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(57) Abstract

A light to electrical energy transducer cell including a capacitor which, when charged and exposed to light, loses an
amount of charge dependent on the quantity of light received by the capacitor, switch means so arranged to be controlled
by the charge storage means and by the voltage level of a first of its control ports that it assumes a state indicative of the
relative voltage levels of its control port and the charge storage means, and input and output means for charging the
charge storage means by way of the switch means and for measuring the voltage level of the charge storage means by the
-application of a varying voltage to the switch control port to cause a change of state of the switch means.
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Light to electrical energy transducer cell

The present invention relates to a light to
electrical energy transducer cell particularly suitable
for fab;icating an array for converting a light image
into an electrical image.

Semiconductor charge-coupled devices, arranged as
an array of elements in each of which an electrical
charge package is stored in a well structure, have been
used as imaging devices. 1In the applicatinon of charge
coupled device elements as an imaging device, light from
each part of an object to be reproduced as an electrical
image is directed to one or more of the charge wells to
cause a reduction_in the size of the electrical chatrge
packages according to the amount of light energy

received from the particular part of the object. 1In the

'operatlon of the known electrical imaging dev1ces, the

packet of charge remaining in each well at the end of
the exposure period is removed from the well and each
Packet is subjected to various signal processing steps
in order to provide an electrical signal which forms
part of the complete electrical image of the object.

The complete electrical image of the object is obtained
by treating i£ as an array of picture elements and
employing an imaging array in which each imaging element

is arranged to provide the electrical image of a
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corresponding picture element.

At least one difficulty with the known imaging
elements is the requirement for the transfer of the
small amount of chargé from the storage well to an

5 output port of the imaging element and the subsequent
processing of the transferred charge to provide a usable
signal.

It is an object of the present invention to provide
a light to electrical energy transducer cell which

10 represents an improvement over the Known prior art
imaging element.

It will be understood that a range of
electromagnetic radiations capable of generating

electrical cha

o f=) \ il
ey e ke

iers in materials are included
15 within the scope of the term light as used herein.

In accordance with the present invention, a light
to electrical energv transducer cell includes charge
storage means which, when exposed in a charged state to
light, loses an amount of charge dependent on the

20 quantity of light received by the charge storage means,
switch means connected to the charge storage means
arranged to facilitate charging of the cbarée storage
means, the switch means being arranged also to be so
controlled by the charge storage means and by the

25 voltage level of a first control port as to assume a

state indicative of the voltage levels of its control

port and the charge storage means, and input and output
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means not connected to the charge storage means and
preferably connected only to the switch means for

charging the charge storage means and for measuring the

voltage level of the charge storage means by varying the

voltage level of the control port of the switch means to
cause a change of state of the switch means.

Preferably, the charge storage means is conected
beéween a second control port of the switch means and a
reference point within the cell.

Advantageously, a third control port of the switéh
means is connected to the reference point ;ithin the
cell by way of a resistive means.

In one arrangement of the cell, an input means is
connected to the first control pert of the switch means
and an output means is connected to a fourth control
port of the switch means.

In one arrangement of the cell, the switch means is-.
a. PNPN device connected between the input and th& output
means, and the charge storage means is connected between
the inner N~ layer and an internal ground potential
point of the cell.

A light to electrical energy converter includes a
transducer cell and means connected to the input and
output means for charging the charge storége means, angd
means for measuring the voltage‘level of the charge T
storage means.

Preferably, the means for measuring the voltage



WO 87/05457 PCT/GB87/00146

(81]

10

(o
(O3]

20

25

level of the charge storage means inlcudes means
arranged to detect a change of state of the switch means
and to provide an output signal indicative of the time
of the change of staee of the switch means relative to
the time at which the change would take place when the
charge storage means is at its initial voltage.

Preferably, the means for measuring the voltage
level of the charge storage means is arranged to provide
a digital output.

freferably, the means for measuring the voltage
level of the charge storage means includes a ramp
generator arranged to vary the voltage level of a
control port of the switch means which is arranged to
switch as the ramp generator voltage approacies the
charge storage means voltage, and a digital down-counter
arranged to count during a period between the start of
the ramp and the change of state of the switch means.

A light to electrical energy transducer block
includes a plurality of light to electrical signal
transducer cells arranged in a matrix of rows and
columns with respective row conductors arranged as the
input means and respective column conductors arranged as
the output means, and means shared by the signal
transducer block for charging the charge storage means
of the cells and for measuring the voltage levels of the
cells.

One form of transducer block includes multiple
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transducer cells forming the elements of the matrices,
and associated multiple row and column conductors.

Preferably, a transducer block includes input and

output buffer amplifiers and input and output transfer

gates connected to the row and column conductors.

Preferably, in a transducer block the means for
measuring the voltage levels of the cells includes means
arianged to detect a change of state of each the switch
means, one row at a time, and to provide an output
signal indicative of the time of the change of state of
each of the switch means, one row at a time, relative to
the time at which the changé would take place when the
charge storage means of the cell is at its initial
voltage, and means for storinc the results from each of
the cells one row at a time.

Preferably, in a transducer block alternate rows of
the block are connected to respective first and second
sets of means for storing the results from the cells.

Preferably, in a transducer block, the means for
measuring the voltage levels of the cells is arranged to
provide a digital output.

Preferably, in a transducer block, the means for
measuring the voltage levels of the cells includes a

ramp generator arranged to vary the voltage level of a
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control port of each of thé switch means, one row at a
time, which switch means are each arranged to switch as
the ramp generator voltage approaches the voltage of its
associated charge storage means, a digital down-counter R
arranged to count during the ramp, and means for storing
the count reached for each cell, a row at a time, at the
time of the change of state of its switch means.

Advantageously, an array of the transducer cells
occupies an entire Semiconductor wafer.

The invention provides a method of converting
energy from an electromagnetic source into an electrical
signal including the steps of charging a charge storage
means which, when exposed in a charged state to the
electromagnetic energy, loses an amount of charge
dependent on the quantity of the electromagnetic energy
received by the charge storage means, exposing the
charge storage means to the electromagnetic energy,
measuring the voltage level of the charge storage means
by comparing it with a ramp voltage, and generating, as
an output signal, the difference between the voltage
levels of the charge storage means before and after
exposure to the electromagnetic energy.

Preferably, in the performance of the method, the
output signal is generated as a count downwards from a
value corresponding to the voltage level of the charge
storage means before.exposure to the electromagnetiq

energy, the count being halted when the ramp voltage
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reaches the voltage of the charge storage means after

exposure to the electromagnetic energy.

One form of light to electrical energy transducer

‘cell, in accordance with the present invention, and an

electrical imaging device employing an array of the
light-to-electrical energy transducer cells, now be
described, by way of example only, with reference to the
aécompanying drawings, in which:-

Fig. 1 is a circuit diagram representation of a
light to electrical energy transducer cell in accordance
with the present invention, ' |

Fig. 2 is a diagrammatic representation of the
transducer cell of Fig. 1 with the drive circuits
required to provide an output signal in digital form,

Fig. 3 is a diagrammatic representation of an
ideal drive waveform, and an ideal output waveform, for
the light to electrical energy transducer cell of Fig.
1, .

Fié. 4 is a diagrammatic representation of the
actual drive and output waveforms of the light to
electrical energy tranducer cell of Fig. 1 for a high
level of incident light,

Fig. 5 is a diagrammatic representation of the
actual drive and output waveforms of the light to

electrical energy transducer cell of Fig. 1 for a low

level of incident light,
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Fig. 6 is a diagrammatic representation of the
conversion characteristic of the light to electrical
energy transducer cell of Fig. 1 for three different
drive waveforms,

Fig. 7 is a diagrammatic representation of the
drive waveform used in obtaining the results illustrated
by Fig. 6,

Fig. 8 is a diagrammatic representation of an image
forming device employing an array of light to electrical
energy tranducer cells in accordance with the present
inventioen,

Fig. % is a diagrammatic representation of a biock
arrangement for the light to electrical energy
transducer cells suitable for forming part of an array
of cells, illustrating the provision of redundancy in
the block,

Fig. 10 is a more detailed representation of part
of the block of Fig. 9,

Figs. 1la, 1lb, and 1llc¢c illustrate a first
monolithic integrated circuit form of the transducer
cell of Fig. 1, andg,

Fig. 12a, 12b, and 12c illustrate a second
monolithic integrated circuit form of the transducer
cell of Fig. 1.

Referring to Fig. 1, a light to electrical energy
transducer cell includes a semiconductor capacitor 1

having one plate connected to zero or earth potential

e et m e e ame a ———— et e e+ . e e
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for the system, and the other plate of the semiconductor

capacitor 1 connected to the collector electrode of an

NPN bipolar transistor 3 and to the base electrode of a

PNP bipolar transistor 2. The emitter electrode of the

PNP transistor 2 is connected to a row address conductor
5 and the collector electrode of the transistor 2 is
connected, by way of a resistor 4, to zero or earth
pofential for the system. The base electode of the NPN
transistor 3 is connected to the collector electrode of
the PNP transistor 2 and the emitter electrode of the
NPN transistor 3 is connected to a column address
conductor 6.

Referring to Fig. 1, the PNP transistor 2 and the
NPN transistor 3 form a PNPN structure and the
positioning of the semiconductor capacitor 1 and thé
resistor 4 are such that the semiconductor capacitor 1
is connected between a first gate electrode of the PNPN
structure and earth potential for the system, and the
resistor 4 is connected between a second gate electrode
of the PNPN structure and earth potential for the
system.

The light-to electrical energy transducer cell of
Fig. 1 is operated by first charging the semiconductor
capacitor 1 to some convenient voltage level then
exposing the semiconductor capacitor 1 to a light source
for a given period long enough to cause partial

discharge of the semiconductor capacitor 1. The charge
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lost by the capacitor, represented by the reduction of
its inter-plate voltage, then represents the intensity
of the light source to which the semiconductor capacitor
1 was exposed. The intensities of other light sources
relative to that first used may then be determined by
repeating the operation for the other light sources for
the same period, provided of course that the range of
light intensities being investigated is such that the
highest intensity source just discharges the capacitor 1
in the given exposure period.

In the arrangement represented by Fig. 1, the
semiconductor capacitor 1 may be charged to a convenient
positive datum voltage by allowing the column address

44+ 1
1r?
ua.\-‘l.ve

conductor 6 to "float", or by applying a

'

voltage to the emitter electrode of the NPN transistor 3
by way of the column address conductor 6, to prevent
conduction of the transistor 3 while charging the
semiconductor capacitor 1 from the row address conductor
5 by way of the emitter-base diode circuit of the PNP
transistor 2 to the datum voltage level. The datum
voltage supply is then removed, followed by the removal
of the positive voltage blocking conduction of the NPN
transistor 3, if appropriate, leaving the semiconductor
capacitor 1 with a charge which holds the base electrode
of the PNP transistor 2 positive with respect to its
emitter electrode. Exposure of the semiconductor

capacitor 1 to light will reduce its stored charge
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leading to a reduction in its inter-plate voltage. The
reduced voltage level may be measured by applying, to
the row address conductor 5, a ramp voltage rising from
zero volts to the datum voltage to which the
semiconductor capacitor 1 was charged initially. When
the ramp voltage becomes measdy equal to the voltage of
the semiconductor capacitor 1, the PNP transistor 2 will
beéin to conduct and will act regeneratively with the
NPN transistor 3 to cause both transistors to become
fully conductive and to connect the row address
conductor 5 to the column address conductor 6, causing
the voltage level of the column gddress conductor 6 to
rise abruptly from zero volts to about the level of the
ramp voltage being applied to the row address conductor
5. The voltage appearing abruptly on the column address
conductor 6 is equal to the residual voltage on the
semiconductor capacitor 1 following its exposure to
light, and this voltage may be converted to a voltage
representing the intensity of the irradiating light by
generating a signal representing the difference between
the capacitor residual voltage and its initial voltage.
A convenient arrangement for generating a signal
representing the difference between the capacitor
residual voltage and its initial voltage is represented
by Fig. 2 in which a clock oscillator 10 controls the
operation of a ramp generator 7 through an interface

circuit 9. The interface circuit 9 also controls a
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circuit block 8 which is arranged to act as a down
counter and to count down for the period between the
start of the ramp cycle and the appearance of the ramp

voltage at the column address conductor 6. The circuit

w

block 8 acts as an n-bit counter and is arranged to
count from its initial value of 2" to zero in the
interval occupied by the ramp waveform. The output
count of the circuit block 8 is then a digital
representation of the difference between the capacitor
10 residual voltage and its initial voltage. The ramp
generator 7 may be an analogue device providing a smooth
" waveform or it may be a staircase generator having 2 n

levels to correspond to the 2" states available from

the circuit block 8.

=
w

The upper waveform of Fig. 3 represents the ramp
waveform available from the analogue form of the ramp
generator 7 and the lower waveform of Fig. 3 represents
the waveform which appears at the column address
conductor 6 of Fig. 2 when the ramp waveform is applied
20 to the row adéress conductor 5. Fig. 3 illustrates the

existence of a threshold voltage Vt which the ramp

voltage must exceed, even when the capacitor 1 is

completely discharged, before the PNP transistor 2 and

the NPN transistor 3 conduct. The point B on the ramp
25 waveform indicates the ramp voltage level at which the
transistors 2 and 3 will conduct when the capacitor 1 is

completely discharged and the point ¢ represents the
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ramp voltage level at which the transisotrs 2 and 3 will
conduct when the capacitor 1 holds charge resulting in
c The point D on the ramp
waveform represents the datum voltage VmaX to which

the capacitor 1 is charged prior to the light sensing
operation. The voltage step GE on the column address
waveform represents the condition signalling the
switching on of the transistors 2 and 3 of Fig. 2. As
is illustrated by Fig. 3, the time duration FG is a
measure of the residual inter-plate capacitor voltage GH
after exposure of the capacitor 1 to the light source
the intensity level of which is being converted to an
electrical value, and the time duration BK is a measure
of the capacitor voltage drop JK which is an electrical
value proportional to the intensity of the light soﬁrce.
The time durations FG and HK mav be represented by the
output value of a digital counter clocked at a uniform
rate, and, assuming that the time range FL is
represented by a count of one hundred and the time
duration FG will then be represented by a count of
forty, then the time duration HK will be represented by
a count of sixty. By arranging for a counter to be
preset to a count of one hundred and to count down for
the time duration FG, the output count will be sixty,_

which is the correct count for the time duration HK. As

will be evident from Fig. 3, the effect of the threshold
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voltage V,_ is to introduce a fixed error corresponding

t
to the time delay EF when the count starts at a time
corresponding to the point A, that is, at the start of
the ramp waveform. The error is removed either by
delaying the start-of-count by a time interval equal to
EF or, when the count starts at the time A, adding to
the final counted down value a count corresponding to
the time interval EF.

Fig. 4 illustrates actual results from a test
device for a high incident light level. In Fig. 4, the
ramp waveform is the curve AD corresponding to the |
idealised curve AD of Fig. 3, and the column voltage is
the curve EFGHJ corresponding to the idealised curve
EFGHJ of Fig. 3, the period FG being the measure of the
capacitor residual voltage as for the period FG of Fig.
3.

Fig. 5 illustrates another result from the test
device, this being for a low incident light level. As
is evident from Fig. 5, the capacitor residual voltage
corresponding to the period FG is higher than it is for
the situation represented by Fig. 4, since the capacitor
residual voltage will vary as the inverse of the
incident light level.

Fig. 6 illustrates the measured light sensitivity
obtained from a test device for a range of irradiating
light intensities for sampling-times of 10mS (curve A),

40mS (curve B), and 1 second (curve C), with adjustment
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of the light intensity axis scales for the curves A, B
and C go present the curves closely enough together for
the effects of varying the sampling periods to be
evident. 1In total darkness, the test device showed a
loss of 50% from its initial charge level over a period
of about 3 seconds, and, as is evident from the curves

A and B, shows good linearity under the realistic
saﬁpling times of 1l0mS and 40mS, with the expectation
that sampling times in the range 10mS to 40mS will give
results bounded by the curves A and B. At the excessive
samping time of 1 second, there is some deéradation due
to loss of capacitor charge from causes other than
intentional light irradiation. The light intensity axis
scales are in inverse proportion to the sample time}for
the curves A, B and C, that is, the scaling is such that
the total number of incident photons is the same for |
these curves.

The waveform applied to the test device of Fig. 6
to read it is ilustrated by Fig. 7. The waveform of
Fig. 7 consists of a ramp portion AD of duration 25 uS
followed by the period MA, the waveform ADMA
being repeated. The sampling time MM is made 10mS in
deriving the curve A of Fig. 6, MM is made 40mS in
deriving the curve B of Fig. 6, and MM is made 1 second
in deriving the curve C of Fig. 6.

Fig. 8 illustrates an arrangement for an array 101

of light~to-electrical energy transducers with the
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external control circuits to operate it as an imager
array. The imager array includes a row driver 102,

separate n-bit column registers 103,104.... and m

‘connected to respective column conductors 103c,104¢

we.... and mc and an n-bit down counter 106 arranged
to pass its count to the n-bit registers 103,104......
and m along a data bus 107. A further set of n-bit
reéisters 30,40... and p are connected in parallel
with the registers 103,104.... and m and arranged to
be selected for operation alternately with the registers
103,104.... and m which operate with alternate rows
of the array 101. There is one row driver such as the
row driver 102 for each of the rows of the array 101.
The operation of the imager array 101 of Fig. 8
takes place as a repeating cycle started by presetﬁing
the n-bit down counter 106 to the full-scale value for
the system and triggering a ramp generator (not shown)
which drives the row driver 102 at the same time as
causing the counter 106 to start counting down under the
control of pulses from 2 timing clock (not shown). AS
each cell in the addressed row switches to cause the row
driver ramp voltage to appeéar at the associated column
conductor, the current value of the counter 106 is
loaded into the associated one of the registers 103,104
ee.. and m. The cycle continues until the counter
106 has been decremented to zero at which time the

counter and the ramp generator are reset for the next
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cycle during which the count data stored in each of the
registers 103,104.... and m is read out on the output
bus 108 . The next cycle is carried out with the next
row driver 102 connected to the next row of transducer
cells in the array 101 and the registers 30,40... and
D operating to receive the output count from the
counter 26. As with the registers 103,104.... m, each
of the registers 30,40...p stores the output count it
is receiving from the counter 106 when the column
conducter to which it is connected is switched from zero
voltage to the row driver voltage by the transducer cell
being monitored. The registers 103,104.... m are
brought back into operation for the next row while data
is being transferred out from the registers
30,40....p, and so on, until all the rows have been
scanned, and the whole cycle is repeated indefinetely.
The arrangement of Fig. 8 is therefore operable as
an imager array in which each row read cycle is
controlled by the n-bit binary down counter with a
resolution of 2" levels of the incident light intensity.
Each row read cycie is started by presetting the counter
to the full-scale value for the system and triggering a
ramp generator (not shown), arranged to provide a ramp
waveform of duration such that the counter will reach
zero output when the ramp is at its maximum value, to

start the ramp-up of the drive signal to the selected
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row. The ramp generator (not shown) may provide a
staircase waveform composed of 2" discrete steps to

correspond to the 2% jlevel resolution provided by the .

ramp or the ramp may be a straight line. As each cell

in the addressed row changes state to effect the

connection of its row conductor to its column conductor,
the appearance of a non-zero voltage on the column
coﬁductor causes the current value of the counter to be
loaded into the n-bit register or latch dedicated to the
column conductor. When the counter has been decremented

to zero by its reference timing clock, the'ramp

generator is reset to return the row drive voltage to

zerns. Data held in digital form in the registers or
latches for each row are shifted out while the next row

is being sampled and the results stored in a duplicate

set of registers or latches connected also to the column
conductors and the counter. One set of registers or
latches is therefore used for the data from alternate

rows of the array. Because the output data from the
counter and the registers or latches are in digital

form, that is, analogue to digital conversion is

performed automatically as part of the sampling of the
stored charge level for the imager array, the output

data from the imager array are compatible with computer S
and digital transmission systems. A ramp duration of up g
to 64uS provides data at a rate corresponding to a |

television system of line scan rate providing 625 lines
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per frame at 25 frames per-second.

Fig. 9 illustrates an imager array block with cell
redundancy, buffer amplifiers, and transfer gates,
providing both fault tolerance and expansion
capability. Referring to Fig. 9, the imager array block
includes a transducer array 111 consisting of an array
of picture element (pixel) units 112 each made up of two
transducer cells 112a and 112b. The transducer
cell 112a has its own row conductor 1ll3a and
column conductor 114z and the transducer cell 112b
has its own row conductor 113b and column conductor
114b. The transducer cell 112a is representative
of an upper set of transducer cells to which the row

conductor 113a is common and the transducer cell

112b is representative of a lower set of transducer

cells to which the row conductor 113b is common.
Also, the transducer cell 112a is representative of a
left-hand set of transducer cells to which the column
conductor 1ll4a is common and the transducer cell

112b is representative of a right-hand set of
transducer cells to which the column conductor 114b
is common. Outside the transducer array 1, a column
conductor 114 is connected to a buffer amplifier 115
which drives the column conductor 1ll4a within the
array 111 and to a buffer amplifier 116 which drives
the column conductor- 114b within the array 11l. On

leaving the array 111, the column conductors 1ll4a
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and 114b are combined into a column conductor 110 by

means of AND gates 117 and 118 and an OR gate 119.

" The AND gate 117 is connected also to a transfer

‘control conductor 110 and the AND gate 118 is connected

also to a transfer control conductor 120 . Also outside
the array 111, a row driver conductor 17 and a row
conductor 16 are connected to an AND gate 15 the output
of which is connected to a buffer amplifier 14 which
drives the row conductor 113a within the array 111

and to a buffer amplifier 13 which drives the row
conductor 113b within the array 11ll. When the row
conductors 113a and 113b leave the array 11l they

are combined by means of AND gates 18 and 1% and an OR
gate-20 to form a row conductor 21. The AND gate 18 is
connected also to a transfer control conductor 23 and
the AND gate 19 is connected also to a transfer control
conductor 22.

The imager array block of Fig. 9 is suitable for
connection with similar blocks to form a matrix of the
blocks. The provision of the buffer amplifiers 115,

116, 13 and 14 facilitates the fabrication of matrices
with indefinite numbers of rows and columns, and the
provision of the transfer gates 117, 118 and 119 and 18,
19 and 20, facilitates the transfer of data through the .
blocks either along the column conductors 114 and 100 or -
along the row conductors 16 and 21. The provision of

dual transducer cells 112a and 112b for each

[N B et B R A—— A e e e
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picture element 112 with dﬁal row conductors 1ll3a

and 113b and dual column conductors 1ll4a and

114b facilitates the fabrication of fully functional
imager arrays from array blocks having some defective
components.

Referring to Fig. 9, each row of picture elements
is provided with a pair of row conductors and each
column of picture elements is provided with a pair of
column conductors, each conductor of a pair being driven
independently with the same signal at the input to a
block, but only one conductor of a pair being sampled to
provide the data to be taken from the block. The row
and column transfer conductors of the block are so
controlled as to select only one of the row or column
conductors to provide the ouput signal to be sampled.
The order of the row and column conductor pairs are
reversed alternately, that is, Ehe order of the row
and column conductors is 1A-1B, 2B-2A, 3A-3B, 4B-~4A and
so on. The block is tolerant to fabrication defects
including single cell defects, discontinuities in row
and column conductors, short circuits between adjacent
row conductors, short circuits between adjacent column
and short circuits between adjacent row and column
conductors. The provision of redundant cells and
conductors does not lead to excessively large picture
elements since each cell area is only 20 times the

square of the minimum line width which may be achieved
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by current fabrication processes.

Referring to Fig. 9, the signals from each block
will be converted to digital form, as is explained
above, and may be transferred from block to block and
regenerated as necessary. Intermediate values may be
derived from the signals obtained from adjacent
conductors.

Fig. 10 is a more detailed representation of the
transducer array block of Fig. 9. 1In Fig. 10, the
transistors 101 to 104 perform the functions of the
logic gates 13, 14 and 15 of Fig. 9, the transistors 105
and 106 perform the functions of the logic gates 117,
118 and 119 of Fig. 9, and the transistors 107 and 108
perform the functions of the logic gates 18, 19 and 20.
The remainder of Fig. 10 corresponds more or less fully
to Fig. S.

An array of the tranducer cells, éarticularly an
array comprising redundant cells and conductors, may be
of indefinite size and may be large enough to occupy an
entire semiconductor wafer. As has been described
above, the transducer cells may be arranged as an imager .
array and the output signals are obtained directly in
digital form, permitting the switching and regeneration
of the signals within the array, particularly where t@e
array is formed as a matrix of blocks.

Figs. 1llb, and 1llc illustrate,

respectively, a section along a line Y-Y and a section
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along a line X-X, of an integrated circuit
implementation of the transducer cell of Fig. 1. as
represented by Fig. lla.

Fig. lla illustrates that a region 6 extends

5 fully across the memory cell structure in the
y~-direction, say, while regions 5,50,51,52,54 and 56
extend fully across the memory cell in the x-direction.
The region 53, alone, is local to the transducer cell.
The structure illustrated by Fig. lla permits the

10 fabrication of an array of transducer cells in which
rows share the region 6 in the y-direction and columns
share the regions which extend in the x-direction,
providing simplified access to the transducer cells and
permitting the fabrication of a transducer array having

15 a repeating column and row structure.

Fig. 1llc illustrates that the p * doped region 51,
the region 52, the region 53, and the region 6 are
stacked one above the other and confined on each side by
a silicon dioxide wall 57.

20 The array of memory cells, described above, may
occupy an entire semiconductor wafer.

Referring to Figs. 1lla, 11b and llgc, a
monolithic semiconductor structure providing the circuit
arrangement of Fig. 1 includes a longitudinally

25 extending bar 6 of N type silicon material (the column

conductor & of Fig.'l) above which lies a bar of P type

silicon material 53, above which, in turn, lies a bar of
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N type silicon material 52 displaced towards one side of
the P type bar 53. A layer 55 of silicon nitride covers
the upper surface of the N type bar 52 and extends over
the upper surface of the P type bar 53. A first
transversely extending bar 5 of p+ type silicon material
(the row conductor 5 of Fig. 1) makes contact along the
N type silicon bar 52 and creates a doped region 51 in
thé region 52, and a second transversely extending bar
50 of p+ type silicon material makes contact along the P
type silicon bér 53 creates a doped region 56 in the
region 53. The bar 53 is terminated by an'N+ type
silicon barrier 54 and the entire structure described
above is formed on a P- type silicon substrate.

Referring still tec Figs 1la, 11pb and 1llg, the
transversely extending p+ silicon bar 5 may be replaced
by a metal bar and the doped region 51 produced by ion
implantation. The transversely extending bar 50 may
also be replaced by a metal bar and ion implantation
used to provide the doped region 56.

In the structure represented by Figs. 1la, 1l1lb
and 1llc, regions 52, 53 and 6 together form a vertical
NPN transistor and the regions 51, 52 and 53 together
form a vertical PNP transistor, the two transistors
bearing to each other the relationship of the
transistors 2 and 3 of Fig. 1. The silicon nitride
layer 55 forms the dielectric of a capacitor having the

regions 50 and 52 as its plate electrodes, the capacitor
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being connected to the reméinder of the circuit as shown
for the capacitor 1 of Fig. 1. The resistor 4 is
provided mainly by the silicon bulk material within the
region 53 lying between the region 56 and the part of
the region active as the base electrode of the
transistor 3 and the collector electrode of the
transistor 2 provided by the region 51.

In the arrangement represented by Figs. 1la,
11b and llc, the three-dimensional stacking of the
active devices yields a compact cell occupying some 65%
of the area required by current 256K MOS cells. Also,
the arrangement of the storage capacitor in relation to
the parasitic collector-to-base éapacitance of the NPN
transistor structure yieids a storage capacity
equivalent to that of current 256K MOS cells in a
smaller area.

The arrangement represented by Figs. 1la, 11b
and llc provides an inverted NPN transistor structure
with a buried N-type emitter region 6, a uniformly doped
epitaxial base region 53 with a polysilicon doped base
contact, and a polysilicon doped collector which doubles
as the N-type base region for the PNP transistor. The
inverted NPN transistor structure is such that there
should be a high injection of holes into the emitter
region from the base region contact due to the
p" /P/N structure, leading to poor emitter efficiency

and low gain. The situtation is altered by the presence
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of the resistive path between the region 56 and the

active region of the NPN structure 5253/6 which acts

against the region under the resistor contact becoming

forward biassed with the result that there is no hole

injection into the emitter and the NPN transistor
exhibité high gain, as does the PNP transistor (which is
no; inverted). The resistive path referred to above is
generally similar to the structure of a jﬁnction field
effect transistor in which the regions 52 and 6 form
gate electrodes and the region 53 forms thg channel,
conduction along the channel taking place under
pinch-off. The combined PNP/NPN structure forms an
efficient thyristor switch.

Figs. 12a, 1Zb and l2¢ illustrate a
modification of the structure represented by Figs.
lla, 11lb and 1llc in which the region 56 is
extended to provide a diode between the region 56 and
the region 52. The capacitance of the diode jqnétion

provides the charge storage capacitor.
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Claims

1. A light to electrical energy transducer cell
including charge storage means which, when exposed in
charged state a light, loses an amount of charge
dependent on the quantity of light received by the
charge storage means, switch means connected to the
charge storage means arranged to facilitate charging of
the charge storage means, the switch means being
arranged also to be so controlled by the charge storage
means *and by the voltagé level of a first éontrol port

as to assume a state indicative of the relative voltage

" levels of its control port and the charge storage means,

and input and output means not connected to the charge
storage means and preferably connected only to the
switch means for charging the charge storage means and
for measuring the voltage level of the charge storage
means by varying the voltage level of the control port
of the switch means to cause a change of state of the
switch means.

2. A light to electrical energy transducer cell, as
claimed in claim 1, wherein the charge storage means is
connected between a second control port of the switch
means and a reference point within the cell.

3. A light to electrical energy transducer cell, as
claimed in claim 2, wherein a third control port of the

switch means is connected to the reference point within

the cell by way of a resistive means.

e e s e ¢4 C e ———— e e tme 4 e e o
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4. A light to electrical energy transducer cell, as

claimed in claim 3, wherein input means is connected to

" the first control port of the switch means and an output

‘means is connected to a fourth control port of the

switch means.

5. A light to electrical energy transducer cell, as
claimed in any one of claims 1 to 4, wherein the switch
means is a PNPN device connected between the input and
the output means, and the charge storage means is
connected between the inner X- layer and an internal
ground potential point of the cell. '

6. A light to electrical energy transducer cell
substantially as herein described with reference to, and
as iilust:ated by, Fig. 1 of- the accompanying drawings.
7. A light to electrical energy converter includihg a
light to electrical signal transducer cell as claimed in
any one of claims 1 to 6, and means connected to the
input and output means for charging the charge storage
means, and means for measuring the voltage level of the
charge storage means.

8. A light to electrical energy converter, as claimed
in claim 7, wherein the means for measuring the voltage
level of the charge storage means inlcudes means
arranged to detect a change of state of- the switch means
and to érovide an output signal indicative of the time
of the change of state of the switch means relative to

the time at which the change would take place when the
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charge storage means is at'its initial voltage.

9. A light to electrical energy converter, as claimed
in claim 8, wherein the means for measuring the voltage
level of the charge storage means is arranged to provide
a digital output.

10. A light to electrical energy converter, as claimed
in claim 9, wherein the means for measuring the voltage
level of the charge storage means includes a ramp
generator arranged to vary the voltage level of a
control port of the switch means which is arranged to
switch as the ramp generator voltage approaches the
charge storage means voltage, and a digital down-counter
arranged to count during a period between the start of
the ramp and the change of state of the switch means.
11. A light to electrical signal converter
substantially as herein described with reference to, and
as illustrated by, Figs. 2 and 3 of the accompanying
drawings.

12. A light to electrical energy transducer block
including a plurality of light to electrical signal
transducer cells arranged in a matrix of rows and
columns with respective row conductors arrangeé as the
input means and respective column conductors arranged as
the output means, and means shared by the signal
transducer block for charging the charge storage means
of the cells and for'measuring the voltage levels of the

cells.
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13. A light to electrical energy transducer block, as

claimed in claim 12, including multiple transducer cells

" forming the elements of the matrices, and associated

multiple row and column conductors.

14. A light to electrical energy transducer block, as
claimed- in claim 12 or claim 13, inluding input and
output buffer amplifiers and input and output transfer
gates connected to the row and column conductors.

15. A light to electrical energy transducer block, as
claimeé in any one of claims 12 to 14, wherein the means
for measuring the voltage levels of the cells includes
means arranged to detect a change of state of each the
switch means, one row at a time, and to provide an
outpﬁt signal indicative of the time of the change of
state of each of the switch means, cone row at a timé,
relative to the time at which the change would take
place when the charge storage means of the cell is at
its initial voltage, and means for storing the results
from each of the cells one row at a time.

16. A light to electrical energy transducer block, as

claimed in claim 14, wherein alternate rows of the block

are connected to respective first and second sets of
means for storing the results from the cells.

17. A light to electrical energy transducer block, as
claimed in any one of claims 12 to 16, wherein the means
for measuring the voltage levels of the cells is

arranged to provide a digital output.

© ey emem e -
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18. A light to electrical energy transducer block, as
claimed in claim 17, wherein the means for measuring the
voltage levels of the cells includes a ramp generator
arranged to vary the Qoltage level of a control port of
each of the switch means, one row at a time, which
switch means are each arranged to switch as the ramp
generator voltage approaches the voltage of its
associated charge storage means, a digital down-counter
arranged to count during the ramp, and means for storing
the count reached for each cell, a row at a time, at the

time of the change of state of its switch means.

S 19. A light to electrical energy transducer block

substantially as herein described with reference to, and
as illustrated by, Fig. 8, or Fig. 9, or Figs. 9 and 10,
of the accompanying drawings.

20. A light to electrical energy transducer array
comprising a plurality of transducer cells as claimed in.
any one of claims 1 to 6.

21. A light to electrical energy transducer array
comprising a plurality of transducer blocks as claimed
in any one of claims 12 to 19.

22. A method of converting energy from an
electromagnetic energy source into an electrical signal
including the steps of charging a charge storage means
which, when exposed in a charged state to the
electromagnetic energy, loses an amount of charge

dependent on the quantity of the electromagnetic energy
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received by the charge storage means, exposing the

charge gtorage means to the electromagnetic energy,

measuring the voltage level of the charge storage means 2
by comparing it with a ramp voltage, and generating, as

an output signal the difference between the voltage

levels of the charge storage means before and after

exposure to the electromagnetic energy.

23: A method of converting a light signal into an

electrical signal as claimed in claim 22, wherein the

output signal is generated as a count downwards from a

value corresponding to the voltage level o% the charge
storage means before exposure to the electromagnetic

energy, the count being halted when the ramp vecltage

reaches the voltage of the charge storage means aftgr
exposure to the electromagnetic energy.

24. A light to electrical energy transducer array as

claimed in claim 20 or claim 21 formed in a
semiconductor wafer.

25. A light to electrical energy transducer array

including a monolithic structure having a plurality of

charge storage means at one of its surfaces and an

enclosure arranged to permit each of the charge storage

means to receive light, each of the charge storage means
being so arranged with switch means as t5 permit the . S
sensing of the voltage level of the charge stcrage means -
by sensing the state of the switch means by means of

signals applied to the switch means, and each of the
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charge storage means being 'arranged, when exposed to
light while charged, to lose an amount of charge
dependent on the quantity of light received.
26. A light to electrical energy transducer array as

5 claimed in claim 25, wherein the enclosure is arranged
to permit only the charge storage means to receive
light.
27. A light to electrical signal transducer array as
claimed in claim 25 or 26, wherein the monolithic

10 structure consists of a semiconductor material.
28. A light to electrical signal transducer array

- including a plurality of transducer cells substantially

as herein described with reference to and as illustrated
by Figs. 1lla, 1llb and llc, or Figs. 1l2a, 12b

15 or 12¢, of the accompanying drawings.
29. Any new feature herein described or any new

combination of hereindescribed features.
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