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SYSTEM, APPARATUS, AND METHOD FOR CONNECTING A
SEMICONDUCTOR CHIP TO A THREE-DIMENSIONAL LEADFRAME

TECHNICAL FIELD OF THE INVENTION

This invention relates. generally to the field of integrated circuits, and more

particularly to a system, apparatus, and method for connecting a semiconductor chip to
~ a three-dimensional leadframe.
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BACKGROUND OF THE INVENTION

A leadframe may be electrically coupled to an integrated circuit during an aspect
of the fabrication of an electronic component. Methods for coupling the leadframe to the
integrated circuit include wire bonding such as ball bonding or wedge bonding. The
leadframe, integrated circuit, and bond wire may be encapsulated by a plastic molding
process to form a package.

Bonding with bonding wire entails securing a bonding wire between a contact or
a bond pad on an integrated circuit and a bonding site or target on a lead tip of a lead or
lead finger on a leadframe. As the distances between bond pads on integrated circuits are
reduced, the size of the integrated circuit die can be reduced while producing substantially
equal performance and using less silicon. _

Many leadframe manufacturing processes have a limit on the minimum width of
the metal lead and the distance between leads that can be produced. To accommodate the
smaller distances between bond pads, the bonding sites on the leads have become more
remote from the semiconductor die as the die size has been reduced. To provide for
closer leads or more dense leads at the same distance, three-dimensional leads have been
developed. For example, United States Patent 4,987,473, entitled Leadframe System with
Multi-Tier Leads, discloses lead tips that have been bent upwards and some bent
downwards into different planes to provide for denser packaging of lead tips without fear
of electrical shorts. The ‘473 Patent does not disclose or teach eﬁiciént methods of
manufacturing multi-level leads or an efficient bonding technique.

Three-dimensional leads have also been utilized in an effort to minimize wire
crossing and shorting during the fill process of packaging a semiconductor chip. For
example, United States Patent 5,530,281, entitled Wire Bond Lead System with Improved
Wire Separation, discloses a leadframe with three-dimensional leads for this purpose. The
‘281 Patent does not, however, disclose an efficient method for making leads or for
bonding to such leads. .

As an aspect of applying bonding wires between lead tips and bond pads, a heating
block may be used. For example, United States Patent 5,558,267, entitled Moat For Die
Pad Cavity in Bond Station Heater Block,' which is incorporated herein for all purposes,



shows, a heating block to assist with bonding. The heating block may be heated by a

heater as is known in the art.
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SUMMARY OF THE INVENTION

According to an aspect of the present invention, a system, apparatus and method
for connecting a semiconductor chip to a leadframe are provided that address the
shortcomings of prior devices and techniques. According to an aspect of the present
invention a system for connecting a semiconductor cﬁip to a leadframe includes a three-
dimensional leadframe and a bonding support mechanism having a trough.

According to an aspect of the present invention the leadframe may have a first lead
having a first base portion, a first lead tip, and a first longitudinal axis, a second lead
having a second base portion, a second lead tip, and a second longitudinal axis, the first
and second leads formed substantially adjacent to each other, and the second lead having
a stepped portion such that the lead tips of the first and second leads are separated in a
Z-direction and in a Y-direction (where the Y-direction is parallel to the longitudinal axis
of the leads and an X-direction intersects adjacent leads).

According to another aspect of the present invention, the bonding support
mechanism may include a support body, with the trough formed on the support body, and
the trough having a first surface at a first elevation, the first surface for supporting the
second lead tip, and the bonding support mechanism may include a second surface, which
is for supporting the first lead tip formed on the support body at a second elevation and
substantially adjacent to the first surface. According to another aspect of the present
invention a bonding support mechanism may have an angled surface to accommodate a
stepped portion of a down.s.et lead of a leadframe.

According to another aspect of the present invention, a tﬁethod for connecting a
semiconductor chip to a leadframe may include the steps of forming a three-dimensional
leadframe with a first lead having a first base portion, a first lead tip, and a first
longitudinal axis; forming a second lead having a second base portion, a second lead tip,
and a second longitudinal axis, and with the first and second leads formed substantially
adjacent to each other; forming a stepped portion on the second lead; and bonding lead
wires to the plurality of leads by placing the first lead tip of the first lead on a ﬁfst surface
of a ridge of a bonding support mechanism and placing the second lead tip of the second
lead on a second surface formed as part of a trough of a bonding support mechanism, and
applying bonding wires between the chip and the first lead tip and second lead tip. |



A technical advantage of the present invention is that three-dimensional leads may
be efficiently manufactured and bonded to a semiconductor chip. Another technical
advantage of the present invention is that the trough of the bonding support mechanism
facilitates positioning of the leads with respect to the bonding support mechanism.
Another technical advantage of the present invention is that a bonding support mechanism

is provided that is relatively easy to manufacture.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understandmg of the present mventlon, the objects and
advantages thereof, reference is now made to the. foﬂomng descnptlons taken in
connection with the accompanying drawings in which:

FIGURE 1 is a plan view of a leadframe according to an aspect of the present
invention;

FIGURE 2 is a perspective view of leads on a leadframe for bonding according to
an aspect of the present invention;

FIGURE 3 is a plan view of a portion of a leadframe for bonding according to an
aspect of the present invention;

FIGURE 4 is an elevational, side view of a portion of the leadframe shown in
FIGURE 3;

FIGURE 5 is an elevational, end view of a portion of the leadframe shown in
FIGURES 3 and 4;

FIGURE 6 is a perspective view of a portion of a bonding support system
according to an aspect of the present invention;

FIGURE 7 is a plan view of a system for connecting a semiconductor chip to a
leadframe;

FIGURE 8 is a cross-sectional view of the system of FIGURE 7 taken along line
8-8; and

FIGURE 9 is a perspective view of another support mechanism according to an

aspect of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

The preferred embodiment of the present inveation and its advantages are best

understood by referring to FIGURES 1 through 9 of the drawings, like numerals being
used for like and corresponding parts of the various drawings.

Referring to FIGURE 1, a leadframe stiip 10, which has leadframe 12 formed
a{ocording to an aspect of the preseat invention, is shown. Leadframe 12 has a number of
basic leadframe features 14 including leads 16, which will allow the final package to be
electrically coupled to electronic systems. Leadframe 12 is formed with a plurality of
leads 18. In a center portion of leadframe 12 is a die pad or paddle 20 or which a
semiconductor chip 22 is attached. Die pad 20 is supported b); a plurality of securing
leads or straps 24. Semiconductor chip 22 has a plurality of bonding pads 26 on a surface.

Bond pads 26 may be electrically coupled to leadframe 12 by the application of
bonding wires 28 between the plurality of leads 18 and the bonding pads 26. The

~ connections involving bonding wire 28 may be made by any of a number of techniques

such as ball bonding or wedge bonding. The leads 18 are supported during bonding by
a bonding support mechanism as will be described in connection with FIGURES 6-9.

Referring now to FIGURE 2, a perspective view of a portion of leadframe 12 is
shown, and in particular, three leads from the plurality of leads 18 (FIGURE 1) are
shown. Three leads are shown for illustration purposes, but it is to be understood that the
description of the three leads may apply analogously to all of the plurality of leads 18.
A first lead 30, second lead 32, and third lead 34 are shown. First lead 30 has a bond tip
or lead tip 36, a step or stepped portion 38, and a lead base portion 40. Second lead 32
has lead tip 42 and a lead base portion 44. As with lead 30, third lead 34 has a lead tip
46, a step or stepped portion 48, and a lead base portion 50. Stepped portions 38 and 48
may be formed by any number of techniques such as adding creases, bending, arching or
otherwise causing the leads 30 and 34 to have portions in different planes with respect to
the Z-axis for the axis orientation shown at reference numeral 52. The end portion of
each lead 30, 32, and 34 where the lead tips 36, 42, and 46 are found may be referred to
as the terminus portion of each and referenced 54, 56, and 58, respectively.

An insulating material or tape such as a polyimide tape 60 may be applied on the
base portion 40, 44, and 50 of the leads -30, 32, and 34. Tape 60, among other things,
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provides mechanical stability to the leads 30, 32, and 34. The base portions 40, 44, and
50 may be substantially coplanar in the area where polyimide tape 60 is applied.

Bonding wire 28 may be attached to the lead tips 36, 42, and 46, as shown. By
forming stepped portions 38 and 48 on so-me of the leads, e.g. leads 30 and 34, it is
possible to place the lead tips, e.g., 36, 42, and 46, in close proximity in the X-Y plane for
the axis orientation shown at 52, while providing a;!eq;.late clearance between bonding
sites or lead tips 36, 42 and 46. Because of the clearance in the Z-direction (for the axis
orientation shown at 52), it allows a fine pitched leadframe 12 having leads 18 relatively
close to the plurality bond pads 26 on chip 22, and this, among other things, allows
shorter bonding wires 28.

FIGURES 3, 4, and 5 show a plan view, side elevational view, and end elevational
view respectively for the portion of leads 18 of FIGURE 2. It should be noted that a
pattern of offsetting every other lead with a step, e.g., 38 and 48, is suggested, but other
patterns of offsetting leads 18 may be used.

“There are a number of ways in which one might manufacture a leadframe, such as
leadframe 12, according to the present invention. A coiled metal material for the
leadframe strip may be etched or stamped to form leadframe features, e.g. 14 in FIGURE
1. The leadframe can ihen go through a plating process. Next, the leadframe may be cut
and offset. The leadframe may be cut to an appropriate length for its application, and the
die pad, e.g. 20 in FIGURE 1, may be offset by displacing securing leads 24 in a
Z-direction to account for a chip, e.g. chip 22. A number of the leads may be then
downset or offset, e.g. a number of the plurality of leads 18 in FIGURE 1, to produce a
higher density of leads by utilizing separation in the Z-direction for the orientation 52
shown in FIGURE 2.

According to one aspect of the present invention, stamping processes are used to
form leads having an offset. Two process additions — line punching and offsetting — may
be added to the leadframe manufacturing process. Punching may involve separating
material and not actually removing material. The offsetting step involves downsetting
altemnate adjacent leads in the Z-axis either during the stamping process or during the die

pad offset process. A chemical etch could be used for some of the separation if desired.
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With reference to FIGURE 2, the leads 30, 32, and 34 may be formed by using a
blanking process to separate portions of the leadframe to form leads 30, 32, and 34 from
about the external lead portion 16 (FIGURE 1) through the base portion 40, 44, and 50,
where for leads 30 and 34 the steps 38 and 48 begin. The portion of the leadframes 30,
32, and 34 going from the start of the steps 38 and 48, which is proximate the base
portions 40 and 50, to the lead tips 36, 42, and 46 may be formed by using a sﬁearing or
lancing process. The shears may be used to both cut and to displace leads 30 and 34
relative to lead 32 with respect to the Z-direction for axis orientation 52. Note that while
FIGURE 2 shows distinct bending points forming steps 38 and 48, a more gradual bend
or displacement may be used and may result from the shearing process.

Referring to FIGURE 6, a system 270 for connecting a semiconductor chip to a
leadframe is shown. System 270 may include leads 130 and 132 and bonding support
mechanism 202. The bonding support mechanism or heating block 202 may be used to
assist and provide support during bonding of leads, for example leads 130 and 132.
Support mechanism 202 includes support body 215 formed with surfaces that will be
described below.

Lead 130 has a bonding or a lead tip 136, and lead 132 has lead tip 142. Leads
130 and 132 have base portions 140 and 144, respectively. Lead 130 has a stepped
portion 138. Insulating material or tape 160, e.g., polyimide tape, is applied on the base
portions 140 and 144 of leads 130 and 132, Bonding wire 128 may be coupled to the lead
tips 142 and 136 while the leads 130 and 132 are supported by mechanism 202. It will
be appreciated that leads 130 and 132 are analogous to those shown in FIGURES 1-4.

Leads 130 and 132 are shown held in place against support 202 by a clamping
mechanism 200. Clamping mechanism 200 may be positioned just outboard of tape 160.
Clamping mechanism 200 may securely hold leads 130 and 132 on a bonding support
mechanism 202 during bonding. Bonding support mechanism 202 is formed from a
support body 215 that accommodates the separation in a Z-direction of adjacent leads 130
and 132,

Lead tip 136 of lead 130 rests upon a first support surface 204 of bonding support
mechanism 202. Surface 204 is at a first elevation, which refers to a Z-axis location for

the same axis orientation 52 of FIGURE 2. Lead tip 142 of lead 132 may rest upon a
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second support surface 206, which is formed on a ridge 251 of bonding support
mechanism 202. Second support surface 206 is at a second elevation. An angled support
surface 210 may be angled to match the bend or curvature of stepped portion 138. A base
support surface 111 may be formed on body 215 for supporting the base portions 140 and
144 of leads 130 and 132. Support surfaces 204 and 206 of bonding support mechanism
202 will provide support for lead tips 136 and 142 during the bonding process to resist
forces that may be developed by a capillary of a bonding tool. A third surface on body
215 may be provided to support the chip paddle as shown in FIGURES 7 and 8.

Referring now to FIGURES 7 and 8, a system 370 for connecting a semiconductor
chip to a leadframe such as leadframe 12 (FIGURE 1) is shown. System 370 may include
leads, such as leads 330, 332 and 334, involving a separation in a Z-direction (for
orientation 52 in FIGURE 2) and a bonding support mechanism 202. For purposes of
illustration, bonding wire 328 is shown connecting bonding pad 326 on chip 322 to first
lead 330, and bonding wire 329 is shown connecting a pad 327 on chip 322 to a second
lead 332. Other bonding pads on chip 322 are not shown. Chip 322 is shown on a die
paddle 372 with a die-attach adhesive 374 between chip 322 and die paddle 372.

As shown best in FIGURE 8, chip 322 and paddle 372 along with the leads, such
as leads 330 and 332, are accommodated by bond support mechanism or heating block
302. Supporting mechanism 302 rﬁay be formed with a support body 315 having features
as will be discussed below. |

Bond support mechanism 302 has a trough 303 with a first surface 304 for
receiving and supporting the downwardly displaced leads such as lead 330. As shown in
FIGURE 7, trough 303 has a longitudinal axis 301 substantially perpendicular to a
longitudinai axis of the leads, such as axis 305 of lead 309. First surface 304 is formed
at a first elevation, which refers to a location with respect to the Z-axis for the same axes
orientation 52 shown in FIGURE 2. Adjacent to first surface 304 is an angled surface 310
that is shaped to accommodate the bend or curvature of stepped portion 338 of the
downwardly displaced leads, such as lead 330. Support mechanism 302 has a second
surface 306 for supporting the straight or planar leads, such as lead 332. The second

surface 306 is formed at a second elevatipn.



10

15

20

25

30

41

Adjacent to second surface 306 is a third surface 376 for supporting die pad_dle
372 vﬁth chip 322. The third surface is formed at a third elevation. The leads, sucﬂ as
leads 330, 332, and 334, may be securely held against surfaces 304, 306, and 310, b-y a
clamping mechanism, such as clamping mechanism 200 of FIGURE 6.

FIGURES 7 and 8 only show a portion of chip 322, the leads associated with chip
322, and support mechanism 302, but it is to be understood that support mechanism 302

- would be extended and mirrored to accommodate all the leads associated with chip 322.

System 370 allows for the chip 322 and paddle 372, along with leads such as leads
330, 332 and 334, to be placed on top of support mechanism 302 which, because of the
aligning of surfaces such as step 338 with surface 310, allows for easy positioning of chip
322 and leads 330, 332 and 334 with respect to support mechanism 302 and provides
appropriate bonding support. Once bonding is complete with bonding wires 329 and 328,
the chip paddle 372, chip 322, and lead fingers 330, 332 and 334 may be removed from
the support mechanism 302. Support mechanism 302 provides for quick aligning and full
support during the bonding process.

The use of continuous trough 303 is made possible by the lead tip of the
downwardly displaced leads, such as lead tip 336 of lead 304, being pulled back away
from the lead tips of the planar leads, such as lead tip 342 of lead 332. Manufacturing the
leads, e.g. 330, 332, 334, with this feature allows for their placement in mechanism 302
as shown in FIGURES 7 and 8. If a displacement is not as complete, a comb-like
approach may be used as shown .in FIGURE 9.

Referring now to FIGURE 9, a lead 432 that is substantially planar is shown
adjacent to downset lead 430. Lead 430 is downset with a stepped portion 438. Leads
430 and 432 are shown in use with bonding support system 470 that includes a bonding
support mechanism or heating block 402. Bonding support mechanism 402 has a first
surface 404 for supporting first lead tip 436 of lead 430. Bonding support mechanism 402
also includes a second support surface 406 for supporting lead tip 442 of lead 432.
Surface 406 may be sized and configured to be smaller than lead tip 442.

A clafnping mechanism 499 is shown holding leads 430 and 432 against support
mechanism 402 with the clamping positioned just outboard of tape 460. With the support
provided by surfaces 404 and 406, bonding wires 428 ahd 429 may be readily attached.
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Althougt FIGURE 9 only shows two leads, it is to be understood that the bonding
support mechanism 402 may be duplicated to accommodate all of the leads necessary for
a chip, such as chip 322 of FIGURE 7.

Although the invention has been particularly shown and described by the foregoing
detailed description, it will be understood by those skilled in the art that various other
changes in form and detail may be made without departing from the spirit and scope of

the invention, which is defined by the appended claims.
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WHAT IS CLAIMED IS: _
L. A system for connecting a semiconductor chip to a leadframe, the system
comprising: '
a three-dimensional leadframe comprising: _
a first lead having a first base portion, a first lead tip, and a first
longitudinal axis, '
a second lead having a second base portion, a second lead tip, and a
second longitudinal axis,
the first and second leads formed substantially adjacent to each other, and
the second lead having a stepped portion such that the lead tips of the first
and second leads are separated in a Z-direction and in a Y-direction (where the
Y-direction is parallel to the longitudinal axis of the leads and an X-direction intersects-
adjacent leads); and
a bonding support mechanism for holding the three-dimensional leadframe during

. bonding, the support mechanism comprising:

a support body,

a trough formed on the support body, the trough having a first surface at
a first elevation, the first surface for supporting the second lead tip,

a second surface formed on the support body at a second elevation and
substantially adjacent to the first surface, the second surface for supporting the
first lead tip, and

wherein the first elevation and second elevation are displaced from each other.

2. The system of Claim 1 wherein the bonding support mechanism further
comprises a third surface formed on the support body at a third elevation for receiving a

die paddle.

3. The system of Claim 1 further comprising a clamping mechanism for
holding the three-dimensional leadframe against the bonding support mechanism during

bonding.

* - C L M S *
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4, The system of Claim 1 wherein the bonding support mechanism further
comprises an angled surface formed on the support body adjacent the first surface for

accommodating the stepped portion of the second lead.

S. The system of Claim 1 wherein the trough of the bonding support
mechanism has a longitudinal axis that is substantially perpendicular to the first
longitudinal axis of the first lead when the first lead is placed on the bonding support

mechanism.

6. The system of Claim 1 further comprising a third surface formed on the
support body at a third elevation and wherein the first elevation, second elevation, and

third elevation are displaced from each other.

7. The system of Claim 1 wherein the bonding support mechanism further
comprises a ridge formed on the body adjacent the trough and wherein the second surface

is formed on the ridge.

8. The system of Claim 1 wherein the bonding support mechanism further
comprises a fourth surface formed on the support body proximate the first surface, the
fourth surface for supporting a base portion of a lead when placed on the support

mechanism.

9. The system of Claim 1 wherein the bonding support mechanism further
comprises:
an angled surface formed on the support body adjacent the first surface for
accommodating the stepped portion of the second lead;
a fourth surface formed on the body proximate the first surface, the fourth surface
for supporting the first base portion and second base portion;
a ndge formed on the body adjacent the trough; and

wherein the second surface is formed on the ridge.

* ¢ L M § *x
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10.  The system of Claim 1 wherein the bonding support mechanism further

comprises:
| an angled surface formed on the support body adjacent the first surface for

accommodating the stepped portion of the second lead,

a fourth surface formed on the body proximate the first surface, the fourth surface
for supporting a base portion of a lead when placed on the support mechanism;

a ridge formed on the body adjacent the trough; and wherein |

the second surface is formed on the ridge,

wherein the first elevation, second elevation, and third elevation are displaced from
each other, and

wherein the trough has a longitudinal axis and the trough is formed with an
orientation so that the longitudinal axis of the trough is substantially perpendicular to the

first longitudinal axis.

A
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11. A bonding support mechanism for supporting a leadframe having planar
leads, each with a first longitudinal axis, and downset leads, the support mechanism
comprising:

a support body;

a trough formed on the support body, the trough having a first surface at a first
elevation, the first surface for supporting a lead tip of a downset lead;

a second surface formed on the support body at a second elevation and
substantially adjacent to the first surface, the second surface for supporting a lead tip of
a planar lead; .

a third surface formed on the support. body at a third elevation for receiving a die
paddle; and

wherein the first elevation and second elevation are displaced from each other.

12.  The bonding support mechanism of Claim 11 further comprising an angled
surface formed on the support body adjacent the first surface for accommodating a

stepped portion of a downset lead.

13.  The bonding support mechanism of Claim 11 wherein the trough has a
longitudinal axis and wherein the trough is formed with an orientation so that the
longitudinal axis is substantially perpendicular to a longitudinal axis of a lead when placed
on the support mechanism.

14.  The bonding support mechanism of Claim 11 wherein the first elevation,

second elevation, and third elevation are displaced from each other.

15.  The bonding support mechanism of Claim 11 further comprising a ridge
formed on the support body adjacent the trough and wherein the second surface is formed

on the ridge.

(.
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16.  The bonding support mechanism of Claim 11 further comprising a fourth
surface formed on the support body proximate the first surface, the fourth surface for

supporting a base portion of a lead when placed on the support mechanism.

17. The bonding support me.cﬁénism of Claim 11 further comprising:
an angled surface formed on ihe support body adjacent the first surface for
accommodating a stepped portioq of a downset lead,;
a fourth surface formed on the support body proximate the first surface, the fourth
surface for supporting a base portion of a lead when placed on the support niechanism;
a ridge formed on the support body adjacent the trough; and

wherein the second surface is formed on the ridge.

18.  The bonding support mechanism of Claim 11 further comprising:
an angled surface formed on the support body adjacent the first surface for

accommodating a stepped portion of a downset lead;

a fourth surface formed on the support body proximate the first surface, the fourth
surface for supporting a base portion of a lead when placed on the support mechanism.

a ridge formed on the support body adjacent the trough;

wherein the second surface is formed on the ridge;

wherein the first elevation, second elevation, and third elevation are displaced from
each other; and

wherein the trough has a longitudinal axis and the trough is formed with an
orientation so that the longitudinal axis of the trough is substantially perpendicular to a

longitudinal axis of a lead when placed on the support mechanism.

* [ L ] H *
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19. A method for connecting a semiconductor chip to a leadframe, the method
comprising the steps of:
forming a three-dimensional leadframe, wherein the step of forming the three
dimensional leadframe comprises the steps of:
forming a first lead having a.ﬁrst base portion, a first lead tip, and a first
longitudinal axis,
forming a second lead having a second base portion, a second lead tip, and
a second longjtudinal axis, and with the first and second leads formed substantially
adjacent to each other, and |
forming a stepped portion on the second-lead such that the lead tips of the
first and second leads are separated in Z-direction and in a Y-direction (where the
Y-direction is parallel to the longitudinal axis of the leads and an X-direction
intersects adjaceat leads); and
bonding lead wires to the plurality of leads, wherein the step of bonding lead wires
comprises the steps of: |
placing the first lead tip of the first lead on a first surface of a ridge of a
bonding support mechanism,
placing the second lead tip of the second lead on a second surface formed
as part of a trough of a bonding support mechanism,
temporarily securing the first lead and second lead to a bonding support
mechanism with a clamping mechanism, and

applying bonding wires to the first lead tip and second tip.

20.  The method of Claim 19 wherein the step of bonding further comprises
the step of placing the stepped portion of the second lead on an angled surface of a

bonding suppoft mechanism.

* ¢ L WM s x



