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2,695,397 
FERROELECTRICSTORAGE CIRCUITS 

John R. Anderson, Berkeley Heights, N. J., assignor to 
Bell Telephone Laboratories, Incorporated, New York, 
N.Y., a corporation of New York 

Application June 16, 1953, Serial No. 361,941 
19 Claims. (Cl. 340-173) 

This invention relates to electrical circuits for the 
storage of information and more particularly to such 
circuits utilizing ferroelectric elements. 
As disclosed in application Serial No. 254,245, filed 

November 1, 1951, of J. R. Anderson, ferroelectric sub 
stances, such as barium titanate, when subjected to an 
electric field exhibit a relationship between electric field 
intensity and polarization of the general form of the hy 
steresis loop exhibited by ferromagnetic materials. By 
utilizing the ferroelectric material as the dielectric of a 
condenser, this hysteresis effect can be used for storage 
and read out of information. Generally, as described in 
the above-mentioned application, the ferroelectric ma 
terial is polarized in one direction initially; information 
is then stored by applying voltages to the electrodes of 
the condenser to reverse this polarization. 
information is then read out by applying voltages to the 
electrodes to restore the initial polarization. The mag 
nitude of the output pulse will depend on the polarity 
of the polarization of the ferroelectric material and thus 
on whether information has been stored in the condenser, 
because of the different capacitance values of the con 
denser as different portions of the hysteresis loop of the 
ferroelectric dielectric are traversed. 
A single slab or piece of a ferroelectric material may 

be utilized to provide the dielectric of a large number of 
condensers, and these condensers may be provided with 
common electrodes, as disclosed in application Serial No. 
261,665, filed December 14, 1951, of J. R. Anderson. 
These condensers may be arranged in a storage matrix 
and a particular condenser of the matrix chosen for 
storage of information by having a voltage of one polarity 
applied to the common electrode on one side of that con 
denser and a voltage of the opposite polarity applied to 
the common electrode on the other side of that condenser, 
the two voltages being individually insufficient to re 
verse the polarization of the portion of the ferroelectric 
material between these two particular electrodes and 
comprising the dielectric of the condenser defined thereby 
but when occurring together being of the proper polarity 
and sufficient voltage to cause the reversal of the polariza- 5 
tion of the material of this condenser across which they 
simultaneously appear and thus to cause storage of in 
formation. A third voltage may then be applied across 
the condensers of sufficient voltage and proper polarity 
to cause a return to the initial state of polarization of 
any ferroelectric material whose polarization had been 
thus reversed, thereby providing an output pulse indicat 
ing the stored information. 

It is a general object of this invention to provide im 
proved electrical information storage circuits utilizing 
ferroelectric elements. 

It is another object of this invention to utilize the 
application of the same pulse to a ferroelectric memory 
condenser both for the reading out of information stored 
in that condenser and the application of a partial storage 
voltage thereto, information being stored by the con 
comitant application to the other electrode of the con 
denser of a voltage of opposite polarity, the two voltages 
together being sufficient to store information in the con 
denser. 

It is a further object of this invention to provide im 
proved access circuits for ferroelectric storage matrices. 
Another object of this invention is to restore informa 

tion read out of a ferroelectric storage matrix. 
A still further object of this invention is to enable uti 

The stored 

5 

15 

50 

60 

70 

75 

80 

2 
lization of two-dimensional ferroelectric storage matrices 
with information appearing in serial form. 

In one specific illustrative embodiment of this inven 
tion, a ferroelectric storage matrix is provided having a 
number of common electrodes extending in parallel on 
one face of a slab of a ferroelectric material and a num 
ber of common electrodes extending in parallel on the 
other face of the slab and perpendicular to the first group 
of electrodes, each spatial intersection of the common 
electrodes of the two groups defining a memory con 
denser or cell. An information address, identifying the 
particular address, location, or occurrence in the system 
to which the information to be stored relates, is applied to 
a selection switch which in turn applies a voltage to a 
particular row of condensers, i. e., to the particular elec 
trode shared in common by these condensers assigned to 
that address. The output of the selection switch to the 
two-dimensional ferroelectric matrix includes, in accord 
ance with one aspect of this invention, a differentiation 
circuit advantageously comprising a capacitance and a re 
sistance. 
The voltage pulse applied by the selection switch to 

the one common electrode of the ferroelectric matrix 
through this differentiation circuit is advantageously a 
square pulse of at least a voltage E sufficient to return 
the polarization of the memory condensers to which that 
electrode is common to their initial state of polarization 
and thus to read out or destroy any information that may 
be stored therein. The differentiation circuit causes this 
voltage that is applied to this common electrode and is 
initially E to decay due to charging of the capacitance. 
In accordance with one specific embodiment of this inven 
tion, the capacitance and resistance of the differentiation 
circuit are so related that the time constant of the circuit 
is such that when the initial pulse is removed, the capaci 
tance will have charged to a voltage /2E. Thus, on 
removal of the initial pulse, the voltage output from the 
differentiation circuit will drop immediately to -/2E. 

In this way, a read-out pulse of --E volts is first ap 
plied to the row of condensers assigned to a given address 
to remove any information that may be stored in that 
row and then the same pulse applies the -/2E volt pulse 
to the row to aid in the storing of information in certain 
of the cells of the row in accordance with the teaching 
of application Serial No. 261,665. As mentioned above, 
information is stored in accordance with the teaching of 
that application by simultaneously applying a voltage 
pulse of opposite polarity to the other electrode of a 
condenser, the two voltages together being sufficient to 
reverse the polarity of the polarization of the ferroelec 
tric dielectric and thus to store information. In this spe 
cific embodiment of this invention, a --/2E voltage pulse 
is applied to certain of the common electrodes on the 
opposite face of the slab of ferroelectric material so as 
to be present when the initial pulse from the selection 
switch is removed, which is the instant the voltage on the 
other common electrode drops to -%E. 
A read-out gating pulse is also advantageously em 

ployed, together with a read-out AND circuit, so that 
information in a particular cell will only appear at the 
output of the two-dimensional storage matrix when the 
read-out gating pulse is present and not each time that 
information is being stored in certain of the cells or con 
densers of the storage matrix. 

If it is desired to restore information read out from 
the storage matrix, an output pulse generator may be 
utilized, in accordance with another aspect of this in 
vention, to provide a --/2E voltage pulse in coincidence 
with the -/2E voltage pulse from the differentiation 
circuit following the read-out to restore the information. 
If the information to be stored is applied to the ferro 
electric storage matrix in serial form and is similarly 
to appear at the output of the matrix in serial form, 
in accordance with another aspect of this invention, the 
output pulse generators may be included in a delay line 
and specifically between delay elements which each in 
troduce a one-digit delay. 

It is a feature of this invention that a single pulse be 
applied to one electrode of a ferroelectric storage con 
denser through a differentiation circuit so that a voltage 
of sufficient magnitude to read out information is initial 
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address switch to reset the bistable multivibrator circuits 
to zero before application of the next code message or 
address. 

In the example being deccribed, the diode selection 
switch 12 will therefore operate to allow passage of a 
pulse 14 through it only along the tenth row lead 35, 
i. e., to the row of electrodes common to the condensers 
assigned to this tenth element or occurrence in the System. 
The pulse 14, as mentioned before, is supplied by a tim 
ing pulse generator 15 and is of a magnitude, at least 
--Evolts sufficient to cause a reversal of polarity of 
polarization of the ferroelectric material of the storage 
matrix. Advantageously, the pulse 14 is applied to the 
selection switch at regular timed intervals, the repetition 
rate depending on the rate at which address messages 
are applied to the address switches 11. 

Positioned in each of the row leads from the selection 
switch to the storage matrix is a differentiation circuit 
which may advantageously comprise, as seen in Fig. 2, 
a resistance 36 and a capacitance 37. In accordance with 
one aspect of this invention, pulse 14 which appears on 
row 35, as described above, is differentiated by this cir 
cuit. Turning now to Fig. 3, the voltage appearing on 
row 35 is there depicted and, as seen, is initially E. volts 

O 

15 

20 

in magnitude, though it may advantageously be more . 
than Evolts. This positive portion of the voltage appear 
ing on row 35 is used to read out any information that may have been previously stored, thus destroying that 
information and preparing the storage condensers of that 
row for the storage of new information. The differen 
tiation circuit 23 causes the voltage appearing on row 35 
to decay due to the charging of the capacitance 37. The 
capacitance 37 and the resistance 36 in the differential 
tion circuit 23 are so related that the time constant of 
the circuit is such that when the initial pulse 14 is re 
moved, the capacitance will have charged to a voltage 
--4E. Thus, on removal of the initial pulse, the volt 
age on row 35 will immediately drop to -/2E. 

In this way, in accordance with this invention, a read 
out pulse of at least--E volts is first applied to the row to 
remove any information that may be stored in any of the 
memory cells or condensers of that row and then the 
same pulse applies the -/2E volts to the row to aid in 
the storing of information in certain of the cells in that 
row, depending on the storage pulses applied to the col 
umn leads. These storage pulses are of magnitude --/2E 
volts and, as seen in Fig. 3, occur at the instant the pulse 
14 ceases and thus at the instant the voltage on the row 
lead drops to -/2E volts. 
As described above, certain of the condensers of the 

ferroelectric storage matrix 17 are chosen for the storage 
of bits of information in accordance with a code address 
identifying those condensers assigned that address. Let 
us now consider how coded bits of information are 
stored in these particular condensers. In the specific em 
bodiments of this invention depicted in the drawing, the 
information to be stored comprises a message in the form 

- of a binary code of sixteen digits. This information may 
be present in the system either in serial form, as shown 
in Fig. 1, or in parallel form, as shown in Fig. 7. When 
present in serial form in accordance with another aspect 
of this invention, fifteen one-digit delay lines 39 are pro 
vided with the column leads connected between the delay 
lines. 

30 

í 40 

Turning now to Fig. 5, there is there shown a time plot 
of voltages appearing on the column leads for the Zero, 
first, second, and third column of condensers in the ma 
trix 17 of the embodiment of Fig. 1, and, to simplify the 
description, it is assumed that the information message 
contains but four bits of information. The input mes 
sage is assumed to be the binary number "1001.' As 

... seen in Fig. 5, at the end of four digit intervals, the volt 
ages appearing on the four column leads represent this 
number. The pulse 14 is applied to the chosen row of 
condensers before the occurrence of the last digit, which 
in the abbreviated message of Fig. 5 is just before the 
fourth digit time. Thus, as described above, the pulse 
from the differentiation circuit 23 clears the condensers 
in the row in which information is to be stored of any 
priorly filed information and applies a storage pulse at 
the appropriate time. Advantageously, the pulses ap 
pearing on the column leads are of a magnitude -- 4 E. 
volts. 
When it is desired to have the information read out 

also appear in serial form, as shown in the embodiments 
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6 
of Figs. 1 and 7, delay lines are again employed. Fig. 6 
at a time plot of voltages for reading out the binary 
message "1001' stored, as above, again assuming that 
but four items of information are to be stored and not 
the sixteen that can be stored in a 256-bit storage matrix. 
Due to the necessity of employing the delay lines to 

convert the serial input information to information ap 
pearing in parallel, the storage circuit depicted in Fig.1 
cannot read information out to the system and store new 
information on the occurrence of a single pulse 14. This, 
however, is readily attainable when the information is. 
applied to the storage system in parallel, as depicted in 
the embodiment of Fig. 7. 
The above discussion sets forth the operation of a 

specific embodiment of this invention in assigning infor 
mation to a particular row of storage condensers, des 
ignated by an address, storing information in certain of 
those condensers, and reading out that information. It 
frequently occurs, however, that it is desirable to be able 
to read out information without destroying the indication 
of that information in the ferroelectric memory. În ac 
cordance with another aspect of this invention, single trip 
multivibrator circuits 4 are connected to the column 
leads from the matrix 17, as by being positioned between 
the one-digit delay lines 39 in the embodiment of Fig. 1 
or directly in the column leads in the embodiment of 
Fig. 7. In the embodiment of Fig. 1, when information 
is to be stored, the pulse in traveling down the delay lines 
39 trips the multivibrator circuits 4 and, at the instant 
of storage, i. e., when the pulse 14 is removed causing the 
voltage on the designated row lead to drop to -4E volts, 
as described above, those multivibrators which are tripped 
will apply storage voltage to the column leads. In this 
respect, the addition of the multivibrator circuits 41 
makes no difference. However, when information is to 
be read out, a pulse 42 from a read pulse generator 43 
enables an AND circuit 44 connected to each of the col 
umn leads. The output of each AND circuit is connected 
to the input of the multivibrator circuit which has its out 
put connected to that column lead. Thus, the presence 
of an output pulse on a column lead together with the 
pulse 42 from the read pulse generator 43 causes the mul 
tivibrator connected to that lead to trip and provide a 
storage pulse in coincidence with the negative storage 
pulse from the differentiation circuits 23, as described 
above. 
When storing information in the embodiment of Fig. 1, 

no read pulse 42 is supplied and, therefore, the AND cir 
cuits 44 are disabled, preventing the pulses read out by 
pulse 14 from passing through the AND circuits and 
tripping the multivibrator circuits 41 associated with the 
column lead on which the output pulse appears. The 
read-out pulse on the column lead is also applied to the 
intersection of the output of the multivibrator circuit 41 
and the delay line 39. Advantageously, however, the at 
tenuation in the delay line is such that the pulse when 
applied to the next multivibrator circuit 41 is of insuffi 
cient magnitude to trip that circuit, and thus no output 
pulses are transmitted along the delay lines. Diodes or 
rectifiers may also be included in the column lead poled 
so as to block these positive pulses read out from the ma 
trix and prevent their being applied to the delay lines, if 
it is not desired to employ attenuation in the delay lines 
to prevent signals appearing at the output under these 
conditions. 
When the information stored in a given row of ferro 

electric cells or condensers is interrogated or read out, 
small output pulses appear on the column leads where 
binary '1's' have been stored and these are gated, as de 
scribed above, through the AND gates 44 to trip the multi 
vibrator circuits 41. Fig. 4 is a time plot of this read-out 
and information restore cycle, and, as there clearly seen, 
the output pulse of the multivibrator circuits 41 in combi 
nation with the negative portion of the differentiated pulse 
puts back into storage the binary “1's' that have been 
just read out. The output pulses pass through the chain 
of alternate delay lines 39 and multivibrator circuits 41. 
The multivibrator circuits 4 act as pulse amplifiers and 
shapers, they trigger on the small binary '1' output pulse 
from a storage cell but not on the much smaller binary 
'0' pulse, and their generated pulse, as seen in Fig. 4, is of 
sufficient duration to overlap the negative portion of the 
differentiated pulse to restore the information. The am 
plitude ratio of the output pulses for binary “1” and '0' 
may be of the order of 3 or 4 to 1 for read-out pulses one 
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imicrosecond in length. The multivibrator circuits 41 ad 
Vantageously provide an output pulse several times the 
:amplitude of the triggering pulse and twice the length of 
the read-out pulse. Conventional monostable multivi 
brator circuits may be employed. 

3furning now to Fig. 7, in this embodiment of the inven 
tion, the multivibrator circuits 4 are connected directly 
in the column leads. When it is desired to read out infor 
mation and restore that information in the storage matrix, 
the read-out pulse 42 is applied to an AND circuit 44. 
If it is desired to have the information output in serial 
form, the AND circuits are advantageously connected to 
leads tapped off a fifteen-digit delay line 48 at one-digit 
intervals. When it is desired to read out information with 
out restoring it, as when new information is to be imme 
diately stored utilizing the same timing pulse 14 for both 
read-out of priorly stored information and storage of new 
information, an inhibiting pulse 49 is applied from an in 
hibiting pulse generator 50 to a gate 51 located in the re 
turn or restore path of each of the multivibrators 41. 

It is to be understood that the above-described arrange 
ments are illustrative of the application of the principles 
of the invention, Numerous other arrangements may be 
devised by those skilled in the art without departing from 
the spirit. and scope of the invention. 

What is claimed is: 
1. In a ferroelectric data storage circuit, a condenser 

comprising a dielectric of a ferroelectric material, means 
for generating a first pulse of a voltage sufficient to cause 
said material to reverse its polarization, a differentiation 
circuit comprising a capacitor and a resistor, the time con 
stant of said, circuit being such that said capacitor dis 
charges to one half its initial voltage during the duration 
of said first pulse, means applying said first pulse to said 
differentiation circuit, means applying the output of said 
differentiation circuit to one plate of said condenser, and 
means applying a second pulse to the other plate of said 
condenser at the end of said first pulse, said second pulse 
being of the same polarity as said first pulse and substan 
litially half the voltage magnitude. 

2. In a ferroelectric data storage circuit, a condenser 
comprising a dielectric of a ferroelectric material, a differ 
:entiation circuit connected to one plate of said condenser, 
, means applying a first pulse to said differentiation circuit, 
said pulse being of a polarity and voltage magnitude suffi 
cient to read out information stored in said condenser, and 
means applying a second pulse to the other plate of said 
condenser on cessation of said first pulse, said second pulse 
and the output of said differentiation circuit om cessation 
of said first pulse being individually insufficient to store 
information in said condenser but when occurring together 
being of proper polarity and sufficient voltage magnitude 
to store information in said condenser. 

3. In combination, a condenser having a dielectric of a 
ferroelectric material, a differentiation circuit comprising a 
capacitor and a resistor connected to one plate of said 
condenser, means applying a first pulse to said differentia 
tion circuit, said pulse being of a polarity and voltage suffi 
cient to read out information stored in said condenser, and 
means applying a second pulse of the same polarity as 
said first pulse to the other plate of said condenser on ces 
sation of said first pulse, the charge on said capacitor on 
cessation of said first pulse and the voltage magnitude of 
said second puise being individually insufficient to store 
information in said condenser but when occurring together 
being of proper polarity and sufficient voltage magnitude 
to store information in said condenser. 
4. In the combination of claim 3, the time constant of 

said differentiation circuit being such that said capacitor 
charges to one half the voltage of said first pulse during 
the duration of said first pulse. 

5. In a ferroelectric data storage circuit, a condenser 
having a dielectric of a ferroelectric material, a differen 
tiation circuit including a capacitor connected to one plate 
of said condenser, means applying a pulse to said differ 
entiation circuit of a polarity and voltage magnitude Suffi 
cient to read out information stored in said condenser, 
and means connected to the other plate of said condenser 
for cooperating with the voltage on said capacitor on 
cessation of said pulse for storing information in Said 
condenser. 

6. In a ferroelectric data storage circuit, a condenser 
having a dielectric of a ferroelectric material, differen 
tiation circuit means connected to one plate of said con 
denser, and means applying a pulse to said 'circuit means 
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8 
of a polarity and sufficient voltage magnitude to read out 
information stored in said condenser, said differentiation 
circuit means applying a voltage of opposite polarity to 
said one plate on cessation of said pulse for the storage 
:of information in said condenser. 

7. ln a ferroelectric data storage circuit, a condenser 
having a dielectric of a ferroelectric material, a capacitor 
and a resistor connected to one plate of said condenser, 
and means applying to said capacitor and said resistor 
a pulse of a polarity and suficient voltage to read out 
information stored in Said condenser, said capacitor be 
ing charged by said pulse so that a voltage of polarity 
opposite to that of Said pulse is applied to said one plate 
son cessation of said pulse for the storage of information 
in said condenser. 

8. In a ferroelectric data storage circuit, a plurality 
1 of ferroelectric condensers arranged in rows, first means 
-electrically connecting one plate of each of said con 
densers in rows in one direction, second means electrically 
connecting the other plates of said condensers in columns 
in another direction, means for identifying a particular 
row of condensers to which information pertains, a differ 
entiation circuit including a capacitor connected to each 
of said first connecting means, means applying a pulse 
to a particular one of said differentiation circuits de 
termined by said identifying means, said pulse being of 
'a polarity and voltage magnitude sufficient to read out 
information stored in said condensers, and means con 
*nected to said second connecting means for cooperating 
with the charge on said capacitor on cessation of said 
pulse for storing information in said condensers. 

9. In a ferroelectric data storage circuit, a plurality 
of condensers each having a dielectric of a ferroelectric 
material, first means electrically connecting one electrode 
of each of said condensers in rows in one direction, 
second means electrically connecting the other electrode 
of said condensers in columns in another direction, a 
capacitor and a resistor connected to each of said first 
connecting means, and means applying to any one of 
said capacitors a pulse of a polarity and sufficient voltage 
to read out information stored in said condensers, said 
-one capacitor being charged by said pulse so that a 
voltage of polarity opposite to that of said pulse is ap 
pied to said first connecting means on cessation of said 
pulse for the storage of information in said condensers. 

10. in a ferroelectric data storage circuit, a plurality 
of ferroelectric condensers, first means connecting one 
plate of said condensers in rows in one direction, second 
means connecting the other plates of said condensers 
in columns in another direction, a differentiation circuit 
connected to each of said first means, means applying 
a first pulse to one of said differentiation circuits, said 
pulse being of apolarity and voltage magnitude sufficient 
to read out information stored in said condensers, and 
means applying a second pulse to certain of said second 
connecting means, said second pulse and the output of 
said differentiation circuit on cessation of said first pulse 
being individually insufficient to store information in 
said condensers but when occurring together being of 
proper polarity and sufficient voltage magnitude to store 
information in said condensers. 

11. In a ferroelectric data storage system in accord 
ance with claim iO wherein said differentiation circuit 
comprises a capacitor and a resistor and has a time 
constant such that said capacitor has charged to a voltage 
approximately one half sufficient to store information 
in said condensers on cessation of said first pulse and 
said second pulse is of a magnitude substantially one 
half sufficient to store information in said condensers 
and of the same polarity as said first pulse. 

12. in a ferroelectric data storage circuit, a condenser 
having a dielectric of a ferroelectric material, a differ 
entiation circuit including a capacitor connected to one 
plate of said condenser, means applying a pulse to said 
differentiation circuit of a polarity and voltage magni 
tude sufficient to read out information stored in said 
condensers, and means connected to the other plate of 
said condenser for cooperating with the voltage on 
said capacitor on cessation of said pulse for restoring 
: the information read out from said condenser. 

13. In a ferroelectric data storage: circuit, a condenser 
having a dielectric of a ferroelectric material, differenti 
ation circuit means connected to one plate of said con 

: denser, an output lead connected to the other plate of 
said, condensers, means applying a pulse to said circuit 
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means of a polarity and sufficient voltage magnitude 
to read out information stored in said condenser, said 
circuit means applying a voltage of opposite polarity to 
said one plate on cessation of said pulse for storage of 
information in said condenser, and pulse regeneration 
means connected to said output lead for applying a 
pulse to said output lead, said pulse from said pulse 
regeneration means and said voltage from said differenti 
ation circuit means being of proper polarity and sufficient 
voltage magnitude to restore the information read out 
from said condenser. 

14. In a ferroelectric storage circuit, a condenser hav 
ing a dielectric of a ferroelectric material, means for 
applying a pulse to one plate of said condenser of a 
polarity and sufficient voltage magnitude to read out 
information stored in said condenser, an output lead 
connected to the other plate of said condenser, and 
means connected to said output lead for restoring the 
information in said condenser on read out after ap 
plication of said pulse to said one plate, said last-men 
tioned means including a pulse regeneration circuit ac 
tuated by a read-out pulse on said output lead for ap 
plying a voltage to said output lead to restore the in 
formation in said condenser. 

15. In a ferroelectric data storage circuit, a plurality 
of ferroelectric condensers arranged in rows, first means 
electrically connecting one side of each of said con 
densers in rows in one direction, second means elec 
trically connecting the other side of each of said con 
densers in columns in another direction, means applying 
a pulse to one of said first connecting means, said pulse 
being of a polarity and voltage magnitude sufficient 
to read out information stored in said condensers, and 
pulse regenerating means connecting to each of said sec 
ond connecting means, said pulse regenerating means 
being actuated by the appearance of information read 
out of said condensers on said second connecting means 
and applying a voltage to said second connecting means 
for restoring the information in said condenser. 

16. In a ferroelectric data storage circuit, a plurality 
of ferroelectric condensers, first means connecting one 
plate of said condensers in rows in one direction, second 
means connecting the other plate of said condensers in 
columns in another direction, a differentiation circuit 
connected to each of said first connecting means, means 
applying a first pulse to one of said differentiation cir 
cuits, said pulse being of a polarity and voltage mag 
nitude sufficient to read out information stored in said 
condensers, and means connected to said output leads 
for restoring the information in said condensers on read 
out after application of said pulse to said first connecting 
means, said restoring means including a pulse regener 
ation circuit actuated by the read-out information ap 
pearing on said second connecting means for applying a 
voltage to said second connecting means, said voltage 
from said pulse regeneration circuit and the output of 
said differentiation circuit on cessation of said first pulse 
being individually insufficient to restore the information 
in said condensers but when occurring together being of 
proper polarity and sufficient voltage magnitude to restore 
the information in said condensers. 

17. In a ferroelectric data storage circuit, a plurality 
of ferroelectric condensers, first means electrically con 
necting one side of each of said condensers in rows in 
one direction, second means electrically connecting the 
other side of said condensers in columns in another direc 
tion, means for applying a first pulse to one of said first 
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connecting means, a plurality of one-digit delay lines, 
pulse generating means connected intermediate adjacent 
delay lines, each of said pulse generation means being 
connected to one of said second connecting means, and 
means applying an information message of pulses in serial 
array to said pulse generating means and said delay lines, 
the voltage of the pulses generated by said pulse generat 
ing means in response to said information pulses and said 
first pulses being individually insufficient to reverse the 
polarization of said ferroelectric condensers but when 
occurring together being of sufficient voltage and proper 
polarity to cause reversal of said polarization. 

18. In a ferroelectric data storage circuit, a plurality 
of ferroelectric condensers, first means electrically con 
necting one side of said condensers in rows in one direc 
tion, second means electricaily connecting the other side 
of said condensers in columns in another direction, a 
differentiation circuit connected to each of said first con 
necting means, means applying a first pulse to one of said 
differentiation circuits, said pulse being of a polarity and 
voltage magnitude sufficient to read out information 
stored in said condensers, a plurality of one-digit delay 
lines, pulse generating means connected intermediate ad 
jacent delay lines, each of said pulse generating means 
being connected to one of said second connecting means, 
and means applying an information message of pulses in 
Serial array to said pulse generating means and said delay 
lines, the voltage of the pulses generated by said pulse 
generating means in response to said information pulses 
and the output of said differentiation circuit on cessation 
of said first pulse being individually insufficient to store 
information in said condensers but when occurring to 
gether being of proper polarity and sufficient voltage 
magnitude to store the information in said condensers. 

19. In a ferroelectric data storage circuit, a plurality 
of ferroelectric condensers, first means connecting one 
plate of said condensers in rows in one direction, second 
means connecting another plate of said condensers in 
columns in another direction, a differentiation circuit in 
cluding a capacitor connected to each of said first con 
necting means, means applying a first pulse to one of said 
differentiation circuits, said first pulse being of a polarity 
and voltage magnitude sufficient to read out information 
stored in said condensers, a pulse regeneration circuit 
connected to each of said second connecting means and 
actuated by said information read out on said second 
connecting means for applying a voltage to said second 
connecting means to restore said information to said con 
densers, said voltage from said pulse regeneration circuit 
and the output of said differentiation circuit on cessation 
of said first pulse being individually insufficient to restore 
the information in said condensers but when occurring 
together being of proper polarity and sufficient magnitude 
to restore the information in said condensers, means ap 
plying information pulses to said second connecting 
means in parallel, said information pulses cooperating 
with the output of said differentiation circuit on cessation 
of said first pulse to store information in said condensers, 
and means preventing the appearance of pulses from said 
pulse regeneration circuits on said second connecting 
means when it is desired to read out information from 
certain of said condensers and store new information in 
said certain condensers on application of a single first 
pulse to said differentiation circuit. 
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