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CUTTING CAM PEAK POWER BY CLOCK 
REGIONING 

FIELD OF INVENTION 

[0001] The present invention relates generally to semicon 
ductor memory devices and, more particularly to peak 
poWer reduction in content addressable memory (CAM) 
devices. 

BACKGROUND OF THE INVENTION 

[0002] An essential semiconductor device is semiconduc 
tor memory, such as a random access memory (RAM) 
device. A RAM alloWs a memory circuit to execute both 
read and Write operations on its memory cells. Typical 
examples of RAM devices include dynamic random access 
memory (DRAM) and static random access memory 
(SRAM). 
[0003] Another form of memory is the content addressable 
memory (CAM) device. A CAM is a memory device that 
accelerates any application requiring fast searches of a 
database, list, or pattern, such as in database machines, 
image or voice recognition, or computer and communication 
netWorks. CAMs provide bene?ts over other memory search 
algorithms by simultaneously comparing the desired infor 
mation (i.e., data in the comparand register) against the 
entire list of pre-stored entries. As a result of their unique 
searching algorithm, CAM devices are frequently employed 
in netWork equipment, particularly routers and sWitches, 
computer systems and other devices that require rapid 
content searching. 

[0004] In order to perform a memory search in the above 
identi?ed manner, CAMs are organiZed differently than 
other memory devices (e.g., DRAM). For example, data is 
stored in a RAM in a particular location, called an address. 
During a memory access, the user supplies an address and 
Writes into or reads the data at the speci?ed address. 

[0005] In a CAM, hoWever, data is stored in locations in 
a someWhat random fashion. The locations can be selected 
by an address bus, or the data can be Written into the ?rst 
empty memory location. Every memory location includes 
one or more status bits Which maintain state information 

regarding the memory location. For example, each memory 
location may include a valid bit Whose state indicate Whether 
the memory location stores valid information, or Whether the 
memory location does not contain valid information (and is 
therefore available for Writing). 

[0006] Once information is stored in a memory location, it 
is found by comparing every bit in a memory location With 
corresponding bits in a comparand register. When the con 
tent stored in the CAM memory location does not match the 
data in the comparand register, a local match detection 
circuit returns a no match indication. When the content 
stored in the CAM memory location matches the data in the 
comparand register, the local match detection circuit returns 
a match indication. If one or more local match detect circuits 

return a match indication, the CAM device returns a “match” 
indication. Otherwise, the CAM device returns a “no -match” 
indication. In addition, the CAM may return the identi?ca 
tion of the address location in Which desired data is stored 
or identi?cation of one of such addresses if more than one 

address contained matching data. Thus, With a CAM, the 
user supplies the data and gets back an address if there is a 
match found in memory. 

Sep. 14, 2006 

[0007] FIG. 1 is a circuit diagram shoWing a conventional 
DRAM-based CAM cell 100, Which includes tWo one 
transistor (1T) DRAM cells 110a and 110b, and a four 
transistor comparator circuit 120 made up of four transistors 
Q2, Q3, Q4, and Q5. Although FIG. 1 illustrates a DRAM 
based CAM cell 100, it should be recogniZed that CAM 
devices can also be made using SRAM-based CAM cells. 
The DRAM cells 110a and 11019 are used to store values. 
Generally, the content of the ?rst cell 11011 is the logical 
complement of the content of the second cell 11019. How 
ever, the cells 110a, 1101) may also store the same values, 
i.e., “l”/“l”, or “0”/“0”, so that the CAM cell 100 is 
respectively set to “alWays match” or “alWays mismatch” 
states. 

[0008] The ?rst DRAM cell 110a includes transistor Q1 
and capacitor CA, Which combine to form a storage node A 
that receives a data value from a ?rst bit line BL1 at node U 
during Write operations, and applies the stored data value to 
the gate terminal of transistor Q2 of comparator circuit 120. 
Transistor Q2 is connected in series With transistor Q3 
betWeen a match line M and a ground potential. Transistor 
Q3 is controlled by a data signal transmitted on data line 
D1#. The second DRAM cell 1101) includes transistor Q3 
and capacitor CB, Which combine to form a storage node B 
that receives a data value from a second bit line BL2 at node 
V, and applies the stored data value to the gate terminal of 
transistor Q4 of comparator circuit 120. Transistor Q4 is 
connected in series With transistor Q5 betWeen the match 
line M and the ground potential. It should be noted that in 
some embodiments transistors Q2 and Q4 are coupled to a 
discharge line instead of being directly coupled to ground. 
Transistor Q5 is controlled by a data signal transmitted on 
data line D1, betWeen the match line and the ground 
potential. 

[0009] FIG. 2 is a block diagram of a conventional CAM 
device 200. The device 200 includes a CAM array 210 of 
cells 100 (FIG. 1). While the array 210 is illustrated as a 
single array, depending upon the number of cells 100, the 
array 210 may be replaced With a plurality of arrays. As 
illustrated, each roW of cells 100 is coupled to a same match 
line M, Which is also coupled, via a respective sense 
ampli?er 230, to a priority encoder 240. The array 210 
includes other Well knoWn components, such as bit lines, 
Word lines, additional sense ampli?ers, precharge circuits, 
refresh circuits, etc., Which are not illustrated to simplify 
FIG. 2. The array 210 is also coupled to a comparand regiser 
220, Which is used to supply a search pattern to the array 
210. The array 210, comparand register 220, and the priority 
encoder 240 are each coupled to control logic 250. The 
control logic 250, Which is also coupled to data lines 251, 
address lines 252, control lines 253, and at least one clock 
line 254, controls the operation of the CAM device 200. 

[0010] NoW referring back to FIG. 1, When a match 
operation portion of the search is performed, data stored at 
nodes A and B of a cell 100 are respectively applied to the 
gate terminals of transistors Q2 and Q4 of comparator circuit 
120. Comparator circuit 120 is utiliZed to perform match 
(comparison) operations after the match line M has been 
precharged by a precharge circuit (not illustrated). For 
example, When the match line M is precharged, an applied 
data value and its complement are transmitted on data lines 
D1 and D1# to the gate terminals of transistors Q3 and Q5, 
respectively. A no-match condition is detected When match 
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line M is discharged to ground through the signal path 
formed by transistors Q2 and Q3, or through the signal path 
formed by transistors Q4 and Q5. For example, When the 
stored data value at node A and the applied data value 
transmitted on data line D1# are both logic “1”, then both 
transistors Q2 and Q3 are turned on to discharge match line 
M to ground. This occurs because D1# should be the 
complement of the data at node A. When a match condition 
occurs, match line M remains in its precharged state (i.e., no 
signal path is formed by transistors Q2 and Q3, or transistors 
Q4 and Q5). 

[0011] The above described match operation illustrates 
What happens in a single CAM cell 100. In the device 200, 
hoWever, the match operation is performed simultaneously 
on all CAM cells 100. This permits search operations to be 
performed much faster on a CAM device than a conven 

tional memory device, such as a DRAM. HoWever, CAM 
devices 200 consume signi?cantly more poWer and produce 
signi?cantly more sWitching noise than a conventional 
memory device, especially during a ?rst portion of the 
search operation because the CAM cells 100 are accessed 
and searched simultaneously. This results in the CAM 
device 200 having a peak poWer consumption Which may be 
signi?cantly higher than the average poWer consumption 
during a portion of each match operation. The high peak 
poWer consumption requires the CAM device 200 to be used 
With a robust poWer supply, and also increases heat produc 
tion. Both of these effects are undesirable and should be 
minimized. Accordingly, there is a need for a CAM device 
architecture that has a lesser degree of peak poWer con 
sumption. 

SUMMARY OF THE INVENTION 

[0012] The invention provides a CAM device architecture 
Where the CAM cells are divided into at least tWo arrays. 
Each array is operated in a different clock domain so that 
each array is prevented from draWing maximum poWer at a 
same time. By dividing the CAM array into a plurality of 
arrays and staggering the search operation so that every 
array does not simultaneously draW maximum poWer, the 
peak poWer consumption of the CAM device is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The foregoing and other advantages and features of 
the invention Will become more apparent from the detailed 
description of exemplary embodiments of the invention 
given beloW With reference to the accompanying draWings, 
in Which: 

[0014] 
cell; 
[0015] FIG. 2 is a block diagram of a conventional CAM 
device; 
[0016] FIG. 3A is a block diagram illustrating a ?rst 
exemplary embodiment of the invention; 

FIG. 1 is a circuit diagram of a conventional CAM 

[0017] FIG. 3B is a timing diagram illustrating the opera 
tion sequence of the ?rst embodiment of the invention; 

[0018] FIG. 4A is a block diagram illustrating a second 
exemplary embodiment of the invention; 

[0019] FIG. 4B is a timing diagram illustrating the opera 
tion sequence of the second embodiment of the invention; 
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[0020] FIG. 5. is a block diagram of a processor based 
system having a CAM device constructed in accordance 
With the principles of the present invention; and 

[0021] FIG. 6 is a block diagram of a router having a 
CAM device constructed in accordance With the principles 
of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] NoW referring to the draWings, Where like refer 
ence numerals designate like elements, there is shoWn in 
FIG. 3A a block diagram of a CAM device 300 constructed 
in accordance With a ?rst exemplary embodiment of the 
invention. The CAM cells 100 of device 300 are organiZed 
into tWo arrays 210a, 2101). As illustrated, the tWo arrays 
210a, 2101) respectively are oriented left and right of encod 
ers 240a, 2401). HoWever, it should be understood that the 
orientation of the tWo arrays 210a, 2101) may be varied 
Without departing from the scope of the invention. As 
illustrated, each array 210a, 2101) is associated With a 
respective comparand register 220a, 2201). HoWever, it 
should be understood that a single comparand register 
coupled to both arrays 210a, 2101) may also be used Without 
departing from the scope of the invention. Each roW of CAM 
cells 100 is coupled to a respective match line M. Each 
match line M couples its roW to a priority encoder 240a, 
2401) via a respective sense ampli?er 230. The tWo priority 
encoders 240a, 2401) operate to select the highest priority 
match from the respective arrays 210a, 2101). Each priority 
encoder 240a, 2401) outputs an indication of the highest 
priority match to a third priority encoder 2400. The third 
priority encoder 240c selects the highest priority match 
indication from the outputs of the ?rst and second priority 
encoders 240a, 2401). A neW control circuit 250' is coupled 
to the comparand registers 220a, 220b, arrays 210a, 210b, 
and the priority encoders 240a, 240b, 2400. 

[0023] In FIG. 3A, the control circuit 250' receives a clock 
signal on signal line 254 and generates tWo internal clock 
signals CLOCK-1, CLOCK-2 based on the received clock 
signal. Alternatively, this invention may also be imple 
mented With the CLOCK-l and CLOCK-2 signals as sepa 
rate clock signals having the same relationship, but supplied 
to the device 300 from corresponding external clock 
sources. NoW, also referring to FIG. 3B, it can be seen that 
in this exemplary embodiment, the tWo internal clock sig 
nals CLOCK-1, CLOCK-2 are arranged such that they are 
offset by a half cycle. More speci?cally, CLOCK-1 and 
CLOCK-2 have the same period as the received clock signal 
from line 254, hoWever, CLOCK-2 is delayed by half a 
cycle. The CLOCK-l clock signal is the timing signal 
associated With the left side of CAM device 300 (i.e., it is 
associated With array 210a), While the CLOCK-2 clock 
signal is the timing signal associated With the right side (i.e., 
it is associated With array 21019). In FIG. 3B the clock cycles 
for CLOCK-1 are labeled as 1, 2, 3., . . . 9, While the clock 

cycles for CLOCK-2 are labeled as 1', 2', 3', . . . , 9'. It should 

be noted that the time delay betWeen CLOCK-1 and 
CLOCK-2 may be delayed by a different period Without 
departing from the scope of the invention. More speci?cally, 
the delay betWeen CLOCK-1 and CLOCK-2 must be suf 
?ciently long to spread out the current draW over time. 
Additionally, the delay betWeen CLOCK-1 and CLOCK-2 
must also sufficiently short to prevent the circuitry govern by 
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the CLOCK-2 signal from operating in a manner to overlap 
the operation of the next search operation govern by the 
circuitry governed by the CLOCK-l signal. Thus, the delay 
betWeen CLOCK-1 and CLOCK-2 can be plus or minus any 
fractional amount of a clock cycle. 

[0024] Referring to both FIGS. 3A and 3B, the search 
operation in accordance With the ?rst exemplary embodi 
ment of the invention is noW explained in chronological 
order: 

[0025] In clock cycle 1, the search command and the 
search data arrives at the control circuit 250'. No activity is 
associated With clock cycle 1'. In clock cycle 2, the control 
circuit 250' decodes the search command. No activity is 
associated With clock cycle 2'. In clock cycle 3, the search 
data is loaded from the control circuit 250' to the left side 
comparand register 22011. In clock cycle 3', the search data 
is loaded fro the control circuit 250' to the right side 
comparand register 22019. In clock cycle 4, the left side array 
210a executes a search. 

[0026] In clock cycle 4', the right side array 210!) executes 
a search. Thus, in the present embodiment, there is only a 
narroW overlap Where both the right and left side arrays 
220a, 2201) are simultaneously in search mode. More spe 
ci?cally, in the present embodiment at no time are both 
arrays simultaneously draWing maximum poWer by being in 
the ?rst portion of the search operation. Thus, peak poWer 
consumption in the device 300 by is reduced by avoiding a 
state Where every CAM cell 100 is simultaneously drawing 
maximum poWer. 

[0027] In clock cycle 5, the left side array 220a outputs its 
search hits (i.e., matches), if any, to priority encoder 24011. 
In clock cycle 5', the right side array 220!) outputs its search 
hits, if any, to priority encoder 240b. 

[0028] In clock cycle 6, the priority encoder 240a outputs 
its result to priority encoder 2400. In clock cycle 6', the 
priority encoder 240!) outputs its result to priority encoder 
2400. No task is associated With clock cycle 7. In clock cycle 
7', the priority encoder 240c evaluates the input it received 
from priority encoders 240a, 2401). No task is associated 
With clock cycle 8. In clock cycle 8', the priority encoder 
240c outputs its result to the control circuit 250'. In clock 
cycle 9, the control circuit 250' outputs the search result 
(off-chip). No activity is associated With clock cycle 9'. 

[0029] The ?rst embodiment of the invention therefore 
operates the device 300 over tWo clock domains. In one 
exemplary embodiment, the tWo clock domains are sepa 
rated by a half cycle clock cycle, and each clock signal is 
respectively used to control a similar sequence of operations 
With respect to the tWo CAM arrays 210a, 2101). In this 
manner, the search operation, Which in a conventional CAM 
device Would have every CAM cell draW maximum poWer 
at the same time is converted into an overlapping operation 
Where only half the CAM cells in the device at any given 
time is draWing maximum poWer. As a result, peak poWer 
consumption is reduced. 

[0030] NoW referring to FIGS. 4A and 4B, a second 
exemplary embodiment of the invention is noW explained. 
FIG. 4A illustrates a CAM device 300', Which is similar to 
CAM device 300 of FIG. 3A. The primary difference is that 
the right and left arrays 210a, 2101) (FIG. 3A) have been 
further subdivided into quadrants 210111, 210112, and 210191, 
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210192. Similarly, the number of priority encoders 240’s has 
been increased, so that the top and bottom quadrants of 
21011, 210b, respectively, are each serviced by their oWn 
priority encoders 240111, 240112, 240113, 240191, 240192, 
240193. 

[0031] The second exemplary embodiment behaves nearly 
identically to the ?rst exemplary embodiment during an 
initial period of each search. More speci?cally, the tWo 
exemplary embodiment operate nearly identically during 
clock cycles 1-5 and 1'-5', since during these clock cycles the 
same operations are performed (i.e., receipt of search com 
mand, command decode, command load, execute search, 
and output matches). The only difference is that four quad 
rants are searched in the second embodiment While tWo 
arrays are searched in the ?rst embodiment. It should be 
noted that each pair of quadrants (e.g., 210111, 210112) in the 
second embodiment Which correspond to an array (e.g., 
210a) of the ?rst embodiment is operated in the same clock 
domain as the array of the ?rst embodiment. That is, 
quadrants 210111 and 210112 are operated on a ?rst clock 
domain While quadrants 210191 and 210192 are operated on a 
second clock domain. Thus, the second embodiment 
achieves a poWer reduction over that of a conventional four 
quadrant CAM device by ensure that no more than tWo 
quadrants operate at peak poWer simultaneously. 

[0032] The second embodiment differs more from the ?rst 
embodiment subsequent to clock cycles 5 and 5', due to the 
changes in the number of, and operation of, the priority 
encoders. As a result, the timing diagram of FIG. 4B omits 
cycles 1-5 and 1'-5' and spans only clock cycles 6-10 and 
6'-10'. The processing Which occurs during these cycles is 
noW explained: 

[0033] In clock cycle 6, priority encoders 240111 and 
240112 each output their results to priority encoder 240113. In 
clock cycle 6', priority encoders 240191 and 240192 output 
their results to priority encoder 240193. In clock cycle 7, 
priority encoder 240a3 outputs its result to priority encoder 
2400. In clock cycle 7', priority encoder 240b3 outputs its 
result to priority encoder 2400. No task is associated With 
clock cycle 8. In clock cycle 8', priority encoder 240c 
outputs it result to control circuit 250". In clock cycle 9, the 
control circuit 250" outputs the ?nal result of the search 
process (off-chip). No task is associated With clock cycle 9'. 

[0034] FIG. 5 illustrates an exemplary processing system 
500 Which may utiliZe the memory device 300 (or 300') of 
the present invention. The processing system 500 includes 
one or more processors 501 coupled to a local bus 504. A 
memory controller 502 and a primary bus bridge 503 are 
also coupled the local bus 504. The processing system 500 
may include multiple memory controllers 502 and/or mul 
tiple primary bus bridges 503. The memory controller 502 
and the primary bus bridge 503 may be integrated as a single 
device 506. 

[0035] The memory controller 502 is also coupled to one 
or more memory buses 507. Each memory bus 507 accepts 
memory components 508 Which include at least one memory 
device 300 (or 300') of the present invention. The memory 
components 508 may be a memory card or a memory 
module. Examples of memory modules include single inline 
memory modules (SIMMs) and dual inline memory mod 
ules (DIMMs). The memory components 508 may include 
one or more additional devices 509. For example, in a SIMM 
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or DIMM, the additional device 509 might be a con?gura 
tion memory, such as a serial presence detect (SPD) 
memory. The memory controller 502 may also be coupled to 
a cache memory 505. The cache memory 505 may be the 
only cache memory in the processing system. Alternatively, 
other devices, for example, processors 501 may also include 
cache memories, Which may form a cache hierarchy With 
cache memory 505. If the processing system 500 include 
peripherals or controllers Which are bus masters or Which 
support direct memory access (DMA), the memory control 
ler 502 may implement a cache coherency protocol. If the 
memory controller 502 is coupled to a plurality of memory 
buses 507, each memory bus 507 may be operated in 
parallel, or different address ranges may be mapped to 
different memory buses 507. 

[0036] The primary bus bridge 503 is coupled to at least 
one peripheral bus 510. Various devices, such as peripherals 
or additional bus bridges may be coupled to the peripheral 
bus 510. These devices may include a storage controller 511, 
a miscellaneous I/O device 514, a secondary bus bridge 515 
communicating With a secondary bus 516, a multimedia 
processor 518, and a legacy device interface 520. The 
primary bus bridge 503 may also coupled to one or more 
special purpose high speed ports 522. In a personal com 
puter, for example, the special purpose port might be the 
Accelerated Graphics Port (AGP), used to couple a high 
performance video card to the processing system 500. 

[0037] The storage controller 511 couples one or more 
storage devices 513, via a storage bus 512, to the peripheral 
bus 510. For example, the storage controller 511 may be a 
SCSI controller and storage devices 513 may be SCSI discs. 
The U0 device 514 may be any sort of peripheral. For 
example, the I/O device 514 may be an local area netWork 
interface, such as an Ethernet card. The secondary bus 
bridge 515 may be used to interface additional devices via 
another bus 516 to the processing system. For example, the 
secondary bus bridge 515 may be an universal serial port 
(USB) controller used to couple USB devices 517 via to the 
processing system 500. The multimedia processor 518 may 
be a sound card, a video capture card, or any other type of 
media interface, Which may also be coupled to additional 
devices such as speakers 519. The legacy device interface 
520 is used to couple at least one legacy device 521, for 
example, older styled keyboards and mice, to the processing 
system 500. 

[0038] The processing system 500 illustrated in FIG. 5 is 
only an exemplary processing system With Which the inven 
tion may be used. While FIG. 5 illustrates a processing 
architecture especially suitable for a general purpose com 
puter, such as a personal computer or a Workstation, it 
should be recognized that Well knoWn modi?cations can be 
made to con?gure the processing system 500 to become 
more suitable for use in a variety of applications. For 
example, many electronic devices Which require processing 
may be implemented using a simpler architecture Which 
relies on a CPU 501 coupled to memory components 508 
and/or memory devices 300 (or 300'). These electronic 
devices may include, but are not limited to audio/video 
processors and recorders, gaming consoles, digital television 
sets, Wired or Wireless telephones, navigation devices 
(including system based on the global positioning system 
(GPS) and/or inertial navigation), and digital cameras and/or 
recorders. The modi?cations may include, for example, 

Sep. 14, 2006 

elimination of unnecessary components, addition of special 
iZed devices or circuits, and/or integration of a plurality of 
devices. 

[0039] FIG. 6 is an illustration of an exemplary router 600 
including a CAM device 300 (or 300') in accordance With 
the principles of the present invention. The router 600 
includes a central processing unit (CPU) 601, a main 
memory 602, at least one mass storage device 603, at least 
tWo network interfaces 604-605, and a CAM subsystem 606, 
each coupled to at least one bus 610. The CAM subsystem 
606 includes a plurality of CAM devices 300 of the present 
invention. 

[0040] While the invention has been described in detail in 
connection With the exemplary embodiment, it should be 
understood that the invention is not limited to the above 
disclosed embodiment. Rather, the invention can be modi 
?ed to incorporate any number of variations, alternations, 
substitutions, or equivalent arrangements not heretofore 
described, but Which are commensurate With the spirit and 
scope of the invention. For example, While the embodiment 
illustrated by FIGS. 4A and 4B discloses the use of tWo 
clocks CLOCK-1, CLOCK-2, each controlling a pair of 
quadrants, it should be recognized that the invention may be 
practiced using other con?gurations. For example, the 
invention may be practiced if each quadrant has its oWn 
clock, or even if three quadrants Were controlled by 
CLOCK-1 While one quadrant is controlled by CLOCK-2. 
Similarly, the invention may also be implemented in a 
device having more than four quadrants. Accordingly, the 
invention is not limited by the foregoing description or 
draWings, but is only limited by the scope of the appended 
claims. 

What is claimed as neW and desired to be protected by 
Letters Patent of the United States is: 
1. A content addressable memory (CAM) device, com 

prising: 
a plurality of CAM arrays, each having a plurality of 
CAM cells; 

a plurality of ?rst priority encoders, each one of said ?rst 
priority encoders being coupled to a respective one of 
said plurality of CAM arrays; 

at least one subsequent priority encoder coupled to said 
plurality of ?rst priority encoders, said subsequent 
priority encoder receiving outputs from said plurality of 
?rst priority encoders and selecting one of said outputs; 
and 

a control circuit coupled to said plurality of CAM arrays, 
said plurality of ?rst priority encoders, and said at least 
one subsequent priority encoder, 

Wherein said control circuit operates said plurality of 
CAM arrays so that at least a ?rst one of said plurality 
of CAM arrays is operated in accordance With a ?rst 
clock domain and at least a second one of said plurality 
of CAM arrays is operated in accordance With a second 
different clock domain. 

2. The device of claim 1, Wherein said plurality of CAM 
arrays comprises ?rst and second CAM arrays. 

3. The device of claim 1, Wherein said plurality of CAM 
array comprises ?rst, second, third, and fourth CAM arrays. 
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4. The device of claim 3, wherein said ?rst and second 
CAM arrays are operated in accordance With the ?rst clock 
domain and said third and fourth CAM arrays are operated 
in accordance With the second clock domain. 

5. The device of claim 4, Wherein said at least one 
subsequent priority encoder comprises: 

a ?rst subsequent priority encoder, coupled to said ?rst 
and second CAM arrays; 

a second subsequent priority encoder, coupled to said 
third and fourth CAM arrays; and 

a third subsequent priority encoder coupled to outputs of 
said ?rst and second subsequent priority encoder. 

6. The device of claim 1, Wherein said ?rst clock domain 
and said second clock domain correspond to respective ?rst 
and second clock signals Which are supplied to said device. 

7. The device of claim 6, Wherein said second clock 
domain is offset from said ?rst clock domain by any frac 
tional clock cycle. 

8. The device of claim 7, Wherein said second clock 
domain is delayed by one half clock cycle from said ?rst 
clock domain. 

9. The device of claim 1, Wherein said ?rst clock domain 
corresponds to a ?rst clock signal and said second clock 
domain is corresponds to a second clock signal, said ?rst and 
second clock signals being generated by the control circuit 
from a master clock signal supplied to said device. 

10. The device of claim 9, Wherein said second clock 
domain is offset from said ?rst clock domain by any frac 
tional clock cycle. 

11. The device of claim 10, Wherein said second clock 
domain is delayed by one half clock cycle from said ?rst 
clock domain. 

12. The device of claim 1, further comprising at least one 
comparand register, Wherein each of said at least one com 
parand register is coupled to the control circuit and Wherein 
said at least one comparand register supplies a match pattern 
to said plurality of CAM arrays. 

13. A processor based system, comprising: 

a processor; and 

a memory subsystem, coupled to said processor, said 
memory subsystem further comprising at least one 
content addressable memory (CAM) device, Wherein at 
least one of said at least one CAM device further 
comprises, 
a plurality of CAM arrays, each having a plurality of 
CAM cells; 

a plurality of ?rst priority encoders, each one of said 
?rst priority encoders being coupled to a respective 
one of said plurality of CAM arrays; 

at least one subsequent priority encoder coupled to said 
plurality of ?rst priority encoders, said subsequent 
priority encoder receiving outputs from said plurality 
of ?rst priority encoders and selecting one of said 
outputs; and 

a control circuit coupled to said plurality of CAM 
arrays, said plurality of ?rst priority encoders, and 
said at least one subsequent priority encoder, 

Wherein said control circuit operates said plurality of 
CAM arrays so that at least a ?rst one of said 

Sep. 14, 2006 

plurality of CAM arrays is operated in accordance 
With a ?rst clock domain and at least a second one of 
said plurality of CAM arrays is operated in accor 
dance With a second different clock domain. 

14. The system of claim 13, Wherein said plurality of 
CAM arrays comprises ?rst and second CAM arrays. 

15. The system of claim 13, Wherein said plurality of 
CAM array comprises ?rst, second, third, and fourth CAM 
arrays. 

16. The system of claim 15, Wherein said ?rst and second 
CAM arrays are operated in accordance With the ?rst clock 
domain and said third and fourth CAM arrays are operated 
in accordance With the second clock domain. 

17. The system of claim 16, Wherein said at least one 
subsequent priority encoder comprises: 

a ?rst subsequent priority encoder, coupled to said ?rst 
and second CAM arrays; 

a second subsequent priority encoder, coupled to said 
third and fourth CAM arrays; and 

a third subsequent priority encoder coupled to outputs of 
said ?rst and second subsequent priority encoder. 

18. The system of claim 13, Wherein said ?rst clock 
domain and said second clock domain correspond to respec 
tive ?rst and second clock signals Which are supplied to said 
device. 

19. The system of claim 18, Wherein said second clock 
domain is offset from said ?rst clock domain by any frac 
tional clock cycle 

20. The system of claim 19, Wherein said second clock 
domain is delayed by one half clock cycle from said ?rst 
clock domain. 

21. The system of claim 13, Wherein said ?rst clock 
domain corresponds to a ?rst clock signal and said second 
clock domain is corresponds to a second clock signal, said 
?rst and second clock signals being generated by the control 
circuit from a master clock signal supplied to said device. 

22. The system of claim 21, Wherein said second clock 
domain is offset from said ?rst clock domain by any frac 
tional clock cycle. 

23. The system of claim 22, Wherein said second clock 
domain is delayed by one half clock cycle from said ?rst 
clock domain. 

24. The system of claim 13, further comprising at least 
one comparand register, Wherein each of said at least one 
comparand register is coupled to the control circuitry and 
Wherein said at least one comparand register supplies a 
match pattern to said plurality of CAM arrays. 

25. Amethod for operating a content addressable memory 
(CAM) device, comprising: 

controlling a search operation of at least a ?rst CAM array 
in accordance With a ?rst clock signal; and 

controlling a search operation of at least a second CAM 
array in accordance With a second clock signal, 

Wherein said ?rst and second clock signals are different. 
26. The method of claim 25, further comprising the steps 

of: 

receiving said ?rst clock signal as a master clock signal 
supplied to said device; and 

generating said second clock signal from said ?rst clock 
signal. 
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27. The method of claim 26, wherein said second clock 
domain is o?cset from said ?rst clock domain by any frac 
tional clock cycle. 

28. The method of claim 27, Wherein said second clock 
signal is said ?rst clock signal delayed by one half cycle. 

29. The method of claim 26, further comprising the steps 
of: 

receiving said ?rst clock signal from an external source; 
and 

receiving said second clock signal from the external 
source. 

30. The method of claim 24, Wherein said second clock 
domain is o?cset from said ?rst clock domain by any frac 
tional clock cycle. 

31. The method of claim 30, Wherein said second clock 
signal is equal to said ?rst clock signal delayed by one half 
cycle. 

32. The method of claim 25, further comprising the steps 
of: 

selecting a ?rst intermediate match from said at least a 
?rst CAM array; 

selecting a second intermediate match from said at least a 
second CAM array; and 

selecting one of said ?rst intermediate match and said 
second intermediate match asn an output. 

33. A router, comprising: 

a processor; 

a ?rst netWork interface, coupled to said processor; 

a second netWork interface, coupled to said processor; and 
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a memory subsystem, coupled to said processor, said 
memory subsystem further comprising at least one 
content addressable memory (CAM) device, Wherein at 
least one of said at least one CAM device further 
comprises: 

a plurality of CAM arrays, each having a plurality of 
CAM cells; 

a plurality of ?rst priority encoders, each one of said 
?rst priority encoders being coupled to a respective 
one of said plurality of CAM arrays; 

at least one subsequent priority encoder coupled to said 
plurality of ?rst priority encoders, said subsequent 
priority encoder receiving outputs from said plurality 
of ?rst priority encoders and selecting one of said 
outputs; and 

a control circuit coupled to said plurality of CAM 
arrays, said plurality of ?rst priority encoders, and 
said at least one subsequent priority encoder, 

Wherein said control circuit operates said plurality of 
CAM arrays so that at least a ?rst one of said 
plurality of CAM arrays is operated in accordance 
With a ?rst clock domain and at least a second one of 
said plurality of CAM arrays is operated in accor 
dance With a second di?cerent clock domain; and 

Wherein said processor searches a routing table stored in 
said memory subsystem to route packets betWeen said 
?rst and second netWork interfaces. 


