
1,131,463                                        5      barrier could not
readily be determined, it  it did not completely penetrate the n-type
appears to be either an intrinsic or lightly doped  region 2. In another
example, electrode 3 was     GaP layer or an oxide layer. Capacitance
formed by tin evaporated at 600[err]C on to the     measurements indicate
that its thickness is not  smooth surface of the crystal, with successful 5
appreciably greater than 200 A in any case.  results.
70       As discussed hereinbefore, two kinds of    The n-type region 2 is
formed as a result of     electroluminescent devices or cells were made
heating the crystal at a temperature and for a     from  the doped gallium
phosphide crystal.  time that permits diffusion of a portion of the     The
added donor impurity such as tellurium   zinc to the surface where it may
be removed 10  contributes to the ease with which these de-  by evaporation
into a vacuum or gettered, for  75     vices can be made.
example, in a liquid metal-semiconductor       For example, in FIG. 1 is
shown a p-n  phase. Since zinc is the most mobile of the     junction
device that comprises a crystal hav-  impurities the temperature chosen for
zinc     ing the bulk p-type region 1 and the inherent  out diffusion can
be one for which the oxygen 15  surface barrier 7 that are characteristic
of a  and  tellurium   are  relatively  immobile. 80     crystal made by
the foregoing process with  Inasmuch as the crystal is partially compens-
impurities as described. A contact or electrode  ated with the tellurium
impurity, the out-     4 penetrates the barrier 7 and contacts the
diffused zinc leaves a relatively heavily doped     rough face of the bulk
p-type region 1. A   n-layer, thus forming a p-n junction. 20  contact or
electrode 3 penetrates the barrier    The n-type region 2 in specific
examples has  85     7 and makes an area contact on the smooth  been formed
by gettering zinc in a gold or     face to an n-type region 2, which is
formed as  tin film 3 at 600[err]C whereby the n-type region     described
hereinafter. A battery 5 is connected  is localized as indicated in FIG. 1.
It appears     serially with a switch 6 between the electrodes  that other
materials could be used as getters 25  3 and 4 in a polarity to inject
electrons from   of the outdiffused zinc. The region 2 has also  90 



the electrode 3 through the n-type region 2.    been successfully formed by
evaporating the       In one embodiment of this kind, the crystal
outdiffused zinc into a vacuum at 600[err] C,     was 6 mils thick by 30
mils wide by 250 mils  whereby the n-type region has been formed     long
with somewhat irregular shape. The 6 mil  generally over the surface. The
electrode 4 30  dimension was placed between the electrodes.  then
preferably penetrates the n-type layer on  95     The electrode 3 was gold
film [err] A thick,  the rough face, as discussed above.     evaporated
onto the crystal at 600[err]C, and the    As previously discussed, the
crystals grown     contact 4 was gold-beryllium alloyed into the  in the
manner described can also be utilized to     bulk p-type material 1 at
600[err]C to make a  make surface barrier diodes of the kind shown 35  low
resistance contact thereto. Tests indicated  in FIG. 2.
100     that the device had the characteristics of a    The diode shown in
FIG. 2 comprises a     p-n junction diode with rectification occurring
gallium  phosphide crystal prepared in the     in the vicinity of the gold
film electrode 3. manner described previously so that it includes     The
quantum efficiency of red electrolumines-  the bulk p-type material 11 and,
thereover, the 40  cence of this device was measured with a  thin surface
film or barrier layer 17 of the 105     silicon solar cell to be near 0.3
per cent when  kind described as inherently present. An elect-     the
battery  5  supplied two milliamperes  rode 14 penetrates the barrier 17
and contacts     through the device and 1.7 volts across the  the rough
face of the bulk p-type material 11.     electrodes. The measured
efficiency increased  An electrode 13 overlies an area of the barrier 45
with bias current up to a few milliamperes and  17 on the smooth face of
the crystal. A battery 110     thereafter decreased as bias current was in-
15 is connected serially with a switch 16     creased further.
between the electrodes 13 and 14 with a        The electrode 4 was replaced
in various  polarity to inject electrons from the electrode     examples
with silver paste, gallium ultrasonic-  13 through the surface barrier 17
into the bulk 50  ally wetted to the crystal, or metal points of  p-type
material 11.                   115     various materials, all with
successful results.  In one typical diode of this kind, the crystal     It
appears not to be necessary that electrode  measured 7 mils thick by 300
mils wide by     4 form an ohmic or low resistance contact to  300 mils
long, with somewhat irregular shape.     the bulk p-type region 1, although
an ohmic  The 7 mil dimension was placed between the 55  contact can
readily be made by employing  electrodes. The contact 14 was gold-beryllium
120     sufficient temperature or pressure that the  alloyed into the rough
face of the bulk p-type 



electrode material penetrates the barrier layer  material 11 at 600[err] C
to make a low resistance     7 and any n-type layer that may have been
connection thereto. The crystal was then cooled     formed before its
placement, as will be ex-  to room temperature, the contact 14 was pro- 60
plained hereinafter.                           tected with a coating of
paraffin or wax, the 125        The electrode 3 was replaced with silver
crystal was chemically etched and turned over,      paste, gallium, or a
metal point in various  and a gold film  was evaporated onto the
examples, all with successful results. In each  smooth surface at room
temperature to form      example the electrode 3 was applied with
electrode 13. The quantum efficiency of red 65  sufficiently low
temperatures and pressures that  electroluminescence  of  this  device  was
130            6                                        1,131,463
measured with a silicon solar cell to be near  zinc concentration, and the
tellurium, sulphur    0.3 per cent when the battery 15 supplied 2  or
selenium has a concentration that is less  65    milliamperes through the
device and about 3.4  than the zinc concentration and more than the
volts across its electrodes. The measured  concentration of electrically
active oxygen 5  efficiency increased as current was increased a  atoms.
few milliamperes and thereafter decreased with    3. An electroluminescent
device comprising     increase in current.                          a
crystal according to claim 1 or 2, wherein  70       The nature of
electrode 14 is not critical  the crystal has an inherent barrier layer
upon     and can be either an ohmic contact or almost  its surface and a
pair of electrodes are at- 10  any non-ohmic contact. It has been success-
tached to the crystal.     fully replaced in various examples with silver
4. A device according to claim 3, wherein     paste, gallium
ultrasonically wetted to the  one of the electrodes is superimposed upon
75     crystal, or metal points of various materials.  the barrier layer. 



It is not necessary that it penetrate the barrier    5. An
electroluminescent device compris- 15  layer, since it merely provides a
path for cur-  ing a crystal according to claim 1 or 2, wherein     rent
flow.                                    the crystal has an inherent
insulating film upon       The electrode 13 has been replaced suc-  its
surface, and a pair of electrodes, one of 80     cessfully with silver
paste, gallium, or a metal  the electrodes forming an ohmic contact to
point, in each case applied with sufficiently  the crystal, the other of
the electrodes being 20  low temperatures and pressures that it did
coupled to the crystal through a region of the     not penetrate the
barrier layer 17.        insulating film having a thickness not appreci-
It is noted that in the absence of the barrier  ably greater than 200 A.
85     17 between the bulk p-type material 11 and    6. A device according
to claim 3, wherein     the electrode 13, a Schottky barrier would  one
electrode forms an ohmic contact to the 25  form on the adjacent gallium
phosphide; and  crystal, and the other electrode forms a contact     only
majority carriers, in this case, holes,  to a region of the crystal from
which zinc has     would flow into the crystal, thus not initiating  been
outdiffused in amounts that permit the  90     electron-hole recombination
in either direction  oxygen and the tellurium, selenium or sulphur     of
bias.                                      locally to predominate, the
other electrode 30    In contrast, in a device according to FIG. 2, being a
rectifying electrode.     electrons are injected from the electrode 13
7. A method of manufacturing an elecro-     through the barrier layer 17,
presumably by  luminescent device comprising the steps of 95
"tunnelling", or perhaps by field emission  combining gallium, gallium
phosphide, zinc,     across a high field region near the surface,  oxygen
and a member of the group consist- 35  into the p-type crystal 11, thereby
producing  ing of tellurium, sulphur and selenium; heat-
electroluminescence associated with electron-  ing said mixture to its
melting point; and     hole recombination.
cooling said mixture to grow a crystal there- 100       By "tunnelling",
applicants refer to the  from.     physical phenomenon in which an electron
8. A method according to claim 7, wherein 40  coming very near to a very
thin energy barrier,  zinc is outdiffused locally from  the crystal
such as barrier layer 17, has some probability  to form a p-n junction
therein and a pair of     of appearing on the other side of the barrier
electrodes are attached to regions of opposite  105     regardless of the
velocity or thermal energy of  conductivity type.     the electron.
9. A method according to claim 8, wherein 



45    It is particularly noted that the surface  the outdiffusing of zinc
comprises heating the     barrier layer 7 or 17 inherently formed on
crystal at a temperature and for a time that     a gallium phosphide
crystal doped with zinc,  permits the zinc to move to the surface while
110     oxygen and a donor such as tellurium  is  the oxygen and the donor
element are relative-     thinner and more uniform than the insulating  ly
immobile. 50  films deposited by evaporation in making prior       10. A
method according to claim 9, wherein     art gallium phosphide devices.
the outdiffusing of zinc comprises gettering
the zinc in a liquid metal semiconductor 115        WHAT WE CLAIM IS:-
phase.        1. An electroluminescent gallium phosphide    11. A method
according to claim 7, wherein      crystal comprising a significant amount
of  a surface barrier is formed on the crystal, a 55  oxygen, an impurity
selected from the group  first electrode is attached to the crystal, and
consisting of zinc and cadmium, and an im-  a second electrode is attached
to the crystal 120      purity selected from the group consisting of  at
temperatures and pressures permitting the      tellurium, sulphur and
selenium.           second electrode to overlie the surface barrier.
2. A crystal according to claim 1, wherein    12. A method of manufacturing
an elecro- 60  the zinc or cadmium  has a concentration  luminescent
crystal substantially as hereinbe-      sufficient to affect the
conductivity of the  fore described with reference to any one of the 125
crystal, the oxygen has a concentration of  examples.      electrically
active atoms that is less than the    13. An electroluminescent device
prepared            



6                                        1,131,463     measured with a
silicon solar cell to be near zinc concentration, and the tellurium,
sulphur    0.3 per cent when the battery 15 supplied 2  or selenium has a
concentration that is less  65    milliamperes through the device and about
3.4  than the zinc concentration and more than the    volts across its
electrodes. The measured  concentration  of electrically  active oxygen 5
efficiency increased as current was increased a  atoms.     few
milliamperes and thereafter decreased with   3. An electroluminescent
device comprising     increase in current.                          a
crystal according to claim 1 or 2, wherein  70       The nature of
electrode 14 is not critical  the crystal has an inherent barrier layer
upon     and can be either an ohmic contact or almost  its surface and a
pair of electrodes are at- 10  any non-ohmic contact. It has been success-
tached to the crystal.     fully replaced in various examples with silver
4. A device according to claim 3, wherein     paste, gallium
ultrasonically wetted to the  one of the electrodes is superimposed upon
75     crystal, or metal points of various materials.  the barrier layer.
It is not necessary that it penetrate the barrier    5. An
electroluminescent device compris- 15  layer, since it merely provides a
path for cur-  ing a crystal according to claim 1 or 2, wherein     rent
flow.                                    the crystal has an inherent
insulating film upon       The electrode 13 has been replaced suc-  its
surface, and a pair of electrodes, one of 80     cessfully with silver
paste, gallium, or a metal  the electrodes forming an ohmic contact to
point, in each case applied with sufficiently  the crystal, the other of
the electrodes being 20  low temperatures and pressures that it did
coupled to the crystal through a region of the     not penetrate the
barrier layer 17.        insulating film having a thickness not appreci-
It is noted that in the absence of the barrier  ably greater than 200 A.
85     17 between the bulk p-type material 11 and    6. A device according
to claim 3, wherein     the electrode 13, a Schottky barrier would  one
electrode forms an ohmic contact to the 25  form on the adjacent gallium
phosphide; and  crystal, and the other electrode forms a contact     only
majority carriers, in this case, holes,  to a region of the crystal from
which zinc has 



would flow into the crystal, thus not initiating  been outdiffused in
amounts that permit the  90     electron-hole recombination in either
direction  oxygen and the tellurium, selenium or sulphur     of bias.
locally to predominate, the other electrode 30    In contrast, in a device
according to FIG. 2,  being a rectifying electrode.     electrons are
injected from the electrode 13    7. A method of manufacturing an elecro-
through the barrier layer 17, presumably by  luminescent device comprising
the steps of 95     "tunnelling", or perhaps by field emission  combining
gallium, gallium  phosphide, zinc,     across a high field region near the
surface,  oxygen and a member of the group consist- 35  into the p-type
crystal 11, thereby producing  ing of tellurium,  sulphur and selenium;
heat-      electroluminescence associated with electron-  ing said mixture
to its melting point; and      hole recombination.
cooling said mixture to grow a crystal there- 100        By "tunnelling",
applicants refer to the  from.      physical phenomenon in which an
electron    8. A method according to claim 7, wherein 4   coming very near
to a very thin energy barrier,  zinc is outdiffused locally from  the
crystal      such as barrier layer 17, has some probability  to form a p-n
junction therein and a pair of      of appearing on the other side of the
barrier  electrodes are attached to regions of opposite  105
regardless of the velocity or thermal energy of  conductivity type.
the electron.                                   9. A method according to
claim 8, wherein  45    It is particularly noted that the surface  the
outdiffusing of zinc comprises heating the      barrier layer 7 or 17
inherently formed on  crystal at a temperature and for a time that      a
gallium phosphide crystal doped with zinc,  permits the zinc to move to the
surface while 110      oxygen and a donor such as tellurium  is  the oxygen
and the donor element are relative-      thinner and more uniform than the
insulating  ly immobile.  50  films deposited by evaporation in making
prior   10. A method according to claim 9, wherein      art gallium
phosphide devices.                the outdiffusing of zinc comprises
gettering                                                     the zinc in a
liquid metal semiconductor 115        WHAT WE CLAIM IS:-
phase.        1. An electroluminescent gallium phosphide    11. A method
according to claim 7, wherein      crystal comprising a significant amount
of  a surface barrier is formed on the crystal, a  55  oxygen, an impurity
selected from the group  first electrode is attached to the crystal, and
consisting of zinc and cadmium, and an im-  a second electrode is attached
to the crystal 120 



purity selected from the group consisting of  at temperatures and pressures
permitting the      tellurium, sulphur and selenium.              second
electrode to overlie the surface barrier.         2. A crystal according to
claim 1, wherein    12. A method of manufacturing an elecro-      the zinc
or cadmium  has a concentration  luminescent crystal substantially as
hereinbe-      sufficient to affect the conductivity of the  fore described
with reference to any one of the 125      crystal, the oxygen has a
concentration of  examples.      electrically active atoms that is less
than the    13. An electroluminescent device prepared
1,131,463                                     7    by the method according
to any one of claims           K. G. JOHNSTON,   7 to 12.
Chartered Patent Agent,      14. An electroluminescent device substanti-
5, Mornington Road,   ally as hereinbefore described with reference
Woodford Green, Essex. 5 to FIG. 1 or 2 of the accompanying drawing.
Agent for the Applicants.         Printed for Her Majesty's Stationery
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