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(57) ABSTRACT

The present disclosure relates to a computer-implemented
method for implementing an integrated circuit comprising at
least one random-access memory, the method comprising
the steps of: defining a plurality of memory portions of the
random-access memory and obtaining sizes of the memory
portions; for each memory portion, generating a memory
cell array block, the memory cell array blocks corresponding
to the sizes of the memory portions, wherein instances of the
memory cell array blocks are inferred into a description of
the integrated circuit in a hardware description language; for
each memory cell array block, generating timing models and
physical models; synthesizing the description of the inte-
grated circuit in the hardware description language, includ-
ing peripheral logic for the memory cell array blocks, to a
schematic representation of circuit elements; placing the
circuit elements, including the memory cell array blocks and
the peripheral logic, on the integrated circuit and routing
wires between the circuit elements taking into account the
timing models and physical models of the memory cell array
blocks. The disclosure further relates to an integrated circuit,
comprising: a plurality of memory portions of a random-
access memory, wherein each memory portion comprises a
memory cell array block without, or partly without, periph-
eral logic; peripheral logic for each of the memory cell array
block implemented as standard cells, wherein the memory
cell array blocks and the peripheral logic are distributed over
the circuit.

Defining memory portions

101

Generating memory cell

array blocks 102

Inferring blocks into HDL
103

Generating timing and

100 i
physical models 104

Synthesizing description

105

Place & Route

106




Patent Application Publication

100

May 12, 2022 Sheet 1 of 8

US 2022/0147683 Al

Defining memory portions

101

array blocks

Generating memory cell

102

Inferring blocks into HDL

103

physical models

Generating timing and

104

Synthesizing description

105

Place & Route

106

FIG. 1



Patent Application Publication = May 12, 2022 Sheet 2 of 8 US 2022/0147683 A1

201

212

" Hardware description

[ Extract MIL cell
; (HDL, HLS)

213 Generate Infer memory-
celis in-logic cells
, 203
A i Physical placernent
214 Generate timing and {gD A ngaed cell
abstract N
models ( lterations _placement) 004
[ Optimize placement |
{e.g. power, area)
; 205

Power routing

W— S— 206
Core rail removal

{remove under

memaory cells)

207

208

Clock free synthesis
{pre and post)

209
Mano route
{optimize 1o meet
constraints and DRCS

210

DSl (LVS, DRC,
SignOdf flow )

211

Manufacturing

FIG. 2



Patent Application Publication = May 12, 2022 Sheet 3 of 8 US 2022/0147683 A1

PRIOR ART
( "
o
JemsmRemmmesmRssEmn = Y % W
i ’ > 3 g
: - § A*“ %
Generic | 8
ogie —E
i JWEN £§ Wi |
B'OCk E SN &é‘f Dm«gm -
' > Din %
* € Dout
FIG. 3
308 306
3(i7 301

304 30° / ?02 303 303 303
.’
y




Patent Application Publication = May 12, 2022 Sheet 4 of 8 US 2022/0147683 A1

311

~ Generic logic /

V blocks

'&,—saﬂ.—aQesw!swEer!a!ls,s!u»sHwTE!wswaQQwumwﬂ!r!swsma 3

CETTE T TAATE T T

%,

Generic logic
Memory Cell blocks
array block

“.“"../

memnmnanaeane wmmeamsmnmnsnanasd Memory Cell
Generic logic array block
g’_m , bIchgmmﬂﬂmmé T
Momory Cell Generic logic |
armray block : blﬂ c kS ;

FIG. 5



Patent Application Publication @ May 12, 2022 Sheet 5 of 8 US 2022/0147683 A1

\ 306
|

St W
et

-, \ “
; 312 =1 el 1 [Tose
4 7N\ 312 —
v~
L st
v N y
FIG. 6C

FIG. 6B



Patent Application Publication = May 12, 2022 Sheet 6 of 8 US 2022/0147683 A1

4 ﬁ — )| ¥ L
Q |
v = HF
BL BL



Patent Application Publication = May 12, 2022 Sheet 7 of 8 US 2022/0147683 A1

313

\

\Y read/write
driver

o
£% emory-in-
D % logic cell
3 .
/ \ 301
local Peri;ﬁerals
bitdine | (sense amplifier) readiwrite
311 driver
@
£9 emory-in-
TE logic cell
50
3
Peripherals
read/write {sense amplifier)
driver
m n
5 emory-in-
D2 logic cell
oW
=
Peripherals

{sense amplifier)

FIG. 8



Patent Application Publication = May 12, 2022 Sheet 8 of 8 US 2022/0147683 A1

read/write
driver

301
memory-in- /

logic cell 4

304 ;
| /

314 lmemory-in-

logic cell

.
£ § memory-in-
o e logic cell
/ Peripherals
—* | (sense amplifier)
313

FIG. 9



US 2022/0147683 Al

METHOD FOR IMPLEMENTING AN
INTEGRATED CIRCUIT COMPRISING A
RANDOM-ACCESS MEMORY-IN-LOGIC

[0001] The invention relates to integrated circuits (IC),
random-access memories (RAM) and, more specifically to a
method for implementing and/or designing an integrated
circuit comprising at least one random-access memory, to a
method for integration of a random-access memory in an
integrated circuit and to an integrated circuit designed by
said methods.

BACKGROUND OF INVENTION

[0002] In many modern advanced System on Chip (SoC)
designs there is a need for large memory subsystems (MSS)
for various requirements. Many applications require very
large memories in terms of number of storage elements. At
the same time there are increasing and to some extent
conflicting requirements on area, access time, and power
consumption.

[0003] Existing RAM solutions usually try to pack bit
cells in large bit cell arrays to minimize the area overhead
due to RAM peripherals. This results in large RAM blocks.
Although the blocks are area efficient the limited number of
ports (single or dual port) can result in memory bandwidth
issues. Also, these large RAM blocks cause routing and
congestion issues.

[0004] Alternatively, it is possible to use standard cell
based memories (SCM). This approach uses standard cells
as storage elements instead of RAM bit cells, i.e. flip-flops
or latches. The peripheral read and write access logic is
implemented on a register transfer level (RTL) and also
synthesized to standard cells. This offers a higher flexibility
as the memory can be tuned to specific needs with consid-
erably lower engineering effort than designing a full-custom
RAM. Furthermore, since the memory is implemented using
standard cells, it can be placed along with other logic in the
circuit. However, standard cell memories have area penalty
compared to bit cell based RAMs.

SUMMARY OF INVENTION

[0005] The present disclosure relates, in a first aspect, to a
computer-implemented method for implementing or design-
ing an integrated circuit comprising at least one random-
access memory, the method comprising the steps of:

[0006] defining a plurality of memory portions of the
random-access memory and obtaining sizes of the
memory portions;

[0007] for each memory portion, generating a memory
cell array block, the memory cell array blocks corre-
sponding to the sizes of the memory portions, wherein
instances of the memory cell array blocks are inferred
into a description of the integrated circuit in a hardware
description language wherein the memory cell array
blocks are generated without peripheral logic;

[0008] for each memory cell array block, generating
timing models and physical models;

[0009] synthesizing the description of the integrated
circuit in the hardware description language, including
peripheral logic for the memory cell array blocks, to a
schematic representation of circuit elements;

[0010] placing the circuit elements, including the
memory cell array blocks and the peripheral logic, on
the integrated circuit and routing wires between the
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circuit elements taking into account the timing models

and physical models of the memory cell array blocks,
[0011] wherein all memory cell array blocks are synthe-
sized and placed as separate blocks.
[0012] The presently disclosed method offers a way of
combining the flexibility of SCMs and the area efficiency of
conventional RAMs having packed and area optimized
memory cells. Existing push rules can be used for the bit
cells of the memory cell array blocks and by making the
generated memory cell array blocks compatible with stan-
dard cells, the benefits of small area cost and flexibility of
standard cell memories are provided. Preferably, the
memory cell array blocks comprise tightly packed bit cells
that are compatible with standard cells in the rest of the
circuit. One of the advantages of the presently disclosed
method is that relatively small memory blocks can be
individually and separately distributed over the available
surface of the integrated circuit. Since the random-access
memory is divided into memory portions, routing conges-
tion issues and bandwidth issues, which are typically bottle-
necks of conventional memories, can be solved more easily
than using a conventional memory design. The memory
portions of the random-access memory may be distributed
over the integrated circuit or over an area of the integrated
circuit to optimize routing length and/or routing congestion
and/or timing. Higher bandwidths and energy efficiency
(pJ/access) in comparison to conventional memory design
are achieved. At the same time, the described solution is
more area-efficient than a standard cell memory. This com-
bination may be particularly for applications such as like
machine learning.
[0013] As mentioned, according to the presently disclosed
method, a memory is obtained which is standard cell com-
patible and still has area efficiency of a conventional ran-
dom-access memory. In a conventional random-access
memory, the peripherals are typically custom made and
manually designed. In the presently disclosed method the
peripheral logic for the memory portions is preferable imple-
mented using standard cells.
[0014] Since the memory cells of the memory portions of
the presently disclosed implementation method may be area
optimized, preferably by using push rule for this purpose in
an automated design flow, they can typically not be placed
directly on the core rails like standard cells. For this reason,
the method may comprise a step of removing core rails
under the memory cell array blocks and adding power
routing around the memory cell array blocks. These steps
may be performed automatically.
[0015] The present disclosure further relates to an inte-
grated circuit, comprising:

[0016] a plurality of memory portions of a random-
access memory, wherein each memory portion com-
prises a memory cell array block without, or partly
without, peripheral logic;

[0017] peripheral logic for each of the memory cell
array block implemented as standard cells,

[0018] wherein the memory cell array blocks and the
peripheral logic are distributed over the circuit.

[0019] The random-access memory of the integrated cir-
cuit may be any embodiment of the random-access memory
described in the present disclosure. Both the memory cell
array blocks and the peripheral logic may be distributed over
the circuit. The integrated circuit may be a circuit imple-
mented using the presently disclosed computer-imple-
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mented method for implementing or designing an integrated
circuit comprising at least one random-access memory.

[0020] These and other aspects of the invention are set
forth in the following detailed description of the invention.

DESCRIPTION OF DRAWINGS

[0021] FIG. 1 shows an embodiment of the presently
disclosed method for implementing an integrated circuit.
[0022] FIG. 2 shows an embodiment of the presently
disclosed method being integrated in an electronic design
automation (EDA) flow for implementing an integrated
circuit.

[0023] FIG. 3 shows the top-level architecture of a con-
ventional memory with generic logic connected to ports.
[0024] FIG. 4 shows an example of a memory portion
having a memory cell array block which is placed next to
standard cells.

[0025] FIG. 5 shows how multiple instances of memory
cell array blocks are distributed and integrated with standard
cell logic.

[0026] FIGS. 6A-C show additional aspects and views of
the memory portions.

[0027] FIG. 7 shows an example of a memory cell.
[0028] FIG. 8 shows multiple distributed instances of
memory cell array blocks, wherein the peripheral logic of
the memory cell array blocks are not included in the blocks,
distributed and integrated with standard cell logic.

[0029] FIG. 9 shows multiple distributed instances of
memory cell array blocks, wherein a part of the peripheral
logic of the memory cell array blocks are shared, and
wherein a global bit line is shared between the memory cell
array blocks.

DETAILED DESCRIPTION OF THE
INVENTION

[0030] The present disclosure relates to computer-imple-
mented method for implementing an integrated circuit com-
prising at least one random-access memory. The inventors
have realized that by designing new memory-in-logic cells,
i.e. memory cell array blocks comprising tightly packed bit
cells, wherein the memory cell array blocks sizes correspond
to the sizes of a number of memory portions, a more efficient
integrated circuit in terms of performance and area can be
achieved. By maintain the advantages of conventional
memories (mainly area) and by making these blocks smaller
and adapted to be integrated and placed among standard cell
logic, a design can be obtained which is both area efficient
and avoids, or at least improves, challenges and issues
related to routing congestion. As a result, higher bandwidths
and energy efficiency (pl/access) for memory accesses can
be obtained. Preferably, the method is an automated circuit
design method.

[0031] Ina first embodiment, the method comprises a step
of defining a plurality of memory portions of the random-
access memory and obtaining sizes of the memory portions.
The sizes and partitioning of the memory may depend on a
number of factors. The factors may for example be based on
an expected use of different parts of the memories. The step
of defining a plurality of memory portions of the random-
access memory and obtaining sizes of the memory portions
may also be based on an analysis, for example an automatic
analysis of the hardware description (which could be for
example VHDL, Verilog or any other suitable hardware
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description language). In one embodiment of the presently
disclosed method, the memory portions of the random-
access memory are automatically determined based on the
description of the integrated circuit in a hardware descrip-
tion language. The determination could be based on analysis
of for example an expected access frequency of certain parts
of the memory. The method may further comprise the step
of, for each memory portion, generating a memory cell array
block, the memory cell array blocks corresponding to the
sizes of the memory portions, wherein instances of the
memory cell array blocks are inferred into a description of
the integrated circuit in a hardware description language.
The random-access memory may be divided into at least 3
memory portions, preferably at least 4 memory portions,
more preferably at least 6 memory portions, even more
preferably at least 10 memory portions. The higher number
of memory instances, the greater flexibility in terms of
placement. It can be noted that the memory cell array blocks
will typically not be fully functional memories in the con-
ventional sense since they will only have the packed storage
elements with bit lines and word lines, and optionally parts
of the peripheral logic, such as read/write drivers. The bit
lines and word lines may thereby be considered to be part of
the memory cell array blocks. The memory portions may
have logical ports corresponding to the bit lines and word
lines of the cell array blocks, as shown in FIG. 6C. The
memory portions may comprise only the memory cells,
including the word lines and bit lines, of the memory.
Typically, scaling conventional RAMs to larger memory
capacities will be beneficial for the area efficiency of the
memory itself. For SCMs the opposite is typically true—
larger memories have a larger area per stored bit. The
presently disclosed integrated circuit having a plurality of
memory portions of a random-access memory, and the
method for implementing the same, benefit both from the
fact that memory cells can be tightly packed and from the
flexibility of the SCM.

[0032] One of the advantages of the presently disclosed
method is that relatively small memory blocks can be
individually and separately distributed over the available
surface of the integrated circuit. The memory cell array
blocks do not have to be grouped but can be freely synthe-
sized, placed and routed. In one embodiment of the presently
disclosed method, each memory cell array block is enclosed
by end cells at all edges of the memory cell array block. In
the presence of the end cells, the memory cell array blocks
can be separately placed and routed and fully embedded in
surrounding standard cells. The end cells may be arranged in
the lowest layer or the two lowest layers of the integrated
circuit, which allows for routing to and from the bit cells in
the higher layers. The layers may be metal layers. Dividing
the memories into smaller separate segments of tightly
packed bit cells may add a penalty to the peripheral logic,
which is needed to make the memory cell array blocks
functional, and which is typically added in the hardware
description language. Therefore, in one embodiment, a first
part of the peripheral logic is specific for each memory cell
array block and a second part is common for a plurality or
all of the memory cell array blocks. This may be specified
in the hardware description language. Preferably, the
memory blocks, as well as all peripheral logic, can still be
individually and separately distributed. In a specific embodi-
ment, a global bit line is shared and connected to a plurality
or all of the memory cell array blocks. As shown in FIG. 9
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the global bit line may be connected to all local bit lines of
the cell array blocks. The global bit line can then be
constrained to particular layers, such as metal layers, or, for
example with respect to a bit line length and/or a bit line
width, or be optimized to any physical parameter or require-
ment.

[0033] The method may further comprise a step of gen-
erating peripheral logic such that it is as part of the hardware
description. Typically, for each memory cell array block,
timing models and physical models are generated, which can
be used in various steps, including syntheses, place and
route, further optimization and layout, in an electronic
design automation flow used to accomplish an integrated
circuit. The method may comprise a step of synthesizing the
description of the integrated circuit in the hardware descrip-
tion language, including peripheral logic for the memory
cell array blocks, to a schematic representation of circuit
elements. The schematic representation may in electronic
design be referred to as a netlist, which comprises a list of
electronic components, including standard cells from a
given technology, and the list of nodes that they are con-
nected to. Therefore, in one embodiment of the presently
disclosed method, the schematic representation of circuit
elements is a netlist of components and the nodes that they
are connected to. The schematic representation of circuit
elements may be technology specific and expressed in a
specific standard cell library. The standard cells may have
fixed-height corresponding to the distance between the core
rails, and variable-width. The cells are typically optimized
full-custom layouts, which minimize delays and area.
Netlists can be provided in for example VHDL or Verilog.
Netlists can be physical or logical, instance-based or net-
based, and flat or hierarchical. The latter can be either folded
or unfolded.

[0034] The method may further comprise the step of
placing the circuit elements, including the memory cell array
blocks and the peripheral logic, on the integrated circuit and
routing wires between the circuit elements taking into
account the timing models and physical models of the
memory cell array blocks. The small but dense memory
blocks can be distributed over the integrated area and the
peripheral logic can be further distributed. In principle, the
peripheral logic of the memory array blocks are related to
both the memory array blocks and general logic and can
therefore be optimized in relation to both in contrast to a
conventional memory. It can be noted that the memory cell
array blocks can be fully integrated into an automated circuit
design method and can be handled as any component. In
principle it is possible to work from an empty floor plan by
adding only core rails. From the synthesized netlist, during
the place and route, the general core logic, the memory cell
array blocks and their peripherals can be almost freely
placed on the floor plan in order to achieve a circuit that is
as efficient as possible in terms of area, power and timing.
Therefore, in one embodiment, the memory portions of the
random-access memory are distributed over the integrated
circuit or over an area of the integrated circuit to optimize
routing length and/or routing congestion and/or timing. The
placement and routing of an EDA tool typically comprise a
number of iterations for stepwise improvements. In contrast
to memories implemented as fixed custom cells, where the
step of optimizing placement and routing is limited, the step
of optimizing placement and routing of the presently dis-
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closed method can optimize placement and routing of the
peripheral logic in relation to the memory portions.

[0035] The random-access memory may be a static ran-
dom-access memory (SRAM) or a dynamic random-access
memory (DRAM). In SRAM, a bit of data is stored using for
example a six transistor (6T) memory cell. This form of
RAM is more expensive to produce, but is generally faster
and requires less dynamic power than DRAM. A DRAM
stores a bit of data using for example a transistor and
capacitor pair, which together comprise a DRAM cell.
[0036] A typical conventional RAM may include data
ports, address ports, a clock port, a select port, enable ports
for read and write.

[0037] FIG. 1 shows an embodiment of the presently
disclosed method for implementing an integrated circuit. A
typical EDA flow comprises steps for synthesis of a hard-
ware description language, usually a register transfer level
language, into a netlist. The components are then placed and
routed on the chip. After further optimizations related to
layout, clock tree etc. a final layout is obtained. The final
chip layout is typically provided in the GDSII format. The
presently disclosed method for implementing an integrated
circuit comprising at least one random-access memory can
be integrated to such an EDA flow, as illustrated in FIG. 1.
The memory cell array blocks can be instantiated in the
hardware description language at RTL level. SCMs are not
limited by specific memory sizes and can be placed on the
core rails for standard cells rows. This eases routing con-
gestion and brings the memory closer to the logic. Thus,
wire lengths and interconnect parasitics are reduced, which
in turn lead to lower power and improved timing. In the
present disclosure, the method for implementing an inte-
grated circuit breaks with both this practice and using
conventional memories, which are area efficient. According
to one embodiment of the presently disclosed method for
implementing an integrated circuit comprising at least one
random-access memory, the generated memory cell array
blocks are placed freely and can be handled as compatible
with standard cells. The step of placing the circuit elements
may further comprise the step of removing core rails under
the memory cell array blocks. Preferably, the memory cell
array blocks have power routing around the memory cell
array blocks. Preferably, there is a GND ring and a VDD
ring. In one embodiment the step of placing the circuit
elements further comprises the steps of removing the core
rails and connecting the power routing to the core rails. An
example of this step is shown in FIG. 3.

[0038] As stated the memory cell array blocks may be
generated completely without peripheral logic or partly
without peripheral logic. For example, in some cases periph-
eral logic may be known to relate mainly to the bit cells and
less to the general logic of the circuit. In such cases a first
part of the peripheral logic can be part of the memory cell
array blocks, while a second part is handled as general logic.
The peripheral logic of the memory cell array blocks may be
generated or inferred in the description of the integrated
circuit in said hardware description language. In semicon-
ductor design, standard cells are technology-specific logical
entities representing abstract logic such as NAND gates.
Standard cell libraries are required by EDA tools to design
the circuit. Within the scope of the present disclosure all of
the peripheral logic of the memory portions, or at least a part
of the peripheral logic, may be implemented as standard
cells using standard cell libraries. A first part of the periph-
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eral logic may thereby be implemented as standard cells and
a second part of the peripheral logic implemented as custom
cell(s). The peripheral logic may comprise read and/or write
decoders and/or sense amplifiers and/or control and/or tim-
ing logic and drivers and further logic, as shown in FIG. 2.
Those skilled in the art of memories and integrated circuits
will understand how the memory peripherals can be
designed.

[0039] The memory cell is a fundamental building block
of a memory. The memory cells store bits of binary infor-
mation. As would be recognized by the person skilled in the
art, the bit cells can be implemented in a number of ways,
including for example four transistor (4T) SRAM memory
cells, six transistor (6T) SRAM memory cells or eight
transistor (8T) SRAM memory cells or DRAM memory
cells. Any suitable memory cell can be used within the scope
of the presently disclosed computer-implemented method
for implementing an integrated circuit comprising at least
one random-access memory. The cells can be based on any
suitable technology for implementation of integrated cir-
cuits, for example Complementary metal-oxide-semicon-
ductor (CMOS) and metal-oxide-semiconductor field-effect
transistor (MOSFET). In one embodiment, the memory
portions comprise a number of tightly packed memory cells,
wherein each memory cell is made of MOSFETs, such as 6
MOSFETs forming two cross-coupled inverters.

[0040] The present disclosure further relates to use of the
computer-implemented method for implementing an inte-
grated circuit in an electronic design automation tool for
designing an integrated circuit. The method can thereby be
part of an EDA design flow.

[0041] The present disclosure further relates to an inte-
grated circuit, comprising:

[0042] a plurality of memory portions of a random-
access memory, wherein each memory portion com-
prises a memory cell array block without, or partly
without, peripheral logic;

[0043] peripheral logic for each of the memory cell
array block implemented as standard cells,

[0044] wherein the memory cell array blocks and the
peripheral logic are distributed over the circuit.

[0045] The integrated circuit may be an integrated circuit
designed using any of the methods described above. In
particular the memory cell array blocks may be placed
among general core logic and the memory peripherals of the
integrated circuit, wherein core rails are interrupted and
removed under the memory cell array blocks, wherein the
memory cell array blocks have power routing around the
memory cell array blocks connected to the core rails. More-
over the memory cell array blocks of the integrated circuit
may be optimized in area and whereas the placement and
routing of the peripheral logic and the memory cell array
blocks are optimized for any of routing length, routing
congestion, timing, area or a combination.

DETAILED DESCRIPTION OF DRAWINGS

[0046] The invention will in the following be described in
greater detail with reference to the accompanying drawings.
The drawings are exemplary and are intended to illustrate
some of the features of the presently disclosed computer-
implemented method for implementing an integrated circuit,
and are not to be construed as limiting to the presently
disclosed invention.
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[0047] FIG. 1 shows an embodiment of the presently
disclosed method (100) for implementing an integrated
circuit. The method comprises the step of defining suitable
memory portions (101). Memory cell array blocks are then
generated (102). The memory cell arrays blocks are then
inferred into a description of the integrated circuit in a
hardware description language (103), such as VHDL or
Verilog, typically at register transfer level.

[0048] The instances of memory cell array blocks may be
instances representing the blocks without additional logic
such as address decoders. Peripheral logic may be generated
in parallel and inserted into the hardware description lan-
guage. Preferably timing and physical models of the
memory cell array blocks (104) are then generated. The
timing and physical models can be used in several steps
throughout the EDA flow. The peripheral logic will typically
be implemented as standard cells based on a synthesis of the
hardware description language. The method according to the
example of FIG. 1 further comprises the steps of synthesiz-
ing the description of the integrated circuit in the hardware
description language (105), including peripheral logic for
the memory cell array blocks, to a schematic representation
of circuit elements; and placing the circuit elements, includ-
ing the memory cell array blocks and the peripheral logic, on
the integrated circuit and routing wires between the circuit
elements taking into account the timing models and physical
models of the memory cell array blocks (106).

[0049] FIG. 2 shows an embodiment of the presently
disclosed method being integrated in an electronic design
automation (EDA) flow for implementing an integrated
circuit. Memory cell array blocks are extracted from a
hardware description language (201, 212). The generated
cell array blocks are inferred into the hardware description
language (213, 201). Preferably timing and physical models
of the memory cell array blocks are then generated (214).
The models may be used in for example the synthesis (202),
place & route (203, 204). The step of placing components of
the integrated circuit may include both standard cell place-
ment, the memory cell array blocks and peripheral logic of
the memories. The step of power routing (205) typically
comprises the step of connecting power (VDD and GND) to
instances of the components of the circuit. The core rails to
the standard cells may typically be provided in METAL 1,
which is the lowest layer. Since the memory cell array
blocks are preferably area optimized, they may accordingly
use the lowest metal layer. Therefore, preferably, the core
rails under the memory cell array blocks are removed (206).
Rings of VDD and GND may instead be placed around the
memory cell array blocks and connected to the surrounding
core rails. In addition, a blockage layer may be placed
around the cell array memory blocks (207). The EDA flow
may further comprise steps as simulations at different levels,
including RTL and transistor level, clock tree synthesis
(208) and various verification steps. When all verifications
have passed the design can be signed-off (210), typically in
a format such as GDSII, which means that is forwarded to
manufacturing. The method for implementing an integrated
circuit comprising may further comprise the step of manu-
facturing the integrated circuit (211).

[0050] FIG. 3 shows the top-level architecture of a con-
ventional memory with generic logic connected to ports.
Memories will typically comprise row and column decoders,
pre-charge logic, timing control, read logic, sense amplifiers,
write drivers etc.
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[0051] FIG. 4 shows an example of a memory portion
having a memory cell array block (301) which is placed next
to standard cells (303). The memory cell array block (301)
has a number of packed memory cells (302), word lines
(306) bit lines and inverted bit lines (304, 305). The memory
cell array block (301) has a VDD power ring (309) and a
GND power ring (310). The VDD power ring (309) is
attached to the VDD core rails (307) and the GND power
ring (310) is attached to the GND core rails (308).

[0052] FIG. 5 shows how multiple instances of memory
cell array blocks (301) are distributed and integrated with
standard cell generic logic (311). The memory cell array
blocks (301) have a number of packed memory cells (302)
[0053] FIGS. 6A-C show additional aspects and views of
the memory cell array blocks (301). FIG. 6A shows a
physical view of a memory cell array block (301) without
peripheral logic. The memory cell array block (301) has
memory cells (302) arranged in rows and columns. Each row
has an associated word line (306). In the example, each
column has a bit line (BL, 304) and an inverted bit line
(BLN, 305). Since there is no peripheral logic, the memory
cell array block will typically not have a standard interface
of' a memory, which would typically include address ports,
data ports, as well as a set of suitable read and write enable
ports. The memory cell array blocks (301) may instead have
ports directly connected to and representing the word lines
and bit lines. FIG. 6C shows a logical view of a memory cell
array block (301) having a number of logical pins (312, 312")
for the word lines (306) and bit lines (304, 305). The logical
pins may have different sizes. FIG. 6B shows memory cell
array block (301) which includes read and write tri-state
drives (311).

[0054] FIG. 7 shows an example of a memory cell (302).
The example is a standard six-transistor (6T) single port
memory cell. Other memory cells are also possible to use
within the scope of the presently disclosed integrated circuit
and computer-implemented method for implementing or
designing an integrated circuit, including 5T, 7T, 8T, 9T and
10T memory cell arrangements and any suitable number of
ports.

[0055] FIG. 8 shows multiple distributed instances of
memory cell array blocks (301), wherein the peripheral logic
(313) of the memory cell array blocks (301) are not included
in the blocks but external parts of the memory cell array
blocks (301) that can be freely synthesized and placed.
[0056] FIG. 9 shows multiple distributed instances of
memory cell array blocks (301), wherein a part of the
peripheral logic (313) of the memory cell array blocks (301)
is shared, and, more specifically, wherein a global bit line
(314) is shared between the memory cell array blocks (301).
The global bit line (314) is connected to the local bit lines
(304) of the memory cell array blocks (301).

FURTHER DETAILS OF THE INVENTION

[0057] 1. A computer-implemented method for imple-
menting or designing an integrated circuit comprising
at least one random-access memory, the method com-
prising the steps of:

[0058] defining a plurality of memory portions of the
random-access memory and obtaining sizes of the
memory portions;

[0059] for each memory portion, generating a
memory cell array block, the memory cell array
blocks corresponding to the sizes of the memory
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portions, wherein instances of the memory cell array
blocks are inferred into a description of the inte-
grated circuit in a hardware description language;

[0060] for each memory cell array block, generating
timing models and physical models;

[0061] synthesizing the description of the integrated
circuit in the hardware description language, includ-
ing peripheral logic for the memory cell array
blocks, to a schematic representation of circuit ele-
ments; and

[0062] placing the circuit elements, including the
memory cell array blocks and the peripheral logic,
on the integrated circuit and routing wires between
the circuit elements taking into account the timing
models and physical models of the memory cell
array blocks.

[0063] 2. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the random-access
memory is a static random-access memory or a
dynamic random-access memory.

[0064] 3. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the memory cell array
blocks are generated without peripheral logic or partly
without peripheral logic.

[0065] 4. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the peripheral logic of the
memory cell array blocks is generated or inferred in the
description of the integrated circuit in said hardware
description language.

[0066] 5. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the step of placing the
circuit elements further comprises the step of removing
core rails under the memory cell array blocks and
adding power routing around the memory cell array
blocks.

[0067] 6. The computer-implemented method for
implementing an integrated circuit according to item 5,
wherein the steps of removing the core rails and adding
power routing are performed automatically.

[0068] 7. The computer-implemented method for
implementing an integrated circuit according to any of
items 5-6, further comprising the step of connecting the
power routing to the core rails.

[0069] 8. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein at least a part of the
peripheral logic is implemented as standard cells from
standard cell libraries.

[0070] 9. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein a first part of the periph-
eral logic is implemented as standard cells and a second
part of the peripheral logic is implemented as custom
cell(s).

[0071] 10. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the random-access
memory is divided into at least 3 memory portions,
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preferably at least 4 memory portions, more preferably
at least 6 memory portions, even more preferably at
least 10 memory portions.

[0072] 11. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the memory portions
comprise a number of tightly packed memory cells,
each memory cell made of MOSFETs, such as 6
MOSFETs forming two cross-coupled inverters.

[0073] 12. The computer-implemented method for
implementing an integrated circuit according to item
11, the memory cells further comprising bit lines and
word lines.

[0074] 13. The computer-implemented method for
implementing an integrated circuit according to item
12, wherein the memory portions have logical ports
corresponding to the bit lines and word lines.

[0075] 14. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the memory portions of
the random-access memory are distributed over the
integrated circuit or over an area of the integrated
circuit to optimize routing length and/or routing con-
gestion and/or timing.

[0076] 15. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, comprising the step of optimizing
placement and routing of the peripheral logic in relation
to the memory portions.

[0077] 16. The computer-implemented method for
implementing an integrated circuit according to item
15, wherein the step of optimizing placement and
routing is performed by an electronic design automa-
tion tool.

[0078] 17. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the peripheral logic com-
prises read and/or write decoders and/or sense ampli-
fiers and/or control and/or timing logic.

[0079] 18. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the memory portions
comprise only the memory cells of the memory.

[0080] 19. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the hardware description
language uses a register-transfer level model of a
synchronous digital circuit.

[0081] 20. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the schematic represen-
tation of circuit elements is a netlist of components and
the nodes that they are connected to.

[0082] 21. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the schematic represen-
tation of circuit elements is technology specific and
expressed in a specific standard cell library.

[0083] 22. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, wherein the method is an auto-
mated circuit design method.

[0084] 23. The computer-implemented method for
implementing an integrated circuit according to any of
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the preceding items, wherein the memory portions of

the random-access memory are automatically deter-

mined based on the description of the integrated circuit
in a hardware description language.

[0085] 24. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, further comprising the step of
performing verification steps, such as DRC, LVS, STA
and/or formal verifications.

[0086] 25. The computer-implemented method for
implementing an integrated circuit according to any of
the preceding items, further comprising the step of
exporting a representation of the integrated circuit and
manufacturing the integrated circuit.

[0087] 26. Use of the computer-implemented method
for implementing an integrated circuit according to any
of the preceding items in an electronic design automa-
tion tool for designing an integrated circuit.

[0088] 27. An integrated circuit, comprising:

[0089] a plurality of memory portions of a random-
access memory, wherein each memory portion com-
prises a memory cell array block without, or partly
without, peripheral logic;

[0090] peripheral logic for each of the memory cell
array block implemented as standard cells, wherein
the memory cell array blocks and the peripheral logic
are distributed over the circuit.

[0091] 28. The integrated circuit according to item 27,
wherein the memory cell array blocks are optimized in
area and wherein placement and routing of the periph-
eral logic and the memory cell array blocks are opti-
mized for any of routing length, routing congestion,
timing, area or a combination.

[0092] 29. The integrated circuit according to any of
items 27-28, implemented using the method according
to any of items 1-25.

1. A computer-implemented method for implementing or
designing an integrated circuit comprising at least one
random-access memory, the method comprising the steps of:

defining a plurality of memory portions of the random-
access memory and obtaining sizes of the memory
portions;

for each memory portion, generating a memory cell array
block, the memory cell array blocks corresponding to
the sizes of the memory portions, wherein instances of
the memory cell array blocks are inferred into a
description of the integrated circuit in a hardware
description language, wherein the memory cell array
blocks are generated without peripheral logic;

for each memory cell array block, generating timing
models and physical models;

synthesizing the description of the integrated circuit in the
hardware description language, including peripheral
logic for the memory cell array blocks, to a schematic
representation of circuit elements; and

placing the circuit elements, including the memory cell
array blocks and the peripheral logic, on the integrated
circuit and routing wires between the circuit elements
taking into account the timing models and physical
models of the memory cell array blocks,

wherein all memory cell array blocks are synthesized and
placed as separate blocks.

2. The computer-implemented method for implementing

an integrated circuit according to claim 1, wherein each
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memory cell array block is enclosed by end cells at all edges
of the memory cell array block.

3. The computer-implemented method for implementing
an integrated circuit according to claim 2, wherein the end
cells are arranged in a lowest layer or two lowest layers of
the integrated circuit.

4. The computer-implemented method for implementing
an integrated circuit according to any of the preceding
claims, wherein the memory cell array blocks comprise
tightly packed bit cells compatible with any standard cells.

5. The computer-implemented method for implementing
an integrated circuit according to any of the preceding
claims, wherein the peripheral logic of the memory cell
array blocks is generated or inferred in the description of the
integrated circuit in said hardware description language.

6. The computer-implemented method for implementing
an integrated circuit according to any of the preceding
claims, wherein a first part of the peripheral logic is specific
for each memory cell array block and a second part is
common for a plurality or all of the memory cell array
blocks.

7. The computer-implemented method for implementing
an integrated circuit according to claim 6, wherein a global
bit line is connected to a plurality or all of the memory cell
array blocks.

8. The computer-implemented method for implementing
an integrated circuit according to claim 7, comprising the
step of constraining the global bit line with respect to a bit
line length and/or a bit line width.

9. The computer-implemented method for implementing
an integrated circuit according to any of claims 7-8, com-
prising the step of routing the global bit line in a predeter-
mined layer, such as a metal layer.

10. The computer-implemented method for implementing
an integrated circuit according to any of the preceding
claims, wherein the step of placing the circuit elements
further comprises the step of removing core rails under the
memory cell array blocks and adding power routing around
the memory cell array blocks, preferably wherein the steps
of removing the core rails and adding power routing are
performed automatically.

11. The computer-implemented method for implementing
an integrated circuit according to any of the preceding
claims, wherein at least a part of the peripheral logic is
implemented as standard cells from standard cell libraries.

12. The computer-implemented method for implementing
an integrated circuit according to any of the preceding
claims, wherein a first part of the peripheral logic is imple-
mented as standard cells and a second part of the peripheral
logic is implemented as custom cell(s).
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13. The computer-implemented method for implementing
an integrated circuit according to any of the preceding
claims, wherein the random-access memory is divided into
at least 3 memory portions, preferably at least 4 memory
portions, more preferably at least 6 memory portions, even
more preferably at least 10 memory portions.

14. The computer-implemented method for implementing
an integrated circuit according to any of the preceding
claims, wherein the memory portions of the random-access
memory are distributed over the integrated circuit or over an
area of the integrated circuit to optimize routing length
and/or routing congestion and/or timing.

15. The computer-implemented method for implementing
an integrated circuit according to any of the preceding
claims, comprising the step of optimizing placement and
routing of the peripheral logic in relation to the memory
portions.

16. The computer-implemented method for implementing
an integrated circuit according to any of the preceding
claims, wherein the memory portions comprise only the
memory cells of the memory.

17. The computer-implemented method for implementing
an integrated circuit according to any of the preceding
claims, wherein the memory portions of the random-access
memory are automatically determined based on the descrip-
tion of the integrated circuit in a hardware description
language.

18. Use of the computer-implemented method for imple-
menting an integrated circuit according to any of the pre-
ceding claims in an electronic design automation tool for
designing an integrated circuit.

19. An integrated circuit, comprising:

a plurality of memory portions of a random-access
memory, wherein each memory portion comprises a
memory cell array block without peripheral logic;

peripheral logic for each of the memory cell array block
implemented as standard cells,

wherein the memory cell array blocks and the peripheral
logic are distributed over the circuit.

20. The integrated circuit according to claim 19, wherein
the memory cell array blocks are optimized in area and
wherein placement and routing of the peripheral logic and
the memory cell array blocks are optimized for any of
routing length, routing congestion, timing, area or a com-
bination.

21. The integrated circuit according to any of claims
19-20, implemented using the method according to any of
claims 1-17.



