
1,121,526                                          5 source 36 continues to
supply a voltage of first transistor 10a  turns   "on"  and  the ground
potential  at input terminal 32 voltage at junction 44 falls to ground
during the write preiod. If a binary "1" bit        potential (Row A,
FIGURE 2). Capa~ id to be stored, digit source 36 changes         citances
C[err] and C[err] discharge and charge, state to supply a voltage of +V
volts at    respectively.  Current flows through the cur- input terminal
32. In order to enter a   rent sensor 28 during  the switching tran- binary
"1" bit in the memory element,    sient, but the output of the sensor 28 is
not word source 40 also must supply a signal       sampled during this
period in a memory of +V volts, since otherwise sixth tran-
application. When the voltage at junction sistor 10c would be biased "off"
and the  44 falls to zero, third transistor 10b turns signal from the digit
source 36 would not "off." fourth transistor 20b turns "on" and be coupled
to the memory element. Word   the voltage at junction 48 rises to +V volts
source 40, therefore is operated during   (Row B, FIGURE  2). A  binary "1"
now both "read" and "write," and supplies the is stored in  the memory
element. Word same  voltage  input during  both  these  signal 50a
terminates at t[err] and the voltage periods. This is a distinct advantage
in a  a the gates 26c, 16c of the fifth and sixth memory system since the
word source and     transistors falls to zero volts. Fifth tran- logic may
be of simpler construction than     sistor 20c then turns "on" and sixth
tran- one of the type used in the usual memory    sistor 10c is held "off".
The +V volts at 20 application wherein different polarity signals  output
terminal 46 is coupled through the 85 are required for read and write.
Also, a   low impedance conduction path of the fifth single singal such as
50a (Row C, FIGURE      transistor 20c to the gatesw 16a, 26a of the 2)can
be used for both read and write,    first and second transistors, keeping
these reducing the total memory times cycle.        transistor biased "en"
and "off" respec- 25  Consider that a binary "1" bit is to be       tively,
and maintaining the memory element written into the memory element. At time
in the binary "1" storage state. t[err] the digit source 36 supplies a
signal 60a       Digit source 36 changes state at t[err] to of +V volts at
input terminal 32(Row D,  terminals the digit signal 60a. It should be
FIGURES 2). Word source 40 also is sup-   notd that word signal 5oa
terminates 30 plying a voltage of +V volts at this time     before digit
signal 60a. If it did not, the (Row C FIGURE 2). Sixth transistor 10c
voltage at input terminal 32 could fall to then has +V volts applied at
both its      ground potential while the gate 16c voltage source 32c and
its gate 16c the drain 14c of sicth trasistor 10c was at +V volts 



initially is at ground potential. A TFT or     Sixth transistor 10c was at
+V volts an MOS unit is bi-directional and the    ground potential would be
applied at the source and drain are "interchangeable" in       gates 16a,
26a of the first and second tran- the sense that the "source" can operate
as     sistors, and the memory element would either the source or drain,
depending on  become reset, with a reulting loss of the the bias
conditions. In such a unit, the  tran-       stored information. sistor is
biased  "on" when the gate voltage     A second read period commences at
time is positive relative to the voltage at either       t[err] with the
application of a second word the "source" or "drain' in an n-type tran-
signal 50b of +V volts applied at input sistor. Accordingly, for the input
condi-       terminal 38 (Row C. FIGURE 2). The tions in this example,
sixth transistor 10c      memory element responds to this signal 50b 46 is
biased "on" at t[err] since the gate voltage    in the same manner it
responded to the first is +V volts and the "drain" is at ground.      word
signal 50a since a "F" is stored in the potential.
element prior to t[err]. Breifly statem fifth With sixth transistor 10c in
the "on"     transistor 20c turns "off" sixth transistor condition, the
transistor provides a low     10c turns "on" and applies ground poten-
impedance path between the gates 16, 26a   tial at the gates 16a and 26a of
the first of the first and second transistors 10a and     and second
transistors 10a and 20a to turn 20a and the input terminal 32. The voltage
these transistors "off" and "on" respec- at gates 16a and 26a rises from
ground     tively. As the voltage at junction 44 rises potential to +V
volyd as the source 12c   to +V volts (Row A, FIGURE 2) third 55 drain 14c
capacitance charges and capa-     transistor 10b turns "on" fourth,
transistor citances C[err] and C[err] charge and discharge,        20b
turns "off" and the voltage at junction respectively. When the +V volt
value is    46 falls to ground potential ( Row B, reached six transistor
10c turns "off"       FIGURE 2). During the switching tran- However, if the
voltage at drain 14c should     sient capacitances  C[err] and C[err]
charge, the tend to fall in value, sixth transistor 10c   charge current
flowing through the current would turn on again to maintain the drain
sensor 28. The output of the sensor 28 may 14c voltage at +V volts.
be sampled (by means not shown) during When the voltage at gates 16a, 26a
is       the trasient period changed from ground potential to +V     The
gates 16a, 26a of the first and second volts at t[err] second transistor
20a turns "off"     transistors are at ground potential during   



1,121,526 the trasient period.               example, dashed box 72-1 in
the first plane The gates 16a, 26a of the first and  70-1 may contain the
memory element for second transistors are at ground potential  storing the
first bit of information in the during the read period by virtue of the
k[err] word, and dashed box 72n in plane 70n 5 "on" condition of the sixth
transistor 10c  may contain the memory element for stor- 70 and the ground
potential applied at input  ing the n[err] bit of information in the k[err]
terminal 32. Assume that it is desired to word. The other memory elements
of the store a binary "0" in the memory element  planes 70-1 and 70n are.
omitted for clarity during, the write period. The memory ele- of drawing,
but it will be understood that 10  metn is already in the reset state and
store  each of the remaining elements in the first 75 ing a binary "0." No
digit signal is sup-  plane 70-1 stores the first bit of a different plied
by the digit source 36 during the  word, and each of the remaining elements
write period. Consequently, sixth transistor  in the plane 70n stores the
n[err] bit of a diffe- 10c continues to furnish a low impedance  rent word.
15 path between input terminal 32 and the    Each memory element is assumed
to be 80. gates 16a, 26a, whereby the gates remain at  of the type shown in
FIGURE 1, except ground potential. Word signal 50b termi-  as noted
hereinafter, and there may be an nates at a time t[err] (Row C, FIGURE 2).
array of m-by-m  elements in each plane, The memory element now is in the
reset. whereby  m[err] words  may be stored  in 20 state, and the gates 16a
, 26a of the first  memory. and second transistors are at ground poten-
All of the memory elements, one in each tial. The next read period
commences at th  plane, associated with the same word are with the
application of a word signal 50c  connected to a common word line. For (Row
C, FIGURE 2) applied at input ter-  example, the input terminals 38 (FIGURE
25 minal 38 from the word source 40. Word  1) of the memory elements for
all of the 90 signal 50c biases "on" sixth transistor 10c.  bits in the
k[err] word are connected to the The voltage at input terminal 32 is at
same word line 74. This line 74, is con- ground potential at this time (Row
D, nected to the appropriate word source or, FIGURE 2). However, the
voltage at drain  driver in box 76. The word driver performs 30 14c of the
sixth transistor 10c is already at  the same function as the word source 40
in 95. ground  potential, whereby  there is no  FIGURE 1, except that it is
common to change in voltage at the gates 16a, 26a of  the memory elements
for all bits of a word. 



the first and second transistors 10a and  All of the memory elements in any
one 20a. Since these latter transistors do not  plane are connected to a
common digit 35 change operating states, there is no change  source or
driver. For example, all of the in voltage at either of the junctions 44
and  memory elements in the first plane 70-1 46 (Rows A and .B. FIGURE 2).
Conse-  have their input terminals 32 (FIGURE 1) quently, there is no
change in the state of  connected to a common digit driver 77-1. the charge
on any of the capacitances    Each memory plane 70- 1.70n has asso- 40
C[err]... C[err], and no transient charge current  ciated therewith a
separate current sensing 105 flows through the current sensor 28. Hence,
device 78-1..78n, illustrated in the drawing no output signal is produced
by the cur-  as a tunnel diode. The junction points 29 rent sensor 28.
of all of the memory elements in the first In summary, the application of a
word  plane 70-1 are connected together and to 45 signal results in a
transient current flow  the cathode of a common tunnel diode 110 through
the current sensor only when the  78-1. Stated in another way, the sources
memory element is storing a binary "1" bit  22a and 22b of the second and
fourth tran- of information. Accordingly, an  output  sistors 20a and 20b
of all memory elements signal from  the sensor 'during the read  in the
first plane 70-1 are connected in 50 period indicates storage of a binary
"1" bit.  common to the cathode of the tunnel diode The absence of an
output signal indicates  78-1, the anode of which is connected to storage
of a binary "0" bit. Advantage is  the voltage source 30-1. The tunnel
diode taken of this feature in the word-organized  78-1 is the current
sensor 28 of FIGURE 1. memory of FIGURE 3.                      By this
arrangement, the currents flowing in 55  The memory of FIGURE 3 comprises a
all of the memory elements in the first 120 large number of memory planes,
of which  plane 70-1 flow  also through the tunnel only the first and
n[err] planes 70-1 and 70n  diode 78-1. This current is very low in the are
shown for convenience. In general, the  steady state, being the sum of the
leakage number of planes may be equal to the  currents of the various
elements. The 60  number of bits in a word. Each plane has  memory elements
in the other planes are 125 a group or array of memory elements for
similarly arranged. storing the information bits of like signifi-  A word
of information is read out of cance of a large number of words, and each
memory by applying a word signal of +V of the different bits of a word is
stored in  volts to the word line of the desired word. 65   a memory
element in a different plane. For  For example, the k[err] word is read out
of 130  



memory by conditioning the appropriate  the "1" to the "0" state. A further
advan- word driver to apply a signal of +V volts  tage of this arrangement
is that the memory to word line 74. If the memory element for  elements can
be manufactured in integrated any bit of that word is storing a binary "1"
form  with high  packing  density  using 5 when the word signal is applied,
a transient known  fabrication techniques. Moreover, 70 current will flow
in that memory plane.  the various decoders, drivers and associated This
transient current, which is the charge  logic also. can be manufactured at
the same current for the capacitances C[err] and C[err] of  time, in
integrated form, and preferably on the element being switch flows through
the  the same substrate. as the memory elements 10 tunnel diode associated
with the plane in themselves. A further advantage is the fact 75 which the
memory element is located.      that only a single read/write word pulse is
The tunnel diode is selected to have a  required in the FIGURE 3
arrangement, current peak that is greater than the total  whereas in a core
type memory, separate steady state leakage current of the elements  read
and write word pulses of opposite 15 in the plane, and less than the sum of
the  polarity generally are required.  80 leakage currents plus the
transient current    One feature of the FIGURE 3 arrange- that flows when
an element in the plane is  ment which may be a disadvantage in some
switched. The total leakage . current, as  cases is that a separate word
line is mentioned above, is relatively small and  required for each word of
storage. For 20  may be less than the tunnel diode valley  example, if each
plane has an m-by-m 85 current, whereby  the  tunnel diode  is  array of
memory elements, m[err] word lines operated monostably. In the steady state
of  are required for each plane, the like word the memory, therefore, each
of the tunnel  lines are required for each plane, the like diodes is biased
in an operating region of  word lines of the separate planes being 25 low
voltage. The potential across the ter-  connected together. If the array is
large, 90 minals of a tunnel diode may be a few tens  it may be difficult
or undesirable to provide of millivolts for this condition. When a  the
large number of word  lines. This prob- memory element is reset by a word
signal, lem may be obviated by an arrangement of the resulting transient
current exceeds the  the type illustrated in FIGURE 4. 30 peak current
value of the associated tunnel   In the arrangement of FIGURE 4 only 95
diode and switches the diode temporarily  two planes 84-1 and 84n of the
memory to a state of high voltage. The voltage then  are illustrated for
convenience. Let it be 



appearing across the tunnel diode may be  assumed that each plane has an
m-by-m 400 to 800 millivolts, depending upon the  array of memory elements,
the same as  in 35 type of diode, and is read out at the ter-  the case of
the FIGURE 3 arrangement 100 minals 80-1, for example, and sampled  There
is provided a separate x input line during the read period. Any capacitance
for each row of memory elements, for a across the output terminals. 80-1
may be  total of m row lines, and each x input line charged and discharged
rapidly at this low  is common to all of the memory elements 40 value of.
voltage through the low impedance  in the same numbered row in all of . the
105 of the tunnel diode, whereby the tunnel  planes. There is also a
separate y input diode does not slow down the switching  line for each
column of memory elements, speed of the memory element.            or a
total of m, and each y input line is Alternatively, the tunnel diode could
be  common to all of'the memory elements in 45 biased for bistable
operation, whereby the  the same numbered column in all of the 110 tunnel
diode, once switched, remains in a  planes. For example, let the dashed box
state of high voltage until reset (by means  90-1 in the first plane 84-1
contain the not shown). In this case, the tunnel diodes  memory element at
the intersection of the can serve the additional function of a  a[err] row
and b[err] column of the first plane 50 memory register.
84-1. Let the dashed box 90n contain the 115 A memory system of the type
illustrated  memory element at the intersection of the in FIGURE  3 and
comprising memory  a[err] row and b[err] column of plane 84n. As elements
of the type as illustrated in  shown in the drawing, the x input line 88
FIGURE 1 has several advantages worthy  is common to both of these
elements, as is 55 of note. There is very little power dissi-  the y input
line 94. The total number of x 120 pation in the various memory elements
and y input lines is 2m, as contrasted to under steady state conditions. No
output is  the m[err] lines required in the system  of derived from a
memory element which is  FIGURE 3. storing a binary "0" when the word
signal   The information stored in a memory ele- 60 is applied thereto. In
a core memory, on  ment is read out when signals are applied 125 the other
hand, even a core which is storing  on both of the x and y lines common to
a binary "0" generates an output signal  that element. A binary "1" bit of
infor- when that core is interrogated, although the  mation is written into
a memory element output signal has a smaller amplitude than  by energizing
the information source for 65 is provided when the core is switched from
the memory plane containing that element 130  
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1,121,526 while signals are present on both of the x  volts. If only one of
the latter sources and y lines common to that element. For  supplying an
input signal, then only one of example, the word stored in the group of
the sixth and eighth transistors 10c, 10d is memory elements that includes
elements  biased on. The other one of these tran- 5 09-1 and 90n  is read
out by applying  sistors is biased "off," whereby the memory 70 signals
concurrently to the x and y input  element cannot be reset during the read
lines 88 and 94. A binary "1" is written into  period, and  new  inform
ation  cannot be the element 90-1 by energizing information  written into
the memory element during the source 96-1 during, the write period when
write period. Hence the term  "concident 10 lines 88 and 94 are receiving
input signals   voltage"  memory element.               75 FIGURE 5 is a
schematic drawing of a        Various modifications may be made in the
memory element suitable for use in the  memory elements illustrated in
FIGURE 1 arrangement of FIGURE 4. This memory  and FIGURE 5. For example,
n-type tran- element is similar generally to the memory  sistors may be
substituted for the p-type 15 element of FIGURE 1, wherefore only the
transistors illustrated, and p-type transistors 80 differences  need be
noted. In FIGURE 5,  may be substituted for the n-type tran- a seventh
insulated gate field effect tran-  sistors, provided that the connections
to sistor 20d of p-type conductivity has its  the bias source 30 and
current sensor 28 conduction path connected in parallel with  are reversed
and provided also that the 20 the conduction path of fifth transistor 20c,
polarities of the digit and word signals are and has its gate 26d connected
to an input  reversed. Also, the voltage levels may be terminal 98. An
eighth insulated gate field  changed by grounding the drain electrodes
effect transistor 10d of n-type conductivity  22a, 22b of the first and
fourth transistors has its conduction path connected; in series  20a, 20b,
and connecting the bias source 30 25 with the conduction path of sixth
tran- between circuit ground and the sources 12a sistor 10c between input
terminal 32 and   12b of the first and third transistors 10a 



the gates 16a, 26a of the first and second   10b with suitable change in
the input signal transistors, 10a, 20a. The gate 16d of the  levels. eighth
transistor 10d is connected to input 30 terminal 98. The signal source 102,
con-    WHAT WE CLAIM IS:- nected  between  input terminal 38  and       1.
A memory storage unit comprising a 95 ground, and the signal source 100,
con-  plurality of field effect transistors each hav- nected between  input
terminal 98  and  ing a source and a drain' defining the ends ground,
supply the x and y input signals,  of a conduction path, and an insulated
gate; 35 respectively, for the memory element.     first, third and sixth
ones of said tran- The operation of the FIGURE 5 circuit  sistors being of
one conductivity type and 100 is similar generally to the operation of the
second, fourth and fifth ones of said tran- FIGURE  1 circuit, except for
the follow-  sistors being of the opposite conductivity ing, differences.
In order to read out the  type; said first and second transistors hav- 40.
information stored in the memory element,  ing their conduction  paths
serially con- both the x and y input sources 102 and 100 nected in a first
branch circuit with their 105 must supply  input signals. These input
drains connected together; said third and signals, which switch the
voltages at ter-  fourth transistors having their conduction minals 38 and
98, respectively, from ground paths  serially  connected  in a  second 45
potential to +V volts, bias off the fifth and   branch circuit with their
drains connected seventh transistors 20c and 20d to "open"  together: a
connection between the gates of 110 the cross-coupling path from the drains
14b  the first and second transistors; a connec- and 24b. of the third and
fourth transistors  tion between the gates of the third and to  the gates.
16a, 26a of the first and  fourth transistors: a connection between the 50
second transistors. The signals supplied by  drains of the first and second
transistors to sources 102 and, 100 also bias "on" the  a point common to
the gates of the third. 115 sixth and eighth transistors 10c, 10d, respec-
and: fourth transistors: the fifth transistor tively. A low impedance path
then is pro-  having its conduction path connected be- vided through
transistors 10c and 10d be-  tween, a point common to the drains of the 55
tween input terminal 32 and the gates 16a,  third and fourth transistors
and a point 26a of the first and second transistors to  common to the gates
of the first and second 120 reset the memory element in the manner
transistors: a first input terminal; the sixth described in connection with
the FIGURE   transistor having its conduction path con- 1 memory element.
nected  between said first input terminal 60   To write a. binary "1" bit
of information  and the gates of the first and second tran- 



into the memory element during the write  sistors; and a second input
terminal con- 120 period, the information source 96 supplies  nected to the
gates of said fifth and sixth a signal of +V volts at input terminal 32
transistors. while the x and y input sources 102 and    2. A memory storage
unit according to 65 100 are supplying input signals of +V   Claim 1,
comprising a current sensor con-    1,121,526
9 ected in series with the first and second  tively, in order to form a
bistable circuit, circuit branches of said circuit.            and an input
terminal; a third insulated 3. A memory storage unit according to  gate
field effect transistor having a source, Claim 1, in which said circuit
also includes  a drain and a gate; means connecting the 50 5 a seventh
transistor of said opposite con-  source-drain path of the third transistor
ductivity type having its conduction path  between said input terminal and
the gate of connected in parallel with the conduction  the first-
transistor, said  input terminal path of said fifth transistor, an eighth
tran-  being adapted to receive information signals sistor of said one
conductivity type having  from  a source of input signals; with the 55 10
its conduction path connected in series with  gate of the third transistor
being adapted the conduction path of said sixth transistor  to receive
first control signals which are between said first input terminal and a
substantially concurrent with said informa- point common to the gates of
said first and  tion signals and  which  are effective to second
transistors, and a third input ter.  render said  third  transistor
source-drain 60 15 minal common to the gates of the seventh  path
conductive; where the  source-drain and eighth transistors.
path of the third transistor,- in the absence 4. A memory comprising: a
plurality of  of such a control signal is substantially groups of memory
elements, each memory  non-conductive. element including an insulated gate
field    6. A memory storage unit as claimed in 65 20 effect transistor
bistable circuit having an  claim  5, wherein the cross-coupling means
input point, and an insulated gate field  includes a fourth insulated gate
field effect effect input transistor having a drain con-  transistor having
a source, a drain and a nected to the input point, a source and a  gate;
with the source-drain path of the gate; a like plurality of control lines,
one  fourth transistor being connected between 70 25 for each said groups
of memory elements;  the drain of the second transistor and the 



a plurality of signal input lines; means con-  gate of the first
transistor; the gate of the necting the gates of all input transistors in
fourth transistor being adapted to receive the same group to the control
line asso-  from  a source of second control signals ciated with that
group; and means connect-  substantially concurrent with said informa- 75
30 ing the source of each input transistor of a  tion signals and said
first control signals; said group to a different one of said signal  where
the second control signals are effec- input lines.
tive to render the source-drain path of said 5. A  memory storage unit
comprising  fourth transistor substantially non-conduc- first and second
insulated gate field effect  tive, and where said source-drain path is 80
35 transistors each having a source, a drain  conductive in the absence of
said second and a gate, first and second circuit branches  control signals.
connected in parallel to each other and       7. A memory storage unit
substantially across a source of operating potential, the  as described
with reference to the examples first branch including the source-drain path
shown in Figures 1 and 5, of the accom- 85 40 of the first transistor and a
load connected  panying drawings. in series therewith, the second branch
in- cluding the source-drain of the second tran-           For the
Applicants: sistor and a load connected in series there-    MATTHEWS,
HADDAN & CO., with, means cross-coupling the drains of
Chartered Patent Agents, 45 the first and second transistors to the gates
31-32 Bedford Street, of the second and first transistors, respec-
Strand, London W.C.2. Printed for Her Majesty's Stationery Office by The
Tweeddale Press Ltd., Berwick-upon-Tweed, 1968 Published at the Patent
Office, 25 Southampton Building, London, W.C.2, from which copies may be
obtained.    


