
4                                          1,065,419       conduct governs
the actual number of power  energy  of  the  particular  semiconductor
supply diodes needed.                       material from which the diode
is fabricated.        An electro-optical coupling device used in  It will
be noted from  the aforementioned      the circuit of FIGURE 1 comprises a
solid-  British patent specification  No. 1,028,782  5  state,
semiconductor diode, which generates  that the generation of optical
radiation in  70      optical radiation of a characteristic wave- the diode
is caused by a forward current bias      length when a forward current is
passed  at the junction and is an efficient solid-state      through  the
junction  thereof,  optically  light source as contrasted to light
generated      coupled to a photosensitive, semiconductor  by other
mechanisms, such as reverse biasing  10  active  device  (junction
device), such  as the junction, avalanche processes, etc. The  75
diodes 6, 8, 10 and 12 and transistor 26. relative intensity of radiation
as a function of      Thus there are three electro-optical coupling
wavelength for optical radiation generated by      devices 5, 7 and 9 shown
within the dashed  a gallium-arsenide p-n  junction diode is
enclosures of FIGURE 1 to isolate the power shown in the lower graph of
FIGURE 2,  15  supply, another coupling device 11 to isolate  where it can
be seen that the radiation in- 80      the transistor biasing source, and a
coupl- tensity is greatest at a wavelength of .9      ing device 25 to
isolate the output of the  micron. A typical curve of the relative co-
amplifier. The latter uses a photosensitive  efficient of absorption of
light as a function of      transistor detector, whereas, the others are
wavelength for silicon and germanium  are  20  diode detectors, by
preference. As will be  shown in the upper graph of FIGURE 2, 85
explained more fully below, each of the  where it can be seen that the .9
micron wave-      coupling devices is characterized by a parti-  length
radiation generated by a gallium-      cular efficiency and over-all
current gain, arsenide diode will be absorbed by a body      Current gain
is defined to be the ratio of the  comprised either of silicon or
germanium.  25  output current of the coupling device to the  Similar
curves are shown for light generated  90      input current. Because of the
transistor action  by  diodes fabricated  of gallium-arsenide-      in the
output coupling device 25, an over-all phosphide, Ga(As[err]P[err]), and
indium-gal-      current gain of unity can be easily achieved.
lium-arsenide (In[err]Ga[err]As), where it can be      By making the gain
unity at the output, the  seen again that either a germanium or silicon  30
gain of the entire amplifier is equal to the  body will absorb the light of
wavelengths of 95      gain  of the amplifier transistor 2. The  .69 micron
and 1.05 microns, respectively.      electro-optical devices  shown  within
the  These compositions are enumerated as ex-      dashed enclosures of
FIGUURE 1 are appli-  amples only, and other useful compositions
cations of the device described in our co-  will be described below. It
will also be noted  35  pending patent application No. 46215/64. from the
graphs of absorption coefficients that 100      Serial No. 1,065,420. A
description of such  before any appreciable absorption occurs in      a
coupling device, which uses a photosensitive  silicon or germanium, the
photon  energy      transistor  in  the  preferred  embodiment must be at
least slightly greater than the band      thereof, will be given in the
following para-  gap  energies of silicon  and  germanium,  40  graphs.
However, it should be understood  respectively. The band gap energies for
sili- 105      that the description also applies to the coupl-  con and
germanium  are 1.04ev and .63ev,      ing devices 5, 7, 9 and 11 which use
photo-  respectively. The graphs of FIGURE 3 show      sensitive  diode
detectors by  taking  into  that absorption begins in silicon at a wave- 



account the different number of junctions in  length of about 1.15 micron,
which corres-  45  the detectors.                               ponds to a
photon energy of about 1.07ev, 110         A light emitting junction diode
fabricated  and increases with shorter wavelengths; and      of GaAs, is
described in the specification of absorption begins in germanium at about
1.96      our British patent No. 1,028,782, and is an  micron, which
corresponds to  a photon      example of a suitable solid-state light
source  energy of about .64ev, and increases with  50  such as the diodes
14, 16 or 18 shown in  shorter wavelengths. These two energies are 115
FIGURE  1. As will be described herein-  greater than the respective band
gap energies       after in more detail, the diodes can be fabri-  of the
two materials, which clearly indicates       cated of other semiconductor
materials to  the  band-to-band  transitions of electrons       produce
optical radiation of different wave- upon absorption, which is the type
absorp-  55  lengths. As described in the aforementioned  tion with which
the invention is concerned.  120       British patent specification No.
1,028,782,   Since the optical radiation generated by       the diode
comprises a body of semiconductor  the diodes 14, 16, 18 and 24 must be
material, which contains a p-n rectifying absorbed by the photosensitive
diodes 6, 8       junction. A forward current bias, when caused  and 10 and
by the photosensitive transistor  60  to flow  through the junction, causes
the  26, respectively, in such a manner to cause 125       migration of
holes and electrons across the  them  to conduct it is important to con-
junction, and recombination of electron-hole  sider in more detail the
absorption pheno-       pairs results in the generation of optical menon
which will more clearly illustrate the       radiation having a
characteristic wavelength  invention and its advantages. It can be seen  65
or photon energy equal to the band gap  from FIGURE 2 thatthecoefficient of
absorp- 130
1,065,419                                         5         tion of light
is less for longer wavelengths and,  coupling devices 7, 9 and 11 being
identical        therefore, light of longer wavelengths pene-  to the
coupling device 5. With the exception        trates to a greater depth in a
body of semi-  of the difference in construction of the photo-
conductor material before being absorbed than  sensitive transistor 26 and
diode 8, the fol-    5  does light of shorter wavelengths. When the  lowing
discussion pertains equally to all the  70        light from diode 24 is
absorbed in the tran-  electro-optical coupling devices in FIGURE
sistor 26, for example, it generates charge  1. The transistor 26 is
fabricated of semi-        carriers and the carriers, which are holes and
conductor material such as germanium  or        electrons, must diffuse to
the junction regions  silicon, and  is  of either the n-p-n  or    10
within the transistor in order to produce a  p-n-p variety. The transistor
26 has been  75        bias to cause the transistor to conduct. In  shown
in FIGURE 1 to be of the n-p-n        other words, the invention is not
concerned  variety, although a p-n-p variety could be        with the
photoonductive effect within the  used with a reversal of polarities in the
material of the detector, but a junction effect,  circuit. There is also
shown in FIGURE 3    15  wherein the characteristics of the junction are  a
suitable structure for mounting the com-  80        altered  when  current
carriers created  by  ponents of the electro-optical coupling device
absorption of photons are collected at the  to provide the necessary
optical coupling        junction.  Therefore, the  light  must  be  between
the photosensitive detector and the        absorbed in the transistor
within the diffusion  driving source. The light emitting junction 



20  length of the carriers produced thereby from  diode  comprises  a
hemispherical  semi-  85        one or both of the junctions. The same is
conductor region 42 of a first conductivity        true for the
photosensitive diodes 6, 8, 10 and  type and a smaller region 44 of an
opposite        12 with respect to the light from diodes 14, conductivity
type contiguous therewith. An        16, 18 and 20, being absorbed within
the  electrical connection 48 is made to the re-    25  diffusion  length
of the carriers produced  gion 44 and constitutes the anode of the  90
thereby from the diode junction. For longer  junction diode, and the flat
side of the re-        wavelength light, the junction at which the  gion 42
is mounted in electrical connection        carriers are collected must be
at a relatively  with a metallic plate 52 with the region 44        large
depth below the surface of the tran-  and lead 48 extending into and
through a    30  sistor or diode body in order that the majority  hole in
the plate. An electrical lead 50 is  95        of carriers produced by the
light be collected.  provided to the metallic plate 52 and con-        In
other words, more depth of material is  stitutes the cathode of the diode.
The diode        required before all of the light impinging on  is
fabricated by any suitable process, such        the surface of the
transistor or diode body  as, for example, by the diffusion process de-
35  is absorbed, although a percentage of the  scribed in the aforesaid
British patent speci-  100        light it will be absorbed in each
successive unit  froation No. 1,028,782, or by an epitaxial
thickness of the body. Thus the region over  process, and contains a p-n
rectifying junc-        which the light is absorbed is relatively wide,
tion 46 at or near the boundary between the        and in order to ensure
the efficient collection  regions 42 and 44.    40  at the junction of the
majority of charge    The photosensitive transistor 26 comprises 105
carriers generated  thereby, relatively  high  a semiconductor wafer 32 of
a first conduc-        lifetime material is used in the transistor or
tivity type used as the collector into which        diode bulk when long
wavelength light is  an impurity of the opposite conductivity de-
used. However, high lifetime material in-  termining type is diffused to
form a circular    45  creases the diffusion time of the charge car-  base
region 34. An impurity of the same 110        riers from their point of
origination to the  conductivity determining type as the original
junction, therefore decreasing the speed at  wafer 32 is diffused into the
base region 34        which the transistor or diode is turned on by  to
form  an emitter region 36 of relatively        the light. Conversely, by
using optical radia-  small area. The transistor shown is of planar    50
tion  of shorter wavelengths, the junction  construction and is designed to
have a rela- 115        depth  and lifetime of the semiconductor  tively
high forward current gain, h[err], with        material can be
correspondingly decreased  which those skilled in the art are familiar.
without decreasing the collection efficiency, An electrical connection is
made to the col-        such as by the use of a light emitting diode
lector region 32 by means of a wire 38, and 55  fabricated of
GaAs[err]P[err] for example.   another electrical connection is made to the
120          A side elevational view in section of one  emitter region 36
by means of wire 40. The        embodiment of the electro-optical coupling
base region 34 is left "floating" without an        device 25  of FIGURE  1
is shown  in  external electrical connection thereto, since        FIGURE
3, which comprises the transistor  the driving source for causing the
transistor    60  26 and the semiconductor junction diode 24  to conduct is
effected by means of the opti- 125        optically coupled thereto. A side
elevational  cal radiation from  the junction diode.        view  in
section primarily illustrating the   Another plate 54 is mounted about the
photosensitive diode detector of the electro-  diode and defines a
hemispherical reflector        optical coupling device 5 of FIGURE 1 is
surface 56 about the hemispherical dome 42.    65  shown in FIGURE  4, the
electro-optical  The phototensitive transistor 26 is mounted  130     



6                                1,065,419              above the
hemispherical dome with the emit-  emitted by the dome to be directed
toward             ter 36 and base 34 facing the dome. A light  the
detector by the use of a simple spherical             transmitting medium
58 is used to fill the  reflecting surface 56. Since most of the light
region between the reflector and the dome and  from the hemispherical dome
strikes the tran-         5  for mounting the transistor above the dome,
sistor surface at high angles of incidence, an  70             wherein the
light transmitting medium acts  anti-reflection coating on the detector is
not             as a cement to hold the components together.  essential and
can be considered optional. The             Ample space is provided between
the top of  light transmitting medium  58 between the             the
reflector plate 54 and the transistor for  dome and the transistor should
have an index        10  passing the lead 40 from the emitter region  of
refraction high enough with respect to the  75             36 out of the
region of the dome without  indices of refraction of the dome and the
being shorted to either the transistor or the transistor to reduce internal
reflections, and             reflector plate. The lead is held in place by
to allow the ratio of the junction radius of             the cement-like
light-transmitting medium.  the diode to the dome radius to be increased.
15  When a forward bias current is passed through  The medium should also
"wet" the surfaces  80             the junction of the radiant diode
between the  of the source and the detector so that there             anode
48 and the cathode 50, light is emit-  are no voids which would destroy the
effec-             ted at the junction, travels through the dome  tiveness
of the coupling medium. The indices             42 and the light
transmitting medium 58 and  of refraction of the diode and the silicon
20  strikes the surface of the transistor, where it  transistor are each
about 3.6. A resin such as  85             is principally absorbed in the
region of the  Sylgard, which is a trade name of the Dow
colector-base junction to cause the transis-  Corning Corporation of
Midland, Michigan,             tor to conduct.
has an index of refraction of about 1.43 and               The
hemispherical dome structure is pre- is suitable for use as the light
transmitting        25  ferably used in order to realize the highest
medium. Although this index is considerably  90             possible
quantum  efficiency. If the proper  lower than 3.6, it is difficult to find
a "trans-             ratio of the radius df the junction 46 to the
parent" substance that serves this purpose             radius of the
hemispherical dome is selected, with a higher index. In order to ensure the
then all of the internally generated light that  highest reflectivity, the
reflector surface 56        30  reaches the surface of the dome has an
angle  is provided with a gold mirror 62 which can  95             of
incidence less than the critical angle and  be deposited by plating,
evaporation, or any             can'be transmitted. The maximum radius of
other suitable process.             the diode junction with respect to the
dome    The metallic plates 52 and 54 are pre- radius depends on the
refractive index of the  ferably fabricated of a metal or alloy having 35
coupling medium, and since all of the light the same or similar coefficient
of thermal ex- 100             strikes the dome surface close to the
normal,  pansion as the junction diode, such as the             a quarter
wavelength anti-reflection coating  iron-nickel-cobalt alloy commonly
available will almost completely eliminate reflection at  by the trade
designation Kovar (Registered             the dome surface. The maximum
radius of the  Trade Mark). Similarly, the coupling medium        40  light
emitting diode junction to the dome  58 preferably has the same or similar
co- 105             radius is determined by computing the ratio  efficient
of thermal expansion, or alternately             of the index of refraction
of the coupling  remains pliable over a wide useful tempera-
medium  to the index of refraction of the  ture  range  of normal
operation. Again,             dome material. The dome, as shown in  Sylgard
satisfies this requirement by being 



45  FIGURE 3, has a quarter wavelength anti-  pliable.
110             reflection coating 60 thereon fabricated of    Various
compositions of the light emitting             zinc-sulfide to eliminate
any possible reflec-  diode and photosensitive transistor have been
tion. A true hemispherical dome is optimum,  mentioned in conjunction with
the graphs of             because it gives the least bulk absorbtion of
FIGURE 2, wherein the preferred composi-         50  all spherical segments
which radiate into a  tions depend upon several factors including 115
solid angle of 2[err] steradians or less Spherical the absorption
coefficient of the photosensi-             segments with height greater
than their radius  tive transistor, the ultimate efficiency to be
radiate into a solid angle less than 2[err]  achieved from the light
emitting diode, and             steradians, but have higher bulk
absorption.  other factors as will be presently described.         55
Spherical segments with height less than their  One factor to be considered
is the speed  120             radius have less absorption but emit into a
of response of the photosensitive transistor             solid angle
greater than 2[err] steradians and, to the optical radiation wherein it has
been             therefore, direct a portion of the radiation  seen that
light of shorter wavelength gives             away from the detector. Owing
to the pre-  a faster switching time because of the greater         60
sence of bulk absorption, the dome radius  coefficient of absorption of the
detector. This 125             should be as small as possible to increase
factor, if considered by itself would indicate             further the
quantum efficiency of the unit.  that a diode fabricated of a material
which             The photosensitive transistor has a radius  generates the
shortest possible wavelength is             of about 1.5 times the radius
of the hemi-  preferred. However, the efficincy of the light        65
spherical dome, which allows all the light  source must also be considered,
in which the 130
1,065,419                                        7     over-all efficiency
can be defined as the ratio  length of about 3.8 microns, whereas light
of the number of photons of light emerging  from  GaAs is about .9 micron.
The com-    from the dome to the number of electrons of  positions
In[err]Ga[err]As, where x can go from    current to the input of the diode,
and the  0 to 1, give off light of wavelength which 5  internal efficiency
is the ratio of the number  varies approximately linearly with x between
70     of photons of light generated in the diode to  3.8 microns for InAs
when x=1to.9micron     the number of input electrons.           for GaAs
when x=0.   On the other side       It was pointed out in the aforesaid
British  of GaAs is the composition gallium-phos-     patent specification
No. 1,028,782 that, in  phide, GaP, which has a band gap of about 10  most
cases, less of the light generated in-  2.25ev and emits radiation of about
.5 micron. 75     ternally in the diode is absorbed per unit  Also, the
compositions GaAs[err]P[err] , where x     distance in the n-type region
than in the p-  can go from 0 to 1, give off light of wave-     type
region. Moreover, n-type material can  length which varies approximately
linearly     normally be made of higher conductivity than  with x between
.9 micron for GaAs when x= 15  p-type material of the same impurity concen-
1 to .5 micron for GaP when x=0. It has  80     tration. Thus, the dome is
preferably of n-  been found, however, that for various reasons,     type
conductivity material. In addition to this  the internal efficiency of
light generation     factor, it has been found that the greater the  begins
to drop off when the band gap of     band gap of the material in which the
light  the material is as high as about 1.8ev, which 20  is generated, the
shorter the wavelength of  approximately corresponds to the composi-  85 



the light, wherein the frequency of the  tion GaAs[err]P[err] or for x
equal to or less     generated light is about equal to or slightly  than
about  0.6  for  the  compositions     less than the frequency separation
of the  GaAs[err]P[err].     band gap. It has further been found that the
Referring again to the FIGURE 3 and 25  light is absorbed to some extent in
the material more specifically to the constrution of the  90     in which
it is generated or in a material of  light emitting diode, a preferred
embodiment     equal or less band gap width, but is readily  comprises a
dome 42 of n-type conductivity     transmitted through a material having a
band  material with a smaller region 44 contiguous     gap width at least
slightly greater than the  therewith in which a portion is of p-type con-
30  material in which the light is generated. In  ductivity. The region 44
is fabricated of a  95     fact, a sharp distinction is observed between
composition having a first band gap width,     the efficient transmission
of light through a  and the dome 42 is fabricated of a region
composition  whose band  gap  is slightly  having a second band-gap width
greater than     greater than the composition in which the  that of region
44. The rectifying junction 46 35  light is generated, and through a
composition  is formed in. the region 44 of smaller band  100     having a
band gap equal to or less than  gap width so that the light generated
therein     that of the generating composition. This im-  will be
efficiently transmitted through the     plies that the light is readily
transmitted  dome. The portion of region 44 between the     through a
material the frequency separation  junction 46 and the dome is of n-type
con- 40  of the band gap of which is greater than  ductivity. Referring to
the graphs of FIGURE  105     the frequency of the generated light.      2
and the foregoing discussion, a preferred       In order to utilize this
knowledge, the light  composition for the region 44 is one which
emitting diode, which is generally fabricated  will generate as short a
wavelength as pos-     of two different types of material, is arranged
sible in order to have a high coefficient of 45  such that the light
generation, occurring  absorption in the transistor for fast switch- 110
adjacent the junction, takes place in a loca-  ing action, and yet which
will be efficiently     tion within a first region of the diode fabri-
transmitted by the dome 42. At the same     cated of a material having a
first band-gap  time, the composition of region 44 should     width, and
which is of p-type conductivity, have a high internal efficiency as a light
50  while at least the major portion of the dome  generator. The
composition GaAs[err]P[err] will 115     is fabricated of a second material
having a  efficiently produce light of wavelength of about     second
band-gap width greater than the first  .69  micron  and  constitiutes a
preferred     material and is of n-type conductivity. Thus, material for
the smaller region 44. By making     light generated in the first material
has a  the dome of a composition of band gap 55  wavelength which is long
enough to be effi-  slightly greater than that of the region 44, 120
ciently transmitted through the dome. There  such as GaAs[err]P[err] for
example, or for x     are several materials that have been found  equal to
or less than 0.5 for the compositions     to be internally efficient light
generators when  GaAs[err]P[err], the light will be efficiently trans-
a forward current is passed through a junc-  mitted. It should be noted
that although the 60 tion located therein, in addition to GaAs  dome is
fabricated of a composition that does 125     noted in the aforesaid
British patent spec-  not have a high internal efficiency of light
fication No. 1,028,782. The material indium-  generation, this is
unimportant since the light     arsenide, InAs, has a band gap width of  is
actually generated in the smaller region 44     about .33ev and, if a p-n
junction is formed  of high efficiency. Thus, the dome material 65
therein, will generate light having a wave-  can be extended to
compositions of relatively 130      



1,065,419      high band-gap widths, even to GaP, without  ductivity type
into which is diffused an im-     decreasing the over-all efficiency of the
unit. purity that determines the opposite conduc-        Other
compositions  and  combinations  tivity type to form region 72. Region 72
can     thereof can be used, such as various com-  constitute either the
anode or cathode of the  5  binations of In[err]Ga[err]As or
GaAs[err]P[err], or both. diode, depending upon the conductivity type  70
In addition, most compounds of elements  of the original wafer. Electrical
connections     from Group III of the Periodic Table with  74 and 76 are
made to the wafer 70 and     elements from Group V can be used, or any
region 72, respectively, to provide terminals     other material which
generates light by a  for the diode. The depth of the junction 10  direct
recombination process when a forward  between regions 70 and 72 is
determined on  75     current is passed through a rectifying junc-  the
same basis as the junction depths of the     tion therein. Moreover, the
entire light emit-  transistor 22. The diode is optically coupled     ting
diode can be fabricated of a single com-  to a light-emitting diode by
means of the     position such as, for example, GaAs as de-
light-transmitting medium 54 similarly to the 15  scribed in the above
co-pending application. embodiment illustrated in FIGURE 3.     80     It
can, therefore, be seen how the compositions    Another embodiment of the
coupling de-     of the various components of the system can  vice is shown
in FIGURE 5, which is an     be varied to achieve various objectives, in-
elevational view in section of a planar con-     cluding the highest
over-all efficiency of the  structed  light  emitting  diode  optically 20
entire system. Undoubtedly, other suitable  coupled to a planar transistor
as shown in  85     compositions and combinations thereof will FIGURE 3.
The light emitting diode com-     occur to those skilled in the art
prises a wafer 80 of semiconductor material       The light emitting diode
can be made by  of a first conductivity type into which is     any suitable
process. For example, if two  diffused an impurity that determines the
oppo- 25  different compositions are used, a body or  site conductivity
type to form  a region 82  90     wafer constituted of a single crystal of
one  of said opposite conductivity type separated     of the compositions
can be used as a sub- from the wafer 80 by a rectifying junction 84.
strate onto which a single crystal layer of  The wafer is etched to cut
below the junc-     the other composition is deposited by an epi-  tion and
form  the small region 82. Alter- 30  taxial method, which method is well
known. natively, the region 82 can be formed by an  95     Simultaneous
with or subsequent to the epi-  epitaxial process. Electrical leads 86 and
88     taxial deposition, the rectifying junction can  are connected to the
region 82 and wafer     be formed in the proper composition, slightly  80
as previously described.     removed from the boundary between the two,
The wafer 80 is not formed into a dome 35 by the diffusion of an impurity
that deter-  structure in this embodiment, but is left in  100     mines
the opposite conductivity type of the  a planar configuration and optically
coupled     composition. By etching away most of the  to the detector, as
shown, with a suitable     composition containing the junction, the small
coupling medium 58 as noted earlier. This     region 44 can be formed. If
the entire light  embodiment is more expedient to fabricate, 40  emitting
diode is fabricated of a single com-  as can be readily seen, and thus is
advan- 105     position, a simple diffusion process can be  tageous in this
respect. As indicated above,     used to form the junction. The shape of
the  the dome structure is used to realize a high     dome is formed by any
suitable method, such  qauntum efficiency, since all of the internally
as, for example, by grinding or polishing the  generated light strikes the
surface of the 45  region 42.                                   dome at
less than the critical angle, and thus 110 



Although the preferred embodiment of the  little, if any, light is lost to
internal reflec-     light emitting diode contains the junction in  tions
within the dome. This is not neces-     the region 44 below the boundary
between  sarily the case in the planar embodiment of     the two regions 42
and 44, the junction can  FIGURE 5, and in order to achieve a high 50  also
be formed at this boundary or actually  quantum  efficiency, the diameter
of the 115     within the dome region 42 should this be more  apparent
light emitting surface of wafer 80,     expedient for one or more reasons.
In the  assuming a circular geometry, can be made     case where the entire
diode is fabricated of  somewhat smaller than the diameter or lateral     a
single composition, for example, an equally  dimension across the emitter.
The apparent 55  efficient light emitter can be made by locat-
light-emitting surface of the diode is deter- 120     ing the junction
other than as shown in the  mined by the thickness of wafer 80, the area
preferred embodiment.                      of the light emitted junction
84, and the       The photosensitive diodes 6, 8, 10 and 12  critical angle
for total internal reflection. The     are also optically coupled to light
emitting  critical angle of reflection is determined by 60 diodes 14, 16,
18 and 20 as just described  computing the arcsine of the ratio of the
index 125     to provide the electro-optical coupling de-  of refraction of
the coupling medium 58 to the     vices 5, 7, 9 and 11, respectively. As
shown  index of refraction of the semiconductor wafer     in FIGURE 4 with
reference to diode 6, for 80.     example, each of the diodes are
fabricated    In the preceding discussions, it was noted 65  of a
semiconductor wafer 70 of a first con-  that a coupling medium  having a
suitable 130
1,065,419                                         9          index  of
refraction  is  preferably  used  ing at least one rectifying junction
therein  65 between the light emitting diode and the  and being responsive
to said optical radia- detector. If such a medium is used, it should  tion
for altering the characteristics of said at   have a high index to match,
as closely as  least one rectifying junction, and said first     5
possible, that of the two components between  and said second
light-emitting means each com-         which it is situated. Materials
other than  prises at least one semiconductor junction  70         Sylgard
can also be used, such as a high  diode which generates optical radiation
when         index of refraction glass. However, it can  a forward current
is passed through the junc-         prove expedient and desirable in
certain cases  tion thereof.     10  to couple the two components together
with    5.  An  electro-optical amplifier  circuit         air, where a
physical coupling is either im-  arrangement, comprising:
75         practical or impossible, and such a system    (a) a transistor
having emitter, base and         is deemed to be within the intention of
the  collector regions,         present invention.
(b) electrical input terminals coupled to     15    Other modifications,
substitutions and al-  two of said regions,         ternatives will
undoubtedly occur that are    (c) a plurality of semiconductor diodes  80
deemed to fall within the scope of the pre-  connected  in  electrical
series  with  like         sent invention, which is intended to be limited
polarities and coupled across one of said two         only as defined in
the appended claims.     regions and the other of said regions and 



generating photocurrent in response to opti-     20    WHAT WE CLAIM  IS:-
cal radiation incident on said plurality of  85            1. An
electro-optical amplifier  circuit  diodes,         arrangement,
comprising:                       (d) first light emitting means comprising
(a) an active device for amplifying an  at least one semiconductor junction
device         electrical input signal and producing an elec-  electrically
isolated from but optically coupled     25  trical output in response
thereto,           to said plurality of diodes which generates  90
(b) electrical input terminals coupled to the  said optical radiation when
a forward cur-         input of said active device,                 rent is
passed through the junction thereof,           (c) first photosensitive
means electrically    (e) second light emitting means coupled
coupled to and supplying electrical power to  across said plurality of
diodes and comprising     30  said active device in response to optical  at
least one other semiconductor junction  95         radiation incident
thereon,                  device which generates optical radiation when
(d) first light emitting means electrically  a forward current is passed
through the junc-          isolated from but optically coupled to said
first  tion thereof,          photosensitive means for generating said
opti-  . (f) photosensitive means electrically isolated     35  cal
radiation,                               from but optically coupled to said
second light 100            (e) second light emitting means electri-
emitting means and comprising another semi-         cally coupled to the
output of said active  conductor device having at least one rectify-
device for generating optical radiation in  ing junction the
characteristics of which are         response to said electrical output
from  said  altered in response to said optical radiation     40  active
device,                               from second light emitting means, and
105            (f) second  photosensitive means electri-   (g) electrical
output terminals coupled to          cally isolated from but optically
coupled to  said photosensitive means.          said second light emitting
means for generat-    6. An  electro-optical amplifier circuit          ing
an electrical signal in response to said  arrangement, according to Claim
5, including     45  optical radiation from said second light emit-
another semiconductor diode coupled between  110          ting means, and
said one of said two regions of said tran-            (g) electrical output
terminals coupled to  sistor and one of said input terminals, said
said second photosensitive means.            series connection of said
plurality of diodes            2. An  electro-optical amplifier  circuit
being connected to the interconnection of said     50  arrangement
according to Claim  1, wherein  another diode and said one of said input
ter- 115          said active device comprises a transistor.  minals, and a
third  light-emitting means            3. An  electro-optical  amplifier
circuit  comprising a semiconductor junction device          arrangement
according to Claim  1, wherein  electrically  isolated  from   but
optically          said first photosensitive means comprises at  coupled to
said another diode and generating 55 least one semiconductor device having
a rec-  optical radiation when a forward current is 120         tifying
junction therein.                    passed through the junction thereof,
said an-            4.  An  electro-optical  amplifier  circuit  other
diode  generating  photocurrent  in          arrangement according to Claim
1, wherein  response to said optical radiation.          said active device
comprises transistor means,    7.  An  electro-optical amplifier  circuit
60  said first photosensitive means comprises at  arrangement according to
Claim 5, including  125          least one semiconductor junction diode for
means coupled to said first light emitting          producing photocurrent
in response to said  means for supplying said forward current
optical radiation, said second photosensitive  passing through the junction
of said at least          means comprises a semiconductor device hav-  one
semiconductor junction device.     
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refraction  is  preferably  used  ing at least one rectifying junction
therein  65         between the light emitting diode and the  and being
responsive to said optical radia- detector. If such a medium is used, it
should  tion for altering the characteristics of said at   have a high
index to match, as closely as  least one rectifying junction, and said
first      5  possible, that of the two components between  and second
light-emitting means each com-         which it is situated. Materials
other than  prises at least one semiconductor junction  70         Sylgard
can also be used, such as a high  diode which generates optical radiation
when         index of refraction glass. However, it can  a forward current
is passed through the junc-         prove expedient and desirable in
certain cases  tion thereof:     10  to couple the two components together
with    5. An  electro-optical amplifier  circuit          air, where a
physical coupling is either im-  arrangement, comprising:
75          practical or impossible, and such a system     (a) a transistor
having emitter, base and          is demed to be within the intention of
the  collector regions,          present invention.
(b) electrical input terminals coupled to      15    Other modifications,
substitutions and al-  two of said regions,          ternatives will
undoubtedly occur that are    (c) a plurality of semiconductor diodes  80
deemed to fall within the scope of the pre-  connected  in  electrical
series  with  like          sent invention, which is intended to be limited
polarities and coupled across one of said two          only as defined in
the appended claims.      regions and the other of said regions and
generating photocurrent in response to opti-     20    WHAT WE CLAIM  IS:-
cal radiation incident on said plurality of  85            1. An
electro-optical  amplifier  circuit  diodes,          arrangement,
comprising:                       (d) first light emitting means comprising
(a) an active device for amplifying an  at least one semiconductor junction
device          electrical input signal and producing an elec-
electrically isolated from but optically coupled     25  trical output in
response thereto,           to said plurality of diodes which generates  90
(b) electrical input terminals coupled to the  said optical radiation when
a forward cur-          input of said active device,                 rent
is passed through the junction thereof,            (c) first photosensitive
means electrically    (e) second light emitting means coupled
coupled to and supplying electrical power to  across said plurality of
diodes and comprising     30  said active device in  response to  optical
at least one other semiconductor junction  95          radiation incident
thereon,                  device which generates optical radiation when
(d) first light emitting means electrically  a forward current is passed
through the junc-          isolated from but optically coupled to said
first  tion thereof,          photosensitive means for generating said
opti-   (f) photosensitive means electrically isolated      35  cal
radiation,                               from but optically coupled to said
second light 100            (e) second light emitting means electri-
emitting means and comprising another semi-          cally coupled to the
output of said active  conductor device having at least one rectify-
device for generating optical radiation  in  ing junction the
characteristics of which are          response to said electrical output
from  said  altered in response to said optical radiation      40  active
device,                               from second light emitting means, and
105            (f) second  photosensitive means electri-   (g) electrical
output terminals coupled to          cally isolated from but optically
coupled to  said photosensitive means.          said second light emitting
means for generat-    6. An  electro-optical amplifier  circuit
ing an electrical signal in response to said  arrangement, according to
Claim 5, including 



45  optical radiation from said second light emit-  another semiconductor
diode coupled between  110          ting means, and
said one of said two regions of said tran-            (g) electrical output
terminals coupled to  sistor and one of said input terminals, said
said second photosensitive means.            series connection of said
plurality of diodes            2. An  electro-optical amplifier  circuit
being connected to the interconnection of said      50  arrangement
according to Claim  1, wherein  another diode and said one of said input
ter- 115          said active device comprises a transistor.   minals, and
a third  light-emitting means             3. An  electro-optical amplifier
circuit  comprising a semiconductor junction device          arrangement
according to Claim  1, wherein  electrically  isolated  from  but
optically          said first photosensitive means comprises at  coupled to
said another diode and generating      55  least one semiconductor device
having a rec-  optical radiation when a forward current is 120
tifying junction therein.                    passed through the junction
thereof, said an-             4.  An  electro-optical amplifier  circuit
other  diode  generating  photocurrent  in          arrangement according
to Claim  1, wherein  response to said optical radiation.          said
active device comprises transistor means,    7. An  electro-optical
amplifier  circuit      60  said first photosensitive means comprises at
arrangement according to Claim 5, including  125          least one
semiconductor junction diode for  means coupled to said first light
emitting          producing photocurrent in response to said  means for
supplying said forward current          optical radiation, said second
photosensitive  passing through the junction of said at least
means comprises a semiconductor device hav-  one semiconductor junction
device.        10              8.  An electro-cptical amplifier ciruit
10. An  electro-optical amplifier circuit       arrangement according to
Claim  5, wherein  arrangement, substantially  as  hereinbefore       said
plurality  of diodes produces said for-  described with reference to the
accompanying       ward current through said second light emit-  drawing.
5  ting means.         9.  An electro-optical amplifier  circuit      H. D.
FITZPATRICK  &  CO.,       arrangement according to Claim  5, wherein
Chartered Patent Agents,       said two of said regions are the base and
3 Gray's Inn Square, London, W.C.1,       emitter regions, respectively, of
said tran-                and   10  sistor.
94 Hope Street, Glasgow, C.2. Leamington. Spa: Printed for Her Majesty's
Stationery Office by the Couriet Press -1967. Published at The Patent
Office, 25, Southampton Buildings, London, W.C.2, from which copies may be
obtained.    


