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: Background of the Invention

Lead-on-chip (LOC) is a packaging technique employed by
several semiconductor manufacturers, particularly those whose
15 make semiconductor memory devices, including DRAMs (dynamic
random access memories) and SRAMs (static random access
memories). Conventional LOC devices have a plurality of leads
which are disposed on and attached to an active surface of a
semiconductor chip, thus the name lead-on-chip. A primary
20 advantage of LOC is that the ratio between the size of the
semiconductor chip and the size of a package which encapsulates
that chip is quite high. This advantage is achieved because a chip
mounting area, also known as a flag or a die pad, is not required
since the chip is instead attached to the leads. The chip size to
25 package size ratio is an important factor to semiconductor
manufacturers because customers continue to demand smaller and
smaller devices.
While LOC is an attractive packaging alternative in some
regards, many proposed LOC schemes are not flexible enough to -
30 accommodate various chip designs. For instance, much of the
existing LOC technology requires bond pads of a semiconductor
chip to be located in a central row of the chip. Several
semiconductor manufacturers, however, have existing chip
designs which have peripheral bond pads. Other LOC techniques
35 have been developed for chips with bond pads on two opposing end
of a chip. Nonetheless, these techniques are not applicable to
chips have bond pads distributed around the entire periphery of
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Summary of the Invention

The present invention overcomes many of the disadvantages
associated with the prior art. In one form, a semiconductor

20 device in accordance with the present invention has a
semiconductor chip having a periphery, an active surface, and a
centerline. A plurality of bond pads are formed on the active
surface of the chip along the periphery. A plurality of leads
overlies the active surface and the chip such that the leads are

25 spaced between the bond pads. Each lead has a central portion
which is electrically coupled to one of the bond pads by a
conductive wire. Each lead also has an inner portion which
extends from the central portion toward the centerline of the
chip.

30 These and other features, and advantages, will be more
clearly understood from the following detailed description taken
in conjunction with the accompanying drawings. It is important
to point out that the illustrations may not necessarily be drawn
to scale, and that there may be other embodiments of the present

35 invention which are not specifically illustrated.



The present invention overcones nmany of the di sadvantages associated with
the prior art. In one form a sem conductor 20 device in accordance with
the present invention has a sem conductor chip having a periphery, an
active surface, and a centerline. A plurality of bond pads are formed on
the active surface of the chip along the periphery. A plurality of |eads
overlies the active surface and the chip such that the leads are 25 spaced
bet ween the bond pads. Each |lead has a central portion which is
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Detailed Description of a Preferred Embodiment
10
The present invention provides chip design flexibility to
semiconductor manufacturers. In one form of the invention, a
semiconductor chip has peripheral bond pads and uses a lead-on-
chip (LOC) concept. Leads extend across an active surface of chip
15 between the bond pads to accommodate the peripheral bond pads.
In addition, leads extend well beyond the bond pads, toward a
centerline of the package, in order to increase lead surface area.
Increasing lead surface area has at least two advantages. One
_ advantage is that a larger surface area improves adhesion
20 . between the leads and the chip, and between the leads and a
molded resin package body. Another advantage is that a larger
lead area also improves dissipation of heat from the active chip
surface to the ambient through the thermally conductive leads.
Although the leads of a semiconductor device in accordance with
25 the present invention extend beyond the bond pads, wire bond
lengths are kept short because wire bonds are made to a central
portion of the leads as opposed to lead tips. Short wire bonds
reduce the probability of wire sweep during a package molding
procedure and also lower the probability of electrically short
30 circuiting two wires or short circuiting a wire to an
inappropriate lead. Each of these advantages and other desirable
features of the present invention are described in more detail
below.
FIG. 1 illustrates in plan view a semiconductor device 10 in
35 accordance with the present invention. Device 10 includes a
semiconductor chip 12. An active surface of the chip is
illustrated, and includes a plurality of bond pads 14 positioned



FIG 8 is a plan view of a sem conductor device in accordance with another
enbodi nent of the present invention. Detailed Description of a Preferred
Enbodi mrent 10 The present invention provides chip design flexibility to

sem conduct or manufacturers. In one formof the invention, a sem conductor
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used insulating tapes are often polymers, such as a polyimide
material. Adhesive materials may also be a polyimide, or may be
an epoxy, an acrylic, a variant of these materials, or the like.
15 Only a portion of leadframe 16 is illustrated in FIG. 1.
Those portions illustrated include rail portions 20, tie bar 22,
and a plurality of leads 24. In a preferred embodiment of the
present invention, leadframe 16 is in strip form so that multiple
semiconductor chips can be attached to one leadframe. However,
20 for purposes of understanding the present invention, it is
necessary only to show the leadframe portions associated with
one semiconductor chip.
Leadframe 16 is formed of materials which are used in
conventional leadframes, for instance copper, a copper alloy, an
25 jron-nickel alloy, or the like.

As illustrated in FIG. 1, tie bar 22 extends along a
centerline A-A of chip 12 and joins opposing rail portions 20 of
leadframe 16. Tie bars in a conventional leadframe are used to
suspend a chip mounting area, also known as a flag or a die pad.

30 LOC leadframes do not require a die pad since a chip is attached
to leads. In one embodiment of the present invention, however, a
tie bar serves two other purposes. First, tie bar 22 of leadframe |
16 provides additional surface area to adhere to chip 12 and to
adhere a molded resin material which will eventually form a

35 package body (not shown). If necessary, tie bar 22 can be
modified to include support members 26 for additional surface



below. FIG 1 illustrates in plan view a sem conductor device 10 in 35
accordance with the present invention. Device 10 includes a seni conductor
chip 12. An active surface of the chip is illustrated, and includes a
plurality of bond pads 14 positioned 4 along a periphery of the chip.
The chip has four sides, two of which are much | onger than other two. This
rectangul ar chip shape is comon in senm céhduct or nmenory devices. It is to
be under st ood, homever t hat the present invention nay be practiced 5 wth
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10 two bond pads 28 at each of two sides of chip 12 which are
electrically coupled to the tie bar, this is not a requirement of
the invention. Voltage distribution can be achieved by having one
or more bond pads and one or more leads electrically coupled to
the tie bar in accordance with the present invention.

15 Furthermore, more than one tie bar may be used for voltage
distribution purposes. Although FIG. 1 illustrates tie bar 22 as
distributing voltage from one end of chip 12 to another, a tie bar
may distribute voltage to and from any portion of a chip in

~accordance with the present invention. For example, a voltage

20 bond pad could be electrically coupled to one of the support
members 26 of FIG. 1 by a wire bond to distribute voltage from
the center of the chip to another portion of the device.

Leads 24 of leadframe 16 each have three different portions
in accordance with the present invention. A lead of FIG. 1

25 highlighted by a region 34 is illustrated in an exploded view in
FIG. 2 to more clearly point out each of the three lead portions.
Lead 24 has a central portion 36 to which is bonded a conductive
wire 30. Dimensions of central portion 36 should be sufficient to
provide a reasonable bonding target area during bonding of the

30 conductive wires. ,

An inner portion 38 of lead 24 is a second lead portion and
is also illustrated in FIG. 2. Inner portion 38 extends from
central portion 36 toward centerline A-A of chip 12 as
illustrated in FIG. 1. Conventional leadframes bond a conductive

- 35 wire to a tip of a lead rather than to a central portion. By
extending the lead beyond the bonded portion toward the center of
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Yet another benefit of inner portions 38 is that the inner
portions of the leads can be used as a clamping area during wiring
bonding. In wire bonding conductive wires between leads of a
leadframe and bond pads of a semiconductor chip, it is important

15 that the leads be held still to ensure proper bonding. As part of a
leadframe, leads are relatively long cantilevers which can easily
be flexed. To prevent flexing of the leads during bonding, and to
prevent movement of the leadframe in general, outer portions of
the leads are typically held down by a clamping tool of a wire

20 bonding apparatus. The clamping tool is designed to permit
access to a semiconductor chip and to bonding portions, most
often the tips, of the leads. The clamping area of a leadframe
most often encircles, and is spaced apart from, a semiconductor
chip. For example, the region beyond a package outline 44 might

25 represent a conventional clamping region. With respect to LOC
packaging techniques, however, conventional clamping methods
often do not provide sufficient lead stability. Because LOC
leadframes have leads which extend over a chip, the portion of
the lead not clamped by a peripheral clamping tool is longer in

30 comparison to other leadframe designs. The longer the unclamped
portion of the lead, the easier it is for the lead to move during
the wire bond operation.

In an embodiment of the present invention, inner lead
portions 38 are used as a clamping area. One possible clamping

35 area is defined in FIG. 1 as clamping area 41. Clamping area 41 is
in the shape of a cross; however, this is not a requirement of the



enbodi nent of the invention, tie bar 22 is used for power 5 distribution,
however any vol tage may be distributed throughout the device. As
illustrated in FIG 1, tie bar 22 is electrically coupled to bond pads 28
by conductive wires 30. Alead 32 is integral to tie bar 22. Thus, a

vol tage supplied to lead 32 is distributedq across the chip by the tie bar.
Al t hough device 10 has 10 two bond pads 28 at each of two sides of chip 12
which are electrically coupled to the tie bar, this is not a requirenent of
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chip ‘surface, ?t is also important that pressure applied by the
clamping tool does not damage the chip.
A third portion of each lead 24 is an outer portion 42,
15 illustrated in FIG. 2, which extends away from central portion 36
and chip 12. Upon forming a package body for device 10, outer
portions 42 will also extend out of the package body into a
predetermined lead configuration. While an actual package body
is not illustrated in FIG. 1, a package outline 44 is included for
20 reference. Outer portion 42 of lead 24 includes an opening 48.
The opening is provided to improve adhesion between the lead and
the package body material, but is not necessary in practicing the
invention.
Device 10 illustrated in FIG. 1 also includes various
25 alignment features. In particular, several leads are provided with
chip alignment features 50. Chip alignment features 50 are
protrusions which extend from the leads, and define the
appropriate position of chip 12. In bonding chip 12 to leadframe
16, an automated tool or human operator can use alignment
30 features 50 to properly position the chip relative to the
leadframe. In device 10, eight leads have the alignment features,
each being aligned to one side of the chip. It is not necessary
that eight leads be equipped with alignment features to ensure
proper alignment. For example, two or more features which are
35 aligned to either a side or a corner of the chip may be used to
determine position of the chip.



30 conductive wires. An inner portion 38 of lead 24 is a second | ead
portion and is also illustrated in FIG 2. Inner portion 38 extends from
central portion 36 toward centerline A-A of chip 12 as illustrated in FIG
1. Conventional |eadfranmes bond a conductive 35 wire to atip of a |lead
rather than to a central portion. By extending the | ead beyond the bonded
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tape 18 relative to leadframe 16. Tape alignment features are

10 provided on both leads 24 and on support members 26. As
mentioned with respect to the chip alignment features, the
specific number of tape alignment features used can vary and the
features can be aligned to either a side of insulating tape 18 or to
a tape corner. '

15 lllustrated in FIG. 3 is a plan view of a semiconductor

- device 70, also in accordance with the present invention.

Elements of device 70 which are analogous to elements of device
10 are referenced by the same numerals as in FIG. 1. Some
differences between device 10 and device 70 are that device 70

20 does not have a tie bar and that bond pads 14 of device 70 are
peripheral, but only along two sides of chip 17. As discussed
previously, tie bars are not necessary in LOC applications.
However, in one embodiment of the present invention, tie bars are
used to distribute power in a device and serve to improve the

25 adhesion of the leadframe to other device elements.
Semiconductor memory devices often have bond pads on only two
sides of a chip. FIG. 3 illustrates one way in which the present
invention can be used in conjunction with such a memory device.
Other distinctive features of device 70 are the utilization of two

30 insulating tapes 18 rather than one, and an internal, rectangular
clamping area 41 rather than a cross-shaped clamping area.

As in previous embodiments, leads 24 of device 70 are
spaced between bond pads 14. Conductive wires 30 are used to
electrically couple the central portions of the leads, while inner

35 portions of the leads extend inward toward centerline A-A. Both
of these aspects enable a device in accordance with the present
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| eadfrane, |eads are relatively long cantilevers which can easily be
fl'exed. To prevent flexing of the |eads during bonding, and to prevent
novenent of the Ieadframe in general, outer portions of the |eads are
typically held down by a clanping tool of a wire 20 * bonding apparatus. The
clanping tool is designed to permt accesg to a sem conductor chip and to
bondi ng portions, nost often the tips, i%he | eads. The cl anping area of a
| eadf rane nost often encircles, and is spaced apart from a sem conductor
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10 making inner portions of the leads wider than the minimum lead
width. Using a tie bar also creates a convenient way of
distributing power in the device. Another advantage of the
present invention is that it is applicable to chips having
peripheral bond pads. In accordance with the present invention,

15 = leads are interspersed with peripheral bonds pads. Thus, chips
which are used in an LOC implementation may also be used in
other packages without having to re-design or re-layout the chip.
Yet another advantage of the present invention is the ability to
clamp inner portions of leads which overlie a chip during wire

20 bond to reduce lead movement, thereby improving bonding |
accuracy. Furthermore, accuracy of attaching a chip or an
adhesive tape to a leadframe in accordance with the present
invention is improved by the use of alignment features included
on leads and other leadframe members.

25 Thus it is apparent that there has been provided, in
accordance with the invention, a lead-on-chip (LOC)
semiconductor device and method for making the same that fully
meets the need and advantages set forth previously. Although the
invention has been described and illustrated with reference to

30 specific embodiments thereof, it is not intended that the
invention be limited to these illustrative embodiments. Those
skilled in the art will recognize that modifications and variations
can be made without departing from the spirit of the invention.

- For example, the present invention is not limited to devices

35 having a dual-in-line or SOJ (small outline J-lead) lead

configuration. The invention may be practiced with



aof | eads 24 can be used as a clanping area in accordance with the present
invention. In clanping |eadframe 16 during a wire bond operation, it is

i mportant that all bond pads and all |ead portions 5 which are to be bonded
are accessible. For exanple, if using a clanping tool having clanping area
41, one would not be able to include the internal bond pad of region 40
illustrated in FIG 1 since this region Wil d be cl anped. By cl anping the

| eadf rane al ong cl anping area 41, the cantilevered ends of |eads 24 are 10
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cl anpi ng the rane |n I.on over he actjve chi,
al so i rrportarF!aQ kage [hQsturlB 8 {tiogg Q)FQVI‘EG dnaﬁﬁiﬁq’f&af‘G@I wi %ot damage
the chip. A tiRveatiBaris %toﬁmﬁé@lhtd @%p%mé rumbert eof Peeads,oboAd, pads,

|l ustrat ed FI G 2 t ends hip
12 “Tpon 1 or iNGSa &58ck e e dber Bvaritt dimEsl o ?/péi”?clﬂ&égwf al's6
extend ou® ofmalherlalsclomgtypnsipfl semle_aonpdadkn'ecmpsed lteisd alsnf impoandn.
out 1§ ne a1 0, BRE JAGE Kty peil Blorg ¢S ifirtthard” g, "é&"@?gf&'“?%d
i ncl udes an dpads A mewneeddaerewg d% "mtoQXQltldetﬂSlei HEPOk Nhesi on bet ween
the lead and Jsé\&w Gl ﬁfh/déméﬁa eées thtSt irﬁ mthatepaaéamnstmeora@@ﬁ cing

the inventio ust FI G also i hcl.udes var us 5

ali gnnent  f el eatire rP?TH?WWuI h%’b@amqlgﬁds refiR PACKAIR i p
al i gnmentyof eagpecisicafly ﬁkerm@ne@,mthet ptesént davéntieneigprmot tlusmma tdhi ch

extend from tarl]r?yléaﬁiedgiflc%lgclgaéé rlﬁpéheFurthermore a centerline of a chip
| need not bisect two short sides of the chip as illustrated herein.
A centerline of a semiconductor chip may bisect any two opposing
sides of a chip in accordance with the present invention.

15 Moreover, an electrically insulating adhesive material used in

accordance with the present invention can be selected to provide
" alpha particle protection. Therefore, it is intended that this
invention encompass all such variations and modifications as fall
within the scope of the appended claims.



appropriate position of chip 12. In bonding chip 12 to |leadfrane 16, an
aut omat ed tool or human operator can use alignnment 30 features 50 to
properly position the chip relative to the |leadfranme. In device 10, eight
| eads have the alignnent features, each being aligned to one side of the
chip. It is not necessary that eight |eads K6 be equipped with alignnent

features to ensure proper alignment. For blarrpl e, t S
which are 35 aligned to either a side or a corner |ofHISHBHEETI HASHBEENG used
to determ ne position of the chip. eClaipgs 2l 1 gnnent  f BEPLAGED 52 arje al so

included in areas of |eadfrane 16. Tape alignnent fearures—52are

I npl emented in a simlar manner as chip alignnent features 50. An

adhesi vel y cohted i ns‘hllﬁadngntcmp semigenductoy devigenétOroF A0k o a

|l eadframe. 5 d, @edcﬁ ane, haV| ng the tape attached thereto, is then
to

al i gned and bon sem é’éo The tape aljgnnent. features
illustratéd i@ $gmican ‘30619 H &t RPIRYeHy & aH¥®hunan

?gelr 2;3][ falrrg gﬁifa$§1 rth@glagﬂrr]ivepsuﬁgbeDMMng)ra (iéemwflgi\/?é (éﬁéer\())tr] mgﬂ?laSl reljat |2 Ze
and on supporlrl % ﬁ°§’é\% %i(xéﬁ Q\fﬁe @%‘Bgct to the chlop al fgn?rent
f eat ures, theasph:n'aﬁtyc ofirdred prds 4j4) formedeon thantaotive susiaceanf \they and
the features Eﬁfb Q‘Foﬁé tﬂ@eﬂehﬁh‘éh},hShda side of insulating tape 18 or to
10 a plurality of leads (24) having portions which overlie the active
surface of the chip and being interspersed with the plurality of
bond pads, each lead comprising:
a central portion (36) which is electrically coupled to one of the
plurality of bond pads by a conductive wire (30);
15 an inner portion (38) which extends from the central portion of
the lead toward the centerline of the active surface of the chip;
and AN
an outer portion (42) which extends from\t,he central portion of
the lead away from the chip. ~
20
2. The semiconductor device of claim 1 wherein the
semiconductor chip has four corners and four sides and whereln
at least one of the plurality of leads has a protrusion (50) allgned
to either a side or a corner of the chip.
25 3. A lead-on-chip semiconductor device (10 or 70)
comprising:
a semiconductor chip (12) having an active surface and four sides
and four corners;
a plurality of bond pads (14) formed on the active surface of the
30 chip; and
a plurality of leads (24) having portions which overlie the active
surface of the chip and are electrically coupled to the plurality of
bond pads, at least two leads of the plurality of leads each having
- a protrusion (50) which is aligned to either a side or a corner of

35 the chip. . '
P ! THIS SHEET HAS BEEN
| REPLACED
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a tape corner. 15 Illustrated in FIG 3 is a plan viewof a

seni conduct or device 70, also in accordance with the prese S eplaced
El ements of device 70 which are anal ogous to el enments of de

referenced by the sanme nunerals as in FIG 1. Sone differen

device 10 and device 70 are that device 70,20 does not have a tie bar and
t hat bond pads 14 of device 70 are peripﬂé?al, but only along two sides of
chip 17. As discussed previously, tie bars are not necessary in LOC

appli cat i ons., Howevery,d BeafR  ARRRIMITRRLIQ drEIaeaeWndrBHFTolPNegds® bar s
sérve t e tﬂe

are used to 'stributg'_ower magéawce an rve to 1 nmpraove
adhesi on of tofetheelurality ob Ieadgreaebih@%@rﬁ!@trysrgénwng&mlﬁt@hgﬁ%my

devi ces ofter‘tohgﬁﬁepql%vi\ﬁ?gﬂf ancOfer 6Feheigiip, of a chip. FIG 3

illustrates one way in the present invention can be used in
conjunction with such a menory device. Qther distinctive features of device
70 are thg ut§) i zati Qtheofsdrmicopuctors devicen oft elaim 18 oraBhfurthdran one, and

' |, ' -
ol anpi ng- ar eSORpHEHG "By SEBUTBR TRndbtirtl Mindalo8, Al I1887C . e
bet ween bond whibh bondsoinimer ipostionscef s@chy of Ubed pluratite afr leads focthgl e
the central gé)éﬁ‘;é)r%]@ée%%g@ﬁ !tﬁédihig\{ml |l e inner 35 portions of the | eads

extend i nwar owar rline A Bot h of these aspects enable a device
i n accordance with the present
10 6. The semiconductor device of claim 1 or 3 wherein the

chip periphery comprises four sides and wherein at least one bond
- pad is positioned along each of the four sides.

7. The semiconductor device of claim 1 or 3 further

15 comprises a tie bar (22) which overlies the active surface of the
chip and extends between the two opposing sides of the chip, the
tie bar being electrically coupled to at least one bond pad (28)
such that the tie bar serves as a voltage distribution bar.

20 8. The semiconductor device of claim 1 or 3 wherein each
of the plurality of leads has a minimal width and wherein the
inner portions of each of the plurality of leads has a width which
is larger than the minimal width. |

25 9. A method for making a lead-on-chip semiconductor
device comprising the steps of: _
providing a semiconductor chip (12) having an active surface, a
centerline (A-A), a periphery, and a plurality of bond pads (14)
formed on the active surface of the chip along the periphery;

30 providing a leadframe (16) having a plurality of leads (24), each
lead having an inner portion (38);
adhesively bonding the chip to the leadframe such that the inner
portions of the plurality of leads overlie the active surface and
extend toward the centerline of the chip;

35 positioning the leadframe having the chip attached thereto in a
wire bonding apparatus having a clamping tool;

THIS SHEET HAS BEEN
—_— REPLAGED

T




9 invention to have several advantages over conventional LOC devices. For

i nstance, a device in accordance with the present invention has inproved
adhesi on between a | eadframe, a sem conductor chip, an adhesive tape, and a
nol ded resin 5 packaging material. A primary reason for this advantage is
an overall increase is |eadfrane surface.ﬁéea. Aspects of the present

i nvention which contribute to the increase’in |eadfrane surface area are
the extension of |eads fromthe wire bonded portion toward the center of
the chip, th i ku F r [ jioe L0 t | eads
W der than @ Raanbifly, th [Rnef; poflhe R TR maralRy by 186U aBafst fHe

Jg a ti .9
conveni ent waRctide FWiace of '\r%epﬁm W'ﬂ" t'ﬁ@ PiNg ARS! Her Pxabibit age of
the present iguisstantial imoVvBaieritt of Thaprddsbaadt o chi ps havi ng peri pher al
bond pads. In cprdance w t.h the present ipvention,,.15 . |eads
i nt erspersed ft hBBQ?fﬁé%ﬁlamﬁ% pﬁﬁgnsﬂﬂﬁa%hiogst%ipéwajﬁ\é ?Ja{sg%a‘?'% an
LOC i npl eenttat one they pluralitpeofubendi padsher packages wit hout having to

re-design or re-layout the chip. Yet another advantage of the present
invention is the ability to clanp inner portions of | eads which overlie a

chip during wi@e 20 Thghanethacd@icelaimal fwtkek fomprsingojhe rgtepvohy
bondi ng accurgiphingUtHd PeRpHery26 YRECENRS 18t 5HEN6N here: BrBtrasicHs 80§Si ve

g
Lhe. use of anPEmAshoN 486 PLealie afcleddsy PAGEISHS GiRRr of adnesilly” *

menbers. 185 bondinghtise ighipstoatiperleatframaé¢. t here has been provided, in
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accordance with the invention, a |l ead-on-chip (LOC) sem conductor device
and nethod for nmaking the same that fully neets the need and advant ages set
forth previously. Al though the 1nvention has been described and illustrated
with reference to 30 specific enbodinents thereof, it is not intended that
the invention be limted to these illustrative enbodi mrents. Those skilled
inthe art will recogni ze that nodificat ilths and variations can be rade

wi t hout departing fromthe spirit of the invention. For exanple, the
present invention is not limted to devices 35 having a dual-in-line or SQJ
(small outline J-1ead) f be practiced
wth 1 0 sem conduc[l'ﬁﬂgeﬁﬂng a‘%kﬁ@g@“@péﬁgﬂh "?ﬁ%ﬁ sides of a
package body. In addition, a device in accordance with the invention is not
limted to a specific nurrber of | eads, bond pads, chips, etc. Nor is the
inventionglinmted to any speci Abstiagiesf othed Diselesurel s or types of

sem conduct or chi ps. It is also inportant to note that bond pads al ong the
"periphery" and "peripheral” bond pads as _referenced her a\éj- ot excl ude
the use of non- pefipemicondusiar fevce o(1P)dbas %d?aﬂn@l‘}? Q)élis nust |ie

al ong the e”tédrﬁl Atiote’ Yedds r(!M)hofattm-iﬂdévlucbera'auoelcméh'ﬂrae Cpmﬁuohee(eep
specifically t'_t ned Hﬁq 8pesent I avatlon IS t I|mt % B}j/
specific pack"e!”EL'c slamtrinaiveauplgd. i rampheral; %n‘él*’? (1%

10 conductlve wires (30). Inner portions (38) of the leads extend
from the central portions toward centerline A-A for improved
adhesion and to provide an internal clamping area (41) which
stabilizes the leads during wire bonding. In one embodiment, tie
bar (22) of leadframe (16) is used to distribute power across

15 semiconductor chip (12). The leadframe may also include chip
alignment features (50) and tape alignment features (52) to align
chip (12) and insulating tape (18) to the leadframe, respectively.

Fig. 1 accompanies this abstract.



need 'not bisect two short sides of the chip as illustrated herein. A
centerline of a sem conductor chip may bisect ‘any two opposing sides of a
chip in accordance with the present i-nvention. 15 Moreover, an
electrically insulating adhesive material used in accordance with the
present invention can be selected to provide al pha particle protection.
Therefore, it is intended that this invention enconpass. all such variations
and nodifications as fall within the scope of3the appended cl ai ns.
 REPLACEMENT SHEET 17DEC 1997-11- Claims 1. _4 | ead-on-chip seniondiét or
devi ce conprising: a sem-cond ' e ri ctive
surface, the 5 active ¢urface having a c;&[erline whi clpg.nt ersects pwo
opposi ng sides of the ' Yand pads forned gn the/activp

-

surface of the chip alorg—fhe geriphery/[anda p Jhal f 1 ead
portions which overlie {hé ivegpurfgc f i ' 32
i nterspersed with the p bg@d
central portion overlyi i ve~gur faggeilo Y
coupl ed to one of the dguratbt pi—honTpad - her
portion overlying the actd Grigi ] q\ CHT 14
lo . \'+
24 ' ;
|
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15 extendlng fromthe central portion of the |-ead toward the centerline of
the active surface of the chip; and an outer portion which extends fromthe
central portion of the | ead away fromand off the active surface of the
chip. 20 2. . The semniconductor device of claim1 further ‘conprising
an electrlcally i nsul ati ng adhesi.ve material which bonds inner. portions of
each of the plurality aof leads to the ac%hée surface of the chip. 3. The
sem conduct or device of claim1 wherein chip periphery 25 conprises
four sides and wherein at- | east 'one bond pad is positioned al ong.each of

t he four- sides. 4. The 'sem_conductor device of claim1l wherein first and
second |eads of the plurality of |eads each have a protrusion formed on a
side of the 30 |Ilead,:the protrusion of the first |lead being aligned to a .
first side of the Chlp and the protrusion of the second |ead being aligned

to a second side of .the chip which is adjacent the first side. 5. The
sem conduct or device of claim4 wherein the first and second 35 |eads are
adj acent. -12 - 6. The sem conductor device of claim 1l wherein thé

sem conductor chip has four cornersgand four ggdes -andgpherein at |east one
of the plurality of |eads has a progrusion foeymed on a{(sidée-of the at |east
one | ead, the protru5|on r of the

chip. 5




i

overlies the active surface of the chip and extends between the two

opposi ng sides of the ch

P,

*The seniconductor device of claim1 further conprising a tie bar which

the tie bar being electrically coupled to at.

| east one bond pad such that the tie bar serves as a voltage distribution

bar. 10 8.

plurality of |eads has a

m ni nal

The sem conductor device of claim1l wherein each of the
wi dt h and wherein the inner portions of

each of the plurality of leads has a width gffch is larger than the m ni nal

wi dth. 15 9.

sen conductor chip having an active surface

i th

a centerline;

a first-length, and t a e . %&ﬁ : nd pads .
formed on the active rface of the chip—atofg—each of e two sidgs of [the
first length; and 20 ' FEy-of— v g portrons whi ch

A | ead-on-chi p sem conductor device conprgstrgd a.

two sides of

overlie the active sur

f
sides of the chip haviﬁz e
is interspersed wth4d4he
central portion overlyi
electrically coupled to o

W re; an inner portiongg:
extending fromthe ceniTa
active surface of ‘the -+
central portion of theC
chip. 10. The sem conduc
| arger than the second{l epgt -30
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35 - . 11. The sem conductor device of claim9 wherein the
sem.conduct or chip has four corners and Wnereig | aa e of the -
plurality of |eads has a -13 - protrusion f %ﬂ@nz 3d208t he

| east one | ead, ' qng aligned to elther rber \r "2 gde
of the chip. 12. r device of claim9 further conprising an
5 electricallyfinsulating adhegi ye material which has a corner and a side
and whi ch bonds ft fe {1 7REC997i ¢ng of theql urality of leads to the active
surface of the dhilp, and wherei at |east one of the plurality of |eads has
a protrusion forjned—oma-srade—of fhe atg|fast one |lead, the protrusion

being aligned tq_either the side ¢r the corner of the adhesive material. 10
13. A |l ead-on-chip sem conductor device conprising: a sem conductor chip

having an active {surf #c padeo-@Ripesémitdndabtoridevicestoinpriging: f our corners; a
plurality of bond pads farned on the active surface of the chip: and 15

a plurality of | @ag%mwgvaHg'%ﬁgﬁm %%‘Q"% ReriRRALY @nd aryactive ?\Vga&lrtsﬁce of

t he chi psandctive salface having a centepliresl which imtersbctsativiot gppsirig sidlesaaftheeach

| ead conpri i’bﬂ? a central portion overlying the active surface of the chip
and el ectri 'y coupled to one of the plurality of bond ?ads;_zo

an inner porti on aoplaralify ofjbond padsifermed ondbe agtive surface pf theichiptalong the
fromthe ce%?@hemrér{d)n of the lead toward the centerline of the chip;

a plurality of leads having portions which overlie the active surface of the
10 chip and being interspersed with the plurality of bond pads, each lead
comprising:
) a central portion overlying the active surface of the chip and
electrically coupled to one of the plurality of bond pads by a conductive wire;
an inner portion overlying the active surface of the chip and
15  extending from the central portion of the lead toward the centerline of the active
surface of the chip; and -
~ an outer poition which extends from the central portion of the lead
away from and off the active surface of the chip. '

20 2. The semiconductor device of claim 1 further comprising an
' electrically insulating adhesive material which bonds inner portions of each of
the plurality of leads to the active surface of the chip.

3. The semiconductor device of claim 1 wherein the chip periphery
25 comprises four sides and wherein at least one bond pad is positioned along
each of the four sides.

4. The semiconductor device of claim 1 wherein first and second
leads of the plurality of leads each have a protrusion formed on a side of the
30 lead, the protrusion of the first lead being aligned to a first side of the chip and
the protrusion of the second lead being aligned to a second side of the chip
which is adjacent the first side.

5. The semiconductor device of claim 4 wherein the first and second
35 leads are adjacent.
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and an .outer portion which extends fromthe central portion of the |ead
away fromand off the active surface of the chip; '
least two leads of the plurality of leads each hayi REPLAGEMENTUSH

on a side of the |ead approximately and only at tHhe [CEN , {t he
protrusions being aligned to either a side or ac rrer1qf(¥|_t_¢ei9§-ﬁ| . §14.
The sem conduct or device of claim 13 wherein four }Jl dads he 30
plurality of |eads each have a protrusioqpforned

The semi conduct g, de"l’ﬁés@h@rﬁ‘iu@t&ﬁ&ﬁé@f&l 9 @he - §%r
COI'TpI’I ses fi I’SB a second adj acent eadas eac hav| ng a tI’USI on
formed on hip hasdour semessand for sides Andiwersin atleast eas of theipleality of

al i gned to |gads haé4 protiusion fonteddn & ide bf theeatdeastcony ad, hepratfuside
second | ead hei nﬁgr?lecli% to a,second side fgbet he chip which is adjacent

the first 35‘?(,3 QLR SPMER 'ﬂ:l aim1 wherein each

conductbve 5 wre which electrically couples the central portion of each

f th I [ t f ol L S i ned
Wi thin the peri gher n Sehfediiéficldy devicg of 6@irh 1uheP SBigRRIE & et | 10
wher ei n t havhiehioverliesctheractive auﬂqsemﬁha chip aml &xiendsrlstweendha twach
conductive gy o%,e@ gsﬁfgﬁérchivlthdnswural @«'ﬂéomd teat IRasedhs of

the pluralit S aS|s cont al ned
Wi t th t he %q,,sycla lg,ar serves as avol¥age dlstrl utllg
10

8. The semiconductor device of claim 1 wherein each of the plurality "
of leads has a minimal width and wherein the inner portions of each of the
plurality of leads has a width which is larger than the minimal width.

15 9. A lead-on-chip semiconductor device comprising:
‘a semiconductor chip having an active surface with a centerline, two
sides of a first length, and two sides of a second length;
a plurality of bond pads formed on the active surface of the chip along
each of the two sides of the first length; and
20 a plurality of leads having portions which ovetlie the active surface of the
chip and extend across one of the two sides of the chip having the first length
such that the plurality of leads is interspersed with the plurality of bond pads,
each lead comprising: |
a central portion overlying the active surface of the chib and
25 electrically coupled to one of the plurality of bond pads by a conductive wire;
an inner portion overlying the active surface of the chip and
extending from the central portion of the lead toward the centetline of the active
surface of the chip; and
an outer portion which extends from the central portion of the lead
30 away from and off the active surface of the chip.

10.  The semiconductor device of claim 9 wherein the first length is
larger than the second length.

35 11. The semiconductor device of claim 9 wherein the semiconductor

chip has four comers and wherein at least one of the plurality of leads has a
R
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18. A:nethod for making a sem conductor device co

of : - providing a sem conductor chip having an activ : U,-EN& efline
a periphery, and a plurality of bond pads forned o he active surtage of
the chip along the periphery; providing a |leadfra avi PDEC Mgy alify of
| eads, each |ead having an 20 inner portion; adhegiyely bonding tpe] chip
to the | eadfrane such that the inner portions of the proratt+ty—et— epds
overlie the active surface and extend toygrd the centerline of the chip;
positioning the | eadframe having the chip attached thereto n a w 25

bondi ng_appafotiustol offridd on 6! 4 P the S0lbastirldaRf B4 protrdiaiBay £ he | nner

portions of the plur, s -agalnst the active surface o he chip
with the clabgnasytogitheriacomeropa:sidegtthaehigi novenent of the |eads: and
wi re bondi ng uncl anped portions of each of the plurality of |eads to one 30

of the I ural 1y 3hg iiBond e oS T B LR RARRA SR, oo
pr ot r usiSonselectrivally insulating adhesie material whichdias aatsnepanda sidetamel st ep of
sl el AORH 96t Do o 95 Ry st e suflr o
the chip, and wherein at least one of the plurality of leads has a protrusion
formed on a side of the at least one lead, the protrusion being aligned to either
the side or the comer of the adhesive material.
10 _
13. A lead-on-chip semiconductor device comprising:
a semiconductor chip having an active surface, a centerline, and four
sides and four corners;
a plurality of bond pads formed on the active surface of the chip; and

15 a plurality of leads having portions which overlie the active surface of the
chip and are electrically coupled to the plurality of bond pads; each lead
comprising:

a central portion overlying the active surface of the chip and
electrically coupled to one of the plurality of bond pads;

20 an inner portion overlying the active surface of the chip and
extending from the central portion of the lead toward the centerline of the chip;
and

an outer portion which extends from the central portion of the lead
away from and off the active surface of the chip; and

25 wherein at least two leads of the plurality of leads each having a
protrusion formed on a side of the lead approximately and only at the center
portion, the protrusions being aligned to either a side or a comer of the chip.

14.  The semiconductor device of claim 13 wherein four leads of the
30 plurality of leads each have a protrusion formed on a side of the lead, the
protrusions being aligned to either a side or a comer of the chip.

15. The semiconductor device of claim 13 wherein the at least two
leads comprises first and second adjacent leads each having a protrusion
35 formed on a side of the lead, the protrusion of the first lead being aligned to a

* [+ L M S *



conprises providing a | eadframe having a tie bar, | of
adhesi vel y bondi ng conpri ses adhesi vely bondi ng t heRERUADEMENT ISHEERadf r ane
such that the tie bar traverses the active surfacg, 1 heg net hod
5 further conprises the step of wire bonding thejt]e b,a llegst one
bond pad. 21. The nmethod of claim 18 wherein the}s ef)‘ OPE\%O@b ndi ng
conprises wire bonding the plurality of |eads to {he—plurality ofl QJond pads
such that all wire bonds are contai ned_wjythin the| chip periphery. 10 22. A

net hod fo;I maki ng a sem conduct or devi ce conpri si mgttre—steps—oe+——r ovi di ng
a sem con ' ' ' f hi d
formed on. (ki ey Mo Rrbiritfioh 81 S Seotnilesidtbohy diignaants apacs
provi di ng secendisidernf theehiywhigh isiadiagsnt dhe fisst®ide.wherein at 1 east two
Iﬁadis 01;I the plurality of | eads each have a protrusion formed on a side of
the | ead; positigning the |eadfragme over the .active surfage of .1 hi p;
aligning the pr agr usi 9ﬁ§%?'°9ﬂgu§9r deyice of alpbidghqrgprbgsﬁgpggdg&@gcolr pa 20
cor ][ler Bf f wtitﬁ whiﬁp;el_eaheaily/ebgplbs ke cgntrabpgitionadficachadf the plurality ohe active
surface o chip in,t Lt QLA ASi ' e
iner port 1958 BroraF e iy 8F Pod Babis 35 cofteibd ARAR HelparngHEt ¥ et
chi p; and ghip. wire bonding the plurality of leads to the plurality of

bond pads. 23. The nethod of claim?22 wherein the step of providing a
| eadf rame conpri ses %_rovi ding a | eadfrane f\t/\(/ﬂe_rei n four ieads have, a

protrusion on a 19 de Theesemicongduetordevice-of ¢lain Payherein, the,semicansistars s

al i gnifg t BRip has a periphery, and wherein each conductive wire which electrically
couples the central portion of each of the plurality of leads to one of the plurality
of bond pads is contained within the periphery of the chip.

18. A method for making a semiconductor device comprising the steps
15 of: _ i
providing a semiconductor chip having an active surface, a centerline, a
periphery, and a plurality of bond pads formed on the active surface of
the chip along the periphery;
providing a leadframe having a plurality of leads, each lead having an
20 inner portion; '
adhesively bonding the chip to the leadframe such that the inner portions
of the plurality of leads overlie the active surface and extend toward the
centerline of the chip;
positioning the leadframe having the chip attached thereto in a wire
25 bonding apparatus having a clamping tool; '

_simultaneously clamping the inner portions of the plurality of leads
against the active surface of the chip with the clamping tool to prohibit
substantial movement of the leads; and :

wire bonding unclamped portions of each of the plurality of leads to one
30 of the plurality of bond pads.

19. The method of claim 18 further comprising the step of aligning the
periphery of the chip to one or more protrusions formed on sides of the plurality
of leads, prior to the step of adhesively bonding the chip to the leadframe.

35 '
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30 protrusions of the four leads to either a side or a cor ner of the chip.
24.. The nmethod of claim22 wherein the step of provi g
AGEMBNE SHERH

conprises providing a | eadframe wherein a first |ead

adj acent to the first | ead each have a protrusion for on-a side thgrkof,
and 35 wherein the step of aligning conprises alignihg|the7 pED 1987 op bf
the first lead to REPLACEMENT SHEET -16- a first sgde of the chip Fnj
aligning the protrusion of the second | egag_to a secon ' p
which is adjacent the first side. 25. The nmethod of ¢laim 22 further
conprising the s i ' of

| eads, prior to %@'ndljr';hg'(t?{!:gﬁ"?)?ur%I| Ma |§Stﬂt§tosfét¢]6}fg tllvle gﬂgggggmg t he
chip. 26. mrapnaemom\admglaaaadﬁamm ving & Vi bat, Qfﬁ"b@l%tﬁe n adhesive

mat eri al i <
and a Comﬁa‘-éflég?‘lyng ding compsey ot aahegwaly BeHdiAg e msmpato the leadiramen si de

material toSyehhthaidne tie h%rtﬁ?é’&rﬁﬂ? tbp@g&vgfsugiﬁggéaﬁtﬁ Sggg@%ﬁoghe

plurality ofyrirRr@dm Jﬁlyéstthétﬂémot wire btinclirig/ thentia bar tl attleastenebandipady of
| eads in the aligned position; 15 wherein the |ead protrusions aligned to
the adhesive material are different than the |ead protrusions aligned to
the chip. 27. A2ret hFhefmethodidfrolaien 18 wheseimthestep of wite bending si ng t he

steps of: comprises wire bonding the plurality of leads to the plurality of bond pads such
that all wire bonds are contained within the chip periphery.

10 :
22. A method for making a semiconductor device comprising the steps

of:

providing a semiconductor chip having an active surface, a plurality of
bond pads formed on the active surface, four sides, and four corners;

15 providing a leadframe having a plurality of leads, wherein at least two
leads of the plurality of leads each have a protrusion formed on a side of the
lead;

positioning the leadframe over the active surface of the chip;
aligning the protrusions of the at least two leads to either a side or a
20 comer of the chip;
adhesively bonding the plurality of leads to the active surface of the chip
in the aligned position;
simultaneously clamping the inner portions of the plurality of leads
against the active surface of the chip; and
25 wire bonding the plurality of leads to the plurality of bond pads.

23. The method of claim 22 wherein the step of providing a leadframe
comprises providing a leadframe wherein four leads have a protrusion on a
side thereof, and wherein the step of aligning comprises aligning the
30 protrusions of the four leads to either a side or a comer of the chip.

- 24,  The method of claim 22 wherein the step of providing a leadflame
comprises providing a leadframe wherein a first lead and a second lead
adjacent to the first lead each have a protrusion formed on a side thereof, and

35 wherein the step of aligning comprises aligning the protrusion of the first lead to

N VL



20 . provi ding a sem conductor chip ‘having an_active surface, a

periphery, and a plurality of bond pads formed onjt ' ce of the
chip along the periphery; providing a plurality o ﬁ”EfPLgéél\h%ﬁ' §Hpéﬁq havi ng
an inner portion, a central portion, and an outer rtion;
bonding the plurality of |leads to active surface tﬂ«? QEppWQZch tlhat the
I nner and central portions overlie the active sur e, such that jtHe inner
portions extend inward fromthe peripheryg.and such that the outer portions
extend outward fromthe periphery; simnultaneously

portions ofy t fandes t
TR ol a A, o g oo Tl s

met hod of @'Qﬁﬁfﬂ"ﬁ? PtVM'%'Phd% ﬁcgl"h the first 8iden” of providing a tlé bar
traversing the actlve surface of the chip, and wherein the step of 35

Cl B 0 CorPr | S8, PR pAlndfl S b L R WBinirng Bid ¥ b ap
EI ?I hma\ZHBHV\/rad‘anivé imtemamodhe foluralityi mfgeads,jlc prldritrg humhr:g ﬂ?phr?wm ﬂ@pdﬁs t :c e
the tao optodnaRlreslage S ngRior L ERlt o m 26 further conprising the
step of wire bonding the tie bar to at |east one of the plurality of bond
pads. 26. The method of claim 25 wherein the step of bonding an adhesive
material comprises:
10 providing an adhesive materlal having a side and a comer;
aligning either the side or the comer of the adhesive material to
protrusions formed on sides of at least two leads of the plurality of leads; and
bonding the adhesive material to the plurality of leads in the aligned
position; :
15 wherein the lead protrusions aligned to the adheswe material are different than
the lead protrusions aligned to the chip.

~ 27. A method for making a semiconductor device compriéing the steps
of:

20 providing a semiconductor chip having an active surface, a periphery,
and a plurality of bond pads formed on the active surface of the chip along the
periphery;

providing a plurality of leads, each lead having an inner portion, a central
portion, and an outer portion;

25 bonding the plurality of leads to active surface of the chip such that the
inner and central portions overlie the active surface, such that the inner portions
extend inward from the periphery, and such that the outer portions extend
outward from the periphery;

simultaneously clamping the inner portions of the plurality of leads
30 against the active surface; and
wire bonding the plurality of leads to the plurality of bond pads.

28. The method of claim 27 further comprising the step of providing a
tie bar traversing the active surface of the chip, and wherein the step of
35 clamping comprises clamping the tie bar against the active surface
simultaneously with the plurality of leads.
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31. A method for making a sem conductor device conprising the steps 10
of :.fprovi dihng a sem conductor chip having a periphery and an active
surface, the active surface having a centerline Ts—tn

opposi ng sides of the chip and having a plurality oﬁmssﬁfﬁn t he
peri phery; providing a | eadfrane having a pluralit}ly fof | eads, eachi ljead
conprising 15 an inner portion, an outer portion,J gndl DEQt99F poqtion
connecting the inner and outer portions;{positioniing the |eadfra ver the
active surface of the chip such that the pluralit
i nterspersed with the plurality of bond pads, suc

(@)~}

hat the inner pprtions
of the leads overly the actjv urface and extend, fromthe. t 20
portions toward 2%he c-gh?éwthﬁé,‘)?éﬁm f@l%eﬁ’fﬁt %ﬁf%?gnﬁrgyﬁ'ﬁg tlrﬁ/aé?'i y the
por 1 ons. of B e TR Lhal et Port10na of the
[ o] .aclive sur ; : i nner rt t
plurality o?“ﬁ@ﬁl&'g gy ?ﬂ@%&”@i%é@?sbf thepghi :o;or]an 25 ©

wi re bolding the central portions of each lead to a bond pad. 32. The

met.hod of claim | : |dow' He &b i Hinal
bondi ng t he innesé'por ﬁ%@oﬁi&?ﬁ%ﬁ%ﬁéﬁl{ﬂﬁ t aslic}ﬁ ve sSP?g?g?écj)fbeﬁﬂigchi p.
30 33. Thethedlionbar tsr atcieashong ofither plurality,ef BoRgPaES.c| anpi ng conpri ses

clanping only the inner portions of the | eads against the active surface of

cl'ai m 31 wher ef n3tne BERE B SHRKIA4 SioaifyclRE devidd compHsit Y el

10 of

providing a semiconductor chip having a periphery and an active
surface, the active surface having a centerline which intersects two opposing
sides of the chip and having a plurality of bond pads along the periphery;
_providing a leadframe having a plurality of leads, each lead comprising
15  an inner portion, an outer portion, and a central portion connecting the inner
and outer portions; _
positidning the leadframe over the active surface of the chip such that the
plurality of leads are interspersed with the plurality of bond pads, such that the
inner portions of the leads overly the active surface and extend from the central
20 portions toward the centerline, such that the central portions overly the active
surface, and such that the outer portions extend from the central portions off the
active surface; . |
clamping the inner portions of the plurality of leads against the active
surface of the chip; and
25 wire bonding the central portions of each lead to a bond pad.

32. The method of claim 31 wherein the step of positioning cohprises
adhesively bonding the inner portions of the leads to the active surface

of the chip.
30 _

33. The method of claim 31 wherein the step of clamping comprises
clamping only the inner portions of the leads against the active surface of the
chip, during the step of wire bonding.

35 34. The method of claim 31 wherein the step of providing a leadframe

Tk [ L M s * '



-18 - conprises providing a | eadflame having a tie bar, wherein the step of
cl anpi ng conprises clanping the tie bar against the active surface of the
chip, and further conprising the step of wire bonding the tie bar to a bond
pad. 5 35. The nethod of claim31 wherein the step of providing a
sem conductor die conprises providing a sem conductor die having four sides
and havi ng bond pads along all four sides. REPLACEMENT SHEET

-18 -

comprises providing a leadflame having a tie bar, wherein the step of clamping
comprises clamping the tie bar against the active surface of the chip, and further
comprising the step of wire bonding the tie bar to a bond pad.

5 35. The method of claim 31 wherein the step of providing a
semiconductor die comprises providing a semiconductor die having four sides
- and having bond pads along all four sides.
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