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DEVICE (71)   We, RCA CORPORATION, a cor-  a surface which is relatively
low to a surface  50 poration organised under the laws of the  which is
relatively higher, which, in the art, State of Delaware, United States of
America,  is called bonding "uphill". Bonding in this of 30 Rockefeller
Plaza, City and State of  way is preferred because it imposes rela- 5 New
York, United States of America, do  tively little stress on the wire during
the hereby declare the invention, for which we  bonding operation.
55 pray that a patent may be granted to us,   One problem with uphill
bonding which and the method by which it is to be per-  stems from coplanar
lead frames is that a formed, to be particularly described in and
substantial number of rejected parts result 10 by the following statement:-
because of "street" shorts in which the This invention relates to the
manufacture  connector wire contacts bare semiconductor 60 of semiconductor
devices. More particularly,  material at the edges of the chip. The term
the invention pertains to the art of bonding  "street" is a term of art
which is suggested connector wires between a semiconductor  by the
configuration of a semiconductor 15 chip and leads adapted to connect the
device  wafer prior to chip separation, where the to external circuitry.
grid of bare silicon in which diamond scrib- 65 Semiconductor devices of
the type known  ing is carried out resembles streets and cross- as wire
bonded devices are well known.  streets. Heretofore, the operator of the
wire Many of these devices, such as plastic en-  bonder had to be skilled
in imparting suffi- 20 capsulated integrated circuit devices, utilize
cient arching to the connector wire to avoid a component called a lead
frame. Typically,  these shorts. Even with skilled operators, 70 the lead
frame is formed from  a single  however,  significant  yield  losses  have
continuous sheet of metal, usually by stamp-  occurred. ing. The frame
includes an outer support-    According to this invention there is pro- 25
ing frame, a central semiconductor chip  vided a method of assembling a
semiconduc- supporting pad and a plurality of lead fingers  tor device
which includes a lead assembly  75 each having a terminal bonding portion
near  of the type formed from  a single con- the central chip supporting
pad. The outer  tinuous sheet of resilient metal comprising supporting
frame is ultimately removed and  an outer frame, a semiconductor chip sup-
30 forms no part of the finished device.     porting pad, and a plurality
of lead fingers In the assembly of devices utilizing these  each having a
terminal portion near said chip  80 lead frames, the practice is to mount a
semi-  supporting pad, said lead assembly in its un- conductor chip on the
central supporting pad  stressed condition having said chip support- and
then to place the lead frame, with the  ing pad and said terminal portions
of said 35 chip thereon, into a wire bonding apparatus  lead fingers in
non-coplanar relationship, which may be one of several different types.
characterized by the steps of, bonding a  85 In the popular ultrasonic
bonding apparatus, semiconductor chip to said chip supporting there is a
clamp assembly for holding the  pad, forcing said chip supporting pad and
lead frame and supporting the leads and the  said terminal portions of said
lead fingers 40 chip supporting pad. A wire holder and  into coplanar
relationship, while maintain- feeder and an ultrasonic bonding tool may
ing said coplanar relationship bonding a  90 



be manipulated to attach a connector wire  plurality of connector wires
between said to the terminal portions of the lead fingers  semiconductor
chip and said terminal por- and to appropriate bonding surfaces on the
tions of said lead fingers, and releasing said 45  semiconductor chip.
lead assembly to establish the non-coplanar Prior art lead frames have been
coplanar,  relationship of said chip supporting pad  95 and for this reason
the wire is ordinarily  and said terminal portions of said lead attached
first to the lead finger and then to  fingers. the chip so that bonding can
be done from    In the drawings: [Price 25p]    2
1,338,188 Figure 1 is a plan view of one form of plane on the side of the
frame opposite the present lead frame.                    from the side on
which the bonding surfaces Figures 2 and 3 are cross sectional views  of
the lead fingers are located, or in other on the lines 2-2  and 3-3,
respectively,  words, it is disposed in a plane spaced in 5 of the lead
frame of Figure 1.             the direction from the bonding surface side
70 Figure 4 is a partial perspective cross  toward the opposite side of the
frame. The sectional view showing the lead frame of material should be
resilient so that it can Figure 1 with a semiconductor chip in place  be
temporarily forced into coplanar relation- thereon.
ship and then permitted to spring back to 10   Figure 5 is a partial
perspective cross  or toward its non-coplanar configuration, as 75
sectional view  showing the assembly of will be described in greater detail
below. Figure 4 in a clamping fixture. and with a    In the manufacture of
a device utilizing connector wire attached.                   the lead
frame 12, the first step is to mount Figure 6 is a partial perspective
cross  a semiconductor chip on the chip support- 15 sectional view similar
to Figure 4, showing  ing pad 16. Figure 4 suggests such a chip  80 the
position of the connecting wire after  at 24. The chip 24 may be mounted in
any release of the frame from the clamping fix-  known manner. ture of
Figure 5.                            The next step is to bond connector
wires Figure 7 is a plan view  of a second  between the semiconductor chip
24 and the 20 embodiment of the present lead frame.      terminal portions
20 of the lead fingers 18. 85 Figure 8 is a cross sectional view on the
This is done in the present novel method line 8-8 of Figure 7.
in the following manner. The lead frame Figure 9 is a cross sectional view
of a  12 with the chip 24 thereon is placed in a lead frame of the type
shown in Figure 7  wire bonding fixture and clamped. Figure 25  in a clamp
constructed in accordance with  5 shows the configuration of the lead frame
90 the prior art.                             between jaws 26 and 28 of a
lead frame Figure 10 is a cross sectional view of the  clamp. As shown, the
clamp forces the lead frame in an improved clamp.           chip supporting
pad 16 into coplanar rela- Figure 11 is a cross sectional view of a
tionship with the remaining elements of the 30 plastic encapsulated device
using the lead  lead frame. This is the configuration of a  95 frame of
Figure 1.                         prior art lead frame in which the chip
sup- Figure 12 is a cross sectional view of a  porting pad is always
coplanar with the plastic encapsulated device using the lead  other
elements. This configuration permits frame of Figure 7.
bonding to be done "uphill" as in the prior 35
art.                                      100 EXAMPLE 1
The next step is to apply the bonding Figure 1 shows a lead frame 12 con-
wires. This may be done in any known structed according to one embodiment
of manner,  preferably  ultrasonically.  Each 



the present invention. The lead frame 12  wire is bonded first to the
terminal portion 40 includes an outer frame portion 14, a central  20 of a
lead finger 18 and then to a bonding 105 chip supporting pad 16 and a
plurality of  pad, not shown, on the chip 24. During this lead fingers 18
which have terminal bond-  operation, if the operator fails to impart ing
portions 20 near the chip supporting pad  sufficient arch to the connector
wire 30, it 16. The various parts are supported by  may contact bare
silicon in the street area 45  strip-like webs 22. The outer frame 14 and
at the edge of the chip 24, resulting in a 110 the webs 22 are ultimately
removed in the  short circuit. In a prior art device, this manufacture of a
device, in known manner. would result in rejection of the device upon As it
appears in plan, the lead frame 12  testing. is indistinguishable from
those used in the    In the present method, the next step is to 50 prior
art. However, in cross section as  release the jaws 26 and 28 of the
bonding 115 shown in Figures 2 and 3 there is a significant  clamp to
release the lead frame 12. Be- difference. In  particular,  as  shown  in
cause of the resiliency of the material of the Figures 2 and 3, the chip
supporting pad 16  frame 12, the chip supporting pad springs and the
terminal portions 20 of the lead  back to its non-coplanar position, or at
least 55 fingers 18 are non-coplanar.                some distance toward
that position, to pro- 120 The lead frame 12 may be fabricated by  duce a
configuration such as that shown on stamping from a single sheet of
conductive  Figure 6. The result is that the connector resilient material.
After stamping, the frame  wires tend to be lifted away from the street may
be deformed in a suitable jig to displace  area at the edge of the chip. It
has been 60 the conductive pad 16 out of the plane of  found that
substantially fewer rejects due to 125 the other elements of the frame 12
by bend-  short circuits occur when the present novel ing the supporting
webs 22 beyond their  lead frame and method are used. elastic limit so that
the shape illustrated in Figures 2 and 3 is established. As shown,
EXAMPLE II 65 the chip supporting pad is disposed in a    Figure 7
illustrates a second embodiment 130    3
1,338,188                                       3 of the present novel lead
frame, indicated  The central opening in the anvil 54 is large generally at
34. The configuration of the lead  enough to expose the terminal bonding
por- frame 34 is of a generally known type in  tions 44 and to accommodate
the bonding which there is a chip supporting pad 36  tools. 5 which is
integral with lead fingers 38, so    Because the upper surface 58 of the
70 that the pad 36 may be electrically coupled  plunger 56 is flat and
because the terminal to an external point such as ground. Like  bonding
portions 44 of the frame 34 are the lead frame 12, the lead frame 34 also
formed upwardly as described and are well has a peripheral frame 40, and a
plurality  within the central opening of the anvil 54, 10 of lead fingers
42 which have terminal bond-  the frame when clamped will take the con- 75
ing portions 44 near the chip supporting  figuration shown in Figure 9. The
terminal pad 36. Web elements 46 like the webs 22  bonding portions 44 will
not be adequately in the lead frame 12 support the various  supported from
beneath and bonding a elements in position with respectto each  wire to
them will be difficult if not impossible. 15 other. Because the integral
leads 38 are relatively    An improved clamping apparatus of the  80
massive in relation to the web 46 and be-  type shown in Figure 10 should
be used. cause they provide additional support for  In this clamp, there is
a fixed member 60 the chip supporting pad 46, it is difficult to  and an
annular anvil 62 secured thereto by 20 shape the frame 34 in the manner of
the  means of fasteners 64. A  plunger 66 is 



frame 12, that is, by displacing the chip  adapted to clamp a lead frame 34
against the  85 supporting pad 36 out of general plane of anvil 62 in
improved manner. For this pur- the frame. Accordingly, in this embodi-
pose, the plunger 66 is provided with an ment, the leads 42 are displaced
out of enlarged upper end portion 68 which is of 25 this plane to establish
the non-coplanar greater radius than that of the upper end relationship. As
shown in Figure 8, at least of the prior art plunger 66. The upper end  90
the terminal bonding portions 44 of the  portion 68 of the plunger 66 has
an annular leads 42 are displaced upwardly so that recess 72 defining a
central support 74 for the outer frame 40, the leads 42, except  the chip
supporting pad 36 and for the ter- 30 for their terminal bonding portions
44, and  minal bonding portions 44 and a peripheral the chip supporting pad
36 remain coplanar. support 76 for the remote portions of the 95 This lead
shape may also be used in the  frame. The recess 72 is of such a size and
first embodiment described above, i.e., the  its internal and external
radii are positioned terminal bonding portions 20 of the leads  in such a
manner that the anvil 62 engages 35 18 may be shaped like the portions 44.
the top surface of a lead frame 34 within the The lead frame 34 is used in
a manner  boundaries of the recess as shown. Accord- 100 similar to the
frame 12. The terminal bond-  ingly, when a lead frame 34 is clamped the
ing portions 44 and the chip supporting pad  leads will be flexed
downwardly into the 36 are first forced into coplanar relation  recess 72
with the result that the terminal 40 Bonding is then accomplished and the
frame  bondng portions 44 and the chip support- 34 is released with the
result that the ter-  ing pad 36 will be brought into coplanar 105 minal
bonding portions 44 spring back to-  relationship with adequate bonding
support ward their original positions lifting the con- for both. Wire
bonding may then be ac- nector wires away from the semiconductor complished
in known manner. 45 device in a manner similar to that described    After
the wire bonding operation has been above in relation to the frame 12.
Where  completed and the bonded devices released 110 both the shaped lead
feature and the non-  from the clamping apparatus, conventional coplanar
chip supporting pad feature are  procedures may be followed to produce a
used, a greater range of motion between  finished device. For example, the
frames 12 50 the stressed and the unstressed conditions  and 34 may each be
placed in conventional can be achieved.                         plastic
molding equipment and polymeric 115 Shaped leads like the leads 42 cannot
be  encapsulating bodies may be formed in clamped effectively in
conventional bonding  known  manner. Finished  devices  using apparatus.
Figure 9 illustrates a conven-  these lead frames are indicated at 80 and
82 55 tional form of clamp in a bonding appara-  in Figures 11 and 12,
respectively. In the tus. In this clamp, there is a fixed member Figure 11
embodiment, there is a polymeric 120 50 which has a recess 52 in an upper
por- plastic encapsulating body 84 in surround- tion  thereof. An  annular
anvil 54  is  ing relation to the chip supporting pad 16 mounted above the
recess 52 and is secured  and the terminal bonding portions 20. In 60 to
the member 50 by means of fasteners 55. Figure 12. there is a polymeric
plastic body A plunger 56 is slidably mounted in the  portion 86 in
surrounding relationship to 125 member 50 for movement toward and away  the
chip supporting pad 36 and the terminal from the anvil 54, as suggested by
the double  bonding portions 44. As in conventional ended arrow 57. The
plunger 56 has a flat packages, the leads 18 and 42 are bent sub- 65 upper
surface 58 in this prior apparatus. stantially at right angles to the
original plane    4                                         1,338,183
4 of the two frames as shown to form the so-  ing said coplanar
relationship bonding a called dual-in-line arrangement.           plurality
of connector wires between said 



semiconductor chip and said terminal por- WHAT WE CLAIM  IS:-
tions of said lead fingers, and releasing said 5    1. A method of
assembling a semicon-  lead assembly to establish the non-coplanar 25
ductor device which includes a lead as-  relationship of said chip
supporting pad and sembly of the type formed from  a single  said terminal
portions of said lead fingers. continuous sheet of resilient metal compris-
2. A method as claimed in claim  1, in ing an outer frame, a semiconductor
chip  which each connector wire is bonded first 10 supporting pad, and a
plurality of lead  to a terminal portion of a lead finger and  30 fingers
each having a terminal portion near  then to said semiconductor chip. said
chip supporting pad, said lead assembly    3. A method as claimed in claim
2, in in its unstressed condition having said chip  which said  connector
wires are bonded supporting pad and said terminal portions  ultrasonically.
15 of said lead fingers in non-coplanar relation- ship, characterized by
the steps of, bonding         For the Applicants: a semiconductor chip to
said chip support-     MATTHEWS. HADDAN & CO., ing pad, forcing said chip
supporting pad and       Chartered Patent Agents, said terminal portions of
said lead fingers            33 Elmfield Road, 20  into coplanar
relationship, while maintain-           Bromley, BRI 1SU. Printed for Her
Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1973.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY
from which copies may be obtained.    4
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