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Abstract—Ternary Content Addressable Memory (TCAM) 
provides superior table-lookup performance to the conventional 
search algorithms. However, as word length increases, large-sized 
TCAM suffers from high power consumption and throughput 
degradation. This paper presents filter-based dual voltage 
architecture for long-word TCAM. Without sacrificing 
throughput and noise immunity, the proposed filter-based dual 
voltage architecture can reduce lots of dynamic and static power 
consumption. Simulation results show that the proposed 
technique can achieve 87% of dynamic power and 63% static 
power reduction in 40nm CMOS technology when compared 
with traditional TCAM architectures. This proposed architecture 
is well suitable for applications that need long-word TCAM. 

Keywords—Low power, ternary content addressable memory 
(TCAM), dual rail voltage design, scalability issue.  

I. INTRODUCTION 
Ternary Content Addressable Memory (TCAM) provides 

superior table-lookup performance to the conventional search 
algorithms. It finds a match address in a clock cycle period by 
comparing a search word with all the stored word with its 
parallel architecture. As a result, TCAM had been widely 
employed in many searching/comparison applications that 
demand for a short search latency [1]-[3].  

 Fig. 1 shows the block diagram of CAM. A search word is 
broadcasted onto search-lines (SL) of the table of stored words. 
The size of a word is L-bit and the number of entries is 
typically from a few hundred to thousands. Each word has a 
match-line (ML) that indicates whether search data and stored 
word are the same. The priority encoder then outputs the 
match location. The CAM with mask ability is called Ternary 
CAM (TCAM). The mask bit of TCAM always matches the 
search bit regardless of the content of search bit. Although 
TCAM offers outstanding search performance, it is very 
power hungry and expensive due to its parallel architecture [4]. 

With the development of information and communication 
technology, the word size of table-lookup application is 
gradually increasing. For instance, IPv6 [5] with 144-bit of 
word length gradually replace IPv4 (32 bits) in network switch. 
Furthermore, many-field classification with more than 500-bit 
word size gains popularity in OpenFlow and Software-Defined 
Neworking environment [6]. Above examples indicate that the 
requirement of word length of information searching and 
comparing is rising. However, the word length of conventional  

Fig. 1.  Block diagram of content addressable memory (CAM). 

Fig. 2.  Pull down currents from ML to ground: (a) match (b) 1-bit mismatch. 

TCAM architecture usually ranging from 32 bits to 144 bits 
[7] [8], which is quite insufficient for the increasing needs.  
    Owing to the large ML capacitance, as word length 
increases, large sized TCAM suffers from not only high power 
consumption, but throughput degradation. Large-sized TCAM 
also affects the search operation. As shown in Fig. 2, the total 
ML currents of an L-bit NOR-type TCAM (1 entry) for the 
cases of match and 1-bit mismatch can be written as follows: 

_ 2ML match OFFI L I  ,  (1) 

_ (2 1)ML miss ON OFFI I L I    ,  (2) 

where ION and IOFF  are the current of matched and mismatched 
cell, respectively. 
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    (1) and (2) show that if the cell ION / IOFF ratio decreases or 
the word length L increases, it would be hard to distinguish a 
match case from a 1-bit mismatch case. As a result, except for 
high throughput and low-power, keeping a robust noise 
margin is important in large-sized TCAM design. 

In this paper, we aim to reduce dynamic and static power 
consumption of long word TCAM. Moreover, the proposed 
technique should not sacrifice noise margin. The main 
contributions of this paper are as follows: 
1) Filter-based architecture appeared in many related works 

is well suitable for long word TCAM. In this work, we 
further analysis the best size of the filter so that the 
dynamic power consumption can be optimized as low as 
possible. Appropriate size of word filter can reduce 87% 
dynamic power consumptions.  

2) Without sacrificing any throughput and noise immunity, 
the proposed dual rail-voltage techniques can reduce 63% 
static power consumptions. Besides, the complexity of the 
control unit is relatively low.  
 

The rest of this paper is organized as follows. Section II 
briefly introduces and analyzes the traditional TCAM 
architecture. Section III presents the proposed low power 
filter-based dual-rail voltage for long word TCAM. Section IV 
shows the simulation result of the proposed TCAM. Section V 
concludes this paper.  

II. BACKGROUND 
There are two types of TCAM: NAND and NOR-type 

TCAM. Fig. 3 shows the NAND-type TCAM. When MLPre is 
logic 1,  ML_NAND  is pre-charged to high voltage by the 
PMOS P2. Search data are sent to XNOR cell, while the 
NMOS N1 is turned off to avoid short current to ground. 
When  MLPre is logic 0, the PMOS P2 stop charging ML, and 
the NMOS N1 is turned on. If the input data match the stored 
word, the ML will be discharged to ground. The mask bits can 
turn on the pass transistor of NAND cell. Fig. 2 shows the 
NOR-type TCAM. Unlike NAND-type TCAM that pulls ML 
down when all cell match occurs, NOR-type TCAM discharge 
ML to ground when any mismatch happens.  

Owing to large capacitive loads of ML, as the word length 

increases, large sized TCAM suffers from not only high power 
consumption but throughput degradation. Although NAND-
type TCAM consumes less power consumption; however, the 
pull down path is too long to be applied in the large-sized 
TCAM. As a result, NOR-type is more suitable for long word 
TCAM. 

 

 
 

Fig. 4. High-level structure of the filter-based L-bit TCAM. 
 

 
 

Fig. 5.  Leakage current components in a NOR-type TCAM cell. 
 
Although a TCAM with maximum 640-bit of word length 

had been proposed in [10], the energy metric is 2.12 
fJ/bit/search, which is several times than other related works. 
Many energy reduction techniques are proposed to reduce 
TCAM power consumption [4], such as low swing match-line 
[7] and low swing search-line [8]. For dynamic power 
consumption, hierarchical ML is a very popular architecture to 
reduce high ML power consumption. For instance, a TCAM 
with Butterfly Matchline (Butterfly TCAM) proposed in [9] 
saves lots of dynamic power consumptions. Fig. 4 shows the 
high-level structure of filter-based TCAM. Since hierarchical 
ML can effectively filter the words, the later part of ML is 
seldom activated by pre-search phase.  

 
 

Fig. 3.  Conventional L-bit NAND-type TCAM. 
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Despite the fact that hierarchical ML can reduce dynamic 
power significantly, most of power dissipation in the main 
search component is leakage power consumption, which still 
cause considerable power consumptions. Fig. 5 shows the 
leakage current in a TCAM cell. The red solid arrows are the 
sub-threshold leakage currents,  Isp and Isn ,  from PMOS and 
NMOS transistors, respectively. The red dotted arrows are the 
gate-oxide leakage currents, resulting from any voltage 
difference between the gate and source/drain of a transistor.  

To reduce static power consumption, lowering the supply 
voltage is a popular technique at circuit level. However, lower 
supply voltage sacrificing noise immunity; even result more 
hard to distinguish a match case from a 1-bit mismatch case. 

III. FILTER-BASED DUAL RAIL VOLTAGE ARCHITECTURE 
Fig 6. shows the proposed filter-based dual-rail voltage 

architecture. The 1-bit pipeline register pass the match 
information of the first 15-bit TCAM. The activation of the 
main search component EN in Fig. 6 is given by:  

 

 ,EN MLpre Match                                 (3) 
 

where MLpre is clock signal, pre-charge ML when logic one, 
and evaluate match result when logic zero. Match in (3) is the 
match result of pre-search filter, logic one means that input 
search word match the first 15-bit NOR TCAM. Only when 
both MLpre and Match are logic one would pre-charge high 
capacitive load of main search component. To ensure the 
function correctness, if ML_main in Fig.6 is activated but 
ML_filter transmit mismatch information in the next clock 
cycle, the ML_main in Fig.6 will be discharged to the ground. 
    For convenience, the stored word in the pre-search TCAM 
is just the left 15-bit of the table. The content of the stored 
data is typically about 50% don’t care data and 50% logic zero 
and logic one. If the matching probability of each bit in the 
pre-search is 0.75, the matching probability of the filter is 
(0.75)15≒ 0.013. Because of the low probability of main-
search activation, the average bit of activated power-
demanding main-search is reduced from 497-bit to 
(497*(0.75)15)≒6.5-bit. 

TABLE I 
TWO MODES OF THE PROPOSED DUAL VOLTAGE TECHNIQUE 

 

Mode Match result  
of pre-search 

Activation of 
main-search 

Supply voltage  
of storage cell 

Active mode 1  
(Match) ON 0.9V 

Data retention 
mode 

0  
(Mismatch) OFF 0.6V 

 
Since the pre-search stage can filter the word efficiently, 

most of power dissipation in the main search component is 
leakage power consumption. The operation still causes 
considerable power consumptions. Therefore, we lower the 
supply voltage of main search core cells to reduce static power 
consumption. In this paper, we validate and implement our 
design in 40nm CMOS technology. The supply voltage for 
normal logic operation is 0.9V. The threshold voltage is about 
0.45V, depending on the design corner, temperature and 
process variation. We choose the lower supply voltage which 
is 0.6V. Despite the fact that we can use the supply voltage 
lower than 0.6V for more power reduction, lower voltage 
would result in more wake-up power consumptions and worse 
noise immunity.  

Table I indicates the dual modes of the proposed TCAM 
architecture. If the match result of pre-search is mismatch 
(logic-zero), the main-search component would be operated in 
data-retention mode. When the match result of pre-search is 
matched (logic-one), the supply voltage of main-search 
component would be raised to 0.9V for better noise margin 
and operation speed.  

IV. SIMULATION RESULTS 
The proposed filter-based dual-rail voltage TCAM 

architecture is simulated in CMOS 40nm technology. The 
search delay is 2ns. We build an array with 512-bit of word 
length and 128-word TCAM structure. To validate the timing 
stability of the proposed TCAM, the ML_main should be 
pulled down in time when the case of 1-bit mismatch;  

 
 

Fig. 6. Filter-based dual-rail voltage architecture for long-word TCAM (1 entry). 
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Fig. 7. Simulated waveforms of the filter-based dual voltage architecture. 
 

TABLE II 
POWER REDUCTION OF THE PROPOSED ARCHITECTURE (PER BIT) 

 

 w/o Filter & 
Dual Voltage 

w/ Filter & 
Dual Voltage 

Reduc- 
tion 

Static Power 22.5318 nW 8.2526 nW -63.3 % 

Dynamic Power 
(Mismatch) 

0.247  
fJ/Search 

0.031 
fJ/Search -87.4 % 

Dynamic Power  
(Match) 

0.247  
fJ/Search 

0.2836 
fJ/Search +15.0 % 

 
conversely, when the case of the match case, ML_main should 
remain at logic one. 

Fig. 7 shows simulated waveforms of the filter-based dual 
voltage structure. Traditional low voltage design sacrifices 
noise immunity and takes more evaluation time when 1-bit 
mismatch occurring. However, with filter-based dual rail arch-  
itecture, such long-word TCAM can achieve low dynamic and 
static power consumption, with more stable noise margin.    

The dynamic power consumption is evaluated with 50% 
mask data and toggled input. The simulated dynamic power 
consumption is normalized to energy metric (i.e., fJ/Search/Bit) 
at 500-MHz search frequency. Table II shows the simulated 
power results with the proposed filter-based dual-rail voltage 
architecture. We can see a significant power reduction with 
the proposed architecture. A little increase (15%) in dynamic 
power when a match occurs in the word-filter, which is 
coming from raising the supply voltage of the TCAM core cell 
to 0.9V. Fig 8. indicates the expected value (PEX) of energy 
metric for each rule, which is derived as follows:  

 PEXFilter(k)+(retention(512k)
active(512-k) 

 
Fig. 8. Expectation value of power consumption for different size of filter. 
 

TABLE III 
SUMMARY OF DIFFERENT TERNERY CONTENT-ADDRESSABLE MEMORY 

 

 This work 
(Simulation) 

Butterfly 
[9] 

4-parallel 
TCAM [10] 

Technology 40nm 65nm 28nm 

Supply Voltage 0.9/0.6 V 1.0 V 0.85 V 

Word-length 512 bits 144 bits 640 bits 

Throughput 500 MHz 400 MHz 400 MHz 

Energy Metric 
(fJ/Bit/Search) 0.059 0.165 1.96 

 
where filter(k) is the power consumption of k-bit word filter,  
retention(512-k) and active(512-k) are sleep and active power 
consumption of the main search component, respectively. 
Length of word filter is scanned from 1-bit to 50-bit. Since 
dual rail voltage architecture would cause the penalty of wake-
up power consumptions, the optimal length of word-filter 
would increase; the stricter rule filter would help main search 
component save more power consumption. However, longer 
length of word-filter would cause more dynamic power 
consumption itself. As the result, we choose 15-bit length as 
filter for minimal power consumptions.  

Table III shows a comparison of the proposed TCAM with 
other TCAM architectures. As we can see, owing to the filter-
based dual voltage architecture, our TCAM architecture can 
support long search word with very low power consumption, 
This filter-based dual voltage architecture is well suitable for 
applications that needs long-word TCAM in the future. 

CONCLUSION 
In this paper, we present filter-based dual-rail voltage 

architecture for large-sized TCAM. Compare to traditional 
TCAM architectures, the proposed filter-based dual-rail 
voltage architecture reduces 87% of dynamic and 63% of 
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static power consumption  without sacrificing any throughput. 
In addition to the significant reduction of power consumptions, 
this technique can let long-word TCAM be operated at stable 
and robust noise margin without sacrificing noise immunity. 
This filter-based dual voltage architecture is well suitable for 
applications that needs long-word TCAM. 
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