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A Self-Repair Technique for Content Addressable
Memories with Address-Input-Free Writing

Function
Chun-Kai Lai, Yu-Jen Huang, and Jin-Fu Li

Abstract—This paper proposes a simple and effective built-
in self-repair (BISR) scheme for content addressable memo-
ries (CAMs) with address-input-free writing function. A pr o-
grammable built-in self-test (BIST) circuit is designed togenerate
different March-like test algorithms which can cover typical
random access memory faults and comparison faults. A recon-
figurable priority encoder is proposed to skip faulty words of a
defective CAM. The delay penalty incurred by the reconfigurable
priority encoder is regardless of the number of used spare rows.
Analysis and simulation results show that the proposed BISR
scheme can efficiently improve the reliability of the CAM. The
area cost of the BISR design is only about 4.87% for a 256×128-
bit CAM with 7 spare words.

Index Terms—Content addressable memory, test, repair, built-
in self-repair, yield improvement.

I. I NTRODUCTION

Content addressable memories (CAMs) play an important
role in networking applications such as packet forwarding
or address classification [1]–[4]. High-performance network
routers need large-capacity and fast CAMs for achieving the
fast search speed in large routing tables. Moreover, emerging
applications require the longest match searches, such as flow
analysis and classless inter-domain routing. CAMs can provide
a high-quality solution for these applications. Therefore, high-
density large-capacity CAMs are more and more popular and
important due to these applications. Thus, effective test and
repair approaches are very important for ensuring the quality
and yield of these large embedded or stand-alone CAMs.

Built-in self-repair (BISR) techniques have been widely
used for repairing embedded random access memories
(RAMs) [5]–[16]. A typical RAM BISR scheme consists of a
built-in self-test (BIST) circuit, a built-in redundancy analyzer
(BIRA), a reconfiguration mechanism, and a repairable RAM.
The BIST circuit generates test patterns for detecting targeted
faults of the RAM. Once a fault is detected, the fault informa-
tion is sent to the BIRA. Then the BIRA allocates redundancy
to replace the detective elements according to the implemented
redundancy allocation algorithm. The BIRA exports the repair
information to the reconfiguration mechanism such that the
reconfiguration mechanism can swap the defective elements
when the repairable RAM is operated in normal mode. The
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reconfiguration mechanism for RAMs typically uses switches
to swap a defective row (column) with a spare row (column).
However, it is not enough for CAMs. Compare operation is a
critical function of CAMs. The result of a Compare operation
is usually evaluated by a priority address encoder. If a faulty
word is replaced by a spare word, then the corresponding
match line of the faulty word should also be replaced. Since
the match line is in the critical path of a Compare operation,
only very small delay can be incurred by the reconfiguration
circuit of match lines. This results in that the reconfiguration
mechanism for CAMs is much more difficult than that for
RAMs.

Recently, a BISR scheme for CAMs was reported in [17].
To increase the flexibility of the redundancy, a block-based
redundancy is designed for a CAM, which divides a CAM
word into multiple blocks. To replace a faulty block with a
corresponding spare block, switches must be inserted between
adjacent two blocks. Thus, the number of required switches is
equal to the number of blocks in a word plus one. This has
heavy impact on the delay of the match line of the word, which
results in large degradation on the performance of the Compare
operation. Furthermore, the applied test algorithm must beable
to identify the faulty block in a CAM word. This results in high
test complexity [18]. Therefore, a simple redundancy scheme,
e.g., spare words, would be a good solution for repairing the
defective elements of a CAM in terms of the performance
degradation and the test complexity.

This paper proposes a BISR scheme for CAMs with
address-input-free writing function. A simple redundancyor-
ganization, i.e., spare words, is used in the CAM under repair.
A programmable BIST scheme is also designed to detect ran-
dom access memory faults and comparison faults. To reduce
the delay penalty incurred by the reconfiguration mechanism,
a reconfigurable priority address encoder is proposed to skip
the match signals of defective words, and the delay penalty
caused by the reconfigurable scheme is constant regardless of
the number of defective words. Analysis and simulation results
show that the proposed BISR scheme can efficiently improve
the reliability of the CAM. The area cost of the BISR design
is only about 4.87% for a 256×128-bit CAM.

The rest of this paper is organized as follows. Section
II introduces the CAM architecture and the address-input-
free writing scheme. Section III describes the concept of the
proposed BISR scheme. Section IV describes the implementa-
tion of the proposed programmable BIST scheme. Section V
summarizes experimental results. Finally, section VI concludes
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this paper.

II. PRELIMINARY

A. CAM Architecture

Figure 1 depicts a typical CAM organization. The Address
Decoder and Data I/O circuitry are similar to those in a RAM.
The cell array consists ofN words. A CAM usually has the
following basic operations: Write, Compare (i.e., Search), and
Read. The Read and Write operations are the same as those
of a RAM. If the CAM executes a Read operation, the data
of the addressed word is read out through the I/O circuitry.
The Write operation is performed in a similar way. The
Compare operation compares a comparand (compared data)
with all words in the CAM simultaneously. When the CAM
executes Compare operation, the comparand is prefetched to
the Comparand Register and then is parallel compared with
the symbols stored in all the words. The Hit Signal Generator
evaluates the match signals, and generates a hit output (Hit=1)
if there is at least one valid match. Also, the priority encoder
exports the highest priority matched address (either the lowest
matched address or the highest matched address).
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Fig. 1. A typical CAM architecture

Figure 2 shows aB-bit CAM word with NOR-type match
line. Each cell is composed of an SRAM cell and a comparison
logic (formed by transistors T3, T4, and T5) [19], such that
the CAM can perform Compare operation simultaneously.
The bit and search lines of the CAM cell share the same
line (BLi/SLi). Also, BLi/SLi denotes the complement of
BLi/SLi. The match lines (Mi) are precharged to Vdd before
the Compare operation, by resetting the Precharge signal.
The input pattern is then compared with all the CAM words
simultaneously. If the pattern stored in any word is the same
as the input pattern, the corresponding match signal will be
high (i.e., logic 1) since all the T5 transistors of the word are
turned off. On the contrary, the charge of the match line is
discharged and the corresponding match signal will be low
(i.e., logic 0).

B. Address-Input-Free Writing Scheme

As described above, a CAM has a priority encoder which
can export the highest priority matched address when the CAM
performs a Compare operation. Thus, in the CAM array, data
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Fig. 2. An NOR-type CAM word withB-bit cells.

are usually stored in each word in the order of its priority, e.g.,
the application for routing tables. Therefore, the user needs to
manage the addressing sequence of the Write operation. This
table-management job is an additional load for the user. In
[20], an address-input-free writing scheme was proposed to
cope with the write-addressing problem. The address-input-
free writing scheme enables a CAM to be able to perform a
write operation automatically without specifying the write ad-
dress. The conceptual block diagram of a CAM with address-
input-free writing scheme is shown in Fig. 3. The input address
of the CAM can be given from internal address or external
address by setting the control signal SELinput. If the internal
address is selected, the address of the CAM is provided from
the next-write-address (NWA) register automatically whena
Write operation is executed. This is called an address-input-
free writing scheme.
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Fig. 3. (a) Block diagram of a CAM with address-input-free writing scheme
[20]. (b) An example for illustrating a CAM performing a Write operation
using address-input-free writing scheme.

As Fig. 3 shows, for implementing the address-input-free
writing scheme, empty flags and an additional NWA register
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are added in the CAM. Also, a de-multiplexer is needed for
switching the output of the priority encoder to the address
output or the NWA. Each word has an empty flag indicating
whether the corresponding word is used. When the power of
the CAM is turned on, the state of NWA is all-0 and all
the empty flags are set to logic 1. Subsequently, if a Write
operation is executed, i.e., Writeen=1, then the output of
the priority encoder is connected to the input of the NWA.
If a word is occupied, its empty flag is set to logic 0. Then
the priority encoder scheme encodes the next written address
according to the states of empty flags.

Figure 3(b) shows an example for explaining the address-
input-free writing scheme. As the left figure shows, when the
words with address 0 and 1 are occupied, the priority encoder
generates the next write address 2 and stores it in the NWA
register. Subsequently, if the CAM executes a Write operation,
the data is written into the word with address 2. Also, the
content of the NWA register is updated to address 3 as shown
in the right figure of Fig. 3(b).

III. PROPOSEDBISR SCHEME

A. Redundancy Design for CAMs

Typically, two dimensional (2D) redundancy (i.e., spare
rows and spare columns) is used for a repairable RAM. But,
it is difficult to design a CAM with spare columns. The
comparison result of a CAM word is typically evaluated by
two types of match lines, NAND and NOR match lines,
according to the Boolean function of the match line. If a
spare column is implemented, the match function of each bit
in a CAM word should be designed as reconfigurable. This
results in high area cost and high performance degradation.
Furthermore, each row of a CAM only consists of a word, such
that the area cost of a spare column is very high. For example,
if one designs a spare column in anN×B-bit CAM, the spare
column consists ofN CAM cells. Thus, the area overhead of
a spare column is1/B in terms of the number of CAM cells.

B. BISR Block Diagram and BISR Flow

Figure 4(a) shows the proposed BISR scheme for CAMs
with the address-input-free writing scheme. The BISR circuit
consists of a BIST circuit, valid flags, and a reconfigurable
priority address encoder. The BIST circuit is programmable
such that it can perform different March-like test algorithms
to detect RAM faults and comparison faults of the CAM [21]–
[24]. Each word has a valid flag indicating whether the word is
defective or fault-free. The reconfigurable priority encoder can
map the match signals into correct match address according
to the faulty flag of each word.

The SEL input is set to logic 1 when the address-input-
free writing scheme is used. If the test and repair process is
executed, then the signal Testen is set to logic 1. Thus, the
I/Os of the CAM are connected to the BIST circuit. When
the BIST applies a Write test operation to an addressed word,
the test data are written into the word and the empty flag
of the word is set to logic 0. If a read test operation is
executed, the data of the addressed word is read and evaluated
by comparing it with the expected data. The BIST generates
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Fig. 4. (a) Block diagram of the proposed BISR architecture for CAMs
with the address-input-free writing scheme. (b) An examplefor illustrating
the updating of valid and empty flags.

the address of a word using an address generator if a read
or write test operation is executed. The address generator can
generate the ascending and descending address sequences. If
a Compare test operation is applied, the BIST circuit sets the
signal Write en to logic 0 and provides the data of comparand
for the CAM array. Then the BIST checks the result exported
from the reconfigurable priority address encoder.

If the BIST circuit detects a faulty word, the valid flag of
the faulty word is set to logic 1 and the faulty address is
stored in the corresponding faulty flag of the reconfigurable
priority address encoder. Detailed implementation of the re-
configurable priority address encoder will be described in the
next subsection. Once the test and repair process is completed
and the repaired CAM is operated in normal mode, the address
of the CAM can be imported through the external address
or the address-input-writing scheme. If the address is applied
externally, the system should skip the faulty words according
to the content of the valid flags of the CAM words. If the CAM
uses the address-input-writing scheme to generate address,
then the faulty elements can be skipped by the reconfigurable
priority encoder of the proposed BISR scheme.

Figure 4(b) shows an example for explaining the functions
of the valid flags and the empty flags. As the left figure shows,
the contents of the valid flags and the empty flags are set
to all-0 and all-1 once the power of the CAM is turned on.
In the testing phase, if a faulty word is detected, then the
corresponding valid flag of the faulty word is set to logic 1.
As the right figure shows, all the valid flags of the detected
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faulty words are set to 1. Subsequently, in normal mode, if
data are written into a word, then the corresponding empty
flag of the word is set to 0. The empty flag of the defective
word is also set to logic 0. The value of the empty flag of a
defective word is reset by the valid flag. That is, if the content
of the valid flag of a word is logic 1, then the corresponding
empty flag is set to logic 0.

Figure 5 shows the detailed implementation of an empty
flag. The state of the empty flag is stored in a D-type flip-flop.
Also, the data input of the flip-flop is connected to ground. If
the power of a CAM is turned on, then the empty flag is set
to 1 by asserting the SET signal. Subsequently, if a Write
operation is executed (i.e., WL=1), then the flip-flop has an
edge-trigger signal and the Q is set to 0. As the figure shows,
if the valid flag is set to 1, then the Precharge control signalis
disabled and the flip-flop is also reset. Therefore, the content
of the empty flag is set to 0. Also, the defective word does
not consume comparison power since the Percharge signal is
disabled.
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The overall BISR flow for repairing a CAM is briefly
summarized as follows.

1) While the power of a CAM is turned on, the BIST starts
to test the CAM.

2) Once a faulty word is detected, the corresponding valid
and empty flags of the faulty word are set to 1 and
0, respectively. Also, the address of the faulty word is
stored in the corresponding configuration register of the
reconfigurable priority address encoder.

3) If the test and repair is completed, then the CAM
is operated in normal operation mode. Otherwise, the
above step is performed repeatedly.

C. Proposed Reconfigurable Priority Address Encoder

A typical repairable CAM uses shift redundancy technique
[25] to swap defective words. As Fig. 6 shows, the CAM
has been equipped with the shift redundancy reconfiguration
scheme. To swap a defective row, multiplexers are added in the
output of the address decoder and in the input of the priority
address encoder. However, if more spare rows are needed for
improving the yield of the CAM, then the number of levels of
two-input multiplexers is increased. This results in high delay
penalty. For example, if a CAM has three spare rows, then the

number of levels of multiplexers is three as shown in Fig. 6.
However, the critical operation of a CAM is the Compare
operation and the delay of match lines has heavy impact on
the speed of Compare operation. Therefore, the number of
levels of multiplexers between the CAM array and the priority
address encoder has heavy impact on the speed of the Compare
operation. Clearly, the shift redundancy scheme is not goodfor
a CAM with multiple spare words.
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Subsequently, we propose a reconfigurable priority address
encoder to swap defective words. The reconfigurable priority
address encoder incurs a small delay penalty. Moreover, the
delay penalty is constant regardless of the number of spare
words implemented in a CAM. A typical priority address
encoder consists of a prefix computation logic and an address
encoder. The prefix computation logic allows the highest
priority match signal to pass and the other match signals are
blocked. For example, if a CAM with 4 words and a Compare
operation results in match signals as (M0 M1 M2 M3) =
(1010), then the prefix computation logic transfers the match
signals into (PE0 PE1 PE2 PE3) = (1000), where the lowest
address having the highest priority is assumed.

In the proposed reconfigurable priority address encoder, a
remapping circuit is designed in the address encoder. Assume
that a CAM with N words and the address width isX .
That is, X = log2N . Figure 7 shows a conceptual block
diagram of the reconfigurable priority address encoder which
can skipk defective words. The address encoder of a priority
address encoder is usually designed with dynamic logic. As
Fig. 7 shows, the address encoder consists ofN slices. In
each slice, the PEi signal is connected to the inputs of
NMOS transistors of the address encoder slice. Since only
one of the PE signals will be logic 1, the A[j] of all the
address encoder slices are wired. Then the address encoder
can encode the highest priority address according to the PE
signals. In the reconfigurable priority address encoder, a logic
correcting circuit is added in the address encoder to correct
the encoding process. The logic correcting circuit realizes a
subtract function. The input of the logic correcting circuit is
the state of the corresponding faulty flags, FF[k − 1 : 0]. The
content of the faulty flags reports the number of faulty rows
detected.



5

PE0

PE1

PEN−1

0M

M

M

1

N−1

Logic 

Circuits
Correcting 

PE

FF[0]

FF[k−1]

N−1

A[0] A[1] A[X−1]

(Highest Priority
A[X−1:0]

Matched Address)

P
refix C

om
putation Logic

Address Encoder

Slice 0

Slice 1

Slice N−1

Fig. 7. The proposed reconfiguration scheme with faulty flagsfor a CAM
with N words.

Figure 8 shows an example for explaining the proposed
reconfigurable priority address encoder further. Assume that
the words with address 1 and 3 are defective. If a word is good,
then the corresponding faulty flag is set to 0. Once a faulty
word is detected by the BIST circuit, then the corresponding
faulty flags of the word and subsequent words are set to 1.
Similarly, if the BIST detects the second faulty word, then
the faulty flags of the words after the second faulty word
are set to 2. In a similar way, all the faulty flags of all the
words can be set. When the CAM is operated at normal mode
and a Compare operation is performed, the match address can
be corrected by the logic correcting circuit according to the
contents of the faulty flags. As Fig. 8 shows, if a Compare
operation is executed and the sixth word is the same as the
compared data, then the matched address 101 is corrected by
subtracting 010. Thus, the correct matched address is 011.
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We have designed different reconfigurable priority address
encoders for a 32 CAM words with different number of spare
words. Also, the Hspice simulator is used to simulate the
performance penalty of those reconfigurable priority address

encoders. Figure 9 shows the delay penalty caused by the
reconfigurable priority address encoder and the typical shift
redundancy technique for supporting different number of spare
words. As Fig. 9 shows, the delay penalty incurred by the
reconfigurable priority address encoder is 0.58ns regardless of
the number of spare words. We also have designed a priority
address encoder without any reconfiguration scheme and the
delay of the priority address encoder is about 3.5ns in 0.18µm
technology. Thus, if the proposed scheme is used, the delay
overhead is always 16.5%. However, the delay overhead of
the shift redundancy technique ranges from 16.5% to 40%.
The proposed reconfiguration scheme only affect the delay of
priority encoder. Typically, a CAM is designed as a pipelined
structure and the priority address encoder is one pipeline stage.
If the delay of the priority address encoder is larger than the
delay of matchline, then the delay penalty incurred by the
priority address encoder does not have any influence on the
performance of CAM. Furthermore, the proposed reconfigu-
ration scheme does not deteriorate routing complexity in the
CAM array and the spare words.
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IV. BIST IMPLEMENTATION

Since a CAM cell consists of two RAM cells and one com-
parison logic circuit, the functional faults of CAMs consists
of two types of faults: RAM faults and comparison faults.
Differing from a BIST circuit for RAMs, therefore, a BIST
circuit for CAMs should be able to generate test algorithms
which can detect RAM faults and comparison faults. For
example, the March-like test (MLT-1) reported in [18] can
cover the RAM and comparison faults of a CAM. The MLT-1
is described as follows:

MLT-1 = {m (w1);⇑ (w0, cP0, w1);⇑ (r1, w0);

(cP
ω(0)
1

, cP
ω(1)
1

, . . . , cP
ω(W−1)
1

);

⇓ (w1, cP1, w0);⇓ (r0, w1);

(cP
ω(0)
0

, cP
ω(1)
0

, . . . , cP
ω(W−1)
0

)}

The MLT-1 algorithm consists of seven test elements. A test
element is delimited by parentheses. Each test element consists
of a number of CAM operations, possibly with a predefined
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address sequence, which can be ascending (⇑), descending
(⇓), or either way(m). The compared patterns can be masked
or non-masked patterns. A masked pattern is obtained from
an input pattern filtered by the value of the Mask Register.
Here the mask pattern is denoted byω(i) = 2W − 1 − 2i,
whereW is the width of a word. The CAM operations are:
1) wD: write an input patternD (a binary word, with0 and
1 indicating the all-0 and all-1 patterns, respectively); 2)rD:
read an expected dataD; 3) cPM

D : given the mask pattern
M , compare an input patternD with all words in the CAM,
where theM can be omitted if no masking is needed. Note that
each Compare operation within the 4th and 7th test elements
of the MLT-1 is performed on all words of a CAM, so no
predefined address sequence is needed. Also, the number of
test operations depends on the width of a word.

Fig. 10 shows the block diagram of the BIST circuit, which
consists of an instruction register, a decoder, a controller
(CTR), a test pattern generator (TPG), and a comparator.
The BIST circuit can generate different test algorithms by
representing a test element with a test instruction. The defined
instruction format is shown in Fig. 11, which is similar to
that used in [26]. The U/D (Up/Down) field denotes that a
test element is performed in ascending or descending address
sequence. The C (Compare) field represents that a test element
with Compare operation or not. The OP (operation) encodes
different combinations of test operations in a test element.
Here we use four bits to encode 16 possible combinations
of test operations. The x-bit DB (data background) denotes
the applied data background of a test element. The value
x is related to the word width of the CAM under test. To
perform a March-like test algorithm, multiple test instructions
should be applied to the BIST circuit. A test instruction is first
imported into the Instruction Register by asserting the signal
shift en and then the instruction can be uploaded into the
Decoder Register by asserting the signal update. Subsequently,
the TPG can generate test operations according to the applied
instruction. Here the TPG can generate March test algorithms
for detecting RAM faults and March-like test algorithms
[21] for detecting comparison faults. The CTR handles the
operations of the TPG and comparator. Also, it can generate
control signals for the CAM.
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V. A NALYSIS AND SIMULATION RESULTS

We first analyze the improvement of reliability of the CAM
with the proposed BISR scheme. The reliability of the CAM
should include the CAM array and the priority encoder. Since
the proposed repair scheme only can enhance the reliability
of the CAM array, we only evaluate the reliability of the
CAM array. However, the reliability of the CAM can easily be
obtained by the product of the reliability of the CAM array and
the reliability of the priority encoder. Assume thatn and m
represent the number of words and columns of a CAM array.
Also, r denotes the number of spare words. Suppose that each
CAM cell becomes faulty randomly and independently with
a constant failure rateλ. Therefore, the cell reliability can be
estimated ase−λt and the reliability of a row can be calculated
ase−λmt. Then, the reliability of a CAM withr spare words
can be calculated as [27]

Reliabilityrow =
r∑

i=0

(n+r
i )·(e−λmt)n+r−i ·(1−e−λmt)i (1)

Figure 12 shows the reliability of a CAM with different
numbers of spare rows, where the failure rateλ=0.0002 is
assumed. We see that if one spare word is added, then the
reliability of the CAM is doubled. Since the performance
degradation incurred by the proposed reconfiguration mech-
anism is constant regardless of the number of spare words,
one can add more spare words to boost the reliability of the
CAM.

10 20 30 40
Time

0.2

0.4

0.6

0.8

1.0

Reliability

7 spares

3 spares

1 spare

0 spare

Fig. 12. Reliability of a CAM with different number of spare rows when
the failure rateλ is 0.0002

Subsequently, the area overhead of the proposed BISR
scheme is estimated. We have implemented the BIST circuit
using 0.18um standard cell library. Table I summarizes the
area cost and delay of the BIST circuits for various CAM
configurations. In this table, the area cost of CAM is estimated
based on the physical layout area of a CAM cell. As the table
shows, the area overhead of the BIST design is only about
2.7% for a 256×128-bit CAM.
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TABLE I
AREA OF THE PROPOSEDBIST SCHEME FOR DIFFERENTCAM

CONFIGURATIONS

CAM CAM Critical path BIST Gate Area
Conf. area(um

2) delay (ns) area (um
2) Count OH

32×64 138,594 1.31 1,1010 1101 7.9%
64×64 220,660 1.43 1,4390 1439 6.5%
128×64 384,791 1.60 2,0031 2003 5.2%
256×128 1,156,131 1.60 3,1627 3162 2.7%
512×128 2,220,609 2.31 5,4702 5470 2.5%

Finally, the area overhead of the NWA register, the valid
flags, and the faulty flags for implementing a self-repairable
CAM is estimated. In the CAM array part, we only consider
the area overhead of the NWA registers, the empty flags,
and the faulty flags. Letx denote the number of bits of row
address. Thus, the width of the NWA isx. Also, let E andF
denote the number of bits of the empty flags and the faulty
flags, respectively. We estimate the area ratio of a D-type flip
flop to a CAM cell in terms of the number of transistors.
The D-type flip flop is designed with TSPC structure. So, the
number of transistors in a D-type flip flop is 11. The CAM
cell is implemented with two SRAM cells and a 4-transistor
comparison logic. Thus, the number of transistors of a CAM
cell is 16. Therefore, the area overhead of the NWA register,
the valid flags, and the faulty flags with respect to the area of
a CAM can be expressed as

HOarray =
(x + nE + nF ) × 11

n × m × 16
(2)

If seven spare rows are used in a CAM, then the area overhead
of the NWA register, the valid flags, and faulty flags with
respect to different CAM configurations is summarized in
Table II. As Table II shows, the area overhead is about 2.17%
for a 256×128- bit CAM. As shown above, the area cost
of the BIST circuit for a 256×128-bit CAM is about 2.7%.
Therefore, the BISR circuit for a 256×128-bit CAM is about
4.87%.

TABLE II
THE HARDWARE OVERHEAD RATIOS OF THE EMPTY FLAGS, THE FAULTY

FLAGS, AND NWA REGISTERS WITH DIFFERENTCAM CONFIGURATIONS

Configuration NWA Empty Faulty Hardware
register bit bit overhead (%)

32×64 5 1 3 4.46
64×64 6 1 3 4.40
128×64 7 1 3 4.36
256×128 8 1 3 2.17
512×128 9 1 3 2.16

VI. CONCLUSIONS

In this paper we have proposed a simple and effective BISR
scheme for CAMs. A reconfigurable priority address encoder
has been proposed to skip faulty rows of a defective CAM. The
delay penalty incurred by the reconfigurable priority address
encoder is regardless of the number of spare rows. Analysis
and simulation results show that the proposed BISR scheme
can significantly improve the reliability of the CAM. The area
cost of the BISR design is only about 4.87% for a 256×128-bit
CAM with 7 spare words.
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L IST OF CHANGES

We deeply appreciate the associate editor and the reviewers
for their valuable comments. According to the comments, we
revise the paper in many aspects as listed below to improve
its quality.

Response to Associate Editor’s Comments

This submission has received mostly positive review com-
ments. However, the reviewers still have a number of concerns,
as stated in their review report. The authors are encouraged
to read these review comments very carefully, make due
improvements/changes, and resubmit the improved manuscript
with a letter highlighting all the changes and reasons for not
making change suggested by the reviewers.

Thank you for your kindly reminder. We have carefully
polished and revised the paper according to the associate
editor’s and reviewers’ comments. Detailed revisions and
responses are listed below. Thanks.

Response to Reviewer 1

This manuscript is well written and organized. The topic
of this work is very important for today’s SOC designs.
Experimental results show that the reliability and yield of
CAMs can be improved significantly with a small amount of
hardware overhead. My suggestion is that this manuscript can
be accepted if the following minor revisions are made.

1) There are some typos in this manuscript. They should
be corrected to improve the quality of this article.
Thanks a lot for your careful review to catch the errors.
We have corrected these typos. Thanks.

2) Some contents are the repeated copy of previous para-
graphs. It is better to improve it.
Thanks a lot for your careful review to catch the error.
We have removed the repeated content from the paper.
Thanks.

3) Although a new reconfiguration scheme is proposed,
however, the proposed techniques still require to steer
the word lines. If the shift redundancy technique is used,
the routing complexity for the multiplexers will be high.
With the proposed reconfiguration scheme, the CAM
swaps the defective words by generating a new address
when performing a Write operation and correcting the
final matched address when performing a Compare
operation. So the CAM does not need the shift re-
dundancy technique and the proposed reconfiguration
scheme doest not affect the routing complexity of CAM
array. Thanks.

Response to Reviewer 2

1) This paper addresses a very interesting topic on the
BISR for CAM. The authors have applied this skill
on the BISR of TCAM. In general, the TCAM can
be popularly used in the communication routing table.
Do there have any special considerations for the routing
table when using the proposed method.

The proposed BISR scheme is particularly proposed for
a CAM applied for routing tables. We have explained
this in more details in Section II-B. Thus, there is no
limitation while using the repaired CAM as a routing
table. Thanks.

2) For the priority encoder reconfigurable circuit, the au-
thors have given some discussions regarding the delay
comparison between shift redundancy and their method.
Although the delay effect is independent of the number
of spare cells, the authors should indicate how the
overhead of priority circuit while considering the delay.
Similarly, the authors have to consider the delay effects
induced from the priority circuit. Does the delay effect
have any influence on the performance of TCAM?
We have designed a priority address encoder without any
reconfiguration scheme for 32 CAM words and the delay
of the priority address encoder is about 3.5ns in 0.18µm
technology. If the proposed scheme is used, the delay
overhead is 16.5% regardless of the number of supported
spare words. However, the delay overhead of the shift
redundancy technique ranges from 16.5% to 40%. The
proposed reconfiguration scheme only affect the delay
of priority encoder. Typically, a CAM is designed as a
pipelined structure and the priority address encoder is
one pipeline stage. If the delay of the priority address
encoder is larger than the delay of matchline, then the
delay penalty incurred by the priority address encoder
does not have any influence on the performance of
CAM. We have explained this in more details in the last
paragraph of Section III-C

3) The authors have evaluated the reliability for their
proposed work; however, the authors should include
the consideration of priority encoder reliability while
considering the total TCAM reliability.
It is right. The reliability of the CAM should also include
the priority encoder. Since the proposed repair scheme
only can enhance the reliability of the CAM array, we
only evaluate the reliability of the CAM array. The
reliability of the CAM can easily be obtained by the
product of the reliability of the CAM array and the
reliability of the priority encoder. We have explained this
in Section V. Thanks.

Response to Reviewer 3

This paper presents a BIST scheme for CAM. This work
proposed a reconfigurable priority address decoder to skip
faulty rows.

1) The second paragraph of Sec. III A is related to previous
works; it is suggested that this paragraph be moved to
the introduction.
Thanks a lot for your careful review to catch the error.
We have removed the repeated content from the paper.
Thanks.

2) The proposed technique is specific for CAM with
address-input-free writing scheme. Please explain how
this may limit applicability.
The address-input-free-writing scheme is designed for
generating written address automatically. However,
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users can still designate a written address from the
external address input port as Fig. 3(a) shows. The only
limitation is that if the address is applied externally,
the users should skip the faulty words according to the
content of the valid flags of the CAM words. We have
explained this in the second paragraph of Section III-B.
Thanks.


