
4                                          1,028,782      such as the
relative refractive indices of the  that resulting from lateral current
flow in the     various media in which the light travels, the  contact
itself if the bias source is connected     absolute thickness of each
region in which  only to a single point on the contact, wherein     the
light travels, the reflection efficiency of  this current flow is defined
as that which  5 the surface contact 28 between the conductor  flows away
from the point of connection of 70     30 and the crystal, etc., and it
will be pre-  the bias in the direction parallel to the     sently shown
that because of the critical con-  surface of the diode or at a small angle
there-     tact configuration on the surface through  to. However, this
problem is eliminated by     which the light emerges from the crystal, the
ensuring that the contacts are sufficiently 10 configuration of Fig. 3 is
normally preferred  thick and/or their specific electrical resis- 75     to
that of Fig. 4.                            tivity is sufficiently small so
that the lateral       Under any circumstances it is desirable to  current
flow is in no way impeded. Another     reduce the thickness of the p-type
region as  way of stating this is to specify that the     much as possible
to reduce the amount of  sheet resistance of the contacts is small, 15
absorption in that region. As this region is  whereby this term  takes into
consideration 80     made thinner, the absolute resistance to  both the
geometry and the specific electrical     lateral current flow becomes
higher, where  resistivity of the contacts.     lateral current flow is
considered to be cur-   The  foregoing  description  is  based     rent
flowing in the diode crystal parallel to  primarily on physical
observations made as 20 the plane of the junction or at a small angle  to
the various factors and phenomena that 85     thereto.  In providing an
ohmic bias con-  affect the performance of the diode. The     nection to
the surface from which the light  following is presented for the purpose of
emerges, consideration must be accorded to  explaining, at least in part,
some of the     the promise that as much of this surface as  phenomena,
although it is expressly under- 25 possible must be unobstructed with
overly-  stood that it is theoretical and is set forth 90     ing contacts
to prevent any serious decrease  only for explanatory purposes. Because of
of overall efficiency. It is to be noted that  the necessity to produce a
large number of     what will be presently referred to as de-  electronhole
recombinations to obtain a high     biasing becomes an important
consideration.  efficiency, either or both of the n or p-type 30 Unless
special contact configurations are em-  regions must be heavily doped to
provide a 95     ployed, as described hereinafter, and if the  high
injection efficiency of the particular     contact area on the light
surface is too small  carrier across the junction.  It is believed
relative to the area of the surface, more bias  that n-type
gallium-arsenide (doped with a     current will flow through the area of
the  donor impurity) will not absorb a light 35 junction directly beneath
the contact than  photon of energy equal to the band-gap 100     through
the other areas of the junction, pro-  energy, about 1.43 ev, by the
process of ex-     vided the region between the contact and  citing an
electron from the valence band to     the junction is very thin. In other
words,  the conduction band, since the donor im- 



the resistance of this region to lateral cur-  purities cause the lower
levels of the conduc- 40 rent flow between the contact and that area  tion
band to be filled with electrons. Thus 105     of the junction not beneath
the contact is  light photons of higher energy than that of     relatively
high, and this results in de-biasing  the band-gap are required before
absorption     of a portion of the junction which ultimately  by this
phenomenon will occur.   On the     reduces the absolute efficiency of the
diode.  other hand, it is believed that p-type gallium-  45 From this it
can be seen that as the thick-  arsenide (doped With an acceptor impurity)
110     ness of the p-type region in Fig. 4 is reduced,  will absorb a
light photon of energy equal     serious de-biasing effects will be
prevalent  to that of the band-gap, and probably ab-     if a large
percentage of the area of the sur-  sorbs photons of energy less than the
energy     face 71 is to remain unobstructed to the pas-  of the band-gap,
the amount of absorption  50 sage of light. On the other hand, it is not
depending to a large extent on the degree of 115     as critical that the
n-type region of Fig. 3 be  concentration of acceptor impurity atoms.
reduced in thickness to the extent of the p-  This is probably due to the
states made     type region because of its much lower ab-  available for
the occupation by electrons be-     sorption rate.  Moreover, since light
is to  tween the valence and conduction bands  55 emerge only from the
surface 31 in the con-  caused by the acceptor impurity  atoms. 120
figuration of Fig. 3, the entire surface of the  Since the 0.89  micron
wavelength  light     p-type region 24 is provided with a suitable
generated by the diode is equivalent to about     contact, hence precluding
the possibility of  1.4 ev in terms of energy. this being less than
de-biasing at the junction. Thus when the  the band gap energy, it would
appear that  60 electrical contacts to the surfaces of the p  absorption
could occur in the p-type material 125     and n-type regions are
considered, it is seen  by the aforedescribed phenomena but would     that
the configuration of Fig. 3 is normally  not occur in the n-type material.
preferred to that of Fig. 4.                    The lifetime of the
minority carriers in the        Another form of de-biasing that can affect
region of the diode where recombinations  65 the efficiency performance of
the diode is  occur to produce the light should be as low  130
1,028,782                                          5     as possible to
permit the diode to be operated  region is doped with a suitable acceptor
im-    at a very high frequency. Stated otherwise.  purity to yield a
uniform concentration in    the time required for a minority carrier to
excess of about 5 X 10[err] atoms/cm[err], and the    recombine with a
majority carrier after the  p-n junction separating the p-type and n-  3
minority carrier has been injected across the  type regions is preferably
abrupt. The wafer 70    junction should be very short. Since the p-  is
soldered over the entire surface of the p-    type region in the preferred
embodiment is  type region to a suitable metallic platform    to be heavily
doped with acceptors to pro-  108 by any suitable solder 106. A suitable 



vide a high injection efficiency of holes  contact 112 such as tin is
alloyed to the sur- 10 across the junction into the n-type region,  face of
the n-type region and extends across 75    the greater percentage of
recombinations will  one dimension of the surface and is sym-    occur in
the n-type material. So, the minority  metrically disposed with respect to
the junc-    carriers in the n-type material are holes, and  tion. This
rectangular contact configuration    their lifetime should accordingly be
very  is used for the sake of ease of fabrication 15 short. This can be
accomplished by making  and simplicity, and in addition has a suffi- 80
the  donor concentration  in  the  n-type  cient area to prevent
significant de-biasing     material relatively high.                     of
the bias current flow through any part of       In adjusting the donor
concentration in  the junction. However, the area of the con-    the n-type
material to provide a short life-  tact is small in comparison to the total
area 20 time for minority carriers injected therein, it  of the surface of
the n-type region to which 85     should be understood that free carrier
ab-  it is connected. Thus light emerging from     sorption of light is
possible if the n-type  this face is obstructed very little, if any, by
material is too heavily doped. that is, if it is  the contact. Moreover,
the sheet resistance     doped to a level approaching degeneracy.  of the
contact is sufficiently low to preclude 25 Thus if the density of free
carriers is high  any significant voltage drop for current flow- 90
enough so that the semiconductor material  ing laterally therethrough
between the point    has a conduction similar to that of a metal,  of
connection of the bias source 110 and the    absorption of light of all
wavelengths will  outer extremities of the contact 112. As an    readily
occur and prevent the light from es-  example, a suitable thickness of the
n-type 30 caping from  the crystal.  As previously  region is about 2.5
mils, the thickness of the 95     stated, it is advantageous for the light
to  p-type region is about 0.5 mil, the surface     emerge from the surface
of the n-type region,  dimensions of the wafer are about 20 mile     and
therefore the donor impurity concentra-  by 20 mils, and the dimensions of
the con-     tion in this region is adjusted to a magnitude  tact 112 are
about 18 mils in length, 3 mils 35 high enough to produce a short minority
wide and 2 mils thick. This gives a ratio of 100     carrier lifetime but
not high enough to pro-  the area of the surface of the n-type region
duce to any significant degree absorption of  100 to the area of the
contact 112 of about     the light by free carriers. It has been found
7.3.     that a gallium-arsenide body having a very    The diode is
operated by applying a bias 40 abrupt p-n junction is suitable if the donor
source to the electrical connections 112 and 105    impurity concentration
in the n-type region  108. In this connection direct current, pul-    is
from about 5 x 10[err] to about 2 X 10[err] donor  sating direct current,
or alternating current    atoms/cm[err], and if the acceptor impurity con-
can be used, and whenever a forward current    centration in the p-type
region is in excess of  bias is applied to the junction, the diode will 45
about 5 x 10[err] acceptor atoms/cm[err]. It is also  radiate.
110    desirable that the junction be very abrupt to   As another example
of a diode of larger    yield a high efficiency of injection,      area and
of greater light producing capacity,       Referring now to Figs. 5 and 6
there are  reference is had to Fig. 6 where the p-type     shown  two
embodiments  of completed  conductivity region 122 and n-type conduc- 50
radiant diodes where the dimensions have  tivity region 120 are of
approximately the 115     been greatly enlarged and are out of propor-
same thicknesses as designated for Fig. 5.     tion for illustrative
purposes. the process of  However, it is noted that because of the in- 



fabrication of the diodes being described  creased surface area of the
diode, a larger     hereinafter in detail. Specifically, the diode  contact
area is required on the surface of the 55 of Fig. 5 comprises a
gallium-arsenide body  n-type region to prevent de-biasing of the 120
having a relatively thick n-type conductivity  junction, yet the total
contact area is main-     region 100 forming a p-n junction, illustrated
tained at a minimum to prevent the obstruc-     by a dashed line 104, with
a relatively thin  tion of the light. About the same ratio of     p-type
conductivity region 102. The n-type  surface area to contact area is
suitable for 60 region is doped with a suitable donor im-  this purpose,
and it is understood that the 125     purity element to a uniform
concentration of  contact must be symmetrically disposed with     from
about 5x 10[err] to about 2X 10[err] atoms/  respect to the junction to
serve the purpose     cm[err], whereby it is believed that the number  of
establishing a uniform  current density     of majority carriers are
approximately equal  throughout the area of the junction. The 65 to the
number of donor atoms. The p-type  contact 132 of Fig. 6 preferably
comprises 130        6                                          1,028,782
a plurality of equally spaced metallic mem-  develops slight etch pits on
what will be re-     bers each being essentially the same as the  ferred to
as the gallium face and polishes     contact 112 of Fig. 5, and the
plurality of  what will be referred to as the arsenic face,     members is
symmetrically disposed with re-  thus visibly distinguishing the two
surfaces.  5 spect to the junction 124. The diode is    The gallium
surface is then sufficiently 70     mounted at the surface of the p-type
region  lapped with a rouge in a water slurry, pre-     on a suitable
metallic member 128 by any  ferably American Optical 309W  rouge, to
suitable solder 126.  For operation, the  remove any damages On the face
resulting     plurality of metallic members are commonly  from previous
sawing of the crystal from the 10 connected to one side of a bias source
130,  single-crystal grown from the melt, whereby 75     and the other side
of the bias source is con-  this operation imparts a fine texture to the
nected to the member 128.                    faces.  The wafer is then
ultrasonically       Referring now to a specific process of fab-  cleaned
in water, swabbed with cotton,    ricating the diode, a gallium-arsenide
wafer  rinsed in deionized water and dried. Then 15 of about 1-2 cm[err] in
area and of thickness of  it is given about a thirty second washing in 80
about 20 mils is cut from a suitable crystal  about a 48%  HF bath
(commercial conc.    having  a  uniform   n-type  conductivity  HF) just
immediately prior to sealing it in a    throughout. The area of the wafer
is large  quartz ampule.    in order that several diodes can be fabricated
The wafer and a charge of pure zinc of 20 during the following process. The
crystal  about 2 mg. is placed in an about 10 cm[err] 85    is normally
grown from a melt such as de-  quartz ampul in spaced relation for
diffusion    scribed in the book Properties of Elemental  of the zinc into
the wafer to form a p-type 



and Compound Semiconductors, Interscience  conductivity region.  It should
be under-    Pub., N.Y. (1960), and  specifically  the  stood, however,
that any suitable acceptor 25 chapter therein by J. M. Whelan, J. O.
impurity element could be used for this 90    Struthers and J. A.
Ditzenberger on " Distri-  operation.   The zinc is preferably in the
bution Coefficients of Various Impurities in  form of a foil or ribbon.
The ampul is    Gallium-Arsenide," p. 141.  Any suitable  evacuated to
about 10 microns of Hg pres-    donor impurity is used to impart n-type
con-  sure and sealed, and is then heated by any 30 ductivity, such as
elemental tin, tellurium,  convenient means to about 915[err]C for about 95
sulphur, germanium, or silicon. The crystal  2.5 minutes, which time
includes the warm-    is grown to yield a wafer of donor impurity  up time.
The heating operation causes the    concentration of about 1017 donor
atoms/  zinc to diffuse into both faces of the gallium-    cm[err], and
this wafer is cut where the faces lie  arsenide wafer to form a p-n
junction that 35 in the 1-1-1 crystal orientation.            extends
throughout the body parallel to the 100       It should be understood that
the above-  faces. Actually, the entire outer surface to    stated donor
and acceptor concentrations  a depth of about .4-.5 mil is converted to p-
ranges include those values that render both  type conductivity, and under
the above-    the p-type and the n-type gallium-arsenide  stated diffusion
conditions, the concentration 40 degenerate. However, the n-type material
is  of zinc atoms throughout the p-type region 105    not sufficiently
degenerate within this range  is constant and is about 5 X 1019 atoms/cm3
of donor concentrations to produce a tunnel-  except in very close
proximity of the junc-    ling effect during operation because of the
tion. At this point the concentration drops    fact that the barrier width
is too great. In  very rapidly with a resulting abrupt junc- 45 order to
produce tunnelling, the donor con-  tion, as illustrated in Fig. 7. It
should be 110    centration would have to be increased to a  especially
noted  here that any  suitable    value exceeding 1019 donor atoms per
cubic  method may be used to form a p-n junction    centimetre. Since the
invention is not con-  in the crystal, and different times, tempera-
cerned with this effect and since a concen-  tures, impurities, etc. may be
used in order 50 tration that would produce tunnelling would  to achieve
the desired results. For example, 115    greatly reduce the efficiency of
the diode,  the range of acceptor impurity concentration    such a
concentration is expressly excluded  in the p-type conductivity region
acceptable    from those of interest.                      for this diode
is any concentration in excess       Considering now the two opposing 1-1-1
of about 5X 10[err] atoms/cm[err]. Moreover, the 55 oriented faces of the
wafer on an atomic  range of donor impurity concentration in the 120
level, it is found that the surfaces differ in  n-type conductivity region
that is considered    that one surface would be comprised essen-
acceptable is from about 5 X 10[err] to about    tially of gallium atoms
whereas the opposing  2X 10[err] donor atoms/cm[err]. These ranges are
surface is comprised essentially of arsenic  illustrated graphically in
Fig. 7, and the 60 atoms. As will presently become apparent  point of
intersection of the acceptor im- 125    it is desirable to distinguish
these two sur-  purity concentration and the donor impurity    faces and in
order to do so, the wafer is  concentration represents the p-n junction and
etched very slightly in a mixture of three  the distance the junction is
located from the    parts of conc. H[err]SO[err]. one part of 30%
H[err]O[err]  face of the p-type region. 65 and one part of deionized
H[err]O.  This    After the diffusion operation, the gallium  130  



1,028,782                                         7  face of the wafer is
lightly lapped with any  adequately as an ohmic connection. Lastly,
suitable rouge and subsequently thoroughly  the individual diodes are
mounted on a suit-   cleaned. Then an electrical contact is pro-  able
conducting platform at the p-type face      vided on the gallium face,
which will be re-  by means of any suitable solder. For ex-   5 ferred to
hereinafter as the face of the p-type  ample, a transistor header is
adequate as a 70     region. An alloy consisting of about 96%   platform.
The wafer is then etched in a     by weight of gold and 4% by weight of
zinc  solution to clean the exposed p-n junction     is evaporated
uniformly into the p-type face  to prevent electrical shorting or leakage
cur-     under evacuated conditions by any suitable  rent thereacross. For
gallium-arsenide, an  10 method, resulting in a layer of thickness of
electrolytic etch of 10%  KOH  has been 75     about 0.01-0.02 mil. Both
faces of the wafer  found suitable for this purpose.     are then
electrolytically  nickel-plated to    WHAT WE CLAIM IS: -     establish a
nickel layer of thickness of about    1. A semiconductor device comprising
a     0.1 mil, for example by using a sulphamate  gallium-arsenide body
defining a p-type con-  15 electrolytic nickel bath. The wafer is rinsed
ductivity region and a contiguous n-type 80     in water and subsequently
heated in a  conductivity region forming a p-n junction     vacuum furnace
to about 600[err]C to alloy the  with said p-type region, and
non-rectifying     nickel plate to the gold-zinc layer on the p-
electrical contact means connected to each     type face, the gold-zinc
layer also being  of said p-type and n-type regions for causing  20 bonded
to the p-type face.  This heating  a  substantially  uniform  current
density 85     cycle consists of a fast warm-up time to  throughout the
area of said junction when a     600[err]C and immediately thereafter the
heat  forward current is applied to said contacts,     is turned off to
permit the wafer to slowly  said body having an unobstructed surface
cool.                                        area for light passage
therethrough from  25   The arsenic face of the wafer, now re-  within said
body, whereby light is generated 90     ferred to as the n-type face, is
lapped with  within and emerges from said body through     an abrasive to
remove the diffused p-type  said surface area when a forward current
layer that was formed during the previous  bias is applied to said junction
via said con-     diffusion operation. The wafer is lapped on  tact means.
30 this surface until the total thickness of the   2. A semiconductor
device as claimed in 95     wafer is considerably reduced, say to about
claim 1, wherein the gallium-arsenide body     5 mils. The purpose of this
lapping opera-  has a pair of opposing parallel faces, said p-     tion is
to reduce the thickness of the wafer  type conductivity region includes one
of said     in a rough fashion to within 1 to 2 mils of  pair of faces and
said n-type conductivity 



35 its finally desired dimensions. After this is  region includes the other
of said pair of 100     done, the thickness of the wafer is reduced  faces,
and the non-rectifying electrical con-     to its final dimension by
mounting the wafer  tact means are connected to a major portion     at the
p-type face on a glass platform with  of said one of said pair of faces and
a minor     a suitable etch resistant bonding agent, such  portion of said
other of said pair of faces. 40 as Apiezon (Registered Trade Mark) wax,
3. A semiconductor device as claimed in 103     and immersing the assembly
in a bath of  claim 2, wherein the non-rectifying electrical     etch, such
as 8 parts conc. H[err]SO[err], 1 part of  contact means comprise a first
non-rectifying     30% H[err]O[err] and 1 part H[err]O. This solution is
electrical contact connected to a major por-     suitable for etching  away
the gallium-  tion of said one of said pair of faces and a 45 arsenide body
and at the same time gives a  second non-rectifying contact connected to a
110     polished face on the wafer. Because the p-  minor portion of said
other of said pair of     type region and the contact on the face there-
faces, said second contact comprising a     of are protected by the apiezon
wax and  plurality of equally spaced, commonly con-     glass, it is not
affected by the etch. The as-  nected metallic members. 50 sembly is left
in the etch until the total thick-    4. A semiconductor device as claimed
in 115     ness of the wafer is reduced to about 2-3  claim 3, wherein the
metallic members are     mils.
symmetrically disposed with respect to the       At this point the wafer
can be diced into  junction and the junction is parallel to said
several gallium-arsenide diodes by any con-  pair of faces. 55 ventional
method, and the areas of the in-    5. A semiconductor device as claimed in
120    dividual diodes are in no way critical except  any preceding claim,
wherein the p-type con-    as hereinbefore described. Contacts to the
ductivity region is relatively thin with re-    surface of the n-type
region are provided at  spect to the contiguous n-type conductivity    this
stage of fabrication, such as by an eva-  region. 60 poration and alloying
technique. These con-    6. A semiconductor device as claimed in 125
tacts of which particular configurations and  any preceding claim,
including means con-    areas have been previously described, are  nected
to said contact means for forward    provided by any suitable process. For
ex-  biasing said junction.    ample, pure tin evaporated onto n-type    7.
A semiconductor device as claimed in 65 gallium-arsenide and alloyed
thereto suffices  any preceding claim, wherein said p-type 130
1,028,782     face of the wafer is lightly lapped with any  adequately as
an ohmic connection. Lastly,    suitable rouge and subsequently thoroughly
the individual diodes are mounted on a suit-    cleaned. Then an electrical
contact is pro-  able conducting platform at the p-type face    vided on
the gallium face, which will be re-  by means of any suitable solder. For
ex- 



5 ferred to hereinafter as the face of the p-type  ample, a transistor
header is adequate as a 70    region. An alloy consisting of about 96%
platform.  The wafer is then etched in a    by weight of gold and 4% by
weight of zinc  solution to clean the exposed p-n junction    is evaporated
uniformly into the p-type face  to prevent electrical shorting or leakage
cur-    under evacuated conditions by any suitable  rent thereacross. For
gallium-arsenide, an 10 method, resulting in a layer of thickness of
electrolytic etch of 10%  KOH  has been 75    about 0.01-0.02 mil. Both
faces of the wafer  found suitable for this purpose.    are then
electrolytically  nickel-plated to    WHAT WE CLAIM IS: -    establish a
nickel layer of thickness of about    1. A semiconductor device comprising
a    0.1 mil, for example by using a sulphamate  gallium-arsenide body
defining a p-type con- 15 electrolytic nickel bath. The wafer is rinsed
ductivity region and a contiguous n-type 80     in water and subsequently
heated in a  conductivity region forming a p-n junction     vacuum furnace
to about 600[err]C to alloy the  with said p-type region, and
non-rectifying     nickel plate to the gold-zinc layer on the p-
electrical contact means connected to each     type face, the gold-zinc
layer also being  of said p-type and n-type regions for causing 20 bonded
to the p-type face.  This heating  a  substantially  uniform  current
density 85    cycle consists of a fast warm-up time to  throughout the area
of said junction when a    600[err]C and immediately thereafter the heat
forward current is applied to said contacts,    is turned off to permit the
wafer to slowly  said body having an unobstructed surface    cool.
area for light passage therethrough from 25   The arsenic face of the
wafer, now re-  within said body, whereby light is generated 90    ferred
to as the n-type face, is lapped with  within and emerges from said body
through    an abrasive to remove the diffused p-type  said surface area
when a forward current    layer that was formed during the previous  bias
is applied to said junction via said con-    diffusion operation. The wafer
is lapped on  tact means. 30 this surface until the total thickness of the
2. A semiconductor device as claimed in 95     wafer is considerably
reduced, say to about  claim 1, wherein the gallium-arsenide body     5
mils. The purpose of this lapping opera-  has a pair of opposing parallel
faces, said p-     tion is to reduce the thickness of the wafer  type
conductivity region includes one of said     in a rough fashion to within 1
to 2 mils of  pair of faces and said n-type conductivity 35 its finally
desired dimensions. After this is  region includes the other of said pair
of 100    done, the thickness of the wafer is reduced  faces, and the
non-rectifying electrical con-    to its final dimension by mounting the
wafer  tact means are connected to a major portion    at the p-type face on
a glass platform with  of said one of said pair of faces and a minor    a
suitable etch resistant bonding agent, such  portion of said other of said
pair of faces. 40 as Apiezon (Registered Trade Mark) wax,    3. A
semiconductor device as claimed in 105    and immersing the assembly in a
bath of  claim 2, wherein the non-rectifying electrical    etch, such as 8
parts conc. H[err]SO[err], 1 part of  contact means comprise a first
non-rectifying    30% H[err]O[err] and 1 part H[err]O. This solution is
electrical contact connected to a major por-    suitable for etching  away
the gallium-  tion of said one of said pair of faces and a 45 arsenide body
and at the same time gives a  second non-rectifying contact connected to a
110    polished face on the wafer. Because the p-  minor portion of said
other of said pair of    type region and the contact on the face there-
faces, said second contact comprising a    of are protected by the apiezon
wax and  plurality of equally spaced, commonly con- 



glass, it is not affected by the etch. The as-  nected metallic members. 50
sembly is left in the etch until the total thick-    4. A semiconductor
device as claimed in 115    ness of the wafer is reduced to about 2-3
claim 3, wherein the metallic members are    mils.
symmetrically disposed with respect to the       At this point the wafer
can be diced into  junction and the junction is parallel to said    several
gallium-arsenide diodes by any con-  pair of faces. 55 ventional method,
and the areas of the in-    5. A semiconductor device as claimed in 120
dividual diodes are in no way critical except  any preceding claim, wherein
the p-type con-    as hereinbefore described. Contacts to the  ductivity
region is relatively thin with re-    surface of the n-type region are
provided at  spect to the contiguous n-type conductivity    this stage of
fabrication, such as by an eva-  region. 60 poration and alloying
technique. These con-    6. A semiconductor device as claimed in 125
tacts of which particular configurations and  any preceding claim,
including means con-    areas have been previously described, are  nected
to said contact means for forward    provided by any suitable process. For
ex-  biasing said junction.    ample, pure tin evaporated onto n-type    7.
A semiconductor device as claimed in 65 gallium-arsenide and alloyed
thereto suffices  any preceding claim, wherein said p-type 130         8
1,028,782     region contains in excess of 5 X 10[err] acceptor as
hereinbefore described with reference to 10    atoms per cubic centimetre
and said n-type  any of Figs. 1, 3, 4, 5 and 6 of the accom-    region
contains between 5 x 10[err] and 2 x 10[err]  panying drawings.    donor
atoms per cubic centimetre.  5   8. A semiconductor device as claimed in
H. D. FITZPATRICK & CO.,    claim 7, wherein said donor atoms are tin,
Chartered Patent Agents,    tellurium, sulphur, germanium  or silicon,    3
Gray's Inn Square, London, W.C.1,    and said acceptor atoms are zinc.
and       9. A  semiconductor device substantially        94 Hope Street,
Glasgow, C.2.   Berwick-upon-Tweed: Printed for Her Majesty's Stationery
Office by The Tweeddale Press Ltd.-1966 Published at The Patent Office, 25
Southampton Buildings. London. W.C.2 from which copies may
be obtained    


