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Abstract— TCAM is the ternary content addressable 

memory which performs searching operation very speed. 

TCAMs have certain limitations such as low storage density, 

relatively slow access time, low scalability, complex 

circuitry, and are very expensive. In the proposed method 

TCAM is configured with Spin Transfer Torque RAM 

(STT-RAM). Spin transfer torque is used to reduce the static 

power and for storage purpose. Its operation is based on 

magnetic properties of special materials whose magnetic 

orientation can be controlled and sensed using electrical 

signals. The static power is reduced by the transistors which 

are turned on only for cells involved in read or write 

operations, thus not consuming any leakage power. The 

circuit has been designed and simulated using Tanner Tool. 

The proposed technique achieves 50% power saving and 

delay decreases up to 81% and it will be implemented in 

Spartan-6 for ATM applications. 
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I. INTRODUCTION 

Ternary content addressable memory is a memory which 

searches its data by contents rather than by an address. 

TCAM has the ability to search the data items in three 

possible states such as 0, 1, and don‟t care condition 

(“x”).STT-RAM is the spin transfer torque RAM. It is the 

nonvolatile memory. Compared to SRAM it has less reading 

time and low power static power consumption. This 

Proposed design is designed by tanner tool, which is used to 

design realization model of TCAM with STT-RAM. 

II. TCAM WITH STT-RAM 

A. STT-RAM: 

STT-RAM cell consists of one access transistor and one 

magnetic tunnel junction element. In this structure, the 

transistors are turned on only for cells involved in read or 

write operations. Because all other cells are in off condition, 

STT-RAM cells are generally considered as not consuming 

any leakage power, that is, the only source of leakage power 

in STT-RAM is its peripheral circuits. 

 
Fig. 1: STT-RAM 

B. Architecture: 

The overall architecture of TCAM with STT-RAM is 

depicted in Fig. 2 where each layer represents the 

architecture shown in Fig. 3. It has L layers and a CAM 

priority encoder (CPE) and outputs are obtained at a 

potential match address (PMA). The PMAs are passed to 

CPE, which selects match address (MA) among PMAs. 

 
Fig. 2: TCAM with STT-RAM block diagram 

C. Layer Architecture: 

Layer architecture is shown in Fig. 3. It contains N 

validation memories (VMs), 1-bit AND operation, N 

original address table address memories (OATAMs), N 

original address tables (OATs), K-bit AND operation, and a 

layer priority encoder (LPE).The new architecture has the 

same operation as the conventional SRAM based TCAM. 

The only modification is that in OATAM and OAT block 

we used the STT-RAM instead of SRAM. 

D. VM: 

Size of each VM is 2w × 1 bits where w represents the 

number of bits in each sub word and 2w shows the number 

of rows. A sub word of w bits implies that it has total 

combinations of 2w where each combination represents a 

sub word. This expansion is also similar to OATAM and 

OAT. Every sub word acts as an address to VM. If the 

memory location be invoked by a sub word is high, it means 

that the input sub word is present, otherwise absent.  



Realization of TCAM using STT-RAM for ATM Applications 

 (IJSRD/Vol. 2/Issue 12/2015/155) 

 

 All rights reserved by www.ijsrd.com 595 

 
Fig. 3: Layer architecture for 2 bits 

1) 1-bit AND Operation: 

It ANDs the output of all VMs contents. The output of 1-bit 

AND operation decides the continuation of a search 

operation. If the result of 1-bit AND operation is high, then 

it permits the continuation of a search operation, otherwise 

mismatch occurs in the corresponding layer. 

2) Original Address Table Address Memory: 

Each OATAM is of   2w × w bits where 2w is the number of 

rows and each row has w bits. In OATAM, an address is 

stored at the memory location indexed by a sub word and 

that address is then used to invoke a row from its 

corresponding OAT. If a sub word in VM is mapped, then a 

corresponding address is also stored in OATAM at a 

memory location accessed by the sub word. 

3) Original Address Table: 

OAT dimensions  are 2w× K where w is the number of bits 

in a sub word, 2w represents number of rows, and K is the 

number of bits in each row where each bit represents an 

original address. Here K is a subset of original addresses. 

OAT is which considers the storage of original addresses.     

4) K-bit AND Operation: 

It ANDs bit-by-bit values from all OATs and provides the 

result to LPE. 

5) Layer Priority Encoder: 

The LPE selects PMA from the outputs of K-bit AND 

operation. 

Ease  

III. OPERATION 

A. Mapping Operation: 

TCAM table is partitioned as logical wise into hybrid 

partitions. Each partition is then elaborated into binary 

values. Initially, it expand „x’ into states 0 and 1 to be stored 

in STT-RAM. For example, if we have a TCAM word of 

010x, then it is expanded into 0100 and 0101. Each sub 

word, acting as an address, is applied to its specific VM and 

logic “1” is written at that memory location. The same sub 

word is also applied to its respective OATAM and w bits 

data are written at that memory location. When we search, 

these w bits data act as an address to the OAT. The K bits 

data are also written at the memory location in OAT 

determined by its corresponding OATA..All hybrid 

partitions are mapped. A sub word in a hybrid partition can 

be present at multiple locations. So, it is mapped in its 

corresponding VM and its original address(es) is/are 

mapped to its/their corresponding bit(s) in its respective 

OAT. Since a single bit in OAT represents an original 

address, only those memory locations in VMs and address 

positions/ original addresses in OATs are high, which are 

mapped while remaining memory locations and address 

positions are set to low in VMs and OATs, respectively. 

ADDRESS TERNARY DATA LAYER 

 00 11  

0 01 01  

1 HP11 HP12 1 

 0x11 11  

2 11 1x  

3 HP21 HP22 2 

Table 1: TCAM Table and Hybrid Partitions 

B. Search Operation: 

Sub words are applied to a layer. The sub words then read 

out their corresponding memory locations from their 

respective VMs. If all VMs validate their corresponding sub 

words (equivalent to 1-bit AND operation in Fig. 3), then 

searching will continue, otherwise mismatch occurs in the 

layer. Upon validation of all sub words, the sub words read 

out their corresponding memory locations from their 

corresponding OATAMs concurrently and output their 

corresponding OATAs. 

 All OATAs then read out K-bit rows from their 

corresponding OATs simultaneously, which are then bitwise 

AND ed. If those sub words are not present in the certain 

VM, OATAM and OAT block then that block is not 

activated by using STT-RAM which activates the necessary 

blocks only. So that the leakage power is not consumed. 

LPE selects PMA from the result of the K-bit AND 

operation. CAM priority encoder (CPE) selects Matched 

Address (MA) among PMAs; otherwise a mismatch of the 

input word occurs.    

Address 
VM 

21      22 

OATAM 

21        22 
OAT21 OAT22 

0 

1 

2 

3 

1          0 

0          0 

1          1 

1          1 

0          - 

1          - 

-          0 

2         1 

10 

10 

01 

00 

01 

11 

00 

00 

Table 2: Data Mapping Table 

IV. SIMULATION RESULTS 

This chapter deals with the simulation results of the existing 

system and proposed system concentrates on the modified 

circuit such as STT-RAM with TCAM. This chapter 

presents circuits and waveforms of the simulation for 

various input/output parameters using Tanner EDA Tool. 

The proposed results have been compared with the existing 

results. 
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A. Power Estimation of TCAM with STT-RAM: 

 
Fig. 4: Power Estimation of TCAM with STT-RAM 

 Figure shows the power estimation of TCAM with 

STT-RAM in which the average power is low. 

 
Fig. 5: Simulation Result of TCAM with STT-RAM 

 Figure shows the Simulation result of TCAM with 

STT-RAM.MA will get high when search word is present.  

B. Power Comparison Table: 

WORK 
MAXIMUM 

POWER 

AVERAGE 

POWER 
DELAY 

Existing 

work 
5.646*10^-3 4.960*10^-4 

6.110*10^-

8 

Proposed 

work 
6.248*10^-8 2.104*10^-4 

1.106*10^-

8 

Table 3: Power Comparison Table 

 Table shows the power comparison table which 

shows the proposed work consumes less power. 

V. CONCLUSION AND FUTURE WORK 

This project presents a memory for high searching of 

contents and low power consumption. The proposed STT-

RAM memory reduces the static power consumption by the 

transistors are turned on only for cells involved in read or 

write operations. When compared to Conventional TCAM 

with SRAM memory, an effective speed and average power 

consumption was obtained from the proposed TCAM with 

STT-RAM. The power estimation is done through Tanner 

tool version 13.0 with 130 nm CMOS technology. Both the 

static and dynamic powers can be measured using tanner 

tool. It provides the exact power also. The design can work 

at a supply Voltage down to 0.5V. 

 Future work is to use advanced memory. From the 

result analysis it is clear that the proposed method makes the 

exhaustive search and low leakage power. Search latency for 

each design is three clock cycles. Further leakage power can 

also be decreased by using SOT-RAM memory used. FPGA 

implementation is a big plus for Z-TCAM. Resources 

utilization, speed, and power consumption for a different 

situation for the example designs on FPGA as well as in 

ASIC have been tabulated and it can be used to implement 

in ATM applications. 
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