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Abstract— Ternary content addressable memories 

are special type of memories that provides very high-

speed search operation. But when comparing with 

traditional Static Random Access Memory (SRAM), 

Ternary Content Addressable Memory (TCAM) suffers 

from certain drawbacks like low bit density, high cost, 

low scalability and lack of available flavors. So here is 

an area efficient novel architecture for TCAM based on 

hybrid partitioned SRAM. The design is equipped with 

gated-clocking scheme so that efficient power 

management is achieved. The architecture was verified 

by VHDL. 

Keywords— Field programmable gate array(FPGA), 

Linear Priority Encoder, Hybrid Partitioning, Gated 

clocking, ternary content addressable memory 

I.  INTRODUCTION  

Content addressable memories are type of 

memory used for high speed search operation. It is 

also known as associative storage or associative 

array. Binary CAM is simplest type of CAM which 

search according to the input data word consisting 

of only 1s and 0s. Ternary- CAM are special type 

of content addressable memory that allows a third 

important state “x” knows as don’t care or wild 

care. This allows TCAM to perform broader 

searches operations. Because of the parallel 

operation of TCAM, it is used in many applications 

like computer networking devices, data base 

engines, artificial neural network and intrusion 

prevention system. 

 

A single TCAM cell consists of two static 

random access memories and a comparison circuit. 

The addition of comparison circuit makes this 

typical TCAM architecture more complex than 

SRAM. When comparing with SRAM, the TCAM 

cells are not at all widely available. Also the access 

time of TCAM is 3.4 times more than that of 

SRAM cells. These factors have led to certain 

limitation to normal TCAM when compared to 

SRAM. So here hybrid partitioning of TCAM table 

is done to achieve the TCAM functionality with 

SRAM. 

 

In this work, economical memory mapping is 

done to make the TCAM architecture more area 

efficient. This has reduced the area of the 

architecture without affecting the processing time 

and delay of the TCAM. Also, the concept of gated 

clocking is introduced in TCAM design to achieve 

effective power management. 

II. TCAM ARCHITECTURE 

Traditional TCAM architecture is here tested 

and compared with the modified TCAM 

architecture. 

A. Hybrid Partitioning of TCAM Table 

The overall architecture of TCAM is built by 

hybrid partitioning the conventional TCAM table. 

Hybrid partitioning is the combination of vertical 

and horizontal partitioning. Vertical partitioning 

means column-wise partitioning and horizontal 

partitioning means row-wise partitioning of TCAM 

Table. 

The horizontally partitioned TCAM table is 

shown in Table 1. The layers are formed by vertical 

partitioning, and horizontal partitioning is done 

inside these layers. 

Here TCAM table is partitioned into two layers 

as layer 1 and layer 2 by vertical partitioning. 

Horizontal partitioning HP11, HP12, HP21 and 

HP22 are formed by dividing each of these layers . 

With the help of vertical partitioning the size of the 

memory can be effectively reduced. 

TABLE I 

HYBRID PARTITIONED TCAM TABLE 

address Ternary data layer 

0 

1 

10 

01  HP11 

10 

01  
HP12 

 

1 

2 

3 

0x 

11  HP21 

11 

1x  
HP22 

 

2 

 

B. Classical TCAM architecture 

 
Fig 1 shows the comprehensive architecture of 

TCAM. It consist of L layers and a CAM priority 
encoder (CPE). The output of the each layers is a 
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Probable match address(PME). These PMAs are 
given into the CPE which selects the match 
address(MA) among them. 

 

Fig 1. Overall architecture of TCAM 

       Fig 2 shows the classical TCAM layer 

architecture. It consist of validation memory, 1-bit 

AND operation, original address table address 

memory, k-bit AND operation and a layer priority 

encoder.  

 

 

 

Fig 2. Single layer architecture of TCAM 

 

       The validation memory is of size *1 where 

w represents the number of bits in each sub-word. 

And also it contains  rows. The sub-words are 

given first to the authorization memory. The sub-

words act as address to authorization memory. If 

the address location pointed by the sub-word is 

high, then it shows that the input words is present 

otherwise it is absent. Thus the AM checks for the 

presence or absence of a particular sub-word. Table 

II shows the mapping of sub-word 00,01 and 11. 

        The output from validation memory is given 

into the 1-bit AND operation module. The search 

operation is continued based on the output of this 

module. Search operation is sustained only if the 1-

bit AND operation leaves an output of logic high. 

Otherwise, searching stops. 

         In classical TCAM there is a memory module 

named original address table address memory. The 

enable signal from 1-bit AND operation along with 

the input sub-word is fed into this OATAM. It 

generates a corresponding OATA which is fed as 

input to Original address table (OAT) where the 

search word is actually stored. The output of OAT 

s are k-bit words which is then fed into the k-bit 

AND operation module from where the PMA is 

generated. 

TABLE II 
TCAM  DATA MAPPING 

 
 

C. Modified TCAM Architecture 

 The general architecture of TCAM is 

modified so that the architecture becomes more 

area efficient. This is done in such a way that the 

OATAM memory block in each layer is efficiently 

removed from the general architecture. Figure 3 

shows the modified TCAM architecture. 

 

 
 

Fig 3. Area efficient architecture of TCAM 

. 
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The sub-word sw is directly passed into the 

OATs and the output of 1-bit AND operation block 

is given to OATs which is in contrary to traditional 

architecture of TCAM. By this modification done 

the architecture seems to be more area efficient 

which is clearly understood from the synthesis 

results. 

  

In modified design the concept of clock gating is 

done at the coding section so that the architecture 

becomes more power efficient that classical 

TCAM. 

III. SEARCH OPERATION 

In the modified architecture a single layer 

ie, the original address table address memory is 

removed so that the area is efficiently utilized. Here 

the data mapping done in both classical TCAM and 

in modified TCAM are compared and evaluated. In 

classical TCAM, the TCAM table is logically 

partitioned into hybrid partitions. Each hybrid 

partition is then expanded into a binary version. 

The algorithm for search operation is shown below. 

TABLE III 

SEARCH OPERATION IN LAYER TWO 

 

Steps 

 

Activity 

1 Sub-word1=00 

Sub-word2=11 

2 Sub-word2 is applied to VM21 

Sub-word2 is applied to VM22 

3 Read out bit from VM21=1 

Read out bit from VM22 =1 

4 Have all VMs validated their sub-

words? 

5 If yes sustain search operation 

6 Read out data from OAT21 =10 

Read out data from OAT22 =11 

7 Result of K-bit AND operation = 10 

8 PMA= 2 

 

IV. RESULTS 

A. Simulation Results 

The performance analysis of classical TCAM is 

also verified as shown in fig. The area efficient 

hybrid partitioned TCAM architecture is analyzed, 

coded in VHDL and is simulated in Xilinx design 

suite 14.2 using ISim simulator. 

 

 
 

Fig 4. Simulation result of classical TCAM 

 

The major benefits processed by the modified 

architecture are its simpler architecture and easy 

scalability. The proposed TCAM follows the trend 

of general SRAM like availability and simplicity. It 

is much faster than traditional CAM architectures. 

The clock gating technique, based on the concept 

of switching off the unused parts with the help of 

enable and disable signals, employed in the 

modified design helps in power management also. 

 

 
 

Fig 5. Simulation result of area efficient TCAM 

 

B. Synthesis Results  

 
Fig 6. Device utilization of classical TCAM 
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Fig 7. Device utilization of area efficient TCAM 

 

C. Comparison of Results 

Table shows the comparison between classical 

TCAM and modified TCAM. From this it is clear 

that the modified version makes the architecture 

more area efficient without affecting the 

performance.                                                                   

TABLE III 

HYBRID PARTITIONED TCAM TABLE 

 

Parameter Area(slices 

out of 2448) 

Delay 

 

TCAM based on 

hybrid partitioned 

SRAM 

 

139 

 

4.040 

 

Area efficient 

TCAM 

 

105 

 

4.040 
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