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We, BURROUGHS  CORPO-  transistor cells" have been employed in RATION, a
Corporation, of. Michigan  integrated. circuit memories in order tb United
States of  America of Burroughs  achieve a higher cell packing density. The
Place, Detroit, Michigan 48232, United  integrated circuit device may be a
bipolar 5      States of America do hereby declare the  device; however, in
the present inventionit  50 invention, for which we pray that a patent  is
preferably an MOS device employing field may be granted to us, and the
method by  effect transistors. An MOS  (metal-oxide which it is to be
performed, to be particu-  semiconductor) device is a field effect trans-
larly described in and by the following  istor in which the silicon dioxide
acts as a 10  statement:-  .. .                           dielectric
insulator between a gate contact  55 This invention relates to an
integrated cir-  metal and'a substrate silicon channel. A field cuit memory
array, and more particularly to  effect ransistor, FET, is a solid-state
device such an array wherein each individual mem-  in which current is
controlled between a ory cell is formed of a single transistor and a
source terminal and a drain terminal by a 15  capacitive storage unit,. the
combination  voltage applied to a nonconduct gate being referred to as a
"single transistor     terminal                         60 cell". Prior art
disclosures of "single transistor Many types of integrated circuit memories
cells" are contained, for example, in the employing "single transistor
cells" exist in  Christensen, U.S. Patent No. 3,588,844; 20  the prior art.
The advantage of "single trans-  Stein et al, U.S. Patent No. 3,774,176;
and  65 istor cells" is that less space per cell is  Markowitz,U.S. Patent
No. 3,789,371. required on an integrated circuit chip with   The state of
the art in integrated circuit the resultant higher packing density. A dis-
memories has long been such that 1,024 bit advantage of "single transistor
cells" is that cells could be placed on a single integrated 25  their
charge must be restored or refreshed.  circuit chip. In fact, the state of
the art of 70 Static memories which do not require a  integrated circuit
technology is such that charge restore may be formed of memory  4,096 bit
cells can now be placed on an inte- cells each employing two or more
transistors  grated circuit chip. However, to significantly to form a
latch. However, as the number of  increase the number of bit cells placed
on an 30  transistors per cell increases, a greater area  integrated
circuit chip, certain problems  75 is required for each cell with a
resultant  must be overcome. The present invention is decrease in the cell
packing density.A prin-  designed to provide an integrated circuit cipal
advantage of integrated  circuitry   memory with 16, 84 bit cells or more
on an formed on a semiconductor chip is that once  integrated circuit chip.
35  the fabrication process has been developed,    In the layout of memory
circuit, consid- 80 highly reliable circuits can.be manufactured   eration
is to be given to the relation of the in volume to achieve an economy of
scale.  sense amplifiers to the various cells of the Thus, as the packing
density of the circuit  array. In one type of sensing arrangement, design
increases, the manufacture of the  the respective sense amplifiers are
placed in 40  resultant circuits becomes more economical.  the middle of
the array to service memory 85 The term "single transistor cell" is em-
cells located in columns on both sides of the ployed to mean a memory cell
for storing a  respective sense amplifiers. This provides an "0" or "1"
binary bit of information, which     inherent differential balance with the
result cell employs, one transistor and also a  that signals of very small
amplitude can be 45  capacitance. As was indicated above, "single
detected. This is particularly advantgeous  90    1,530,958
2 with "single transistor cell"  memories. tors. However, such a centered
sensing method    Methods of performing the present inven- must be provided
with compensation foc  tion will now be described with referenceto
capacitance imbalance. As distinct from the  the drawings, in which: 5
centered sensing method, sense amplifiers   Figure  is a schematic diagram
of the  7 may be placed at one edge of the array with  array organization
of the present invention; 



cell  accessing circuitry placed at the other    Figure 2 is a block
diagram of the memory edge of the array.                       system of
the present invention; While differential sensing is required for   Figure
3 is a block diagram of a sense signals of small amplitudes, physically
locat-  amplifier as employed in the present inven-  75 ing sense
amplifiers in the. center of memory. tion; array becomes impractical when
the number   Figure 4 is a detailed schematic diagram of cells in the array
becomes increasingly  of the sense amplifier of the present inven- large.
It is desirable, then, to provide a large  tion and its connection to the
memory array; 15 . memory array with sense amplifiers located  and
80 at one edge of the array which amplifiers    Figure 5 is a modified
schematic diagram nonetheless provide differential sensing and  of the
amplifier of Figure 4. a completely balanced operation.           As was
indicated above, an object of the It is an object of the present invention
to  present invention is to provide an enlarged 20  provide an improved and
enlarged memory  memory array which nonetheless accommo-  85 array on a
single integrated circuit chip.  dates differential sensing by sense
amplifiers It is another object of the present inven-  located at one edge
of the array. A memory tion to provide an improved memory array  array
organization designed to this end is the size of which can be increased
without  shown in Figure l. As illustrated therein, the 25  redesign of the
array.                    array is formed of a plurality of memory  90 It
is still another object of the present  cells C11, ..., CNn which are
arranged in a invention to provide an improved and an  matrix of n columns
and N rows. Each cell is enlarged  memory  array  having  sense  formed of
a capacitance 22 which is charged amplifiers for differential sensing and
bal-  and discharged by way of field effect transis- 30  anced operation.
tor 21. Transistor 21 of each cell is coupled  95 From one aspect the
invention consists in  tm one of the row select lines 17a, ..., 17N a
memory array comprising: a plurality of  and also to either one of column
select lines transistor cells; a plurality of pairs of column  18a, ...,
18n if the corresponding cell conductors, each pair including an odd col-
resides in an even numbered row or to one 35  umn conductor and an even
column conduc-  of column select lines 19a, . . .,.19n if the  100 tor; and
a plurality of row conductors; said  corresponding cell resides in an odd
num- array of transistor cells being arranged in  bered row. In this
manner, each column line rows and columns such that each cell in an  of the
respective pairs of column lines 18, 19 odd row is coupled to a
corresponding row  will be conected to the same number of 40  conductor and
to the odd column conductor,  memory cells so as to provide a balanced  105
but not to the even column conductor, of the  pair of lines with equal
capacitance and corresponding pair of column conductors  starting
potentials. Each pair of column lines and each cell in an even row is
coupled to a  is then coupled to the terminals of a respec- corresponding
row conductor and to the  tive differential sense amplifier 13a, 45  even
column conductor, but not to the odd  13n. To complete the circuitry of
Figure 1, 110 column conductor, of the corresponding pair  each pair of
column lines 18,19 is coupled at of column conductors.             '
its opposite end to one of the Column 1/0 From another aspect the invention
con-  data exchanges 16a, ..., 16n and to a sists in a memory array
comprising: a single  respective column decode unit 11a,..., 50  MOS
integrated circuit chip, said chip  11n. The overall memory arrangement is
115 including: a plurality of transistor cells, a  illustrated in Figure 2
and, in addition to the plurality of pairs of olumn conductors, each  cell
array 10, described in detail above, pair including an odd column conductor
and  incudes sense amplifiers 13, column decod- an even column conductor;
and a plurality  ers 11 with column 1/016, row decoders 12 55  of row
conductors; said array of tansistor  and clock unit 14. Data exchange to
and  120 cells being arranged in rows  and columns  from memory array 10 is
by way-of the 1/0 such that each cell in an odd row is coupled  unit 15. to
a corresponding row conductor and to the    The memory array so far
described pro- odd column conductor, but not to the even  vides a number of
advantages. For example, 60 column conductor, of the corresponding pair
the autonomy of the sense amplifiers and the 125 of column conductors and
each cell in an  1/0 circuitry allows the design of extremely even row is
coupled to a corresponding row   sensitive sense amplifiers which can be
laid conductor and to the even column conduc-  out with nearly perfectly
balanced topology. tor, but not to the odd column conductor, of  Also, the
cell aspect ratio achieved by this 65  the corresponding pair of column
conduc-  organization allows very efficient design of    3
1,530,958                                      3 the peripheral circuitry
thus minimizing  write recovery times can be had only at the overall chip
size.                       expense of additional power) which is not Not
only is the memory array. adapted for  generic to the present invention. 



differential sense amplifiers, but the indi-    Moreover, the edge sensing
arrangement 5  vidual amplifiers are also adapted to. the  allows direct
access to each addressed cell 70 memory array. Previous differential latch
for writing, whereas in the prior art using type sense amplifiers have
encountered  edge. accessed, center sensed arrays, it is the problems
associated with capacitive imbal-  task of the sense amplifier to invert
and ances at low impedance levels and long write  retransmit data intended
for that half of the 10  recovery times and hih power dissipation. array
not directly connected to the edge  75 The length of the write recovery
times is access circuitry. caused by having to force a diffused column
A more detailed illustration of the various bus through the relative high
impedance of aspects of the present invention is given in the load devices
where a positive going clock Figure 4. As shown therein, the column. 1/0 15
signal is required for the restore operation.  unit 16 is coupled by way of
a pair of column  80 The present invention not only avoids such  buses 18
and 19 to sense amplifier 13, two problems, but also provides an efficient
memory cells C1 and C2, and dummy cells design of desely packed arrays of
"single  D1 and D2. The purpose of dummy cells D1 transistor cells" as has
been discussed  and D2 is to maintain load balance on. the 20  above.  .
column buses when one or the other of those  85 A  generalized diagram  of
'the sense  column buses is activated due to a memory amplifier of Figure 1
is illustrated in Figure  access. It will be remembered that only an 3. As
disclosed therein, the amplifier odd or even column bus, but not both, will
includes a cross coupled latch 31 that resides  be employed during each
memory access 25  between even column bus 18 and odd col- cycle.         .
90 umn bus 19 which are coupled to latch 31 by    Even storage cell C1 and
odd storage cell source followers 32 and 33 respectively. In  C2 are the
same as the respective odd and order to restore the various memory cells of
even storage cells that were described in a particular column, even column
bus 18 is relation to Figure 1. Storage cell C1 com- 30  driven by write
back gate 34 and odd col- prises a capacitor 221 which is charged or  95
umn bus 19 is driven by write back gate 35. discharged to even column bus
18 by way of A clock signal is supplied to latch 31 by way field effect
transistor 211 which is activated of inverter 36.         . .
by signals on even row select line 171. Simi- Both of the colum buses 18
and 19 are  larly, odd storage cell C2 comprises a 35  initially precharged
and balanced. If a  capacitor 222 which is charged or dis-  100 "zero" (0)
is sotred in a particular cell, the  charged from odd column bus 19 by way
of column bus that is selected (via the even or field effect transistor 212
and is activated by odd row select line, as was discussed above)  signals
on odd row select line 172. The only will be discharged to "0" volts by the
action  difference between two storage cells of Fig- 40  of a positive
going clock signal supplied to  ure 4 and corresponding storage cells of
105 the amplifier by way of clock inverter 36 of Figure. 1 is that the
common sides of Figure 3. If a "one" (1) was stored in the  capacitors 221
and 222 are connected to a accessed cell, the respective column bus will
constant voltage source Vdd rather than remain charged. In this manner, the
cell being grounded. 45  information is refreshed upon each rise of   As
indicated in Figure 4, a pair of dummy  110 the clock signal. The sense
amplifier has no  cells D1 and D2 are provided for each pair effect on a
stored "one" (1). Such data is of odd and even column buses, that is to say
totally restored by the mere act of connect- for each column of memory
cells. Dummy ing the cell  to the bus (i.e., in Figure 1, cell D1 comprises
capacitor 224 which is 50  selecting row 1 will cause the voltage on C11
coupled to odd column bus 19 by way of  115 to equalize with that on bus
19a, whether field effect transistor 214 and is in turn acti- the
respective capacitance 22 was charged  vated by even dummy select line 173.
or not). The sense amplifier, discerning the   Dummy cell D2 comprises
capacitor 223 polarity of the small difference that does  which is coupled
to even column bus 18 by 55  develop due to the finite capacitance ratio,
field effect transistor 213 that is activated by  120 functions only to
discharge to "zero"(0) bus signals from odd dummy select ine 174. 18 or 19,
whichever it deems to be lower in  Capacitances 223 and 224 have their com-
potential.           .                 mon side connected to a constant
voltage In prior art, particularly "low impedance"  source Vdd and each has
a capacitance that 60  latches,  both  buses  18  and  19  are  is one half
the capacitance of the individual 125 significantly reducef in level
initially by the  capacitors 221 and 222 of the respective action of the
sensing clock, and thus the  storage cells Cl and C2. higher of the two
buses must be condition-    It will be noted from the above descrip- ally
recharged. This results in a:power/speed  tion that the dummy cell D1 is
charged or 65 tradeoff (that is, quick recharge and quick  discharged to
odd column bus 19 by even  130    4 1,530,958                        4 



dummy line 173 at the same time that even    The topology of the circuit
design pro- storage cell C1 is discharged to even column  vides low
capacitances for the columnn buses bus 18 by a signal on even row select
line  so as to accommodate a maximized ratio of 171. Conversely, dummy cell
D2 is charged  individual cell storage capacitance to the 5  or discharged
to even column bus 18 by odd  column bus capacitance. This ratio can be  70
dummy line 174 at the same time that odd  further maximized by the
selection of the storage cell C2 is charged or discharged to  fabrication
process so as to increase the cell odd column bus 19. The dummy cells act
as  storage capacitance. The fabrication process a reference setter and, in
this manner, pro-  employed with the present invention is 10  vide a
balanced pair of odd and even column  really outside the scope of the
present inven- 75 buses to differential sense amplifier 13. The  tion and
will not be discussed in detail. Gen- dummy cells D1 and D2 are reset each
cycle  eral comments on MOS fabrication proces- by reset signals supplied
to field effect trans-  ses can be found, for example, in MOS Inte- istors
215 and 216 respectively.      grated Circuits, Van  Nostrand Reinhold 15
Sense amplifier 13 is illustrated in detail in  Company (1972). However,
some specific  80 Figure 4 and comprises a cross coupled latch  comments
on  the  fabrication  of the formed of field effect transistors 131 and
capacitors in individual memory cells will 132. Input signals to the latch
are received  not be made. either from even column bus 18 or odd col-
Metal 20  umn bus 19 by way of field effect transistors
oxide-semiconductor (MOS) devices may be  85 134 or 133 respectively which
transistors act considered as a subclass of the more general as source
followers. This cascade coupling  class  of  metal-insulator-semiconductor
provides for higher gain of the amplifier. (MIS) structures. In general, in
the design of Output signals from the latch are amplified  MIS circuits,
device gain and load capaci- 25  by either write back transistor 136 or
write  tances are more or less fixed by physical  90 back  transistor 135
to - respectively drive  limitations imposed in order to obtain a high
either even columb bus 18 or odd column  packing density. Performance
characteristics bus 19. As indicated above, it is this write  of the MIS
circuit can be improved if the back feature which serves to restore the
total load capacitance of the circuit is 30  individual storage cells.
reduced.                 .              95 The latch is initially
precharged by reset   While it is desirable to reduce the indi- transistor
138 and is driven by a positive  vidual cell sizes as much as possible in
order going clock signal Se supplied from transis- to achieve higher
packing density, there is a tor 137, it being remembered that all trans-
limitation to some minimum cell size below 35  istors are field effect
transistors. Similarly, which the capacitive loading of the cell  100 even
column bus 18 and odd column bus 19  reduces the voltage swing to a point
at which are precharged respectively by transistors detection cannot be
made. The signal vol- 140 and 139.1n a conventional amplifier, tage from
the cell is proportional to the ratio field effect transistors -134 and 133
would be  of the cell storage capacitance to the sum of 40  gated by a
restore clock signal and column  that storage capacitance and the junction
105 buses 18 and 19 would be connected -to  capacitance. Junction
capacitance can be nodes A' and B' respectively; however, in  reduced as
described in the Gosney et al, the sense amplifier of the present
invention, U.S. Patent No. 3,825,119. Fabrication pro- they are coupled to
the respective sense  cesses can also be created to improve stor- 45  lines
or colunm buses.      age capacitance of the MIS cell. With the  110 A
modification of the amplifier of Figure improvement of the storage
capacitance by a 4 is shown in Figure 5. In this modification, selected
fabrication process and the reduced the reset signal is also supplied to
field effect load capacitance achieved by the topology transistor 141 and
hence equalizes the initial of the present invention, an integrated cir- 50
potentials on even column bus 18 and odd  cuit memory can be developed
which has an  115 column bus 19. Transistor 142 is provided to  extremely
high cell packing density. facilitate writing. It will be understood that
As thus disclosed, a memory array organ- the circuit is to be completed so
as to be ization of single transistor cells is provided symmetrical with a
similar reset signal being  with differential sense amplifiers at one edge
55  applied across even column bus 18 and cir- of the array,each sense
amplifier being pro-  120 cult node A' of Figure 4. This provides a vided
for a pair of odd  and even column high  impedance  regenerative amplifier
buses of the array. The array is laid out in which is accommodated -by the
interleaved  rows and functional columns where a func- cell array. As has
been indicated above, the tional column consists of a pair of columns 60
respective circuit nodes A' and B' are dis- such that odd row cells are
connected to the  125 connected from the sense lines or column odd column
of the pair and even row cells buses which in turn are very low capacitance
are connected to the even column of the lines. In this manner, a decision
as to the pair. polarity of the stored data can be made very   The
respective sense amplifiers are in the 65  quickly.
form  of a cross coupled latch connected  130  
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5 between a pair of column buses by source 5, wherein each dummy cell is
provided with followers and leads from the latch drive means to
periodically recharge said dummy write back gates coupled to each column
bus cell. so as to restore the cell that was accessed.    7. A memory array
according to Claim  60 5    The interleaving of the cells, in this man- 6,
wherein each pair of column conductors is ner, eliminates unwanted
differences due to provided  with  an  input-output  data unbalanced signal
cross coupling, thus pro- exchange coupled to said pair at the end of
viding a truly data dependent differential said conductors opposite to the
end to which signal to the terminals of the high impe- said respective
sense amplifier is coupled.   65 10  dance regenerative amplifiers. The
nodes of   8. A memory array comprising: the amplifier are disconnected
from the a single MOS integrated circuit chip, said sense lines or column
buses, and hence are chip including: a plurality of transitor cells; a very
low capacitance lines. In this manner, a plurality of pairs of column
conductors, each decision as to the existence of a digital signal pair
including an odd column conductor and  70 15  can be made very quickly.
an even column conductor; and a plurality While different embodiments of
the pre- of row conductors; said array of transistor sent invention have
been disclosed, it will be cells being arranged in rows and columns
apparent to those skilled in the art that vari- such that each cell in an
odd row is coupled ations and modifications may be made to a corresponding
row conductor and to the  75 20  therein without departing from the scope
of odd column conductor, but not to the even the invention as claimed.
column conductor, of the corresponding pair WHAT WE CLAIM IS:-
of column conductors and each cell in an 1. A memory array comprising:
even row is coupled to a corresponding row a plurality of transistor cells;
a plurality of conductor and to the even column conduc-  80 25  pairs of
column conductors, each pair tor, but not to the odd column conductor, of
including an odd column conductor and an the corresponding pair of column
conduc- even column conductor; and a plurality of tors. row conductors;
said array of transister cells   9. A memory array according to Claim being
arranged in rows and columns such 8, wherein each transistor cell includes
a  85 30  that each cell in an odd row is coupled to a transistor and a
capacitance coupled in corresponding row conductor and to the odd series.
column conductor, but not to the even col-   10. A memory array according
to Claim umn conductor, of the corresponding pair of 9, wherein each pair
of odd and even transis- column conductors and each cell in an even tor
cells in a column have the common side  90 35  row is coupled to a
corresponding row con- of the respective capacitances coupled to a ductor
and to the even column conductor, common voltage source. but not to the odd
column conductor, of the   11. A memory array according to Claim
corresponding pair of column conductors.  10, wherein each transistor is a
field effect 2. A memory array according to Claim  transistor.
95 40  1, wherein each transistor cell includes a   12. A memory array
according to Claim transistor and a capacitance coupled in 11, wherein each
pair of column conductors series.                                is
provided with a pair of dummy transistor 3. A memory array according to
Claim  cells each having a capacitance equal to 2, wherein each transistor
is a field effect one-half of the capacitance of each of the  100 45
transistor.                             other cells. 4. A memory array
according to Claim   13. A memory array substantially as 2, further
including: a plurality of differen- hereinbefore described with reference
to tial sense amplifiers each coupled to a dif- and as illustrated in, the
accompanying diag- ferent pair of column conductors.      rammatic
drawings.                      105 50    5. A memory array according to
Claim 4, wherein each pair of column conductors is  G.F. REDFERN & COMPANY
provided with a pair of dummy transistor         Marlborough Lodge cells
each having a capacitance equal to         14 Farncombe Road one-half of
the capacitance of each of the            Worthing                 110 55
other cells.                                    West Sussex BN11 2BT 6. A
memory array according to Claim            For the Applicants Printed for
Her Majesty's Stationery Office, by Croydon Printing Company Limited,
Croydon, Surrey, 1978. Published by The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.    5
1,530,958                                     5 



between a pair of column buses by source 5, wherein each dummy cell is
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low capacitance lines. In this manner, a plurality of pairs of column
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apparent to those skilled in the art that vari- such that each cell in an
odd row is coupled ations and modifications may be made to a corresponding
row conductor and to the  75 20  therein without departing from the scope
of odd column conductor, but not to the even the invention as claimed.
column conductor, of the corresponding pair WHAT WE CLAIM IS:-
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including an odd column conductor and an the corresponding pair of column
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said array of transister cells   9. A memory array according to Claim being
arranged in rows and columns such 8, wherein each transistor cell includes
a  85 30  that each cell in an odd row is coupled to a transistor and a
capacitance coupled in corresponding row conductor and to the odd series.
column conductor, but not to the even col-   10. A memory array according
to Claim umn conductor of the corresponding pair of 9, wherein each pair of
odd and even transis- column conductors and each cell in an even tor cells
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row con- of the respective capacitances coupled to a ductor and to the even
column conductor, common voltage source. but not to the odd column
conductor, of the   11. A memory array according to Claim corresponding
pair of column conductors.  10, wherein each transistor is a field effect
2. A memory array according to Claim  transistor.
95 40  1, wherein each transistor cell includes a   12. A memory array
according to Claim transistor and a capacitance coupled in 11, wherein each
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provided with a pair of dummy transistor 3. A memory array according to
Claim  cells each having a capacitance equal to 2. wherein each transistor
is a field effect. one-half of the capacitance of each of the  100 45
transistor.                             other cells. 4. A memory array
according to Claim    13. A  memory array substantially as 2. further
including: a plurality of differen- hereinbefore described with reference
to, tial sense amplifiers, each coupled to a dif- and as illustrated in,
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Her Majesty's Stationery Office, by Croydon Printing Company Limited,
Croydon, Surrey, 1978. Published by The Patent Office. 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.    


