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Abstract—  Content-Addressable Memory (CAM) is a special type of 

memory, which is used in very-high speed searching applications. The 

other names of CAM are the associative memory, associative storage 

and the associative array, which is used for retrieving the contents with 

high speed based on the address. We proposed an XOR based content 

addressable memory with 8 transistors. The energy consumed by the 

proposed CAM design was lowered, when compared to the 

conventional low-power CAM design. The proposed method is used to 

design the Complementary Metal Oxide Semi Conductor (CMOS) 

technology based RAM-CAM memory architecture. The Euclidean 

distance based matching is used for comparing and retrieving the 

contents in the CAM based memory. The proposed CMOS technology 

is used to reduce the leakage power and the delay time in the 

transistors. The speed of the proposed method is increased by using the 

CAM method in searching and retrieving the content based on the 

address. The parameters considered for the design are energy, power, 

and the time.  

 
Index Terms—Content-Addressable Memory (CAM), Random Access 

Memory (RAM), Complementary Metal Oxide Semi Conductor 

(CMOS), Transistors. 

1. INTRODUCTION 

The Very Large Scale Integration (VLSI) design is the process of 

creating an Integrated Circuit (IC). The thousands of transistors 

are combined into a single chip. Before the introduction of VLSI 

technology the IC’s have a limited set of functions to perform. 

The electronic system consists of a CPU, RAM, ROM and other 

glue logic. The CMOS technology is used for the construction of 

the integrated circuits. The CMOS technology is used in the 

following devices such as: 

 Microprocessors 

 Microcontrollers 

 Static RAM  

 Digital logic circuits 

There are two important characteristics of CMOS devices 

such as: (1) The CMOS devices are immune to noise and (2) it 

consumed less power.   

Content addressable memory (CAM) is a special type of 

solid-state memory, which accesses the data by their contents 

rather than the physical locations. The data to be searched is 

compared in parallel against the stored entries. Each and every 

entry is associated with the tag to find the perfect match, which is 

used in the comparison process. The Random Access Memory 

(RAM) is the computer memory, which is accessed randomly. 

Ram is the common type of memory, which is found in several 

computers and other devices such as the printers. There are two 

types of RAM, they are: (1) Dynamic Random Access Memory 

(DRAM) and (2) Static Random Access Memory (SRAM). 

 

 
 

Fig 1. Typical Structure of the 4x4 CAM  

 

Fig 1 described the typical structure of CAM . The CAM 

array is divided into several equal sized sub-blocks, which is 

activated independently. The sub-blocks are activated and the 

input tag is compared with the few entries of the sub-blocks, 

while the rest of the sub-blocks are deactivated. From Fig.1 it is 

clear that the input tag is 1100 and the sub-blocks are searched 

and outputs the third sub-block.  

The existing system used 7-T NAND logic gate for the CAM 

cell design. The Match Line (ML) is analyzed and the ML is 

combined with the RAM. There are several approaches in the 

existing systems such as: (1) NOR based ML, (2) NAND based 

ML. The disadvantages of the existing system are: 

 The CAM consumed more power for 

processing 

 It has complex circuit design 

 It has high delay time  

The bit comparison is performed using the NAND based logic as 

a part of the Match-line circuitry. The structure of the NAND 

type is identical except for the position of the ML transistors. The 
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NAND type structure incorporates the significant delay. The 

delay is found to be around 12 ns for the  matching process. The 

TCAM was used normally for the design of high-speed look up 

intensive applications such as forwarding and classification of 

SRAM.  
The remainder of the paper is systematized as follows, 

Section II describes the literature review related to the low power 

CMOS technology and CAM based memory design. Section III 

illustrates the proposed architecture, and section IV describes the 

performance analysis of the proposed method. Section V 

illustrates the conclusion and future work of this paper.  

 

2. RELATED WORK 

This section illustrates the literature review related to the 

low power CMOS technology and CAM based memory design. 

Jarollahi, et al [1] proposed a low-power content addressable 

memory (CAM) for employing the associativity between the 

input tag and the address of the output data. The proposed method 

was based on the sparse clustered network, which eliminated the 

parallel comparisons performed during the search. Yang, et al [2] 

proposed a Pai-Sigma matchline scheme to reduce the search 

power of the Ternary Content Addressable Memory (TCAM). 

The NAND-NOR Matchline scheme was used to address the 

issues related to the charge sharing and the DC path. The 0.18µm 

CMOS technology was used to reduce the power consumed by 

the TCAM. Jarollahi, et al [3] proposed a sparse clustered neural 

network for achieving the optimal efficiency and large diversity. 

The parallel hardware implementation of Gripon-Berrou Neural 

Network (GBNN) was introduced in the proposed method. The 

proposed architecture was used in the applications of Data 

Mining and was embedded inside the processor chips to 

communicate with the memory units. Do, et al [4] introduced the 

parity bit, which leads to 39% of delay reduction in sensing and 

1% power overhead. The peak and the average power 

consumption was reduced by the proposed gated-power 

technique. Onizawa, et al  [5] introduced a reordered overlapped 

search mechanism for achieving a high-throughput and low-

energy CAM. A word circuit was divided into two sections that 

were sequentially searched to lower the power dissipations. 

Gripon and Berrou [6] introduced the two codes called the thrifty 

code and the clique code, which were the sub-families of binary 

constant weight codes. The sparse neural networks achieved an 

optimal performance. In order to achieve an optimal performance 

the two codes were introduced. Jarollahi, et al [7] introduced a 

Clustered Neural Network (CNN), which stored numerous 

messages than the traditional Hopfield Neural Network (HNN). 

The hardware architectures for such memories were also 

proposed. Peti, et al [8] presented a new hybrid scheme called the 

RAM-CAM register renaming scheme. The RAM-CAM scheme 

combined both the functionalities of the RAM and CAM 

registers. The power dissipated by the CAM renaming scheme 

was between 17% and 26% and consumed less energy than the 

RAM-based renaming scheme. Jarollahi, et al [9] proposed a 

new hardware architecture based on the Sparse Clustered 

Networks (SCN) and the method known as Selective Decoding 

SCN (SD-SCN). The proposed architecture were suitable for 

implementations with low retrieval latency, but were limited to 

small networks. Do, et al [10] proposed an efficient power ML 

sensing technique, which achieved a low power consumption. 

The fully parallel match line structure was introduced with an 

Automated Background Checking scheme (ABC). The two 

dummy rows were used by the ABC scheme. Wong, et al  [11] 

compared the Field Programmable Gate Array (FPGA) and the 

custom CMOS. The delay and the area of a comprehensive set of 

processors were implemented on the custom CMOS and FPGA. 

Gripon, et al  [12] introduced a low power CAM for employing a 

new mechanism for providing the associativity between the input 

tags and the address of the output data. The proposed architecture 

was based on the clustered sparse network. 0.13µm CMOS 

technology was used to reduce the power consumed by the 

CMOS technology. The NAND based architecture with higher 

number of transistors were constructed. Ullah, et al [13] 

presented  a novel memory architecture called the hybrid 

partitioned Static Random Access (SRAM) memory based 

ternary CAM. The TCAM has disadvantages such as low bit 

density and high cost per bit. Zhang, et al [14] presented a design 

of NOR-type CAM based on the Domain Wall (DW) motion in 

magnetic tracks. The CMOS switching and sensing circuits were 

shared globally to optimize the cell area. The CMOS 65 nm was 

used to evaluate the high performance. Liu, et al [15] proposed 

the first packet classification scheme, which used the Binary 

CAM (BCAM). The BCAM was similar to the TCAM but every 

bit has only two possible states such as 0 or 1. Number of 

optimizations techniques were also proposed including the skip 

lists, free expansion.  

 

3. PROPOSED METHOD 

This section elaborates the proposed CMOS based 

Random Access Memory (RAM)-Content Addressable Memory 

(CAM) design. The overall flow of our proposed work is depicted 

in the Fig 2. It has the following components,  

 SRAM CMOS Design 

 CAM CMOS Design 

 SCAN based enable Function 

 ML Sense Amplifier 

 

The input bit to be searched is given as input to the 

SRAM data register memory. The 6T is used for the SRAM 

design of the data register. The condition is checked and if the 

RAM data is equal to the CAM data, then the match line is 

enabled using the clock. The performance of the input is 

analyzed. The CAM array has a group of cell and it is based on 

the SCN based MLSA function. The CAM array cell consists of 

the following: 

 Bit line inputs 

 CAM cell design based on the XOR  

 Write and read content data. 
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Fig 2. Proposed CMOS technology based RAM-CAM memory design 

  

3.1 SRAM CMOS DESIGN 

Static Random Access Memory (SRAM) is the Random 

Access Memory (RAM), which retains the data in the memory as 

long it is being supplied with the power. The SRAM is the 

volatile type of memory. SRAM does not need to be refreshed 

periodically. The cache memory is designed using the SRAM 

technique. The 6T based SRAM CMOS design is first designed. 

The design was constructed to store the single bit value based on 

the bit line and he write line input. The design consists of two 

inverter cross connection. The two inverter cross connection is 

used for maintaining the given input data. The write line is set to 

1 for getting the data from the cross inverter circuit connection. 

3.2 CAM CMOS DESIGN 

 The Complementary metal-oxide semiconductor (CMOS) is 

the semiconductor technology, which is used in the transistors. 

Several microchips developed for the computers are using the 

CMOS technology. In CMOS technology two types of transistors 

are used such as: the positive type transistors (P-type Transistors) 

and the negative type transistors (N-type Transistors). The 8T 

XOR CAM CMOS design is constructed and is shown in Fig.3. 

The design consists of the two control line such as the Selection 

line and the Bit line for controlling the CAM cell. This process is 

used to find the address bit location and the address bit location is 

used to check the address level. The logic function is evaluated 

and applied to check the address level. The CAM block operates 

using the self timed control and an input controller. The CAM 

CMOS block contains the CAM block to operate in the timed 

manner and controlled manner.  

3.3 SCAN BASED ENABLE FUNCTION 

The SCAN based enable function is used for finding the 

CAM cell array result. The Scan based enable function is used to 

apply for the CAM and RAM data. The XOR gate is used for 

matching the SRAM data and the CAM data. The XOR gate is 

also used for inverting the activation results. The row values in 
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the CAM data are used for the registration of the input data bit. 

Then it is used for activating the ML function.  

3.4 ML SENSE AMPLIFIER  

The Match Line (ML) amplifier has  single energy 

storage element ant it is considered as a first order system. The 

ML scheme is used for saving the current and it has an active feed 

back. The Match Line amplifiers are used check the CAM data 

register and the RAM data  register value. The clock function is 

used to control the output of the matched line row and to get the 

address of the contents. The CAM cell array is mainly focused on 

the matched line process.  

In the proposed system, the CAM is a XOR logic gate 

based cell design. The ML sense amplifier is used for the data 

matching process. The proposed system processes the data and 

searches the data with high speed. The classifiers are constructed 

using the proposed architecture. The scale based enable process is 

used for finding the CAM cell array result. The XOR gate 

function is used to match the SRAM data and the CAM data and 

the results are inverted using the XOR based gate function. The 

ML sense amplifiers are used check the CAM data registers. The 

clock function is used for controlling the output matched row to 

retrieve the content address. The advantages of the proposed 

methods are: 

 The power consumed by the CAM is less 

 The design of the circuit is simple.  

 The selection process is very fast.  

 It is accurate that the existing methods 

 The distance is computed with high efficiency 

using the Euclidean distance based matching.  

 

 

 
 

Fig 3. Proposed Circuit Design using the XOR gate. 

 

4. PERFORMANCE ANALYSIS 

The performance of the proposed RAM-CAM memory 

design is compared with the existing NAND or NOR type CAM 

cell with the following metrics such as: 

 Processing Area 

 Power Consumption 

 Delay Time 

4.1 PROCESSING AREA 

The proposed RAM-CAM design totally reduced the 

size of the IC chip. The IC chip consists of several transistors 

involved in the design. If the transistor occupied more space, then 

the overall circuit is complicated. Hence, the area in the proposed 

method should be reduced. To reduce the area occupied by the 

single transistor the below formula is used. The area is calculated 

using the formula: 

 

                                                      (1) 

 

Where, LS denotes the length denotes the length of the single 

transistor and the total denotes the whole number of transistors 

used in the proposed RAM-CAM circuit. If the area of the single 

transistor is reduced, then the whole area in the circuit design is 

reduced. The area occupied by the transistors in the existing 

methods is 4.83 mm
2
. The area is reduced by 0.32 mm

2
 in the 

proposed RAM-CAM based on the CMOS technology. 

4.2 POWER CONSUMPTION 

The Power is defined as the ability to do some work. The 

amount of work is equivalent to the energy consumed per unit 

time. The integral of power is defined by the work performed. 

The proposed RAM-CAM design is used to reduce the power 

consumption. The existing system consumed the 94 mW power 

and the power consumption was reduced by 70 mW. If the area is 

reduced, then the power consumption was also reduced by the 

proposed method. Fig 4 showed the graph of the input values. 

The time is plotted against the power and showed that the 

proposed methods achieved very less power, when compared to 

the existing methods.  
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Fig 4. Power Consumption graph 

4.3 DELAY TIME 

The delay time in the proposed method is reduced by the 

proposed RAM-CAM method. The delay time in the existing 

methods is high. So, the delay time should be decreased in the 

proposed system. The delay time achieved in the proposed 

method is 2.2 ns. The existing method has 7 ns as the delay time. 

The delay time was reduced for matching the contents in the 

CAM design.  

The values of the metrics discussed above are tabulated 

and shown in the Table.1. The values for the existing and the 

proposed methods are tabulated in the table. From the table, it is 

clear that the proposed RAM-CAM method based on the CMOS 

technology achieved less power, low area and less delay time 

than the existing system.  

The graph for the proposed RAM-CAM memory design 

is shown in Fig. 5, which depicted the input and output values. 

The delay time is plotted against the voltage values. The graph is 

plotted with the binary values such as the 0 and 1. The binary 

value of 0 is shown by the 0v frequency and the binary value of 1 

is shown by the +5v frequency. The five graphs are shown in 

Fig.5. The last graph showed input values taken for processing, 

which is the binary value 0 or the binary 1. The sample value is 

taken for processing is shown in the first graph. The matching 

input from the address is retrieved with high efficiency and within 

the specified time. The second graph represents the matching line 

in the specified address of the memory. The third graph shows the 

processing values inside the memory. The binary value 1 is alone 

taken for processing ie., the +5v is used in processing the input. 

The ML sense amplifiers are used to sense the input values from 

the contents of the memory. The contents retrieved from the 

memory is at high speed than the traditional CAM methods. The 

simulation results are depicted in the graph shown in fig.5. The 

screenshot of the proposed RAM-CAM method is taken for the 

proposed method. 

 

 
 

Fig 5.Voltage vs. Time 

 

 
 

Fig. 6. Comparison of the existing and Proposed System 

 From fig. 6 it is clear that the existing system has less area, 

less power consumed and the less delay, when compared to the 

existing methods. 

 

Table 1. Comparison table for Existing and the Proposed system 

using the metrics 
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METRICS EXISTING 

SYSTEM 

PROPOSED 

SYSTEM 

SUPPLY 

VOLTAGE 

1.8V 5V 

AREA 4.83 mm
2
 0.320 mm

2
 

POWER 94mW 70mW 

DELAY TIME 7ns 2.2ns 

 

5. CONCLUSION 

The RAM-CAM architecture was designed using the 

CMOS technology. The performance of the system is compared 

to the NOR and the NAND type CAM memory design. The XOR 

based CAM is designed with high efficiency. The Cam cell is 

designed to lower power. The CAM is suitable for the low-power 

applications and for the applications, which required the parallel 

look-up operations. The actual data of interest is stored in the 

SRAM and the tag is associated with each and every block just 

for the reference. The simple and fast updates can be achieved 

without retraining the network entirely. The application depends 

on the 

non-uniform inputs and results in higher power consumptions and 

does not affect the accuracy of the final result. The proposed 

methods are used in the following applications such as: 

 CPU processors 

 ATM machine 

 Flash memories 

 Real Time Servers, etc. 
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