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COMPLETE SPECIFICATION

Header for Semiconductor Device

We, TExAs INSTRUMENTS INCORPORATED,

-of 6000 Lemmon Avenue, Dallase ‘Texas,
" United States of America, a corporation orga-

nized .and existing under the laws of the
State of Delaware, United States of America,

* do hereby declare the invention, for which we

10
‘15

20

pray that a patent may be granted to us, and
the method by which it is to be performed, to
be particularfy described in and by the fol-
lowing statement:—

This invention relates to improvements
in ‘semiconductor devices and to an improved

_header design for use in fabrication of tran-
“sistor devices of the PN junction type.

The deleteriouis effects on transistors opera-
ted at high temperatures has emphasized the
need for efficient and effective heat dissipation
10 increase the power handling capabilities of
the device. It has been found, for example,
in the use of germanium, one type of semi-
conductor material used for transistors, that

‘the temperature of the transistor junction

“should not exceed about 80-—100 degrees C.

25

‘under operating conditions. Thus, a relatively

low temperature differential must be main-

"tained between the transistor junction and the

30

" good thermal conduction. This arrangement.
‘has generally proved unsatisfactory for the
_reason that the heat dissipation afforded is

35

outside ambient. . _

* Heretofore, one solution of the heat dissi-
pation problem has been to encase the semi-
conductor element in a metallic .container
filled with oil, grease;, or mixtures of various
desicants and oil or other liquids to provide

" usually inadequate and perhaps more impor-

40

tant, the liquids often detrimentally afféct the
surface states of the semiconductor crystals.

An alternative solution to the problem of
thermal dissipation of the transistor. has been

. to connect devices to the crystal to- establish
_a good thermal pathi from the crystal to a

45

large radiating surface whereby the heat gener-
‘ated in the operation of the device may be
dissipated to the outside ambient.

[Price 4s. 6d.]

These

devices have been satisfactory in many in-
stances particularly where the power require-
ment of the transistor is not high. The tran-
sistor device of the present invention is of this
general type, but a number of advantages have
been realized through the incorporation of an
improved: header design which provides for
an efficient thermal path for conduction of
heat from the transistor junction to the en-
capsulating can which may have a heat sink
attached thereto.

Another problem encountered in transistor
fabrication is that of maintaining chemical
cleanliness of the crystal and its environment.
Transistor action is extremely sensitive to cry-
stal surface conditions and reliability may be
considerably affected by undesirable chemical
impurities in that vicinity. In bonding opera-
tions and, in fact, in all fabrication steps in
manufacturing a well-designed transistor,
great care must be exercised to avoid contami-
nation and entrapment of impurities.

An object of the device to provide an im-
proved transistor header design embodying the
use of clad materials to provide a path of
high thermal conductivity between the junc-
tion and can via the base electrode and header.

According to the present invention we pro-
vide a semiconductor device, a header unit
comprising a clad metal shell, insulating
material filling said shell and a clad- metal
tab integral with said shell and forming an-
electrode. S :

The features of the present invention will
become more fully apparent from the follow-
ing description when taken in conjunction with
the accompanying drawing in. which: —

Fig. 1 is a vertical sectional view of the
improved header design;

Fig. 2 is a plan view of the header of.
Fig. 1; : '

Fig. 3 is a detail in section showing the
connection between one of the electrical leads

and the metallic portion of the header; and
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dering to the transistor elenent in accordance dating the lead wires of
sai d transistor device with techniques well known in the art and
and |l ead wires passing through said insulating | ead 24 may be
connected to the shell by materiar and- tﬁTougﬁ‘sald crrearar
apertures means of solder 34. - - = : 4 -
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" punched ang bent from the metal shell
and may be cut-out along its upper edge as
shown at 32 to facilitate mounting of the semi-

. conductor crystal,

Metal shell 10 is of clad construcuon, that
is it comprises a thin vineer of metal on a
dissimilar metal, and thus consists of an inner
layer~ 106 wh1ch is a metal having ‘thermal
expansion properties’ similar to those of the
insulating material 18 and an outer layer 10e
which is a metal of high thermal conductivity.

A clad metal constructmn which ‘has been
found - espec1ally suitable is a shell in which

the inner layer is an alloy of iron, nickel and

" cobalt prodiced commercially by the Driver-

Harris Company of Harrison, New Jersey,

under the trade name Kovar, and the outer

layer is copper. Kovar is used quite exten-

- gively for glass-to-metal seals due to its co-

efficient of thermal expansion which matches
that of certain types of glass compounds. The

term clad metal refers to a inetal having

4 thin vineer of a dissimilar metal thereon.
The header for semiconductor devices fabri-
cated .of clad metal which is the subject of the

invention affords many advantages and im-
. provéments over existing header types. Per-

haps the most obvious of these advantages is
the possibility of obtaining a seal between
the insulating material 18 and the shell 10
while simultaneously providing an excellent
thermal path between transistor element and
the can in which it is encased via the shell

- 10.

As will be apprec1ated by those skllled in
the art, the seals around the external -elec-
trical leads and also between the metal shell
and msulatmg material are.of major signifi-

_'cance in the maintenance of ‘the internal en-

vironment of the device because they deter-

mine the leak rate into and out of the-

£ODH

tol0.0pt64 ot mrﬁh\s,sfoa empleaby

(isjthiningide eftbe shel §9IaatbFshg“§’P§tceRPF‘ tepslgver 10 clad o
ke e e Ty o

sggﬁhﬁﬁ of rret al

cated.
This clad construction is also qmte signi-
ficant in that varying heat dissipation requlre-

" ments can be met by varying the proportionate

thickness of the inner and outer metallic layer

of the shell 10 without changmg the over-all*

thickness of the shell or its physical con-
figuration. This presents a very real advan-

‘tage in des1gmng to meet industrial specifica-

tions covering the allowable internal tempera-
ture differential (junction to case). For a
given -allowable :internal temperatute -differen-
tial, the proportions of .the thickness. of the
outer layer metal to the thickness of the inner
layer metal which must be utilized may be

 easily determined by known analytical tech-

niques. The only variation in design which is
required to meet different internal tempera-
ture differential requirements within device
design limitations, is the relative thickness of

the two metal layers 10q and 105. The over-

all thicknesses of the metal shell need not be

-varied.- A practical upper limit. on the pro-

portion of the thickness of the outer and inner
metal layers would be set by the allowable
deformation of the shell with temperature
changes to preclude damage to the metal-to-
glass seals.
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A further advantage of the header for semi- -

conductor devices accrues from the integral

tab feature. Tab 30 is formed by punching

it out of the metal shell 10 and bending it

120

.into an upright position. It is thus not neces- -
" “sary to weld or braze a tab element to the

metal shell of the héader. Because of the

accompanying _entrapment. of impurities and

.1nherent chemlcal uncleanliness of such weld-

ing or brazing operations, the ehmmauon of
these operations is highly des1rab1e -in transis-
tor fabrication,

Following construction of the’ header for

125

130



of a configuration sinilar to tab 30. The
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on otably by entrapment. Cladding,
on the other hand, avoids these difficulties. A
top clad of nickel or gold would serve as a
suitable chemically resistant metal layer.

Fig. 4 illustrates a variation in the header
arrangement, the header comprising a copper-
Kovar clad 10 having a projection 60 therein
of a configuration similar to tab 30. The
variation of Fig. 4 may also include an outer
clad of a chemically resistant metal layer
such as nickel or gold in order to obtain im-
proved reliability. The structure illustrated is
particularly advantageous as all surfaces may
be covered by a clad layer of chemically re-
sistant material.

Although the arrangements described here-
inabove is considered preferred embodiments
of the invention, it will be appreciated that
other arrangements are possible which do not
depart from the novel concepts herein taught.
For example, although reference by way of

" example has been made to the use of Kovar

and copper as materials from which the clad
material shell may be fabricated, any two or
more metals or alloys may be used in any
proportionate thickness so as to impart to the
header those properties which are especially
desired, or to effect material economies within
technical specification requirements.

WHAT WE CLAIM IS:—

1. In a semiconductor device, a header unit
comprising a clad metal shell, insulating
material filling said shell and a clad metal
tab integral with said shell and forming an
electrode.

2. In a semiconductor device, the combina-
tion of a tab and a header connected integrally
to said tab, said header comprising a metallic
shell formed of Kovar clad with copper and
insulating material filling said shell.

3. In a semiconductor device, a header unit

::arf:gtl:)roc[ll:vf ’ S sa%? ﬁh—%pgﬁg gimﬂl al l y

having apertures in onme surface thereof.. 90
through which said pair of lead wires passand _ . . .
having an inner layer of metal having sub-"":
stantially the same coefficient of thermal ex- .
pansion of said insulating material and an-:.- -
intermediate layer of metal whose thermal g5
conductivity is higher than that of said inner % ..
layer, and further having an etch resistant -
metallic plating superimposed upon said inter- - '

‘mediate layer, said insulating material being ~

bonded to said inner layer of said metallic. 100
shell and forming insulating bushings in said .- -
apertures in said shell through which said pair

of lead wires pass.

5. A header unit for a transistor device
as claimed in Claim 4 in which said insulat- 105
ing material is glass, said inner layer of said
metallic shell is Kovar, and said intermediate
layer of said metallic shell is copper.

6. In a semiconductor device, a header .
unit comprising insulating material, 2 metal- 110
lic shell partially surrounding said insulating
material and bonded thereto, said metallic
shell having a first inner metallic layer which
possesses substantially the same coefficient of .
thermal expansion as said insulating material 115
bonded to said insulating material, a second

.inner layer of metal of high thermal conduc-

tivity clad to said first mner layer and an
outer layer of a metal possessing qualities of °
chemical resistance, to the action of various 120
electrolytic and chemical etching processes
commonly employed in fabrication of semi-
conductor devices clad to said second inner
layer, a plurality of circular apertures in said
shell for accommodating the lead wires of 125

‘said semiconductor device, and lead wires

passing through said insulating material and
through said circular apertures. ’

7. A header unit for a semiconductor
device as claimed in Claim 6 in which said 130
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