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tor device having a recess in the base on the upper
surface to receive semiconductor means therein and a
threaded stem extending from the bottom surface of
the base, said process comprising the steps of prepar-
ing a blank of metal material; deforming by extrusion
said blank with a shallower recess portion formed in
said blank on the upper surface and with a shorter
stem portion extending from the bottom of said blank
while forming a projection on the bottom of said shal-
low recess portion in said blank; further deforming
said blank so that said recess portion in said blank is
deepened whereby said recess is formed in said base
and so that said stem portion is lengthened whereby
an unthreaded stem is formed; and threadedly rolling
said stem on said blank.

9 Claims, 16 Drawing Figures
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PROCESS FOR MANUFACTURING A BASE FOR A
SEMICONDUCTOR DEVICE

FIELD OF THE INVENTION

This invention pertains generally to a process for
manufacturing a base for a semiconductor device and
more particularly to a process for manufacturing a base
for a semiconductor device such as diode, thyristor and
the like having a recess in the base on the upper surface
to receive semiconductor means therein and a threaded
stem extending from the bottom surface of the base and
adapted to mount the base on a chassis of an electronic
apparatus.

BACKGROUND OF THE INVENTION

In the prior arts, a base for a semiconductor device
with a recess in the base on the upper surface to receive
a semiconductor element or enclosure therein and with
a threaded stem extending from the bottom surface of
the base has been manufactured by deforming by extru-
sion a blank of metal material with a stem extending
from the bottom of the blank, subsequently further de-
forming the blank with a recess formed in the blank on
the upper surface to receive a semiconductor element
or disclosure therein and shaping such deformed blank
on the periphery thereof so that it has a hexagonal con-
figuration. One of the disadvantages of the prior art is
that there is formed a cavity or hole in the middle of the
blank on the upper surface due to material stream flow-
ing from the peripheral circumference towards the cen-
ter of the blank as shown in FIG. 16 when the stem is
formed by deforming the blank. As seen from FIG. 16,
such cavity is extremely deep and therefore, an acid
agent, which is used to pickle the blank prior to the
plating process, tends to be left in the cavity, resulting
in the acid agent unpreferably blowing off on plating.
Another disadvantage is that there are required two de-
forming steps for providing the base with the result in
its costly manufacture. In the semiconductor device
wherein the base serves also to enclose the semicon-
ductor element or pellet together with a shell secured
to the base, the base is generally formed of composite
or clad metal including a lower or thermally and elec-
trically conductive metal layer and an upper or weld-
able metal layer attached onto the lower metal layer.
The upper metal layer at the center is generally re-
moved after the recess to receive the pellet therein is
formed in the blank of composite metal. Removal of
the lower metal layer at the center has been effected by
spot facing. However, such removal of the upper metal
layer at the bottom of the recess is extremely trouble-
some because the operation must be done in the nar-
row space. In addition, the prior art is not adapted to
manufacture various bases which have the recesses of
different sizes therein.

OBJECT OF THE INVENTION

Accordingly, it is a principal object of the present in-
vention to provide a process for manufacturing a base
for a semiconductor device wherein the base can be
manufactured without any cavity at the bottom of a re-
cess to receive semiconductor means therein.

It is another object of the present invention to pro-
vide a process for manufacturing a base for a semicon-
ductor device above-mentioned wherein a recess and a
stem can be formed by a single step of deforming a base
blank of metal material by extrusion.
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It is further object of the present invention to provide
a process for manufacturing a base for a semiconductor
device above-mentioned wherein the base can be easily
and inexpensively manufactured.

It is further object of the present invention to provide
an extrusion die dssembly adapted to practice the pro-
cess for manufacturing the base for the semiconductor
device in accordance with the present invention.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present inven-
tion, there is provided a process for manufacturing a
base for a semiconductor device having a recess in the
base on the upper surface to receive semiconductor
means therein and a threaded stem extending from the
bottom surface of the base, said process comprising the
steps of preparing a blank of metal material; deforming
by extrusion said blank with a shallower recess portion
formed in the said blank on the upper surface and with
a shorter stem portion extending from the bottom of
said blank while forming a projection on the bottom of
said shallow recess portion in said blank; further de-
forming said blank so that said recess portion in said
blank is deepened whereby said recess is formed in said
base and so that said stem portion is lengthened
whereby an unthreaded stem is formed; and threadedly
rolling said stem on said blank.

In accordance with another aspect of the present in-
vention, there is provided an extrusion die assembly for
manufacturing a base for a semiconductor device hav-
ing a recess in the base on the upper surface to receive
semiconductor means therein and a threaded stem ex-
tending from the bottom of the base, said extrusion die
assembly comprising a first die having a knockout with
a knockout pin telescopically extending through said
knockout, said first die having a cavity to receive said
blank therein, a second die movable relative to said
first die to strike against a blank in said cavity in said
lower die, said knockout pin serving to form a projec-
tion in said recess portion by retraction of said knock-
out pin during the initial portion of the time when said
second die moves into said first die.

In accordance with another aspect of the present in-
vention, there is provided an extrusion die assembly for
manufacturing a base for a semiconductor device hav-
ing a recess in the base on the upper surface to receive
semiconductor means therein and a threaded stem ex-
tending from the Bottom of the base, said extrusion die
assembly comprising a first die having a knockout with
a knockout pin télescopically extending through said
knockout, said first die having a cavity to receive a
blank therein, and-a second die movable relative to said
first die to strike against said blank in said cavity in said
first die, said knockout and said knockout pin at the
heads thereof having a shallow concave allowing a pro-
jection to be formed at the bottom of the said recess in
said blank.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the pres-
ent invention will be apparent from the teachings of the
following description of preferred embodiments taken
with reference to the accompanying drawings in which;

FIG. 1 is a vertical sectional view of a semiconductor
device having a base manufactured in accordance with
the present invention;
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FIGS. 2 to 7 are vertically sectjonal views illustrating
the sequential steps of processing material for manu-
facturing the base of FIG. 1 in accordance with the
present invention, ‘ ‘

FIG. 8 shows in vertical section an extrusion die as-
sembly in a press in which material is deformed;

FIG. 9 shows in enlarged vertical section another ex-
trusion c¢ie assembly in a press in which material is de-
formed;

FIG. 10 is a vertically sectional view of another semi-
conductor device having a base manufactured in accor-
dance with the present invention;

FIGS. 11 to 1§ are vertically sectional views illustrat-
ing the sequential steps of processing material for man-
ufacturing the base of the semiconductor device of
FIG. 10 in accordance with the present invention; and

FIG. 16 is an enlarged cross sectional view of a por-
tion of a conventional base for a semiconductor device.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

Referring now to FIG. 1, a semiconductor device is
indicated generally at numeral 10 and has a base 12 ob-
tained by a process in accordance with the present in-
vention. The base 12 has a recess 14 in which a semi-
conductor element or pellet 16 is disposed and
mounted at the bottom of the recess 14 and a threaded
stern 18 extending downwardly from the lower surface
of the base 12. As understood by those skilled in the
art, the threaded stem 18 serves to secure the semicon-
ductor device 10 to a chassis of an electronic apparatus
by threadedly engaging the stem 18 with the chassis
and to radiate heat from the semiconductor device
through the chassis. A shell 20 at the flange is welded
onto the base -at the periphery and has a terminal 22
hermetically sealed and mounted in the shell 20 and
connected by a lead 24 to the pellet 16. The base com-
prises a thermally and electrically conductive metal
layer 26 and a weldable metal layer 28 affixed onto the
metal layer 26. The shell 20 is welded on the weldable
metal layer 28 of the base 12.

FIGS. 2 to 7 show the sequential steps for manufac-
turing the base 12 of the semiconductor device 10
shown in FIG. 1. FIG. 2 shows a circular blank 30
which is obtained by blanking or punching a clad or
composite metal sheet (not shown) into a plurality of
blanks each having a predetermined dimension. The
clad metal sheet comprises a lower or thermally and
electrically conductive metal layer such as copper layer
having a relatively larger thickness and an upper or
weldable metal layer such as cupronickel layere at-
tached onto the lower metal layer and having a rela-
tively smaller thickness. In FIG. 2 numerals 32 and 34
designate the lower and upper metal layers, respec:
tively. The upper metal layer 34 in the middle is spot
faced as shown in FIG. 3 so that the lower metal layer
is partially exposed in the middle of the blank 30. Nu-
meral 32q indicates the exposed surface of the lower
metal layer 32.

Thereafter, the blank 30 with the lower metal layer
exposed is introduced into an extrusion die assembly 36
in a press as shown in FIG. 8. The die assembly com-
prises a lower die 38 having a cavity 38a to receive the
blank 30 therein and an upper die or punch 40 verti-
cally movable by means of a ram of the press (not
shown) and adapted to be received into, the lower die
for purpose of deforming the blank in the lower die.
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The cavity 384 in the lower die 38 is of hexagonal con-
figuration according to that of the desired base. The
lower die 38 has a knockout 42 extending through the
lower die 38 in a coaxial relation to the cavity 38a to
remove the deformed blank out of the lower die 38 and
in addition serving as an auxiliary die to form a recess
in the base as indicated at numeral 14 in FIG. 1. A
knockout pin 44 telescopically extends through a cen-
ter hole 424 in the knockout 42 for thrusting the de-
formed blank out of the lower die 38 and axially and
upwardly urged by a spring not shown. The punch 40
at the bottom thereof has a cavity 40a which is adapted
to form a stem on the blank which is in turn threadedly
rolled later as indicated at numeral 18 in FIG. 1.

During downward movement of the punch 40, the
blank 30 in the lower die 38 is deformed as shown in
FIGS. 4 through 6. More particularly, the blank 30 is
formed with a relatively shallower recess portion 14A
in the blank 30 on one of the surfaces and with a rela-
tively shorter stem portion 18A on the other surface of
the blank during the initial portion of downward move-
ment of the punch 40. It should be noted that at that
time a fine projection 141 is formed on the shallow re-
cess 14A at the center of the bottom because the
knockout pin 42a is momentarily retracted relative to
the knockout 42 by the pin’s bouncing against the
spring urging the pin 42a. During the further downward
movement of the punch 40, the blank 30 is further de-
formed so that the recess portion 14A in the blank is
increasingly deepened and also so that the stem portion
18A is increasingly lengthened. Meanwhile, the fine
projection 141 becomes gradually smaller or pene-
trated into the bottom of the recess portion 14A. Dur-
ing the last downward movement of the punch 40, the
blank 30 is further deformed in a similar manner until
the recess has a predetermined depth and the stem 18’
has a predetermined length as shown in FIG. 6. It will
be noted from FIG. 6 that the fine projection 114 is
completely penetrated into the bottom of the recess in
the blank 30 so that the recess 14 has a flat surface.
This means that the cavity, which otherwise tends to be
formed in the recess bottom (FI1G. 16), will be filled
with the fine projection indicated at 114 in FIGS. 3 and
4 so that the possible cavity is ¢liminated. It will be also
noted that the completely deformed blank 30’ has a
hexagonal periphery as shown in FIG. 6. Thereafter,
the deformed blank 30' on the stem 18’ thereof is
threadedly rolled so that the threaded stem 18 is
formed. Thus, the base 12 is completed as shown in
FIG. 7.

FIG. 9 shows a modification of the extrusion die as-
sembly wherein the same numerals indicate the same
components. In this modification the die assembly 36
is substantially identical to that of FIG. 8 except that
the knockout 42 and the knockout pin 44 at the heads
thereof have a smooth shallow concave 46. The con-
cave 46 in the knockout and the knockout pin causes
the blank 30 to be deformed with a projection 114’ in-
dicated at dotted line shown in FIG. 4 and formed on
the recess bottom of the blank 30 during the initial por-
tion of movement of the punch 40. The projection 114’
is penetrated into the recess bottom of the blank in the
course 'of continued downward movement oof the
punch until the recess bottom of the deformed blank
has a flat surface. Thus, with the modification the base
can be manufactured without any cavity in the recess
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bottom of the base, which is substantially identical to
that of FIG. 8 with this respect.

Referring now to FIG. 10, a semiconductor device is
indicated generally by numeral 210, which comprises
a base 212 including a recess 214 in the base on the
upper surface to receive a semiconductor assembly 216
therein, and a threaded stem 218 extending from the
bottom of the base. The semiconductor assembly 216
may comprise an enclosure 234 including a base plate
236 and a shell 220 at the flange welded to the edge of
the base plate 236. A semiconductor element or pellet
216 is mounted on the base plate 236 within the enclo-
sure 234 and a terminal 222 is hermetically sealed to
the shell 220 and connected by a lead 224 to the pellet
216. The base is formed of thermally and electrically
conductive metal such as copper. The enclosure 234,
within which the pellet is mounted, is disposed within
the recess 214 in the base 212 and attached thereto by
any suitable means. Since the base plate may be formed
of relatively thinner weldable metal such as steel iron,
the current and heat from the peliet 216 can flow
through the base plate 236 to the base 212 without any
substantial resistance.

FIGS. 11 to 16 show the sequential steps for forming
by extrusion the base 212 of the semiconductor device
210 shown in FIG. 10. Since the base is formed of a sin-
gle metal layer rather than of composite or clad metal,
the step of removal of the upper metal layer as shown
in FIG. 3 is eliminated, but the other steps are substan-
tially identical to those of FIGS. 2, 4, 5 and 6. More
particularly, a blank 230 of copper as shown in FIG. 11
is prepared which is obtained by punching a metal
sheet into a plurality of blanks. The blank 230 is then
introduced into the extrusion die assembly as shown in
FIG. 8 to be deformed in the manner as shown in FIGS.
12 to 15. In the first step, the blank 230 is deformed so
that it has a relatively shallower recess portion 214A in
the blank on the upper surface and also a relatively
shorter stem portion 218A on the bottom of the blank,
but at that time, it should be noted that the recess por-
tion has a fine projection 314 at the center of the bot-
tom of the recess portion. As shown in FIG. 14, the
blank continues to be deformed so that the recess por-
tion 214A becomes deeper and the stem portion 218A
longer with the finc projection 314 penetrated into the
bottom of the recess portion 214A at the center
thereof. Thus, the blank is completely deformed until
the recess portion 214A has a predetermined depth and
the stem portion 218A has a predetermined length as
shown in FIG. 14, It will be noted that the recess por-
tion 214A has no cavity which otherwise tends to be
formed at the center of the bottom of the recess por-
tion. The deformed blank is then threadedly rolled at
the stem portion 218A. FIG. 15 shows the base 212
thus provided with the recess 214 to receive the semi-
conductor assembly therein and the threaded stem 218
which is adapted to threadedly engage a chassis of an
electronic apparatus. It will be understood that the
blank 230 may be introduced into the extrusion die as-
sembly shown in FIG. 9 for deformation of the blank.
It will be also noted that in such case a projection 314°
indicated at dotted line in FIG. 12 is formed and there-
after filled in the cavity which otherwise tends to be
formed at the center of the recess portion 214A during
deformation of the blank 230.
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While some preferred embodiments of the present |

invention have been illustrated and described in con-

6

nection with the accompanying drawings, it will be ap-
parent to those skilled in the art that various modifica-
tions and changes might be made within the spirit and
scope of the present invention, which is mtended to be
defined only to the appended claims.’

What is claimed is:

1. A process for manufacturing a base for a semicon-
ductor device having a recess in the base on the upper
surface to receive semiconductor means therein and a
threaded stem extending from the bottom of the base,
said process comprising the steps of preparing a blank
of metal material; deforming by extrusion said blank
with a shallower recess portion formed in said blank on
the upper surface and with a shorter stem portion ex-
tending from said blank at the bottom while forming a
projection on the bottom of said shallower recess por-
tion in said blank; further deforming said blank so that
said recess portion in said blank is deepened whereby
said recess is formed in said base and so that said stem
portion is lengthened whereby an unthreaded stem is
formed; and threadedly rolling said stem on said blank.

2. A process for manufacturing a base for a semicon-
ductor device as set forth in claim 1, wherein said blank
comprises a thermally and electrically conductive
metal layer and a weldable metal layer clad on said
thermally and electrically conductive metal layer.

3. A process for manufacturing a base for.a semicon-
ductor device as set forth-in claim 1, wherein said blank
comprises a single thermally and electrically conduc-
tive metal layer.

4. A process for manufacturing a base for a semicon-
ductor device as set forth in claim 1, wherein said blank
comprises a thermally and electrically conductive
metal layer and a weldable metal layer clad on §aid
thermally and electrically conductive metal layer, and
said process further comprising the step of removing
said weldable metal layer at the cénter thereof prior to
deforming said blank by extrusion whereby said ther-
mally and electrically conductive metal layer at the
center is exposed in said recess of said base.

5. A process for manufacturing a base for a semicon-
ductor device as set forth in claim 4, wherein said step
of removing said weldable metal layer at the center is
effected by spot facing said weldable metal layer.

6. A process for manufacturing a base for a semicon-
ductor device as set forth in claim 1, wherein said steps
of deforming said blank are effected by an extrusion die
assembly comprising a first die having a knockout with
a knockout pin telescopically extending through said
knockout, said first die having a cavity to receive said
blank therein, and a seconq die movabile relative to said
first die to strike against said blank in said cavity in said
first die, said knockout pin serving to deform said pro-
jection in said recess portion by retraction of said
knockout pin during the initial _portion of the time
when said second die moves into said first die.

7. A process for manufacturing a base for a semicon-
ductor device as set forth in claim 1, wherein said steps
of deforming said blank are effected by an extrusion die
assembly comprising a first die having a knockout with
a knockout pin telescopically extending through said
knockout, said first die having a cavity to receive said
blank therein, and a second die movable relative to said
first die to strike against said blank in said cavity in said
first die, said knockout and said knockout pin at the
heads thereof havéng a shallow concave alldwing said



3,893,325

7
projection to be formed at the bottom of said recess in
said blank.

8. An extrusion die assembly for manufacturing a
base for a semiconductor device having a recess on the
upper surface of the base to receive scmiconductor
means therein and a threaded stem extending from the
bottom of the base, said extrusion die assembly com-
prising a first die having a knockout with a knockout
pin telescopically extending through said knockout,
said first die having a cavity to receive a blank therein,
and a second die movable relative to said first die to
strike against said blank in said cavity in said first die,
said knockout pin serving to form a projection in said
recess portion by retraction of said knockout pin dur-
ing the initial portion of the time when said second die
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moves into said first die.

9. An extrusion die assembly for manufacturing a
base for a semiconductor device having a recess on the
upper surface of the base to receive semiconductor
méeans therein and a threaded stem extending from the
bottom of the base, said extrusion die assembly com-
prising a first die having a knockout with a knockout
pin telescopically extending through said knockout,
said first die having a cavity to receive a blank therein,
a second die movable relative to said first die to strike
against said blank in said cavity in said first die, said
krockout and said knockout pin at the heads thereof
having a shallow concave allowing a projection to be

formed at the bottom of said recess in said blank.
* L] * * *



