
(71)   RCA CORPORATION, a corporation  lished by means of fine wires
between the  50    organised under the laws of the State of  active
elements on the chip and the leads on    Delaware, United States of
America, of 30  the lead frame. This assembly is then placed    Rockefeller
Plaza, City and State of New  in a mold, such as a transfer mold, and poly-
5 York, United States of America, do hereby  meric material is introduced
into the mold    declare the invention, for which we pray  to encapsulate
the chip. After the polymeric 55    that a patent may be granted to us, and
the  material has hardened, the package is re-    method by which it is to
be performed, to  moved from the mold and the excess metal    be
particularly described in and by the fol-  on the lead frame is cut off. 10
lowing statement: -                            As used particularly for
integrated cir-     This invention relates to the encapsula-  cuits, the
finished package produced by the 60     tion of semiconductor devices such
as inte-  process described in the foregoing para-     grated circuit
chips. More particularly the  graph is a body of polymeric material having
invention relates to a package for an inte-  the form of an elongated
rectangular prism 15 grated circuit which is capable of operation  within
which is an integrated circuit chip     at relatively high power levels and
to an  mounted on a metal pad. Leads extend  65     assembly of such a
package with a heat dis-  from both of the relatively long sides of the
persing means.                              body. Since the polymeric
materials which       Integrated circuits chips have heretofore  have been
employed for plastics semicon- 20 been encapsulated in three basic kinds of
ductor device packaging have relatively low     package. One is a metal can
similar to the  thermal conductivity  characteristics, the 70     can
conventionally used for discrete tran-  packages have been adapted only for
lower     sistors; and, another is a package made of power operation. They
are not suitable for     an assembly of ceramic elements. Both of  many of
the presently known integrated cir- 25 these packages have relatively high
efficien-  cuits which are capable of operation at re-     cies of thermal
transfer from the semicon-  latively high power levels.  Circuits are 75
ductor active device within them to the ex-  known, for example, which
produce suffi-     terior.  They are, however, relatively ex-  cient heat
during operation to require a     pensive and contribute greatly to the
cost of package having a thermal conductivity of 30 manufacture of the
product.              25 to 50 milliwatts per [err]C.       In the third
kind of package, integrated    One known plastics package for integrated
80     circuit chips are embedded in polymeric  circuits includes means to
extract heat from     plastics material. This package has found  the chip.
This package includes all of the     wide acceptance because of its
relatively low  structure described above, and in addition 35 cost.
has a relatively massive heat conductor       Conventional manufacture  of
plastics  coupled to the support pad for the inte- 85     packages begins
with the production of a  grated circuit chip. In the finished package,
so-called lead frame which consists gener-  this heat conductor extends in
the direction     ally of a co-planar assembly of a supporting  of
elongation of the package and emerges 40 pad for a semiconductor device and
a plur-  from one of the relatively short ends there-     ality of leads to
be electrically coupled to a  of. This construction does improve the ther-
90     semiconductor device, all held together in  mal characteristics of
previously known     their intended relative positions by means  plastics
packages but requires an additional     of interconnecting metal bars or
strips which  step in the fabrication sequence, that of at- 45 are later to
be removed. The lead frame is  taching the heat conductor to the support
usually stamped from a flat sheet of metal. pad for the integrated circuit
chip. A more 95     A semiconductor device such as an inte-  complex mold
is required to form the pla- 



grated circuit chip is then mounted on the  stics body. Moreover, the heat
conductor     supporting pad and connections are estab-  extends out of the
package along one of the          [Price 25p]       2
1,252,055                                         2     longest possible
paths. Because of its re- which heat conductor has a surface area
latively great length, its cross sectional area  larger than the surface
area of each elec-     must be made proportionately large in order  trical
conductor and extends outwardly from     to insure that its thermal
conductance is the supporting pad to the exterior of the 5  high.
Consequently, this heat conductor must body through a relatively long side
and a     be quite massive, which leads to expense in  heat dispersing
means comprising a body of     manufacture and also to a lack of
versatility  heat conductive material, which heat dispers-     in mounting
the device because the relatively  ing means is thermally coupled to the
heat     massive heat conductor cannot be easily  conductor. 10 bent.
The present package is relatively simple 75       A known plastics package
for relatively  to construct and may be fabricated with     high power
discrete devices has a somewhat  existing equipment without substantial
modi-     rectangular plastics body and a coplanar  fication thereof. The
package provides all     set of electrical leads and a thermal lead ex-  of
the economy of plastics packages while 15 tending therefrom. The electrical
leads ex- providing an extremely high thermal con- 80     tend from one of
the longer sides of the body  ductance for extracting heat from an inte-
and the thermal lead extends from the other. grated circuit chip adapted
for relatively     This package is satisfactory for devices, such  high
power operation.     as transistors, which have relatively few    In the
accompanying drawing: 20 leads but would not be adequate for an inte-
Figure 1 is a perspective view of the pre- 85     grated circuit having a
substantial number  sent package with a portion broken away to     of
electrical leads associated therewith.  show the interior thereof;
According to the invention we provide a    Figure 2 is a partial plan view
of a strip     semiconductor device comprising an elon-  of a lead frame
which may be used in the 25 gated body of moldable polymeric material
manufacture of the present package;     90     having a pair of relatively
long sides, a sup-    Figure 3 is a diagrammatic view illustrat-
porting pad of heat conductive material em-  ing a step in the fabrication
of the present     bedded within the body and completely sur-  device;
rounded thereby, a chip of semiconductive    Figure 4 is a cross sectional
view showing 30 material mounted on the pad in thermal con-  one method of
mounting the present package  95     tact therewith, the chip containing
active de-  on a printed circuit board, and;     vices, a plurality of
electrical conductors   Figure 5 is a cross sectional view showing
connected to the active devices, each con-  another method of mounting the
present de-     ductor extending from a position within the  vice. 35 body
to a position exterior of the body,   In its preferred form, the present
device, 100     the electrical conductors extending out of  indicated
generally at 10 in Figure 1, in-     the body through its relatively long
sides  cludes a body 11 of polymeric material     and having at least one
heat conductor ther-  which has the form of an elongated rectan-     mally
coupled to the pad which heat con-  gular prism. The body 11 has a pair of
40 ductor has a surface area larger than the  relatively long sides 12 and
14 and a pair of 105     surface area of each electrical conductor
relatively short ends 16 and 18. One of the     and extends outwardly from
the supporting  ends, 16, is identified by having a notch 20     pad to the
exterior of the body through  therein.     a relatively long side.
Disposed centrally within the body 11 is 45   Further according to the
invention we pro-  a metallic, heat conductive support pad 22 110     vide
an electrical assembly comprising a cir-  on which an integrated circuit
chip 24 is cen-     cuit board having a nonconductive substrate  trally
mounted. The chip 24 is bonded to     and a plurality of electrical
conductors  the pad 22 in good thermal contact there-     thereon, a
semiconductor device mounted on  with. The details of construction of the
50 the circuit board, the semiconductor device  chip 24 are not necessary
to an understand- 115     having an elongated body of moldable poly- ing of
the present invention. However, it     meric material having a pair of
relatively  is to be understood that the chip 24 contains     long sides, a
supporting pad of heat con-  active elements such as transistors which are
ductive material embedded within the body  adapted to operate at relatively
high power 55 and completely surrounded thereby, a chip of levels.
120 



semiconductive material mounted on the pad    A  plurality of coplanar
electrical leads     in thermal contact therewith, the chip con-  26 are
embedded within the plastics mater-     taining active devices, a plurality
of elec-  ial of the body 11 and extend from the in-     trical conductors
connected to the active  terior of the body 11 from a termination 60
devices, each conductor extending from a  close to the pad 22 to the
exterior of the 125     position within the body to a position ex-  body 11
through the relatively long sides 12     terior of the body, the electrical
conductors and 14 thereof. Each of the leads 26 has a     extending out of
the body through its rela- relatively broad portion 28, a relatively
tively long sides and having at least one  narrow portion 30, and a tapered
shoulder 65 heat conductor thermally coupled to the pad  32 between each of
these portions, as is con- 130       3
1,252,055                                         3      ventional. In
assembling the device 10 on a  supporting bars 44. Since the actual size of
printed circuit board, the narrower portions  the heat conductors 36 may
vary as a matter     30 of the leads 26 are introduced through  of design
choice the heat conductors 36 may   holes in the printed circuit board and
the  be large enough to support the chip bond- 5  tapered joining portions
32 engage the sur-  ing pad 22 themselves and, in this case, the 70
face of the board to define the degree of in-  bars 44 may be omitted.
sertion of the leads 30 and the height of   After the fabrication of the
lead frame     stand-off of the body 11 from the surface of 40 is
completed, the integrated circuit chip     the board.
24 is attached to the chip support pad 22. 10   Electrical connection is
made between the  This may be accomplished by the use of a 75     leads 26
and the active elements on the chip  thermally conductive epoxy adhesive or
by     24 by means of fine wires 34 which are  means of known eutectic
bonding techniques.     connected, as by thermocompression bond-    Fine
wires are next bonded to the chips     ing, to the leads 26 and to bonding
pads (not and to the inner ends of the electrical leads  15 shown) on the
chip 24.                       26. Upon the completion of this operation,
80        Extending from the body 11 through the  the assembly is placed in
a transfer mold,      same sides 12 and 14 as do the electrical illustrated
diagrammatically in Figure 3 by      conductors 26 are a pair of heat
conductors  two mold halves 47 and 48. The mold      36. In this example,
the heat conductors  halves 47 and 48 define an elongated rect-  20 36 are
integrally united with the chip sup- angular prismatic cavity 50 which
defines 85      port pad 22 and extend therefrom in a direc-  the shape of
the body 11. A passage 52      tion normal to the sides 12 and 14 of the
allows the introduction of a heated thermo-      body 11.
setting plastics material to form the body        The heat conductors 36
have a relatively  11. In the molding operation, the intercon-  25 large
surface area so as to be relatively  necting strips 46 serve the additional
func- 90      highly heat conductive. They may be pro-  tion of restricting
the flashing from the mold      vided, if desired, with tapered end
portions  cavity 50 to a position just outside the cavity.      38 to
facilitate their introduction through   After the completion of the molding
oper-      openings in a heat sink member in a manner  ation, the assembly
is removed from  the  30 to be described more fully hereinafter.  mold and
the excess portions of the lead  95        The device 10 is preferably
fabricated by  frame 40, that is, the outer portion 42 thereof      a
procedure which is totally compatible with  and the interconnecting strips
46 are re-      conventional plastics package manufacturing  moved. The
device 10 is completed by bend-      In particular, the heat conductors 36,
the  ing the electrical leads 26 to the desired  35 chip support pad 22 and
the electrical leads  shape.                                    100      26
are preferably originally formed from a    Figures 4 and 5 illustrate two
ways in      single sheet of metal, like the known lead  which the device
10 may be mounted in com-      frames. Figure 2 shows a lead frame 40
bination with a heat dispersing means on a      suitable for use in
manufacturing the de- printed circuit board.  As illustrated in  40 vice
10.                                     Figure 4, for example, there is a
printed 105        The lead frame 40 may be made from a  circuit board 54
which has an insulating      sheet of metal such as copper, which, with
planar substrate 56 on one side of which are      relation to lead frames
in conventional disposed a plurality of electrical conductors      plastics
packages, is of relatively greater  58. On the side of the base member 56
op-  45 thickness. The relatively greater thickness  posite from the
electrical conductors thereon 110      increases the cross sectional area
and hence  is a relatively broad area heat conductive      the thermal
conductance of the heat con-  element 60 which constitutes a heat sink and 



ductors 36.  The thickness of the sheet radiator. The element 60 may be,
for ex-      should not be such, however, that the leads  ample, a copper
foil attached to the sub-  50 26 and heat conductors 36 may not be easily
strate 56.                                 115      bent.
Openings, not shown, are provided in the         The configuration of the
lead frame 40 is printed circuit board 54 to accommodate      established
such that the various elements  the electrical leads 26 in conventional
man-      such as the heat conductors 36, the electrical ner. In assembling
the device 10 on the  55 leads 26, and the chip supporting pad 22 are
printed circuit board 54, the electrical leads 120      all in their
intended relative positions with  26 are first inserted through the
openings in      respect to each other.  In addition, the  the printed
circuit board and are then elec-      lead frame includes an outer frame
portion  trically connected to the conductors 58 on      42 and narrow
interconnecting support por-  the opposite side thereof by means of con-
60 tions including bars 44 for the chip support ventional soldering
practices, for example. 125       pad 22 and strips 46 for the leads 26.
The heat conductors 36 are then bent into         The chip mounting pad 22
is supported at contact with the heat conductive element 60       the
center of the lead frame 40 both by the  and are secured in intimate
thermal con-       heat conductors 36 which, as stated above, tact
therewith, as by means of a drop of  65 are integral therewith and by the
pair of solder indicated at 62. The device 10 is 130        4
1,252,055                                          4      thereby supported
in spaced relation from  ing active devices, a plurality of electrical
the surface of the printed circuit board 64  conductors connected to the
active devices,     and is well confined against shock and vibra-  each
conductor extending from a position     tion.
within the body to a position exterior of  5   In the assembly embodiment
illustrated in  the body, the electrical conductors extending  70
Figure 5, a separate heat dispersing element  out of the body through its
relatively long     64 is employed. The heat dispersing ele-  sides and
having at least one heat conductor     ment 64 may be, for example, a sheet
of thermally coupled to the pad which heat     heat conductive material
such as copper  conductor has a surface area larger than the 10 which, in
this example, is provided with a  surface area of each electrical conductor
and  75     pair of spaced openings 66. In this example, extends outwardly
from the supporting pad     there is a printed circuit board 68 having  to
the exterior of the body through a rela-     a plurality of electrical
conductors 70 on  tively long side.     one side thereof.
2. A semiconductor device as claimed in 15   In assembling the device 10 in
this em-  claim 1, wherein the body is rectangular and  80     bodiment,
the heat dispersing element 64 is  the heat conductor extends from the pad
in     first attached to the device 10 by bending the  a direction normal
to its relatively longer     heat conductors 36 upwardly with respect
sides.     to the direction of the electrical conductors  3. A
semiconductor device as claimed in 20 26 and passing them through the
openings 66  either one of claims 1 or 2, including two  85     in the heat
dispersing element 64. The  heat conductors, one extending through each
tapered end portions 38 on the heat conduc-  of the relatively long sides
of said body.     tors 36 facilitate the introduction of the    4. A
semiconductor device as claimed in     heat conductors 36 into and through
the  any one of claims 1 to 3, wherein said elec- 25 openings 66. The ends
38 of the heat con-  trical conductors are mutually coplanar and  90
ductors 36 are then bent into parallel rela-  parallel.     tion to the
heat dispersing element 64 in   5. A semiconductor device as claimed in
such a way as to hold it in contact with the  any one of claims 1 to 4,
wherein the heat     top surface of the body 11. Solder, indicated
conductor is intimately thermally coupled 30 at 72, is then applied to
complete the assem-  to a plate of heat conductive material of re- 95
bly of the device 10 and the heat dispersing  latively large surface area
disposed adjacent     element 64.                                 to the
body of moldable material.       The assembly of the device 10 and the heat
6. An electrical assembly comprising a     dispersing element 64 is then
attached to the  circuit board having a nonconductive sub- 35 printed
circuit board 68 in conventional man-  strate and a plurality of electrical
conductors 100     ner. One advantage, of the embodiment of  thereon, a
semiconductor device mounted on     Figure 5 over that of Figure 4 is that
both  the circuit board, the semiconductor device     sides of the heat
dispersing element 64 are  having an elongated body of moldable poly- 



exposed to and are capable of radiating heat meric material having a pair
of relatively 40 into the surrounding ambient.           long sides, a
supporting pad of heat conduc- 105       The device 10 constructed as
herein des-  tive material embedded within the body and     cribed has all
the advantages of economy of  completely surrounded thereby, a chip of
conventional plastics integrated circuit pack-  semiconductive material
mounted on the pad     ages while having, in addition, the thermal in
thermal contact therewith, the chip con- 45 dissipation characteristics of
prior ceramic  taining active devices, a plurality of electrical 110
and metal packages. By extending the heat conductors connected to the
active devices,     conductors in generally parallel, relation to  each
conductor extending from a position     the electrical conductors, the
device is made  within the body to a position exterior of the
compatible in fabrication with conventional body, the electrical conductors
extending 50 techniques and no new equipment is re-  out of the body
through its relatively long 115     quired. Moreover, the extension of the
heat sides and having at least one heat conductor     conductors out
through the relatively long  thermally coupled to the pad which heat con-
sides of the body 11 maximizes the efficiency  ductor has a surface area
larger than the     of thermal transfer from the chip 24 to the  surface
area of each electrical conductor and 55 outside because it provides the
shortest poss- extends outwardly from the supporting pad 120     ible path
for the conductors 36.        to the exterior of the body through a rela-
WHAT WE CLAIM IS:-                        tively long side and a heat
dispersing means       1. A  semiconductor device comprising  comprising a
body of heat conductive ma-     an elongated body of moldable polymeric
terial, which heat dispersing means is ther- 60 material having a pair of
relatively long  mally coupled to the heat conductor.  125     sides, a
supporting pad of heat conductive    7. An electrical assembly as claimed
in     material embedded within the body and com-  claim 6, wherein the
heat dispersing means     pletely surrounded thereby, a chip of semi-
comprises a foil of relatively large surface     conductive material
mounted on the pad in  area disposed on and supported by the non- 65
thermal contact therewith, the chip contain-  conductive substrate of the
circuit board.   130                   4
1,252,055  4                  thereby supported in spaced relation from
ing active devices, a plurality of electrical                 the surface
of the printed circuit board 64  conductors connected to the active
devices,                 and is well confined against shock and vibra-
each conductor extending from a position                 tion.
within the body to a position exterior of              5   In the assembly
embodiment illustrated in  the body, the electrical conductors extending
70                 Figure 5, a separate heat dispersing element  out of the
body through its relatively long                 64 is employed. The heat
dispersing ele-  sides and having at least one heat conductor
ment 64 may be, for example, a sheet of---thermally coupled to the pad
which heat                 heat conductive material such as copper
conductor has a surface area larger than the             10 which, in this
example, is provided with a  surface area of each electrical conductor and
75                 pair of spaced openings 66. In this example,  extends
outwardly from the supporting pad                 there is a printed
circuit board 68 having  to the exterior of the body through a rela-
a plurality of electrical conductors 70 on  tively long side.
one side thereof.                             2. A semiconductor device as
claimed in             15   In assembling the device 10 in this em-  claim
1, wherein the body is rectangular and  80                 bodiment, the
heat dispersing element 64 is  the heat conductor extends from the pad in
first attached to the device 10 by bending the  a direction normal to its
relatively longer                 heat conductors 36 upwardly with respect
sides.                 to the direction of the electrical conductors    3.
A semiconductor device as claimed in             20 26 and passing them
through the openings 66  either one of claims 1 or 2, including two  85
in the heat dispersing element 64.  The  heat conductors, one extending
through each                 tapered end portions 38 on the heat conduc-
of the relatively long sides of said body.                 tors 36
facilitate the introduction of the    4. A semiconductor device as claimed
in  heat conductors 36 into and through the  any one of claims 1 to 3,
wherein said elec-             25  openings 66. The ends 38 of the heat
con-  trical conductors are mutually coplanar and  90
ductors 36 are then bent into parallel rela-  parallel.
tion to the heat dispersing element 64 in    5. A semiconductor device as
claimed in                 such a way as to hold it in contact with the
any one of claims 1 to 4, wherein the heat                 top surface of
the body 11. Solder, indicated  conductor is intimately thermally coupled 



30 at 72, is then applied to complete the assem-  to a plate of heat
conductive material of re- 95                 bly of the device 10 and the
heat dispersing  latively large surface area disposed adjacent
element 64.                                 to the body of moldable
material.                    The assembly of the device 10 and the heat
6. An electrical assembly comprising a                 dispersing element
64 is then attached to the  circuit board having a nonconductive sub-
35  printed circuit board 68 in conventional man-  strate and a plurality
of electrical conductors 100                 ner. One advantage of the
embodiment of  thereon, a semiconductor device mounted on
Figure 5 over that of Figure 4 is that both  the circuit board, the
semiconductor device                 sides of the heat dispersing element
64 are  having an elongated body of moldable poly-                 exposed
to and are capable of radiating heat  meric material having a pair of
relatively             40  into the surrounding ambient.               long
sides, a supporting pad of heat conduc- 105                    The device
10 constructed as herein des-  tive material embedded within the body and
cribed has all the advantages of economy of  completely surrounded thereby,
a chip of                  conventional plastics integrated circuit pack-
semiconductive material mounted on the pad                  ages while
having, in addition, the thermal  in thermal contact therewith, the chip
con-             45 dissipation characteristics of prior ceramic  taining
active devices, a plurality of electrical 110                  and metal
packages. By extending the heat  conductors connected to the active
devices,                  conductors in generally parallel relation to
each conductor extending from a position                  the electrical
conductors, the device is made  within the body to a position exterior of
the              compatible in fabrication with conventional  body, the
electrical conductors extending              50 techniques and no new
equipment is re-  out of the body through its relatively long 115 quired.
Moreover, the extension of the heat  sides and having at least one heat
conductor                  conductors out through the relatively long
thermally coupled to the pad which heat con-                  sides of the
body 11 maximizes the efficiency  ductor has a surface area larger than the
of thermal transfer from the chip 24 to the  surface area of each
electrical conductor and              55 outside because it provides the
shortest poss-  extends outwardly from the supporting pad 120
ible path for the conductors 36.         to the exterior of the body
through a rela-                    WHAT WE CLAIM IS:-
tively long side and a heat dispersing means                    1. A
semiconductor device comprising  comprising a body of heat conductive ma-
an elongated body of moldable polymeric  terial, which heat dispersing
means is ther-              60 material having a pair of relatively long
mally coupled to the heat conductor.   125                  sides, a
supporting pad of heat conductive    7. An electrical assembly as claimed
in                  material embedded within the body and com-  claim 6,
wherein the heat dispersing means                  pletely surrounded
thereby, a chip of semi-  comprises a foil of relatively large surface
conductive material mounted on the pad in  area disposed on and supported
by the non-              65 thermal contact therewith, the chip contain-
conductive substrate of the circuit board.   130       5
1,252,055                                          5         8. An
electrical assembly as claimed in  as herein described, and as illustrated
in,     claim 6, wherein The heat dispersing means  either of figures 4 or
5 of the accompanying     comprises a plate of heat conductive mater-
drawings.     ial disposed adjacent to the body of the 5  semiconductor
device.                                    For the Applicants:        9. A
semiconductor device substantially         MATTHEWS, HADDAN & CO.,     as
herein described with reference to, and            Chartered Patent Agents,
as illustrated in figures 1, 2 and 3 of the                Haddan House,
accompanying drawings.                                    33 Elmfield Road,
10    10. An electrical assembly substantially            Bromley, Kent,
BR1 1SU.                Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon), Ltd.-1971                 Published at The Patent
Office, 25 Southampton Buildings, London, WC2A 1AY
from which copies may be obtained.    


