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ABSTRACT OF THE DISCLOSURE 
A device for converting energy patterns in the form 

of light, pressure, heat or magnetic images into an electri 
cal signal as a function of time where the necessity for 
a scanning beam or a crossed bar readout system is 
eliminated by cascading elements which function as both 
storage and energy sensitive devices and by providing 
circuitry for shifting the charges of the energy sensi 
tive storage stored in the elements in a single direction 
along the cascaded array. 

The invention relates to a device for converting an 
energy pattern into an electric signal as a function of time, 
which device comprises at least one row of pickup ele 
ments. In the pickup elements, which comprise a semi 
conductor circuit element, the information of the energy 
pattern is converted into an electric voltage corresponding 
thereto in value across a capacitance in a pickup element. 
Such a device, for example, for observing a scene 

optically or in the infrared range is known from the 
article "Charge Storage Lights the Way for Solid-State 
Image Sensors" by G. P. Weckler in "Electronics,' May 1, 
1967, pp. 75-78. 

In the said articles pickup elements are described inter 
alia which contain semiconductor metal oxide (MOS) 
transistors, A PN-junction of the MOS transistors of the 
P-channel type brought in the cutoff condition serves as 
a capacitance. The radiation from the scene to be ob 
served is incident on said capacitance, Dependent upon 
the intensity of the radiation more or fewer holes and 
electrons will be created in the boundary layer between 
the semiconductor P- and N-layers which discharge the 
capacitance by recombination with the charge provided 
on the capacitance. By subsequently charging the capac 
itance again by means of a pulsatory voltage and deter 
mining the charge required for that purpose, an indica 
tion regarding the intensity of the incident radiation is 
obtained for a pickup element in the form of an electric signal. 

Pickup elements forming a pickup array are also de 
scribed in the article, in which the capacitances collecting 
the radiation are constituted by phototransistors, the 
pulsatory charging voltage being applied through MOS 
transistors serving as switches. It is proposed to use a 
system of crossed bars to obtain the electric signal rep 
resenting the physical information from the pickup ele 
ments. The pickup elements are provided between the 
intersections of two pairs of intersecting parallel con 
ductors. The pickup elements are thus connected in rows 
and columns by means of the conductors. By applying a 
switching signal to one of the row conductors and one 
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of the column conductors, the electric signal representing 
the radiation is obtained, through the MOS transistor 
operating as a switch, from the pickup element arranged 
between the relative conductors. 
The reading out of the said pickup array by means of 

a system of crossed bars, presents many problems and 
disadvantages. The intersecting conductors of the system 
of crossed bars are located close to each other. There 
fore, comparatively large stray capacitances are present 
between the conductors. Since for reading out the pickup 
elements a high-frequency switching signal is required 
said stray capacitances give a disturbing crosstalk effect. 

Since the requirement holds that only one pickup ele 
ment of a row or of a column should provide its infor 
mation, the result is that between the relative pickup 
element and the conductor, a small resistance must be 
present and between the other pickup elements and the 
conductor a large resistance must be present. For that 
purpose it is stated in the abovementioned article that 
in each phototransistor operating as a capacitance, a 
MOS transistor must be provided which serves as a switch. 
It also holds that a conductor must be very low-ohmic in 
order that the switching signal be attenuated by the 
conductor as little as possible. The attenuation and, for 
example, the voltage drop across the conductor resulting 
therefrom, may in fact have for its result that a pickup 
element other than the relative pickup element also pro 
vides information. The requirements of the readily con 
ducting material for the conductor for which, for exam 
ple, aluminum is suitable, presents difficulties in integra 
tion methods for the pickup elements constructed with 
semiconductor material as regards the provision and the 
required connections. 

In addition at least two shift registers are required 
for supplying the switching signal to the rows and to the 
columns. 

It is the object of the invention to provide a device 
which does not exhibit the abovementioned drawbacks 
associated with a system of crossed bars, in which also 
the influence of stray capacitances occurring is used to 
advantage. The device according to the invention pro 
vides an entirely new method of reading out the pickup 
elements and for that purpose it is characterized in that 
the capacitance in a pickup element is present between 
an output electrode and a control electrode of the said 
semiconductor circuit element. The control electrode is 
connected, through a voltage source which can produce a 
voltage having a value as a function of time cutting off 
the semiconductor circuit element, to a control electrode 
of another semiconductor circuit element between the 
output electrode and control electrode of which another 
capacitance is present. The output electrode of one semi 
conductor circuit element is coupled to the input elec 
trode of the other semiconductor circuit element . 
A transport of charge which depends upon the information 
of the radiation pattern occurring occurs in said cou 
pling between one capacitance and the other capacitance 
as a result of bringing the other semiconductor circuit 
element in the conductive condition by means of the 
said voltage source. 

In order that the invention may be readily carried into 
effect, a few examples thereof will now be described in 
greater detail with reference to the accompanying draw 
Ings. 

FIG. 1 shows a device according to the invention in 
which the pickup elements are provided with semicon 
ductor circuit elements constructed as MOS transistors. 

FIG. 2 serves to explain the operation of the device 
shown in FIG. 1 and shows diagrammatically a few 
diagrams as a function of time. 

FIG. 3 shows a device according to the invention pro 
vided with several rows of pickup elements. 
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FIGS. 4a and 4b show an example of an embodiment 
of the pickup elements in IC-form of a device according 
to the invention. 

Referring now to FIG. 1, of a device according to the 
invention constructed with a number of pickup elements 
1 to n which are collectively denoted by pickup elements 
B to Bin, the first three pickup elements B11, B12 and 
Bs are shown in detail. Since the pickup elements Bui 
to B are constructed in the same manner, a detailed 
description is given of the pickup element B11 only. The 
pickup element B11 comprises two semiconductor semi 
conductor circuit elements, denoted as transistors T and 
T which are further constructed as semiconductive metal 
oxide (MOS) transistors of the N-channel type. An input 
or source electrode denoted by S and an arrow indicating 
the direction of current of MOS transistor T is connected 
to an output or drain electrode of MOS transistor Ta 
denoted by D, while of MOS transistors T and T a 
mass or common bias electrode B arranged on the sub 

strate of each transistor is connected to a terminal having 
a negative potential -V. The terminal which is at the 
potential -V forms part, in a manner not shown, of a 
direct voltage source V another terminal of which is 
connected to ground. The same will apply to further di 
rect voltage sources to be mentioned in the description. 
A control or gate electrode G of MOS transistors T. 
and T, respectively, is coupled to the drain electrode D 
through a capacitance denoted as capacitors C and Ca 
respectively. 
The pickup elements B11 to B are connected together 

by connecting of each pickup element, except for the last 
pickup element B1, the source electrode S of MOS tran 
sistor T to the drain electrode D of the MOS transistor 
T in the succeeding pickup element and by interconnect 
ing the gate electrodes G of the MOS transistors T and 
T respectively. The source electrode S of the MOS tran 
sistor T in the pickup element B (not shown) may be 
connected both to a terminal having positive potential 
and may not be connected further, that is to say, it may 
be kept floating. The drain electrode D of the MOS tran 
sistor T in the pickup element B11 is connected to the 
source electrode S of a MOS transistor T the bias elec 
trode B of which is connected to the terminal having a 
negative potential -V and the gate electrode G is con 
nected to that of MOS transistors T. In the pickup ele 
ments B11, B1a and B13, the potentials at the drain elec 
trodes D of the MOS transistors T and T, respectively, 
are denoted by V11, V12 and V13 and W11, Va' and W 
respectively. 
The interconnected gate electrodes G of MOS tran 

sistors T, MOS transistors T and MOS transistors To 
respectively, are connected to ground, through voltage 
source P and Pa, respectively. Voltage sources P and P 
produce the clock voltages U and U as a function of 
time shown in FIG. 1, which voltages vary between the 
ground potential denoted by zero and a potential value 
--E. The voltage Ua produced by the voltage source P. 
lags half a period with respect to voltage U1 which is 
supplied by the voltage source P. The drain electrode D 
of MOS transistor T is connected to ground through a 
capacitor Co. Parallel to the capacitor C is connected a 
voltage source P which supplies a clock voltage U as 
shown through a diode D connected with its cathode to 
capacitor Co. The voltage Us having a square-wave form 
as a function of time varies between the potential value 
--E and a reference value --2E. The terminal of the ca 
pacitor Co having a potential W is connected to the gate 
electrode G of a MOS transistor T of the N-channel type, 
the bias electrode B and the drain electrode D, respective 
ly, being connected to a terminal having a potential -V. 
and --V, respectively. The source electrode S of MOS 
transistor Ts is connected to ground through a resistor 
R3 and the voltage produced across the resistor R3 de 
pendent upon the value of potential V appears at an out 
put terminal Z of the device. 
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4. 
Instead of MOS transistors, germanium transistors or 

silicon transistors may alternatively be used in the device. 
The said input or source electrode S and output or drain 
electrode D correspond to an emitter and collector elec 
trode respectively. The said gate electrode 6 G corre 
sponds to a base electrode, which two electrodes may 
collectively be referred to as control electrodes. 
As is known, the construction of the said transistors 
To To, Ti, Ta and T as MOS transistors, as com 

pared with normal germanium or silicon transistors for 
the same drive, presents the advantage of a very much 
smaller value of the current through the gate electrode 
G than through the base electrodes of the normal transis 
tors. Of course, normal transistors in the known Darling 
ton arrangement could also be used to obtain the same 
effect, or the loss of charge corresponding to the said base 
current could be eliminated by providing charge ampli 
fiers between a few pickup elements. Alternatively, tran 
sistors using a field-effect (so-called FETs) are to be 
considered. 

In the embodiment shown the physical pattern which 
is to be converted into an electric signal influences the 
voltage across the capacitors C1 and C2C and C and 
hence the values of the potentials W1, V11, V12, V12' and 
so on, by a physical interaction which is denoted dia 
grammatically by arrows in dot-and-dash lines. As 
already stated in the above-mentioned Weckler article, 
the interaction may be photoelectric. The capacitors C1 
and C. each denote the essentially parallel capacitance 
of the PN-junction of the substrate-drain diode in the 
MOS transistors T and T and that present between 
the gate electrodes G and the drain electrodes D. In the 
capacitors C and Ca shown the stray capacitances are 
included in the MOS transistors T and T and these are 
thus used to advantage. 

It is also possible to construct capacitors C1 and Ca 
as separate components having a leak resistance, the value 
of which depends upon the number of incident photons, 
for example, the dielectric of a parallel arranged photo 
resistor. Alternatively a pattern characterized by a pres 
sure distribution or a geometry of unevenesses could act 
upon the dielectric constructed with piezo oxides, or on, 
for example, pressure sensitive resistors connected par 
allel to the capacitor C and C. The same applies to a 
magnetization pattern, the magnetic field distribution of 
which influences the value of a resistor which is sensitive 
to magnetic fields. For that purpose the resistor may con 
sist, for example, of an InSb-mass, in which NiSb-needles 
occur. The magnetic field influences the position of the 
NiSb-needles readily conducting electric current in the 
InSb-mass poorly conducting electric current. 
The operation of the device according to the invention 

shown in FIG. 1 will now be explained with reference 
to the diagrams shown in FIG. 2. The diagrams shown in 
FIG. 2 as a function of time give the voltages U, U. 
and Ua supplied by voltage sources P, P and P and the 
potentials Wo, V11, V11, V1 V1, W18 and V13' which 
occur at the places already shown in FIG. 1. To explain 
the operation of the device shown in FIG. 1 it is sufficient 
to consider a device having only three pickup elements 
B11, B12 and B13. It is assumed that the source electrode 
S of MOS transistor T in the pickup element B is kept 
floating. To obtain a closely reasoned explanation of the 
cyclic operation of the device a given condition is started 
from. It will appear that after the period to be explained, 
the assumed given condition is again reached automatical 
ly. The period of the square wave voltage U is shown in 
FIG. 2 with a few time intervals to to t11, t1 to ta ta to 
t13. 

In FIG. 2 an instant to-Atri is shown shortly after 
which the potentials shown V11, V11, V12 V, V and 
V1s' all appear to have the value --E, which the potential 
Vo is equal to --2E. Starting from the instant to-Atri in 
which a time interval denoted by Atri for television will 
be found to lie in the order of a few tens of milliseconds, 
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the following occurs in the time interval Atr: the value 
of the voltages U and U supplied during the time inter 
val. At to the gate electrodes G of MOS transistors To 
T, and T by voltage sources P and P is equal to ground 
potential, so that said transistors are cutoff during the 
time interval. At due to the higher potential at the source 
electrodes S. In the time interval At the value of the 
voltage Us supplied by the voltage source Pa varies be 
tween the potentials --2E and --E. Since the potential 
V has the value --2E and keeps it during the time inter 
val. At when leakage losses are negligible, the diode Da 
will not conduct. In order to show that, for example, for 
television, the time interval. At is relatively long with re 
spect to the recurrence period of the voltage U, the volt 
age U during the time axis denoted by a broken line, 
shortened relative to that which is shown by a solid line, 
is shown again with an apparently more rapidly varying 
square-wave voltage. During the comparatively long time 
interval At the energy pattern to be converted influences 
the voltage across the capacitors C and C and causes it 
to decrease dependent upon the value of the information. 
Assuming the information in the form of photons to 
represent a scene to be picked up, the light from the scene 
varying in brightness from white peak via gray to black, 
it may be assumed that, for example, the bright white light 
impinges upon capacitor C of pickup element B11 and no 
light impinges upon the capacitor Ca of the pickup ele 
ment Bus while the intermediate grey values are evently 
distributed between the other capacitors C and C. The 
result is that during the time interval Atri the potentials 
V11, V11, V12, Va' and Vis decrease, while the potential 
V13, Vis', for negligible dark current, remains constant. 

The potential drop during the time interval At is shown 
linearly in FIG. 2, which, however, is not required. A 
nonlinear, for example, exponential drop is also readily 
possible. As will become apparent in the course of the 
description, the minimum occurring potential value for the 
maximum value of the brightness of the light should not 
be smaller than --/2E. This value is reached for white 
peak, by the potential V11 at the end of the time interval 
At that is to say at the instant to. It is found that the 
potentials V11 to Vis' at the end of the time interval At 
have values which, dependent upon the brightness of 
the light, vary from --2E for white peak to --E for 
black. 
At the instant to the value of the voltage U supplied by 

the voltage source P steps from ground potential 0 to 
--E. The result is that this potential step is impressed upon 
the gate electrodes. G of the MOS transistors T and the 
terminals of capacitors C connected thereto. As a result 
of this the potential step having the value E will simul 
taneously occur, through the capacitors C, in the poten 
tials V11, V12 and V13, so that these reach values at the 
instant to which lie between --1-2 and approximately 
--3E --2E. The potential step from 0 to --E on the 

gate electrode G of MOS transistor T sets it in the con 
ductive condition if the potential V at the its source 
electrode S is lower than --E, which potential W' is in 
turn determined by the charge condition of C, and applied 
potential U2. As a result of this the capacitors C and C. 
in the pickup elements B1 and B are connected to 
gether until, apart from threshold voltages. the value of 
the potential at the source electrode S has become equal 
to that at the gate electrode G of the MOS transistor T. 
The charge required therefor cannot be applied through 
the gate electrode G but must be supplied from the capaci 
tor C through the drain electrode D and the source elec 
trode S to the capacitor C. Starting from substantially the 
same values of the capacitors C, and C it is found that, 
as shown in FIG. 2 in the time interval to to t1, the respec 
tive potentials V11 and V will have to decrease as much 
as the respective potentials V11 and V will increase. 

Since no light has impinged upon the capacitor C in 
pickup elements B13, the change charge of the capaci 
tor C has remained constant. The potential step from 0 
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6 
to --E at the gate electrode G of MOS transistor T in 
pickup element B13, will therefore not cause the same to 
become conductive. 
The result of the potential step in the voltage U at the 

instant to is that in a pickup element the loss of charge in 
the capacitors C, due to the charging to the potential --E, 
has been transferred to the capacitor C through the 
source electrode S and the drain electrode D of the con 
ductive MOS transistor T. The potentials V, V and 
Vs thus obtain a given value relative to the value --2E 
which difference value corresponds to the brightness of 
the light which is incident on the pickup elements B11, 
B12 and B1s. 
At the instant ti' the value of the voltages U1 and Us 

respectively, supplied by the voltage sources P1 and P 
respectively, steps back from the value --E, and --2E, 
respectively, to ground potential and potential value --E, 
respectively. Simultaneously the voltage U supplied by 
the voltage source P steps from ground potential up to 
the value --E. The potential step in the voltages U and 
U respectively, show a potential step E downwards and 
upwards, respectively. In the pickup elements B11, B12 and 
B, the so far cutoff MOS transistors T will become con 
ductive instead of the MOS transistors T, as it also holds 
for MOS transistor T. As a result of this, the terminal of 
capacitor Co, which has a potential V equal to -2E, is 
connected through MOS transistor T to the terminal 
of capacitor C in pickup element B11 which has a poten 
tial V. Since potential V is lower than --E, which value 
is impressed upon the gate electrode G of MOS transistor 
To by the voltage source P with voltage U, the potential 
V will increase to the value --E. As already described 
above, the charge required for that purpose will have to 
be supplied by capacitor Co. For a value of capacitor Co 
equal to that of capacitor C in pickup elements B11, the 
increase of potential V will be equal to the drop of 
potential V. 
The same phenomenon presents itself between the pick 

up elements B11, B1a and B18, the loss of charge in the 
capacitors C1 in the pickup elements B12 and Bs, respec 
tively, being transmitted to the capacitor C in pickup ele 
ments B and B1. This is expressed in FIG. 2 when the 
potentials Vo V11 and Via, respectively, are compared 
with the potentials V11, V1 and V3, respectively, during 
the stated time interval t to t11. During this time interval 
ti' to t11, the diode Ds remains cut off since the value of 
the voltage U is equal to --E. 
The potential V decreased from --2E to approximately 

!--E, causes , through the transistor resistor R3 a 
smaller current to flow through the MOS transistor T. so 
that relative to ground a voltage occurs at the output 
terminal Z of the device which is equal to potential V. 
The voltage drop occurring at the output terminal Z, thus 
represents the brightness of the light which impinges upon 
the pickup element B1. 
At the instant t a potential step occurs in the voltages 

U1, U and Us, after which these voltages obtain the same 
value as shortly after the instant to. The result is the same 
operation of the device as already described at the instant 
to. A difference is, however, that in the time interval ti 
to t' the potential V will increase to the value --2E, 
since this value is impressed by the voltage source P. 
through the conductive diode D. 

For illustration FIG. 2 shows a part of the potential 
variations which correspond to the brightness of the light 
incident upon the pickup element B1 as a shaded area. It 
can simply be seen that during the time interval to to t11 
the information given by the value of potential V1 rela 
tive to --E is transmitted to the potential V and is super 
imposed thereon relative to the value --2E. During the 
time interval ti' to t11, the total information which is sup 
plied to the pickup element Bia during the time interval 
At is transferred to the capacitor C in the pickup ele 
ment B1 as a result of which the potential Wii varies rela 
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tive to the value --2E. During the period til to t11 
11 the information of the pickup element B12 is trans 
ferred in the pickup element B11 from the capacitor Ca 
having a potential V to capacitor C having a potential 
V1. The result is that in the time interval ta' to tia the 
information given by the pickup element B is transferred 
to the capacitor Co and hence to the output terminal Z. 
The information of the pickup element B becomes avail 
able at the output terminal Z for further processing in the 
time interval tis' to t13. 

It has been found that for reading out a device compris 
ing three pickup elements it is necessary and sufficient that 
the voltages U and U2 supplied by the voltage sources P1 
and P. show three square-wave pulses during the time 
interval to to ta. From this it appears that shortly after the 
instant tis the value of the potentials V11, V11, V12 Via 
and V13, V is equal to --E while that of potential V is 
equal to --2E. As already described above it is found that 
after reading out the device, the condition is automatically 
reached from which was started for the explanation. The 
result is that the instant to for a cyclic operation of the 
device corresponds to the instant to-Atr. 
For a device comprising n-pickup elements B1, B1 

bis B to Bin, in which a time interval At in which 
the light of the scene to be picked up influences the po 
tentials V11, V1, V12, V1, Vs, Vs to V, V," must 
be comparatively large relative to the time interval to to 
t1. This requirement does not hold for a device in which 
the information of the physical pattern is written instan 
taneously without integration in time. An example there 
of may be a device in which a pattern characterized by a 
pressure distribution in an instantaneous manner influences 
the potential picture of the dielectric constructed with a 
piezo oxide of capacitors C1 and C. 

It is obvious from the variation of the potentials V11 
and V11 that the potential drop under the influence of 
the light from the scene for white peak cannot be more 
than % E. If in fact the light impinges upon both capaci 
tors C1 and Ca in the pickup element B1 with maximum 
brightness that is to say white peak, the potential V11 
will decrease from -- 1/2E to --E in the time interval to 
to t11. The result is that shortly before the instant tu, 
the potential V11 at the drain electrode D, the potential 
V1' at the source electrode S, and the potential at the 
gate electrode G of MOS transistor T in the pickup ele 
ment B11 all have the value --E. If, however, the poten 
tials V11 and V11 should experience a larger drop than 
2E and reach, for example, the value --24E, the poten 

tial V will decrease from --12-3E to --E in the time 
interval to to t11. Due to this the potential V' can only 
increase by 2% E to the value -- % E. Since for a correct 
operation of the device it is required that the potential 
V1' at the source electrode S increases to the reference 
value --E, the limit already set results. 
The stated limit of /2 E for the potential drop does no 

hold for the case in which in each picku) element the 
voltage across the capacitor C or C is not influenced 
by the physical information but is kept constant at the 
reference value --E, so that the reference value is always 
available in a pickup element. As a result of this the 
other capacitor in the pickup element may experience a 
voltage drop by the value E, so may be substantially 
be discharged without interfering with the correct 

operation of the device. This may be realized, for exam 
ple, by screening the dielectric of a capacitor C. or C. 
in each pickup element from the physical information or 
making it insensitive thereto. 
When the device is actuated the charging of the capaci 

tors C and C in the pickup elements B11, B12, B13 and 
B occurs in a simple manner by means of the voltage 
sources P, P, and P already described with reference 
to FIG. 1. The squarewave voltage Us supplied by the 
voltage source P charges the capacitor Co at to the 
value --2E via diode Ds so that the potential Vo obtains 
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8 
the value --2E. The voltage Ua supplied by the voltage 
source P then makes the MOS transistor to To con 
ductive at the value --E so that in the manner already 
described the potentials W and V obtain the value --E. 
The voltage U supplied by the voltage source P1 then 
renders the MOS transistor it T conductive at the 
value --E so that as a result of the charge distribution 
between two capacitors, the potentials V1 and V11 
obtain the values 0 and E respectively value --2E. 
Simultaneously, the capacitor Co is charged again so that 
the potential Vo again has the value --2E. In a follow 
ing period it is achieved that the potentials V12 and V12 
reach the values 0 and E respectively value /8 E. After 
n periods the potentials V1 and V1 are equal to 0 and 
E respectively 2(1-2n) E, which value then rapidly in 
creases. Due due to the further charging of the pre 
ceding capacitors C and C until after some time a volt 
age having substantially a value --E is available across all 
the capacitors C and C present in the pickup elements 
B1, Ba, Bus to Bin. This instant corresponds to the in 
stant to-At in FIG. 2. Of course, the charging can be 
accelerated by increasing the frequency of the voltages 
U1, U2 and Us. For analyzing optical, magnetic, or other physically 
given phenomena which manifest themselves in a one 
dimensional pattern it is possible, as shown in FIG. 1, 
to use a single row of pickup elements for converting the 
physical pattern into an electric signal as a function of 
time. If it, should be desirable to convert the information 
in a two-dimensional manner, the device shown in FIG. 
3 provides a solution. 

FIG. 3 shows a device according to the invention which 
is provided with m rows having n pickup elements. Since 
a row of pickup elements B11, B1. B18 to Bo Bi was 
already described with reference to FIG. 1, and since in 
FIG. 3 the rows are constructed in an equivalent man 
ner, the components of the pickup elements are not shown 
in detail. Further components already shown in FIG. 1 
are denoted by the same reference numerals in FIG. 3 
at least substantially. The MOS transistor To associated 
with the row in FIG. 1, which for reading a row of pick 
up elements connects the same to the capacitor Co., is 
constructed m-fold in FIG. 3 and is denoted for the 
rows 1, 2, 3, . . , by T1, To1, Toa Tos . . . Tom. 
Instead of the source electrode S of the MOS transistor 
T in the last pickup element B1a, which in the explana 
tion of FIG. 1 was assumed to be floating, the corre 
sponding source electrodes S of the MOS transistors Ta in 
the last pickup elements Bin Bn, B3n to Bmn in FIG. 3 
are connected together and connected to a terminal hav 
ing a potential --V. All this is not essential for the 
invention. 
The device shown in FIG. 3, may serve, for example, 

as a television camera, in which the light from the scene 
to be picked up is incident on the pickup elements B11 
to B. In order to obtain the image signal produced by 
the camera at the output terminal Z, the voltage Us is 
shown at an input terminal X of the camera which volt 
age is produced by a voltage source P.3, not shown. In 
order to obtain the voltages U and U a combined volt 
age source (P1, P) is shown which may comprise, for 
example, a symmetical bistable trigger circuit which is 
pulsed by the voltage Us. The voltage Us is also applied 
to an n-divider (denoted by n). The output voltage of 
the n-divider is applied to an m-divider (denoted by 
m) and to each of the shift register stages K1, K2, Ks to 
K constituting a shift register. The voltage supplied by 
the m-divider is applied to the first shift register stage 
K. The outputs of the shift register stages K1, K2, K to 
Km are connected to an input of gates (L1, L1), (L2, 
L') (La La") to (Lim, Lim), respectively, to a second 
input of which gates L the volume voltage U and to 
a second input of which gates L' the voltage U2 is also 
applied. The output of gates L and L', respectively, sup 
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plies the voltages U and Ua, respectively, to a row of 
the pickup elements dependent upon the voltage supplied 
by the associated shift register stage K. 
The voltage supplied by the m-divider has a recurrence 

period which is equal to m.n. n x n periods of the 
voltages U1, Ua and Us and serves as a starting voltage 
for the first register stage K. This latter then supplies a 
voltage to the gates L1 and Li during n-periods as a 
result of which the voltages U1 and U are transferred 
to the pickup elements B11 to B. The image signal sup 
plied by the first row of pickup elements B1 to B1 
appears at the output terminal Z during the n-periods. 
After the n-periods the voltage supplied by the shift 
register stage K1 varies, so that the gates L and L1 are 
closed and the shift register stage K is pulsed so that as 
a result of the varied voltage supplied by the stage K, 
the gates L2 and La open for the second number of n 
periods. After the mth number of n-periods, the row of 
the pickup elements Bm to Binn has supplied its inhage 
signal to the output terminal Z. 

In the description with reference to FIGS. 1 and 2 the 
time interval At is shown which occurs between two 
successive reading out operations of a row of pickup 
elements B1 to B. For the device shown in FIG. 
3, having m rows of pickup elements, the time interval 
Atri in a cyclic operation appears to be equal to (m-1) 
times the reading out interval of a row of pickup ele 
ments. For a television system having 25 images per 
second built up to 625 lines, the time interval. At is 
approximately equal to 40 ms minus 64 pts. 

It is obvious that in a simple manner the known in 
terlacing with two frames can be reached by applying 
the voltage supplied by shift register stages K to the 
gates La and La, while the gates L and La are con 
nected to a shift register stage which opens the same 
after approximately 2n.n.mxn periods. 

It is obvious that for deriving a video signal having 
the so-called line blanking from the image signal occur 
ring at the output terminal Z, both a part of the informa 
tion supplied by the rows of pickup elements may be 
left unused and the shift register may be adapted by 
incorporating in the stages K, for example, a delay which 
corresponds to the line blanking time or, for example, 
the frame blanking time. 
The three-fold or two-fold construction of the device 

shown in FIG. 3 results in a camera suitable for color 
television by dividing the light coming from the scene 
in three or two basic colors. 
A semiconductor device constructed as a pickup array 

in which the pickup elements are preferably integrated 
in one semiconductor body will now be described with 
reference to FIG. 4. FIG. 4a diagrammatically shows 
a part of a plan view of an embodiment of such a semi 
conductor device, while FIG. 4b diagrammatically shows 
a cross-sectional view taken on the line IVb-IVb in 
FIG. 4a. 
The embodiment shown in FIG. 4 comprises a substrate 

40 which may be, for example, of an insulating material, 
the substrate being provided with one or more surface 
regions of a semiconductor material or, as in the present 
example, consisting itself of a semiconductor material, 
for example, P-type silicon. In a manner commonly used 
in semiconductor technology, for example, by means 
of a conventional photoresist and diffusion method, sur 
face regions 41 of the opposite conductivity type, for 
example, having proportions of 64 p.m. x 64 pum, are 
provided in a surface region of the substrate 40. These 
surface regions 41 together with the intermediate regions 
42 constitute the semiconductor regions of a number of 
MOS transistors. These MOS transistors are arranged in 
series, in which each of the regions 41 shown constitutes 
the output or drain electrode of a MOS transistor of a 
series and also the input or source electrode of the suc 
ceeding MOS transistor of that series. The intermediate 
regions 42, width, for example, approximately 6 p.m. 
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constitute the channel regions between the source and 
drain electrode of each MOS transistor. The MOS tran 
sistors are furthermore provided with gate electrodes 
47, proportions approximately 60 p.m. x 60 pim., which 
are insulated from the semiconductor surface by an in 
sulating layer 43', for example, by a layer of silicon 
oxide, thickness 0.1 p.m. The gate electrodes 47 are al 
ternately connected to one of the conductive tracks 43 
and 44 and 45 and 46, respectively. The thickness of 
the insulating layer below the conductive tracks 43 
to 46 preferably is larger than below the gate electrodes 
47 (for example, approximately 0.5 p.m.) to prevent 
undesired channel formation. Channel interruptors, for 
example, diffused channel interruptors, may alternative 
ly be used. 
The gate electrodes 47 and the metal tracks 43 to 46 

consist, for example, of gold, and have a thickness of 
approximately 250 A. Such gold electrodes are trans 
parent so that radiation incident on the surface can be 
absorbed in the semiconductor body and the photosensi 
tivity of the PN-junctions between the surface regions 
41 and the surrounding surface region of the substrate 
40 may be used. In connection herewith the distance 
between the surface of the semiconductor body and the 
said PN-junctions preferably is approximately 1 p.m. In 
the operating condition, the said PN-junctions are biased 
in the forward reverse direction to establish a depletion 
layer around each junction. For that purpose the sur 
rounding surface region is connected to a negative po 
tential, in this case via a connection conductor which 
is connected to the substrate 40 and is not shown. 
The pickup elements of the pickup array are each con 

stituted by two succeeding transistors. The two capaci 
tances C, C2 between which a transport of charge may 
occur dependent upon the information of the physical 
pattern, are provided between the gate electrode and the 
drain electrode of the two MOS transistors of the pick 
up element as depicted in FIG. I. In the present exam 
ple, said capacitances are constituted by the initial ca 
pacitance between the gate electrode and the drain elec 
trode for each MOS transistor, said internal capacitance 
being increased in that the gate electrodes 47 extend for 
a considerable part of their surface above the surface 
regions 41. The photosensors which modify the stored 
charge in relation to the incident radiation are, as in 
the Weckler publication, the photodiodes constituted by 
the reverse-biased n-p junctions formed between each 
of the N regions 41 and the P substrate 40. In the FIG. 
3 embodiment, for instance, in the various rows of pick 
up elements, the capacitors which are shown connected 
between gate and drain correspond to the capacitances 
formed across the insulating layer 43. The photodiodes 
would correspond to capacitors connected between each 
drain and the substrate. For completeness sake, these 
are shown in dashed lines only for the first row. It will 
be evident to those skilled in the art that the two capaci 
tors connected to a comon drain are essentially in parallel 
and thus mutually influence their charge conditions. The 
said transport of charge can be controlled with control 
signals which can be applied to the gate electrode 47 
of the MOS transistors through the conductive tracks 
43 to 46. 
What is claimed is: - 
1. A device for converting an energy pattern into an 

electrical signal as a function of time, comprising a plu 
rality of serially connected pickup elements; each of said 
elements comprising an input terminal, an output ter 
minal, at least two semiconductor switches each having 
input, output and control terminals, a capacitor con 
nected in parallel with the control and input terminals 
of each of the semiconductor switches in each pickup ele 
ment, an energy-sensitive conduction path means con 
nected in parallel with each capacitor for discharging 
each capacitor at a rate determined by the amount of 
energy incident thereon, means for connecting the output 
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terminal of a first of the semiconductor switches in each 
element to an input terminal of a second semiconductor 
switch in each element, means for connecting the input 
terminal of the first semiconductor switch in each ele 
ment to the input terminal of that element, means for 
connecting the output terminal of the second semicon 
ductor switch of each element to the output terminal of 
that element; the device further comprising an external 
semiconductor switch having input, output and control 
terminals; means for connecting the output terminal of 
the external semiconductor switch to the input terminal 
of a pickup element on an end of the plurality of serially 
connected pickup elements, an external capacitor con 
nected to the input terminal of the external semiconduc 
tor switch, means for providing a first alternating switch 
ing voltage to the control terminal of each of the first 
semiconductor switches in each element, means for pro 
viding a second alternating switching voltage to the con 
trol terminal of the external semiconductor switch and 
to the control terminals of each second semiconductor 
switch in each element, and means for providing a third 
alternating voltage in phase with said second alternating 
switching voltage for charging said external capacitor. 

2. A device as claimed in claim 1, wherein each of 
the semiconductor switches in each pickup unit com 
prises a metal oxide transistor, wherein each of the ca 
pacitors in the pickup units each comprise a PN-junction 
of an associated MOS transistor, and wherein the radia 
tion sensitive conduction path means comprises a photo 
sensitive boundary layer of the MOS transistor. 

3. A device as claimed in claim 1, further comprising 
an additional row of serially connected pickup elements, 
an additional external semiconductor switch connected 
to one end of said additional row of pickup units, means 
for connecting the semiconductor switch to the external 
capacitor, and means for alternately energizing said first 
and said second external semiconductor switches. 

4. A device as claimed in claim 1, wherein all of the 
semiconductor switches are integrated into a single in 
tegrated semiconductor body. 5. A solid state photosensitive imaging array compris 
Ing. a plurality of rows having a plurality of transistors, 

each transistor having first and second electrodes de 
fining the ends of a conduction path and a control 
electrode the conduction paths of the transistors of 
a row being connected in series for forming a signal 
transmission path terminated at one end at an out 
put terminal a capacitor per transistor coupled between the control 
electrode and one of said first and second electrodes 
of each transistor a photoresponsive element per transistor, each element 
being common to the capacitor at said one electrode 
of its associated transistor, said element being poled 
in a direction to discharge said capacitor as a func 
tion of photo signals, 

two conductors per row, one conductor being con 
nected to the control electrode of every other tran 
sistor and the other conductor being connected to the 
control electrode of the remaining transistors, 

a source of clock voltages; 
switch means connected between said conductors of 

each row and said clock source for, when enabled, 
applying between said conductors clock voltages for 
serially reading out the contents of a row and con 
curently recharging the capacitors of a row, and 

scan means having an output terminal connected to dif 
ferent one of said switch means for enabling said 
switch means in sequence for completely reading out 
and recharging one row and then another one and so 
on until all rows are read out. 

6. The combination as claimed in claim 5, wherein the 
scan means comprises a shift register having one output 
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per stage, and means connecting the output of each stage 
of the shift register to the switch of a different row of 
transistors. 7. The combination as claimed in claim 6, and further 
including means for coupling said clock source to the shift 
register of the scan means. 8. Imaging senticonductor apparatus comprising: 
a semiconductive wafer including a bulk portion of a 

first type semiconductivity and a plurality of spaced, 
localized zones of opposite type semiconductivity 
disposed adjacent and forming a series path along 
the surface of the wafer; a dielectric layer disposed over said surface and over 
said localized zones, a plurality of localized conductive electrodes disposed 
over the dielectric layer and registered with said 
localized zones such that each of said conductive 
electrodes extends over the space between a pair of 
said zones and over a portion of one zone of the pair 
of zones and forms with the latter charge storage 
nears means for applying alternating clock voltages between 
successive ones of said electrodes, said clock voltages 
being sufficient to produce in the localized zones in 
the absence of incident photons a reference potential 
and said clock voltages additionally being such that 
their successive application to the electrodes is suffi 
cient to cause the advance of any charge if present 
representing a variation of the reference potential 
from one zone to the next zone along the series path 
at each alternation of the voltages; 

means for enabling incident photons to impinge upon 
the semiconductive wafer to cause in response to the 
photon intensity adjacent the charge storage means 
localized variations from the reference potential, 
said localized variations representing signal informa 
tion corresponding to the local photon intensity, and 

detection means for the potential variations coupled 
to the localized zone at the end of the said series 
path, whereby upon application of the clock voltages 
the signal information can be derived from the said 
detection means in serial fashion. 

9. Imaging semiconductor apparatus as set forth in 
claim 8 wherein the charge storage means are arranged 
in a row with a single detection means for the row con 
nected to the end of the row, said row being adapted to 
image and convert to electrical signals a line of incident 
photons. 

10. Imaging semiconductor apparatus as set forth in 
claim 9 wherein plural rows of charge storage means are 
provided each with a single detection means at the end 
of each row. II. Imaging semiconductor apparatus as set forth in 
claim 8 and including means for applying the clock volt 
ages over a relatively small time interval compared with 
the time interval during which photons impinge upon the 
wafer. 12. A charge transfer imaging device comprising: 
a charge storage medium 
an insulating layer covering the charge storage medi 
un a plurality of electrode field plates disposed on the in 
sulating layer and overlying spaced sites within the 
charge storage medium wherein charge can be stored 
when appropriate electrical bias is applied to the field 
plates, said charge storage sites forming a series path 
along the medium, said electrode field plates being 
spaced along the insulating layer with each contigu 
ous to at least two other field plates such that with 
appropriate electrical bias applied to said electrode 
field plates electrical charge can be made to pass con 
trollably through the medium between selected 
charge storage sites and ultimately to an output 
located at the end of the series path and capable of 
converting charge to an electrical signal; 
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photo-sensitive means each associated with one of the 
charge storage sites and capable in response to in 
cident photons to cause a variation in charge stored 
at the associated site 

means for enabling incident photons to impinge upon 
the photosensitive means, and 

means for applying cyclically varying voltages to the 
electrode field plates, said voltages being such as to 
establish at one set of non-contiguous storage sites 
the appropriate bias for storing charge and to estab 
lish in another set of different storage sites the ap 
propriate bias for transferring charge therein to said 
one set and upon subsequently varying the bias for 
transferring charge from said one set to said other 
set and thus along the series path of storage sites to 
the output, whereby from the output can be derived 
a serial electrical signal representative of the photon 
varied charge condition of the plurality of charge 
storage sites along the series path. 

13. A charge transfer imaging device as set forth in 
claim 12 wherein the plurality of charge storage sites 
form an array of m rows of n charge storage sites per 
row, each row being formed by a series path and being 
terminated by a single output, means coupled to the out 
put of each row for deriving a serial electrical signal rep 
resentative of a line of incident photons, and means for 
operating the device to provide in serial fashion the elec 
trical signals derived from the m rows to provide a video 
signal of the photon intensity of an image incident on the 
array. 

14. A charge transfer imaging device comprising a 
body having a semiconductor surface layer, an insulating 
layer over the semiconductor surface layer, a plurality of 
linearly-arranged electrode field plates disposed over the 
insulating layer, said electrode field plates being divided 
into at least first and second sets of non-contiguous plates, 
a source of cyclically varying voltages, means for apply 
ing the cyclically varying voltages to the first and second 
sets such that the plate sets vary in voltage between first 
and second values which when applied to a plate are capa- 40 
ble of establishing in an underlying portion of the semi 
conductor layer a site whereat electrical charge can be 
stored, said charge storage sites formed under the first 
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value in the potential at charge storage sites along a line, 
and output means coupled to a storage site at the end of 
the line and capable of converting a variation in potential 
into an electrical signal, the voltage applied to one set of 
field plates being different than that applied to the other 
set of field plates whereby during the first voltage value 
charge representative of a potential variation is caused to 
flow through the semiconductor layer toward the output 
between storage sites located under the first plate set to 
ward storage sites located under the second plate set and 
during the second voltage value charge representative of 
a potential variation is caused to flow through the semi 
conductor layer toward the the output between storage 
sites located under the second plate set toward storage 
sites located under the first plate set and so on, whereby 
localized potential variations at storage sites are trans 
ferred along the line and thus from the output can be de 
rived an electrical signal representative of photon-varied 
charge conditions. 

15. A charge transfer imaging device as claimed in 
claim 14 and further comprising plural lines of linearly 
arranged electrode field plates defining plural lines of 
charge storage sites to form a two-dimensional array of lines. 

6. A charge transfer imaging device as claimed in 
claim 15, wherein a common output means is coupled to 
the two-dimensional array of lines. 
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