
1,112,002       44. Lead 76 is connected to the other out-  absorbed in the
cathode region 62,   where the      put terminal 19, which is the signal
portion  carriers produced thereby are absorbed at one      of the detector
circuit. Thus, all of the p-  of the juctions 6l and 65.      type regions
surrounding the cathode are    Referring to the top plan view of FIGURE  5
referenced to signal ground 44, including elec-  8,the p-type diffused
region 64 can be seen   70      trode 70, and serves as an electrostatic
shield     to cover the entire top of the water 60 with      about the
cathode.         The equivalent circuit of the arangement  the excepetion
of the narrow channel 63. The      shown in FIGURES 4 and 5 is shown in the
oxide layer 68 covers the surface of the p- 10   electrical schematic
diagram of FIGURE 6,           type region 64 with the exception of a
central      where it can be seen that the distibutive capa-  circular
opening exposing surface 74 of region  75      citance 50 between the
signal ground of the  64 and an annular region 71 exposing a por-
light source and the signal portion of the  tion of region 64 surrounding
surface 74. The      detector has been eliminated for all practial  oxide
layer 68 further includes a tab 69 over-  15 purposes. Actually,the small
amount of dis-  extending channel 63. Formed on top of the      tributive
capacitance 50 still exists but now  oxide is the electrode 70 which also
defines   80      exists in parallel with capacitance 52, so that a central
opening exposing the surface 74 but      all the distributive capacitance
now exists be-  which extends inside of the oxide layer to      tween the
signal ground of the light source  make contact to the p-type region 64.
The  20  circuit and the signal ground of the detector  electrode 70 also
has the tab portion 72 ex-      circuit. The sheet resistance of the p-type
layer  tending into the central opening overextending  85      64 which
overlays the cathode 62 is sufficiently  channel region 63. Formed within
the chan-      small that it acts as an electrical short, or  nel 63 is the
diffused n+ region 66 which      nearly enough so, to short out all capaci-
makes contact with the cathode 62. Electrode 



25 tively coupled signals transferred to it to the  73 is formed at the
extreme  end of n+      original wafer 60 and ground 44.         region 66
beyond electrode 70 as shown. Small  90      Because of the complexity of
the detector  spaced holes 78, 79, 80 and 81 extending      construction,
reference is made to FIGURES   radially outward from the central opening
are      7 and 8 which are, respectively, an eleva-  cut in electrode 70,
so that when the light  30  tional view in section of the detector of
source is positioned over the detector, the      FIGURE 4 taken along
section lines 7-7  light source can be centered counting the   95
thereof, and a plan view of the detector.    number of holes in each line
that it does not      Referring specifically to FIGURE 7, an end  overlap.
When the number of exposed holes      view of the narrow channel region 63
is  in each line are equal the light source is  35    clearly illustrated
with the narrower channel         approximately centered.     .66 diposed
therein, which is formed by the   It should be pointed out that the light
100     diffusion into the channels 63 of an n-type  source and detector
can be used in conjunc-     conductivity determining impurity so as to
tion with an integrated network and form a     make contact to the n-type
region 62. It can  part thereof. Actually, its use in integrated net- 40
be seen that the p-type region 64 extends into  works is preferred, and a
description of such      the n-region and forms a layer thereover with  an
embodiment is set forth in the copend- 105      the exception of the narrow
channel region  ing Merryman application. If this is the case,      63.
Electrode 70 formed be to the p-type region  the detector will normally be
fabricated within      64 surrounds the n-type region 62 but does
the network substrate simultaneously with the 45  not extend therover,
thus leaving a central fabrication of the detector circuit 22. It is
opening exposing a surface 74 of region 64  customary and expedient to
standardize on   110      so that the optical radiation or light can strike
the various diffusions steps used to minimize      the detector. As noted
above, the tab 72 of  the number required. Thus if transistors are
electrode 70 does overlay channel 63 to com-  fabricated, a collector
diffusion is normally 50 plete the elecrostatic shielding of the cathode
carried out initially to form regions of rela-      in conjunction with
p-type region 64 and  tively low conductivity. Next, base diffusions  115
wafer 60. As the optical  radiation from light  are peformed at shallower
depths but are of      source 10 stikes the detector in the central  higher
conductivity to convert the conductivity      opening, it penetrates into
the p-type region  type of the collector regions. Finally, emitter 55  64
overlaying the, cathode 62, wherein a large  diffusions are performed at
yet shallower depths 



portion of the 1ight is absorbed in region  but of yet higher conductivity.
It can be seen 120      64. The region 64 is sufficiently thin, however,
from the foregoing figures of the detector that      so that the
electron-hole pairs generated as  the n-type cathode region would be
performed      the light is absorbed, are within a diffusion
simultaneously with the collector diffusions; 60  length of the junction 65
between region 64  the p-type  region 64 simultaneous with the      and
cathode 62. Since junction 65 is a con-  base diffusions;and, finally, the
n+ channel  125      tinuation of junction 61, it is equivalent to  region
66 simultaneous with the emitter dif-      collecting the carriers at the
latter junction  fusions. Therefore, the depths of these three      to
produce the photocurrent. Most of the light  regions will normally be
different as shown in 65   that is not absorbed in p-type region 64 is  the
following FIGURES 9A,A'-9E, E'.                    The process by the
detector is fabricated is  E'. The holes 78, 79, .80 and 81 (not shown)
illustrated in FIGURES 9A, A' to 9E, E',  are also cut if desired.
wherein FIGURES 9A-9E are elevational           views in section taken
across the same section    WHAT WE CLAIM IS:- 5 lines as is FIGURE 5, and
FIGURES 9A'-     1. An optoelectronic device comprising a 9E' are
elevational views in section taken  first semiconductor device adapted to
be elec-  70              across the same section lines as in FIGURE
trically coupled to a load, said first semi-              7. Initially, an
n-type conductivity determin-  conductordevice having an active rectifying
ing impurity is diffused into a p-type wafer  junction for delivering a
first signal to said 



10 60 to form an n-type conductivity region 62  load in response to optical
radiation being              separated from a wafer by an active junction
absorbed therein to generate charge carriers  75              61, as shown
in FIGURES 9A,A'. This which are collected at said active junction,
diffusion is made by conventional photograph- a second device optically
coupled to said              ing masking techniques through a hole in
first device for generating optical radiation          15  oxide layer 90.
During the diffusion of im-  directed on said first device in response to
purities into a semiconductor wafer, oxide is  a second electrical signal
applied thereto, 80              grown over the openings in the oxide mask
said radiation generated by said second device              to form a
complete layer of oxide on the sur-  having a wavelength such that at least
a por-              face of the wafer. However, for the sake of  tion
thereof is absorbed within said first          20  clarity, the oxide which
is grown during the  device to generate charge carriers which are
diffusion process is not shown so that the  collected at said active
junction, and means  85              openings in the oxide mask can be
illustrated.  for electrostatically shielding said active recti-
After the n-region 62 is formed, another oxide  fying junction of said
first device so as to              mask 91 is provided on the surface of
the  reduce significantly  distributed  capacitance          25  wafer and
the rest of the oxide is removed  between said second device and said
active              so that only a narrow strip of oxide remains
rectifying junction of said first device said  90              on the wafer
which extends over a portion of means forming an integral part of said
first              the original wafer 60 and region 62. Then a
semiconductor device and said rectifying junc-              p-type
conductivity determining impurity is  tion therein.          30  diffused
into  the wafer as shown  in          diffused into surround the wafer as
shown in        2. An optoelectronic device according to
FIGURES 9B, B' to surround the n-type              region 62 with the
p-type region 64 in con-  claim l, in which said second device comprises
95              junction with the wafer 60, with the excep-  a
semiconductor device having a rectifying              tion of the strip
that is masked. This forms  junction, and is adapted to generate said opti-
35 a junction 65 between the p-type region 64  cal radiation in response to
a forward current              and n-type region 62. Subsequently, as shown
flow across said junction thereof.              in FIGURES 9C, C', oxide
masks 92 and 93    3. An optoelectronic device according to 100
are formed over the entire wafer with the  claim l or 2, in which said
first semiconductor              exception of the narrow strip that was
pre-  device comprises a semiconductor diode, hav- 



40  viously masked by the layer of oxide 91, and  ing first and second
regions of opposite con-              then an n-type conductivity
determining im-  ductivity type separated by said active recti-
purity is diffused into this strip to form  a  fying junction, in which
said first region is 105              heavily concentrated n+ region 66
which ex-  substantially surrounded by said second region,
tends into and contacts the n-type region 62, so as to shield said active
rectifying junction          45  but which forms a junction 67 with the
wafer  of said semiconductor diode, in which means              60. Again,
an oxide layer is formed over the  are provided for making electrical
contact to              entire wafer during the diffusion process and, said
first region, and in which said second 110              subsequently, an
annular opening is cut in  device is disposed adjacent said diode.
the oxide to expose an annular surface of    4. An optoelectronic device
according to          50  region 64 just outside of and surrounding n-
claim 3, in which said means for making elec-              type region 62.
A small portion of oxide is  trical contact to said first region extends
also removed which overlays the extreme end  through portions of both said
first and said 115              of channel 66. Then, a layer of a suitable
second regions of said diode and makes elec-              electrode metal,
such as aluminium, for ex-  trical contact with said first region and an
55  ample, is deposited onto the entire surface  electrode secured to a
third region.              of the device, whereby the metal layer con-
5. An optoelectronic device according to              tacts the annular
surface of region 64 and  claim  1, in which said second device com- 120
the extreme end of channel 66, all as shown  prises a semiconductor diode
for generating              in FIGURES 9D, D'. Finally, portions of
optical radiation in response to a forward cur-         60  the metal layer
are selectively removed to ex-  rent flow across the junction thereof.
pose the p-type region which overlays the n-   6. An optoelectronic device
according to              type region 62, with the exception of tab 72
claim  5, in which an optically transparent 125              covering the
oxide tab 69 and channel 63,  solid medium is disposed between said diode
and to separate electrode 70, electrically, from   and said second device.
65  electrode 73, all as shown in FIGURES 9E,    7. An optoelectronic
device according to      



The process by the detector is fabricated is   E'. The holes 78, 79, 80 and
81 (not shown)     illustrated in FIGURES 9A, A' to 9E, E',  are also cut
if desired.     wherein FIGURES 9A-9E are elevational     views in section
taken across the same section    WHAT WE CLAIM IS:- 5  lines as is FIGURE
5, and FIGURES 9A'-    1. An optoelectronic device comprising a         9E'
are elevational views in section taken  first seminductor device adapted to
be elec-  70      across the same section lines as in FIGURE  trically
coupled to a load, said first semi-      7. Initially an n-type
conductivity determin-  conductor device having an active rectifying
ing impurity is diffused into a p-type wafer   junction for delivering a
first signal to said 10  60 to form an n-type conductivity region 62  load
in response to optical radiation being      separated from a wafer by an
active junction  absorbed therein to generate charge carriers  75      61,
as shown in FlGURES 9A, A'.This  which are collected at said active
junction,      diffusion is made by conventional photograph- a second
device optically coupled to said      ing masking techniques through a hole
in an   first device for generating optial radiation 15 oxide layer 90.
During the diffusion of im-  directed on said first device in response to
purities into a semiconductor wafer, oxide is a second electrical signal
applied thereto,  80     grown over the openings in the oxide mask  said
radiation generated by said second device       to form a complete layer of
oxide on the sur-   having a wavelength such that at least a por-     face
of the wafer. However for the sake of tion thereof is absorbed within said
first 20  clarity, the oxide which is grown during the  device to generate
charge carriers which are     diffusion process is not shown so that the
collected at said active junction and means  85     openings in the oxide
mask can be illustrated.   for electrostatically shielding said active
recti-     After the n-region 62 is formed, another oxide  fying junction
of said first device so as to     mask 91 is provided on the surface of the
reduce significantly distributed capacitance 25 wafer and the rest of the
oxide is removed  between said second device and said active     so that
only a narrow strip of oxide remains    rectifying junction of said first
device, said  90 



on the wafer which extends over a portion of  means forming an integral
part of said first     the original wafer 60 and region 62. Then a
semiconductor device and said rectifying junc-     p-type conductivty
determining impurity is  tion therein. 30  diffused  into the  wafer  as
shown  in      FIGURES 9B, B to surround the n-type   2. An optoelectronic
device  according  to      region 62 with the p-type region 64 in con-
claim 1, in which said second device comprises  95      junction with the
wafer 60, with the excep-  a semiconductor device having a rectifying
tion of the strip that is masked. This forms  junction, and is adapted to
generate said opti- 35  a junction 65 between the p-type region 64  cal
radiation in response to a forward current      and n-type region 62.
Subsequently, as shown  flow across said junction thereof.      in FIGURES
9C, C', oxide masks 92 and 93   3. An optoelectronic device acording to
100      are formed  over the entire wafer with the  claim 1 or 2, in which
said first semiconductor      exception of the narrow strip that was pre-
device comprises a semiconductor diode, hav- 40  viously masked by the
layer of oxide 91, and  ing first and second regions of opposite con-
then an n-type conductivity determining im-  ductivity type separated by
said active recti-      purity is diffused into this strip to form  a
fying junction, in which said first region is 105      heavily concentrated
n+ region 66 which ex-  substantially surrounded by said second region,
tends into and contacts the n-type region 62, so as to shield said active
rectifying junction 45  but which forms a junction 67 with the wafer  of
said semiconductor diode, in which means      60. Again, an oxide layer is
formed over the  are provided for making electrical contact to      entire
wafer during the diffusion process and  said first region, and in which
said second 110      subsequently, an annular opening is cut in  device is
disposed adjacent said diode.      the oxide to expose an annular surface
of    4. An optoelectronic device according to 50  region 64 just outside
of and surrounding n-  claim 3, in which said means for making elec-
type region 62. A small portion of oxide is  trical contact to said first
region extends      also removed which overlays the extreme end  through
portions of both said first and said 115      of channel 66. Then, a layer
of a suitable  second regions of said diode and makes elec-      electrode
metal, such as aluminium, for ex-  trical contact with said first region
and an 55  ample, is deposited onto the entire surface  electrode secured
to a third region.      of the device, whereby the metal layer con-    5.
An optoelectronic device according to      tacts the annular surface of
region 64 and  claim  1, in which said second device com- 120 



the extreme end of channel 66, all as shown  prises a semiconductor diode
for generating      in FIGURES 9D, D'. Finally, portions of  optical
radiation in response to a forward cur- 60  the metal layer are selectively
removed to ex-  rent flow across the junction thereof.      pose the p-type
region which overlays the n-   6. An optoelectronic device according to
type region 62, with the exception of tab 72  claim  5, in which an
optically transparent 125      covering the oxide tab 69 and channel 63,
solid medium is disposed between said diode      and to separate electrode
70, electrically, from   and said second device. 65  electrode 73, all as
shown in FIGURES 9E,    7. An optoelectronic device according to
8                                        1,112,002         claim  1 or 2,
in which said first semicon-  second region being connected to said fourth
ductor device comprises a detector having a  electrode.        first body
of semiconductor material includ-    8. An optoelectronic device according
to        ing first and second electrodes attached there-  claim 7, in
which electrical solation means    5  to, said first body includinga first
region of  is disposed between  said first portion of said  40        first
conductivity type having an exposed sur-  second region of said first body
and said first        face and being connected to said first elec-
electrode.        trode, a second region of a second conductivity  9. An
optoelectronic device according to        type having a first portion
underlying said  claim  7 or 8, in which an optically trans-   10  first
electrode and a second portion connec-  parent, solid medium is provided
separating 45        ted to said second electrode, a third region  said
detector and said light source.        of said second conductivity type
having a por-    10. An optoelectronic device according to 



tion underlying a part of said first region  claim 7, 8 or 9, in which said
first body is        which comprises said exposed surface and  comprised of
silicon, said first and said fourth   15  forming a rectifying junction
therewith,  and  regions of said first body are of p-type con-  50
having a portion underlying a part of said  ductivity, said second and said
third regions       portion of said second region underlying said  of said
first body are of n-type conductivity,       first electrode and making
electrical contact  and said second body is comprised of gallium-
therewith, and a fourth region of said first  arsenide, said first region
of said second body   20  conductivity type having portions adjacent said
is of p-type conductivity, and said second  55        second a said third
regions and forming a  region of said second body is of n-type con-
continuation of said rectifying junction and  ductivity and is disposed
between said first        havng a portion adjacent said first region
region of  said second body and said detec-        making electrical
contact therewith, and in tor.   25  which said second device comprises a
light    11. An optoelectronic device substantially as  60       source
including a second body of semicoa-  hereinbefore  described  with
reference  to       ductor material having third aid fourth elec-  Figures
4 to 9 of the accompanying draw-       trodes attached thereto and disposed
adja-  ings.       cent said first body in overlying relationship     H. D.
FITZPATRICK & CO.,   30  with said exposed surface, said second body
Chartered Patent Agents,       including a first region of said first
conduc-          27, Chancery Lane,       tivity type connected to said
third electrode,              London, W.C.2.       and a second region of
said second conduc-                         -and-       tivity type
adjacent said first region and                  5, Park Gardens,   35
forming a rectifying junction therewith  said                 Glasgow, C.3.
Printed for Her Majesty's Stationery Office by the Courier Press,
Leamington  Spa 1968. Published by the Patent Office, 25, Southampton
Buildings, London, W.C.2, from which copies may be obtained.    


