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We, TEXAS INSTRUMENTS INCORPORATED;
of 13500 North Central Expressway, Dallas,
Texas, United States of America, a corpora-
tion organized and existing under the laws of
the State of Delaware, United States of
America, do hereby declare the invention,
for- which we pray that a patent may be
granted to us, and the method by which it is
to be performed, to be particularly described
in and by the following statement: —

The present invention relates to encapsu-
lated semiconductor devices and methods. of
making same. _

The present invention is a method of
making a glass-encapsulated semiconductor
device comprising the steps of connecting at

least one conductive lead to a body of semi- -

. conductor material, positioning said body

20

30

a5

and portions of said at least one conductive
lead within a shell of glass, filling said shell
with a finely-ground glass having a softening
point below that of said shell, and heating the
entirc assembly at a temperature which is
%r_eater than said softening point of the
lrllellly-gro_und glass and less than that of said
shell.

The present invention is ‘also a semi-
conductor device comprising a body of semi-
conductor material, at least one conductive
lead connected to said body of semiconductor
material, a glass shell, said body of semi-
conductor material and a portion of said at
least one- conductive lead: being positioned
within said shell, and a glass material filling
said - shell and surrounding said body and
said portion of said at least one conductive
lead, said glass material being composed of

- fused glass powder, and the glass material

hﬁvli]ng a softening point below that of said
shell, . :

The present. invention is also- a semi-
conductor device co'mlprising a body of
semiconductor material having regjons of

. [Price 4s. 6d]

opposiie conductivity-types therein, a plura- '

lity of conductive leads connected to
appropriate ones of said regions, a glass
shell, said body and portions of said con-
ductive leads being positioned within said
shell, and a glass material filling said shell
and surrounding said body and said portions
of said conductive leads, said glass material
being composed of fused glass powder, and
the glass material having a softening point
below that of said shell.

The novel features believed characteristic
of this invention are set forth in the appended
claims. The invention itself, however, may
best be understood from the following des-
cription of an illustrative embodiment, when
read in conjunction with the accompanying
drawing, in which:

Figure 1 is the top view of the mounting
frame and transistor assembly in an inter-
mediate stage of fabrication;

Figure 2 is an enlarged pictorial view of
the transistor assembly of Figure 1;

Figure 3 is a greatly enlarged pictorial
view in section of the semiconductor wafer
of Figure 1; and .

Figure 4 is a pictorial view of the com-
pleted assembly.

With reference to Figure 1, a transistor is
fabricated according to this invention by first
assembling the component parts on a mount-
ing ring 10. This mounting ring is merely
used in fabrication to -hold the parts
together, and so the specific form  is
immaterial. The ring 10 will have three in-
wardly extending leads 11, 12 and 13 attached
thereto by welding, for example, while the
end of each of these leads will: be bent down-
wardly as best seen in Figure 2. These leads
may be composed of nickel clad on the top
surface with about 1 mil thickness of silver.
The dimensions of the leads are about
3 x 20 mil in cross section. A semiconductor
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transi stors could be encapsulated in the sane and the ends of said first,

second and t
co j

hird gl ass shell, in whi

sui tabl e confi guration

form base,
col | ector

within the shell

both tran-

ch case six tabs or | eads
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_ ( and
I ncl udi ng the steps of positioning said

~woul d be arranged ina
: to extend inko.the shell
5. A nmethod according to claim 4, 85
contacts for

and
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& r co%ra ons can be
_ _ unctions could be pro-
tected by a surface.treatment other than an
oxide coating. - ' : _
As seen in Figure 1, a small wire 21 is
attached at one end to the emitter contact

19 by a. technique such as ball bonding and
attached ‘at the other end to the lead 11 by
spot welding, for example. In a like manner
a small wire 22 is connected between the
base contact 20 and the lead 13, the latter
forming the base contact. These wires 21 and
22 are preferably silver, platioum or pal-
ladium ‘with a diameter of about 1 mil.

. The ring 10 including the transistor com-
ponents is placed around a:glass can or shell
24 which has been préviously formed by
pressing; extruding, or other suitable means.
The ends of the leads 11, 12 and 13, which
have been bént downwardly, are now seen to
extend down into the shell. Depressions or
notches around the edges of the shell 24 may
be provided to accommodate the leads 11, 12
and 13. The shell 24 is composed of a hard
glass material ‘which is selected to have .a
temperature expansion coefficient matched
with that of the solder glass potting' material
which ‘is subsequently - introduced. For
example, a potash soda lead glass which is
commercially’  available - under * the trade
designation “Corning Type 0120” ‘may be
used: to form the shell 24 (“Corning” isa
Régistered ~Trade Mark). This glass has a
thermal expansion coefficient of 89 x 70-7°C
and a softening point of 630°C. = =~ . .

‘The device is now encapsulated by filling
the :shell 24 with -a slurry prepared ‘from"
finely ‘ground” solder glass, a ‘solvent and

- ][;grhaps-'a'binder. The .glass inaterial must

65

ve a relatively low melting point, less than
that.of the shell 24 and less-than that which
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solvent may also include a small amount of
binder such as nitrocellulose. The assembly
is then allowed to stand in air for a time so
that the solvent in the slurry may evaporate.
The. ‘binder, 'if used, would aid in holding
the pewered glass in place at this point. The
gowdered solder glass must then be fused to
orm a hard, impervious casing for ‘the
transistor device, If the solder glass has a
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softening point of about 440°C, as suggested 100

above, then the device would be fired at a
temperature  of a few "degrees above this
point, or perhaps 450° to 500°C. During this
firing, the nitrocellulose is burned out, if

used, leaving only the glass. The time neces- 105

sary to perform this firing step would vary,

depending upon thie materials used, but it

has been found that about 30 minutes is
adequate at 450°C. . '

The device is then removed from'thé'ring 110

10 by clipping the leads 11; 12 and 13 at the
positions indicated in Figure 1' by dotted
lines. The completed transistor assembly will
appear as in Figure 4, wherein the open side

of the shell 24 is seen to be closed off by a 1

casing 25 of hardened solder glass. The leads
11, 12 and 13 ‘form the emitter, collector
and base leads; respectively. .-~~~ .
* It should be emphasized that gold leads

15

and contacts would not be very.well adapted 120

for use in the present transistor assemblies
since gold -and silicon ‘form a eutectic .at
377°C, well below the softening point of
most solder glasses. The region wherein the

gold-silicon "eutectic .formed* might - travel 125
thiough ‘the thin' semiconductor wafer and . .,

destroy the junctions. Silver. is well suited for
use-as the contact and lead material since a
eutectic of silver and silicon forms at a rela-
tively high temperature of

830°C. Likewise, 130
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1. A method of making a glass-
encapsulated semiconductor device compris-
ing the steps of connecting at least one
conductive lead to a body of semiconductor
material, positioning said body and portions
of said at least one conductive lead within
a shell of glass, filling said shell with a
finely-ground glass having a softening point

below that of said shell, and heating the -

entire assembly at a temperature which is
greater than the softening point of the finely
ground glass and less than that of said shell.

2. A method of making a glass-encapsu-
lated semiconductor device according to
claim 1, wherein the shell of glass has a given
thermal expansion coefficient, and the finely-
ground glgss has a thermal expansion
:gegicient substantially equal to that of said

ell.

3. A method of making a glass-encapsu-
lated semiconductor device according to
claim 1 or 2, wherein the body of semi-
conductor material is a body having regions
of different conductivity type and the step
of connecting the at least one conductive lead
comprises bonding a conductive tab to one
region of the body of semiconductor
material, positioning further conductive
means adjacent said semiconductor body,

. and connecting at least one region of oppo-

site conductivity type to that connected to

. the tab to the further conductive means,

positioning said semiconductor body and an
end of said conductive tab and conductive
means within the shell, filling said shell with

WHATOVE CoAtMaseLi al  and thepogaii i

and the transistor wafer such that said
transistor wafer and the ends of said tabs
adjacent said transistor wafer are within the
shell.

6. A semiconductor device comprising a
body of semiconductor material, at least one

conductive lead connected to said body of

semiconductor material, a glass shell said
body of semiconductor material and a por-
tion of said at least one conductive lead
being positioned within said shell, and a glass
material filling said shell and surrounding
said body and said portion of said at least
one conductive lead, said glass material
being composed of fused glass powder, and
the glass material having a softening point
below that of said shell.

7. A semiconductor device comprising a
body of semiconductor material having
regions of opposite conductivity-types therein,
a plurality of conductive leads connected to
appropriate ones of said regions, a glass
shell, said body and portions of said con-
ductive leads being positioned within said
shell, and a glass material filling said shell
and surrounding said body and said portions
of said conductive leads, said glass material
being composed of fused glass f!zé)nwder, and
the glass material having a softening point
below that of said shell.

8. A semiconductor device according to
claim 7 wherein the body is a wafer of semi-
conductor material and the plurality of
conductive leads comprise a first conductive
member extending into the interior of said
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on ztwofk ¢ employed in
place of the wafer 14. In. this case, the
number of leads or tabs utilized would cor-
respond to the number of contacts necessary
for the semiconductor device, Also, two
transistors could be encapsulated in the same
glass shell, in which case six tabs or leads
would be arranged in a suitable configuration
to extend into the shell abd form base,
emitter and collector contacts for both tran-
sistors. The shell could, of course, be of
rectangular or any other suitable configura-
tion. .~ - .. -
Patent Application No. 30175/65 (Serial
1,014,735) was divided out from the present
application.

WHAT WE CLAIM IS: —

1. A method of making a glass-
encapsulated semiconductor device compris-
ing the steps of comnecting at least one
conductive lead to a body of semiconductor
material, positioning said body and portions
of said at least one conductive lead within
a shell of glass, filling said shell with a
finely-ground glass having a softening point
below that of said shell, and heating the
entire assembly at a temperature which is
greater than the softening point of the finely
ground glass and less than that of said shell.

2. A method of making a glass-encapsu-
lJated semiconductor device according to
claim 1, wherein the shell of glass has a given
thermal expansion coefficient, and the finely-
ground glass has a ‘thermal expansion
:ﬁelliﬁcient substantially equal to that of said

ell.

3. A method of making a glass-encapsu-
lated semiconductor device according to

claim 1 or 2, wherein the body of semi-

conductor material is a body having regions
of different conductivity type and the step
of connecting the at least one conductive lead
comprises bonding a conductive tab to one
region of the body of semiconductor
material, positioning further conductive
means adjacent said semiconductor body,
and connecting at least one region of oppo-
site conductivity type to that connected to
the tab to the further conductive means,

' positioning said semiconductor body and an

end of said conductive tab and conductive
means within the shell, filling said shell with

lembalithdnsihbowé. Fabexamplec | laastrong, congvetiveilead corprises hopdi
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_ ioning
conductive tabs adjacent said transistor
wafer, connecting the remaining regions of
said transistor wafer respectively to said
second and ‘third conductive tabs by lead
wires, and positioning said transistor wafer
and the ends of said first, second and third
conductive tabs along with said lead wires
within the shell. . - :

. 5. A method  according to claim 4,
including the steps of positioning. said first
conductive tab- along with the second and
third conductive tabs on a frame.whereby
one end of said second and third conductive
tabs are adjacent said transistor wafer, con- 90
necting said remaining regions of said
transistor wafer respectively to said second
and third conductive tabs by lead wires, and
positioning said frame along with said tabs
and the transistor wafer such that said
transistor wafer and the ends of said tabs
:l(li(ja?l.cent said transistor wafer are within the

6. A semiconductor device comprising a
body of semiconductor material, at least one 100
conductive lead connected to said body of
semiconductor material, a glass shell, said
body of semiconductor material and a por-
tion of said at least one conductive lead
being positioned within said shell, and a glass 105
material filling said shell and surrounding
said body and said portion of said -at least
one conductive lead, said glass material
being composed of fused glass powder, and
the glass material having a softening point 110
below that of said shell. ' :

7. A semiconductor device comprising a
body of semiconductor material having
regions of opposite conductivity-types therein,

a plurality of conductive leads connected to 115
appropriate ones of said regions, a glass
shell, said body and portions of said con-
ductive leads being positioned within said
shell, and a glass material filling said shell
and surrounding said body and said portions 120
of said conductive leads, said glass material
being composed of fused glass powder, and

the glass material having a softening point
below that of said shell.

8. A semiconductor devicé according to 125
claim 7 wherein the body is a wafer of semi-
conductor material and the plurality of
conductive leads comprise a first conductive
member extending into the interior of said
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emtter and collector regions therein, and the conductor device
substantially as herein- plurality of |eads conprise a collector
contact before ' : ' i =
12. A seni conductor device substantial l y 40" i ng Mo saird shell,
said wafer being as hereinbefore described

positioned on said first conductive tab wthi Hillm H Mng draw ngs
the shell, the collector region of sgjgd.mafer nduct or '
devi ce mide_sub- making ohm c coft amt said first $onduc1 Lve stantially
in accor darmal,\miﬁhwatfdsrebaMt bmiﬁoﬁeetonzﬁzd ab 10.5 &C semitondutdr device bdordpehict i ve '
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connecti ng shell, dnéacmmduGaMIMmeectmg@ " the body, Suluahezein thenglen shell\iC. 1,

mposed of a glass having a given a i '
conducti ve 2% 0 sm&?émngwgm i 5 regions.

respect i vel Yeiyiyt Bt cxpang) ﬁgﬁgmﬁ‘ﬁﬁ?
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( Abi ngdono) ,cliﬁxff the device is a transistor saidusbéll. shed at The Patent Office,
Sout hanptomsﬁmbb@onﬂs&ngl_@n@m hayipg base, 11 A - method of .m 2 semi-

i therein, and the conductor device substantially as. herein-
whi ch copi e‘?tﬁﬁ?ﬂ (heads compri l@g ollector contact before described.

15 in the form of a first conductive tab extend- 12. A semiconductor device substantiall
ing into said shell, said wafer being as hercmbefore described in connectlon wi
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positioned on said first conductlve tab within
the shell, the collector region of said wafer
making ohmic contact said first conductive
tab, second and third conductive tabs
extending into said shell at circumferentially
spaced positions, and - conductive means
electrically connecting said second and third
conductive tabs to said base and emltter
reglons respectlvely

the accompanying drawings. -

13. A semiconductor devxce made sub-
stantially in accordance with the method set
forth in any of claims 1 to 5. -
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