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this radiative diode 1s capable of being
turned on and off in the order of about 108
sec., and therefore can be used as a light
source that can be modulated in the 100 MC
frequency range.

It is thought that the light produced by the
Lossev effect near a forward-biased rectify-
ing junction in gallium-arsenide is created
primarily in the n-type material adjacent the
junction; namely, the greater percentage of
the photons are created by hole injection into
ths material and a subsequent recombina-
tion with an electron. In addition, there is
evidence that the light created is more
readily absorbed in the p-type material than

g
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emitted from the surfaoe of the p-type region
of an equal thickness,

Suitable measurement techniques and ap-
paratus have been used to measure the mag-
nitude and spectrum of the Lossev emission
from the gallium-arsenide body. For ex-
ample, a Perkin-Elmer Spectrophotometer
Type 13-U was used to measure these two

uantities. and Fig. 2 is a graph of the rela-
tive light output plotted along the ordinate,
versus the wavelength in microns, plotted
along the abscissa. Although this curve is
to be considered as only approximate, there
is indicated two peaks of light output, one
occurring at about the 0.89 micron wave-
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type region because of its much lower ab- available for the occupation by electrons be-
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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 precludmg 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 eclectrical 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 carricrs 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 13¢
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oped with a sultab-e donor im- TpOsE is un
purity element to a uniform concentration of contact must be symmetrlcally dlSDOSCd with
from about 5X 106 to about 2x 10! atoms/ respect to the junction to serve the purpose
em3, 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
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T uce tunnelling, the donor con-
said n-t ype Cﬁdgg?relltl%ng ould have to be increased to a

value exceeding 10!? donor atoms per cubic
centimetre, Since the invention is not con-
cernzd with this effect and since a concen-
50 tration that would produce tunnelling would
greatly reduce the efficiency of the diode,
such a concentration is expressly excluded
from those of interest.
Considering now the two opposing 1-1-1
55 oriented faces of the wafer on an atomic
level, it is found that the surfaces differ in
that one surface would be comprised essen-
tially of gallium atoms whereas the opposing
surface 1s comprised essentially of arsenic
60 atoms. As will presently become apparent
it is desirable to distinguish these two sur-
faces and in order to do so. the wafer is
etched very slightly in a mixture of three
parts of conc. H.SO,. one part of 30% H,O,
65 and one part of deionized H,O. This

tion, as illustrated in Fig. 7. It shouid be
especially noted here that any suitable
method may be used to form a p-n junction
in the crystal, and different times, tempera-
tures, impurities, etc. may be used in order
to achieve the desired results, For example,
the range of acceptor impurity concentration
in the p-type conductivity region acceptable
for this diode is any concentration in excess
of about 5X 10'8 atoms/cm3, Moreover, the
range of donor impurity concentration in the
n-type conductivity region that is considered
acceptable is from about 5% 10!6 to about
2X 108 donor atoms/cm3., These ranges are
illustrated graphically in Fig. 7, and the
point of intersection of the acceptor im-
purity concentration and the donor impurity
concentration represents the p-n junction and
the distance the ]unctlon is located from the
face of the p-type region.

After the diffusion operation, the gallium
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ex- glass, it is not affected by the etch. The as- nected metallic members.
S50 sembly is left in the etch until the total thick- 4. A semiconductor device as claimed in y15
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 paralle] to said
several gallium-arsenide diodes by any con- pair of faces.

5§ ventional method, and the areas of the in- 5. A semiconductor device as claimed in 130
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
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