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(57) ABSTRACT

A memory circuit including: a plurality of elementary stor-
age cells arranged in an array of rows and of columns; a data
input/output port; an address input port; a mode selection
input port; and an internal control circuit configured to: read
a mode selection signal applied to the mode selection port;
when the mode selection signal is in a first state, read an
address of a row from the address input port and implement
a read or write operation in this row; and when the mode
selection signal is in a second state, read from the data
input/output port an instruction signal and implement an
operation including the simultaneous activation in read or
write mode of at least two rows.
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SYSTEM COMPRISING A MEMORY
CAPABLE OF IMPLEMENTING
CALCULATION OPERATIONS

BACKGROUND

[0001] The present application concerns the field of
memory circuits. It more particularly aims at a memory
circuit capable of implementing calculation operations. It
further aims at a system comprising a memory circuit
capable of implementing calculation operations and a micro-
processor coupled to this memory circuit.

DISCUSSION OF THE RELATED ART

[0002] A memory circuit capable not only of storing data,
but also of executing, in situ, during accesses to the memory
content, a number of logic and/or arithmetic operations
having as operands data stored in the circuit, has already
been provided in French patent application No 16/54623
(DD16812/B14843) filed by the applicant on May 24, 2016.
This circuit comprises, as in a conventional memory circuit,
a plurality of elementary cells arranged in rows and col-
umns, and a control circuit capable of implementing data
read or write operations in rows of the array. Unlike a
conventional memory circuit where only one row of the
array can be selected at a time during a read operation, the
control circuit is capable of simultaneously selecting in read
mode a plurality of rows of the array to perform a logic
operation having as operands data contained in the selected
rOws.

[0003] The present application concerns the issue of the
control of such a memory circuit and, more particularly, of
the cooperation between such a memory circuit and a
microprocessor coupled to the memory circuit, particularly
to allow a use of the memory circuit both as a conventional
memory and as an intelligent memory circuit to implement
calculation operations.

SUMMARY
[0004] Thus, an embodiment provides a memory circuit
comprising:
[0005] a plurality of elementary storage cells arranged in

an array of rows and columns;

[0006] a data input/output port;

[0007] an address input port;

[0008] a mode selection input port; and

[0009] an internal control circuit configured to:

[0010] read a mode selection signal applied to the mode
selection port;

[0011] when the mode selection signal is in a first state,

read an address of a row from the address input port and
implement, via the data input/output port, a read or write
operation in this row; and

[0012] when the mode selection signal is in a second state,
read from the data input/output port an instruction signal and
implement an operation comprising the simultaneous acti-
vation in read or write mode of at least two rows selected
according to the instruction signal.

[0013] According to an embodiment, the internal control
circuit is capable of, when the mode selection signal is in the
second state, implementing a calculation operation compris-
ing the simultaneously activation in read mode of at least
two rows selected according to the instruction signal.
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[0014] According to an embodiment, the internal control
circuit is further configured to, when the mode selection
signal is in the second state, read an address signal from the
address input port and write at the corresponding address of
the memory circuit a result of the calculation operation.
[0015] According to an embodiment, the internal control
circuit is capable of, when the mode selection signal is in the
second state, implementing an operation of writing of same
data into at least two rows selected according to the instruc-
tion signal.

[0016] According to an embodiment, the instruction signal
comprises a first field defining a type of operation to be
implemented and a second field defining the addresses of the
rows to be selected to implement the operation.

[0017] According to an embodiment, the second field
comprises a first sub-field and a second sub-field of log,(N)
bits each, where N is an integer designating the number of
rows of the array.

[0018] According to an embodiment, the internal control
circuit comprises a row selection circuit capable of gener-
ating an N-bit row selection vector from first and second
sub-fields of the second field of the instruction signal.
[0019] According to an embodiment, the row selection
circuit comprises Q=log,(N) stages E, j being an integer in
the range from 0 to Q-1, each stage E, comprising a first
logic selection cell comprising first and second input nodes
and first and second output nodes, and 2j second logic
selection cells, each comprising first, second, and third input
nodes and first and second output nodes.

[0020] According to an embodiment:

[0021] in each stage E;, each second cell of the stage has
its second and third input nodes respectively connected to
the first and second output nodes of the first cell in the stage;
and

[0022] in each stage E, except for stage B, ,, each second
stage has its first output node connected to the first input
node of one of the second cells of stage E,,, and its second
output node connected to the first input node of another one
of the second cells of stage E,, ;.
[0023] According to an embodiment:

[0024] each first cell comprises first and second logic OR
gates, the first OR gate having a first input connected to the
first input node of the cell, a second input connected to the
second input node of the cell, and an output connected to the
first output node of the cell, and the second OR gate having
a first input connected to the first input node of the cell, a
second input coupled to the second input node of the cell via
an inverter, and an output connected to the second output
node of the cell; and

[0025] each second cell comprises first and second logic
AND gates, the first AND gate having a first input connected
to the first input node of the cell, a second input connected
to the second input node of the cell, and an output connected
to the first output node of the cell, and the second AND gate
having a first input connected to the first input node of the
cell, a second input connected to the third input node of the
cell, and an output connected to the second output node of
the cell.

[0026] According to an embodiment, the internal control
circuit is configured to, when the mode selection signal is in
the second state, apply the log,(N) bits of the first sub-field
respectively to the log,(N) second input nodes of the first
cells of the row selection circuit, and apply the log,(N) bits
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of the second sub-field respectively to the log,(N) first input
nodes of the first cells of the row selection circuit.
[0027] Another embodiment provides a system compris-
ing a microprocessor and a memory circuit such as defined
hereabove, the system further comprising:
[0028] a data bus coupling a data input/output port of the
microprocessor to the data input/output port of the memory
circuit;
[0029] an address bus coupling an address output port of
the microprocessor to the address input port of the memory
circuit; and
[0030] a mode selection bus coupling a mode selection
output port of the microprocessor to the mode selection
input port of the memory circuit.
[0031] According to an embodiment, the microprocessor
is configured to:
[0032] in a first operating mode:

[0033] apply a mode selection signal in the first state to

the mode selection bus;

[0034] apply a row address signal to the address bus;
and
[0035] read or write data from or into the corresponding

row of the memory circuit via the data bus, and
[0036] in a second operating mode:
[0037] apply a mode selection signal in the second state
to the mode selection bus; and
[0038] apply an instruction signal to the data bus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The foregoing and other features and advantages
will be discussed in detail in the following non-limiting
description of specific embodiments in connection with the
accompanying drawings, among which:

[0040] FIG. 1 is a simplified electric diagram of a system
comprising a microprocessor and a memory circuit;

[0041] FIG. 2 is a diagram illustrating an example of
implementation of a conventional calculation operation in
the system of FIG. 1;

[0042] FIG. 3 is a diagram illustrating an example of
implementation of a conventional storage and read operation
in the system of FIG. 1;

[0043] FIG. 4 is a simplified block diagram of an embodi-
ment of a memory circuit capable of implementing calcu-
lation operations;

[0044] FIG. 5 is a simplified electric diagram of an
embodiment of a system comprising a microprocessor and a
memory circuit capable of implementing calculation opera-
tions;

[0045] FIG. 6 schematically illustrates an example of a
format of an instruction signal used by the microprocessor to
control the memory circuit in the system of FIG. 5;

[0046] FIG. 7 is a simplified electric diagram of an
example of a row selection circuit of a memory circuit
capable of implementing calculation operations; and
[0047] FIG. 8 illustrates in further detail an embodiment
of elementary selection cells of the row selection circuit of
FIG. 8.

DETAILED DESCRIPTION

[0048] The same elements have been designated with the
same reference numerals in the different drawings. For
clarity, only those steps and elements which are useful to the
understanding of the described embodiments have been
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shown and are detailed. In particular, the complete forming
of a memory circuit capable of implementing calculation
operations by simultaneous activation in read mode of a
plurality of rows of an array of elementary cells has not been
detailed, the described embodiments being compatible with
known architectures of such circuits, and particularly those
described in above-mentioned French patent application No.
16/54623. The means of communication between the
memory circuit and a microprocessor external to the
memory circuit are here more particularly considered. In the
present description, the term “connected” is used to desig-
nate a direct electric connection, with no intermediate elec-
tronic component, for example, by means of one or a
plurality of conductive tracks, and the term “coupled” or the
term “linked” is used to designate a connection which may
be direct (then meaning “connected”) or which may be
performed via one or a plurality of components.

[0049] FIG. 1 is a simplified electric diagram of an
example of a system comprising a microprocessor 100
(CPU) and a conventional memory circuit 150 (MEM).
[0050] In this example, the system comprises a data bus
122 (DATA_BUS) which couples, for example, connects, a
data input/output port 102 of microprocessor 100 to a
corresponding input/output port 152 of memory circuit 150.
[0051] The system further comprises an address bus 124
(ADDR_BUS) which couples, for example, connects, an
address output port 104 of microprocessor 100 to a corre-
sponding address input port 154 of memory circuit 150.
[0052] The system further comprises a control bus 126
(CTRL_BUS) which couples, for example, connects, a
control output port 106 of microprocessor 100 to a corre-
sponding control input port 156 of memory circuit 150.
Control bus 126 particularly enables to activate the memory
circuit in read or in write mode.

[0053] Input and/or output port here means an assembly of
one or of a plurality of input and/or output conductive
terminals intended to receive and/or to supply a digital
signal over one or a plurality of bits. Further, bus designates
an assembly of one or of a plurality of conductive elements,
for example, one or a plurality of conductive tracks or one
or a plurality of conductive wires, respectively coupling the
terminal(s) of a port of the microprocessor to the corre-
sponding terminal(s) of a port of the memory, and intended
to transport a digital signal over one or a plurality of bits
from the microprocessor to the memory, or conversely.
[0054] In practice, the data and address buses and ports are
capable of transmitting signals of a plurality of bits in
parallel, for example, from 8 to 64 bits for the data bus and
from 20 to 60 bits for the address bus, that is, they each
comprise a plurality of parallel conductors. The bus and the
control port may, according to architectures, comprise a
single conductor (enabling to transmit a single binary sig-
nal), or a plurality of parallel conductors (enabling to
transmit a signal of a plurality of bits in parallel).

[0055] To read data from memory circuit 150, micropro-
cessor 100 applies the address of the data to be read to
address input port 154 of the memory circuit (via address
output port 104 of the microprocessor and address bus 124),
and applies a read control signal to input control port 156 of
the memory circuit (via control output port 106 of the
microprocessor and control bus 126). The microprocessor
then reads the corresponding data from data input/output
port 152 of the memory circuit (via data bus 122 and data
input/output port 102 of the microprocessor).
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[0056] To write data into memory circuit 150, micropro-
cessor 100 applies the address of the memory area to be
written into to address input port 154 of the memory circuit
(via address output port 104 of the microprocessor and
address bus 124), applies the data to be written to data
input/output port 152 of the memory circuit (via data input/
output port 102 of the microprocessor and data bus 122) and
applies a write control signal to control input port 156 of the
memory circuit (via control output port 106 of the micro-
processor and control bus 126).

[0057] Microprocessor 100 is capable of executing a
sequence of instructions stored in a specific instruction
storage portion of the memory circuit 150, for example, to
perform operations of processing of data stored in another
portion of memory circuit 150 or in another memory circuit
(not shown) coupled to the same address, data, and control
buses as memory circuit 150.

[0058] To achieve this, in the example of FIG. 1, the
microprocessor comprises an instruction decoding circuit
111 (DECODER), an internal memory circuit 112 (REG)
comprising one or a plurality of temporary data storage
registers, an instruction counter 113 (PC), and an arithmetic
and logic unit 114 (ALU) capable of implementing basic
arithmetic and/or logic operations to process data contained
in internal memory circuit 112. For each new instruction,
instruction counter 113 is incremented. Each instruction is
read from the corresponding address of memory circuit 150,
determined according to the state of instruction counter 113.
The instruction is then decoded by instruction decoder 111
of the microprocessor, and then executed by the micropro-
cessor, it being understood that the execution of the instruc-
tion may or not comprise an access in read or write mode to
memory circuit 150.

[0059] FIG. 2 is a diagram illustrating an example of a
method of implementation of a calculation operation in the
system of FIG. 1. More particularly, it is considered in this
example that the internal memory circuit 112 of micropro-
cessor 100 comprises two data storage registers r0 and rl
(not detailed in FIG. 1) and the implementation of a calcu-
lation instruction of type “add r0, r1, CST” (in assembly
language), comprising adding to the content of register rl
constant value CST, and writing the result of the addition
into register 10, is considered as an illustration.

[0060] The method of FIG. 2 comprises an initial step 201
(FETCH) of reading of the instruction from memory circuit
150. To achieve this, the microprocessor applies to address
input port 154 of circuit 150 (via address bus 124) the
address of the instruction to be read, determined according
to the value of instruction counter 113. The microprocessor
applies at the same time a read control signal to control input
port 156 of memory circuit 150 (via control bus 126). The
instruction, coded in the form of digital data, is then read by
the microprocessor from data input/output port 152 of
memory circuit 150 (via data bus 122).

[0061] The method of FIG. 2 further comprises a step 203
(DECODE) of decoding, by instruction decoder 111 of the
microprocessor, the instruction read at step 201.

[0062] The method of FIG. 2 further comprises a step 205
of updating (UPDATE_PC) instruction counter 113, for
example comprising incrementing counter 113.

[0063] The method of FIG. 2 further comprises a step 207
(EXE) of execution of the actual instruction, that is, in the
present example, of execution, by arithmetic and logic unit
114, of addition r1+CST.

Jul. 16, 2020

[0064] The method of FIG. 2 further comprises a step 209
(WRITE_BACK) of writing the result of the operation into
register r0.

[0065] FIG. 3 is a diagram illustrating an example of a
method of implementation of an operation of data storage in
a memory in the system of FIG. 1. More particularly, it is
considered, as in the previous example, that internal memory
circuit 112 of microprocessor 100 comprises two data stor-
age registers rO and rl, and the implementation of a data
storage instruction of the type “store r0, r1” (in assembly
language), comprising storing the value contained in register
rl at the address contained in register r0, is considered as an
illustration.

[0066] The method of FIG. 3 comprises initial steps 301
(FETCH), 303 (DECODE), 305 (UPDATE_PC), and 307
(EXE) similar or identical to steps 201, respectively 203,
respectively 205, respectively 207 of the method of FIG. 2.
In the example of FIG. 3, during step 307, the values stored
in registers r0 and r1 are respectively applied to address port
104 and to data port 102 of the microprocessor. Further, a
write control signal is applied to control port 106 of the
MiCroprocessor.

[0067] The method of FIG. 3 further comprises a step 309
(ACCESS_MEM) of access to the memory to effectively
perform the memory write operation. During this step, the
microprocessor applies to the address input port 154 of
memory circuit 150 (via address bus 124) the address stored
in register r0 of internal memory circuit 112, applies to the
data input/output port 152 of memory circuit 150 (via data
bus 122) the data contained in register rl, and applies to the
control input port 156 of memory circuit 150 (via control bus
126) a write control signal.

[0068] To implement an operation of loading of data
stored in the memory circuit, for example, an operation of
type “load r0, r1” (in assembly language), comprising writ-
ing into register rl the value stored in the memory circuit at
the address contained in register r0, the method is similar to
that of FIG. 3, with the difference that steps 307/309 then are
a read access to memory circuit 150. More particularly,
during step 309, the microprocessor applies to the address
input port 154 of memory circuit 150 (via address bus 124)
the address stored in register r0, applies to the control input
port 156 of memory circuit 150 (via control bus 126) a read
control signal, and then writes into register rl the data read
from the data input/output port 152 of memory circuit 150
(via data bus 122).

[0069] FIG. 4 is a very simplified diagram illustrating, in
the form of functional blocks, an embodiment of a memory
circuit capable of implementing calculation operations. The
memory circuit of FIG. 4 comprises an array 401 (SRAM_
BITCELL_ARRAY) of elementary cells, for example,
SRAM cells. As an example array 401 is similar to the arrays
described in above-mentioned French patent application No
16/54623. The memory circuit of FIG. 4 further comprises
a row selection circuit 403 (RS) capable of selecting a single
row of array 401 to perform a conventional read or write
operation, or of simultaneously selecting in read mode one
or a plurality of rows of array 401, to implement, on the
output conductive tracks of the columns of the array, basic
logic operations having as operands data stored in the
selected rows. Row selection circuit 403 may comprise a
specific N-bit register 404, where N designates the number
of rows of array 401, capable of containing an operand
selection vector, as will be detailed hereafter in relation with
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FIGS. 6, 7, and 8. The memory circuit of FIG. 4 further
comprises a logic calculation circuit 405 (ALU_LIKE)
capable of implementing additional calculation operations
based on the signals read from the output conductive tracks
of the columns of the array. The memory circuit of FIG. 4
further comprises an input/output circuit 407 (I/0) coupling
the columns of the array to connection terminals outside of
the memory circuit, for example, to a data input/output port
(not detailed in FIG. 4) of the memory circuit. The memory
circuit of FIG. 4 further comprises a control circuit 409
(CTRL) coupled to circuits 403, 405, and 407.

[0070] FIG. 5 is a simplified electric diagram of an
embodiment of a system comprising a microprocessor 500
(CPU) and a memory circuit 550 (SMART MEM) capable
of implementing calculation operations, for example, a
memory circuit of the type described in relation with FIG. 4.
In the embodiment of FIG. 5, it has been attempted to keep
a system architecture as close as possible to a conventional
architecture such as described in relation with FIG. 1.
[0071] In this example, the system comprises a data bus
522 (DATA_BUS) which couples, for example, connects, a
data input/output port 502 of microprocessor 500 to a
corresponding input/output port 552 of memory circuit 550.
[0072] The system further comprises an address bus 524
(ADDR_BUS) which couples, for example, connects, an
address output port 504 of microprocessor 500 to a corre-
sponding address input port 554 of memory circuit 550.
[0073] The system further comprises a control bus 526
(CTRL_BUS) which couples, for example, connects, a
control output port 506 of microprocessor 500 to a corre-
sponding control input port 556 of memory circuit 550.
[0074] The data, address, and control buses and ports of
the system of FIG. 5 are for example identical or similar to
those of the system of FIG. 1. As will be explained in further
detail hereafter, the use of such data, address, and control
buses and ports is however different from the conventional
use, particularly to enable to control the memory circuit in
order to implement calculation operations.

[0075] The system of FIG. 5 further comprises an oper-
ating mode selection bus 528 (SM_BUS) which couples, for
example, connects, an operating mode selection output port
508 of microprocessor 500 to a corresponding operating
mode selection input port 558 of memory circuit 550.
[0076] As an example, the operating mode selection bus
and ports of the system of FIG. 5 comprise a single con-
ductor (enabling to transmit a single binary signal) or a
plurality of parallel conductors (enabling to transmit a signal
of a plurality of bits in parallel).

[0077] Although the operating mode selection bus and
ports of the system of FIG. 5 have been shown as being
separate from the data, address, and control buses and ports
of the system, the described embodiments are not limited to
this specific example. In practice, the operating mode selec-
tion bus and ports of the system of FIG. 5 may correspond
to unused conductors of the data, address, and control buses
and ports of the system.

[0078] Microprocessor 500 comprises an instruction
decoder 511 (DECODER), an internal memory circuit 512
(REG) comprising one or a plurality of temporary data
storage registers, an instruction counter 513 (PC), and an
arithmetic and logic unit 514 (ALU). Circuits 511, 512, 513,
and 514 of microprocessor 500 are for example identical or
similar to circuits 111, respectively 112, respectively 113,
respectively 114 of microprocessor 100 of FIG. 1.
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[0079] To read or write data into memory circuit 550,
microprocessor 500 controls memory circuit 550 according
to a first so-called conventional operating mode. For this
purpose, microprocessor 500 applies an operating mode
selection signal having a first state or having a first value to
operating mode selection input port 558 of the memory
circuit (via operating mode selection output port 508 of the
microprocessor and operating mode selection bus 528). The
signals applied to address, data, and control buses and ports
are similar to what has been described in relation with FIG.
1. In other words, for a data reading operation in the memory
circuit, the microprocessor applies the address of the data to
be read to address input port 554 of the memory circuit (via
address output port 504 of the microprocessor and address
bus 524), and applies a read control signal to input control
port 556 of the memory circuit (via control output port 506
of the microprocessor and control bus 526). The micropro-
cessor then reads the corresponding data from data input/
output port 552 of the memory circuit (via data bus 522 and
data input/output port 502 of the microprocessor). To write
data into the memory circuit, the microprocessor applies the
address of the memory area to be written into to address
input port 554 of the memory circuit (via address output port
504 of the microprocessor and address bus 524), applies the
data to be written to data input/output port 552 of the
memory circuit (via data input/output port 502 of the micro-
processor and data bus 522), and applies a write control
signal to control input port 556 of the memory circuit (via
control output port 506 of the microprocessor and control
bus 526).

[0080] To perform a calculation operation directly within
memory circuit 550, microprocessor 500 controls the
memory circuit according to a second so-called intelligent
operating mode. For this purpose, the microprocessor
applies an operating mode selection signal having a second
state or having a second value to operating mode selection
input port 558 of the memory circuit (via operating mode
selection output port 508 of the microprocessor and oper-
ating mode selection bus 528). The microprocessor further
simultaneously applies an instruction signal to data input/
output port 552 of the memory circuit (via data input/output
port 502 of the microprocessor and bus 522). The micro-
processor may further simultaneously apply an address
signal to address input port 554 of the memory circuit (via
address output port 504 of the microprocessor and address
bus 524), to indicate to the memory circuit into which
memory location the result of the calculation operation
should be written.

[0081] The internal control circuit of memory circuit 550
(circuit 409 of FIG. 4) is capable of reading the mode
selection signal applied to mode selection input port 558 of
the memory circuit.

[0082] When the operating mode selection signal is in the
first state, corresponding to the conventional operating mode
of the memory circuit, the internal control circuit of the
memory circuit interprets the signals applied to the address,
data, and control buses and ports as conventional control
signals. More particularly, the address signal applied to
address input port 554 is read and decoded (by the control
circuit and/or the row selection circuit), and the correspond-
ing row is activated to implement the required read or write
operation.

[0083] When the operating mode selection signal is in the
second state, corresponding to the intelligent operating
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mode of the memory circuit, the internal control circuit of
the memory circuit interprets the signal applied to the data
input/output port of the memory circuit as an instruction
signal indicating to the memory circuit which calculation
operation should be executed and in which rows of the
memory circuit the operands of this calculation are located.
The instruction signal is read and decoded (by the control
circuit and the row selection circuit) and the corresponding
rows are activated in read mode to implement the required
calculation operation. The result of the calculation operation
can be directly rewritten into memory circuit 550 (without
transiting again through the internal memory circuit of the
microprocessor), at the address indicated on address input
port 554 of the memory circuit.

[0084] An advantage of the system of FIG. 5 is that it
enables to perform conventional accesses to memory circuit
550, for example, to perform conventional calculation
operations by means of arithmetic and logic unit 504 of
microprocessor 500 and intelligent accesses to memory
circuit 550, to perform calculation operations directly within
memory circuit 550 to relieve arithmetic and logic unit 504
of the microprocessor and limit data exchanges between
memory circuit 550 and microprocessor 500.

[0085] FIG. 6 schematically illustrates an example of a
format of an instruction signal used by microprocessor 500
of the system of FIG. 5, to control the implementation of a
calculation operation by the memory circuit 550 of the
system.

[0086] The instruction signal shown in FIG. 6 is a signal
over a plurality of bits applied by the microprocessor to the
data input/output port 552 of memory circuit 550.

[0087] This instruction signal comprises a first field
OP_CODE over one or a plurality of bits, defining the type
of logic or arithmetic operation to be performed within the
memory circuit.

[0088] The instruction signal further comprises a second
field OPERAND_SELECT over a plurality of bits, defining
the addresses of the rows containing the operands of the
operation to be carried out.

[0089] It should be noted that a calculation operation
implemented within the memory circuit may comprise a
high number of operands, for example, greater than two,
capable of ranging up to the total number of rows of the
memory circuit. A problem which is posed is that of the
addressing of the operand data. Indeed, in a conventional
memory circuit of N rows, where N is an integer greater than
or equal to 2 (for example a power of 2), the control circuit
generally comprises a single row address decoder capable of
receiving an address coded over log,(N) bits, and of acti-
vating the corresponding row for an operation of reading
from or writing into this row. To enable to simultaneously
activate in read mode K different rows of the array to
perform a logic operation with K operands, where K is an
integer greater than or equal to 2, a possibility would be to
replicate K times the row address decoder, to be able to
simultaneously transmit the K operand addresses to the
control circuit on implementation of a calculation operation.
Such a solution however implies a significant increase in the
surface area and in the power consumption of the memory
circuit, and is in practice not compatible with usual dimen-
sions of buses coupling a memory circuit to a microproces-
sor, particularly when the number of operands K is signifi-
cant (for example, K=N).
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[0090] Thus, in a preferred embodiment, field OPER-
AND_SELECT of'the instruction signal of FIG. 6 defines, in
coded form, an operand selection vector enabling to identify
the rows to be selected on implementation of the calculation
operation. The operand selection vector for example com-
prises N bits, where N is the number of rows of the memory
circuit. The operand selection vector is used as a selection
mask to simultaneously activate in read mode a plurality of
rows of the memory circuit on implementation of the
calculation operation. As an example, for each bit of the
operand selection vector, the corresponding row of the array
is activated in read mode if the corresponding bit of the
operand selection vector is at binary value ‘1°, and is not
activated in read mode if the corresponding bit of the
operand selection vector is at binary value “0’.

[0091] As an example, field OPERAND_SELECT con-
tains two sub-fields ADDR and MASK of log,(N) bits each,
the combination of which defines an N-bit operand selection
vector.

[0092] The decoding of field OPERAND_SELECT may
be performed within the memory circuit, for example, by the
row selection circuit of the memory circuit. Once decoded,
the row selection vector may be stored into a specific register
of the memory circuit to activate in read mode the selected
rows on implementation of the actual calculation operation.
An embodiment of a decoding circuit capable of generating
an operand selection vector from field OPERAND_SE-
LECT will now be described in relation with FIGS. 7 and 8.

[0093] FIG. 7 is a simplified electric diagram of an
embodiment of a row selection circuit of a memory circuit
capable of implementing calculation operations (for
example, row selection circuit 403 of FIG. 4).

[0094] A number N of selectable rows equal to 16 is
considered in the present example, it being understood that
it will be within the abilities of those skilled in the art to
adapt the described circuit to a different number of rows.

[0095] The circuit of FIG. 7 comprises first elementary
selection logic cells 701 having two inputs a and b and two
outputs ¢ and d each, and second elementary selection logic
cells 703 having three inputs e, f, and g and two outputs h
and i each.

[0096] More particularly, the circuit of FIG. 7 comprises
Q=log,(N) stages E,, j being an integer in the range from 0
to Q-1 (Q=4 in the present example), each stage E; com-
prising one cell 701 and 2j cells 703.

[0097] In each stage B, each cell 703 of the stage has its
input nodes f and g respectively connected to output nodes
c and d of cell 701 of the stage.

[0098] Further, in each stage E, except for stage B, ,, each
cell 703 of the stage has its output node h connected to the
input node e of one of the cells 703 of stage E,,, and its
output node 1 connected to the input node e of another one
of cells 703 of stage E,,,, it being understood that:

[0099] in each stage E, except for stage E, ,, each cell
703 of the stage has its output node h connected to the
input node e of one and the same cell 703 of stage E,,,

and has its output node i connected to the input node e

of one and the same cell 703 of stage E ,;; and

G+1o
[0100] in each stage E, except for stage B, each of cells
703 of the stage has its input node e connected to one
and the same output node h or i of a cell 703 of stage
E

g-1°
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[0101] The truth table of cells 701 is the following (des-
ignating the logic input and output signals of a cell 701 with
the same references as the corresponding input and output
terminals of the cell):

)
o
o

=%

—— oo
- o = o
—_—— o
— O -

[0102] The truth table of cells 703 is the following (des-
ignating the logic input and output signals of a cell 703 with
the same references as the corresponding input and output
terminals of the cell):

e f g h i
0 0 0 0 0
0 0 1 0 0
0 1 0 0 0
0 1 1 0 0
1 0 0 0 0
1 0 1 0 1
1 1 0 1 0
1 1 1 1 1
[0103] The circuit of FIG. 7 operates as follows.
[0104] On implementation of a calculation operation

within the memory circuit, the Q=log,(N) bits of sub-field
MASK of field OPERAND_SELECT of the instruction
signal are respectively applied, in parallel, to the input
terminals a of the cells 701 of stages E, to B, of the row
selection circuit. Further, the Q=log,(N) bits of sub-field
ADDR of field OPERAND_SELECT of the instruction
signal are respectively applied, in parallel, to the input
terminals b of the cells 701 of stages B, to E, ; of the row
selection circuit. An activation signal EN at logic state 1 is
further applied to the input terminal e of cell 703 of stage E,,.
The output logic signals delivered on terminals h and i of the
29" cells 703 of stage B., respectively correspond to the N
bits R<0>, R<1>, . . . R<N-1> of a row selection vector R
used to decide whether to activate or not in read mode each
of the N rows of the array on implementation of the
calculation operation.

[0105] FIG. 8 illustrates in further detail an embodiment
of an elementary cell 701 (in the right-hand portion of FIG.
8) of the circuit of FIG. 7, and an embodiment of an
elementary cell 703 (in the left-hand portion of FIG. 8) of the
circuit of FIG. 7.

[0106] In the present example, cell 701 comprises two
logic OR gates 801 and 802 having two inputs and one
output each. OR gate 801 has a first input connected to the
input node a of the cell and a second input connected to the
input node b of the cell. OR gate 802 has a first input
connected to the input node a of the cell and a second input
coupled to the input node b of the cell via an inverter 803.
The output node of OR gate 801 is connected to the output
node ¢ of the cell, and the output node of OR gate 802 is
connected to the output node d of the cell.

[0107] In the present example, cell 703 comprises two
logic AND gates 811 and 812 having two inputs and one
output each. AND gate 811 has a first end connected to the
input node e of the cell and a second input connected to the
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input node f of the cell. AND gate 812 has a first end
connected to the input node e of the cell and a second input
connected to the input node g of the cell. The output node of
AND gate 811 is connected to the output node h of the cell
and the output node of AND gate 812 is connected to the
output node i of the cell.

[0108] Advantageously, on implementation of a calcula-
tion operation within memory circuit 550, the preparation of
the control signals of memory circuit 550 and the transmis-
sion of the control signals to memory circuit 550 may be
performed by only using the conventional set of instructions
of microprocessor 550. This is made possible by the fact that
the control signals of memory circuit 550 in intelligent mode
transit over the same data, address, and control buses as the
control signals of memory circuit 550 in conventional mode.
[0109] As an example, to transmit to memory circuit 550
the control signals necessary to the implementation of a
calculation operation within memory circuit 550, it may be
provided to use an instruction of the type “store r0, r1” (in
assembly language), conventionally used to store the value
contained in register rl at the address of the memory circuit
contained in register r0. Before the execution of the actual
instruction “store”, initial steps of preparation of registers r0O
and rl of the microprocessor to respectively write, into
register rl, the instruction signal defining the calculation
operation to be performed within memory circuit 550, for
example, at the format described in relation with FIG. 6 and,
in register r0, the address at which the result of the calcu-
lation operation is to be written, may be provided.

[0110] An advantage of such an operating mode is its
compatibility with existing microprocessors.

[0111] As a first variation, to implement a calculation
operation within memory circuit 550, the preparation of the
control signals of memory circuit 550, and the transmission
of these control signals to memory circuit 550 may be
performed by using a specific instruction, which adds to the
conventional set of instructions of microprocessor 550.
[0112] As a second variation, to implement a calculation
operation within memory circuit 550, the preparation of the
control signals of memory circuit 550 and the transmission
of such control signals to memory circuit 550 may be
performed by using a specific set of instructions, for
example, comprising a specific instruction per type of cal-
culation operation implementable within the memory cir-
cuit, the specific set of instructions adding to the conven-
tional set of instructions of microprocessor 550.

[0113] The first and second above-mentioned variations
have the advantage of easing the compilation of a source
code into a sequence of instructions executable by the
microprocessor. However, a disadvantage of such variations
is their incompatibility with microprocessors which do not
recognize the instructions specific to the intelligent operat-
ing mode of the memory circuit.

[0114] As explained hereabove, an advantage of the sys-
tem of FIG. 5 is that it enables to perform conventional
accesses to memory circuit 550, for example, to perform
conventional calculation operations by means of arithmetic
and logic unit 504 of microprocessor 500, and intelligent
accesses to memory circuit 550, to perform calculation
operations directly within memory circuit 550.

[0115] On programming of software intended to be
executed in such a system, the programmer may take advan-
tage of the two operating modes. As an example, he/she may
select on its own initiative, for each calculation operation,
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whether he/she desires for the operation to be performed
conventionally by the arithmetic and logic unit of the
microprocessor, or whether he/she desires for the operation
to be carried out within the memory circuit. As a variation,
such a selection may be automatically performed by source
code compilation software, to optimize the program execu-
tion speed and/or the power consumption of the system. In
this last case, the programmer can use a conventional
programming language, which does not enable to directly
select the operating mode desired for each operation.
[0116] An advantage of the provided system is that con-
ventional accesses to memory circuit 550 and intelligent
accesses to memory circuit 550 may be executed in inter-
laced fashion. It should be noted that, in the intelligent
operating mode, certain instructions sent by microprocessor
500 to memory circuit 550 may take a plurality of clock
cycles of microprocessor 500 to be executed by memory
circuit 550. When such an instruction is being executed by
memory circuit 500, other conventional or intelligent
instructions may be transmitted to memory circuit 550 and
executed in parallel by memory circuit 550, for example,
when their concern different rows of memory circuit 550
and/or when the memory is a multi-port memory, and/or
during cycles during which memory 550 is not read from or
written into in the context of execution of the intelligent
instruction. As an example, the instructions transmitted by
microprocessor 500 to memory circuit 550 may be pipelined
to send a conventional or intelligent instruction to memory
circuit 550 for each clock cycle of microprocessor 500.
[0117] Specific embodiments have been described. Vari-
ous alterations and modifications will occur to those skilled
in the art. In particular, the intelligent operating mode of the
memory circuit may be used to perform operations other
than calculation operations. As an example, the intelligent
operating mode of the memory circuit may be used to
perform a simultaneous writing of same data into a plurality
of memory rows. In this case, the rows to the written into
may be selected by means of a row selection vector coded
according to the coding format described in relation with
FIGS. 6, 7, and 8.

[0118] Further, the described embodiments are not limited
to the example of instruction signal format described in
relation with FIGS. 6, 7, and 8 to control the memory circuit
in the intelligent operating mode. In particular, in the case of
an operation requiring the selection of a limited number of
rows, for example, an operation requiring the selection of
two rows only (for example, a calculation operation with
two operands or an operation of simultaneous writing of
same data into two rows of the memory circuit), it may be
provided to transmit the complete addresses of the rows to
be directly selected over the data bus, without transiting
through a coding by means of an operand selection vector,
and thus gain at least one clock cycle for the implementation
of the operation. One or a plurality of additional addresses
of rows to be selected may be transmitted via the address
bus.

[0119] Further, the described embodiments are not limited
to the example of row selection circuit described in relation
with FIGS. 7 and 8.

1. A memory circuit comprising:

aplurality of elementary storage cells arranged in an array
of rows and of columns;

a data input/output port;
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an address input port different from the data input/output;

a mode selection input port; and

an internal control circuit configured to:

read a mode selection signal applied to the mode selection

port;

when the mode selection signal is in a first state, read an

address of a row from the address input port and
implement, via the data input/output port, a read or
write operation in this row; and

when the mode selection signal is in a second state, read

from the data input/output port an instruction signal and
implement an operation comprising the simultaneous
activation in read or write mode of at least two rows
selected according to the instruction signal,

wherein the instruction signal comprises a first field

defining a type of operation to be implemented by the
internal control circuit.

2. The memory circuit of claim 1, wherein the internal
control circuit is capable of, when the mode selection signal
is in the second state, implementing a calculation operation
comprising the simultaneous activation in read mode of at
least two rows selected according to the instruction signal.

3. The memory circuit of claim 2, wherein the internal
control circuit is further configured to, when the mode
selection signal is in the second state, read an address signal
from the address input port and write at the corresponding
address of the memory circuit a result of the calculation
operation.

4. The memory circuit of claim 1, wherein the internal
control circuit is capable of, when the mode selection signal
is in the second state, implementing an operation of writing
same data into at least two rows selected according to the
instruction signal.

5. The memory circuit of claim 1, wherein the instruction
signal comprises a second field defining the addresses of the
rows to be selected for the implementation of the operation.

6. The memory circuit of claim 5, further comprising a
row selection circuit configured to generate, from the second
field of the instruction signal, a row selection vector over N
bits, where N is an integer designating the number of rows
of the array.

7. The memory circuit of claim 6, wherein the second field
comprises a first sub-field and a second sub-field of log,(N)
bits each, where N is an integer designating the number of
rows of the array.

8. The memory circuit of claim 7, wherein the row
selection circuit is capable of generating the row selection
vector from the first and second sub-fields of the second field
of the instruction signal.

9. The memory circuit of claim 8, wherein the row
selection circuit comprises Q=log,(N) stages E, j being an
integer in the range from 0 to Q-1, each stage B, comprising
a first logic selection cell comprising first and second input
nodes and first and second output nodes, and 2j second logic
selection cells, each comprising first, second, and third input
nodes and first and second output nodes.

10. The memory circuit of claim 9, wherein:

in each stage E, each second cell of the stage has its

second and third input nodes respectively connected to
the first and second output nodes of the first cell in the
stage; and

in each stage E; except for stage B, ,, each second cell of

the stage has its first output node connected to the first
input node of one of the second cells of stage E,,, and



US 2020/0227097 A9

its second output node connected to the first input node
of another one of the second cells of stage E, ;.

11. The memory circuit of claim 9, wherein:

each first cell comprises first and second logic OR gates,

the first OR gate having a first input connected to the
first input node of the cell, a second input connected to
the second input node of the cell, and an output
connected to the first output node of the cell, and the
second OR gate having a first input connected to the
first input node of the cell, a second input coupled to the
second input node of the cell via an inverter, and an
output connected to the second output node of the cell;
and

each second cell comprises first and second logic AND

gates, the first AND gate having a first input connected
to the first input node of the cell, a second input
connected to the second input node of the cell, and an
output connected to the first output node of the cell, and
the second AND gate having a first input connected to
the first input node of the cell, a second input connected
to the third input node of the cell, and an output
connected to the second output node of the cell.

12. The memory circuit of claim 9, wherein the internal
control circuit is configured to, when the mode selection
signal is in the second state, apply the log,(N) bits of the first
sub-field respectively to the log,(N) second input nodes of
the first cells of the row selection circuit, and apply the log
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2(N) bits of the second sub-field respectively to the log,(N)
first input nodes of the first cells of the row selection circuit.
13. A system comprising a microprocessor and the
memory circuit of claim 1, the system further comprising:
a data bus coupling a data input/output port of the
microprocessor to the data input/output port of the
memory circuit;
an address bus coupling an address output port of the
microprocessor to the address input port of the memory
circuit; and
a mode selection bus coupling a mode selection output
port of the microprocessor to the mode selection input
port of the memory circuit.
14. The system of claim 13, wherein the microprocessor
is configured to:
in a first operating mode:
apply a mode selection signal in the first state to the
mode selection bus;
apply a row address signal to the address bus; and
read or write data into the corresponding row of the
memory circuit via the data bus, and
in a second operating mode:
apply a mode selection signal in the second state to the
mode selection bus; and
apply an instruction signal to the data bus.
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