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' DRAWINGS ATTACHED
Transistors and Methods of Making Same

We, TEXAS INSTRUMENTS INCORPORATED, tion extending to one sutface of said body

of 13500 North Central Expressway, Dallas, and there defining a first enclosed area by 45

Texas, United States of America, a corpora- diffusing a conductivity type producing in-

tion organized and existing under the laws gredient into said collector region adapted to

§ of the State of Delaware, United States of give said base region said opposite conduc-
America, do hereby declare the invention, tivity type, forming an emitter region of
for which we pray that a patent may be said one conductivity type contiguous with 50

_granted to us, and the method by which it said base region to form therewith a second

is to be performed, to be particularly de- P-N juiiction extending to said one surface

10 scribed in and by the following statement:— and there defining a second enclosed area

C The invention relates to transistors and surfounded by said first enclosed area by
methods of making the same and more patti- diffusing a conductivity type producing in- 55
cularly to transistors and methods of mak- ' gredient into said base region - adapted to
ing the same in or on a semiconductor sub- give said emitter region said one conductivity

15 strate. o . . .. type, and providing ohmic connections to

The present invention is a transistor com- said collector, base and emitter regions.
prising an integral or integrated body of Embodiments of the invention will now 60
semiconductor material containing a semi- be described, by way of example, with refer-
conductor substrate, a monoctystalline col- ence to 'the accompanying drawing, in

‘20 lector region of one conductivity type in or which:— . .
on one face of said substrate; a diffused .= Figs. 1 and 2 illustrate semiconductor de-
monocrystalline base region of opposite con- vices embodying transistors according to the 65
ductivity type contiguous with said collector invention. . _ : :
region to form therewith a first P-N jupction . The transistors illustrated in Figs. 1 and

25 extending to one surface of said body and 2 may be part of a semiconductor body con-
there defining a first enclosed area and a taining other circuit elements as described in
diffused monocrystalline emitter region of parent ~British Patent Application No. 7¢
said one conductivity type contiguous with 16071/60 (Serial No. 958,242) from which the
said base region to form therewith a second present application is divided. o ‘

30 P-N junction extending to said one surface  The semiconductor device embodying the .

- and there defining a second enclosed ared invention comprises a body of semiconduc-
surrounded by said first enclosed -area, and tor material of single crystal structure which 75
ohmic connections to said collector, base -may be composed of any suitable semicon- .
and emitter regions. a ductor material such as germanium, silicon,

35  The present invention js also a method of . intermetalfic alloys such as gallium arsenide,
fabricating a transistor contained in an inte- -aluminium antimonide, indium antimonide,
gral or integrated body of single crystal as well as others. S
semiconductor material comprising the  Referring to Fig. 1, there is illustrated a
steps of: forming a collector region of one . semicondudtor, device embodying an NPN

40 conductivity type in or on a semiconductot :. transistor inchiding N-type collector region
substrate, forming 4 buse region of site I8, P-type base region 20 and N it+
conductivity type con‘iguous with said .col- ter regions 22 and 24. The device illustrated 85
lector region to form therewith a P-N junc- is a multi-emitter transistor; however, it

y(Price 6. 643 . -
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actitally includes one NPN transistor plus an

integral diode formed by the additional
emitier region, :

The collector region 18 may be mounted

5 or secured on a semiconductor substrate 10,

" for example, by solder glass. The semicon-
ductor substrate 10 may be composed of in-
trinsic scmiconductor material having a re-
latively high order of resistivity.

10 Ohmic contacts are made to the regions
by metal contacts 33, 26, 28 and 30. The
contacts 26, 28 and 30 may be plated or
evaporated onto their respective regions.
The collector contact 33 may be soldered or

15 alloyed to subsirate 10 and extends beneath
the collector region 18 to make ohmic con-
tact therewith.

The device may be constructed by provid-

ing an N-type wafer, diffusing a P-type con-
20 ductivity producing ingredient into one sur-
face of said wafer, selectively etching the
semiconductor material to produce the shape
illustrated in Fig. I, selectively diffusing an
N-type conductivity producing ingredient
" 25 into the P region to form the N-type emitter
regions, and securing the collector region 18

on the semiconductor substrate 10.
The semiconductor device illustrated in
Fig. 2 is similar to that illustrated in Fig, 1.
30 Referring to Fig. 2, there is disclosed a
body of single crystal semiconductor material

which includes the transistor regions and the.

substrate 10 as the same physical piece of
semiconductor material. The entire unit is
35 formed from a block of intrinsic semicon-

“ductor material into which doping impuri- -

ties are diffused in the region occupied by
collector region 18 and thereafter the device
is constructed as the Fig. 1 device. In the
40 device of Fig. 2, the ohmic contact 33 is
made to the top surface of the collector re-
gion 18 in a similar manner as contacts 26,
28 and 30.
In each embodiment described, the col-
45 lector-base P-N junction extends to one sur-
face of the body and there defines an en-
closed area and each emitter-base P-N junc-
tion extends to said one surface and there
defines another enclosed area surrounded
50 by said frst-mentioned enclosed area.

It must be emphasized that only two em-
bodiments of the invention has been de-
scribed and that other’ variations and modi-
fications may be made without departing

55 from the scope of the invention as defined in
the appended claims.

Reference is additionally made to our co-
pending patent applications nos. 23279/63;
46086/63; 46088/63; 146089/63, jand

60 46090/63, (Serial nos. 958244; 95824S5;
958247. 958248 and 958249) also divided
from said parent application no. 16071/60.
(Serial no. 958242).

Terms indicative of position, such as “on”,

&5 are used in the following claims to-define

it ¢
———

relationship of parts in a form convenient
for the purpose, but’such terms are not to
be construed in any restrictive sense and it
will be manifest that the semiconductor de-
vices could be utilised in any desired posi- 79
tional orientation.

WHAT WE CLAIM IS:—

1. A transistor comprising an integral
or integrated body of semiconductor mate-
rial containing a semiconductor subsfrate, 75
a monocrystalline collector region of one
conductivity type in or on one face of said
substrate, a diffused monocrystalline base
region of opposite conductivity type con-
tiguous with said collector region to form 80
therewith a first P-N junction extending to
one surface of said body and there defining
a first enclosed area and a diffused mono-
crystalline emitter region of said one .con-
ductivity type contiguous with said base re- 85
gion to form therewith a second P-N junc-
tion extending to said one surface and there
defining a second enclosed area surrounded
by said first enclosed area, and ohmic con-
nections to said collector, base and emitter 90
regions. -

2. A transistor according to claim ‘1,
wherein said collector region is a diffused
region. '

3. A method of fabricating a transistor 95
contained in an integral or integrated body
of] single crystal !semiconductor material
comprising the steps of: forming a collector
region of one conductivity type in or on a
semiconductor substrate, forming a base 100
region of opposite conductivity type con-
tignous with said collector region to form
therewith a P-N junction extending to one
surface of said body and there defining a
first encosed area by diffusing a conduc- 105
tivity type producing ingredient into said
collector region adapted to give said base
region said opposite conductivi type
forming _an emitter region of said
one conductivity type contiguous with 110
said base region to form therewith -
a second P-N junction extending to
said one surface and there defining a second
enclosed area surrounded by said first en-
closed area by diffusing a conductivity type 115
producing ingredient into said base region
adapted to give said emitter region said one
conductivity type, and providing ohmic con-
nections to said collector, base and emitter
regions. :

4. A method of fabricating a transistor
according to claim 3, wherein said collector
region is formed in said semiconductor sub-
strate including the step of diffusing a con-
ductivity type producing ingredient into said 125
semiconductor substrate adapted to give said

120

‘collector region said one conductivity type. .

5. A transistor according to claim 1 ot
2, included as part of a semiconductor
hetwork wherein said body includes one or 130

X
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~actually includes one NPN transistor plus an

- integral ‘diode formed by the additional
emitter region, _ .

The collector region 18 may be mounted

5 or secured on a semiconductor substrate 10,

" for example, by solder glass. The semicon-
ductor substrate 10 may be composed of in-

. trinsic semiconductor material having a re-
latively high order of resistivity.

10 Ohmic contacts are made to the regions
by metal contacts 33, 26, 28 and 30. The
contacts 26, 28 and 30 may be plated or
evaporated onto their respective regions.
The collector contact 33 may be soldered or

15 alloyed to substrate 10 and extends beneath

the collector region 18 to make ohmic con- -

tact therewith. .
The device may be constructed by provid-
ing an N-type walfer, diffusing a P-type con-
20 ductivity producing ingredient into one sur-
face of said wafer, selectively etching the
semiconductor matetial to pmg
illustrated in Fig. 1, selectively diffusing an
N-type conductivity producing ingredient
" 25 into the P region to form the N-type emitter
regions, and securing the collector region 18
-on the semiconductor substrate 10. _
The semiconductor device illustrated in
Fi%‘. 2 is similar to that illustrated in Fig, 1.
30 eferring to Fig. 2, there is disclosed a
body of single crystal semiconductor material

which includes the transistor regions and the.
substrate 10 as the same physical piece of -

semiconductor material. The entire unit is
35 formed from a block of intrinsic semicon-
ductor material into which doping h;\'gmi-
ties are diffused in the region occupied by
collector region 18 and thereafter the device
is constructed as the Fig. 1 device. In the
40 device of Fig. 2, the ohmic contact 33 is
made to the top surface of the collector re-
gion 18 in- a similar manner as contacis 26,

28 and 30. .
In each embodiment 'described, the col-
45 lector-base P-N junction extends to one sur-

face of the body and there defines an en-

closed area and each emitter-base P-N junc-

tion extends to said one surface and there

defines. another enclosed area surrounded
50 by said first-mentioned enclosed area. .

It must be emphasized that only two em-
bodiments of the invention has been de-
scribed and that other’ variations and modi-

" .. fications may be made without departing
45 from the scope of the invention as defined in
the appended claims. -~ =

Reference is additionally made to our co-
pending patent applications nos. 23279/63;
46086/63; 46038/63; 46089/63, jamd

60 46090/63, (Serial nos. 958244; 958245;
058247; 958248 and 958249) also divided
from said parent application no. 16071/60.
(Serial no. 958242). . _ o

Terms indicative of position, such as “on”,

‘relationship of parts in a form convenient

uce the ghape-

- region  sai

Sttt
n——

for the purpose, but’such terms are not to
be construed in any restrictive sense and it
will be manifest that the semiconductor de-
vices could be utilised in any desired posi- 79
tional orientation. _ .

WHAT WE CLAIM IS:— :

1. A transistor comprising an integral
or integrated body of semiconductor mata-
rial containing a semiconductor substrate, 75
a monocrystalline collector region of one .
conductivity type in or on one face of said
substrate, a diffused monocrystalline base

“region of opposite conductivity type con-

tiguous with said collector region to form 80
therewith a first P-N junction extending to
one sutface of said body and thete defining

‘a first enclosed area and a diffused mono-

crystalline emitter region of said one . con- .
ductivity type contiguous with said base re- 85
ion to form therewith a second P-N junc-

ion extending to said one surface and there
gefining a second enclosed area surrounded
by said first enclosed area, and ohmic con-
nections to said collector, base and emitter 90
regions. '

2. A transistor according to claim 1,

. wherein said collector region is a diffused

region.

3. A method of fabricating a transistor 95
contained in- an integral or integrated body
of} single crystal !semiconductor material
comprising the steps of: forming a collector
region of one conductivity type in or on a
semiconductor substrate, forming a base 100

- tegion of opposite conductivity type con-

tigious with said collector region to form
therewith a P-N junction extending to one
surface of said body and there defining a
first encosed area by diffusing a conduc- 105
tivity type producing ingredient into said
collector region adapted to give said base
opposite con uctivi,t¥ type
forming _an emitter region of said
one conductivity
said base region to form therewith
a second P-N junction extending to
said one surface and there defining a second
enclosed area surrounded by said first en-
closed drea by diffusing a conductivity type 115

- producing ingredient into said base region

adapted to give said emitter region said one
conductivity type, and providing ohmic con-
nections to said collector, base and emitter
regions. . - - -
4. A method of fabricating a transistor
according to claim: 3, wheérein said collector
region is formed in said semiconductor sub-
strate including the step of diffusing a con-
ductivity type producing ingredient into said 125
semiconductor substrate adapted to give said

120

_ collector region said one conductivity type.

- 5. A transistor according to claim 1 ot
2, included 4s part of a, semiconductor
hetwotk wherein said body includes one ot 130

€5 are used in the following claims to define

ok

type contiguous with 110
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- more other circuit elements.
. 6. A method of fabricating a transistor
' aecordmg to claim 3 or 4, including the step
of forming one or more other circuit ele-
5 ments in said bod

y.
7. A ftransistor ‘when pmduced the
method of claim 3, 4 or 6. by

"H. D. FITZPATRICK & CO,
Chartered Patent Agents,
3 Gfays Inn Square, London, WCl
and
94 Hopo Street, Glasgow, c2.
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