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SPECIFICATION

Method of Junction Passivation and Pro&uct

We, TExAS INSTRUMENTS INCORPORATED,
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: —

‘This - invention relates to. semiconductor
devices and more particularly to a metficd and
system embodying passivation of surface ex-
posed junction areas in semiconductor devices.
- It has been found that a primary factor in
semiconductor device performance is the con-
dition of -the semiconductor surface. The
rehablhty of the device over a period of time
is dependent upon maintenance of the surface
in its original condition even under adverse
conditions. ‘In ‘order to obtain an optimum
surface, it is nécesstey to eliminate or preclulde
olar
nature or of any substance that might break

- down or change its characteristics to form polar

contaminants on the surface' of the semicon-
ductor body near the junction therein. It has
been found: desirable and often necessary to ex-
clude all ‘surface-surface coating interfaces in

order 10 exclude all channels and paths that
‘might becomé conducuve o

In accordance with the prior art, attempm
have been made to create a surface with the
above-noted desirable attributes. Chemically

‘etched surfaces -have been dried and coated
with silicone oil or grease. Coatings of sﬂlcone

varnishes and alkyd-silicone combination resins

-were also employed. This was followed by the

“on  the surface. of silicone
-for. example of a silicon-

formation

was attanpted to add impurities which were
thought to have stabilizing effects. The thick-

IPrice 4s. 641

ness of the oxide layer was also varied in an
attempt to achieve the desired result.

In all the known prior art systems, limita-
tions involving one or more factors detrimental

‘to device reliability have been present. Further,

in prior art devices, it has been impossible to
seal glass to a wafer with plugs of metal on

‘each end. An oxide layer on the wafer makes

this possible in accordance with the present
invention..

More particularly, in accordance with the
present invention, there is provided a method

.of producing a semiconductor device compris-

ing the steps of providing a semiconductor
body having adjacent P and N type conduc-

_tlv1ty zones with a PN junction therebetween
‘terminating at one surface of said semicon-

ductor body beneath an oxide layer formed on
said one surface, applying a glass layer onto

-said oxide layer on said one surface, forming

an. ohmic connection tof.one surface through

an opening in said oxide and glass layers and

forming an ohmic connection to. the other

‘of said zones.

Also, according to the present invention
_we provide a method of producing a semi-
conductor device comprising the steps of form-
ing adjacent P. and N type conductivity zones
in a semiconductor body with the PN junc-
tion therebetween terminating at one surface
of said semiconducter body beneath an oxide
layer formed on. said one surface, thereafter
heating said oxide.layer in a predetermined
atmosphere . to. remove moisture therefrom,
applying a glass - 1ayer onto said oxide layer
on said ‘one surface in said predetermmed

,atmosphere, attaching an ohmic connection to
one of said. .zones on said one surface through

an opening in said glass and oxide layers and
attachmg an ohmic connection to the other
of said zones.

Further, according to the present inven-
tion, we prov:de a semiconductor device com-
prising a semiconductor body having adjacent
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sai d sem conductor body beneath an oxide
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the dmde 10:is pro-
vided with a mesa zone 11 and is supported
with the base in contact with a metallic cylin-
der 12 from which. there extends a .lead 13.

The mesa area 11 of the device 10 is main-
tained in contact with a second cylinder 14 |

having attached thereto a lead 15. The entire
device is enclosed by a glass shield 16.
Details of the structure of FIGURE 1 are
best shown in the detailed sectional view of
FIGURE 2. The semiconductor wafer 10 hav-
ing the mesa 11 is formed with 2 P-N.junction
10z extending across the mesa portion 11. An
oxide layer 106 is formed over the upper
surface of the wafer .10 and covers the
emergence at the surface ‘of the junction 10a.
Over the oxide layer 106 there is a body
or coating of a -glass which forms layer 10c.
The lower surface. of the wafer 10 is in direct
contact with cylmder 12 to provide a con-
ductive connection thereto, The upper exposed
surface of the mesa 11 is in direct contact with
the cylinder 14. The devicé thus formed has
been found to be stable in operation at high
temperatures for extended periods of time.
The present method of producing the semi-
conductor device consists of four main parts.
First, a semiconductor wafer with the junction
10q therein is suitably etched to form the mesa
thereon. Following etching operations the
device is cleaned and covered with an: oxide
layer. The oxide layer ‘may be formed in
accordance with existing and known tech-
niques. Applicants have found, however, that
in the general case as.the omde layer is
formed, moisture remains either absorbed or
adsorbed in or on the oxide layer or ‘at the
interface between the layer and the wafer.
With the foregoing in mind, the second step
coupled with the third step has been found: to
be critical in achieving a stable device. The.
second step involves baking the oxide covered
semiconductor device at high temperatures and
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The high' _temperat_ure. bakeout is designated
to’ remove all moisture possible from the
(f)x1de and from the ox1de semxconductor inter-
ace.

Tt ‘has been found that a diode of the type
illustrated in FIGURE 1, when formed in
accordance with the foregoing method, has
exhibited stability not heretofore achieved.

‘Such - device is-capable of high temperature

operation as high as 125° to 150°C. in excess

.of 1000 hours. Further, it will withstand high

temperature storage, that is, in -atmospheres
of 300° to 350°C. in excess of 1000 hours.
Eliminated from -the structure of FIGURE 1
are :pressure -and whisker type contacts to the
semiconductor body such as known in the prior
art. Thus; the device: lends itself readily to
automated production techniques.

Diodes produced in- accordance with the
foregoing method have been found to exhibit

‘the following desirable characteristics. A cor-
-relation stud
-versus high temperature operating life tests

perature D.C. blocking tests

has shown the D.C. blocking requirements to
be more severe than the A.C. life test. Experi-
ments on devices of the type shown in
FIGURE 1 with D.C. blocking at 150°C. and
with the reverse voltage (Vi) equal to 809% of

the peak inverse voltage (PIV) have led to the

following conclusions:

1. Devices made thhout bakeout and glass
but with an oxide layer exhibited a change
in reverse current (Iz) by a factor of 1000
or more and change in the shunt capacitance
(C,) by a factor of from a minimum of 2
to as great as 10.
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2. Devices made with the oxide layer baked o

.out prior to encapsulation cured the Iy drift

but C, still changed by as much as a factor
of 4.

3. Devices made with glass over the oxide
but with no bakeout prior to application of
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ﬁ-&q g @pscribed a relatively simple mesa
?y 3 e such as shown in FIGURE 1, it
will :iow:be understood that a like process may

‘be ‘employed for a planar type structure such

as the planar’ diode shown in FIGURE 3.

FIGURE 3 illustrates a planar type dlode.

20 having "a dlsh-shaped junction 21. The
wafer 20 rests ori a lower contact cylinder
22:.The. upper ‘contact cylinder 23 has an
axial extension 24 of substantially reduced
diameter, the face of which rests on the- upper
surface of the wafer 20 and is limited in its
contact to the area inside the :junction 21.
On the upper surface of the wafer 20 is

formed an oxide layer 26 over which is a glass -
layer 27. The extension 24 extends through a

central aperture 28 in ‘the layers 26 and 27.
In forming the unit 20, the same general pro-
cedures are followed as in forming the units of
FIGURES 1 and 2. The oxide coating is

formed over the surface. It is then baked out
for removal of any adsorbed or absorbed

moisture. The passivating glass layer 27 is then
formed on the upper ‘surface following which
the aperture 28 is formed for exposing the
contact "area. The entire structure is then
sealéd in a cyhnder such as the glass body 30.

While the ‘invention has been described in

.connection with the treatment of .diode 'struc-

tures; it is to be understood that multijunction
semiconductor devices may be similarly treated
wherein an oxide layer is formed so as to cover
the surface areas at which the junctions
emerge. Thereafter, the device is subject to
high ‘temperature ‘bakeout for a length of time
sufficient to remove ‘all water or moisture
absorbed or adsorbed .in the oxide layer or on
the oxide-semiconductor interface. Thereafter,

perature immediately following the bakeout, a
glass coating is applied to the surface areas

.of junction emergence. The coating is of
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character such that it will not contaminate the

semiconductor device and has thermal charac-.

teristics which correspond with those of the
semiconductor body. It will be understood
that the junction or junctions may be formed
in a wafer either before or after formation of
an oxide coating bakeout and application of
the final coating.

The foregoing . procedures shall be under-
stood as applicable to production of ger-
manium and other devices although a silicon
device has been described in the above
example. _

A suitable glass for use in such a system
may have the following composition:

Lead oxide 50%
Silicon dioxide 40%
Aluminum oxide 10%
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_pure lead oxide. ‘Similarly, silicon dioxide
and aluminum oxide of as high purity as avall-
‘able are employed. _

The proportions in the major components
of the glass formed -of the foregoing compesi-
tion though of importance -are net as critical
as the ‘trace element constituents therein. For
semiconductor devices of Group IV doped
with elements of Group III or Group V trace
:elements in Group IIT and Group V prefer-
ably are to be eliminated and must be mini-
mized. Therefore, substanually pure compon-
ents are employed.

For germanium devices glass of the same
constituents would be erhployed, but prefm'-
;ably in the following proportions:

A 14al G

-Lead oxide. 60%
Silicon dioxide 30%
Aluminum -oxide "10%

“In either case, the glass is one in which

-contaminant trace elements are substantially
eliminated but which has bulk characteristics,
‘such as-a thermal coefficient of expansion, cor-
responding - with those of the ‘semiconducter
device. :
- “The major constituents of ‘the glass are
Tead oxide and silicon dioxide. The relative
proportions -of the major constituents .may be
‘varied to form a coating having the same
‘bulk characteristics as the device'to be passi-
vated. The -minor consutuent, aluminum
-ox1de, has been held constant in the examples
‘given :but may be subject to variation.:

Tolerable: levels of non-neutral trace ele-
inents .are difficult to specify since measure-
ment of trace concentrations involved is diffi-
cult if not impossible. Since the devices them-
selves possess characteristics which are con-
trolled by trace quantity doping levels, the
doping constituents in the passivating coating
must be far below the level of doping in the
device itself. In order to provide a usable
passivating coating, materials of as high purity
as obtainable have been employed. More par-
ticularly, where available the three constitu-
ents of the glass each have been 99.99999
free from any other constituent.

It is to be understood that impurities of
relatively high concentration may be tolerated
-only if they are neutral. Silicon and germanium
devices are doped with non-neutral elements
from Groups III and V for producing P- and
N- regions, respectively. Devices made from
gallium arsenide and from other Group III
and Group V compound semiconductors are
doped with non-neutral elements from Groups
II and IV for producing P- regions and with
elements from Groups IV and VI for pro-
ducing N- regions. The passivating composi-
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2. A method according to claun 1 wherein,
prior to dpplying-the glass " layer," the oxide
layer is heated in a predetermined atmosphere
to remove moisture therefrom. .

3. A method of producing a semiconductor
device comprising the steps of forming adja-
cent P and N type conductivity zones in a
semiconductor body with ‘the PN junction
therebetween terminating at one surface of
said ‘semiconductor body beneath an oxide
layer formed on said one surface, thereafter
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%%;asld oxgs lamf #rmpemes
T ks
con-

through said opening; and' ‘an ohmic connecuon
-to the. other of said zones.
- 8..:A - device -according to. claim 7, com-
prising a glass enclosure about said semicon-
ductor body with 'said .ohmic. connections ex-
tending through said enclosure for external
‘connection.”. -

.9.A smmconductor device accordmg to claim
7-or 8, wherein-said one surface is flat.

10. A semiconductor  device. substantially as
described herein with reference to Figs. 1 and
2; or-Fig'_. 3 of the accompanying drawings. .

heating said oxide layer in a' predetermined -

atmosphere to - remove momst;r; thgrefl?m,
applying a glass layer onto oxide layer
on said one surface in said predetermined
atmosphere, -attaching an: ohmic' connection to
one of said Zones on said one surface through
an opening in sa1d glass and oxide layers and
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body beneath an oxide
layer formed on said one surface, applying a
glass layer onto said oxide layer on said one
surface, forming an ohmic connection to one
of said zones on said ome surface through an
opening in said oxide and glass layers and
forming an ohmic connection to the other of
said zones.

2. A method according to claim 1, wherein,
prior to applying the glass layer, the oxide
layer is heated in a predetermined atmosphere
to remove moisture therefrom.

3. A method of producing a semiconductor
device comprising the steps of forming adja-
cent P and N type conductivity zones in a
semiconductor body with the PN junction
therebetween terminating at ome surface of
said semiconductor body beneath an oxide
lIayer formed on said one surface, thereafter
heating said oxide layer in a predetermined-
atmosphere to remove moisture therefrom,
applying a glass layer onto said oxide layer
on said one surface in said predetermined
atmosphere, attaching an ohmic connection to
one of said zones on said one surface through
an opening in said glass and oxide layers and

ductor body with said
f produci ng a sem conduct or
devi ce conpri si fg t he

sem conductor b
surface is fl at

ohm c
t endi ng
st eps of
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bmg&mﬁbamdsm> @. PN jufic-
tion therebetween terminating at one surface
of said semiconductor body, an oxide layer
on said one surface above said PN iunction,
a glass layer on said oxide layer, an opening
in said oxide and glass layers exposing one of
said zones on said surface, an obmic con-
nection to said one of said zones extending
through said opening, and an ohmic connection
to the other of said zones.

8. A device according to claim 7, com-
prising a glass enclosure about said semicon-
ductor body with said ohmic connections ex-
tending through said enclosure for external
connection.

9. A semiconductor device according to claim
7 or 8, wherein said one surface is flat.

10. A semiconductor device substantially as
" described herein with reference to Figs. 1 and
2, or Fig. 3 of the accompanying drawings. .
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