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COMPLETE SPECIFICATION

Improvements in or relating to Mem ory Devices

We, FaiRcHILD .CAMERA & INSTRUMENT
CORPORATION of 300 Robbins Lane, Syosset,
Long Island, New York, United States of
America, a Corporation organized and

5 existing under the Laws of the State of Dela-
ware, United States of America, do hereby
declare the invention, for which we pray
that a patent may be granted to us, and the
method by which it is to be performed, to

I0 be particularly described in and by the

following statement:—

This invention relates to a read only
memory and more particularly a memory
system capable of being programmed by
radiant energy and having a memory array
which preferably is in the form of a semi-
conductor monolithic structure, ie., con-
structed using integrated circuit techniques.

in the computer and control arts a need
often exisls for a programmed or pro-
grammable memory. Various memory
schemes, such as capacitive or magnetic
memory arrays, have been successfully
built and used in the past. However, with
the present state of the electronic technology
wherein memories are called upon to act at
increasingly higher frequencies or shorter
response times, and wherein memories which
arc increasingly smaller in size are desired,
the previously used magnetic and capacitive
memories are usually either too slow, too
expensive, or cannol be readily reduced in
physical size to within the desired limits.

One type of previously known memory
which is both inexpensive and fast and
readily lends itsclf to miniaturization is the
conventional two-dimensional diode array or
diode matrix memory. In such a memory,
ecach crossing or junction of row and
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-40 column conductors is either provided with

a diode or left open. Such a memory is
essentially a fixed content memory and a
change can only be made by some

| Price 4s. 64d.]

mechanical operation such as throwing a
switch or later inserting or removing a diode.
One example is described in U.S. Patent No.
3,191,151, assigned 10 the same assignee as
this invention. While a diode memory mat-
rix of the type described in aforesaid patent
3,191,151 is eminently satisfactory for many
applications, there frequently arises a need
for a memory system having a capability of
readily and speedily adjusting the matrix
configuration or content.

In order to retain the favourable properties
of the diode matrix memory, and yet pro-
vide for the ability to change the content
of the memory without requiring the
addition of complicated electrical switching
circuitry, this invention provides a way of
optically programuming a diode array. More-
over, so as not to sacrifice the present day
requirements of size and speed,'the optical
programming is carried out by making use
of the well-known phenomenon that a semi-
conductor P-N junction which is biased to
its high impedance state will produce a
current in response to excitation by radiant
energy, e.g. ultraviolet, infrared, or visible
light.

Bricfly, a read only memory system ac-
cording to the inventicn capable of being
programmed by radiant energy comprises &
plurality of diode pairs connected back-to-
back with a common junction arranged in
an array of rows and columns; separaie row
and column conductors associated with each
row and each column respective of said.
diode array with each of said diode pairs
being connected between a row conductor
and a column conductor, a corresponding
plurality of semiconductor photodetectors
arranged in an array or rows and columns,
cach of said photodetectors being connected
between the common junction of the corres-
ponding diode pair and a point of bias
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potential. The point of bias potential biases
the radiant cnergy sensitive P-N junction of
the photodetector to its high impedance
statc and mcans are provided coupled to

"5 said row conductors for selectively allowing
the pholocurrents generated by radiant
energy impinging on associated ones of the
photodetectors to flow into said column con-
ductors, means connected to the column con-

10 ductors being responsive to the current flow
therein.

The memory array utilized in the
memory system according to the invention,
i.e., the array of back-to-back diodes with

15 their associated photodetectors, lends itself
readily to manufacture in a monolithic
structure form. Accordingly, the preferred
embodiment of the memory array according
to the invention, which ulitizes photodiodes

20 for the photodetectors, briefly comprises a
body of semiconductor material of a first
conduclivity type having formed therein ad-
jacent to a single major surface thereof a
plurality of spaced regions of opposite con-

25 ductivity type with said plurality of regions
being arranged in an array of rows and
columns. Each of said regions in turn, has a
pair of regions formed therein having said
first conductivity type. At least one of the

30 pair of regions of the first conductivity type
is provided with a barrier against impinging

- radiant energy. Each P-N junction formed
between a region of opposite conductivity
type and the semiconductor body forms a

35 photodiode or photodetector of the array.
Accordingly, the surface area of the region

- of the opposite conductivity type is pre-

ferably large with respect to the surface .

arca of the pair of regions formed therein
40 to provide the array with the maximum
sensitivity to radiant energy or light excita-
. tion, The P-N junctions formed between the
regions of first conductivity type and the
region of opposite conductivity type form
45 the back-to-back diodes and accordingly, the
regions of first conductivity type are con-
nected to the associated row and column
conductors,

The invention and the advantages there-

50 of will be more clearly understood from the

following detailed description when taken in

. conjunction with the accompanying drawings
wherein :

Figure 1 is a schematic circuit diagram

55 of a memory system according to the in-
vention;

Figure 2 is a schematic representation
illustrating a manner by which the memory
system according to the invention may be

60 optically programmed.
Figure 3 is a plan view of a portion of
- the preferred embodiment of the memory
array according to the invention, i.e., as it
would appear in a monolithic structure;
65 Figure 4 is a sectional view taken along

the line 4-4 of the Figure 3: and,

Figure 5 is a sectional view taken along
the line 5-5 of Figure 3.

Referring now to Figure 1 there is shown
a schematic circuit diagram of a two- 70
dimensional memory system programmable
by radiant energy according to the inven-
tion having a plurality of diode pairs con-
necied back-to-back with a common junc-
tion and arranged in an array of rows and 75
columns. Although a 3 x 3 array is
illustrated, it is 10 be understood that this
is by way of example only and that in a
practical application of the system any de-

sired number of rows and columns may be 80 :

used. As indicated in the array of Figure 1,
the pairs of back-to-back diodes in column

1 are formed by diodes 10 and 11, diodes

12 and 13, and diodes 14 and 15 respectively.
Similarly, the back-to-back diode pairs in 85
column 2 are formed by diodes 20 and 21, 22
and 23, and 24 and 25, while those in column

3 are formed by diodes 30 and 31, 32 and 33,
and 74 and 35 respectively.

Associated with each one of the pairs of 90
back-to-back diodes in column 1 is one of,
three semiconductor photodetectors 16, 17
18, having one of its two electrodes con-
nected to the common junction of the cor-

responding diode pair, e.g., photodetector 16 935

is connected to the common junction 19 of
diodes 10 and 11. Similarly, photo-
detectors 26, 27, and 28 and photodetectors
36, 37 and 38 are associated with and con-

nected to the corresponding diode pairs in 100

columns 2 and 3 respectively. The remain-
ing electrodes of photodetectors 16-18, 26-28,
and 36-38, are connected, preferably in
common, to a point of bias potential (de-

signated as +2V for reasons which will be- 105

come apparent below) which biases the
radiant energy sensitive P-N junction of each
of the photodetectors to its high impedance
state. By radiant energy sensitive P-N junc-

tion it is understood to mean the junction 110

in the device which is principally responsive
to radiant energy impinging thereon. For
example, in a diode it is the anode-cathode
junction, in a planar transistor it is the col-

lector-base junction, whereby the transistor 115

is maintained in its high gain state, and in a
field effect phototransistor it is the gate junc-
tion. In the illustrated embodiment, the bias
or reference potential is designated as a

positive voltage due to the particular manner 120

in which the photodetectors are connected
into the circuit. However, it should be under-
stood that the polarity of the photo-
detectors and that of the bias voltage may

be reversed without affecting the operation 125

of the system so long as the condition con-
cerning the biasing of the radiant energy
sensitive junction is met.

Although, as indicated above, the photo-
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structures, e.g.. phototransistors, or two
layer semiconductor structures, e.g. photo-
diodes, preferably as shown in the figure and
for simplification of the preferred embodi-
5 ment of the invention o be explained below,
the photodetectors are  photodiodes.
Additionally, the diodes utilized in the back-
to-back diode pairs are also preferably semi-
conductor diodes which, for reasons which
10 will also become apparent from the discus-
sion of the preferred monolithic structure
for thc memory. are connected such that the
commonly connected electrodes of the diode
pair and its associated photodetector are of
15 the same conductivily type,

The memory syslem of the invention
further comprises separate row and column
conductors associated with each row and
each column respectively of the diode array

20 with each of the diode pairs being connecied
between a row conductor and a column con-
ductor. Specifically there is provided, con-
nected to the free end of each of the diodes
10, 20, and 30, a row conductor 41 which is

25 connected by a switch 42 to either a lockout
bus 43 or a read bus 44, As shown in the
figure, the switch 42 is positioned to connect
the -row conductor 41 to the read bus 44
whereby a potential V, which in the

30 illustrated embodiment is a ‘positive
potential (+V) due to the polarity
of the diodes., the photodetector and

the bias potential applied to the photo-
detector, is applied to the row con-

"35 ductor to bias the diodes 10, 20, and 30

to their high impedance state. Connection
of the row conductor 41 to the lockout bus
43 via switch 42 will result in the applica-
tion of a potential V, in the illustrated case

"4() a negative potential (—V), to the diodes 10,

20, and 30 which will tend to bias them to
their low impedance state.

A second row vonductor 46 connects all

of the free electrodes of diodes 12, 22, and

45 32 via switch 47 to either the lockout bus

43 or the read bus 44 to bias the diodes

connected to the row conductor 46 to either

their low impedance or their high impedance

state, respeclively. Similarly, a third row

50 conductor 49 connccts the diodes 14, 24, and

34 via a switch 50 to cither the lockout bus

43 or the read bus 44 to cause the diodes 14,

24, and 34 to be biased to cither their Jow

. or their high impedance states, respectively,

38 Connected to the free terminal of each of

the diodes 11, 13, and 15 of column 1 is a

first column conductor 51 which constitutes

the output line from the first column of the

memory array. Any current flowing in

60 column conductor 5T is detected by an out-

put device such as amplifier 52 which is

connected across column 1 load resistance

53. A second column conductor 56 connects

all of the free terminals of diodes 21, 23.

. 65 and 25 to a second column load resistor 57

having an output device 58 connected
across it. Similarly, column conductor 60
connects the free terminal of diodes 31, 33,
and 35 in common to the column load re-
sistor 61 having output device 62 connected 70
across it.

In order to explain the operation of the
memory array described, a brief description
of a method of programming a photode-
tector array is believed to be in order at this 73
time. As shown in Figure 2, a source of
light 64, which may be of any desirable
design, is positioned so that it will normally
illuminate all of the photodetectors, indi-
cated generally by the reference numeral 65, 80.
in an array 66. Positioned between the
source 64 and the array 66 is an optical mask.
which may for example consist of plate 67 of
metal or some other opaque substance hav-
ing a plurality of openings 68 at selected 83.
locations therein. By proper selection of the
location of the openings 68 in the plate 67,
and by positioning the mask relative to the
surface of the array and /or adjusting the size
of the openings 68 so that the light passing 9
through any single opening will illuminate
only one photodetector 65, any combination
of photodetectors 65 may be illuminated;
thus programming the array 66 in accord-
ance with the desired information. 95

Turning now to the explanation of the
operation of the memory system of Figure
1, let us assume that the array has been
preprogrammed by means of a light source
and an optical mask as shown in Figure 2, 100
and that all of the switches 42, 47, and 50
are connected to the lockout bus 43. In this
condition. a negative potential is applied to
each of the row conductors 41, 46, and 49
whereby all of the diodes connected to that 105
bus are biased to their low impedance stale.
Additionally, because of the specific circuit
arrangement, the application of a negative
bias to the row conductors causes each of
the remaining diodes in the back-to-back 110
diode pairs. i.e., the diodes connected to the
column conductors, 10 be biased to its high
impedance state. Accordingly, any photo-
currents generated by an illuminated photo-
detector, which current will flow in a direc- 115
tion toward the common junction of the
back-to-back diodes and the photodiodes,
will be directed via the low impedance state
diodes into the associated row conductor and
out of the array. Accordingly, the biasing 120
of the diodes connected to the row con-
ductors to their low impedance state by
conncecting the row conductors to bus 43
locks out or prevents any photocurrents

generated by the associated photodetectors 125

from flowing into the column conductors,
and hence, no output from the memory is
derived.

When it is desired to interrogate or read-
out a single row of the memory, the switch 130
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42, 47, or 50 of the row selected for read-
out, in the illustrated example row 1, is
switched to its rcad position whereby a
positive potential +V is applied to the
5 selected row conductor 41 to bias the diodes
10, 20, and 30 connected thereto to their
high impedance state. Simultaneously. the
diodes 11, 21, and 31 are biased to their
low impedance state. Hence, any photo-
10 currents generated due to the photodetectors
16, 26, or 36 being illuminated will pass via
the diodes 11, 21, and 31 to the associated
column conductor 51, 56, or 60 respectively
for detection, and the simultaneous readout
15 of all the photodetectors of row 1 is
achieved. Thus, it can be easily seen, the
memory array according to the invention per-
forms in a manner very similar to a con-
ventional diode array memory but with a
20 programmable content, i.e.. the absence or
presence of illumination on any of the photo-
detectors in a sclecled row determines
whether the crossing or intersection of the
respective row and coluimn conductors
25 appears as an open or closed path.

As indicated above, the memory array
for the system just described lends itself
readily to manufaclure as a monolithic
structure by standard integrated circuit

30 techniques. Figures 3 to 5 illustrate a' pre-
ferred embodiment of a monolithic structure
of the memory according to the invention.
The stucture illustrated in the figures is a
portion of the display corresponding roughly

35 to one crossing of the memory, ie., one -

back-to-back diode pair and its associated
photodetector, row conductor, and column
conductor; cach of the other crossings in
the memory having cssentially the same
structure as that illustrated. -

As shown in Figures 3 to § the memory
array includes a body or substrate 70 of
semiconducior material, such as silicon
which is preferably monocrystalline, of a
first conductivity type which typically may
bc an N type, formed by diffusion of an
impurity such an antimony, arsenic, or phos-
phorus. Formed within the body 70 are a
plurality of relatively deep (e.g., 6 microns)
spaced first semiconductor regions 71 of a
conductivity type opposite from that of body
70 (P type in this cxample) which forms a
plurality of separate planar P-N junctions 72
with the body (i.e., the individual P-N junc-
tions extend to a single major surface 73
of the semiconductor body). Since the P-N
junctions 72 formed betwcen the region 71
and the body 70 constitute the photosensi-
tive junctions and hence the photodetectors
of the memory array, the regions 71 are
made as large as possible for a given array
density. Although the shape of the regions
71 is shown as rectangular, this is by way of
example only and it is to be understood that
6% other shapes such as circular shapes may

.43

30

35

be used if desired.

Formed within each of the regions 71 of
the array are second and third semiconduc-
tor regions 74 and 75 having said first con-
ductivity type (in the example N type) 70
which form planar P-N junctions 76 and 77
respectively with the region 71. The regions
74 and 75 are normally kept as shallow as
possible, for example on the order of 2
microns, 1o minimize the current gain across 79
the P-N junctions 76 and 77 due to tran-
sistor action and thereby minimize the
switching time for the junction. It is to be
understood however that if current gain is a
desired feature for the resulting memory,
then the increased gain may be achieved by
using deeper diffusions for the regions 74
and 75. However, it must be realized that
this increased current gain is achieved at
the expense of switching speed for the diodes 8%
which are formed between the regions 74
and 75 and the regions 71 and correspond to
the pair of back-to-back diodes of Figure .

Overlying the surface 73 is a layer of in-
sulating material 80 which is constructed to
transmit light there-through. In the case of
a silicon body 70, such an insulating
material may be silicon dioxide, which is
transparent to light, The layer 80 functions
not only as an insulating layer but also pro- 95
tects the junctions 72, 76. and 77 from en-
vironmental contaminants.

Adherent to the surface of the insulating
layer 80, are a plurality of column cond-
ductors 81 which are formed by thin metal 100
layers. Each of the column conductors 81
overlies all of the regions 74 in the particu-
lar column of the memory with which the
particular conductor 81 is associated, and is
ohmically connected to the underlying re- 105
gions 74 via openings 82 in the insulating
layer 80.

In order to connect the regions 75 to
the respective row conductors, another
layer of insulating material may be de- 110
posited on top of the column conductors
81 and similar metal row conductors de-
posited on the surface thereof and con-
nected to the regions 75 via openings in the
insulating layers. However, to avoid two 115
layer metalization, in the preferred embodi-
ment of the invention, the regions 75 are
located beneath the column conductors 81
and are formed such that they extend on
either side of the column conductors. The 120
regions 75 thercby act as underpasses for
the column conductors, as described in U.S.

- Patent No. 3,199,002 assigned to the same

assignec as this invention. The row con-
ductors for the array may then be formed 125
by mounting or adhering a plurality of thin
film metal conductors 83 on the surface of
the insulating layer 80 with the plurality of
conductors 83 being spaced from the

column conductors and ohmically connected 130 65 lead

- e
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to and interconnecting adjacent areas 75 in

any row. A melal layer 85 is also provided

on the second major surface 86 of the body

70 and serves as the electrical contact for
5 connecting the junctions 72, which operate
as the photodiodes of the detector array, (0
the point of biasing potential.

It should be noted that since the insulat-
ing layer 80 is transparent to light, that the
regions 74 and 75 and the portions of region
71 near functions 76 and 77 would
normally be exposed to light excitation and

- hence would tend to absorb the light cnergy

" and cause the junctions 76 and 77 to function
1§ as photojunctions, i.e., produce uscable
photocurrents when  properly  biased.
Although such action by a junction 77 (cor-
responding, for example, to the diode 10 in
Figure 1) would present no problem to the
operation of the memory system shown in
Figure 1, the generation of photocurrents
by a P-N junction 76 (corresponding, for
example, to the diode 11 of Figure 1) would
result in erroneous currents being trans-
mitted 1o the current responsive device con-
necled to the associated column conductor.
Accordingly, some means or barrier must
-.. be provided to permanently shield {from im-

pinging light energy at least the regions 74,
whereby the major photosensitive area of
junctions 76 would be shielded. Preferably
the portion of region 71 adjacent ihe
-junctions 76 s also shielded from light
energy impinging thereon in order to further
reduce the photosensitivity of the junctions
76. The extent to which the shielding pre-
ferably extends beyond junctions 76 and
over region 71 depends firstly on the effec-
live minority carrier diffusion length, which
may be controlled by gold-doping, tailoring
the coeflicient for surface recombination,
tailoring the built-in diffusion field, eic., and
- depends secondly on the number of elements
in the column and thc amount of unwanted
signal which can be tolerated.

_ Although any means for producing the

light shiclding may be utilized, e.g., an

- opaque mask on the layer 80, as shown in

Figures 3 to 5 the shielding means is pre-

50 ferably in the form of enlarged portions 87
of the column conductors 81 which com-
pletely cover the regions 74 and extends
beyond the junctions 76 over a portion of

__ region 71, Preferably the portions 87 extend -

35 beyond the junctions 76 at least one
minority carrier diffusion length,

The above described monolithic device
may be formed by well-known semicon-
ductor processes. For example, the regions

0 71, 74, and 75 and the oxide layer 80 may
be formed by photoengraving the diffusion
techniques such as described in U.S. Patent

-No. 3,064,167 issued November 13, 1962 to

4. A. Hoerni. Similarly, the forming of the
»3 leads or conductors 81 and 83 and their -

10
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associated contacts may usc processes such
as described in U.S. Patent 2,951,877 issued
April 25, 1961 to R. N. Noyce.

As an illustration of the size of a mono-
lithic type array according to the invention,
the array may ior example be an 8 x 40
array with 5 mils (0.005 inches) between
centers of the regions 71, each of which has
an area of 16 square mils, ie, 4 mils on
each side. Each of the regions 74 may, for
example, have an area of 1/4 square mil
(1/2 mil on each side) and each of the areas
75 an area of 1 square mil (1/2 x 2 mils). A
diode array according to the invention with
these dimensions can have a row sample
time of as little as 50 nanoseconds.

From the above detailed description of
the invention, it can be seen that an im-
proved and novel optically programmable
memory syslem and a monolithic construc-
tion of a memory array therefore have been
invented. Obviously, however, various
modifications of the disclosed invention are
possible in light of the above disclosure.

WHAT WE CLAIM IS :—

1. A read-only memory capable of be-
ing programmed by radiant energy compris-
ing:

a plurality of diode pairs connected back-
to-back with a common junction arranged 95
in an array of rows and columns;

separate row and column conductors
associated with each row and each column
respectively of said diode array with each
of said diode pairs being connected between
a row conductor and a column conductor;

a corresponding plurality of semicon-
ductor phoiodetectors arranged in an array
of rows and columns, each of said photo-
detectors being connected between the 105
common junction of the corresponding diode
pair and a point of bias potential.

2. A memory as claimed in claim 1
characterized by said point of bias potential
biasing the radiant energy sensitive P-N
junction of said photodetector to its high
impedance state;

means coupled to said row conductors for
selectively allowing the photocurrents
generated by radiant energy impinging on
associated oncs of said photodetectors (o
flow in said column conductors; and,

means connected to said column con-
ductors responsive to the current flow
therein.

3. A memory as claimed in claim 2
characterized by said means for selectively
allowing the generated photocurrents to flow
in said column conductors comprising:

means for applying a potential fo the row
conductor associated with the row of the
array which has been selected for readout to
bias the diode connected thereto.in each of - -

70
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80
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100

110

15

120

125

-the diode pairs of the selected :row to-its

high impedance state, whereby current 130
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5

to and interconnecting adjacent areas 75 in
any row. A meial layer 85 is also provided
on the second major surface 86 of the body
70 and serves as the electrical contact for

5 connecting the junctions 72, which operate
as the photodiodes of Lhe detector array, (0
the point ot biasing potential.

It should be noted Lhat since the insulat-
ing layer 80 is transparent to light, that the

10 regions 74 and 75 and the portions of region
71 near functions 76 and 77 would
normally be exposed to light excitation and

_ icnce would tend to absorb the light cnergy
and causc the junctions 76 and 77 to function

15 as photojunctions, ie., produce useable
photocurrents  when  properly  biased.
Although such action by a junction 77 (cor-
responding, for example, to the diode 10 in
Figure 1) would present no problem to the

90 operation of the memory system shown in
Figure 1, the generation of photocurrents
by a P-N junction 76 (corresponding, for
example, to the diode i1 of Figure 1) would
result in erroncous currents being trans-

25 mitted to the current responsive device con-
nected to the associated column conductor.
Accordingly, some mecans or barrier must

.. be provided to permanently shield from im-
pinging light energy at least the regions 74,

30 whereby the major photlosensitive area of
junctions 76 would be shiclded. Preferably
the portion of region 71 adjacent the

- junctions 76 is also shielded from light
energy impinging thereon in order to further

35 reduce the photosensitivity of the junctions
76. The extent to which the shielding pre-
ferably extends beyond junctions 76 and
over region 71 depends firstly on the effec-
tive minority carrier diffusion length, which

40 may be controlled by gold-doping, tailoring
the coeflicient for surface recombination,
tailoring the built-in ditfusion field, ¢ic., and

- - depends secondly on the number of elements
in the column and thc amount of unwanted

45 signal which can be tolcrated.

Although any means for producing the
light shielding may be utilized, e.g., an
- opague mask on the layer 80, as shown in
Figures 3 to 5 the shielding means is pre-

50 ferably in the form of enlarged portions 87
of the column conductors 81 which com-
pletely cover the regions 74 and extends
beyond the junctions 76 over a portion of

" region 71, Preferably the portions 87 extend -

§5 beyond the junctions 76 at least onc
minority carrier diffusion length.

The above described monolithic device
may be formed by well-known semicon-
ductor processes. For example, the regions

60 71, 74, and 75 and the oxidc layer 80 inay
be formed by photoengraving the diffusion
techniques such as described in U.S. Patent
No. 3,064,167 issued November 13, 1962 to
J. A. Hoerni. Similarly, the forming of the

‘65 leads or conductors 81 and 83 and their -

ar———

associated contacts may use processes such
as described in U.S. Patent 2,981,877 issued
April 25, 1961 to R. N. Noyce.

As an illustration of the size of a mono-
lithic type array according to the invention, 70
the array may for cxample be an 8 x 40
array with 5 mils (0.005 inches) between
centers of the regions 71, each of which has
an arca of 16 square mils, i.e., 4 mils on
each side. Each of the regions 74 may, for 75
example, have an area of 1/4 square mil
(1/2 mil on cach side) and each of the areas
75 an area of 1 square mil (1/2 x 2 mils). A
diode array according to the invention with
these dimensions can have a row sample 80
time of as littile as 50 nanoseconds.

From the above detailed description of
the invention, it can be seen that an im-
proved and movel optically programmable
memory syslem and a monolithic construc- 85
tion of a memory array therefore have been
invented. Obviously, however, various
modifications of the disclosed invention are
possible in light of the above disclosure.

WHAT WE CLAIM IS :—

. A read-only memory capable of be-
ing programmed by radiant energy compris-
ing:

a plurality of diode pairs connected back-
to-back with a common junction arranged 93
in an array of rows and columns;

separale row and column conductors
associated with each row and each column
respectively of said diode array with each
of said diode pairs being connected between 100
a row conductor and a column conductor;

a corresponding plurality of semicon-
ductor photodetectors arranged in an array
of rows and columns, each of said photo-
dotectors being connected between the 105
common junction of the corresponding diode
pair and a point of bias potential.

2. A memory as claimed in claim |
characterized by said point of bias potential
biasing the radiant energy sensitive P-N 110
junction of said photodetector to its high
impedance state;

means coupled to said row conductors for
selectively  allowing the photocurrents .

generated by radiant energy impinging on 1135
associated ones of said photodetectors to
flow in said column conductors; and,

means connecled to said column con-
ductors responsive to the current flow
therein. 120

3. A memory as claimed in claim 2
characterized by said means for selectively
allowing the generated photocurrents to flow
in said column conductors comprising:

means for applying a potential to the row 125
conductor associated with the row of the :
array which has been selected for readout to
bias the diode connected thereto .in each of -

“the diode pairs of the selected -row to- ils

high impedance state, whereby curreat 130

. e mmeast
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gencrated by cach photodetector of said
selecied row is transmilted via the remain-
ing diode in the respective diode pair to the
associated column conductor; and,

means for applying a potential to the re-
maining row conduciors to bias the diode
connecled thereto in each of the diode pairs
in the said remaining rows of said diode
array to its low impodance state, whercby
photocurrent generated by each photode-
tecior not associated with the row selected
for readout is transmitted to the associated
row conductor.

4. A memory as claimed in claim 2
characterized by said back-to-back diodes
being semiconductor diodes and at least the
diode in each pair which is connected to the
associated column conductor is protecied
from radiant energy impinging thereon.

5.. A memory as claimed in claim 4
characterized by the conductivity type of the
commonly connected electrodes of each of
the diodes in a diode pair and its associated
photodeteclor being the same.

6. A memory as claimed in claim 5

" wherein said photodetectors are photodiodes.

7. A memory as claimed in claim 1 or
2 characterized by said arrays being in the
form of a semiconductor structure wherein
each group includes a photodetector and
an associated back-to-back diode pair com-
prises:

" a body of a first conductivity type;

a first region of opposite conductivity type

formed within said body and forming a P-N

""" junction therewith with said P-N junction

l"o
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extending to a major surface of said body;

sécond and third regions of said first con-
ductivity type formed within said first re-
gion and forming separate P-N junctions
therewith which extend to said major sur-
face;

means for preventing radiant energy from
impinging on at least the diode in each pair
which is connected to the associated column
conductor.,

8. A memory as claimed in claim 7
wherein said body of a first conductivity
type is common to each of said groups.

9. A memory as claimed in claim 7 or
8 characterized by said second and third
regions having relatively small surfacce areas
with respect to the surgxce area of said first
region.

10. A memory as claimed in claim 8 or
9 further characterized by a coating of light
transmissive insulating material on said
major surface and said row and column
conductors comprising a plurality of thin
films of metal adhering to said coating and
insulated from one another. '

1. A memory as claimed in claim ]
characterized by: - '

a body of monocrystalline semiconductor
material of a first conductivity type;

a plurality of spaced first regions of oppo-
site conductivity type formed within said
body and arranged in an array of rows and
columns, each of said first regions forming
a scparate P-N junction with said body
which extends to a single major surface of
said body:

a second region having a relatively small
surface area relative to the surface area
of said first region and of said first con-
ductivity type located within each of said
first regions and forming a second P-N

junction which extends to said major sur-

face;

a layer of light transmissive insulating
material Jocated on said major surface;

a separate thin film column conductlor
associated with cach column of said array,
each of said column conductors being ad-
herent to the exterior surface of said in-
sulating layer ‘in overlying relationship to
the second regions of the associated column
and being ohmically connected to the under-
lying second regions, each of the said column
conductors having sufficient width, at least
at the portions thereof overlying the said
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second regions, for preventing radiant energy

from impinging on
junctions;

a third rcgion having a relatively small

surface areca with respect to that of said
first conductivity type located within each
of said first regions and forming a third P-N
junction which extends to said major sur-

face, each of said third regions being in 100

underlying relationship to the associated
column conductor and extending on either
side thereof; and,

a plurality of thin film conductors ar-
ranged in rows and adherent to the exterior
surface of said insulating layer in spaced re-
lationship to said column conductors, said
plurality of thin film conductors overlying
the extended portions of said third regions
and being ohmically connected thereto to
electrically connect the adjacent third regions
in each row of said array.

12, A read-only memory device substan-
tially as described with reference to the
accompanying drawing, :
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