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Abstract- Static Random Access
Memory plays a major role in many
applications. Now a day’s 9-Transistor multi-
threshold Static Random Access Memory
macro with equalized bit line leakage and a
content-addressable- memory-assisted write
performance boosting technique is used for
energy efficiency improvement. In 9-
Transistor Static Random Access Memory A
3- Transistors grouped to form a read port to
equalize Read Bit Line leakage and to
improve Read Bit line sensing margin by
eliminating data-dependence on bit line
leakage current. A miniature Content
Addressable Memory-Assisted circuit is
integrated to conceal the slow data
development with High Voltage Threshold
devices after data flipping in write operation
and therefore enhance the write performance
for energy efficiency. 9-Transistor Static
Random Access Memory cell with equalized
bit line leakage fosters Static Random Access
Memory read operation at ultra-low voltage.
Minimum energy of 2.07 PJ is achieved at 0.4
V with 40.3% improvement compared to the
Static Random Access Memory Energy
efficiency is enhanced by 29.4% by the
proposed Content Addressable Memory-
Assisted circuit. In order to reduce the power
consumption further, Ternary Content
Addressable Memory is used in many
applications. When compared with Content
Addressable Memory, Ternary Content
Addressable Memory reduces 10% of power
consumption.
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SRAMs have achieved ultra-low
power/energy through supply scaling. However,
they suffer from various design issues mainly
caused by reduced I, -to- I,¢ ratio combined
with large variations. Under severely scaled
supply voltage, cell stability and bit line sensing
margin of 6T SRAMs degrade dramatically due
to the significant impact of disturbing current
and bit line leakage. To handle it, an 8T
differential SRAM cell has been proposed to
inject identical leakage current into the
differential bit lines, eliminating the differential
offset voltage from the leakage. However, in
general, decoupled SRAM cells are preferable
in weak-inversion regime to make the read
static-noise-margin (SNM) identical to the hold
SNM. Moreover, the dedicated read port enables
a faster read operation with no disturbing current
to cell nodes.

Several design techniques are used to
foster an energy efficient SRAM in a wide range
of supply voltages with the following features: 1)
a decoupled 9T SRAM[2] cell with an improved
SNM compared to the 6T cell; ii) a 3T read port
for equalizing RBL leakage and augmenting bit
line swing; iii) utilizing MTCMOS technology
for minimizing leakage in 6T write part and
maximizing SRAM performance in read port;
iv) a CAM-assisted circuit technique for
improving the energy efficiency by boosting the
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write speed. The proposed circuit techniques are
demonstrated by a 16 kb SRAM test macro
(including the CAM)[3] fabricated in a 65 nm
CMOS technology.

Content-Addressable Memory (CAM) is
a memory that implements the lookup-table
function in a single clock cycle using dedicated
comparison circuitry. Besides, Ternary Content-
Addressable Memory (TCAM)[S] is one of
Content-Addressable Memory (CAM). In this
midterm will introduce the Content-Address
Memory. TCAM is an important component for
many applications especially for network. For
TCAM-based networking system, the rapidly
growing size of routing tables brings with it the
challenge to design higher search speeds and
lower power consumption.

II. EXISTING TECHNIQUE

A. CAM- Assisted 9T SRAM Circuit

The primary role of the CAM is to store
most recent write addresses and data for possible
subsequent read access till the data written into
the main SRAM[2] array is fully developed.
During write operation, data is written into the
main SRAM array (through the SRAM write
path) and the miniature SRAM array (through
the CAM write path). The write address is stored
in the CAM array. The write address and the
data in the CAM can be accessed in the
succeeding cycles since the proposed CAM is
implemented with LVT devices. In Figure 1,
During read operation, the main SRAM array is
accessed for normal read operation, and the
CAM array is simultaneously searched using the
read address as search data. If the read address is
not found in the CAM array, the cells that are
written in the preceding cycles couldn't be
accessed. Thus, the selection signal from the
encoder will select the read data from the main
SRAM array as the final data through MUX. If
an address match occurs by a subsequent read-
after-write operation, the encoder enables a word
line signal corresponding to the matched
address. 6
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The word line activates reading data
from the SRAM array and later the data is sent
to MUX. Finally, using the selection signal from
the encoder, MUX will select the data from the
proposed CAM as the final data. In this case, the
read data from the main SRAM array cannot be
used as the final data since the data written in
the previous cycle has not been fully developed
due to the slow development speed of the latches
using HVT devices. Therefore, the read data
from the CAM should be selected as the final
read data. Through this, the write performance is
determined by the read operation or the data
flipping delay, not by the slower full
development delay. As a result, instant read-
after-write operation for the same address is
executable without slowing down the clock
frequency for providing full data development in
the main SRAM array.

Write Phase Read Pha

o
(o]

9T Cell

MC ]

SRAM Read EI

Decoder
SRAM Write ¥
Decoder

Main Main
SRAM Array SRAM Array

ADDR
DATA -

CTRL Data Path ADDR CTRL Data Path

Figure 1: CAM operation

In the Figure 2 When a write operation
is asserted, the pointer enables one row, writing
the input address into the CAM array and the
data into the miniature SRAM array. When a
SRAM read operation is enabled, the address is
loaded into the search lines (SL<i> and SLB<i>
) of the CAM array. If the address is found from
the CAM array, the corresponding ML(s) will be
enabled. Otherwise, no ML is enabled and the
search operation finishes. If multiple MLs are
enabled, the encoder activates only one read
word line CAM_RWL corresponding to the most
recent write operation. The activated word line
enables reading data through read bit lines
CAM_RBL and sending the read data to MUX.

The energy dissipation by the proposed
CAM circuit[3] occupies a very small portion of
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the overall consumption. Simulation shows that
the CAM energy per read with search operation
is 59 ] at 0.4 V with frequency of 1 MHz To be
more flexible, data from CAM_RBL and
SRAM_RBL can bypass the MUX for separate
measurement A 16 kb SRAM test chip is
fabricated in a commercial 65 nm CMOS
technology with a nominal Vpp of 1.2 V. Power
of read and write operation is measured at the
maximum operating frequency. The read power
is larger than the write power due to the
precharging and discharging current in the read
bitlines. The average power is measured in the
supply range of interest, assuming equal
probability of performing read and write

operations.
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Figure 3: CAM Assisted SRAM Circuit

In Figure 3, The SRAM comprises two
main paths, an SRAM path and a CAM path.
The SRAM path consists of a 16 kb 9T SRAM
array (main SRAM array), decoders and data
I0s. The CAM path is composed of a tiny 48 b
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CAM array for storing addresses, a ring counter
as an address pointer, an encoder, and a
miniature SRAM array for storing write data.
The CAM array (Address) and the SRAM array
(Data) are implemented with LVT devices for
faster read, write, and parallel search to conceal
the slow full data development in the main
SRAM array.

The primary role of the CAM is to store
most recent write addresses and data for possible
subsequent read access till the data written into
the main SRAM array is fully developed. During
write operation, data is written into the main
SRAM array (through the SRAM write path)
and the miniature SRAM array (through the
CAM write path). The write address is stored in
the CAM array. The write address and the data
in the CAM can be accessed in the succeeding
cycles since the proposed CAM is implemented
with LVT devices.

[II. PROPOSED TECHNIQUE

A. Basic Flow of TCAM

Search Operation

Logical Operation

CAM operation

Figure 4: Flow of TCAM operation

In TCAM]S5] Three operations will take
place. They are Search operation, Logical
Operation and CAM operation. Search and
CAM operations are identical to both CAM and
TCAM. But the logical operation is carry out
only in the TCAM cell. This is the main
Difference between the CAM and TCAM. And
in CAM only two values can be processed ( 0’s
and 1’s), But in TCAM one additional value can
be process ((X) don’t care value) The NOR and
NAND cells that have been presented are binary
CAM cells. Such cells store either logic “0” or
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logic “1”. Ternary cells, in addition, store an “X”
value. The “X” value is a don’t care, that
represents both “0” and “1”, allowing a wildcard
operation. Wildcard operation means that an “X”
value stored in a cell causes a match regardless
of the input bit.

B. Proposed NOR Type CAM cell

TCAM cell consisting two types of
cells. They are NOR type and NAND type cell.
In NOR type cell the search transistors are
connected in series with the latches. So when
compare with normal CAM cell it additionally
performs logical operation. But NOR based
TCAM consume more power when compared
with normal CAM it is proved by the analysis.

TCAM provides single clock lookup,
however, it has several disadvantages compared
with SRAM. TCAM is not subjected to the
intense commercial competition found in the
RAM market. TCAM cell adds complexity to
the TCAM architecture.

Figure 5: NOR Type TCAM

C. Proposed NAND Type TCAM

In NAND based TCAM, search
transistors are connected in parallel manner. And
it consumes only less power when compare with
NOR based TCAM and normal CAM. So this
NAND based TCAM is used in many
applications like computer routers.
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Figure 6: NAND Type TCAM

D.  8X 8 NAND Type TCAM

Single bit TCAMs are connected in
series manner to form the 64 bit memory(
TCAM). This memory is used to store 64
redundant bits. The main difference between the
normal CAM and TCAM is in TCAM the over
writing operation is avoided. So this is used
applications such as Network routers.

IV. RESULTS AND DISCUSSIONS

The proposed circuit is simulated using
Tanner in the high-performance 180-nm
technology. The supply voltage used in the
simulation is 1.8 V. S-Edit is a schematic capture
tool that supports integrated analog simulation
with automatic conversion from cadence and
view draw schematics. Users can run
simulations and cross-probe from S-Edit,
making the design process real-time and more
efficient.

Figure 7: Simulation Result for the 8 X 8 NAND
Type TCAM
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Table 1: Power Comparison Table

Figure 10: Comparison of Average Power

NOR NAND
STRUCTURE | 9TSRAM | CAM | Type Type
TCAM | TCAM V. CONCLUSION
Technology 130nm 130n 130nm | 130nm Leakage and energy efficiency are
CMOS Ly prithary concerns for ultra-low voltage SRAM
Supply 1.8V 1.8V | 1.8V 1.8V desjen. CAM technique is used to implement an
Voltage 1 L fherey efficient SRAM  with reliable read
Power _1062287676 (}68004 ZO'SO% 1.15e- gperation under ultra-low voltage. 9T SRAM
Consumption Watts celll with equalized bit line leakage fosters
Watts Watts | Watts SRAM read operation at ultra-low voltage,
achieving read access time of 79 ns at 0.4 V and
) 0.85 s at 0.26 V, respectively. And a CAM-
A. Static Power Consumption assisted write performance boosting circuit is

used to speed up clock frequency. The test chip

Comparision Chart shows an average performance improvement of
29.4% with the aid of the proposed circuit
% 3,000.0 technique. For further reduction of power
2 2,500.0 A consumption TCAM technique is used here.
£ 2,000.0 Because of don’t care value the over writing
E 1,500.0 I \ operation is avoided which is happened in
ch 1,000.0 I \ —o— Static normal CAM.
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