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The present invention relates in general to electronics
and has more particular reference to electron flow de-
vices employing semi-conductor material, the invention
pertaining specifically to an improved double based dicde
and method of making the same,

A semi-conductor material may comprise an intrinsic
or pure substance, such ag crystalline germanium, sili-
con or other suitable material, in which the valence ring
electrons of the constituent atoms are tightly bound and
hence unavailable for electrical conduction,
i i i an activating
and forming
the intrinsic
of activating impurity to in-

substance comprising atoms distributed in
an integral part. of the lattice structure of
material. The proportion

semi-conductor material comprise atoms containing either
a greaier or lesser number of valence electrons than the
constituent atoms of the intrinsic materjal. Where the
atoms of the activating substance comprise more valence
electrons than are associated with the atoms of the in-
trinsic material, the excess electrons may circulate freely
in and through the crystal structure of the semi-con-
ductor material and are hence available for electrical
conduction purposes. Activating substances which pro-
vide excess electrong are commonly referred to as elec-
tron donors since they supply electrons which are free to
move within the lattice structure of the semi-conductor
material. Excess electron semi-conductors are commonly
referred to as comprising N-type material since electrical

electrons through the material.

Where the atoms of the activating substance embody
fewer valence electrons than are associated with the
atoms of the intrinsic substance, each atom of activating
material must borrow electrons from an adjacent atom
of the intrinsic material thereby creating what may be
referred to as a hole; that is to say, an incomplete group
of atom bonding electrons simulating the properties of
a positively charged electron in the Ilattice structure of
the semi-conductor material. Hole creating activators

Electrical energy may flow in either direction through
both types of semi-conductor material, When, however,
a body of P-type material is joined with g body of N-type
material to form therebetween what is commonly re-
ferred to as a P-N junction, the positive holes in the
and the free electrons in the N-type
material are mutually repelled away from the junction.
In this connection, the P-N junction is the equivalent
of a unidirectional poiential source having a negative side
and positive sides respectively. connected with the P-type
and N-type materials on opposite sides of the junction,
thereby constituting the junction as a potential hill, past
which electrical energy may flow more easily in one di-
rection than the other. If, for example, the opposite
positive and negative sides of a source of unidirectional
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electrical potential be connected respectively with the
N-type and P-type ends of a P-N junction element, in
fashion commonly referred to as reverse bias, such poten-
tial source will merely increase the potential hill, by draw-
ing the valence €electrons and holes mutually away from

P-type material and the
N-type material toward the junction,

exceeds the potential drop
across the junction element, including the equivalent
potential value of the junction hill. Accordingly, a
emi-conductor element embodying a P-N junction may
be employed as an electrical power rectifier.

Heretofore semi-conductor elements embodying P-N

presence of an activator of one kind, an electron donor
material, for example, to thereby constitute the resulting
crystalline substance gas -type semi-conductor material.
Thereafter growth of the crystal ingot may be continued
in the presence of an activating substance of the other
kind, such as an electron acceptor material,
constitute . the subsequently portions of the ingot
as P-type material. In such an ingot, the P-N junction
extends between the N-type and P-type portions of the
ingot body.

A so-called double based diode may comprise bodieg
of P-type and N-type material inter-connected by means
of a P-N junction, provision being made for the ohmic
connection of one of sajd bodies in an external circuit
at spaced apart conmtact stations, called bases, on said
body, and for the chmic contact of the other of said
bodies in external circuitry, in order that the device may
function in desired as hereinafter described,

like zone on the disc. -

Another important object is to provide a device of
the character mentioned by first forming an ingot of
crystalline semi-conductor material, as by growing the
same under controlled conditions, thereafter cutting discs
or plates of desired thickness from the ingot, then ex-
posing such plates to an activating substance in vaporized
condition to obtain atomic penetration of the substance
within the materia] of the plate at and inwardly of a sur-
face thereof, to thereby prodace a P-N junction within
plaie between such substance benetrated
portions of the plate and the plate materia] inwardly of
said portions.

Another important object is to provide g device of the
character mentioned by first forming a body of crystal-
line semi-conductor material of desired configuration and
selected type and thereafter exposing the body in an
atmosphere coraprising a vaporized activating substance
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of another type, to obtain penetration of such substance
to a desired depth beneath the exposed surface of said
body to thereby form a P-N junction between the so
penetrated portions of said body and the material thereof
inwardly of such penetrated portions, thereafter remov-
ing some of the so penetrated portions to thereby retain
only desired parts on zones thereof on the body, while
exposing material of the body to which the activating
substance has not penetrated, in order to define the
marginal edges of said zones, and also fo permit ohmic
contact with said unpenetrated body portions at contact
stations spaced from the P-N junction.

Another important object is to provide an ohmic con-
tact on a device of the character mentioned embodying
integrated body portions providing a P-N junction there-
between, by exposing the device in an atmosphere com-
prising a vaporized conditioning substance {0 obtain pene-
tration thereof to a desired depth at and beneath the
surfaces of at least one of said body portions to thereby
provide ohmic contact therewith, thereafter removing
some of the so penetrated surface portions to a depth
greater than the penetration of the conditioning substance
whereby to isolate and localize the zone of ohmic contact.

Another important object is to provide a semi-con-
ductor device of the character mentioned by first form-
ing a body of crystalline material doped with activating
material of desired type, thereafter exposing the body in
an atmosphere comprising a vaporized activating sub-
stance of another type, to obtain penetration of such sub-
stance to a desired depth, at and beneath the surface of
said body, and to produce 2 P-N junction between the
penetrated and impenetrated portions of said body, there-
after removing surface portions of the body to a depth
greater than the penetration of such activating substance,
to thereby define the marginal edges of an activated zone
in said body, and to expose body material, around said
zone, to which the activating substance has not pene-
trated, and by thereafter applying a vaporized medium
to such exposed body portions to provide an ohmic con-
tact zone on said body.

Another important object is to provide a semi-con-
ductor device of the character mentioned comprising
body portions of material of unlike type providing a
P-N junction therebetween, One of said bodies having
an ohmic contact zone formed thereon remote from said
juncticn and a metal wire integrally connected to said
body and forming another ohmic contact zone remeote
from said junction; a further object being to apply the
metal wire on the body by heating the same and the wire
to a temperature approaching the melting temperatures
of the material of the body and wire, and by thereafter
pressing the wire into the body to a desired depth to
thereby accurately determine the spacement between the
embedded end of the wire and said P-N junction.

Another important object is to provide a semi-con-
ductor device of the character mentioned comprising a
relatively thin plate of material, such as silicon, contain-
.ing an activating substance constituting the plate as &
semi-conductor of desired type, means forming a body of
material of different type on said plate to provide a P-N
junction between said body and plate, and means form-
ing ohmic contact with said plate comprising a wire of
metal, such as gold, containing an activating substance
to constitute the metal wire as material of type jike that
of the body, the wire at an end thereof being embedded
in and thus integrally connected with the plate.

Another important object is to provide a semi-conductor
device of the character mentioned comprising crystalline
material, such as silicon, containing an activating sub-
stance to constitute the plate as a semi-conductor of de-
sired type, the plate having a surface portion doped with
a different activating substance t0 a desired depth to con-
stitute the doped portions of the plate as a semi-co1-
ductor of type different from that constituting the remain-
ing portions of the plate; a further object being to form
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on said remaining portions of the plate a pair of ohmic
contact zones or stations, constituting a pair of contact
bases on said device.

Another important object is to provide a semi-conductor
device of the character mentioned comprising a plate of
silicon containing an activating substance to constitute
the plate as an N-type semi-conductor, the plate having a
surface portion doped with an activating substance such
as boron to a desired depth inwardly of the surface to
thereby conmstitute the doped portions of the plate as
P-iype semi-conductor material, the plate, remote from
said doped portions, being treated as with excess electron
donor material, such as phosphorus, to form an ohmic
contact zone on the plate remote from said doped por-
tion, as at the peripheral edges of said plate, and a wire
of material such as gold, containing antimony Or other
suitable electron donor material atomically dispersed
therein, said wire having an end integrally connected in
said plate form ohmic contact therewith in position spaced
from said doped portion.

The foregoing and numerous other important objects,
advantages and inherent functions of the invention will
become apparent as the same is more fully understood
from the following description, which, taken in connec-
tion with the accompanying drawings, discloses preferred
embodiments of the invention.

Referring to the drawings:

FIG. 1 is a purely diagrammatic illustration of a
double based diode structure for the purpose of reveal-
ing the manner in which such devices are adapted to
function;

FIG. 2 is a perspective view of a double based diode
made in accordance with the teachings of the present in-
vention;

FIG. 3 is an enlarged sectional view taken substantially
along the line 3—3 of FIG. 2;

FIGS. 4 and 7 are sectional views taken through modi-
fied double based diodes made in accordance with the
teachings of the present invention;

FIG. 5 is a graphical representation of the potential

radient which may be established radially cutwardly
in the diode shown in FIG. 4 when the same is in oper-
ation; and

FIG. 6 is a greatly enlarged sectional view showing
portions of the device illustrated in FIG. 3.

To illustrate the invention, FIG. 1 of the drawings
diagrammatically illustrates the functional pasts of a
double based diode 11, the same comprising a body 12
of semi-conductor material of selected type, the body
12 being provided with ohmic contact means 13 and 14
forming spaced apart bases at the opposite ends of the
body 12. A conventional double based diode of the sort
iliustrated in FIG. 1 may also include a body portion
that of the body 12, the
bodies 12 and 15 being integrally connected to form a
P-N junction J therebetween.

By inter-connecting the bases 13 and 14 with a power
source B such as a battery providing electrical potential
of V volis, the potential at any zone or level such as the
level C, in the body 12 between the bases 13 and 14,
will be proportional to the distance of such level from
one of the bases, such as the base 13, as compared with
the distance between the bases, the material of the body
12 providing substantially uniform resistance between the
bases. If it be assumed that the level C is precisely mid-
way between the bases, then the electrical potential at the
level C with respect to either base will be ¥/2. I an
equivalent potential be applied between the base 13 and
the body portion 15, as by means of a power source S,
the entire junction surface J, on the side thereof which
faces the body portion 15 will be at potential ¥/2, while
the potential on the opposite side of the junction will be
equal to V/2 only at the level C. All portions of the
junction J above the level C, on the side oi the junction
which faces the body 12, will be at a potential greater than
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V72, while all portions of the junction below the Jevel C,
on the side of the junction which faces the body portion
12, will be at a potential less than ¥V/2. Accordingly the
junction portions below the level C may be electrically
biased in the forward direction so that electrical current
will be urged to flow from the body portion 15 through
the junction and into the body portion 12." Above the
level C, however, the junction will be electrically biased
in a direction tending to cause current flow from the
body 12 to the body portion 15, but such current flow
may not take place, because of the rectifying action of
the diode structure at the P-N junction. Current flow
through the junction below the level C may cause the
ermission of holes into the material of the body 12, thereby
lowering its resistance between the bases 13 and 14 As
a consequence, current flow through the body 12 between
the bases 13 and 14, under the influence of the battery
B, will increase, thereby -shifting the potential level C
toward the base 14. Accordingly, a larger junction area,
beneath the so shifted level C, will be made available
for current flow from the body 15 into the body 12,
thereby further reducing the resistance of the body 12
between the bases 13 and 14. The foregoing shift in po-
tential level on the side of the junction which faces the
body 12 will continue until the potential level registers
with that edge of the junction which is closest to the base
14. The foregoing characteristic phenomenon constitutes
the double based diode as the equivalent of a resistor
having negative resistance characteristic since, without
change in applied potential, current flow has increased.

The present invention bas, for its important object, the
provision of a double based diode of novel construction,
the same, as shown, for example, in FIGS. 2, 3,4, 6 and
7, preferably comprising a disc or plate of 2 suitable semi-
conductor material, such as silicon, forming the body 12
of the diode, the material of the body containing a selected
activating substance distributed through. the lattice struc-
ture of the material in order to provide the body with
desired semi-conductor characteristics. Atomic quantities
of the activating substance may thus be distributed
through the body 12 in the proportions of one atom of
activating substance for every 100,000,000 atoms of its
intrinsic material. Arsenic, antimony or other suitable
electron donor material may thus be employed as an
activating substance in order to constitute the material
of the body 12 as N-type semi-conductor material, while
beron, indium or other suitable acceptor material may
be employed as an activating substance if it be desired
to constitute the body 12 as a P-type semi-conductor.

The body 12 preferably comprises a relatively thin
disc or plate, which may be cut from a crystalline ingot
of the selected semi-conductor material containing a de-
ired activating substance. Portions. 1§ of the plate, at
and inwardly of a surface thereof, may be treated with
an activating substance, other than and different from
that distributed in the body 132, in order to alter the type
of the semi-conductor material at and to a desired depth
inwardly, of the bounding surface of the treated portions
16. Where the plate which forms the body 12 comprises
N-type semi-conductor material, the portions 1§ may be
treated with boron, aluminum, indinm or other electren
acceptor substance in order to constitute the plate por-
tions 16 as P-type semi-conductor material, Conversely,
where the material of the body 12 comprises P-type semi-
conductor material, the portions 16 may be treated with
arsenic, antimony or other clectron donor substance in
order to constitute the portions 4 ag N-type semi-con-
ductor material. Preferably, the body 12 comprises. N-
type silicon embodying arsenic or antimony as the activat-
ing substance, the surface portions 16 being treated with
boron in order to constitute the same ag P-type semi-
conductor material,

The activating substance, employed to determine the
character of the material in the portions 16, may be ap-
plied to the surface of the plate and caused to penetrate
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to a desired depth therein by exposing the plate 12 in an
atmosphere consisting of the activating substance in jtg
vaporized condition, the plate 12 being retained in such
atmosphere and hence soaked in the vaporized activating
substance during a period sufficient to obtain penetration
of the activating substance to a desired depth at and be-
neath the surface of the plate. Any suitable preferred
Or convenient meéans may be employed to prevent the ap-
plication of the activating substance to other surface por-

activating substance ig desired. It is, however, preferable
to expose all plate surfaces to the vaporized activating
substance so that penetration of the activator is obtained
at all exposed surfaces of the plate. Thereafter, the plate
may be ground, milled, etched or otherwise worked or

rocessed as at 17 in order to remove all surface portions
of the plate that have been penetrated by the activating
substance except those portions 1§ which it is desired to
retain, A suitable etching medium for such purpose may
comprise a mixture of nitric and hydrofluoric acids. As
shown, the present invention contemplates retention of g

referably ring-like zone forming the treated portions 18,
such zone being disposed concentrically in the disc form-
ing the body i2. If desired, however, the portions 16
may be formed as a plate-like zone, at the center of the
disc, as distinguished from the ring-like zone configura-
tion illustrated. #t will be apparent, of course, that a P-N
junction will be established between the activated portions
16 and the remaining or underlying portions of the body
12

After formation of the activated surface portions 1§,
means may be formed on the body 12 to provide ohmi-
cally connected bases 13 and 14 thereon. To this end
the plate 12, if it comprises N-type semi-conductor ma-
terial, may be exposed to the action of vaporized phos-
phorus or other especially active electron donor material,
in order to constitute the remaining surface portions 18
of the plate 12, as for example, the surface portions dis
posed, in the plate, outwardly of the activated portions 1§,
as N type semi-conductor material, to a desired depth.
Where the constitnent materiai of the plate 12 comprises
P-type semi-conductor material the plate should, of
course, be treated with an especially active electron ac:
ceptor substance in order to form P4 type material in
the plate portions 18,

After the character of the material in the plate portions
18 has been established; to a desired depth, to form chmic
connection with the body portions of the plate 12, the
plate may be ground, milled, etched or otherwise worked
or processed, as at 19, in order fo isolate the activated
material comprising the portions 18 from the material
constituting the portions 16. As shown, the retained por-
tions 18 may be of ring-like configuration and may be dis-
posed at the marginal edge of the plate 12, the inner edge
of the retained portions 18 being equally spaced from the
outer edge of the portions 16, Exposure of previously
treated portions 16 to vapors of the substance employed
in activating the portions 18 will not materially alter the
character of - the portions 16. If desired, however, the
exposed surfaces of the portions 18 may be coated or
otherwise masked by means of a layer of material which
is impervious to the activating substance, during exposure
of the portions 18 to said activating substance.

In order to protect and also to provide for electrical
connection of the activated portions 16 and 18 in external
electrical circuits; said surfaces may be provided with a
coating of nicke] 28, which may be applied in any suitable
or convenient fashion as by electro-deposition of the ma-
terial, or by condensing it upon the surfaces to be coated
from a vaporized atmosphere of the coating material.
The application of such g coating layer to the surface of
the portions 16, prior to the application of an activating
substance to the portions 18, will, of course, preclude any
contamination of the portions 16 by the substance applied
to activate the portions 18,
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In the embodiments illustrated in FIGS. 2, 3 and 4,
the base connection 13 may comprise an alloyed junction
21 formed by connecting a length of metal wire 22 doped
with an activating substance to constitute the wire as
material of the same type as that of the body 12. Where
the body 12 comprises N-type silicon the wire 22 may
comprise gold, or other suitable metal, doped with anti-
mony or other preferred electron donor material. The
wire 22 may be attached to the plate 12 by heating the
plate and the wire to a temperature of the order of, but
somewhat less than, their melting temperatures, and by
then pressing the end of the wire upon and into the plate
to a selected depth at the place where it is desired to form
the junction. As the end of the wire becomes alloyed
with the material of the plate, it will spread and expand to
2 limited extent, as shown, and the alloyed junction 21 of
ohmic character will be formed between the plate and the
wire, said junction comprising recrystallized matérial of
the plate containing the material of the wire disposed
therein. The connection wire 22 is preferably applied in
position disposed concentrically with respect t0 the treated
portion 16 so that the edge of the treated portion 16 and
of the P-N junction J is substantially equidistant from
the ohmic junction 21 in all direction radially of the wire
22 The wire 22 as shown in FIGS. 2 and 3 may be con-
nected to the same side of the plate 12 upon which the
portions 16 and 18 are formed. However, as shown in
FIG. 4, the wire 22 may be attached to the side of the
plate 12 opposite from that upon which the treated por-
tions 16 are formed. It is also within the contemplation
of the invention to apply a ring-like junction forming por-
tion 16, an ohmic junction 18 and an ohmically connected
wire 22, on both of the opposite sides of the plate.

As shown more particularly in FIGS. 4 and 7, the
ohmic connection portions 18 which form the base 14,
may extend peripherally of the plate 12-on both sides of
and across the marginal edge of the plate, such arrange-
ment being particularly desirable where the ohmic con-
nection i3 is disposed on the side of the plate remote or
opposite from the treated portions 16, or where a junc-
tiop forming portion 16 and ohmic connection i3 are
formed on each of the opposite sides of the plate. Fur-
thermore, as shown more particularly in FIG. 7, the ohm~
ically connected base 13 may comprise a body portion 18’
of character identical to the body portions 18, the por-
tions 18 and 18’ being formed simultaneously in the sur-
faces on the plate E2 and being defined and separated by
the removal, as at 19, of intervening ireated portions of
the plate 12.

Tn making the devices shown in FIGS. 2, 3, 4 and 7,
the plate 1Z may first be exposed to vaporized material
for conditioning the portions 16. Activated surface por-
tions of the plate may then be cut away as to the level
17 to remove all treated portions except those that it is
desired to retain in the finished diode. Thereafter the
plate may be exposed to the fumes of an activating sub-
stance for conditioning the plate portions 18 and 18.
The plate may then be coated as with nickel to form the
layers 29, after which the material of the treated and
coated plate may be cut away, as at 19, to leave only
such portions of the layers 16, 18 and 28 as may be de-
sired to retain. In the embodiment shown in FIG. 7 the
portions 18 and 18 and their covering layers will be
formed simultaneously in the diode. In forming the de-
vices shown in FIGS. 2, 3 and 4, the wire 22 may be
attached as the concluding step in the production of the
diode.

The foregoing procedure for the fabrication of a double
based diode allows for exceedingly precise control of the
spacement of the ohmically connected bases 13 and 14
with respect to the P-N junction J. 1t also allows the
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area of the junction J to be controlled easily and with
utmost precision. Diodes may be made in accordance
with the present invention in any desired size limited only
by mechanical ability to produce and work the plate 12
of intrinsic material. In that connection, diodes having
o diameter of as little as 14 inch and as large as on¢
inch and more are entirely feasible, the power transferring
ability of the device, of course, being a function of its
physical size.

it is thought that the invention and its numerous at-
tendant advantages will be fully understood from the
foregoing description, and it is obvious that numerous
changes may be made in the form, construction and ar-
rangement of the several parts without departing from
the spirit or scope of the invention, or sacrificing any of
its attendant advantages, the forms herein disclosed being
preferred embodiments for the purpose of illustrating the
invention.

The invention is claimed as follows:

1. A semiconductor device comprising a body of semi-
conductor material of relatively thin flat shape present-
ing opposed major surfaces, a central ohmic contact zone
on one of said surfaces, 2 rectifying junction contact
of annular configuration on the other of said surfaces,
disposed about and spaced in the axial direction away
from said central contact zone but inwardly of the mar-
gins of said body, said rectifying junction contact form-
ing a gate electrode contact, and a second ohmic contact
zone constituted by contact material formed upon the pe-
tipheral margins of both said major surfaces of said body
and extending integrally across the edge thereof; said
two ohmic contact zones forming source and drain elec-
trodes adapted for connection with an external load cir-
cuit for control of the current flow therein in accordance
with the electric field established by said junction contact
transversely of the internal load circuit between said
ohmic contact zones.

2. A semiconductor device comprising a body of semi-
conductor material of reiatively thin flat shape present-
ing opposed major surfaces, a central ohmic contact zone
on one of said surfaces, a rectifying junction contact of
annular configuration on the other of said surfaces, dis-
posed about and spaced in the axial direction away from
said central contact zomne but inwardiy of the margins
of said body, said rectifying junction contact forming
a gate electrode contact, said body additionally carrying
ohmic contact material on the peripheral margins of both
of said major surfaces of said body outwardly of said
annular junction contact, and means electrically connect-
ing the ohmic contact material on said peripheral margin
portions to define therewith a second ohmic contact Zone;
said two ohmic contact zones forming source and drain
electrodes adapted for connection with an external load
circuit for control of the current flow therein accord-
ance with the electric field established by said junction
contact transversely of the internal load circuit between
said ohmic contact zones.
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