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Abstract— Content Addressable Memory (CAM) is a special memory used in search engines for numerous applications, especially 

for packet forwarding in network routers. In this work, BCAM &TCAM is designed and the performances of these are compared 

using CNTFET, CMOS and SOI technologies in terms of delay and Power. Later, TCAM array has been designed using all the three 

technologies and compared in terms of power. In spite of the attractive features of TCAMs, TCAM designers face the high power 

consumption as one of the most critical challenges. Ternary CAMs are popular due to their searching operation which is based on the 

content whereas RAM does it on the basis of address. In this paper, Content Addressable Memory is designed, analyzed and 

simulated in CMOS, SOI and CNTFET technologies at 32nm technology using HSpice tool for high speed and low power. 
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I. INTRODUCTION 

 
The primary function of any memory system is writing and reading the data in the lookup table. Random access memory 

searches lookup table serially in the memory array and it requires more clock cycles to search the data. Thus, for large capacity 

memory, RAM is not suitable for high-speed search. Content addressable memory is a memory where access to memory 

location will be completed in single operation, hence the searching can be done at high speed. CAMs are used in packet 

classification and packet forwarding. CAMs are used in Routers in networking applications, ATM Switch, Ultra-high-speed 

data transmission, Gene pattern search in Bioinformatics. 

 

CAM is also called as a binary CAM as it operates with only two states logic zero and logic one and hence BCAM used for 

exact matching. Whereas the improved version of CAM is called as TCAM which stands for Ternary CAM having the 

operating states as logic zero, logic one and logic „x‟. Where „x‟ denotes the value of don‟t care state or unknown state. By 

using this TCAM, we can able to search for the third state also hence named as a Ternary CAM thereby increasing the 

flexibility in data search, bit „x‟ can be used for perform partial matching. 

 

II. TECHNOLOGIES USED 

 
Due to scaling of CMOS technology, the technology suffers from velocity saturation, Impact Ionization, Hot carrier effects and 

more power consumption. Because of this, research is going on to replace theexisting technology which provides advantages 

than existing technology. Such technologies are Silicon on Insulator (SOI) and Carbon Nanotube Field effect Transistor 

(CNTFET).In case of CNTFET, the channel is replaced by carbon nanotubes. CNTFET is mainly categorized in to single layer 

nanotube and multiple layer nanotubes where the graphite sheets are placed over one another in rolling fashion to form carbon 

nanotubes. By changing the radius of the tubes, threshold voltage can be changed thereby increasing the performance. 
 

Compared to single gate transistor, double gate transistor reduces the short channel effects to a greater extent. Also to reduce 

random dopant fluctuation, intrinsic channel is needed that can be achieved by fully-depleted silicon-on-insulator structure. In 

silicon on insulator, silicon layer is placed on the oxide layer that is placed on the silicon wafer. In this technology, resistivity of 

the substrate can be selected to reduce the capacitive coupling and the losses. One drawback of this technology is self-heating. 

 

 

III. CAM DESIGN 

 

CAM conceptual diagram is shown in Figure 1. It shows that the CAM store data words. There will be search bits for the n-bit 

input data. The data to be searched is the input data in the memory. The n-bit data which is to be compared is applied to the 
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search line while the comparison is done with the stored word list. There are words associated with the matching line for each 

store. This match line indicates whether the data placed on search lines matches with the data stored in the memory or not. If the 

data placed on search lines matches with the data stored in the memory, it is case of a match condition or else not the match 

condition. The matched line is supplied to the encoder. This encoder generates the matching addresses corresponding to match 

line. If more than one match line indicates the matching case, then the priority encoder may be used to generate matching 

memory location. Priority encoder provides the equivalent of the highest priority match line matches the address position. 

 

 
 

Fig. 1: CAM conceptual diagram 

 

A. Binary CAM 

A BCAM shown in the figure.2 is a memory made of 14 Transistors, in which 6T forms SRAM cell where the data will be 

stored. It also consists of matching circuit which can be made of XOR or XNOR circuit. But in this BCAM, matching circuit is 

made of XNOR circuit which is used to compare the data with the data which is stored in SRAM cell. The matching circuit is 

implemented by using XNOR logic using Transistors M7-M14 as shown in figure. 2. The data will be placed on the search line 

(SL) and then comparison will be done with the data stored in the memory cell. 

 

 

Fig. 2: Schematic of BCAM cell 
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B.  Ternary CAM 

Ternary CAM is a more versatile form of CAM which enables a complete prefix / mask to be stored. Binary CAM stores two' 1' 

and' 0' states. TCAMs can store a' don't-care' bit and requires twice as many logic gates as possible. Figure.3 shows a typical 

static 20 T TCAM cell. It consists of two SRAM memory cells for storing ternary data. The SEARCH, WRITE and READ 

operations are carried out in the same way as that of binary CAM cell. Masking can be achieved by pulling the search lines 

down to ground line. For ex, SL1= SL2='0 ' conducts masking around the world, and Vx= Vy='0 ' performs masking locally.  

 

 

 

 
 

Fig. 3: Schematic of Ternary CAM cell 

 

 

C. TCAM Array  

A 4x4 TCAM array block diagram which consists of 16 TCAM cell shown in Figure 4. A pair of search lines (SL1, SL2, SL1a, 

SL2a, SL1b, SL2b, SL1c, and SL2c) are linked to each cell in a column. Each horizontal lines are match line and word line. The 

data to be searched and data to be stored are compared and to do this comparison, the match line is used. The corresponding ML 

on a mismatch is discharged to 0. If matching is there, then ML will remain high. The data can be written to and read from each 

TCAM cell using WL line. 

A typical TCAM array chip comprises of TCAM cell along with match line sense amplifier and priority encoder. Because of 

partial matching, TCAM can result in numerous matches through match line sense amplifier and then the greatest priority match 

is determined by using a priority encoder. Typically, a TCAM's largest priority match is encoded in binary format to access the 

corresponding memory.  
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Fig. 4: TCAM Array 

 

 
IV. SIMULATION RESULTS 

 
In case of CAM, both read and write operations are carried out as in SRAM. In this paper, only the search operation is been 

discussed since concentration is on high speed with less delay. Search normal procedure takes place in three steps. Initially SL1 

and SL1c discharged to GND. Second, ML precharge to VDD. Then, the data is placed on search lines. If the data placed on the 

search lines and the data present in the memory cell are same, then ML remains at VDD showing match condition. If there is a 

mismatch, ML discharged to GND. During precharge condition, SL1 and SL1c must be discharged to GND to ensure that pull-

down routes are „OFF‟ and hence they do not clash with the pre-charge of ML. Coming to TCAM search, along with „0‟, „1‟, 

wild card condition „x‟ also will be considered.  

In case of TCAM array, there are 16 individual TCAM cells and each cell is connected with write line, match line, and two 

search lines. Writing line is used to feed the data to be stored. SL1 and SL1c are used to feed data which is to be searched in the 

TCAM array. Match line is used to show if the information stored and the search information are identical. Match line will be 

pre-charged to VDD at initial phase and once they do not match, then the match line pulls down to GND. Match line from all 

row is fed to matchline sense amplifier which makes sure that the match line output doesn‟t have any intermediate values. The 

output of the MLSA issupplied to the 4:2 priority encoder which gives the memory address based on the highest priority. 

 

 
 

Fig. 5:Search operation results in BCAM 
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Fig.6: Search operation results in TCAM 

 
 

Fig. 7: Search operation in TCAM 4 x 4 array 

 
The Average power and delay for TCAM, BCAM using CNTFET, SOI &CMOS technologies are shown in the table. The 

average power is shown for TCAM array using all the three technologies. 

 

Table I. Average power and Delay in CAM using different technologies 

 

 

 

 

 

 

 

 

 

 

 

 

Memory Cell Average Power(µW) Match 

Delay(Sec) 

BCAM using CMOS Technology  48.84 46.669p 

BCAM using SOI Technology 15.51 48.875p 

BCAM using CNTFET Technology  3.981 10.081p 

TCAM using CMOS Technology  97.2 8.0322n 

TCAM using SOI Technology  16.01 5.051n 

TCAM using CNTFET Technology  47.7 6.997n 
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Table II. Average power in TCAM array using different technologies 

 

 

 

 

 

 

 

 

 

V. CONCLUSION 

 
In this paper, TCAM and BCAM is designed using CNTFET, SOI & CMOS Technologies for search operation and simulated for 

average power and the match delay. By comparing CMOS technology with the other technology, it is concluded that the average 

power and the match delay both are reduced to greater extent in both the technologies. Then the 4x4 TCAM array has been 

designed and the same has been simulated by using all the three technologies for search operation. Average power is calculated 

and compared in all the technologies. Average power is reduced to great extent in SOI and CNTFET technology compared to 

CMOS technology. 
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Memory Cell Average Power(mW) 

TCAM array (CMOS Technology) 

 

168.8 

TCAM array (SOI Technology) 

 

107.3 

TCAM array (CNTFET Technology) 

 

48.3 
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