond, while allowing a sufficient area
of the power supply busses exposed for wire bonding purposes.
Applying the liquid polyimide on the step size given above,
the width, 32w, of .this curred liquid strip 28al is
approximately between 0.005 to 0.008 inches, and the height
32h, measured from the step bottom to the highest point on the
curved otuter topography, is between about 0.006 te 0.010
inches. The outer portion of cured liquid insulator strip
28al thus extends above the step height 31h and over the step
edges.

The insulated lead frame thus has a first set of lead
fingers, a second set of lead fingers, and at least one power
supply bus lying between them. An insulating strip lies on-a
face of the power supply bus near an edge of the £face.
Examples of a suitable dielectric strip are an adhesive type
taps, such as a polyimide tape, and & nonconductive liquid,
such as liguid polyimida. Another insulating strip may lie on

TI-~-15366 11 ’




4 ".BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a cross section
view of a typical integrated circuit package.
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the face of the power supply bus near the other edge of the
face. Such an insulated lead frame is useful im the
manufacture of packaged semiconductor integrated circuit

devices to reduce the possibility of wire bond shorting to

5 power supply busses. Foz example, in a dynamic random access
memory, DRAM, die having centrally disposed bonding pads
_mounted to a lead on chip lead frame, the power supply
busses of the lead on chip lead frame have dielectric strips
running along their edges to reduce the possibility shorting

10 between the power supply busses and the crossing wire bonds
that connect the lead fingers of the lead frame to the bonding

pads of the DRAM.

Aside from advantageously reducing the possibility of

undesirable wire bond shorting, the insulator strips provide

15 the further advantages. They can be applied by the lead frame

manufacturer and thus save the integrated circuit manufacturer

extra process steps during assembly of the device. They

readily accomodate changes in bond pad locations without

impacting wire bonding location along the power supply busses

20 and over the power supply busses. Also, they aid in the

creation of very thin integrated circuit packages. The wire

height between the power supply busses and the wire bonds that

cross over them may be decreasec since the possibility of wire

bond shorting is reducad. Overall package height may

25 accordingly be reduced. These insulating strips may similarly
used in chip on lead packaged devices as well.

While this invention has been described with reference to
illustrative embodiments, this description is not intanded to
be construed in a limiting sense. For exampie, the invention

30 works  well on chip on lead lead framas wherein the -
semiconductor chip resides over the lead frame. Various other

TI-15366 12




- FI G‘Z is a perspective, exploded view of a lead on chip center bond device
ilfustrating the | ead frame, adhesive tape, and integrated circuit.

FIG 2a'is_a top view.of the |lead on chip center bond devi c'el_—'t-s[-l—u-&t—r—ar_l.n.g\,
t.he connection of the int Fgrat ed circuit chip thereunder. HIS 'SHEET Has BEEN
This Sheet Has Been Replated

TR

embodiments of the invention will be apparent to persons

skilled in the art upon reference to this deseription. It is

therefore contemplated that the appended claims will cover any

such modifications of the embodiments as fall within the true
5 scope and spirit of the invention.

TI-15366 13



"FIG.2b is a top view of thet'ead on chip center bond device illustrating
t he connecting w re bonds. Tlnssmet[-ﬁkﬁeengeplai\.&l a top view of the lead on chip

center bond device wherein th g -nol d .conmpound i s rendered

transparent. FIG 2d ﬂ“m(‘ﬂm of the conpl et | A BrE

center bond package. THIS SHE “P:f'}"’ OEEN
TI-15366 REPLACED
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1. An insulated lead frame, comprising:
a plurality of lead fingers;
a power supply bus adjacent said plurulity; and
an insulated strip on the face of the power gupply bus.

2. An insulated lead frame as claimed in claim 1 and wherein said insulating strip
lies near an edge of the power supply bus.

3. An insulated lead frame as claimed in claim 1 or claim 2 and including a second
plarality of lead fingers, said power supply bus lying between the first and second
plurality of lead fingers.

4, An insulated lead frame as claimed in any preceding claim and wherein the
insulating strip is an adhesive tape.

5. An insulated lead frame as claimed in claim 4 and wherein said adhesive tape is a
polyimide.

6. An insulated lead frame as claimed in any preceding claim and wherein the
insulating strip is a cured nonconductive liquid.

7. The insulated lead frame as claimed ir: claim 6 and wherein the cured non-
conductive liquid is a polyimide.

8. An insulated lead frame as claimed in any preceding claim and further comprising
another insulating strip on the face of -he power supply bus near an outer edge of
the face.



FIG -2e is a ptlmm Ilﬂ)ul”mlz |partial |y broken away, of the conpl eted
| ead on chip:c ated circuit package. FIG 3is

partial broken away top Vview of an altered FIG 2b, illust rEHIB NEHEEeHAS BEEN
pr.ef erred enbodi ment of the invention. REPLACED

9.  Aninsulated lead frame as claimed in uny of claims 3 to 8 and including another
power supply bus lying between said first and second plurality of lead fingers and
another insulating strip on a face of the second power supply bus.

10.  Aninsulated lead frame as ¢laimed in any preceding claim wherein the lead frame
is a lead on chip lead frame.

11.  The insulated lead frame of any of claims 1 to 10 and wherein the lead frame is a
chip on lead lead frame.

12.  Aninsulated lead frame as claimed in any preceding claim and wherein the edges
of a power supply bus are stepped.

13, Alead frame as claimed in any preceding claim and wherein the adhesive tape
has a height of approximately 0.002 inches and a width of approximately 0.005
inches.

14. A semiconductor chip including a lead frame as claimed in any of claims 1 to 13.

15. A semiconductor chip as claimed in claim 14 and including a semiconductor die
having a plurality of bonding pads centrally disposed along a face thereof;
said lead frame lead fingers extending over the face of the semiconductor die and
having two power supply buses adjacent the bond pads;
a plurality of wire bonds, some that ¢ross over a power supply bus for connecting
some of the centrally disposed bondiny pads to some of the plurality of lead
fingers, and sorits that connect other of the cenirally located bonding pads to the
power supply buses; an encapsulant, e ncapsulating the semiconductor die, the
wire bonds, and the lead frame such that portions of the lead fingers extend
through the encapsulant; and
wherein the insulated strips are arranged such that they reduce the possibility of a
crossing wire bond from collapsing against a power supply bus.

16.  The semiconductor chip as claimed in claim 15 and wherein the semiconductor
die is a random access memory die.

This Sheet Has Been Rep

Hllllll lllllf I B



; m Lﬂ'ﬁm—’m perspective view of the preferred enbodi nent of
thelnvent he line 4 -- 4 of FIG 3.

THIS SHEET HAS BEEN
REPLACED

17. A semiconductor packaged device including a lead frame as claimed in any
preceding claim.

18. A semiconductor package device as claimed in ¢laim 13 and including a
semiconductor chip having a major surface with bonding pads thercon disposed
within an encapsulating material;
said lead frame having said first plurality on a first side and said second plurality
on a second side, and at Jeast two power supply buses, the first side of said lead
fingers and the sccond side of seid lead fingers having outer ends extending
through the encapsulating material and having inner tips overlying the major
surface of the semiconductor chip for connecting to bond pads of the

. semiconductor chip and for connrecting to the power supply buses, the two power
supply buses being disposed between the inner tips of the first plurality of
adjacent lead fingers and the inner tips of the second plurality of lead fingers.

This Sheet Has Been Replaced

i

16



FIG +4a is an enl arged partial end view of FIG 4. FIG 5 is an

enlarged partial end view of FIG 4 illustrating an alternative enbodi nent
of the invention. FIG 5a is an enlarged partial endadew.-of FIG 5.
: THIS SHEET HAS Begy
REPLACED

" . This Sheet Has Been Replaced
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A insulated lead frame (2S) is disclosed. The lead frame has
a first plurality of lead fingers (2") and a second plurality of
lead fingers (27). It also has a powe: supply bus (28a, 28b) lying
between the first plurality of lead fingers and the second
plurality of lead fingers. Aan insularing strip (28al, 28a2; 28b1,
28b2) lies on a face of the power supply bus near an edge of the
face. Examples of a suitable dielectric strip are an adhesive type
tape, such as a polyimide tape, and a ronconductive liquid, such as
liguid polyimide. An insulated lead frame is useful in the
manufacture of packaged semiconductor integrated ¢ircuit devices to
reduce the possibility of wire bond :zhorting to the power supply
busses. One example is a dynami¢ random access memory, DRAM, die
having centralily disposed bonding pacis (23) mounted to a lead on
chip lead frame. The power supply busses of the lead on chip lead
frame have dielectric strips running along their edges to reduce
the possibility of shorting batween thLz power supply busses and the
crossing wire bonds (242, 24s8) that coanect the lead fingers of the
lead frame to the bonding pads of the DRaM.

ABSTRACT OF THE DiSCLOSURE

TY-15366
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DETAI LED DESCRI PTI ON OF SPECI FI C EMBCDI MENT

integrated circuit packaged device 10 constructed in the ind
outline J-|eaded

plastic snall

(PSQU)

surf ace

FIG 1l

nount pacKage.
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sem conductor integrated circuit chip 11 rests on a nount support patd BRisp

‘attach) 12.

| ead fingers 15.

t he conponents.

27y . —

Wre bonds 14 connect the bondi ng pads
al ong the outer edges of sem conductor circuit ‘11 to conductive "J"

(not shown) | ocat

ed

shaped

A mol d conpound naterial 16 such as pl asti-c—encapsulates
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FIG 2 illustrates an initial stage of the LOC cbncept. The follow ng

copendi ng and coassi gned applications al so describe the LOC c
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. FIG..2a depicts the resulting structure when the |lead frane 2?r+€%fﬁ$+xed~«
over the integrated circuit 21 in the manner shown in FIG 2 WﬁeSbGMBh* bitis g
busses «28a and 28b are part of the lead frane material and cpnpri REPsABKEd j
apart parallel conductive busses that run along the nmiddle of the COTP<ZL o -
‘Power supply bus 28a is connected between | ead fingers 27w and 27x and may
provi de, for exanple, ground voltage Vss. Power supply bus 28b is connected
between lead fingers 27y and 27z and may provi de, for exanple, positive
vol t age Vvdd. The adhesive tapes 22a and 22b are spaced apart such that

t he bond

. This Sheet Has Been Re ]1ced




, pads 23 of. chip 21 are exposed for bonding to the conduct) VeiSI SREE My
27 of lead frame 25. FIG 2b illustrates a subsgquent passelH
stage «of packaged device 20 wherein high speed thernoso re+-d
Wwse bonding is acconplished to connect the bond pads 23 to varigpus—iead 3¢

fingers 27 and to the power supply busses 28a and 28b. VWi | e varTous
types of wire bonding may be utilized, gold wire bonds of about 0.001
inches dianeter are sufficient. One end of the wire bonds 24 are connected
to various of the bond pads 23. The other end of various wi re bonds 24

are
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INSULATED LEAD FRAME FOR
SEMICONDUCTOR PACKAGED DEVICES

FIELD OF THE INVENTION

This invention relates to integrated circuits, and more
particularly relates to integrated circuit packages.

BACKGROUND OF TEE INVENTION

An integrated circuit packaged device generally includes
an integrated circuit chip lying on a chip support pad. Wire
bonds connect the IC to a lead frame. A substance, such as

~plastic, encapsulates the structure. The plastic small

outline J lead (PSOJ) package is one exemplary example. For
application, one technique uses reflow solder to surface mount
the IC package to a printed circuit board.

As the industry moves towards thinner packages and
packages containing chips of larger size for higher volumetric
packaging, new packaging techniques a2re evolving. One stch

~ technique is the lead on chip package, (LOC). As described in

United States Patent No. 4,862,245 to Pashby et al., issued
August 29, 1989, and in United States Patent No. 4,916,519 to

.Ward, issued April 10, 1990, and in the article entitled

Volume Production of Unique Plastic Surface Mount Modules For
The IBM 80-ns 1-Kbit DRAM Chip by Area Wire Eond Technigues by
William C. Ward, published at the 38th ECC in IEEE 1988, pages
552~557, this technique disposes a lead frame over the active
area of an integrated circuit. Adhesive ingulating tape
attacheg the lead frame to the inteqratéd circuit chip. Wire
bonds connect the circuit to the centrally disposed power



28a and 28b of lead frame 25. MiLtiple wre bond contacts renade

U--n*

t hese busses to nore efficiently distribute voltage. The ot erREBhﬁpWEm SHEET
vard ous wire bonds 24 cross over a power supply bus to nmake ntact wth
‘the internal tip ends of the conductive lead fingers 27. Wre boqds 3gp H%%
_exenplary. One end of wire bond 24a is attached to the inter tip end of
| ead finger 27a. Wre bond 24a passes over_ power supply bus
other end of wire bond 24a is connected t@ bond pad 23a. Th
ends of the lead fingers 27 are downset.

8
internal tip

An undesirable wire Sweep could
result in wire bond

supply busses. 2and, wire bonds jump over the power supply
busses to connect the integrated circuit to conductive lead
fingers. No chip support pad is required.

Concerns exist about potential wire bond shorting to the
power bus portions of the lead frame in the LOC package.
Since the wires to the signal pins cross the metal lead frame
power bus, the opportunity for shorting may arise from
assembly processes . such as poor bond location, wire loop
control, mold compound sweep, or from accidental touching .
during processing. These assembly processes also create
concerns about shorting between the wirebonds themselves.

One approach to minimize shorting problems suggests the
use insulated wire. See, Insulated Aluminum Bonding Wire For
"Bigh Tead Count Packaaing by Alex J. Oto, International
Journal For Bybrid Mic:qelect:onics, Vol. 9, No. 1, 1986,
While insulated wire has been reported to have some degree of
success in conventional assembly 'packa-ges, the successful

implementation in a LOC package is questionable due teo the
nature ¢f the wire bond

stitéh as it occurs over the
insulating f£film on top of <the integrated circuit; the
probability of successful implementai:ion is therefore less
likely. Additionally, insulated wire is expensive.

It is an object of this invention to provide a solution

to wire bond shorting in lead on chip integrated circuit
packaged devices.

Other objacts and benefi:s of this invention will be
appareant to those of ordinary skill in the art having the
benefit of the description to follow herein.



24a touching power supply bus 28a thereby causing an undesirable short.
FIG 2c¢ illustrates packaged device 20 in a subsequent assenbiy: t%&F.thhUFF
the plastic encapsul ant 26 rendered transparent. Transfer nnldﬁ%% NatBENT SHEET
acconpl i shed using a nol di ng conmpound such as a Novol ac epoxyl. [Low stress 1}
nol d techniques work well in encapsulating the device. Th¢‘,gtpq§%§
ame 25, an

oncapsul ant 26 surrounds the integrated circuit 21, the lead |fr

the wire bonds 24 to forma plastic body. The |lead franme 25 i{s trrmmred—and—
the lead fingers 27 are bent in '

!

SO

SUMMARY OF TEE INVENTION

' An insulated lead frame is disclosed. The lead frame has
a first plurality of lead fing€rs and a second plurality of
lead fingers. It also has a power supply bus lying between
the first plurality of lead fingers and the second plurality
of lead fingers. An insulating strip lies on a face of the
power supply bus near an edge of the face. Examples of a
suitable dielectric strip are an adhesive type tape, such as
a polyimide tape, and a nonconductive liquid, such as liquid
pelyimide. An insulated lead frame is useful in the
manufacture of packaged. semiconductor integrated circuit
devices to reduce the possibility of wire bond shorting to the
power supply busses. One example is a dynamic random access
memory,.DRAM, die having centrally disposed bonding pads
mounted to a lead on chip lead frame. The power supply busses
of the lead an chip lead frame nave dielectric strips running
along their edges to reduce the possibility of shorting
between the power supply busses and the crossing that connect

the lead fingers of the lead frame to the bonding pads of the
" DRAM.



the "J" shape with the outer |ead finger ends extending through the
pl astic. encapsul ant 26 so that suitable physical and el egt+eat _
may be made with external circuitry. There are 24 |ead fi rjg8ESLADEVERT egieliciig:
t hrough the plastic encapsul ant. FIG 2dis a sidg Jiewof the

conpleted |l ead on chip packaged device 20. The package sijzg¢ f Aie |
' lﬁﬁugéﬁd“éayi

si ze above described nmay be on the orger of about 400 X %24

be thinner than about 50 nmils. The external appearance of |t he—package-is!
that of a 24 pin PSQJ.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross section view of a typical integrated
circuit package.

PIG. 2 is a perspective, exploded view of a lead on chip
center bond device illustrating the lead frame, adhesive tape,
and integrated circuit.

FIG. 2a is a top view of the lead on chip center bond
device illustrating the connection of the integrated circuit
chip thereunder.

FIG. 2b is ‘a top view of the lead on chip center bond
device illustrating the connecting wire bonds.

FIG. 2¢ is a top view of the lead on chip center bond

device wherein the encapsulating meold compound is rendered
transparent.

FIG. 2d is a side view of the completed lead on chip
center bond package.

FIG. 2e is a perspective view, partially broken away, of

the completed lead on chip center bond integrated circuit
package. '

FIG. 3 is partial broken away top view of an altered FIG.
2b, 1llustrating the preferred embodiment of the invention.
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FIG. 4 is a partial perszpective view of the preferred
embodiment of the invention taken along the line ¢ == ¢ of
FIG. 3. '

FIG. 4a is an enlarged partial end view of FIG. 4.

FIG. 5 is an enlarged partial end view of FIG. 4

illustrating an alternative embodiment of the invention.

FIG. Sa is an enlarged partial end view of FIG. 5.




FIG 2e illustrates in perspective a partially cut away V|em10f the
finished sem conduct or packaged devi ce package 20.

partial broken away top view of an altered FIG 2b |IIustratﬁﬁ§lAH%'P“v‘*’*]
preferred enbodi ment of the invention, while FIG 4 is a pefspective view
along the line 4 -- 4 of FIG 3 to further illustrate the pfefexredes 1935
enbodi ment of the invention. (The lead frame 25 is broken apay fron1|ts
outer edges and for clairty, only a few of al

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENT

FIG. 1 illustrates an inteqrated circuit packaged device
10 constructed in the industry standard plastic small outline
J-leaded (PSOJ) surface mount package. A semiconductor
integrated circuit chip 11 rests on a mount support pad (chip
attach) 12. Wire bonds 14 connect the bonding pads (not
shown) located along the outer edges of semiconductor circuit
11 to conductive "J" shaped lead fingers 15. A mold compound
material 16 such as plastic encapsulates the components.

FIG. 2 illustrates an initial stage of the LOC concept.
The following copending and coassigned applications also
describe the LOC concept:

Serial No. Inventor Filed TI-Docket
373,742 Beinen, et al. 06/30/89 14287
455,210 Lim, et al. 12/22/89 14600
455,105 " Lim, et al. 12/22/89 14603 .

In packaged device 20 of FIG. 2, the bond pads 23 lie
along the central horizontal axis of semiconductor integrated
circuit chip 21. Semiconductor 21 lies beneath lead on chip
lead frame 25. Lead on chip lead frame 25 may be formed of
conductive metal. An example is full hard temper CDA alloy
151 about .008 inches thick that may be spot plated in gold,
silver, or the like. Another example is half hard alloy 42.
Semiconductor chip 21 may be. for ekample, a 16 Megabit
Dynamic Random Access Memory (DRAM) storing more than 16
million data bits on a semiconductor substrate about 325 X 660
mils. Two pieces of double sided adhegive tape 22a and 22b
are disposed over the top active surface of semiconductor
circuit 21 and attach lead frame 25 over the top of chip 21.



the actual wire bonds are illustrated.) FIG 4a is an enlarged end view
of FIG 4. Referring nowto FIGs 3, 4, and 4a, i nge-attRg—non

conductive, strips 28al and 26a2 run along the edges on the ﬂEBLAGHMﬂ&s SHFET
power supply bus 28a and insulating, nonconductij ve, sterS‘?BbI’amdw
26b2 run along the edges on the top of power supply bus 284. ;w@%
the surface of power supply busses 28a and 28b between the irsu tY'rg

strips are left exposed for bonding purﬂoses. Wre bond 2494 dxtends—from

bond pad 23s. It passes over insulator strip 28a2 and

It is this configuration that leads to the description "lead
on chip”, (LOC). The centrally disposed bond pads 23 lead to
the further description "lead on chip center bond", (LOCCE).
Double sided adhesive tape 22a and 22b may comprise, for
example, a double sided thermosetting epoxy adhesive coated
polyimide film that also acts as an active barrier. One such
commercially available tape containing a polyimide film is
sold under the trade name.Dupont Kapton. The chip 21 and the
lead frame 25 form a self supporting structure.. No chip
support pad is required.

FIG. 2a depicts the resulting structure when the lead
frame 25 ie affixed over the integrated circuit 21 in the
manner shown in FIG. 2. The power busses 28a and 28b are part
of the lead frame material and comprise spaced apart parallel
conductive busses that run aloag the middle of the chip 21.
Power supply bus 28a is connected between lead fingers 27w and
27x and may provide, for example, ground #oltage Vss. Power
supply bus 28b is connected between lead fingers 27y and 27z
and may provide, for example, pasitive voltage Vdd. The
adhesive tapes 22a and 22b are spaced apart such that the bond

pads 23.of chip 21 are exposed for bonding to the conductive
lead fingers 27 of lead frame 25.

FIG. 2b illustrates a subsequent assembly stage of
packaged device 20 wherein high speed thermosonic gold ball
wire bonding is accomplished to connect the bond pads 23 to
various lead fingers 27 and to the power supply busses 28a and
28b. While various types of wire bonding may be utilized,
gold wire bonds of about 0.001 inches diameter are sufficient.
One end of the wire bonds 24 are connected to various of the
bond padi 23. The other end of various wire bonds 24 are
connected to the two centrally disposed power supply busSes



connects to power supply bus 28a. Wre bond 24a extends fron
It passes over insulator strips 28a2 and 28al and connects t
tip end of lead finger 27a. The insulator strips protect crg
bonds from col | apsi ng agai nst the power supply busses and sh
Shoul d wire bond 24a unfortunately coll apse, it should rest
nonconductive strip 28al, against noncopductive strip 28b2,
nonconductive strips 28al and 28a2 and therefore not short

bus 28a. In the preferred enbodi ment of the inventi

d 23a.
O REPEAGEMERT "Bk T
Sc'i"‘ﬁ'g M2

onti
adai hgtSEP 3%
on_agai nst both

o power supply
tha

T Trre

28a and 28b of lead frame 25. Multiple wire bond contacts may
be made to these busses to more efficiently distribute
voltage. The other end of various wire bonds 24 cross over a
power supply bus to make contact with the internal tip ends of
the conductive lead fingers 27. Wire bond 24a is exemplarv.
One end of wire bond 24a is attached to the internal tip end
of lead finger 27a. Wire bond 24a passes.over power supply bus
28a where the other end of wire bond 24a is connected to bond

.pad 23a. The internal tip ends of the lead fingers. 27 are

downset. An undesirable wire sweep could result in w1re bond

24a touching power supply bus 28a thereby causing an
undesirable short.

FIG. 2¢ illustrates packaged device 20.in a subsequent
assembly stage with the plastic encapsulant 26 rendered
transparent, Transfer molding is accomplished using a molding
compound such as a Novolac epoxy. Low stress mold techniques
work well in encapsulating the device. The plastic
cncapsulant 26 surrounds the integrated circuit 21, the lead
frame 25, and the wire bonds 24 to form a plastic body. The
lead frame 25 is trimmed and the lead fingers 27 are bent in
the “J" shape with the outer lead finger ends extending
through the plastic. encapsulant 26 so that suitable physical
and electrical connection may be made with external circuitry.

There are 24 lead fingers 27 extending through the plastic
encapsulant.

FIG. 2d is a side view of the completed lead on chip
packaged device 20. The package size for the die size above
described may be on the order of about 400 X 725 mils and may

be thinner than about 50 mils. The external appearance of the
package is that of a 24 pin PSO0J.



I nsulating strips 28al, 28a2, 28bl, and 28b2 are fornmed out of

I nsul ati ng adhesi ve tape.

an
A single sided adhesive tape is
10 _
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FIG. 2e illustrates in perspective a partially cut away
view of the finished semiccnductcr packaged device package 20.

PIG. 3 is a partial broken away top view of an altered
FIG. 2b illustrating the preferred embodiment of the
invention, while FIG. 4 is a perspective view along the line
4 -- 4 of FIG. 3 to further illustrate the preferred
embodiment of the invention; (The lead frame 2S5 is broken
"away from its outer edges and for clairty, only a few-of all
the actual wire bonds are illustrated.) FIG.
enlarged end view of FIG. 4.

4a 1is an

Referring now to FIG.s 3, 4, and 4a, insulating, non
conductive, strips 28al and 28a2 run along the edgeé on the
top face of power supply bus 28a and insulating,
nonconductive, strips 28bl and 28b2 run along the edges on the
top of power supply bus 28b. Portions of the surface of power
supply busses 28a and 28b between the insulating strips dre
left exposed for bonding purposes. Wire bond 24s extends from
bond pad 23s. It passes over insulator strip 28a2 and
connects to power supply bus 28a. Wire bdnd 24a extends from
bond pad 23a. It passes over insulator strips 28a2 and 28al
and connects to the internal tip end of lead finger 27a. The
insulator strips protect crossing wire bonds from collapsing

against the power supply busses and shorting. Should wire

bond 24a unfortunately collapse, it should rest against

nonconductive strip 28al, against nonconductive strip 28b2, or

against both nonconductive strips 28al and 28a2 and therefore
not short to power supply bus 28a.

In the preferrad embodiment of the invention, the
insulating strips 28al, 28a2, 28bl, and 28b2 are formed out of
an insulating adhesive tape. A single sided adhesive tape is



suf f icient to adhere the nonconductive strips to the power supply busses,

al t hough the doubl e si ded adhesive tape 22 described above mqﬁ%EAégﬁgyT SHEET
Sui.t abl e exanpl es are the Dupont "Kapton" tape and an Uplix, ';:ﬁhéSéQ
tapes contain a thernosetting epoxy adhesive polyimde filmtphat acts as an

active barrier. The size of the dielectrie strips shpuj dibeSEBCHY80
as to _

10

sufficient to adhere the nonconductive strips to the power
supply busses, although the double sided adhesive tape 22
described above warks also. Suitable examples are the Dupont
"Kapton" tape and an Upliex tape. These tapes contain a

thermosetting epoxy adhesive polyimide film that acts as an
active barrier.

The size of the dielectric strips should be such so as to
eliminate electrical transmission through it while allowing a
sufficient area of the power supply busses exposed for wire
bonding purposes; the insulating strips should be large
enough to prevent electrical «ontact bhetween a wire bond
resting against the strip and the power supply bus, but not
too big so that they interfere with wire bonding to the power -

. supply busses. Suitable dimensions, as illustrated in FIG.
4a, include a tape strip height 30h of approximately 0.002
inches and a tape strip width 30w of approximately 0.005
inches. These sizes leave a suficient area of the power
supply busses, that are approximately 0.015 inches wide,
exposed for the bond wires to be connected to them.

FIG. 5 illustrates. an alternative embodiment. for the
composition of the insulating strips. Here, the insulator
strips 28al and 28a2 are formed from a nonconductive liquid.
The copending, cofiled, and coassigned application of Texas
Instruments entitled "Insulated Lead Frame For Integrated

Circuits And Method of Manufacture Thereof" by Lim, et al,

Serial No. ¢+ (TI-15310), incorporated herein by

reference, discloses a suitable method of putting the
nonconductive liguid material on the power supply busses,.
Liquid polyimide is the preferred liquid insulating material
of this alternative embodiment. The liquid insulator is
applied along the edges of the power supply busges and after




elimnate electrical transm ssion through it while allow ng a sufficient

area of the power supply busses exposed for wire bonding pL+Ee&e&+—44uL_____
i nsul ating strips should be large enough to prevent el ectri|cREPIAGEMENT SHEET

between a wire bond resting against the strip and the power
not too big so that they interfere with wire bonding to the
busses. Sui.table dinensions, as illustrated in FIG 4a, ingl
strip height 30h of approxinmately 0.00a1inches and a tape $t

B

of approxinmately 0.005 inches. These si'Zes |leave a suficieft area of the

uppry—bus;

u

power supply busses, that are approximately 0.015 i nches w @€, exposed—for—

the bond wires, to he connected to them

curing, has a curved outer topography resembling'a'bead, or
half roll strip, along the edges.

To facilitate reception by the power supply busses of the
liquid insulator, the power supply busses are preferably
notched, or stepped, along the edges before the liquid
insulator is applied. This helps the liquid stay on the edge
of the power supply busses and not drain or slide off. More

importantly, the insulating material on the step reduces the.

possibility of shorts occurring at the edge of the power
supply busses. Referring to FIG. 5a, a step width 31w of
approximately 0.005 inches and a step height 31h of
approximately 0.003 to 0.005 inches works well. The size of
the cured liguid insulating strips should be such to eliminate
electrical transmission bhetween a power supply bus and a
touching crossing wire bond, while allowing a sufficient area
.of the power supply busses exposed for wire bonding purposes.
Applying the liquid polyimide on the stép size given above,
the width, 32w, of this curred 1liguid strip 28al is
approximately between 0.005 to 0.008 inches, and the height
32h, measured from the step bottom to the highest point on the
curved outer top.ography, is between about 0.006 to 0.010
inches. The outer portion of cured liquid insulator strip

28al thus extends above the step height 31h and over the step
edges.

The insulated lead frame thus has a first set of lead
fingers, a second set of lead fingers, and at least one power
supply bus lying between them.  An insulating strip lies on a
face of the "power supply bugs near an edge of the faca.
Examples of a suitable dielectric strip are an adhesive type
taps, such as a polyimide tape, and a nonconductive liguid,
such as liguid polyimida. Another insulating strip may lie on




FIG 5 illustrates, an alternative enbodinent for the conposition of the
I nsulating strips. Here, the insulator strips 28al and 28az—are—+forrBd—
from a nonconductive liquid. The copending, cofiled, and jcokSEAGHERT SHEET
application of Texas Instrunents entitled "Insul ated Lead Hrame—For
Integrated Circuits And Method of Manuf acture Thereof " [by L!np gig "a{)iﬁ
Serial No. (TI-15310), incorporated herein by referencqg, [di C|§) s’
suitable method of putting the nonconguctive liquid materli on—-t-he.power

supply busses. Liquid polyimde is the preferred liquid ijnsul ating
mat eri al '

the face of the power supply bus near the other edge of the
face. Such an insulated lead frame is useful in the
manufacture of packaged semiconductor integrated circuit
devices to reduce the possibility of wire bond shorting to
power supply busses. For example, in a dynamic random access
memory, DRAM, die having centrally disposed bonding pads
mounted to a lead on chip lead frame, the power supply
bussegs of the lead on chip lead frame have dielectric strips
running along their edges to reduce the possibility shorting
between the power supply busses and the crossing wire bonds

that connect the lead fingers of the lead frame to the bonding
pads of the DRAM.

Aside from advantageously reducing the possibility of
undesirable wire bond shorting, the insulator strips provide
the further advantages. They can be applied by the lead frame
manufacturer and thus save the integrated circuit manufacturer
extra process steps during assembly of the device. They
readily accomodate changes in bond padl locations without
impacting wire bonding location along the power supply busses
and over the power supply busses. Also, they aid in the
creation of very thin integrated circuit packages. The wire
height between the power supply busses and the wire bonds that
cross over them may be decreased since the possibility of wire
bond shorting is reduced. Overall package height may
accor_dingly._be reduced. These insulating strips may similarly
uged in chip on lead packaged devices as well.

While this invention has been described with reference to
illustrative embodiments, this description is not intended to
be construed in & limiting cense. For example, the invention
works well on chip on lead lead frames wherein the
semiconductor chip resides over tha lead frame. Various other



of this alternative enbodinment. The Ifquid insulator is applied along the.
edges of the power supply busses and after —
0 P PPLY REPLACEM®NT criicy |

i3

embodiments of the invention will be appareant to persons
skilled in the art upon referemnce to this description. It is
therefore contemplated that the appended claims will cover any
such modifications of the embodiments as fall within the true
scope and spirit of the invention.
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WHATIS QAIMEDIS:

1. An insulated lead frame, comprising:
a plurality of Iead fingers;
a power supply bus adjacent said plurality; and
an insulated strip on the face of the power supply bus.

2. An insulated lead frame as claimed in ¢laim 1 and wherein said insulating serip
lies near an edge of the power supply bus. '

3. An insulated lead frame as claimed in claim 1 or claim 2 and 'mcluding.a second

plurality of lead fingers, said power supply bus lying berween the first and second
plurality of lead fingers.

4. An insulated lead frame as claimed in any preceding claim and wherein the
insulating strip is an adhesive tape.

5. An insulated lead frame as claimed in claim 4 and wherein said adhesive tape is a
polyimide.

6. An insulated lead frame ss claimed in any preceding claim and wherein the
insulating stip is a cured nonconductive liquid.

7. The insulated lead frame as claimed in claim 6 and wherein the cured non-
conductive liquid is a polymudc

8. An insulated lead frame as claimed in any preceding claim and further comprising

another insulating strip on the face of the power supply bus near an outer edge of
the face.

This Sheet Has Been Rep.
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possibility of shorts occurring at the edge of the power supply busses.

Referring to FLG—5a;—a Step width 31w of! %ﬁ%rgkgﬁgbm& 0% Rgpmgﬁ-s,»,a@d et

step hei i mately 0.003 t WH-I—

si ze of Eﬂ‘\m \“mmmﬁ M\I nsul ating stri fs_sholifyABEDsuch F elininate
i tansmi-%sidbn *bet ween a power suppl y bus anda-tou¢hfnd ¢EESTHRG

wire bond, while allowing a sufficient area of the power supply _busses

exposed for w re bondi ng purposes. Apglying the liquid polyipmde on the

electric

{
e

| S

step size given above, the width, 32w, of this curred |iqui d-st+-p-—28al.is ____}
approxi mately between 0.005 to 0.008 inches, and the height 32h, neasured
fromthe sep boin meulatedilead frame esclaissdrin any of ¢laims 3 to 8 and including another

10.

1.

12

13.

14.

1S.

16.

power supply bus lying between said first and second plurality of lead fingers and
another insulating strip on a face of the second power supply bus.

- An insulated lead frame as ¢laimed in any preceding claim wherein the lead frame

is a lead on chip lead frame. -

The insulated lead frame of any of claims 1 to 10 and wherein the lead frame is a
chip on lead lead frame. '

An insulated lead frame as claimed in any preceding claim and wherein the edges
of a power supply bus are stepped.

A lead frame as claimed in any preceding claim and wherein the adhesive tape

has a height of approximately 0.002 inches and a width of approximately 0.005
inches.

A semiconductor chip including a lead frame as claimed in any of claims 1 to 13.

A semiconductor chip as claimed in claim 14 and including a semiconductor die
having a plurality of bonding pads centrally disposed along a face thereof;

said lead frame lead fingers extending over the face of the semiconductor die and
having two power supply buses adjacent the bond pads;

a plurality of wire bonds, some that cross over a power supply bus for connecting
some of the centrally disposed bonding pads to some of the plurality of lead
fingers, and some that connect other of the centrally located bonding pads to the
power supply buses; an encapsulant, encapsulating the semiconductor die, the
wire bonds, and the lead frame such that portions of the lead fingers extend
through the encapsulant; and |
wherein the insulated strips are arranged such that they reduce the possibility of a
crossing wire bond from collapsing against a power supply bus.

The semiconductor chip as claimed in claim 15 and wherein the semiconductor
die is a2 random access memory die.
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curved, outer._topography, is between about 0.006 to 0.010 f~rehes Ihe
outer portlon of cured liquid insulator strip 28al thus exteﬁHBLﬁé}ﬁMrthe 0T

et-ght—3Ih and he step edgesgr——-—..The_jnsul atgd
thus has |“B “lﬁ fingers, [alW8comidTsEAS GEEkaag
| east one s lying betwgen thﬂIEPU(@‘EQI nsul gt ifn

a face of *the

' fFisER ?'“‘2

les of a.‘

pomer supply bus near an edgeof—t+he—fate

suitable dielectric strip are an adhediéve type tape, suchjas a poI yi m de
tape, and a nonconductive liquid, such as |iquid polyimdée—ATOttret
I nsul ati ng strix may |ie on

1 semico

18.

nductor packaged device including a lead frame as claimed in any
preceding claim.

A semiconductor package device as claimed in ¢laim 13 and including a

semiconductor chip having a major surface with bonding pads thereon disposed
within an encapsulating material;

said lead frame having said first plurality on a first side and said sccond plurality
on a second side, and at least two power supply buses, the first side of said lead
fingers and the sccond side of seid lead fingers having outer ends extending |
through the encapsulating material and having inner tips overlying the major
surface of the semiconductor chip for connecting to bond pads of the
semiconductor chip and for connrecting to the power supply buses, the two power
supply buses being disposed betweenthe inner tips of the first plurality of
adjacent lead fingers and the inner tips of the second plurality of lead fingers.
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INSULATED LEAD FRAME FOR SEMICONDUCTOR 'PACKAGED. DEVICES
Abstract

A insulated lead frame (25) is disclosed. The lead frame has
a first plurality of lead fingers (27) and a second

| plurality of lead fingers (27). It also has a power supply

bus (28a, 28b) lying between the first plurality of lead
fingers and the second plurality of lead fingers. An
insulating strip (28al, 28a2, 28bl, 28b2) lies on a face of
the power supply bus near an edge of the face. Examples of a
suitable dielectric strip are an adhesive type tape, such as
a polyimide tape, and a nonconductive liquid, such as liquid
polyimide. An insulated lead frame is useful in the
manufacture of packaged semiconductor integrated circuit
devices to reduce the possibility of wire bond shorting to
the power supply busses. One example is a dynamic random
access memory, DRAM, die having centrally disposed bonding
pads (23) mounted to a lead on chip lead frame. The power
supply busses of the lead on chip lead frame have dielectric
strips running along their edges to reduce the possibility
of shorting between this power supply busses and the
crossing wire bonds (24a, 24s) that connect the lead fingers
of the lead frame to the bonding pads of the DRAM.

FIGURE 3
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the face of the power supply bus near the other edge of the face.  Such
an insulated lead frame is wuseful in the nanufgcture-—of qughgg?d
sem conductor integrated circuit devices to reduce th@EBUggﬁEWHiﬁﬂﬁhﬂiAM re
bond shorting to power supply busses. For exanple, irn dynam ¢ random
access menmory, DRAM. die having centrally di sposed |bgndy qg\?iﬁﬁq?;gmun ed
to a lead on chip | ead frane, t he power supply bugsgs of e lead}o
chip lead frame have dielectric strips running al ong etr—edges—to—f efluce
the possibility shorting between the power supply budses and the cross ng
wi re bonds that connect the lead fingers of the |ead Tranme to the bondl ng
1/8
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pads of the DRAM Asi de from advant ageously reducing the possibility
of undesirable wire bond shorting, the insulator strips provide the further
advant ages. They can be applied by the lead frane nanufa*—t—u*—e&«a-n%%hus——m-,
save the integrated circuit manufacturer extra process sjeREPLAOENBY SHEEY
assenbly of the device. They readily acconpdate changep [T DoONd™pad ™7

| ocations w thout inpacting wire bonding |ocation along fhg qmagtn pgl y;
busses and over the power supply busses. Al so, they aidg € é |(§n:
of very thin integrated circuit pack@y&. The wire

27 W




helght between the power supply busses and the wire bonds that cross over
t hem may be decreased since the possibility of wire bond-shor
reduced. Overal | package height may accordingly be reducg
insulating strips may sinilarly used in chip on |ead packaged
wel | . Wil e this invention has been described with rg
Il lustrative enbodi nents, this description is not intended tg
inalimting sense. For exanple, the invention works well
lead lead franmes wherein the sem cypgluctor chip resides|over the
frame. Various other :

27w

27y




13 .

4/8




enbodi nent's of the invention will be apparent to persons skilled in the art
upon reference to this description. It is therefore contenplated that fhe

- appended clainms will cover any -such nodifications of the ¢nREPIADEMERTASHEET !
fall within the true scope and spirit of the invention.
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What is clained is: 14 1. A sem conduct or chip,
conpri'sing: a sem conductor die having a plurality qgf ’ﬁgw
centrally disposed along a face thereof; a lead frane r@a%f“”‘?' f
fingers extending over the face of the sem conductor die andlhaving two 7} :
power supply buses adjacent to the bondi ng pads, each havingja 19@35’3?@6 {
di sposed opposite the face of the sem conductor die; ’

6/8
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a plurality of wire bonds, sone that cross over the top face of a power

supply bus for connecting sone of the centrally disposed b

sonme of the plurality of lead fingers, and sone that conneqt

centrally disposed bonding pads to the top faces of the poyen suppl

busses; an encapsul ated, encapsul ating the seni condyctlor? di&élP {iFRe

w re bonds, and the lead franme such that portions of the |dad fingers
extend through the encapsul ant; and dielectric strigs disposed al ong

opposi te edges of the top face of the Pdwer supply busses,

AEAORRARTIGHEET |

portion of the top face of the power supply busses uncovered so that
connections fromsone of the wire bonds nmay be nade, to reduce the
~possibility of a crossing wiire bond from col | apsi ng agai nst ‘a power supply

bus. _ 24 & N




2. The 'sem conductor chip of claim1 wherein the dielectric strips are-

conprlsed of adhesive polyimde tape having a height of apprexwately.0.002

i nches and a width of approxi mately 0. 005 i nches.

chip of claim1 wherein the dielectric strips arée conprised [offcured- |IQU%§-
pol yi m de. 4. The sem conductor chip of claim3 wherei
of the power supply bus edges on which the cured |iquid pol

di sposed are stepped. 8/8
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What is claimed is: 14

1. A semiconductor chip, comprising:

a semiconductor die having a plurality of bondmg pads centrally disposed along
a face thereof;

a lead frame having lead fingers extending over the face of the semiconductor
die and having two power supply buses adjacent to the bonding pads, each having a top
face disposed opposite the face of the semiconductor die;

a plurality of wire bonds, some that cross over the top face of a power supply
bus for connecting some of the centrally disposed bonding pads to some of the
plurality of lead fingers, and some that connect other of the centrally disposed bonding
pads to the top faces of the power supply busses;

an encapsulated, encapsulating the semiconductor die, the wire bonds, and the
lead frame such that portions of the lead fingers extend through the encapsulant; and

dielectric strips disposed along opposite edges of the top face of the power
supply busses, leaving a portion of the top face of the power supply busses uncovered
so that connections from some of the wire bonds may be made, to reduce the

possibility of a crossing wire bond from collapsing against a power supply bus.

2. 'The semiconductor chip of claim 1 wherein the dielectric strips are comprised
of adhesive polyimide tape having a height of approximately 0.002 inches and a width
of approximately 0.005 inches. |

3. The semiconductor chip of claim 1 wherein the dielectric strips are comprised
of cured liquid polyimide.

4. The semiconductor chip of claim 3 wherein the top face of the power supply
bus edges on which the cured liquid polyimide is disposed are stepped.
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INSULATED LEAD FRAME FOR SEMICONDUCTOR PACKAGED DEVICES

ABSTRACT OF THE DISCLOSURE

A insulated lead frame (25) is disclosed. The lead frame has

a first plurality of lead fingers (2°) anc & second plurelity of

“lead fingers (27). It also has a powe: supply bus (28a, 28b) lying

between the first plurality of lead fingers and the second

_plurality of lead fingers. Aan insulating strip {(28al, 28a2; 28bl,
28b2) lies on a face of the power suupply bus near an edge of the

face. Examples of a suitable dielectric strip are an adhesive type
tape, such as a polyimide tape., and a ronconductive liguid, such as
liquid polyimicde. An insulated lead freme is wuseful in the
manufacture of packaged semiconductor integrated circuit devices to
reduce the possibility of wire bond :shorting to the power supply
busses. One example is a dynamic rardom access memory, DRAM, die
having centrally disposed bonding pacs (23) mounted to a lead on
chip lead frame. The power supply busses of the lead on chip lezad
frame have dielectric strips running along their edges to reduce

‘the possibility of shorting between tl:2 power supply busses and the

crossing wire bonds (2éa, 24s) that ceanect the iead fingers of the

“2ad frame to the bonding pads of the DRAM. .




