
4                                          1,065,450      and the output is
taken at the other emitter  fabricated   of   gallium-arsenide-phosphide
36 across a load 40 connected between the  (GaAs[err]P[err]),  and  indium
- gallium - ar-     emitter and ground. The collector and base  senide
(In[err]Ga[err]As), where  it can  again     of the transistor are left
"floating." When no  be seen that either a germanium  or silicon 5  light
from the diode strikes the transistor, there  body will absorb the light of
wavelengths of  70     is no forward bias applied to the junctions,  .69
micron and 1.05 microns, respectively.     and the transistor is
nonconductive. When the  These compositions are enumerated as exam-
diode is forward biased to generate light which  ples only, and other
useful compositions will     impinges on the transistor, the light is
absorbed  be described below. It will also be noted from 10  in the bulk of
the transistor to generate charge  the graphs of absorption coefficients
that before  75     carriers, which are collected at the emitter-base  any
appreciable absorption occurs in silicon or     and base-collector
junctions and forward biases  germanium, the photon energy must be at least
the transistor to conduction. Optical radiation   slightly greater than the
band gap energies of     of a sufficient intensity is generated by the
silicon and germanium, respectively. The band 15  diode 42 to cause the
transistor to conduct in  gap energies for silicon and germanium  are  80
its saturation mode. A signal applied at the  1.04ev and .63ev,
respectively. The graphs of     input terminals of the circuit will be
switched  FIGURE 4 show that absorption begins in sili-     across the load
in response to light from the  con at a wavelength of about 1.15 microns,
diode 42. By modulating the diode bias by  which corresponds to a photon
energy of about 20  means of a series of pulses at terminals 48   1.07ev,
and increases with shorter wavelengths;  85     and 48[err], a high
frequency a.c. voltage can be  and absorption begins in germanium at about
developed at the output of the chopper across  1.96 micron, which
corresponds to a photon     the load.
energy of about .64ev, and increases with       A light-emitting junction
diode fabricated of  shorter wavelengths. These two energies are 25  GaAs
is described in the specification of our  greater than the respective band
gap energies  90     British patent no. 1,028,782, and is one exam-  of the
two materials, which clearly indicates     ple of a suitable solid-state
light source such  the band-to-band transitions of electrons upon     as
diode 42 of FIGURE 3. As will be de-  absorption which is the type of
absorption with     scribed hereinafter in more detail, the diode  which
the invention is concerned. 30  can be fabricated of other semiconductor
ma-    Since the optical radiation generated by the  95     terials to
produce optical radiation of different  diode must be absorbed  by the
photosensitive     wavelengths. As described in British patent  transistor
switch in such a manner to cause     specification no. 1,028,782, the diode
com-  the transistor to conduct, it is important to     prises a body of
semiconductor material which  consider in more detail the absorption pheno-
35  contains a diffused p-n rectifying junction. A  menon, which will more
clearly illustrate the  100     forward current bias, when generated across
invention and its advantages. It can be seen     the junction, causes the
migration of holes and  from FIGURE 4 that the coefficient of absorp-
electrons across the junction, and recombina-  tion of light is less for
longer wavelengths and,     tion of electron-hole pairs results in the gen-
therefore, penetrates to a greater depth in a 40  eration of optical
radiation having a charac-  body of semiconductor material before being
105     teristic wavelength or photon energy approxi-  absorbed than does
light of shorter wavelength.     mately equal to the band gap energy of the
When light is absorbed in the transistor and     particular semiconductor
material of which the  generates charge carriers, the carriers, which
diode is fabricated. It will be noted from   are holes and electrons, must
diffuse to one 45  British patent specification no. 1,028,782 that  of the
junction regions within the transistor 110     the generation of optical
radiation in the diode  in order to produce a bias to cause the transis-
is caused by a forward current bias at the junc-  tor to conduct. In other
words, the invention     tion and is an efficient solid state light source
is not concerned with the photoconductive     as contrasted to  light
generated by other  effect within the material of the detector, but 50
mechanisms, such as reverse biasing the junc-  a junction effect, wherein
the characteristics of 115     tion, avalanche processes, and so forth. The
the junction are altered when current carriers     relative intensity of
radiation as a function of  created by absorption of photons are collected 



wavelength for optical radiation generated  by  at the junction. Since the
transistor conducts     a gallium-arsenide p-n junction diode is shown  on
a minority carrier flow within the base re- 55  in the lower graph of
FIGURE 4, where it  gion, the light must be absorbed in the transis-  120
can be seen that the radiation intensity is  tor within the diffusion
length of the minority     greatest at a wavelength of .9 micron. Typical
carriers produced thereby from  one or both     curves of the absorption
coefficients of light  of the junctions. For longer wavelength light,
as a function of wavelength for silicon and ger-  the junction at which the
carriers are collected 60  manium are shown in the upper graph of FI-  must
be at a relatively large depth below the  125     GURE 4, where it can be
seen that the .9  surface of the transistor in order that the ma-
micron wavelength generated by a gallium-ar-  jority of the carriers
produced by the light be     senide diode will be absorbed by a body com-
collected. In other words, more depth of ma-     prising either silicon or
germanium. Similar  terial is required before all of the light imping- 65
curves are shown for light generated by diodes  ing on the surface of the
transistor is absorbed, 130
1,065,450                                           5         although a
percentage of the light will be ab-  diode 42 with respect to the
transistor 30, the sorbed in each successive unit thickness of the
relative values of the various current generators         transistor. Thus,
the region over which the  can be changed, and thus, the off-set voltage
light is absorbed is relatively wide, and in  may be reduced to an
arbitrarily small value.     5   order to insure the efficient collection
at the  The photosensitive transistor used in the in-  70         junction
of the majority of the charge carriers  vention is preferably an
all-diffused, double-         generated thereby, relatively high lifetime
ma-  emitter, transistor of planar construction as         terial is used
in the transistor bulk. However,  shown in the plan view of FIGURE 5a and
high lifetime material increases the diffusion  the elevational view in
section of FIGURE 5b     10  time of the charge carriers from  their point
taken through lines b-b of FIGURE 5a. A   75         of origination to the
junction, therefore de-  wafer 80 of semiconductor material, such as
creasing the speed at which the transistor is  silicon or germanium, as
examples, of a first         turned on by the light. Conversely, by using
conductivity type is used as the collector of         optical radiation of
shorter wavelength, the  the transistor, and an impurity of the opposite
15  junction depth and lifetime of the semiconduc-  conductivity
determining type is diffused into  80         tor material can be
correspondingly decreased  the collector region to form  a circular base
without decreasing the collection efficiency,  region 82. An impurity of
the same conductiv-         such as by the use of a light emitting diode
ity type as the collector region is diffused into         comprised of
GaAs[err]P[err], for example.      the base region to form a pair of
semicircular     20    Another factor to be considered is the parti-
emitter regions 84 and 86, respectively. The  85         cular construction
of the photosensitive transis-  emitter regions are made as large as
possible         tor. As noted earlier, the lower the off-set volt-  to
achieve a high reverse h[err]. Electrical con-         age of the
transistor, the smaller the signal  tacts 88 and 90 are provided to the two
emitter         level that can be switched by the circuit. It  regions 84
and 86, respectively, and corre-     25  is also well known that one way in
which the  spond to the input and output of the chopper. 90         off-set
or junction voltage of a transistor can  As noted earlier, the depths of
the collector-         be reduced is by increasing the reverse current
base junction and the base-emitter junction are         gain, h[err]. As
will be described below, the  designed for the particular wavelength of
light         preferred embodiment of the transistor is an  emitted by the
junction diode light source.     30  all-diffused  device  of planar
construction   Since the transistor has a single collector re-  95
where opposite type conductivity determining   gion, a single base region,
and a pair of simul-          impurities are diffused into a semiconductor
taneously diffused emitter regions, the latter          body to form the
collector base and base-emit-  will have very closely matched
characteristics,          ter junctions. A high reverse h[err] is obtained
and the transistor will approximate two identi-     35  by making the areas
of the emitter regions as  cal transistors. Although the transistor has a
100         large as possible with respect to the area of  single collector
region and a single base region,         the collector region.
it is only necessary that there be a commonly            The double emitter
transistor is equivalent  connected collector region for the two emitters. 



to a pair of closely matched transistors having  In other words, if the
collectors of two transis-     40  commonly connected bases and collectors,
and  tors are connected together to form  a series 105          it can be
shown that when the transistors are  circuit, it is not essential that the
bases be con-          made to conduct by a forward bias on the col-
nected. However, it is more convenient to form          lector-base
junction alone, the off-set voltage  a single collector region and a single
base re-          of the chopper circuit is dependent on the de-  gion in a
diffused, double-emitter transistor,     45  gree of mismatch of the
forward h[err] of the  in addition to the fact that switching transients
110          two transistors. That is to say, with the same  are reduced by
interconnecting the base regions          bias applied to both transistors
to turn them   or by having a single base region common to          on, and
with the bias being applied only to  two emitters.          the
collector-base junction, the respective off-    A  side elevational view
in section of one     50  set voltages of the two transistors will be
embodiment of the invention is shown in FI- 115          different if the
forward h[err] of the two tran-  GURE 6, which comprises a double-emitter,
sistors are different. In the structure of the  photosensitive transistor
of either the n-p-n or          invention as shown in FIGURE 3, light is
ab-  p-n-p variety as shown in FIGURE 5 and a          sorbed in the
emitter, base and collector re-  semiconductor junction diode optically
coupled     55  gions of the transistor which give the effect  thereto.
There is also shown in FIGURE 6  120          of a constant current drive
on both the emitter-  a suitable structure for mounting the compon-
base and collector-base junctions of the two  ents of the chopper to
provide the necessary          transistors, rather than a drive on the
collector-  optical coupling between the photosensitive          base
junction alone. Under these conditions,  transistor which serves as the
switch and the     60  the off-set voltage is dependent on the reverse
semiconductor junction diode which serves as 125          current gain of
each unit, the relative values  the driving source. The light emitting
junction          of the two current generators, and the forward  diode
comprises a hemispherical region 92 of          current gain of each unit.
By adjusting the  a first conductivity type and a smaller region
relative position of the light source, namely,  94 of an opposite
conductivity type contiguous     65  adjusting the relative position of the
junction  therewith. An electrical connection 98 is made  130            6
1,065,450     to the region 94 and constitutes the anode of  spherical dome
is optimum, because it gives    the junction diode, and the flat side of
the  the least bulk absorption of all spherical seg-    region 92 is
mounted in electrical connection  ments which radiate into a solid angle of
2    with a metallic plate 100 with the region 94  [err] steradians or
less. Spherical segments with 5  and lead 98 extending into and through a
hole  height greater than their radius radiate into  70     in the plate.
An electrical lead 95 is provided  a solid angle less than 2 [err]
steradians, but have     to the metallic plate 100 and constitutes the
higher bulk absorption. Spherical segments     cathode of the diode. The
diode is fabricated  with height less than their radius have less ab-
by any suitable process, for example, by the  sorption but emit into a
solid angle greater 10  diffusion process described in British patent  than
2 [err] steradians and, therefore, direct a  75     specification no
1,028,782 or by an epitaxial  portion of the radiation away from the detec-
process, and contains a p-n rectifying junction  tor. Due to the presence
of bulk absorption,     at or near the boundary between the regions  the
dome radius should be as small as possible     92 and 94. The hemispherical
shape of the  to further increase the quantum efficiency of 15  dome is
formed by any suitable process.     the unit.
80       Another plate 101 is mounted about the       The phototransistor
has a radius of about     diodes and defines a hemispherical reflector  1.5
times the radius of the hemispherical dome,     surface 104 about the
hemispherical dome 92.  which allows all the light emitted by the dome
The double-emitter transistor as shown in FI-  to be directed toward the
detector by the use 20  GURE 5 is mounted above the hemispherical  of a
simple spherical reflecting surface 104. 85     dome with the emitters 84
and 86 facing the  Since most of the light from the hemispherical     dome.
A light transmitting medium  102 is  dome strikes the transistor surface at
high an- 



used to fill the region between the reflector  gles of incidence, an
anti-reflection coating on     and the dome and for mounting the transistor
the detector is not essential and can be consid- 25 above the dome, wherein
the light transmitting  ered optional. The light transmitting medium   90
medium acts as a cement to hold the compon-  102 between the dome and the
transistor     ents together. Ample space is provided be-  should have an
index of refraction high enough     tween the top of the reflector plate
101 and  with respect to the indices of refraction of the     the
transistor for passing the leads 88 and 90  dome and the transistor to
reduce internal 30  from  the two emitters out of the region of
reflections and to allow the ratio of the junc-  95     the dome without
being shorted to either the  tion radius of the diode to the dome radius
transistor or the reflector plate. These leads  to be increased. The medium
should also     are held in place by the cement-like light-  "wet" the
surfaces of the source and the detec-     transmitting medium. When a
forward bias  tor so that there are no voids which would 35  current is
passed through the junction of the  destroy the effectiveness of the
coupling me- 100     radiant diode between the anode 98 and cath-  dium.
The indices of refraction of the diode     ode 95, light is emitted at the
junction, travels  and the transistor are each about 3.6. A resin
through the dome and the light transmitting  such as Sylgard, which is a
trade name of the     medium  102 and strikes the surface of the  Dow
Corning  Corporation  of  Midland, 40  transistor, where it is absorbed in
the regions  Michigan, has an index of refraction of about 105     of both
the emitter-base and base-collector  1.43 and is suitable for use as the
light trans-     junctions to cause the transistor to conduct.  mitting
medium. Although this index is con-        The hemispherical dome structure
is used  siderably lower than 3.6, it is difficult to find     in order to
realize the highest possible quan-  a "transparent" substance that serves
this pur- 45  tum efficiency. If the proper ratio of the radius  pose with
a higher index. In order to insure  110     of the junction 96 to the
radius of the hemi-  the highest reflectivity, the reflector surface
spherical dome is selected, then all of the inter-  104 is provided with a
gold mirror 106 which     nally generated light that reaches the surface
can be deposited by plating, evaporation, or     of the dome has an angle
of incidence less  any other suitable process. 50  than the critical angle
and can be transmitted.   The metallic plates 100 and 101 are prefer- 115
The maximum radius of the diode junction  ably fabricated of a metal or
alloy having the     with respect to the dome radius depends on  same or
similar coefficient of thermal expan-     the refractive index of the
coupling medium,  sion as the junction diode, such as the iron-     and
since all of the light strikes the dome sur-  nickel-cobalt alloy which is
commercially avail- 55  face close to the normal, a quarter wavelength
able under the trade designation Kovar (Reg- 120      anti-reflection
coating will almost completely  istered Trade Mark), for example.
Similarly,      eliminate reflection at the dome surface. The  the coupling
medium  102 preferably has the      maximum radius of the diode junction to
the  same or similar coefficient of thermal expan-      dome radius is
determined by computing the  sion, or alternately remain pliable over a
wide, 60  ratio of the index of refraction of the coupling  useful
temperature range of normal operation. 125      medium to the index of
refraction of the dome  Again, Sylgard satisfies this requirement by
material. The dome, as shown in FIGURE 6,  being pliable.      has a
quarter wavelength anti-reflection coat-   The off-set voltage is
particularly sensitive      ing 108 thereon comprised of zinc-sulfide to
to the relative position of the junction diode 65  eliminate any possible
reflection. A true hemi-  light source and the transistor. During fabrica-
130                                                      1,065,450
7      tion of the device of FIGURE 6, the relative  diode and
photosensitive transistor have been     positions are adjusted until the
impedance  mentioned in conjunction with the graphs of     which is desired
during the "on" condition of  FIGURE 4, wherein the preferred composi-
the device is obtained for a prescribed mini-  tions depend upon several
factors including the 5  mum value of the offset voltage. The adjust-
absorption  coefficient of the photosensitive  70     ment is performed
before the optical coupling  transistor,  the  ultimate  efficiency  to  be
material 102 has had time to set and become  achieved from the diode, and
other factors as 



semirigid, and is accomplished by causing the  will be presently described.
One factor to be     diode to irradiate the transistor conductive
considered is the speed of response of the 10  while measuring the offset
voltage between ter-  photosensitive transistor to the optical radia-  75
minals 88 and 90. The matched coefficients  tion, wherein it has been seen
that light of     of thermal expansion of the various compon-  shorter
wavelength gives a faster switching     ents of the system and the pliable
nature of  time because of the greater co-efficient of ab-     the coupling
medium prevent misalignment as  sorption of the detector. This factor, if
consid- 15  a result of temperature changes during opera-  ered by itself,
would indicate that a diode fa-  80     tion.
bricated of a material which generates the       Another embodiment of the
invention uses  shortest possible wavelength is preferred. How-     two
separate phototransistors having common-  ever, the efficiency of the light
source must     ly connected bases and collectors. An electrical  also be
considered, in which the overall 20  schematic diagram of the basic
elements of a  efficiency can be defined as the ratio of the  85
transistor chopper is shown in FIGURE 7,  number of photons of light
emerging from the     wherein the collector 124 and base 128 of tran-
dome to the number of electrons of current     sistor 120 are connected to
the collector 126  to the input of the diode, and the internal     and base
130, respectively, of transistor 122.  efficiency is the ratio of the
number of photons 25  The emitter 132 of transistor 120 constitutes  of
light generated in the diode to the number  90     the input to the
chopper, and the emitter 134  of input electrons.     of transistor 122
constitutes the output of the    It was pointed out in the above co-pending
chopper. A light emitting junction diode 136  application that, in most
cases, less of the light     is positioned as described previously to
direct  generated internally in the diode is absorbed 30  optical radiation
on the transistors. This embo-  per unit distance in the n-type region than
in  95     diment differs from the preferred embodiment  the p-type region.
Moreover, n-type material     described earlier only in the use of separate
can normally be made of higher conductivity     transistors. A plan view of
a pair of separate  than p-type material of the same impurity con-
transistors of the diffused type is shown in FI-  centration. Thus, the
dome is preferably of n- 35  GURE 8, where separate wafers 142 and 144
type conductivity material. In addition to this 100     of a first
conductivity type material are used  factor, it has been found that the
greater the     as the respective collectors of the transistors,  band gap
of the material in which the light     and impurities of the opposite
conductivity de-  is generated, the shorter the wavelength of the
termining type are diffused into the respective  light, wherein the
frequency of the generated 40  wafers to form base regions 146 and 148. Im-
light is about equal to or slightly less than  105     purities of the same
conductivity type as the  the frequency separation of the band gap. It
collector regions are diffused into the base re-  has further been found
that the light is ab-     gions to form emitter regions 150 and 152 with
sorbed to some extent in the material in which     electrical connections
154 and 156 attached  it is generated or in a material of equal or 45
thereto. A wire 158 connects the two base  less band gap width, but is
readily transmitted  110     regions,  and   wire  160   connects  the
through a material having a band gap width     two  collector  regions.
The  two  tran-  at least slightly greater than the material in     sistors
are  mounted  in  close  proximity,  which the light is generated. In fact,
a sharp     as  shown, on  a  suitable  tab  or  plat-  distinction is
observed between the efficient 50  form  140, such as 7052 Corning (Regis-
transmission of light through a composition  115     tered Trade Mark)
glass, which is a material  whose band gap is slightly greater than the
commonly available under this trade designa-  composition in which the
light is generated,     tion from the Corning Glass Works Company  and
through a composition having a band gap     and has a coefficient of
thermal expansion that  equal to or less than that of the generating 55
approximately matches that of the other com-  composition. This implies
that the light is rea- 120     ponents. A side elevational view in section
of  dily transmitted through a material the fre-     an embodiment using
the separate transistors  quency separation of the band gap of which     as
shown in FIGURE 9 wherein like reference  is greater than the frequency of
the generated     numerals will refer to like parts as previously  light.
60  described. The chopper of this figure functions   To take advantage of
this knowledge, the 125     in the same manner as that described with ref-
light emitting diode, in the preferred embodi-     erence to FIGURE 6, and
the same consider-  ment comprises two different compositions in     ations
apply as to the materials of which the  which the junction at or near which
the light     chopper is fabricated.                         is generated
is located in a first region of the 65    Various compositions of the light
emitting  diode comprising a material having a first band 130  
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p-type conductivity, and in  .69 micron and constitutes a preferred
material    which at least the major portion of the dome  for the smaller
region 94. By making the dome    is comprised of a second material having a
of a composition of band gap slightly greater    second band gap width
greater than the first  than  that  of the  region  94, such  as 5
material and is of n-type conductivity. Thus,  GaAs[err]P[err] for example
or for x equal  70     light generated in the first material has a wave-
to or less than 0.5 for the compositions     length which is long enough to
be efficiently  GaAs[err]P[err], the  light will be  efficiently
transmitted through the dome. There are se-  transmitted. It should be
noted that although     veral materials that have been found to be in-  the
dome comprises a composition that does 10  ternally efficient light
generators when a for-  not have a high internal efficiency of light gen-
75     ward current is passed through a junction lo-  eration, this is
immaterial, since the light is     cated therein, in addition to GaAs noted
in  actually generated in the smaller region 94 of     British  patent
specification  no. 1,028,782.  high efficiency. Thus, the dome material can
The material indium-arsenide, InAs, has a  be extended to compositions of
relatively high 15  band gap width of about .33ev and, if a p-  band gap
widths, even to GaP, without de-  80     n junction is formed therein, will
generate light  creasing the overall efficiency of the unit.     having a
wavelength of about 3.8 microns,    Other compositions and combinations
there-     whereas light from GaAs is about .9 micron.  of can be used,
such as various combinations     The  compositions  In[err]Ga[err]As,
where  x  of  In[err]Ga[err]As  or  GaA[err]P[err] or  both. 20  can go
from 0 to 1, give off light of wavelength  In addition, most III-V
compounds can be  85     which varies approximately linearly with x be-
used, or any other material which generates     tween 3.8 microns for InAs
when x= 1 to  light by a direct recombination process when     .9 micron
for GaAs when x =0. On the other  a forward current is passed through a
rectify-     side of GaAs is the composition gallium phos-  ing junction
therein. Moreover, the entire light 25  phide, GaP, which has a band gap of
about  emitting diode can be fabricated of a single  90     2.25ev and
emits radiation of about .5 micron.  composition such as, for example, GaAs
as de-     Also, the  compositions  GaAs[err]P[err], where  scribed in the
above co-pending application.     x can go from 0 to 1, give off light of
wave-  It can, therefore, be seen how the compositions     length which
varies approximately linearly  of the various components of the system can
30  with x between .9 micron for GaAs when x  be varied to achieve various
objectives, includ-  95      =1 to .5 micron for GaP when x=0. It  ing the
highest overall efficiency of the entire      has been found, however, that
for various rea-  system. Undoubtedly, other suitable composi-      sons,
the internal efficiency of light generation  tions and combinations thereof
will occur to      begins to drop off when the band gap of the  those
skilled in the art. 35  material used is as high as about 1.8ev, which
The light emitting diode can be made by 100     approximately corresponds
to the composition  any suitable process. For example, if two
GaAs[err]P[err], or for x equal to or less than  different compositions are
used, a body or     about 0.6 for the compositions GaAs[err]P[err].
wafer constituted of a single crystal of one of        Referring again to
the FIGURE 6 and more  the compositions can be used as a substrate 40
specifically to the construction of the light  onto which a single crystal
layer of the other 105      emitting diode, a preferred embodiment com-
composition is deposited by an epitaxial meth-      prises a dome 92 of
n-type conductivity mater-  od, which method is well known. Simultaneous
ial with a smaller region 94 contiguous there-  with or subsequent to the
epitaxial deposition,      with in which a portion is of p-type conductiv-
the rectifying junction can be formed in the 45  ity. The region 94
comprises a composition  proper composition, slightly removed from the 110
having a first band gap width, and the dome  boundary between the two, by
the diffusion      92 comprises a region having a second band  of an
impurity that determines the opposite      gap width greater than that of
region 94. The  conductivity type of the composition. By etch-
rectifying junction 96 is formed in the region  ing away most of the
composition containing 50  94 of smaller band gap width so that the light
the junction, the small region 94 can be 115      generated herein will be
efficiently transmitted  formed. If the entire light emitting diode is 



through the dome. The portion of region 94  comprised of a single
composition, a simple      between the junction 96 and the dome is of
diffusion process can be used to form the junc-      n-type conductivity.
Referring to the graphs  tion. The shape of the dome is formed by any 55
of FIGURE 4 and the foregoing discussion,  suitable method, such as, for
example, by 120      a preferred composition for the region 94 is  grinding
or polishing the region 92.      one which will generate as short a
wavelength    A third embodiment of the invention is      as possible in
order to have a high coefficient  shown in FIGURE 10, which is an
elevational      of absorption in the transistor for fast switch-  view in
section of a planar constructed light  60  ing action, and yet which will
be efficiently  emitting diode optically coupled to a double 125
transmitted by the dome 92. At the same time,  emitter transistor. Two
separate transistors as      the composition of region 94 should have a
shown in FIGURE 9 can also be used in this      high internal efficiency as
a light generator.  embodiment and is not limited to the double      The
composition    GaAs[err]P[err]   will  emitter transistor shown. The light
emitting  65  efficiently produce light of wavelength of about  diode
comprises a wafer 170 of semiconductor 130
1,065,450                                          9         material of a
first conductivity type into which  put signal to be switched across a load
224        is diffused an impurity that determines the op-  is applied to
the interconnection of emitter 214        posite conductivity type to form
a region 172  and collector 204 at the terminal 217 across        of said
opposite conductivity type separated  inputs 220 and 222. The load 224
across which     5  from the wafer 170 by a rectifying junction  the output
is derived is taken across terminals  70 174. The wafer is etched  to cut
below the  226 and 228 connected to terminal 213 which         junction and
form the small region 172. Alter-  is the interconnection of emitter 206
and col-         natively, the region 172 can be formed by an  lector 212.
A semiconductor junction diode         epitaxial process. Electrical leads
176 and 178  230, which emits optical radiation of a charac-    10  are
connected to the region 172 and wafer 170  teristic wavelength when a
forward current is  75         as previously described.
passed through the junction thereof by means           The wafer 170 is not
formed into a dome  of a signal at its anode 232 and cathode 234,
structure in this embodiment, but is left in a  is optically coupled to the
two photosensitive         planar configuration and optically coupled to
transistors so that the radiation of the transis-    15  the detector, such
as a double emitter transis-  tors by the diode causes the two transistors
80         tor, as shown, with a suitable coupling medium   to conduct. It
can be readily seen that the         180 as noted earlier. This embodiment
is more  diode 230 is completely electrically isolated         expedient to
fabricate, as can be readily seen,  from the transistors, the input and
output of         and thus is advantageous in this respect. As in-  the
chopper. This obviates the necessity of a    20  dicated above, the dome
structure is used to  large, expensive isolation transformer which, in  85
realise  a high quantum  efficiency, since all  the parallel connection as
shown, would require         of the internally generated light strikes the
sur-  two completely separate secondaries for biasing         face of the
dome at less than the critical angle,  the transistors to conduction. The
two transis-         and thus little, if any, light is lost to internal
tors of FIGURE  11 can be represented by    25  reflections within the
dome. This is not neces-  an equivalent series resistance and junction  90
sarily the case in the planar embodiment of  voltage when conducting, as
shown in FI-         FIGURE 10, and in order to achieve a high  GURE 12,
wherein resistance 236 and junction         quantum efficiency, the
diameter of the appar-  voltage 238 is the equivalent of one of the
ent light emitting surface of wafer 170, assum-  transistors during
conduction. It can also be    30  ing a circular geometry, can be made
some-  seen from the equivalent circuit of FIGURE  95         what smaller
than the combined diameters or  12 that junction voltages 238 and 239
oppose         lateral dimensions across the two emitters of  each other,
and for transistors having closely         the detector. The apparent light
emitting sur-  matched or identical characteristics, the net         face
of the diode is determined by the thick-  junction or off-set voltage will
be very low.    35  ness of wafer 170, the area of the light emit-  Thus, a
very small voltage at the input termi- 100 



ting junction 174, and the critical angle for  nals 220 and 222 can be
switched across the         total internal reflection. The critical angle
of  load 224 without the existence of a large junc-         reflection is
determined by computing the arc-  tion voltage superimposed thereon.
sine of the ratio of the index of refraction of    The operation of the
circuit is as follows.    40  the coupling medium 180 to the index of re-
A positive going pulse is applied to the anode  105         fraction of the
semiconductor wafer 170.     terminal 232 with respect to terminal 234
In the preceding discussions, it was noted  across the junction of the
light emitting diode         that a coupling medium having a suitable in-
230, causing optical radiation to be generated         dex of refraction is
preferably used between  by the diode which impinges on the two photo-
45  the light emitting diode and the detector. If  sensitive transistors
202 and 210. The light 110         such a medium is used, it should have a
high  is absorbed in the bulk of the two transistor         index to match,
a closely as possible, that of  bodies and creates hole-electron pairs
which,         the two components between which it is situat-  if created
within a diffusion length of one of         ed. Materials other than
Sylgard can also be  the junctions within the transistor, are collect-
50  used, such as a high index of refraction glass.  ed by the junctions,
causing the junctions to  115         However, it can prove expedient and
desira-  become forward biased and the transistors to         ble in
certain cases to couple the two compon-  conduct. Sufficient light is
generated by the         ents together with air, where a physical cou-
diode 230 to cause each of the transistors to         pling is either
impractical or impossible, and  conduct in their saturation mode, which im-
55  such a system is deemed to be within the inten-  plies a low impedance
between the collectors 120         tion of the present invention.
and emitters thereof. Thus, the two transistors            In the
electrical schematic diagram of the  act as a switch, and an electrical
signal applied         transistor chopper system of the embodiment  across
the input terminals 220 and 222 is         shown in Figure 11, a first
photosensitive tran-  switched across the load 224 in response to     60
sistor 202 is connected in parallel with a se-  the light. The two
transistors are shown to be 125         cond photosensitive transistor 210
with the  of the n-p-n variety and, thus, switching of         emitter 206
of transistor 202 connected to the  a positive voltage at terminal 220
implies a         collector 212 of transistor 210, and the collec-  forward
conduction of current through the         tor 204 of transistor 202
connected to the  transistor 202 and a conduction of current     65
emitter 214 of transistor 210. An electrical in-  through transistor 210
from emitter to collec- 130             10
1,065,450      tor. Because of the parallel connection of the  means of a
series of pulses, a high frequency     transistors, the maximum series
impedance of  a.c. signal can be developed at the output of     the chopper
switch will be no greater than the  the chopper upon the application at the
input     impedance of the transistor having the lowest  of a voltage. 5
series impedance.                                  When the transistors are
connected into the  70        It is known that for a given current gain,
chopper circuit as shown in FIGURE 11, it     the base drive or base
current determines the   can be shown that when the transistors are
collector current at which the transistor will  made to conduct by a
forward bias on the col-     pull out of the saturation mode of operation
lector-base junctions alone, the net off-set volt- 10  for a particular
collector voltage. It is also  age of the chopper circuit is dependent on
the  75     characteristic of transistors that the forward  degree of
mismatch of the forward h[err] and     gain, h[err], can be made very
large, whereas,  the reverse h[err] of the two transistors. That     the
maximum  reverse h[err] cannot normally  is to say, with the same bias
applied to both     be made as large as the forward h[err]. Analy-
transistors to turn them on, and with the bias 15  tically, it can be shown
that the transistor will  being applied only to the collector-base junc-
80     pull out of the saturation mode of operation  tions, the respective
off-set voltages of the two     at a lower collector current for a lower
h[err].  transistors will be different if the h[err]  of     Thus, it is
readily apparent that transistor 210  the two transistors are different. In
the struc-     operating in the reverse direction wherein the  ture of the
invention as shown in FIGURE 



20  emitter 214 is used as a collector, and the col-  11, light is absorbed
in the emitter, base and  85     lector 212 is used as an emitter, will
pull out  collector regions of the two transistors which     of saturation
at a lower collector current than   gives the effect of a constant current
drive on     will transistor 202. In the conventional chop-  both the
emitter-base and base-collector junc-     per system, wherein the
transistors are connect-  tions of the two transistors, rather than a drive
25  ed in series, this implies that the transistor 210   on the
collector-base junctions alone. Under  90     imposes a high series
impedance in the switch  these conditions, the off-set voltage is depend-
for high level signals. However, in the parallel  ent on the reverse h[err]
of each unit, the rela-     connection the forward current gain of the
tive values of the two current generators and     transistor 202 is very
large, say in the order  the forward current gain of each unit. By ad- 30
of 50 to 100, and since it shunts transistor  justing the relative position
of the light source,  95     210, the maximum  value of the series impe-
namely, adjusting the relative position of the     dance imposed by the
switch is limited to the  junction diode light source with respect to the
smaller impedance of transistor 202. There-  two transistors, the relative
values of the two     fore, the circuit as shown in FIGURE 11 is  current
generators can be changed, and, thus, 35  capable of chopping at much
higher levels than  the offset voltage may be reduced to an arbi- 100
the conventional chopper so long as the emit-  trarily small value.
ter-base breakdown voltage is not exceeded,    The embodiment of two
photosensitive tran-     while yet possessing the advantage of having
sistors is shown in the plan view of FIGURE     a very low off-set voltage
and low series impe-  13, wherein the transistors are all-diffused de- 40
dance. That is to say, a much greater current  vices of planar
construction. Planar construc- 105     can be passed through the switch
while still  tion is desirable in that the devices are charac-
maintaining the low series impedance of the  terized by very small leakage
currents as will     switch.                                         be
recognized by those skilled in the art. The        To achieve such an
operation with conven-  two transistors comprise two single crystalline 45
tional electrical connections to the two bases  wafers 242 and 244 of
semiconductor material, 110      of the transistors and yet maintain any
degree  such as silicon or germanium, as examples,      of electrical
isolation  between  the driving   mounted in spaced relation on an
insulating      source and the input and output of the chop-  substrate
240. The two wafers of semiconduc-      per, an isolation transformer
having two separ-  tor material are of a first conductivity type, 50  ate
secondaries connected across the respective  and an impurity of the
opposite conductivity  115     collectors and bases would be required. The
determining type is diffused into each of the     disadvantage of such a
driving source is two-  wafers to form base regions 246 and 248, re-
fold, namely, the large expense incurred in the  spectively. Impurities
that determine the same     provision of such a transformer and its large
type as the original semiconductor wafers are 55  size, which is
incompatible with miniaturized   diffused into the base region to form
emitter 120      circuits. On the other hand, the light emitting  regions
250 and 252, as shown. The particular      diode 230 and the two
photosensitive transis-  geometries of the bases and emitters of the
tors can be fabricated into a miniature pack-  two transistors are
semicircular to coincide      age. Complete electrical isolation between
the  with the circular geometry of the light emitting 60  driving source
and the input and output termi-  diode 230, as will be described
hereinafter. 125     nals of the chopper is also achieved by use  Moreover,
the areas of the emitter regions are     of optical coupling. In addition,
the diode light  made as large as possible to achieve a high     intensity
can be modulated at an extremely  reverse h[err]. A  wire 254 is used to
form     high frequency to provide fast switching ac-  a connection between
the emitter 250 of the 65  tion. By modulating the diode bias current by
first transistor and the collector 244 of the se-  130
1,065,450                                         11      cond. Similarly,
a wire 256 is used to form   274 and strikes the surfaces of the two
transis-     an electrical connection between the emitter  tors, where it
is absorbed in the regions of     252 of the second transistor and
collector 242  the emitter-base and base-collector junctions to 



of the first. Electrical input and output termi-  cause the transistors to
conduct. 5  nals 258 and 260 are provided to the common-    If the proper
ratio of the radius of the junc-  70     ly connected emitter and collector
regions, re-  tion 266 to the radius of the hemispherical     spectively.
As noted above, the depths of the  dome is selected, then all of the
internally gen-     collector-base junction and the base-emitter  erated
light that reaches the surface of the     junction are designed for the
particular wave-  dome has an angle of incidence less than the 10  length
of light emitted by the junction diode  optical critical angle and can be
transmitted.  75     light source.                                  The
dome, as shown in FIGURE 14, has a       A side elevational view in section
of another  quarter wavelength anti-reflection coating 280     embodiment
of the invention is shown in FI-  thereon, which comprises zinc-sulfide to
eli-     GURE 14, which comprises a pair of photo-  minate any possible
reflection. 15  sensitive transistors of either the n-p-n or p-   The two
photosensitive transistors, taken to-  80     n-p variety connected in
parallel fashion as  gether, have a radius of about 1.5 times the     shown
in FIGURE 13, and a semiconductor  radius of the hemispherical dome, which
allows     junction diode optically coupled thereto. There  all the light
emitted by the dome to be directed     is also shown in FIGURE 14 a
suitable struc-  towards the detector by the use of a simple 20  ture for
mounting the components of the chop-  spherical reflecting surface 276.
Since most of  85     per to provide the necessary optical coupling  the
light from the hemispherical dome strikes     between the switch and the
driving source. The  the transistor surface at high angles of inci-
light emitting  junction diode comprises a  dence, an anti-reflection
coating on the detec-     hemispherical, semiconductor region 262 of a  tor
is not essential and can be considered op- 25  first conductivity type and
a smaller region 264  tional. The light transmitting medium 274 be-  90
of an opposite conductivity type contiguous  tween the dome and the
transistors should have     therewith. An electrical connection 268 is  an
index of refraction high enough with respect     made to the region 264 and
constitutes the  to the indices of refraction of the dome and     anode of
the junction diode, and the flat side  the transistors to reduce internal
reflections, 30  of the region 262 is mounted in electrical con-  and to
allow the diode junction radius to the  95     nection with a metallic
plate 270 with the re-  dome radius to be increased. The metallic     gion
264 and lead 268 extending into and  plates 270 and 272 are preferably
fabricated     through a hole in the plate. An electrical lead  of a metal
or alloy having the same or similar     269 is provided to the metallic
plate 270 and  coefficient of thermal expansion as the junction 35
constitutes the cathode of the diode. The diode  diode, such as Kovar, for
example.    100     is fabricated by any suitable process, such as,
Referring again to the FIGURE  14 and     for example, by the diffusion
process described  more specifically to the construction of the     in
British patent specification no. 1,028,782,  light emitting diode, this
embodiment com-     or by an epitaxial process, and contains a p-  prises a
dome 262 of n-type conductivity ma- 40  n rectifying junction at or near
the boundary  terial with a smaller region 264 contiguous 105     between
the regions 262 and 264.               therewith in which a portion is of
p-type con-        Another plate 272 is mounted about the  ductivity. The
region 264 is fabricated of a     diode and defines a hemispherical
reflector sur-  composition having a first band gap width, and     face 276
about the hemispherical dome 262.  the dome 262 is fabricated of a region
having 45  The pair of photosensitive transistors as shown  a second band
gap width greater than that of 110      in FIGURE 13 are mounted above the
hemi-  region 264. The rectifying junction 266 is      spherical dome with
the two emitters 250 and  formed in the region 264 of smaller band gap
252 facing the dome. A light transmitting me-  width so that the light
generated herein will      dium 274 is used to fill the region between  be
efficiently transmitted through the dome. 50  the reflector and the dome
and for mounting  The portion of region 264 between the junc- 115      the
two transistors above the dome, wherein  tion 266 and the dome is of n-type
conductiv-      the light transmitting medium acts as a cement  ity.
to hold the components together. Ample space    Another embodiment of the
invention is      is provided between the top of the reflector  shown in
FIGURE 15, which is an elevational 55  plate 272 and the two transistors
for passing  view in section of a planar constructed light 120      the
leads 258 and 260 from the transistors out  emitting diode optically
coupled to a double      of the region of the dome without being short-
emitter transistor. If desired, it is possible to      ed to either the
transistors or the reflector  employ two separate transistors such as are
plate. These leads are held in place by the  shown in FIGURE 14 in the
embodiment il- 60  cement-like transmitting medium. When a for-  lustrated
in Fig. 15. The light emitting diode 125      ward bias current is passed
through the junc-  comprises a wafer 290 of semiconductor ma-      tion of
the radiant diode between the anode  terial of a first conductivity type
into which 



268 and cathode 269, light is emitted at the  is diffused an impurity that
determines the op-      junction, travels through the n-type conductiv-
posite conductivity type to form a region 292 65  ity dome and the light
transmitting medium   of said opposite conductivity type separated 130
12                                        1,065,450     from  the wafer 290
by a rectifying junction  cancellation  of  the  junction  voltages  as
294. The wafer is etched to cut below the junc-  measured between the
emitter regions of said    tion and form the small region 292. Alterna-
pair of transistors when conducting said pair    tively, the region 292 can
be formed by an   of transistors conducting in response to optical 5
epitaxial process. Electrical leads 296 and 298  radiation incident thereon
which has a photon  70     are connected to the region 292 and wafer
energy greater than the band gap energy of     290 as previously described.
said first semiconductor material,       The wafer 290 is not formed into a
dome         (b) an input terminal connected to said emit-     structure in
this embodiment, but is left in a  ter region of said one of said pair of
transistors 10  planar configuration and optically coupled to  for
connection into said first circuit and for  75     the detector, as shown,
with a suitable coupling  the application of said electrical signal
thereto.     medium  274 as noted earlier. This embodi-    (c) an output
terminal connected  to the     ment is more expedient to fabricate, as can
emitter region of said other of said pair of     be readily seen, and thus
is advantageous in  transistors for connection into said second cir- 15
this respect. As indicated above, the dome  cuit, and
80     structure is used to realize a high quantum       (d) a
semiconductor light emitting device for     efficiency, since all of the
internally generated   generating optical radiation having a photon
light strikes the surface of the dome at less  energy greater than the band
gap energy of     than the critical angle, and thus little, if any,  said
first semiconductor material and being 20  light is lost to internal
reflections within the  electrically isolated from but optically coupled
85     dome. This is not necessarily the case in the  to said pair of
transistors for directing said     planar embodiment of FIGURE  15, and in
optical radiation thereon, said light emitting     order to achieve a high
quantum efficiency, the  device having a first region of one conductivity
diameter of the apparent light emitting surface  type and a second region
of an opposite con- 25  of wafer 290, assuming a circular geometry,
ductivity type contiguous to and forming a rec-  90     can be made
somewhat smaller than the com-  tifying junction with said first region and
gen-     bined diameters or lateral dimensions across  erating said optical
radiation in response to     the two emitters of the detector. The apparent
current flow through said junction in a forward     light emitting surface
of the diode is deter-  direction. 30  mined by the thickness of wafer 290,
the area     2. An electro-optical chopper according to  95     of the
light emitting junction 294, and the cri-  Claim  1, wherein said
rectifying junction of     tical angle for total internal reflection. The
cri-  said light emitting device is located within a     tical angle of
reflection is determined by com-  second semiconductor material which has a
puting the arcsine of the ratio of the index  band gap energy greater than
that of said first 35  of refraction of the coupling medium  274 to
semiconductor material.                          100     the index of
refraction of the semiconductor      3. An electro-optical chopper
according to     wafer 290.                                      Claim  1,
wherein at least a portion of said        Although one embodiment of the
light emit-  optical radiation is absorbed in said pair of     ting diode
contains the junction in the region  transistors within a minority carrier
diffusion 40  294 below the boundary between the two re-  length from the
collector-base junctions there- 105     gions 292 and 294, the junction can
also be  of.     formed at this boundary or actually within the    4. An
electro-optical chopper for switching     dome region 292 should this be
more expedient  a electrical signal from  a first circuit to a     for one
or more reasons. In the case where  second circuit, comprising: 45  the
entire diode is comprised of a single com-     (a) transistor means
including a first semi-  110 position, for example, an equally as efficient
conductor material having a collector region, 



light emitter can be made by locating the junc-  a base region forming a
rectifying junction     tion other than as shown in this embodiment.  with
said collector region, and a pair of emitter        Other modifications,
substitutions and alter-  regions, each forming  a rectifying  junction 50
natives will undoubtedly occur that are deemed  with said base region, said
transistor means  115     to fall within the scope of the present inven-
conducting in response to optical radiation in-     tion, which is intended
to be limited only as  cident thereon which has a photon energy     defined
in the appended claims.                 greater than the band gap energy of
said first        WHAT WE CLAIM  IS: -
semiconductor material, 55     1. An electro-optical chopper for switching
(b) an input terminal connected to one of 120     an electrical signal from
a first circuit to a  said pair of emitter regions for connection into
second circuit, comprising:                     said first circuit and for
the application of said        (a) a pair of transistors comprised of a
first  electrical signal thereto,     semiconductor material, each of said
transistors   (c) an  output terminal connected  to the 60  having an
emitter region, a base region, and   other of said pair of emitter regions
for con- 125     a collector region, with said base and collector  nection
into said second circuit, and     regions of one of said pair of
transistors being    (d) a semiconductor light emitting device for
interconnected with said base and collector re-  generating optical
radiation having a photon     gions, respectively, of the other of said
pair  energy greater than the band gap energy of 65  of transistors so as
to effect at least a partial  said first semiconductor material and being
130                    12                                        1,065,450
from the wafer 290 by a rectifying junction  cancellation  of  the
junction  voltages  as         294. The wafer is etched to cut below the
junc-  measured between the emitter regions of said         tion and form
the small region 292. Alterna-  pair of transistors when conducting said
pair         tively, the region 292 can be formed by an  of transistors
conducting in response to optical      5  epitaxial process. Electrical
leads 296 and 298  radiation incident thereon which has a photon  70
are connected to the region 292 and wafer  energy greater than the band gap
energy of          290 as previously described.                   said
first semiconductor material,            The wafer 290 is not formed into a
dome         (b) an input terminal connected to said emit-
structure in this embodiment, but is left in a  ter region of said one of
said pair of transistors     10  planar configuration and optically coupled
to  for connection into said first circuit and for  75          the
detector, as shown, with a suitable coupling  the application of said
electrical signal thereto.          medium  274 as noted earlier. This
embodi-    (c) an output terminal connected to the          ment is more
expedient to fabricate, as can  emitter region of said other of said pair
of          be readily seen, and thus is advantageous in  transistors for
connection into said second cir-     15  this respect. As indicated above,
the dome  cuit, and                                           80
structure is used to realize a high quantum       (d) a semiconductor light
emitting device for          efficiency, since all of the internally
generated  generating optical radiation having a photon          light
strikes the surface of the dome at less  energy greater than the band gap
energy of          than the critical angle, and thus little, if any,  said
first semiconductor material and being     20  light is lost to internal
reflections within the  electrically isolated from but optically coupled
85          dome. This is not necessarily the case in the  to said pair of
transistors for directing said          planar embodiment of FIGURE  15,
and in  optical radiation thereon, said light emitting          order to
achieve a high quantum efficiency, the  device having a first region of one
conductivity          diameter of the apparent light emitting surface  type
and a second region of an opposite con-     25  of wafer 290, assuming a
circular geometry,  ductivity type contiguous to and forming a rec-  90
can be made somewhat smaller than the com-  tifying junction with said
first region and gen-          bined diameters or lateral dimensions across
erating said optical radiation in response to          the two emitters of
the detector. The apparent  current flow through said junction in a forward



light emitting surface of the diode is deter-  direction.     30  mined by
the thickness of wafer 290, the area     2. An electro-optical chopper
according to  95          of the light emitting junction 294, and the cri-
Claim  1, wherein said rectifying junction of          tical angle for
total internal reflection. The cri-  said light emitting device is located
within a          tical angle of reflection is determined by com-  second
semiconductor material which has a          puting the arcsine of the ratio
of the index  band gap energy greater than that of said first     35  of
refraction of the coupling medium  274 to  semiconductor material.
100          the index of refraction of the semiconductor     3. An
electro-optical chopper according to          wafer 290.
Claim  1, wherein at least a portion of said            Although one
embodiment of the light emit-  optical radiation is absorbed in said pair
of          ting diode contains the junction in the region  transistors
within a minority carrier diffusion     40  294 below the boundary between
the two re-  length from the collector-base junctions there- 105
gions 292 and 294, the junction can also be  of.          formed at this
boundary or actually within the    4. An electro-optical chopper for
switching          dome region 292 should this be more expedient  a
electrical signal from  a first circuit to a          for one or more
reasons. In the case where  second circuit, comprising:     45  the entire
diode is comprised of a single com-    (a) transistor means including a
first semi- 110 position, for example, an equally as efficient  conductor
material having a collector region,          light emitter can be made by
locating the junc-  a base region forming a rectifying junction
tion other than as shown in this embodiment.  with said collector region,
and a pair of emitter            Other modifications, substitutions and
alter-  regions, each forming a rectifying junction     50  natives will
undoubtedly occur that are deemed  with said base region, said transistor
means 115          to fall within the scope of the present inven-
conducting in response to optical radiation in-          tion, which is
intended to be limited only as  cident thereon which has a photon energy
defined in the appended claims.                 greater than the band gap
energy of said first            WHAT WE CLAIM IS: -
semiconductor material,     55    1. An electro-optical chopper for
switching     (b) an input terminal connected to one of 120          an
electrical signal from  a first circuit to a  said pair of emitter regions
for connection into          second circuit, comprising:
said first circuit and for the application of said            (a) a pair of
transistors comprised of a first  electrical signal thereto,
semiconductor material, each of said transistors   (c) an output terminal
connected to the     60  having an emitter region, a base region, and
other of said pair of emitter regions for con- 125          a collector
region, with said base and collector  nection into said second circuit, and
regions of one of said pair of transistors being    (d) a semiconductor
light emitting device for          interconnected with said base and
collector re-  generating optical radiation having a photon          gions,
respectively, of the other of said pair  energy greater than the band gap
energy of      65  of transistors so as to effect at least a partial  said
first semiconductor material and being  130
1,065,450                             13      electrically isolated from
but optically coupled   allel to said surface with said second region
to said transistor means for directing said opti-  being disposed between
said first region and     cal radiation thereon, said light emitting device
said transistor means.     having a first region of one conductivity type
15. An electro-optical chopper according to 5   and a second region of an
opposite conductiv-  Claim  14, wherein said second region defines  70
ity type contiguous to and forming a rectifying   a hemispherical surface
facing said transistor     junction with said first region and generating
means with said rectifying junction of said     said optical radiation in
response to current  light emitting device being substantially paral-
flow through said junction in a forward direc-  lel to the base thereof. 10
tion.                                               16. An electro-optical
chopper according to  75        5. An electro-optical chopper according to
Claim  15, including reflecting surfaces dis-     Claim  4, wherein said
rectifying junction of  posed laterally about said hemispherical sur-
said light emitting device is located within a  face for directing said
optical radiation on said 



second semiconductor material which has a  surface of said transistor
means. 15 band gap energy greater than that of said first    17. An
electro-optical chopper according to  80     semiconductor material.
Claim  14, wherein said second region defines        6. An electro-optical
chopper according to   a planar surface facing said transistor means.
Claim  4, wherein at least a portion of said       18. An electro-optical
chopper according to     optical radiation is absorbed in said transistor
Claim 5, wherein said first semiconductor ma- 20  means within  a  minority
carrier diffusion  terial is selected from the group consisting of  85
length from the collector-base junction thereof.  silicon and germanium,
and said second semi-        7. An electro-optical chopper according to
conductor material is selected from the group     Claim  4, wherein said
transistor means and   consisting of compounds of elements in group
said light emitting device are optically coupled   III of the periodic
table with elements in 25  together with a solid light transmitting me-
group V of the periodic table.                      90     dium.
19. An electro-optical chopper for switching        8. An electro-optical
chopper according to  an electrical signal from  a first circuit to a
Claim  4, wherein an exterior surface of said  second circuit, comprising:
transistor means defines a plane that intersects   (a) a pair of
transistors fabricated of a first 30  said pair of emitter regions, and
said surface  semiconductor material each of said transistors  95     faces
said light emitting device.               having an emitter region, a base
region and        9. An electro-optical chopper according to   a collector
region, the collector region of one      Claim  8, wherein a major portion
of each of  of said pair of transistors being interconnected      said
rectifying  junctions of said  transistor  with the emitter region of the
other of said 35  means is substantially parallel to said surface.    pair
of transistors, and the collector region of 100        10. An
electro-optical chopper according to  said other of said pair of
transistors being in-     Claim  4, wherein said first region and a por-
terconnected with the emitter region of said     tion of said second region
of said light emitting   one of said pair of transistors to effect at least
device are fabricated of a second semiconduc-  a partial cancellation of
the junction voltages 40  tor material, and the rest of said second region
as measured between the emitter regions of 105     is fabricated of a third
semiconductor material.  said pair of transistors when conducting said
11. An electro-optical chopper according to   pair of transistors being
rendered conductive     Claim  8, wherein said rectifying junction of  in
response to optical radiation incident there-     said light emitting
device is substantially par-  on which has a photon energy greater than 45
allel to said surface with said first region and  the band gap energy of
said first semiconduc- 110     a portion of said second region being
fabricat-  tor material,     ed of a second semiconductor material, and
(b) an input terminal connected to the inter-     the rest of said second
region being fabricated   connection of said collector region of said one
of a third semiconductor material, said second   of said pair of
transistors and to said emitter 50  region being disposed between said
first region  region of said other of said pair of transistors  115     and
said transistor means.                      for connection into said first
circuit and for        12. An electro-optical chopper according to  the
application of said electrical signal thereto,     Claim  11, wherein a
major portion of each         (c) an output terminal connected to the in-
of said rectifying junctions of said transistor  terconnection of said
collector region of said 55  means is substantially parallel to said
surface.    other of said pair of transistors and said emit- 120        13.
An electro-optical chopper according to  ter region of said one of said
pair of transistors      Claim  11, wherein said second semiconductor  for
connection into said second circuit, and      material has a band gap
energy greater than        (d) a semiconductor light emitting device for
that of said first semiconductor material, and  generating optical
radiation having a photon 60  said third semiconductor material has a band
energy greater than the band gap energy of 125      gap energy greater than
that of said second   said first semiconductor material and being
semiconductor material.                         electrically isolated from
but optically coupled        14. An electro-optical chopper according to
to said pair of transistors for directing said      Claim  8, wherein said
rectifying junction of  optical radiation thereon, said light emitting 65
said light emitting device is substantially par-  device having a first
region of one conductivity  130        



14                                        1,065,450     type and a second
region of an opposite con-  gap energy greater than that of said second
ductivity type contiguous to and forming a rec-  semiconductor material.
tifying junction with said first region and gen-    27. An electro-optical
chopper according to    erating said optical radiation in response to
Claim  26, wherein a major portion of each  5 current flow through said
junction in a forward  of the rectifying junctions of said pair of tran-
55     direction.                                     sistors is
substantially parallel to said common       20. An electro-optical chopper
according to  plane.     Claim  19, wherein said rectifying junction of
28. An electro-optical chopper according to     said light emitting device
is located within a  Claim 27, wherein said major portions of said 10
second semiconductor material which has a  each of said rectifying
junctions of said pair  60     band gap energy greater than that of said
first  of transistors is disposed beneath said external     semiconductor
material.                         surfaces of each of said emitter regions
dis-       21. An electro-optical chopper according to  tances such that at
least a portion of said opti-     Claim  19, wherein at least a portion of
said  cal radiation is absorbed in said pair of transis- 15 optical
radiation is absorbed in said pair of  tors within a minority carrier
diffusion length  65     transistors within a minority carrier diffusion
from the rectifying junctions therein.     length from the collector-base
junctions there-   29. An electro-optical chopper according to     of.
Claim 23, wherein said rectifying junction of        22. An electro-optical
chopper according to  said light emitting device is substantially par- 20
Claim 19, wherein said first region and a por-  allel to said common plane
with said second  70     tion of said second region of said light emitting
region being disposed between said first region     device are fabricated
of a second semiconduc-  and said common plane.     tor material, and
wherein the remainder of said   30. An electro-optical chopper according to
second region is fabricated of a third semicon-  Claim 29, wherein said
second region defines 25  ductor material.                                a
hemispherical surface facing said pair of  75        23. An electro-optical
chopper according to  transistors with said rectifying junction of said
Claim  19, wherein a single common plane in  light emitting device being
substantially paral-     facing relationship with said light emitting de-
lel to the base thereof.     vice contains an external surface of each of
31. An electro-optical chopper according to 30  said emitter regions of
said pair of transistors.    Claim 30 including reflecting surfaces
disposed  80        24. An electro-optical chopper according to  laterally
about the hemispherical surface for     Claim  23, wherein a major portion
of each  directing said optical radiation onto said emit-     of the
rectifying junctions of said pair of tran-  ter regions of said pair of
transistors.     sistors is substantially parallel to said common  32. An
electro-optical chopper according to 35  plane.
Claim 29, wherein said second region defines  85        25. An
electro-optical chopper according to  a planar surface facing said pair of
transistors.      Claim 23, wherein said rectifying junction of    33. An
electro-optical chopper according to      said light emitting device is
substantially par-  Claim  20, wherein said first semiconductor      allel
to said common plane, said second region  material is selected from the
group consisting 40  is disposed between said first region and said  of
silicon and germanium and wherein said se-  90      common plane, and said
first region and a por-  cond semiconductor material is selected from
tion of said second region are fabricated of  the group consisting of
compounds of elements      a second semiconductor material, with the re-
of group III of the periodic table with ele-      mainder of said second
region being fabri-  ments of group V of the periodic table. 45  cated of a
third semiconductor material.        26. An electro-optical chopper
according to         H. D. FITZPATRICK & CO.,      Claim 25, wherein said
second semiconductor               Chartered Patent Agents,      material
has a band gap energy greater than                 3 Gray's Inn Square,
that of said first semiconductor material, and              London, W.C.1.
and 50  said third semiconductor material has a band            94 Hope
Street, Glasgow C.2.              Leamington Spa: Printed for Her Majesty's
Stationery Office, by the Courier Press             (Leamington) Ltd.-1967.
Published by The Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained.    


