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ABSTRACT OF THE DISCLOSURE

A magnetic ‘memory matrix system having row and
column magnetic current steering swilches driven by the
same active component for reading the cores in the matrix
in the coincident current mode and simultaneously pro-
viding a first half write current pulse to a previously read
core. A sense amplifier responsive to the read output

for selectively providing a second half write current pulse .

when the magnetic remanence state of a selected core
is switched and a decoder system responsive to the posi-
tion of the selected core to steer the second half write
current pulse to the previously read core simultaneously
with the first half write pulse.

ORIGIN OF THE INVENTION

. The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

BACKGROUND OF THE INVENTION

This invention relates to magnetic memory matrix sys-
tems and more particularly to an improved circuit arrange-
ment for the non-destructive reading of the information
contained in the matrix.

Computers and data processing systems predicated on
data storage and retrieval principles have been used for
some time to solve complex problems, verify the func-
tion of certain systems, and to check out various operat-
ing procedures in a relatively short period of time. As
would be expected, the speed, accuracy and reliability
of such systems have made their use in technology asso-
ciated with complex aerospace vehicles highly desirable
if not mandatory. This is particularly true during the
preparation, launch and actual flight phases of a vehicle
wherein the operation of numerous circuits and systems,
as well as the accuracy of certain maneuvers, must be
verified in rapid succession to determine if a “go” or
“no-go™ situation exists.

The recent advent of manned space flight has placed
an even greater demand upon the use of computers and
data processing systems since they must now be incor-
porated in large numbers into the space vehicle itself
to supplement or verify the functions performed by the
astronauts. However, many of the data storage retrieval
principles and systems that are suitable for use in normal
business activities or flight check-out procedures at earth
based sites are not adequate for incorporation into space
vehicles. Besides the obvious problems concerning size,
weight and power requirements associated with conven-
tional systems, there are several other trouble areas that
prohibit their use aboard space vehicles. For example,
any computer system of the type which employs an elec-
tric motor to drive a tape or cam can be used only
restrictively on board a space vehicle as a flight program-
mer since the vacuum of space causes bearings to freeze,
and the heat generated by the motor cannot be readily
dissipated. Programmer systems using resistor-capacitor
type timing devices, even with heavy temperature com-
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pensation, have also proved unreliable when required
to operate over the wide temperature ranges encountered
in space. The use of programmer systems employing a
diode matrix sacrifices flexibility of programming and,
to a certain extent, reliability.

The failure of ‘the above listed types of flight program-
mers to qualify for use aboard orbiting space vehicles
resulted in an investigation being made into the pos-
sibilities of using a magnetic core matrix mefnory sys-
tem. As is well known, the magnetic core matrix memories
are extensively employed as storage devices in electronic
computing machines. It is common in the operation
of a computer using magnetic core memories to store
a quantity of data in binary form in the memory by
placing some of the cores in' one magnetic orientation
and other cores in another distinct magnetic orientation.
The combinations of cores at various magnetic orienta-
tions are recognizable by the computer and representa-
tive of data.

In a typical machine using binary storage elements
the cores in a matrix are composed of an alloy having
a substantially rectangular hysteresis loop, each core
being capable of retaining either of two opposite mag-
netic remanence states indefinitely unless switched to
the other state by a current passing along the wires
running - through the matrix. The opposite remanence
states conventionally employed for representing binary
information are arbitrarily designated as “0” and “1.”
With a 0 stored, a pulse applied to a winding linking
the core in proper sense causes the loop to be traversed,
switching the core to the 1 state. The remanence state
1 is retained after the pulse terminates. Such a pulse
is a “write” pulse. Similarly, the core is “read out” or
returned to the O state in determining what information
has been stored by applying a pulse in reverse sense to
the same or another winding. Such a pulse is a “read”
pulse. Should a 1 have been stored, a large flux change
occurs with the shift from the 1 to 0 conditions with
a corresponding voltage magnitude developed on an out-
put winding. On the other hand, should a 0 have been
stored, little flux change occurs and negligible signal is
developed on the output winding,

All the cores may initially be set to the magnetic state
representing the binary O for purposes of encoding the
matrix. Selective passage of current through the core
driver wires then switches the desired pattern of cores to
the 1 state. This switching may be accomplished by coin-
cidence of current along two wires intersecting at the
selected core, each wire carrying a hali-select current, or
half of the current necessary to produce the magnetic
force to switch the core. Once the core matrix memory
is loaded with data, the data remains until destroyed or
replaced.

However, for use aboard the launch or orbiting space
vehicle, the flight programmer must not only be capable
of supplying a series of pulses at predetermined time
intervals to actuate various contro] devices in the vehicle,
but must also be capable of repeated reading during the -
check-out phases of the mission. Since the precise pro-
gram to be used in controlling the space vehicle may not
be determined until the last moments before the begin-
ning of a flight, or until the last few moments before
re-entry of the space vehicle into the earth's atmosphere,
it must also be possible to insert data into the program-
mer through an umbilical cord or a telemetering link.
Further, the physical characteristics of the programmer
must be such that it is capable of withstanding extreme
sheck that may be encountered during acceleration
phases of the flight and of continuous operation in a
vacuum where wide temperature variations and other
adverse operating conditions exist. Ideally, it should.
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weigh less than 1 kg. (two pounds), occupy less than
.03 m.3 (13 foot) of space and draw less than one watt of
power.

In all conventional or prior known non-destructive core
memory units, the transfer of information is either made
to a buffer register and back each time it is read, or a
multi-aperture magnetic core non-destructive memory
matrix has been used. The use of a buffer register was
found to be unacceptable aboard a space vehicle however,
because of its undesirable complexity, size, weight and
high power consumption; while the use of a multi-aper-
ture core matrix was rejected for the following reasons:
(1) Too much power is required for unblocking the
matrix; (2) the read currents must have maximum and
minimum values rather than sihgle-ended inequalities,. as
would be the case if single aperture cores could be used;
(3) design considerations for “worst case” operation in
the temperature extremes to be encountered in outer
space are difficult to accurately ascertain; (4) the multi-
aperture cores must be wound in a matrix consisting of
a double mat of wires with each of the mats requiring
a separate drive which in turn, results in an increase in
the wiring complexity of the matrix and an increase in
the number of drivers required for proper operation; (5)
these cores operate as a result of flux transfer with the
consequential slow domain-wall movement. Therefore,
the minimum readout time is about twice the character-
istic switching time of core materials plus propagation
time for setting up the reading of the matrix.

SUMMARY OF THE INVENTION

According to the present invention it has been found
that a programmer can be made which has none of the
aforementioned shortcomings by employing a non-des-
tructive magnetic core memory matrix constructed
around the use of single aperture magnetic core pieces.
The use of single aperture magnetic core pieces for fabri-
cating the matrix is made possible by the novel technique
of simultaneously transferring the information being read
out of a given core back to a core that has previously
been read and transferred. This technique, coupled with
the unique use of a read sensing operating unit, permits
the non-destructive single aperture core matrix to be read
an indefinite number of times at speeds heretofore un-
attainable with very little power being required for proper
driving.

Accordingly, one object of this invention is to provide
a programmer for supplying a series of actuating pulses
at predetermined time intervals,

Another object of this invention is to provide a pro-
grammer which uses a non-destructive matrix employing
single aperture magnetic storage cores and is particularly
adapted for use on aerospace vehicles.

DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of this inven-
“tion will be more apparent upon reference to the follow-
ing specification, appended claims and drawings wherein:

FIGURE 1 is a block diagram of the programmer sys-
tem constructed in accordance with this invention
wherein the blocks of the diagram represent the various
elements of the system and the solid lines illustrate the
manner in which the elements are electrically intercon-
nected with one another to produce a train of control
signals;

FIGURE 2 is a schematic diagram of the blocking
oscillator employed for actuating the two-phase driver
of the programmer system;

FIGURE 3 is a circuit diagram of the two-phase driver
utilized for driving the four-way current steering switch
of the programmer system;

FIGURE 4 is a circuit diagram of the four-way cur-
rent stcering switch used to convert the two-phase input
from the driver unit of the system to a series of pulses
delivered in scquence through four separate output
terminals; and
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FIGURE 5 is a schematic reprcsentatioh, of the mag-
netic non-destructive memory matrix, decoder and sens-
ing amplifier.

DESCRIPTION OF A PREFERRED EMBODIMENT

With continued refetence to the accompanying figures
wherein like numerals designate similar parts throughout
the various views, and with initial attention directed to
FIGURE 1, reference numeral 1§ designates a pro-
grammer system illustrated in block form. As can be s¢en,
this system is built around a magnetic memory mattix 18,
which for purposss of illustration, is shown as a “four-by-
three unit.” The readout of the matrix is taken in the co-
incident current mode and the selection of the stored bit

= or signal to be read from the memoty matrix at any given

time is controlled by four and six-way current steering
switches 16 and 22, respectively, which provides a half
read pulse to successive row read lines 82, 84, 86, and
88 and to successive column read lines 96, 98, and 106,
These switches are both driven by a two-phase current
provided by the two-phase driver 14, on lines 31 and 33
in a manner that will be more fully explained hereinafter.
A blocking oscillator 12 drives the two-phase driver 14 .
and acts as a buffer between the phase driver and the ex-

5 ternal clock source 27.

In a manner to be more fully explained hereinafter the
matrix 18 has twelve cores with a maximum storage ca-
pacity of eleven words, one bit per word, with one core
sacrificed for information content so that the information
on any particular core may be transferred one core space
back every time the informadtion on a core is read. In
general the information is transferred as it is read by
prewiring the matrix 18 with internal feedback lines to
automatically apply a first half write pulse to a previously
read and therefore cleared core. A sense amplifier 24
is coupled to the matrix by sense winding 146 for sensing

-the data stored in the core being read and for generating

a second half write pulse when the remanence state of a
selected core is switched. The second half write pulse ap-
pears on lead 143 and with the cooperation of the decoder
290 is applied to the previously read core through one of
the row write lines 138, 140, 142, and 144.

The blocking oscillator 12 on the front end of the
programmer system 10 serves as a buffer between the
clock source 27 and the two-phase driver 14 which is
electrically connected to the oscillator through an elec-
trical lead 28. As seen in FIGURE 2, the blocking oscil-

lator 12 employs a linear transformer 36 which is con-

nected in a conventional feedback configuration between
the input and output of an active element, here shown as
the collector and base of a transistor 32. This circuit ar-
rangement permits the omission of any reset winding or
bias requirements. Thus, pulses (as shown at the input
lead 26 of FIGURE 1) in the hundred nanosecond region
will easily trigger the relatively high-powered two-phase
driver 14 through the action of .the blocking oscillator 12.
Also, the noise on the input line 26 is effectively blocked
by the oscillator and cannot, therefore, degrease the flux
content of the square loop cores used in the two-phase
driver 14 as would otherwise be the case if the phase
driver were being driven directly.

FIGURE 3 illustrates the preferred construction of the
two-phase driver 14 which consists of two substantially
identical blocking oscillators 34 and 34’ that are electri-
cally connected so that the setting of one resets the
other. The function of the driver is to convert the incom-
ing single-phase clock pulses from the oscillator 12 into
a two-phasc output for not only furnishing all the power
necessary for the operation of the four-way and six-way
current steering switches 16 and 22, but also the read lines
of the matrix, the decoder 20, and half of the write lines
of the matrix in a munner that will be more fully ex-
plained hereinafter. Thus, with the two-phase driver oper-
ating in this manner, the only other current source neces-
sury for the operation of the system is that furnished by
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the sense amplifier 24 which produces half of the current
used for writing into the matrix 12.

The blocking oscillators 34 and 34’ each utilize square
loop cores 36 and 36’ which have trigger, clear, set, bias
and reset windings, as indicated by numerals 38, 40, 42,
44, and 46 and 38', 40", 42’, 44’, and 46° respectively,
mounted thereon and polarized in the direction indicated
by the “dots” associated therewiih. Trigger windings 38
and 38 of the two blocking oscillators are connected in
series between input lead 28 and a common source B+-.
Clear windings 40 and 40’ are also connected in series be-
tween the clear input terminal 50 and the common ground
terminal 48. The output 52, set winding 42 of oscillator
34, and the reset winding 46 of oscillator 34" are con-
nected in series to the emitter of transistor 54’ which
forms the active element in the oscillator 34'. The second
output 52’ is connected in a similar manner through set
winding 42’ and reset winding 46 to the emitter of the
transistor 54 of oscillator 34.

The principle of operation of the two-phase driver 14
is as follows: after the square loop core 36 has been
“reset” and the core 36’ “set,” which is accomplished by
energizing the clear windings 40-40° with a pulse ap-
plied to the terminal 50, the first incoming pulse applied
to the terminal 28 from the oscillator 12 will induce a
voltage through-the trigger winding 38’ into the bias wind-
ing 44" of the “set” core 36’. However, no voltage will be
induced in the core 36 by trigger winding 38 since the core
is in a “reset” condition. Since the bias winding 44’ is
connected between the emitter and base of transistor 54,
the blocking oscillator 34’ will be biased into a conducting
condiiion. The conduction of the.transistor 54’ produces
a current flowing through the reset winding 46’ of oscil-
lator 34’, set winding 42 of oscillator 34, and the first
output terminal 52. This current flow through the reset
winding 46’ initiates the switching of the square core 36
and simultaneously “sets” the core 36 through winding
42. As the core 36’ switches it maintains bias by trans-
former action through bias winding 44°, thus allowing
the transistor 54 to conduct until core 36 is completely
switched. For this reason the duration of the output pulse
on the output terminal 52 js dependent solely on the
switching time .of the core 36’.

With the square core 36 now in a “set” condition and
core 36’ in a “reset” condition, the second incoming pulse
from the blocking oscillator 12 induces a voltage through
the trigger winding 38 into bias winding 44 of transistor
54 thereby causing it to conduct. This conduction through
the reset winding 46, set winding 42’, and the second out-
put terminal 52’ initiates the switching of core 36 and
“sets” core 36’ for the nxet cycle of opcration. As the
core switches it also maintains bias on the base of the
transistor 54 thus allowing the transistor to conduct un-
til core 36 is completely switched. From this operat-
ing procedure it can be seen that for every two input
pulses applied to the terminal 28, one pulse will appear
on each of output terminals 52 and 52°.

As the name implies, the current steering switches 22
and 18 are utilized for converting a two-phase input to a
serizs of pulses delivered in sequence through a number of
outputs so as to access the memory matrix in the coin-
cident current mode. Although the type of current steering
switch to be described hereinafter may be designed with
any number of outputs, for purposes of clarity and simplic-
ity only the four-way current steering switch 16 will be
described in detail. It is to be understood, however,
that the six-way current steering swilch 22 functions and
is constructed in substantially the same manner as is the
switch 22,

As seen in FIGURE 4, the current stesring switch 16
consists of four interconnected “blocks” designated’ as
A through D. Each block includes a core 54 that has a
substantially rectangular hysteresis loop characteristic,
A driver, clear, stcer and reset winding, designated as
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56, 58, 60, and 62 respectively, arc wound about the
various cores with cach winding polarized in the direc-
tion indicated by the associated dots. The output termi-
nals 52 and 52’ of the two-phase driver 14 are provided
for energizing the blocks A .through D while output termi-
nals Ri, R2, R3, and R4 respectively, for receiving the
signals therefrom are respectively connected to each
block. A single input terminal 76 is provided for emer-
gizing the various clear windings 58. Since the setting
and resetting of the cores would introduce bi-directional
signals into the memory matrix 18, diodes 72 are used in
the outputs to assure current flow in only one direction
into the memory.

The operation of the current steering switch 22 can
be explained in substantially the following manner. Ini-
tially, the clzar windings 58 are energized by applying a
current pulse to the terminal 79 thereby causing the core
54 of block A to be placed in a “set” condition while the
other cores of blocks B through D are “reset.” As the
first current pulse from the two-phase driver is applied
to terminal 52, the drive winding 56 around the core of
block A will be energized thereby reseiting the core and
inducing a voltage in the steer winding 690. Since the
core of block B is already in a reset condition, no volt-
age will be induced in this’ core although the current
pulse also flows through its drive winding. Thus, even
though two parallel current paths are presented to the
input current pulse; namely, the one through the steer
winding 60 of block A and the other through the steer
winding 60 of block B; the polarity of the induced volt-
age on the steer winding of block A will result in all of .
the current being steered through this core into the reset
winding 62 of block C and the output tetminal R1 of
block C.

As will be apparent, the current pulse that flows through
the reset winding of block C into the output terminal
R1 will result in the core of block: C being switched
to a s=t position. Thus, upon the arrival of the second
pulse from the two-phase driver 14, which will appear on
the terminal 52’, the core of block C will be reset there-
by inducing a steering voltage in the steer winding 6.
This voltage will cause the pulse of current to flow
through. the steer winding 66 of block C and the reset
winding 62 of block B to the output terminal R2 thereby
setting the core of block B and preparing it for the next
pulse to appear on input 52. ’

The second current pulse on input 52 is steered by
the steer winding on the core of block B into the reset
winding on the core of block D thereby resetting the core
and producing a pulse on output terminal R3. Upon the
arrival of the next current pulse on input terminal 52,
the core of block D will reset while the core of block A
;g :et and a readout pulse is produced on output terminal

Thus, it is seen that the four-way current steering switch
is made entirely of passive circuit elements and produces
four output channels from the two-phase input. The six~
way current steering switch 22 is also driven by the two-
phase driver in a manner hereinafter explained and is
constructed in a similar manner to the four-way current
st%er;ng switch except that six output channels are pro-
vided. :

Referring now to FIGURE 5, there is shown the circuit
diagram of the memory matrix 18, decoder 28 and sense
amplifier 24 according to one embodiment of the present
invention, The memory matrix is schematically illus-
trated in FIGURE 5 where the several single aperture
cores comprising the matrix are indicated as short diagonal
lines making acute angles lo the right and are typically
identified by reference numeral 80. The several magnetic
memb.crs are of the type having rclatively square hy-
sleresis loops characteristics and therefore have two stable
states of operation arbitrarily designated as “0” and *1,”
zuri§ well known in the art, and by definition currents
coming from the left through the core will read, or reset,
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the core to the O state and currents entering the core
aperture from the right will write, or set, the core to
the 1 state. These cores are arranged in columns and rows
or more specifically in four rows and three columns with
the rows designated alphabetically as row A, B, C, D, and
the columns designated as 1, 2, 3, so that each core may
be designated by its coordinate; such as core 1A is posi-
tioned at the intefsection of column 1 and row A.

In the schematic representation of the memory matrix
18 of FIGURE 35, each line passing through a core, as
represented by a diagonal line, represents a coil of one
turn wound around the particular core. The memory
matrix includes a series of row input terminals R1 to
R4, inclusive. These terminals are connected to corre-
sponding switching terminals of the four-way current
steering switch 16. The memory core of FIGURE 5 also
includes a series of column input terminals C1 to C6,
inclusive. These colump input terminals are connected to
corresponding switching terminals of the six-way current
steering switch 22.

The input terminals R1 to R4 are respectively connected
to a plurality of lines 82, 84, 86, and 88. These lines
each link a coil on each of the cores of an associated
row of cores of the memory matrix. The ends of the lines
remote from the input terminals are respectively con-
nected to the drive windings 104 to 110, inclusive, of
linear core transformers 116, 118, 120, and 122, inclusive.
The opposite end of windings 104, 106, 108, and 110
are alternately connected to terminals 64 and 66 through
lines 112 and 114 to effectively regroup the output of the
four-way steering switch into a two-phase input necessary
to drive the six-way current steering switch 22. Terminals
64 and 66 provide the input to the six-way current steer-
ing switch of FIGURE 1.

The matrix 18 is also provided with lines 96, 98, and
100, which each link a coil of one turn on each of the
cores of an associated column of cores. As seen in FIG-
URE 5, line 96 is connected to terminals C1 and C4,
line 98 is connected to terminals C2 and C5 and line 106
is connected to terminals C3 and C6. The ends of lines
96, 98, and 100 opposite from terminals C1 to C6 are
fed back one column in the matrix and are respectively
connected to lines 128, 130, and 132, which lines each
link a coil of one turn on each of the cores of an asso-
ciated column of cores. The remote ends of lines 128,
130, and 132 are connected to ground 135,

As an aid to understanding the read scan pattern
obtained in this embodiment, the sequential order of the
pulses appearing on the outputs of the four-way and the
six-way current steering switches are shown in brackets
in FIGURE 5. The arrangement is such that when the
first- half read pulse appears on line 82 the first half
read pulse from the six-way current steering switch will
appear on line 96 and the excited core will be at the
intersection of column 1 and row A. In a like manner
on the second clock pulse, a pulse will appear on line
84 and on line 98 and the core at the intersection of
column 2 and row A will be read. Thus, while the
four-way current steering switch is producing half read
pulses on successive row lines, the six-way current steer-
ing switch is producing half read pulses on successive
column lines with these latter pulses combining with the
former to provide a read current to the cores at the
intersection of the lines.

The sense amplifier generally shown at 24 serves as
the means to detect the presence or absence of the rema-
nence state “1” as the memory matrix is read and to pro-
duce a half write pulse on the occurrence of a “1” being
read. The sense amplifier employs a sense winding 146
which is wound on the respective cores in such 2 manner
as to reverse the scnse of the winding on every core in
progressing through the matrix thereby tending to cancel
voltages produced by partial drives in the well-known
manner, Sense winding 146 is connected to the primary
winding of the transformer 148 and a center tapped sec-
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ondary winding has its opposing ends connected to the
base elements of transistors 150 and 152. As seen in
FIGURE 5, the sense amplifier 24 employs linear trans-
formers 154 and 156 which are conneécted in a conven-
tional feedback configuration between the input and out-
put of an active element, here shown as the collector
and base of transistors 152 and 150. Thus, pulses on the
sense winding 146 caused by the switching of the magneétic
cores from the “1” state to the “0” state trigger either
156 or 152 into conduction so as to draw curtent through
the decoder 20 and the row lines 138 to 144, :

The decoder 20 of FIGURE 5 provides not only the
means for regrouping the pulses on row windings 82,
84, 86 and 88 so as to provide a two-phase input to the
six-way current steering switch, but also serves to selec-
tively steer the half write pulse produced by the sense
amplifier 24 to row lines 138, 140, 142, and 144. As
seen in FIGURE 5, the decoder 26 employs transformers
116, 118, 120, and 122 each utilizing linear cores which
have drive windings 104, 106, 188, and 116, and steer
windings 124, 125, 126 and 127 formed thereon and
polarized in the direction indicated by the “dots” asso-
ciated therewith. As seen in FIGURE 5, one side of the
steer windings 124, 125, 126, and 127 is connected to a
current source B} through limiting resistor 136 while
the opposing ends of the steer windings are transferred
one row back from their associated drive windings to
row lines 138, 140, 142 and 144. The opposing ends of
row lines 138, 140, 142, and 144 are connected to the
output terminal 147 through lead 143 and diodes 145
which are provided to insure current flow in only one
direction in lines 138, 140, 142, and 144,

For purposes of explaining the operation of the mem-
ory matrix 18, decoder 20 and sense amplifier it will
be assumed that a “1” is stored in core 1A, that core
3D is initially sacrificed for information content and is
in the remanence state “0” and that the first half read
pulse of current from the four-way current steering switch
has just been produced on terminal R1 to energize line
82. This current pulse passes through the drive winding
104 of the decoder to line 114 and terminal 66 to energize
the six-way current steering switch. This same pulse of
current passes through the six-way current steering switch
and appears as a half read pulse on terminal C1 and line
96 and as a half write pulse on line 128, since line
128 links the cores in the opposite sense as line 96.

Core 1A which is at the intersection of lines 82 and 96
will, therefore, have applied to it a read current pulse
which will induce sufficient magnetic force to switch the
core from the “1” state to “0” state. This change in flux
in the core will induce a voltage in sense winding 146
which will trigger either transistor 152 or 159 into con-
duction and cause diodes 145 to be biased for conduction,
The diode that will conduct is determined by the decoder
29 in the following manner, As the half read pulse appears
on line 82, drive winding 104 of the decoder will be
energized and will induce a voltage in steer’ winding 124,
Thus, even though four parallel current paths are pre-
sented to carry current produced by the sense amplifier,
namely, through either steer windings 124, 125, 126, 127,
the polarity of the induced voltage on steer winding 124
will result in all of the current being steered through this
winding to line 144 and a half write pulse will be applied
to the cores in row D and output terminal 147.

This half write pulse together with the half wire pulse
appearing on line 128 will cause the core 3D which is at
the intersection of lines 144 and 128 to have a write
pulse applied which will induce sufficient magnetism to
switch the core from the “0” state to the “1” state 50 as to
effectively transfer the information contained in core 1A
to core 3D, If a “0” was originally contained in core 1A,
the core would not switch when half read pulses were
applied to lines 82 and 96 and the sense amplifier would
not be energized. Therefore no half write pulse would be
applied to line 144 so that the information contained in
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core 1A is transferred to core 3D by allowing core 3D to
remain in the “0” state.

It is noted that core 1A will be in the “0” state after
being read regardless of its state before the reading opera-
tion and thus is automatically set to receive information
from the next selected core. Thus on the occurrence of the
second clock pulse, core 2B, which is at the intersection of
line 84 and line 98 will be read and the information con-
tained therein will be transferred to core 1A by automat-
ically feeding back a first half write pulse to line 130 and
selectively applying a second half write pulse to line 138
in the same manner as previously described.

_Thus, the present invention provides unique circuitry
for reading a magnetic memory matrix in the coincident
current mode and transferring the information in the core
being read at any particular time into a previously read
and, therefore, cleared core so that the information in
any particular core slips back one core space every clock
pulse. It is noted that since the reading and writing func-
tions are generated during the same clock pulse the system
is twice as fast as the conventional two-beat system which
requires load and unload operations. While a four-by-
three memory matrix has been described it will be appre-
ciated by those skilled in the art that other configurations
could be used with a corresponding change in output
channels of the row and column current steering switches.
Additionally, it will be readily apparent that more than
one memory matrix plane could be used so long as
corresponding logic and drive cutrent were included for
€ach plane.

Still further variations will be suggested to those skilled
in the art, and certain of these variations have already
been discussed; it must therefore be emphasized that the
foregoing description is meant to be illustrative only and
should not be considered limitative of the present inven-
tion. :

What is claimed is:

1. A magnetic matrix memory system, comprising:

(a) a plurality of bistable magnetic cores arranged
in a matrix comprised of a plurality of rows and
columns wherein the state of a core is indicative of a
binary bit “1” or “0” and wherein said cores are
settable to the “1” state and resettable to the “0”
state by the application thereto of write and read
electrical signals respectively;

(b) a plurality of read lines, one for each row and
one for each column threading all the cores in the
respective row or column, each of said read lines
having an input and an output;

(c) reading means coupled to said inputs of the row
and column read lines and responsive to a series of
input pulses for applying coincident half read pulses
to successive row and column read lines for the pro-
duction of a combining flux strengih in successive
selected cores so as to reset those cores in the “1”
state to the “0” state and to leave those cores in the
“0” state unaffected;

(d) a sensing winding threading all the ‘cores on which
a readout signal is produced when the selected core
is reset from the “1” state to the “0” state;

(e) a plurality of write lines, one for each row and
one for each column threading all the cores in the
respective row or column, each of said write lines
having an input and an output each of said column
write lines threading said cores in the opposite sense
from said column read lines;

(f) first half write means for applying a first half
write pulse coincidently with the half read pulses
applied to said successive selected cores to the input
of a column write line at least one column back from
said selected core, said first half write means com-
prising current conducting connections coupling the
respective outputs of said column read lines at least
one column’ back to the respective inputs of said
column write lines;
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(g) second half write means having an input coupled
to said sensing winding and having an output con-
nected in circuit with said row write lines for pro-
ducing a second half write pulse coincidently with
said first half write pulse each time a readout signal
is produced; and

(h) decoder means connected in circuit with the row
write lines and responsive to the row position of the
selected core for steering said second half write
pulse to a row write line at least one row back from
the selected core.

Z. A magnetic matrix memory system as defined in
claim 1 wherein said second half write means includes
a sense amplifier having an input coupled to said sensing
winding and having an output connected in circuit with
said row write lines.

3. A magnetic matrix memory system as defined in
claim 1 wherein said reading means includes:

(a) first switching means having an input and having-
a plurality of output terminals coupled respectively
to said inputs of said row read lines for applying
half read pulses to successive row read lines;

(b) second switching means having an input coupled
to the output of said first switching means and having
a plurality of output terminals coupled respectively to
said inputs of said column read lines for applying
half read pulses to successive column read lines;

(c) drive circuit means coupled to said input of said
first switching means for causing said first and second
switching means to introduce a half read pulse to
successive inputs of said row read lines and to intro-
duce a half read pulse to successive inputs of said
column read lines.

4. A magnetic matrix memory system as defined in

claim 1 wherein:

(a) said decoder means includes a plurality of trans-
formers, one for each row of said matrix, each having
a drive winding having a first and second end and
a steering winding having a first and second end;

(b) means connecting respective first ends of said
drive winding to the respective outputs of said row
read lines, whereby said half read pulses appearing on
successive row read lines will induce a steering volt-
age in successive steering windings;

(¢) current conducting connections coupling the re-
spective first end of the steering windings at least
one row back to the respective inputs of said row
write lines;

(d) current conducting connections coupling respec~
tive second ends of said steering windings to a cur~
rent source; and

{e) unilateral conducting means coupling respective
outputs of said row write lines to said output of said
second half write means for insuring current fiow
only in the write direction in said row write lines.

5. A magnetic matrix memory system as defined in

claim 4 wherein said reading means includes;

(a) a drive circuit for obtaining a series of half read
pulses;

(b) a first magnetic current steering switch having an
input coupled to said drive circuit and formed from
a plurality of magnetic elements connected in a par-
ticular relationship for steering said half read pulse to
successive yow read lines in accordance with ths
sequential magnetic activation of the different mag-
netic elements in the first magnetic current steering
switch; and

(c) a second magnetic current steering switch having
an input coupled to said second ends of said drive
windings and formed from a plurality of magnetic
elements connected in a particular relationship for
steering said balf read pulses to successive column
read lines in accordance with the sequential magnetic
activation of the different magneti¢ elements in the
second magnetic current steering switch,
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6. A magnetic matrix memory system as defined in
claim 5 wherein said sensing winding is coupled to said
cores to provide substantial cancellation of voltages in-
duced from half-selected cores. .

7. A magnetic matrix memory system as defined in
claim 5 -including unilateral conducting means coupling
said first and second magnetic current switches respec-
tively to said row read lines and to said column read
lines for insuring current flow only in the read direction
in said row and column read lines. .

8. A magnetic matrix memory system as defined in
claim 4 wherein said second half write means includes a
sense amplifier having an input coupled to said sensing

i2

winding and having an output connected to the inputs of
said row write lines.
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