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(54) METHODS FOR WRITING TERNARY CONTENT ADDRESSABLE MEMORY DEVICES

(57) Ternary content-addressable memory (TCAM)
devices are described. The TCAMs described herein are
designed to perform write operations-including data
writes and mask writes-in a single clock cycle. For ex-
ample, data input is written in a row of the TCAM during
the first portion of a clock cycle, and a mask is written in
another row of the TCAM during the second portion of

the clock cycle. In one implementation, a first bus is used
both for data write and key search operations, and a sec-
ond bus is used both for mask write and search masking
operations. In another implementation, a first bus is used
both for data write and key search operations, a second
bus is used for mask write operations, and a third bus is
used for search masking operations.
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Description

FIELD OF INVENTION

[0001] This application relates to methods for writing
data into ternary content addressable memory devices.

BACKGROUND

[0002] Content-addressable memory (CAM) is a type
of computer memory that is specifically designed for
search-intensive applications. Because of its parallel na-
ture, CAMs are much faster than random access memory
(RAM) architectures for searching. CAMs are often used
in internet routers and switches, where they increase the
speed of route look-up, packet classification and packet
forwarding.
[0003] Ternary CAMs, or TCAMs, are designed to
store and query data using three different inputs: 0, 1 and
X. The "X" input, which is often referred to as a "don’t
care" or "wildcard" state, enables TCAMs to perform
broader searches based on pattern matching, as op-
posed to binary CAM, which performs exact-match
searches using only 0s and Is.

BRIEF SUMMARY

[0004] Some embodiments relate to an apparatus
comprising a ternary content addressable memory
(TCAM) comprising a first plurality of rows of memory
cells configured to store a plurality of respective data in-
puts; and a second plurality of rows of memory cells con-
figured to store a plurality of respective masks; and con-
trol circuitry configured to: write a data input in a row of
the first plurality of rows of memory cells in a first clock
cycle, and write a mask in a row of the second plurality
of rows of memory cells in the first clock cycle.
[0005] The control circuitry may be configured to write
the data input in the row of the first plurality of rows of
memory cells in response to a first edge of the first clock
cycle and may be further configured to write the mask in
the row of the second plurality of rows of memory cells
in response to a second edge of the first clock cycle.
[0006] The row of the first plurality of rows and the row
of the second plurality of rows may share a common ad-
dress.
[0007] The row of the first plurality of rows and the row
of the second plurality of rows may be located adjacent
to one another.
[0008] The TCAM may further comprise a first bus and
a second bus, wherein the control circuitry is configured
to: write the data input in the row of the first plurality of
rows of memory cells using the first bus, and write the
mask in the row of the second plurality of rows of memory
cells using the second bus.
[0009] The control circuit may be further configured to
use the first bus to search a key in the first plurality of
rows of memory cells.

[0010] The control circuit may be further configured to
use the second bus to mask one or more columns of the
TCAM during a search operation.
[0011] The TCAM may further comprises first, second
and third buses, wherein the control circuitry is configured
to: write the data input in the row of the first plurality of
rows of memory cells using the first bus, write the mask
in the row of the second plurality of rows of memory cells
using the second bus, and use the third bus to mask one
or more columns of the TCAM during a search operation.
[0012] Some embodiments relate to an apparatus
comprising a ternary content addressable memory
(TCAM) comprising: a first plurality of rows of memory
cells configured to store a plurality of respective data in-
puts; a second plurality of rows of memory cells config-
ured to store a plurality of respective masks; and first and
second buses; and control circuitry configured to: write
a data input in a row of the first plurality of rows of memory
cells using the first bus, write a mask in a row of the
second plurality of rows of memory cells using the second
bus, and use the first bus or the second bus to mask one
or more columns of the TCAM during a search operation.
[0013] The row of the first plurality of rows and the row
of the second plurality of rows may share a common ad-
dress.
[0014] The row of the first plurality of rows and the row
of the second plurality of rows may be located adjacent
to one another.
[0015] The control circuitry may be configured to write
the data input in the row of the first plurality of rows of
memory cells in response to a first edge of a clock cycle
and may be further configured to write the mask in the
row of the second plurality of rows of memory cells in
response to a second edge of the clock cycle.
[0016] The control circuit may be further configured to
use the first bus or the second bus to search a key in the
first plurality of rows of memory cells.
[0017] Some embodiments relate to a method for writ-
ing a ternary content addressable memory (TCAM) com-
prising: in a first clock cycle, writing a data input in a row
of a first plurality of rows of memory cells, wherein the
first plurality of rows of memory cells is configured to store
a plurality of respective data inputs; and in the first clock
cycle, writing a mask in a row of a second plurality of
rows of memory cells, wherein the second plurality of
rows of memory cells is configured to store a plurality of
respective masks.
[0018] Writing the data input may comprise writing the
data input in response to a first edge of the first clock
cycle and wherein writing the mask may comprise writing
the mask in response to a second edge of the first clock
cycle.
[0019] The row of the first plurality of rows and the row
of the second plurality of rows may be located adjacent
to one another.
[0020] Writing the data input may comprise writing the
data input using a first bus and wherein writing the mask
may comprise writing the mask using a second bus.
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[0021] The method may further comprise using the first
bus to search a key in the first plurality of rows of memory
cells.
[0022] The method may further comprise using the
second bus to mask one or more columns of the TCAM
during a search operation.
[0023] Writing the data input may comprise writing the
data input in response to a first edge of the first clock
cycle and wherein writing the mask may comprise writing
the mask after a predetermined time interval of the first
clock edge.
[0024] The foregoing summary is provided by way of
illustration and is not intended to be limiting.

BRIEF DESCRIPTION OF DRAWINGS

[0025] The accompanying drawings are not intended
to be drawn to scale. In the drawings, each identical or
nearly identical component that is illustrated in various
figures is represented by a like numeral. For purposes
of clarity, not every component may be labeled in every
drawing.

FIG. 1A is a block diagram illustrating a ternary con-
tent-addressable memory (TCAM), in accordance
with some embodiments.
FIG. 1B is a table may be used to determine the state
of the TCAM of FIG. 1A, in accordance with some
embodiments.
FIG. 2A is a block diagram illustrating a TCAM ar-
chitecture, in accordance with some embodiments.
FIG. 2B is a block diagram illustrating a non-limiting
implementation of the TCAM architecture of FIG. 2A,
in accordance with some embodiments.
FIG. 2C is a diagram illustrating control signals used
in connection with the TCAM architecture of FIG. 2A,
in accordance with some embodiments.
FIG. 3A is a block diagram illustrating another TCAM
architecture, in accordance with some embodi-
ments.
FIG. 3B is a block diagram illustrating a non-limiting
implementation of the TCAM architecture of FIG. 3A,
in accordance with some embodiments.
FIG. 3C is a diagram illustrating control signals used
in connection with the TCAM architecture of FIG. 3A,
in accordance with some embodiments.
FIG. 4A is a block diagram illustrating a TCAM array
coupled to a decoder, in accordance with some em-
bodiments. in accordance with some embodiments.
FIG. 4B is a diagram illustrating control signals used
in connection with the TCAM of FIG. 4A, in accord-
ance with some embodiments. in accordance with
some embodiments.

DETAILED DESCRIPTION

[0026] The inventors have recognized and appreciated
that, as modern applications such as artificial intelli-

gence, databases, and network switching drive an ever-
increasing demand for network bandwidth, there is an
increasing need for high-speed memories, and more par-
ticularly, for high-speed TCAMS. TCAMs have architec-
tures that make them particularly suitable for use in com-
puter networking devices, such as switches and routers.
While the speed at which TCAMs can operate has sig-
nificantly increased in recent years, the speed is still in-
sufficient to meet the requirements of certain network
applications.
[0027] The inventors have further recognized and ap-
preciated that increasing the speed at which TCAMs per-
form write operations would significantly enhance the ap-
plicability of these types of memories. Accordingly, the
inventors have developed TCAM architectures designed
to increase the speed of write operations. The TCAMs
architectures developed by the inventors are designed
to perform write operations-including data writes and
mask writes-in a single clock cycle. In some embodi-
ments, for example, data input is written in a data row of
the TCAM entry during the first portion of a clock cycle,
and a mask is written in a mask row of the TCAM entry
during the second portion of the same clock cycle.
[0028] Some embodiments are directed to a TCAM ar-
chitecture in which a first bus is used both for data write
and key search operations, and a second bus is used
both for mask write and search masking operations. Dur-
ing a write operation, the first bus conveys a data input
to a data row of the TCAM entry, and, during the same
clock cycle, the second bus conveys a mask (referred to
as the "local mask") to the corresponding mask row of
TCAM entry. During a search operation, the first bus con-
veys the key to be searched to the TCAM, and the second
bus conveys bits for masking the key search (these bits
are referred to as the "column mask"). Masking a key
search involves returning a result (in the form of a match
or a miss) independently of the values of the masked
column. For example, when a particular bit of the mask
is asserted, the corresponding column of the TCAM is
masked, meaning that the memory can return a match
whether or not that particular column produces a match.
[0029] Alternatively, the opposite configuration is also
possible-the first bus may be used both for data write and
search masking operations, and the second bus may be
used both for mask write and key search operations.
[0030] Other embodiments are directed to a TCAM ar-
chitecture in which a first bus is used both for data write
and key search operations, a second bus is used for mask
write operations, and a third bus is used for search mask-
ing operations. During a write operation, the first bus con-
veys a data input to data row of a TCAM entry, and, during
the same clock cycle, the second bus conveys a mask
(referred to as the "local mask") to the corresponding
mask row of the TCAM entry. During a search operation,
the first bus conveys the key to be searched to the TCAM,
and the third bus conveys bits for masking the key search
(these bits are referred to as the "column mask"). Other
configurations are also possible. For example, the sec-
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ond bus may be used instead of the first bus for key
search operation.
[0031] FIG. 1A illustrates a TCAM in accordance with
some embodiments. The TCAM includes an array of
memory cells arranged in rows and columns. Each cell
includes a static random access memory (SRAM),
though other types of memories may alternatively, or ad-
ditionally, be used. The TCAM has a plurality of columns
(0, 1, 2, 3...n-1, n) and a plurality of rows (0, 1... 2m-1).
Each row includes a pair of sub-rows. The first sub-row
(the "data row") is configured to store data and the second
sub-row (the "mask row") is configured to store masks.
Data bits are identified by the letter "X" and local mask
bits are identified by the letter "Y". The data row and the
mask row of a common TCAM entry may be located ad-
jacent to one another in the TCAM. In some embodi-
ments, the data row and the local mask row of a common
TCAM entry share a common memory address, thereby
reducing, by one unit, the number of bits required to ad-
dress the entire memory.
[0032] Each local mask contains multiple bits. The val-
ue of each local mask bit determines whether the corre-
sponding data bit is to be masked or not. A representative
logic by which the local mask operates is illustrated in
the table of FIG. 1B, in accordance with some embodi-
ments. In this example, the state of a particular bit is 1
when the data is set to 1 and the local mask is set to 0.
In contrast, the state of a particular bit is 0 when the data
is set to 0 and the local mask is set to 1. When both the
local mask and the data are set to 1, the state of the
corresponding data bit is "don’t care." Lastly, the combi-
nation in which the both the local mask and the data are
set to 0 is not supported. It should be appreciated that
logics other than that depicted in FIG. 1B are also pos-
sible, as bit masking is not limited to any specific logic.
[0033] FIG. 2A is a block diagram illustrating a TCAM
architecture, in accordance with some embodiments.
This architecture includes control circuitry 200 and TCAM
202. TCAM 202 may be arranged in accordance with the
diagram illustrated in FIG. 1A. This architecture is de-
signed to increase the speed of write operations into a
TCAM relative to previous implementations. More spe-
cifically, this architecture is designed to write a data input
and a local mask in a single clock cycle. For example, in
the same clock cycle, a data input may be written into
data row 0 and a local mask may be written into mask
row 0. The buses of the TCAM are arranged to support
write operations of data input and masks in single clock
cycles. As shown in FIG. 2A, control circuitry 200 com-
municates with TCAM 202 using the following buses: CK,
A, SDI, DI, MASKB, CS, WE, RD, SCU and SR.
[0034] Control circuitry 200 provides a clock to the
TCAM 202 via bus CLK. Bus A is used to provide the
address for write and read operations. For example, dur-
ing a write operation, if bus A indicates row 5, a write
operation is performed into row 5. Similarly, during a read
operation, if bus A indicates row 5, the TCAM returns the
content of row 5.

[0035] Bus SDI is used both for write and search op-
erations. During a write operation, bus DI carries the data
input to be written into the data row identified by bus A
and bus SDI carries the local mask to be written into the
mask row identified by bus A. During a search operation,
bus SDI carries the key to be searched through the TCAM
[0036] Bus MASKB is used during search operations.
In particular, bus MASKB includes column mask bits
identifying which column(s) are to be masked during a
search, and which column(s) are not to be masked.
[0037] Bus SCU is used to enable single clock cycle
operations-when SCU is set to 1, the memory operates
in single clock cycle mode (although the opposite logic
is also possible). Bus CS is used to select a particular
TCAM chip from a bank of multiple TCAM chips. When
is set to 1, bus CS enables operations on a particular
TCAM chip (although the opposite logic is also possible).
Bus WE is used to enable write operations (and in some
embodiments, has the opposite value relative to SCU).
For example, when WE is 0, a single clock cycle write
operation is enabled and, when WE is 1, a single clock
cycle write operation is disabled (although the opposite
logic is also possible). Bus SR is used to enable search
operations. For example, when SR is 1, a search oper-
ation is enabled and, when SR is 0, search operations
are disabled (although the opposite logic is also possi-
ble). Bus RD is used to enable read operations. For ex-
ample, when RD is 1, a read operation is enabled and,
when RD is 0, read operations are disabled (although
the opposite logic is also possible).
[0038] Output bus DO is used during read operations
to return the content of the row identified by the bus A.
Output bus HIT is used during search operations to return
the addresses of the row(s) in which a match has been
identified.
[0039] FIG. 2B illustrates a non-limiting implementa-
tion of TCAM 202, in accordance with some embodi-
ments. In this implementation, TCAM 202 includes flip-
flops 250, 252 and 254, logic unit 256 and 258, multiplex-
ers 260 and 262, control unit 264 and TCAM column 270
includes SRAMs (or other types of memories) arranged
for example as shown in FIG. 1A. TCAM 202 receives
signals through buses DI, SDI, MASKB, CLK, WE, SCU
and A (as discussed in connection with FIG. 2A).
[0040] Flip-flop 250 receives as input the signal of bus
DI, flip-flop 252 receives as input the signal of bus SDI
and flip-flop 254 receives as input the signal of bus
MASKB. Clock CLK times the operations of the flip-flops.
The outputs of flip-flop 250 are provided as inputs to mul-
tiplexers 260 and 262, respectively. The outputs of flip-
flop 252 are provided as inputs to logic units 256 and
258, respectively. The state of the logic units is controlled
by the output of flip-flop 254. The signal of bus SCU in-
dicates whether a single-clock write operation is to be
performed, whereby a data input and a mask are both
written in the same clock cycle. If bus SCU is not asserted,
however, write operations may be performed according
to conventional schemes (whereby a data input and the
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corresponding mask are written in separate clock cycles).
In this instance, SCU enables multiplexers 260 and 262.
The signal of bus A indicates the address of the TCAM
entry to be written or read. For conventional writes, when
WE is 1, multiplexers 260 and 262 select the data on the
DI bus (input S1 on the multiplexers is selected) for the
entire clock cycle. In single clock cycle writes, the ENB
signal on the multiplexers toggles based on a timed sig-
nal, within the same clock cycle, thereby selecting either
S1 or S2 as inputs on the multiplexers within the same
cycle. Logic units 256 and 258 are only used during a
search operation. During write, logic units 256 and 258
feed through the outputs of flip-flop 252. Bus MASKB is
used to mask data on a particular column during a search
operation.
[0041] FIG. 2C illustrates a representative write oper-
ation sequence, in accordance with some embodiments.
The figure illustrates the relationship between the signals
of buses CLK, SCU, CS, WE, A, DI, SDI and MASKB.
When set to 1, signal CS indicates that this TCAM chip
has been selected. When signal SCU is set to 1 and
signal WE is set to 0, a single clock write is to be per-
formed. In contrast, when signal SCU is set to 0 and
signal WE is set to 1, a multi clock write is to be performed.
[0042] Signal A provides the address of the row to be
written. In this example, the address (expressed in hex-
adecimals) is "000." The content of signal DI represents
the data input to be written into the addressed TCAM
data row. In this example, the content of DI is "aaaaa."
The content of signal SDI represents the mask to be writ-
ten into the addressed TCAM mask row. In this example,
the content of SDI is "55555." In this sequence, both the
content of DI and the content of SDI are written in a single
clock cycle. During the write operation, the content of
signal MASKB ("fffff" in this example) is not considered.
[0043] FIG. 3A is a block diagram illustrating another
TCAM architecture, in accordance with some embodi-
ments. Similar to the architecture of FIG. 2A, this archi-
tecture is also designed to write a data input and a local
mask in a single clock cycle. However, this architecture
involves fewer buses than the architecture of FIG. 2A,
thereby reducing circuit complexity.
[0044] This architecture includes control circuitry 300
and TCAM 302. TCAM 302 may be arranged in accord-
ance with the diagram illustrated in FIG. 1A. The buses
of the TCAM are arranged to support write operations of
data input and masks in single clock cycles. As shown
in FIG. 3A, control circuitry 300 communicates with
TCAM 302 using the following buses: CK, A, SDI,
MASKB, CS, WE, RD, SCU and SR. It should be noted
that, unlike the example of FIG. 2A, this architecture does
not include bus DI. In this architecture, both buses SDI
and MASKB have a dual function. During a single clock
cycle write operation, bus SDI carries the data input to
be written and MASKB carries the local mask to be writ-
ten. During a search operation, bus SDI carries the key
to be searched and MASKB carries column mask bits
identifying which column(s) are to be masked (although,

alternatively, bus MASKB may carry the key to be
searched and SDI may carry column mask bits identifying
which column(s) are to be masked). In essence, both SDI
and MASKB are used in a time-multiplexed fashion. Bus-
es CK, A, CS, WE, RD, SCU and SR have the same
functions described in connection with FIG. 2A. Output
bus DO and HIT also have the same functions described
in connection with FIG. 2A.
[0045] FIG. 3B illustrates a non-limiting implementa-
tion of TCAM 302, in accordance with some embodi-
ments. In this implementation, TCAM 302 includes flip-
flops 350, 352 and 354, logic units 346, 348, 356 and
358, multiplexers 360 and 362, control unit 364 and
TCAM column 370. TCAM column 370 may include
SRAMs (or other types of memories) arranged for exam-
ple as shown in FIG. 1A. TCAM 302 receives signals
through buses SDI, MASKB, CLK, WE, SCU and A (as
discussed in connection with FIG. 3A
[0046] Logic unit 346 receives as input the signal of
bus SDI and logic unit 348 receives as input the signal
of bus MASKB. The signal of bus SCU indicates whether
a write operation, including writing of a data input and a
mask, is to be performed in a single clock cycle or not.
In this example, SCU controls the state of logic units 346
and 348.
[0047] Flip-flop 350 receives as input the signal of bus
SDI, flip-flop 352 receives as input the output of logic unit
346 and flip-flop 354 receives as input the output of logic
unit 348. Clock CLK times the operations of the flip-flops.
The outputs of flip-flop 350 are provided as inputs to mul-
tiplexers 360 and 362, respectively. The outputs of flip-
flop 352 are provided as inputs to logic units 356 and
358, respectively. The state of the logic units 356 and
358 is controlled by the output of flip-flop 354. The signal
of bus A indicates the address of the TCAM row to be
written or read. During write operations, the signal of bus
WE is asserted, which enables use of multiplexers 360
and 362 for write operations. During a write operation,
control unit 364 enables writing into TCAM column 370,
and the outputs of the flip-flops are written into the TCAM
array, via transistors 366 and 368. The signal of bus A
determines the address of the row to be written. During
a search operation, logic units 356 and 358 mask the
search of a particular column, depending on the value of
the corresponding mask bit of MASKB.
[0048] FIG. 3C illustrates a representative write oper-
ation sequence in connection with the architecture of FIG.
3A, in accordance with some embodiments. The figure
illustrates the relationship between the signals of buses
CLK, SCU, WE, A, SDI and MASKB. When SCU is set
to, CS is set to 1 and WE is set to 0, a single clock cycle
write operation is to be performed in this TCAM chip.
[0049] Signal A provides the address of the row to be
written. The content of signal SDI represents the data
input to be written into the addressed TCAM data row.
The content of signal MASKB represents the local mask
to be written into the addressed TCAM mask row. In this
sequence, both the content of SDI and the content of
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MASKB are written in a single clock cycle.
[0050] As described above, TCAMs according to the
present application may be implemented using different
architectures. Regardless of the specific architecture
used, the TCAMs described herein are configured to per-
form data writes and mask writes in the same clock cycle.
In some embodiments, a data write is performed in a first
portion of a clock cycle, and a local mask write is per-
formed in the second portion of the same clock cycle
(though the opposite sequence is also possible). For ex-
ample, a data write may be triggered by the first edge (a
rising or falling edge) of a clock cycle and a mask write
may be triggered by the second edge of the same clock
cycle. In some embodiments, a decoder may be used to
enable write operations in this manner.
[0051] One such decoder is depicted in FIG. 4A, in
accordance with some embodiments. In this example,
the TCAM array is arranged as discussed above in con-
nection with FIG. 1A. Each row, whether a data row or a
mask row, is coupled to an input register (labeled
"WLDRV"). Control signals XPZ _EN_EVEN and
XPZ_EN_ODD are used to control the timing with which
the registers convey their respective contents to the rows
of the TCAM. The decoder ("XDECODER") is used to
select which TCAM entry is to be updated. Depending
on the value of address bus A, the appropriate WLDRV
is selected, which in turn is used to enable either the odd
or even WL bus depending on the state of XPZ_EN_ODD
or XPZ_EN_EVEN. Data received in the input buses SDI
and MASKB is sent on the signals BL/BLB. Examples of
these control signals are shown in FIG. 4B, in accordance
with some embodiments. In this example, control signals
XPZ_EN_EVEN and XPZ_EN_ODD have the same fre-
quency as clock CLK. Further, control signals
XPZ_EN_EVEN and XPZ_EN_ODD are phase-shifted
relative to one another. An edge of control signal
XPZ_EN_EVEN (e.g., a rising edge) triggers a data write
into a particular data row. Similarly, an edge of control
signal XPZ_EN_ODD (e.g., the rising edge that immedi-
ately follows the triggering rising edge of
XPZ_EN_EVEN) triggers a local mask write into the cor-
responding (e.g., the adjacent) mask row.
[0052] Use of ordinal terms such as "first", "second",
"third", etc., in the claims to modify a claim element does
not by itself connote any priority, precedence, or order
of one claim element over another or the temporal order
in which acts of a method are performed, but are used
merely as labels to distinguish one claim element having
a certain name from another element having a same
name (but for use of the ordinal term) to distinguish the
claim elements.
[0053] Also, the phraseology and terminology used
herein is for the purpose of description and should not
be regarded as limiting. The use of "including", "compris-
ing", "having", "containing" or "involving" and variations
thereof herein, is meant to encompass the items listed
thereafter and equivalents thereof as well as additional
items.

[0054] The use of "coupled" or "connected" is meant
to refer to circuit elements, or signals, that are either di-
rectly linked to one another or through intermediate com-
ponents.
[0055] The terms "approximately", "substantially," and
"about" may be used to mean within 620% of a target
value in some embodiments, within 610% of a target
value in some embodiments, within 65% of a target value
in some embodiments, and within 62% of a target value
in some embodiments. The terms "approximately" and
"about" may include the target value.

Claims

1. An apparatus comprising:

a ternary content addressable memory (TCAM)
comprising:

a first plurality of rows of memory cells con-
figured to store a plurality of respective data
inputs; and
a second plurality of rows of memory cells
configured to store a plurality of respective
masks; and

control circuitry configured to:

write a data input in a row of the first plurality
of rows of memory cells in a first clock cycle,
and
write a mask in a row of the second plurality
of rows of memory cells in the first clock
cycle.

2. The apparatus of claim 1, wherein the control circuit-
ry is configured to write the data input in the row of
the first plurality of rows of memory cells in response
to a first edge of the first clock cycle and is further
configured to write the mask in the row of the second
plurality of rows of memory cells in response to a
second edge of the first clock cycle.

3. The apparatus of any preceding claim, wherein the
row of the first plurality of rows and the row of the
second plurality of rows share a common address.

4. The apparatus of any preceding claim, wherein the
row of the first plurality of rows and the row of the
second plurality of rows are located adjacent to one
another.

5. The apparatus of any preceding claim, wherein the
TCAM further comprises a first bus and a second
bus, wherein the control circuitry is configured to:

write the data input in the row of the first plurality

9 10 



EP 3 813 068 A1

7

5

10

15

20

25

30

35

40

45

50

55

of rows of memory cells using the first bus, and
write the mask in the row of the second plurality
of rows of memory cells using the second bus.

6. The apparatus of claim 5, wherein the control circuit
is further configured to use the first bus to search a
key in the first plurality of rows of memory cells.

7. The apparatus of claim 6, wherein the control circuit
is further configured to use the second bus to mask
one or more columns of the TCAM during a search
operation.

8. The apparatus of any preceding claim, wherein the
TCAM further comprises first, second and third bus-
es, wherein the control circuitry is configured to:

write the data input in the row of the first plurality
of rows of memory cells using the first bus,
write the mask in the row of the second plurality
of rows of memory cells using the second bus,
and
use the third bus to mask one or more columns
of the TCAM during a search operation.

9. A method for writing a ternary content addressable
memory (TCAM) comprising:

in a first clock cycle, writing a data input in a row
of a first plurality of rows of memory cells, where-
in the first plurality of rows of memory cells is
configured to store a plurality of respective data
inputs; and
in the first clock cycle, writing a mask in a row
of a second plurality of rows of memory cells,
wherein the second plurality of rows of memory
cells is configured to store a plurality of respec-
tive masks.

10. The method of claim 9, wherein writing the data input
comprises writing the data input in response to a first
edge of the first clock cycle and wherein writing the
mask comprises writing the mask in response to a
second edge of the first clock cycle.

11. The method of any of claims 9-10, wherein the row
of the first plurality of rows and the row of the second
plurality of rows are located adjacent to one another.

12. The method of any of claims 9-11, wherein writing
the data input comprises writing the data input using
a first bus and wherein writing the mask comprises
writing the mask using a second bus.

13. The method of claim 12, further comprising using the
first bus to search a key in the first plurality of rows
of memory cells.

14. The method of claim 13, further comprising using the
second bus to mask one or more columns of the
TCAM during a search operation.

15. The method of any of claims 9-14, wherein writing
the data input comprises writing the data input in
response to a first edge of the first clock cycle and
wherein writing the mask comprises writing the mask
after a predetermined time interval of the first clock
edge.
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