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(57) ABSTRACT 

An entry including multiple bits of unit cells each storing 
data bit is coupled to a match line. The match line is Supplied 
with a charging current having a restricted current value 
Smaller than a match line current flowing in a one-bit miss 
state in one entry, but larger than a match line current 
flowing in an all-bit match State in one entry. A precharge 
voltage level of a match line is restricted to a voltage level 
of half a power Supply Voltage or Smaller. Power consump 
tion in a search cycle of a content addressable memory can 
be reduced, and a search operation speed can be increased. 
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CONTENT ADDRESSABLE MEMORY 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a content addres 
sable memory, and particularly to a construction for reduc 
ing current consumption and a peak current in a search 
operation and for speeding up the search operation. 
0003 2. Description of the Background Art 
0004 A CAM (Content Addressable Memory) has, in 
addition to a function of reading/writing data, a function of 
determining matching of stored data with Supplied search 
data. One entry storing a search data word is configured by 
a plurality of CAM cells, and stores word bits of a search 
candidate. Each entry is provided with a match line coupled 
to corresponding CAM cells in parallel. When a search data 
word matches a stored data word, a corresponding match 
line is kept at a state of “1”. When mismatch occurs, the 
corresponding match line is driven to a state of “0”. 
0005. By determining the voltage level of the match line, 

it is possible to determine whether the data corresponding to 
the search data is stored, e.g., in a table. This type of content 
addressable memory is used for determining cache-miss/hit 
in a cache memory and a router for communications appli 
cation. A network router or the like performs routing of an 
IP packet through comparison of an IP address stored in a 
content addressable memory provided in the router with an 
externally supplied IP address. For example, a value indi 
cating a next destination address is written into an IP packet 
based on match line information of the matching state in the 
content addressable memory in the router, and then the IP 
packet is delivered from a corresponding port. 
0006. Usually, in the CAM used in the communications 
router or the like, search data has a bit width from 72 bits to 
288 bits, and the number of the entries is about 64 K. 
0007. In a conventional CAM, the match lines are pre 
charged to a power Supply Voltage VDD (or a ground 
Voltage GND level) during a precharge period. During a 
search period for detecting matching between the stored data 
and the search data, the search data is compared with data 
bits of entry CAM cells. When mismatch occurs, transistors 
in the CAM cells discharge (or charge) the corresponding 
match line to the ground Voltage (or power Supply Voltage 
level) different from the precharge voltage. Therefore, when 
in CAM cells are in the mismatch state in one entry, a current 
of (I missxn) is discharged (or charged) through one match 
line, where I miss represents a current driven by one CAM 
cell in the mismatch state. When the match occurs in all the 
data bits of the CAM cells in the entry, no discharge (or 
charge) path is present in the CAM cells. Therefore, the 
match line in the match state is kept at the level of the 
precharge Voltage of power Supply Voltage VDD or ground 
voltage GND. 
0008. In the CAM, the search data is supplied in parallel 
to the plurality of entries, and the search operations are 
executed in parallel in the respective entries. Search line 
transmitting the search data and the match line producing a 
signal indicative of a match result are precharged to prede 
termined Voltage levels in each search cycle of performing 
the search operation. As an example, the search line is 
precharged to the ground Voltage level, and the match line is 
precharged to the power Supply Voltage level. The search 
line is coupled to the CAM cells in all entries. Therefore, the 
search line has a large capacitive load. A majority of the 
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match lines except the line exhibiting the match state in the 
search operation change between the power Supply Voltage 
level and the ground Voltage level in each search cycle. 
Therefore, the charge and discharge currents of the search 
line and the match line are large, resulting in a problem that 
current dissipation and power consumption are large. 
0009. An article 1 (H. Noda, et al., “A Cost-Efficient 
High-Performance Dynamic TCAM With Pipelined Hierar 
chical Searching and Shift Redundancy Architecture', IEEE 
JSSC, Vol. 40, No. 1, January 2005, pp. 245-253) has 
disclosed a construction for reducing current consumption of 
a content addressable memory and achieving a fast search 
operation. In the construction disclosed in the article 1, the 
match line has a hierarchical configuration. A plurality of 
local match lines are arranged for one entry. These plurality 
of local match lines are commonly coupled to a global match 
line. Searching operation is performed for each local match 
line in a pipelined fashion. For example, search data of 144 
bits is divided into 72-bit data. On the local match line of the 
block in which no matching occurs in first 72 bits, it is no 
longer necessary to perform the Subsequent search. There 
fore, in the entries corresponding to the mismatch block, the 
search line is not activated in the next stage, and the local 
match lines are not discharged. The number of the local 
match lines to be charged and discharged can be reduced, 
and the power consumption can be reduced. 
0010. In the article 1, a DRAM-type cell construction is 
employed for storing search data, and each DRAM cell 
stores a data bit, to store ternary data. The CAM cell storing 
the ternary data is generally referred to as a TCAM (Ternary 
CAM) cell, and can store a “don’t care” state. 
0011 A publication 1 (Japanese Patent Laying-Open No. 
10-027481) has disclosed a construction aiming to achieve 
a fast search operation. In the construction disclosed in the 
publication 1, a match line is precharged to a ground Voltage 
level during standby. In a search operation, each match line 
is Supplied with a current of a magnitude Substantially equal 
to that flowing when one-bit mismatch occurs with respect 
to the search data. Voltage rising of the match line in the 
mismatch entry is suppressed to or below a reference Voltage 
for reducing the current consumption. 
0012 A publication 2 (Japanese Patent Laying-Open No. 
2004-192695) has likewise disclosed a construction aiming 
to reduce the current consumption in a search operation. In 
the publication 2, complementary search lines are short 
circuited to precharge the search lines to an intermediate 
Voltage level during standby. A match line is precharged to 
the ground Voltage level during standby, and is charged up 
by accumulated charges Supplied from a capacitance ele 
ment when the search operation starts. A capacitive division 
by the capacitance element and the match line sets an upper 
limit of the voltage level of the match line to an intermediate 
voltage level lower than the power supply voltage. A buffer 
circuit is employed for sensing the Voltage level of the match 
line. 
0013 A publication (Japanese Patent Laying-Open No. 
2003-100086) has disclosed a construction for executing a 
fast search operation even when a match line load is large. 
In the publication 3, a reference Voltage generating circuit 
and a differential amplifier circuit are arranged for each 
match line. The differential amplifier circuit compares a 
reference Voltage with a match line Voltage for increasing a 
speed of a search and determination operation. 
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0014) A publication 4 (Japanese Patent Laying-Open No. 
2002–358791) has disclosed a construction for reducing a 
precharge current in a search operation. In the publication 4. 
CAM entries are divided. For the divided CAM entries, 
precharge Voltages and the drive Voltage of the match line in 
the miss state are set oppositely. Specifically, on one divided 
entry, the match line is precharged to an H level (logical 
high level), and is set to an L level (logical low level) in the 
mismatch. On another divided entry, the match line is 
precharged to the L level, and is set to the H level in the 
mismatch. By short-circuiting the match lines in the divided 
CAM entries, redistribution of electric charges occurs in the 
mismatch entry during precharging, and the divided match 
lines therein are driven to an intermediate Voltage, so that the 
current consumption is reduced. 
0015. A publication 5 (Japanese Patent Laying-Open No. 
2002-245783) has also disclosed a construction for reducing 
current consumption in a search operation. In the construc 
tion disclosed in the publication 5, a dummy match line is 
provided to have the same capacitance as an entry in a match 
state. A match line and the dummy match line are precharged 
to a ground Voltage, and are Supplied with a current in a 
search operation. When the dummy match line is determined 
to be at the voltage level of an H level, a determination 
timing signal is produced to stop charging of the match line. 
Current consumption is reduced by reducing a period for 
Supplying the current to the match line. A differential ampli 
fier circuit is used for determining the voltage level of the 
match line, and compares a reference Voltage with the match 
line Voltage. 
0016 A publication 6 (Japanese Patent Laying-Open No. 
2001-319481) has disclosed a construction for reducing 
current consumption in a search operation and for increasing 
a speed of the search operation. In the construction disclosed 
in the publication 6, a bit line for writing/reading data is 
provided separately from a search line for transferring 
search data. The bit line is precharged to the H level, and the 
search line is precharged to the L level. In a search operation, 
the search and bit lines are short-circuited according to the 
search data so that the search line at a high level is set to an 
intermediate Voltage level, and an amplitude of a search line 
Voltage is set to be between the ground Voltage and the 
intermediate Voltage level. The match line is precharged to 
the intermediate Voltage level, and is charged up via a 
decouple transistor in the search operation. Via Such 
decouple transistor, the match line is coupled to a sense 
amplifier. Even when a sense node of input nodes of the 
sense amplifier is charged, the decouple transistor Sup 
presses Voltage rising of the match line. Upon mismatch, the 
sense node is discharged via the match line. The Voltage 
amplitude(s) of the match line and/or search line is (are) 
restricted, so that the current consumption is reduced, and 
the search operation is speeded up. 
0017. In the CAM and TCAM, as described above, the 
search line and the match line are charged and discharged in 
each search cycle, and the current consumption is large. In 
the article 1 described above, the match line has a hierar 
chical configuration, and the search operation is performed 
in a pipelined fashion for each of the plurality of local match 
line blocks. For the entry of the mismatching in a certain 
pipeline stage (local match line block), the Subsequent 
discharging of the search line and the local match line is not 
performed for reducing the current consumption. 
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0018. In the article 1, the match line has the hierarchical 
configuration, but the search line is arranged commonly to 
all the entries. Therefore, the search line of a large load 
capacitance is charged and discharged between the power 
Supply Voltage level and the ground Voltage level according 
to the search data, and there is a room for improvement in 
reducing the current consumption. 
0019. The search operation is performed concurrently on 
many search and local match lines. Therefore, a simulta 
neous operation current (peak current) is large, which may 
cause Switching noises. 
0020. In the article 1, the global and local match lines are 
charged and discharged between the levels of the power 
Supply Voltage and the ground Voltage. Therefore, signal 
amplitudes of the local and global match lines indicating a 
result of the match-detection are large, and Such a problem 
arises that there is a limit in reduction of the current 
consumption and the reduction of the time required until 
settlement of the match result. The power supply voltage 
may be lowered to reduce the signal amplitude. In this case, 
however, the operation speed of the transistor element 
determines the lower limit of the power supply voltage level, 
to pose the restriction on the increase in operation speed. 
0021. In the construction disclosed in the publication 1 a 
transistor similar to the CAM cell is used to produce and 
Supply a current of one-bit miss State to the match line. The 
transistor receiving a reference Voltage on its gate is used for 
charging the match line, to Suppress the Voltage level 
increase of the match line in the mismatch, at or below the 
reference voltage. However, such a problem occurs that the 
match line in the match state is charged to the power Supply 
Voltage level, and the Voltage amplitude thereof becomes 
large. The publication 1 has not disclosed a construction for 
setting the voltage amplitude of the match line to or below 
an intermediate Voltage level regardless of the match and 
mismatch states. Also, no consideration is given to an 
influence that is exerted on the match line precharging 
current by an off-leakage current flowing via the CAM cells 
in the match state of an entry. 
0022. In the construction disclosed in the publication 2, 
by the charge redistribution performed by the capacitance 
division by the match line and a capacitance element, the 
precharge voltage level of the match line is set. Therefore, 
the capacitance values must be adjusted between the match 
line and the capacitance element with high precision, and it 
is difficult to charge up precisely the match line in the match 
state to a desired intermediate voltage level. In the publica 
tion 2, the search line is precharged by short-circuiting the 
complementary search lines for reducing the charge/dis 
charge currents of the search lines. However, no consider 
ation is given to reduction of the capacitance of the search 
line. Accordingly, the search line is charged from the inter 
mediate Voltage level to the power Supply Voltage level 
according to the search data, and Such problem arises that as 
the number of entries increases, the load capacitance accord 
ingly increases and the current consumption cannot be 
reduced. 

0023. In the construction disclosed in the publication 3, 
the reference Voltage generating circuit and the differential 
amplifier circuit are arranged for each match line. In this 
publication 3, however, the match line is precharged to the 
power Supply Voltage level. Therefore, the Voltage ampli 
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tude of the match line is large, resulting in a problem that the 
fast search operation and the reduced current consumption 
cannot be achieved. 
0024. In the construction disclosed in the publication 4, 
the CAM entry is divided and such a problem arises that the 
divided entries are precharged to different voltage levels, 
and it is difficult to achieve a uniform operation speed 
between the divided entries. In each entry, it is necessary to 
control the connection of the match line in the divided entry 
according to the match/mismatch of the divided entries, and 
a circuit for Such connection requires a large occupation 
area. Further, the match line of each divided entry has the 
Voltage amplitude of the power Supply Voltage level, so that 
the fast search operation cannot be achieved. When the 
number of bits of the search data increases and accordingly 
the number of bits of the CAM cells of the entry increases, 
the load of the match line increases to increase the current 
consumption for precharging from the intermediate Voltage 
level to the power supply voltage level. 
0025. In the construction disclosed in the publication 5, 
the determination timing is set by detecting the Voltage level 
of the dummy match line, and thereby the precharge period 
of the match line is adjusted. However, no consideration is 
given to the restriction of the precharge current value. Also, 
the charging of the match line in the match State is not 
stopped, and the current consumption in the search operation 
can be reduced to a limited extent. 
0026. In the construction disclosed in the publication 6, 
the search line and the bit line are short-circuited to set the 
voltage amplitude of the search line to the intermediate 
Voltage Smaller than the power Supply Voltage. Therefore, 
the bit line must be precharged to the power Supply Voltage 
level, resulting in a problem that the current consumption 
cannot be reduced. The match line is coupled to the buffer 
(sense amplifier) via the decouple transistor for charging up 
the match line in the match state to the intermediate Voltage 
level and for pulling up the sense node to the power Supply 
Voltage level. Accordingly, the discharge speed of the sense 
node slows in the state of one-bit miss for the search data, 
resulting in a problem that the search operation cannot be 
performed fast. The publication 6 discloses another embodi 
ment, in which redistribution of the accumulated charges of 
the capacitance element sets the Voltage level of the match 
line in the match state. This scheme results in a problem that 
adjustment of the load capacitances of the capacitance 
element and the match line cannot be made easily, similarly 
to the publication 2. 

SUMMARY OF THE INVENTION 

0027. An object of the invention is to provide a content 
addressable memory that can reduce current consumption 
and can achieve a fast search operation even when a bit 
number of search data is large. 
0028 Briefly stated, in a content addressable memory 
according to the invention, an isolation gate is used to isolate 
a match line from an amplifier circuit of a match amplifier, 
to perform a detection operation. The match line is pre 
charged to a Voltage at or below an intermediate Voltage 
level between the power Supply Voltage and the ground 
Voltage. 
0029. According to an embodiment of a first aspect of the 
invention, a content addressable memory includes a plurality 
of entries each having a plurality of content addressable 
memory cells; a plurality of match lines arranged corre 
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sponding to the respective entries, each match line coupled 
to the content addressable memory cells in a corresponding 
entry; a search data bus coupled in parallel to the entries and 
transferring search data in parallel to the entries; and a 
plurality of match amplifiers coupled to the match lines, 
respectively. Each of the match amplifiers includes a pre 
charge circuit for precharging a corresponding match line to 
a precharge Voltage level equal to or lower than an inter 
mediate value between a power Supply Voltage and a ground 
Voltage, an amplifier circuit for comparing the Voltage on the 
corresponding match line with a reference Voltage at a 
Voltage level equal to or lower than the precharge Voltage, 
and an isolation gate for isolating the amplifier circuit from 
the corresponding match line before activation of the ampli 
fier circuit. 

0030. According to an embodiment of a second aspect of 
the invention, a content addressable memory includes a 
plurality of entries each having a plurality of content addres 
sable memory cells; a plurality of match lines arranged 
corresponding to the respective entries, each match line 
coupled to the content addressable memory cells in a cor 
responding entry; a search data bus coupled in parallel to the 
entries and transferring search data commonly to the entries; 
and match amplifiers arranged corresponding to the respec 
tive match lines and coupled to the corresponding match 
lines. Each of the match amplifiers includes an amplifier 
circuit for comparing a Voltage on the corresponding match 
line with a reference Voltage to produce a signal indicating 
a result of the comparison, a precharge circuit for precharg 
ing the corresponding match line to a ground Voltage level 
after completion of an amplifying operation of the amplifier 
circuit, and a pull-up current Supply circuit for Supplying a 
current having a restricted current value to the correspond 
ing match line when the precharge circuit is inactive. 
0031. According to an embodiment of a third aspect of 
the invention, a content addressable memory includes a 
plurality of entries each having a plurality of content addres 
sable memory cells; a plurality of match lines arranged 
corresponding to the respective entries, each match line 
coupled to the content addressable memory cells in the 
corresponding entry; a search data bus coupled in parallel to 
the entries and transferring search data in parallel to the 
entries; and a plurality of match amplifiers arranged corre 
sponding to the respective match lines and coupled to the 
corresponding match lines. Each of the match amplifiers 
includes a precharge circuit for precharging the correspond 
ing match line to a ground Voltage level, and a pull-up 
current Supply/determination circuit for Supplying a current 
of a restricted current value to the corresponding match line 
when the precharge circuit is inactive, and producing a 
signal at a Voltage level corresponding to the Voltage level 
of the corresponding match line. The current of this 
restricted current value is Smaller than a current flowing 
through the corresponding match line in the case of one bit 
of the content addressable memory cells in one entry is made 
conductive, and is larger than a current flowing through the 
corresponding match line when the content addressable 
memory cells of all the bits are non-conductive. 
0032. According to an embodiment of a fourth aspect of 
the invention, a content addressable memory includes a 
plurality of entries each having a plurality of content addres 
sable memory cells; a plurality of match lines arranged 
corresponding to the respective entries, each match line 
coupled to the content addressable memory cells in the 
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corresponding entry; a search data bus coupled in parallel to 
the entries and transferring search data in parallel to the 
entries; and a plurality of match amplifiers arranged corre 
sponding to the respective match lines and coupled to the 
corresponding match lines. Each of the match amplifiers 
includes a sensing circuit for producing a signal at a voltage 
level corresponding to the Voltage level of the corresponding 
match line, a latch circuit for latching a signal received from 
the sensing circuit and corresponding to a Voltage level of 
the match line in a preceding match and detection cycle, and 
a charge circuit for selectively Supplying a current to the 
corresponding match line according to a latched signal of the 
latch circuit in a search operation. 
0033 According to an embodiment of a fifth aspect of the 
invention, a content addressable memory has a plurality of 
search blocks including a plurality of entries. Each entry 
includes a plurality of content addressable memory cells 
storing candidate data, and a match line coupled to the 
plurality of content addressable memory cells, and being 
driven in a predetermined voltage level direction by the 
corresponding content addressable memory cells according 
to a result of match searching with respect to search data. 
Each search block further includes a search data bus coupled 
commonly to the plurality of entries and transferring the 
search data. The content addressable memory according to 
the embodiment of the fifth aspect further includes a plu 
rality of search data input circuits arranged corresponding to 
the search blocks, respectively, and each Supplying the 
search data to the search data bus of the corresponding 
search block, and an activation control circuit for Succes 
sively activating the plurality of search blocks and the 
plurality of search data input circuits according to a clock 
signal. 
0034. According to an embodiment of a sixth aspect of 
the invention, a content addressable memory includes a 
plurality of entries each having a plurality of content addres 
sable memory cells; a plurality of match lines arranged 
corresponding to the respective entries, each match line 
coupled to the content addressable memory cells in the 
corresponding entry; a search data bus coupled in parallel to 
the entries and transferring search data in parallel to the 
entries; and a plurality of match amplifiers arranged corre 
sponding to the plurality of match lines, respectively. Each 
of the match amplifiers includes a precharge circuit for 
precharging a reference Voltage node and a corresponding 
match line, and an amplifier circuit for comparing the 
Voltages on first and second nodes, and producing a signal 
indicative of a result of the comparison. The precharge 
Voltage is at a level equal to or lower than an intermediate 
Voltage between a power Supply Voltage and a ground 
voltage. The first node of the amplifier circuit receives the 
Voltage on the corresponding match line, and the second, 
node is coupled to the reference voltage node. The match 
amplifier further includes an isolation gate for isolating the 
corresponding match line and the reference Voltage node 
from the first and second nodes of the amplifier circuit 
before activation of the amplifier circuit, and a capacitance 
element for boosting the first node according to a boost 
instructing signal before the activation of the amplifier 
circuit after isolation of the isolation gate. 
0035. According to an embodiment of a seventh aspect of 
the invention, a content addressable memory includes a 
plurality of entries each having a plurality of content addres 
sable memory cells; a plurality of match lines arranged 
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corresponding to the respective entries, each match line 
coupled to the content addressable memory cells in the 
corresponding entry; a search data bus for transferring 
search data in parallel to the entries; and a plurality of match 
amplifiers arranged corresponding to the plurality of match 
lines, respectively. Each of the match amplifiers includes a 
precharge circuit for precharging the corresponding match 
line, and an amplifier circuit for comparing Voltages on first 
and second nodes, and producing a signal indicative of a 
result of the comparison. The precharge Voltage is at a level 
equal to or lower than an intermediate Voltage between a 
power Supply Voltage and a ground Voltage. The first node 
receives the Voltage on the corresponding match line. The 
second node receives a sense reference Voltage. The match 
amplifier further includes an isolation gate for confining 
charges on the first and second nodes before activation of the 
amplifier circuit. The sense Voltage is produced by changing 
the Voltage at a precharge Voltage level using a capacitance 
element. 
0036. According to an embodiment of an eighth aspect of 
the invention, a content addressable memory includes a 
plurality of entries each having a plurality of content addres 
sable memory cells; a plurality of match lines arranged 
corresponding to the respective entries, each match line 
coupled to the content addressable memory cells in a cor 
responding entry; a search data bus for transferring search 
data in parallel to the entries; and a plurality of match 
amplifiers coupled to the match lines, respectively. Each of 
the match amplifiers includes a precharge circuit for pre 
charging the corresponding match line to a precharge Volt 
age level equal to or lower than an intermediate value 
between a power Supply Voltage and a ground Voltage, an 
amplifier circuit for comparing the Voltage on the corre 
sponding match line with a reference Voltage at the same 
Voltage level as the precharge Voltage, and a capacitance 
element for Supplying accumulated charges to the corre 
sponding match line in the operation of comparing the 
search data on the search data bus with the stored data of the 
entry. 
0037 According to an embodiment of a ninth aspect of 
the invention, a content addressable memory includes a 
plurality of entries each having a plurality of content addres 
sable memory cells; a plurality of match lines arranged 
corresponding to the respective entries, each match line 
coupled to the content addressable memory cells in a cor 
responding entry; a search data bus for transferring search 
data commonly to the entries; and a plurality of match 
amplifiers coupled to the respective match lines. Each of the 
match amplifiers includes a precharge circuit for precharg 
ing the corresponding match line to a ground Voltage level. 
and a pull-up current Supply/determination circuit Supply 
ing, in an operation of comparing the search data on the 
search data bus with stored data of each of the entries, a 
current of a restricted current value to the corresponding 
match line, clamping an upper limit value of the Voltage on 
the corresponding match line at a predetermined value or 
lower and for producing a signal corresponding to the 
Voltage level of the corresponding match line on an internal 
node. 

0038. The invention implements the content addressable 
memory that performs fast search/determination operations 
with low current consumption. 
0039 Representative effects achieved by the embodi 
ments of the invention are as follows. Since the precharge 
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voltage level of the match line is set to the intermediate 
Voltage level or lower, the charge/discharge currents of the 
match line can be reduced. Also, a signal amplitude of the 
match line is made Small, to achieve a fast search operation. 
In the search operation, the amplifier circuit of the match 
amplifier is activated while isolating the match line from the 
amplifier circuit. Thus, full swing of the match line is not 
required in the operation of the amplifier circuit. Thus, the 
precharge or pull-up of the match line from the intermediate 
Voltage level can be performed, so that the signal amplitude 
of the match line can be reduced, and the current consump 
tion can be reduced. When using a cross-coupled type latch 
amplifier for the amplifier circuit, the driving capacitance of 
the amplifier circuit is reduced, and the fast amplifying 
operation can be achieved. 
0040. By supplying the current of the restricted current 
value to the match line, the match line precharged to the 
ground Voltage level can be charged to the predetermined 
Voltage level according to the comparison with the search 
data, and rising of the Voltage level can be suppressed so that 
the fast search operation and the low current consumption 
can be achieved. The voltage amplitude of the match line in 
the search mismatch state (miss state) in which the charge 
and discharge of the match line are performed, can be made 
Smaller than the power Supply Voltage, and the current 
consumption can be reduced. 
0041. The restricted current value is smaller than the 
current flowing from the match line through the entry in 
one-bit miss state, and is larger than the match line current 
flowing through the entry in the all-bit non-conductive state. 
Thereby, the Voltage rising of the match line can be Sup 
pressed even when one-bit mismatch occurs. It is possible to 
compensate for Voltage lowering due to a leakage current of 
the match line in the match state. Thereby, the voltage 
amplitude of the match line can be small, and the fast search 
operation can be achieved with low current consumption. 
0042. The entry is divided into the plurality of search 
blocks, and the search operation is successively performed 
in the search blocks, so that the construction can be equiva 
lent to the construction having divided search lines. There 
fore, it is possible to reduce the charging/discharging cur 
rents of the search line, and the fast search operation can be 
performed. By Successively performing the search operation 
in the search blocks, the peak current in the search operation 
can be reduced, and influences by Switching noises can be 
Suppressed. 
0043. When the sense operation at the voltage level of the 
match line is performed by confining the charges, the 
capacitance element is used to change the match line Volt 
age. The interconnection capacitance connected to the 
capacitance element is Small, and the capacitance element 
can have a smaller size than that in a construction that uses 
the capacitance element for changing the Voltage level of the 
whole match line, and an occupation area of the capacitance 
element can be Small. A Small amount of charges can change 
the Voltage significantly. A load capacitance of the node that 
fully Swings in the amplifying operation is Small, so that the 
power consumption can be small. 
0044. In the case of producing the sense reference voltage 
by changing the precharge Voltage using the capacitance 
element, the precharge Voltage level is changed using a 
charge pump operation (capacitive coupling action) of the 
capacitance element. In the case of changing the sense 
reference Voltage for the production after confining the 
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charges, the occupation area of the capacitance element can 
be small. In the case of changing the sense reference Voltage 
by the capacitance element for the production before con 
fining the charges, the match amplifier does not require a 
capacitance element for capacitance balance of the sense 
nodes so that the occupation area can be small. Even when 
the amplitude of the sense nodes (first and second nodes) of 
the amplifier circuit fully Swings, the sense nodes have no 
capacitance element so that the current consumption 
required for charging/discharging the sense nodes can be 
Small. 
0045. In this search operation, the capacitance element 
Supplies the accumulated charges to the match line to pull up 
the match line. This can prevent flow of a through current 
from the power Supply node to the ground node in the search 
operation, and can reduce the current consumption. The 
accumulated charges of the capacitance element are used to 
pull up the potential of the match line so that the pull-up 
potential can be low, and the increase in Voltage amplitude 
of the match line can be suppressed. 
0046. The current of the restricted value is supplied to the 
match line, and the upper limit value of the potential of the 
match line is clamped so that the Voltage amplitude of the 
match line can be restricted. Since the signal at the Voltage 
level corresponding to the match line potential is produced, 
no differential amplifier circuit is required, and the current 
consumption of the match amplifier can be reduced. 
0047 Through the clamp function, the internal node of 
the pull-up current supply/determination circuit is isolated 
from the match line, so that the load of the internal node can 
be reduced, and the voltage level of the internal node can be 
raised fast to the power supply voltage level. Thus, the 
current consumption can be reduced, and the fast search/ 
determination operation can be achieved. 
0048. The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0049 FIG. 1 schematically shows a whole construction 
of a content addressable memory according to a first 
embodiment of the invention. 
0050 FIG. 2 shows an example of a construction of a unit 
cell shown in FIG. 1. 

0051 FIG. 3 shows another construction of the unit cell 
shown in FIG. 1. 
0.052 FIG. 4 schematically shows a main portion of the 
content addressable memory according to the first embodi 
ment of the invention. 
0053 FIG. 5 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 4. 
0054 FIG. 6 shows an example of a specific construction 
of a match amplifier shown in FIG. 4. 
0055 FIG. 7 schematically shows a construction of a 
control circuit shown in FIG. 1. 
0056 FIG. 8 schematically shows a main portion of a 
content addressable memory according to a second embodi 
ment of the invention. 
0057 FIG. 9 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 8. 
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0058 FIG. 10 schematically shows a construction of a 
modification of the content addressable memory according 
to the second embodiment of the invention. 
0059 FIG. 11 schematically shows a whole construction 
of a content addressable memory according to a third 
embodiment of the invention. 
0060 FIG. 12 schematically shows a main portion of the 
content addressable memory according to the third embodi 
ment of the invention. 
0061 FIG. 13 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 12. 
0062 FIG. 14 schematically shows a main portion of a 
content addressable memory of a modification of the third 
embodiment of the invention. 
0063 FIG. 15 schematically shows a main portion of a 
content addressable memory according to a second modifi 
cation of the third embodiment of the invention. 
0064 FIG. 16 schematically shows a main portion of a 
content addressable memory according to a fourth embodi 
ment of the invention. 
0065 FIG. 17 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 16. 
0066 FIG. 18 schematically shows a construction of a 
control circuit used in a fourth embodiment of the invention. 
0067 FIG. 19 schematically shows a main portion of a 
content addressable memory according to a fifth embodi 
ment of the invention. 
0068 FIG. 20 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 19. 
0069 FIG. 21 schematically shows a main portion of a 
content addressable memory according to a sixth embodi 
ment of the invention. 
0070 FIG. 22 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 21. 
0071 FIG. 23 schematically shows a construction of a 
modification of a bias Voltage generating portion of the 
content addressable memory according to the sixth embodi 
ment of the invention. 
0072 FIG. 24 schematically shows a construction of a 
control circuit of the content addressable memory according 
to the sixth embodiment of the invention. 
0073 FIG. 25 schematically shows a main portion of a 
content addressable memory according to a seventh embodi 
ment of the invention. 
0074 FIG. 26 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 25. 
0075 FIG. 27 schematically shows a main portion of a 
content addressable memory according to an eighth embodi 
ment of the invention. 
0076 FIG. 28 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 27. 
0077 FIG. 29 schematically shows a construction of a 
control signal generating portion of the content addressable 
memory according to the eighth embodiment of the inven 
tion. 
0078 FIG. 30 schematically shows a main portion of a 
content addressable memory according to a ninth embodi 
ment of the invention. 
007.9 FIG. 31 schematically shows a main portion of a 
content addressable memory according to a tenth embodi 
ment of the invention. 
0080 FIG. 32 shows an example of a construction of a 
buffer shown in FIG. 31. 
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I0081 FIG. 33 schematically shows a main portion of a 
content addressable memory according to an eleventh 
embodiment of the invention. 
I0082 FIG. 34 shows an example of a construction of a 
current converter circuit shown in FIG. 33. 
0083 FIG. 35 shows another construction of the current 
converter circuit shown in FIG. 33. 
I0084 FIG. 36 shows an example of a construction of a 
buffer shown in FIG. 33. 
I0085 FIG. 37 schematically shows a main portion of a 
content addressable memory of a modification of the elev 
enth embodiment of the invention. 
I0086 FIG. 38 schematically shows a main portion of a 
content addressable memory according to a twelfth embodi 
ment of the invention. 
I0087 FIG. 39 illustrates, in a table form, operation logic 
of a charge circuit shown in FIG. 34. 
I0088 FIG. 40 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 38. 
I0089 FIG. 41 illustrates, in a table form, charge con 
Sumption per search cycle of the content addressable 
memory shown in FIG. 38. 
0090 FIG. 42 shows a main portion of a modification of 
the twelfth embodiment of the invention. 
0091 FIG. 43 is a timing chart representing an operation 
of a match amplifier shown in FIG. 42. 
0092 FIG. 44 schematically shows a main portion of a 
content addressable memory according to a thirteenth 
embodiment of the invention. 
0093 FIG. 45 schematically shows a main portion of a 
content addressable memory according to a fourteenth 
embodiment of the invention. 
0094 FIG. 46 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 45. 
0.095 FIG. 47 schematically shows a whole construction 
of a content addressable memory according to a fifteenth 
embodiment of the invention. 
0096 FIG. 48 is a timing chart representing an operation 
of a delay control circuit of the content addressable memory 
shown in FIG. 47. 
0097 FIG. 49 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 47. 
0.098 FIG. 50 shows an example of a construction of a 
priority encoder shown in FIG. 47. 
(0099 FIG. 51 shows a main portion of a CAM according 
to a sixteenth embodiment of the invention. 
0100 FIG. 52 is a timing chart representing an operation 
of a match amplifier shown in FIG. 51. 
0101 FIG. 53 schematically shows a whole construction 
of the CAM according to the sixteenth embodiment of the 
invention. 
0102 FIG. 54 schematically shows a construction of a 
portion for generating control signals shown in FIG. 51. 
0103 FIG. 55 schematically shows a main portion of a 
CAM according to a seventeenth embodiment of the inven 
tion. 
0104 FIG. 56 is a timing chart representing an operation 
of a match amplifier shown in FIG. 55. 
0105 FIG. 57 schematically shows a construction of a 
portion for generating a control signal shown in FIG. 55. 
0106 FIG. 58 schematically shows a main portion of a 
CAM according to an eighteenth embodiment of the inven 
tion. 
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0107 FIG. 59 is a timing chart representing an operation 
of a match amplifier shown in FIG. 58. 
0108 FIG. 60 schematically shows a construction of a 
portion for generating control signals shown in FIG. 58. 
0109 FIG. 61 schematically shows a main portion of a 
CAM according to a nineteenth embodiment of the inven 
tion. 
0110 FIG. 62 is a timing chart representing an operation 
of a match amplifier shown in FIG. 61. 
0111 FIG. 63 shows a main portion of a CAM according 
to a twentieth embodiment of the invention. 
0112 FIG. 64 schematically shows a main portion of a 
CAM according to a twenty-first embodiment of the inven 
tion. 
0113 FIG. 65 is a timing chart representing an operation 
of a match amplifier shown in FIG. 64. 
0114 FIG. 66 schematically shows a construction of a 
portion generating a control signal shown in FIG. 61. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

0115 FIG. 1 schematically shows a whole construction 
of a content addressable memory according to a first 
embodiment of the invention. In FIG. 1, the content addres 
sable memory includes a memory cell array 1 having unit 
cells UC arranged in rows and columns. Memory cell array 
1 is divided into a plurality of entries ERY. A match line ML 
is arranged for each entry ERY, and each match line ML is 
coupled to unit cells UC in a corresponding entry in parallel. 
Each of search line pairs SLP for transmitting search data is 
arranged commonly to entries ERY in memory cell array 1. 
Unit cell UC is arranged corresponding each crossing 
between search line pairs SLP and match lines ML. Unit cell 
UC has a construction as described later and has a function 
of storing and searching data. The unit cell can have various 
constructions. Accordingly, the term “unit cell' is used 
instead of “content addressable memory cell and “CAM 
cell” in the following description. 
0116. The content addressable memory further includes a 
match determining circuit 2 arranged corresponding to 
entries ERY for determining match/mismatch of the search 
data with stored data of each entry. Match determining 
circuit 2 includes match amplifiers 10 coupled to the respec 
tive match lines. The content addressable memory further 
includes an intermediate Voltage generating circuit 6 for 
Supplying an intermediate Voltage VML and a comparison 
reference voltage VREF to match amplifiers 10 in match 
determining circuit 2, a search data input circuit 4 that 
receives externally Supplied search data SD and transmits 
the search data SD to search line pairs SLP of memory cell 
array 1, and a control circuit 8 responsive to a clock signal 
CLK for controlling operations of match determining circuit 
2 and search data input circuit 4 according to an externally 
Supplied command CMD instructing an operation mode. 
0117 Intermediate voltage generating circuit 6 produces 
an intermediate Voltage at a voltage level of half a power 
supply voltage VDD or lower from power supply voltage 
VDD. Intermediate voltage VML and comparison reference 
voltage VREF may be at the same voltage level, or inter 
mediate Voltage VML may be higher than comparison 
reference voltage VREF. Intermediate voltage VML is used 
as a precharge Voltage for precharging each match line ML 

Oct. 25, 2007 

via match amplifier 10. An amplitude of match line ML is set 
to or lower than half the power supply voltage VDD/2, 
whereby the current consumption is reduced, and a search 
operation speed is increased. 
0118 FIG. 2 shows an example of a construction of unit 
cell UC shown in FIG.1. In FIG. 2, unit cell UC includes an 
SRAM cell SMC storing one bit of data, N-channel MOS 
transistors (insulated gate field effect transistors) TR1 and 
TR2 connected in series between match line ML and a 
ground node, and N-channel MOS transistors TR3 and TR4 
arranged in series between match line ML and the ground 
node. MOS transistors TR1 and TR3 have gates coupled to 
search lines SL and /SL, respectively. MOS transistors TR2 
and TR4 have gates coupled to internal storage nodes /D and 
D of SRAM cell SMC, respectively. These internal storage 
nodes D and /D store data bits complementary to each other. 
When SRAM cell SMC stores “1”, internal storage nodes D 
and /D are at H and L levels, respectively. In this state, 
therefore, MOS transistor TR2 is conductive, and MOS 
transistor TR4 is non-conductive. When SRAM cell SMC 
stores data “0”, the opposite state is attained. 
0119 Search lines SL and /SL form search line pair SLP 
shown in FIG. 1, and transmit complementary data in a 
search operation. For unit cell UC shown in FIG. 2, there are 
provided a word line and a bit line pair for writing and 
reading data into/from SRAM cell SMC, although FIG. 2 
does not show the word line and bit line pair. 
I0120 In the search operation, when search data “1” is 
supplied while SRAM cell SMC has stored “1” (internal 
storage node D is at the H level), search line SL is at the H 
level, and complementary search line /SL is at the L level. 
Therefore, MOS transistors TR2 and TR3 are off, and match 
line ML is kept at the precharge voltage level. Conversely, 
when the search data of “0” is transferred to search line SL 
while the potential of internal storage node D of SRAM cell 
SMC is at the H level, search line SL attains the L level, and 
complementary search line /SL attains the H level. In this 
case, MOS transistors TR3 and TR4 are both made conduc 
tive, and match line ML is discharged from the precharge 
Voltage level to the ground Voltage level. 
I0121 Therefore, with the construction using unit cell UC 
shown in FIG. 2, binary determination can be made on 
match/mismatch between the search data and the storage 
data of the entry. Unit cells UC in the entry are coupled in 
parallel to corresponding match line ML. When all unit cells 
UC in entry ERY are in the match state, match line ML holds 
the precharge voltage level. When the entry includes at least 
one bit of unit cell in the mismatch state (miss state), match 
line ML is discharged via this unit cell in the mismatch state, 
and the potential of match line ML lowers from the pre 
charge Voltage level. Therefore, by amplifying the potential 
level of match line ML by match amplifier 10 in match 
determining circuit 2, it is possible to perform the binary 
determination on match/mismatch between the search data 
and the stored data of each entry. 
0.122 FIG. 3 shows another construction of unit cell UC 
shown in FIG.1. In FIG. 3, unit cell UC differs from unit cell 
UC shown in FIG. 2 in the following construction. As the 
data storage element, first and second cells MC1 and MC2 
each having a logical value of storage data set separately and 
individually are employed in place of SRAM cell SMC. 
Storage nodes ND1 and ND2 of first and second cells MC1 
and MC2 are coupled to the gates of MOS transistors TR2 
and TR4, respectively. Each of first and second cells MC1 
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and MC2 is implemented using a DRAM memory cell as 
described in the article 1. Charges accumulated in a capaci 
tor are used to store data. Other constructions of unit cell UC 
shown in FIG.3 are the same as those of unit cell UC shown 
in FIG. 2. Corresponding portions are allotted with the same 
reference numbers, and description thereof is not repeated. 
0123. In FIG. 3, the word and bit lines for writing/reading 
data are arranged for each of first and second cells MC1 and 
MC2. However, FIG. 3 does not show the word and bit lines 
for writing/reading data for the sake of simplicity, similarly 
to FIG 2. 

0124. In unit cell UC shown in FIG. 3, when first and 
second cells MC1 and MC2 store the complementary data, 
unit cell UC performs the search operation according to the 
same logic as unit cell UC in FIG. 2. Thus, match line ML 
is discharged when mismatch (miss) occurs. When match 
(hit) occurs, match line ML is kept at the precharge Voltage. 
0.125. When both first and second cells MC1 and MC2 
store data “0” at the L level, both MOS transistors TR2 and 
TR4 are off. In this state, therefore, match line ML is not 
discharged regardless of the logical value of search data, and 
match line ML keeps the precharged state. This can imple 
ment the “don’t care” state. 
0126. When both first and second cells MC1 and MC2 
have stored data “1” at the H level, both MOS transistors 
TR2 and TR4 are on. In this case, match line ML is 
discharged regardless of the value of search data. In this 
state, the stored data of the entry is invalid (i.e., normally in 
the mismatch state) regardless of the search data. Unit cell 
UC of the construction shown in FIG. 3 can make ternary 
determination of match, mismatch and don't care. 
0127. By using unit cell UC shown in either of FIGS. 2 
and 3 for the CAM (Content Addressable Memory) cell, 
match line ML is discharged via a path of MOS transistors 
TR1 and TR2 or a path of MOS transistors TR3 and TR4 in 
the miss State. 
0128 FIG. 4 shows a specific construction of match 
amplifier 10 in the content addressable memory according to 
the first embodiment of the invention. In FIG.4, in memory 
cell array 1, there are (n+1) entries ERY0-ERYn. Match 
lines ML0-ML mare arranged corresponding to entries 
ERY0-ERYn, respectively. Each of entries ERY0-ERYn 
includes a plurality of unit cells UC. A memory cell (CAM 
cell) CC arranged for data storage in each unit cell UC may 
be formed of SRAM cell SMC shown in FIG. 2 or memory 
cells MC1 and MC2 shown in FIG. 3. In the following 
description, CAM cell CC refers to either of the unit cell 
performing the binary determination and the unit cell per 
forming the ternary determination. 
0129. Match amplifiers 10 are arranged corresponding to 
entries ERY0-ERYn, respectively. FIG. 4 representatively 
shows a construction of match amplifier 10 arranged corre 
sponding to entry ERY0. Match amplifier 10 includes a 
differential amplifier circuit 12 for comparing a Voltage on 
corresponding match line ML (MLO) with a reference 
voltage VREF, a latch 16 for latching an output signal of 
differential amplifier circuit 12 according to a latch instruct 
ing signal LAT and producing a search result indicating 
signal ML OUT (ML OUTIO), and a precharge transistor 
14 for transmitting precharge Voltage VML to corresponding 
match line ML (MLO) in response to activation of a 
precharge instructing signal PRE n. 
0130. Differential amplifier circuit 12 includes a differ 
ential amplifier 12a having a positive input (+) coupled to 
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match line ML and a negative input (-) receiving reference 
voltage VREF, and an amplifier activation transistor 12b for 
activating differential amplifier 12a in response to a match 
amplifier activating signal MAE. 
I0131 Precharge voltage VML is at a level of half power 
supply voltage VDD, and reference voltage VREF is lower 
than precharge voltage VML (0<VREF-VMLsVDD/2). 
I0132) Search lines SL and /SL are precharged to the 
ground voltage level during standby, and are selectively 
driven to the power Supply Voltage level according to the 
search data in the search operation. 
0.133 FIG. 5 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 4. FIG. 5 
shows operating waveforms relating to one entry. Referring 
to FIG. 5, a search operation of the content addressable 
memory shown in FIG. 4 will now be described. 
I0134. In a standby state before a time T1, search lines SL 
and /SL are at the level of ground voltage GND, and match 
line ML is also at the level of ground voltage GND. 
0.135 The search operation starts at time T1. In response 
to start of the search operation at time T1, precharge 
instructing signal PRE nattains the Llevel so that precharge 
transistor 14 is turned on for each entry, to precharge each 
of match lines ML (MLOI-MLn) to the intermediate 
voltage level, i.e., the level of precharge voltage VML. 
During a period between times T1 and T2, both search lines 
SL and /SL are kept at the ground voltage level. 
0.136. At time T2, the precharge operation completes, 
search lines SL and /SL are activated and a comparison is 
made between the stored data and the search data. In this 
activation/comparison cycle, precharge instructing signal 
PRE n is at the H level to maintain precharge transistor 14 
off Search lines SL and FSL receive the search data, and are 
each driven to the voltage level corresponding to the bit 
value of the search data. Thereby, in entries ERY0-ERYn, 
the search operation is performed in parallel. According to 
match/mismatch between the stored data of CAM cell CC 
and the search data, each unit cell UC selectively discharges 
the corresponding match line. As shown in FIG. 5, when at 
least one bit of the unit cell in the entry is in the mismatch 
state, match line ML of this miss-state entry is discharged 
via a path of MOS transistors TR1 and TR2 or transistors 
TR3 and TR4 in unit cell UC in the mismatch state, and the 
precharge voltage level of match line ML lowers. 
0.137. At a time T3, when the voltage level of match line 
ML is sufficiently developed, match amplifier activating 
signal MAE is made active. Thereby, a determination cycle 
starts overlapping with a data comparison cycle, and differ 
ential amplifier circuit 12 performs the differential amplifi 
cation. Thus, differential amplifier circuit 12 produces a 
signal corresponding to a difference between reference Volt 
age VREF and the potential of corresponding match line 
ML. At time T3, latch instructing signal LAT attains the H 
level, and a match amplifier output cycle starts in parallel. In 
this cycle, latch 16 enters the through state and latches the 
output signal of differential amplifier circuit 12 and transfers 
the latched data to an output node. In FIG. 5, the corre 
sponding entry is in the mismatch state, and search result 
indicating signal ML OUT (one of ML OUTIOI-ML OUT 
n) changes to the ground Voltage level. 
0.138. When the output signal of latch 16 is made definite, 
the determination cycle ends at a time T4, and a cycle for 
outputting the search result starts. Match amplifier activating 
signal MAE is made inactive, and latch instructing signal 
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LAT is driven to the L level. Search lines SL and FSL are 
precharged to the ground Voltage level again. When latch 
instructing signal LAT attains the L level, latch 16 enters the 
latch state to keep its output signal ML OUT at the L level 
indicative of the mismatch state. 
0.139. One search cycle is formed of the period between 
times T1 and T5. In synchronization with clock signal CLK, 
the content addressable memory Successively execute a 
series of searching operations including the match line 
precharging, search line activation, data comparison, deter 
mination and output of the determination result. 
0140. At time T5, a next search cycle starts, and pre 
charge instructing signal PRE n attains the L level so that 
match line ML is precharged to the intermediate Voltage 
level of precharge voltage VML again. The voltage level of 
the match line in the match state slightly lowers due to an 
off-leakage current of the unit cell in the corresponding 
entry. However, the amount of Voltage lowering over con 
secutive cycles in the match entry is Small, and the match 
line in the match state Substantially is held at the precharge 
voltage level. The “off-leakage current represents a current 
flowing through the paths of transistors TR1 and TR2 or 
transistors TR3 and TR4 in the off state. 

0141. At a time T6, the voltage levels of search lines SL 
and /SL are set again according to the search data, and the 
comparison between the stored data and the search data is 
performed in each entry. 
0142. At a time T7, match amplifier activating signal 
MAE is made active again, and latch instructing signal LAT 
is driven to the H level. In the match state where the search 
data matches the stored data of the entry, all unit cells UC 
in the entry are non-conductive, and a discharging path is not 
present for the corresponding match line, and therefore, 
match line ML is held substantially at the level of precharge 
voltage VML. Accordingly, latch 16 produces and latches 
signal ML OUT at the H level indicative of the match state. 
0143. At a time T8, match amplifier activating signal 
MAE is made inactive, and latch 16 enters the latch state. 
Subsequently, the search cycle is repeated a number of times 
corresponding to the number of search data. 
0144. In the construction shown in FIG. 4, as described 
above, match line ML changes between ground Voltage 
GND and precharge voltage VML, and the potential of 
match line ML is compared with reference voltage VREF. 
Match amplifier 10 converts a signal of a small amplitude 
appearing on match line ML into a signal of a fill amplitude 
of the power Supply Voltage level, to produce search result 
indicating signal ML OUT. Therefore, the voltage ampli 
tude of the match line can be small in the search cycle, and 
the charging/discharging currents of match line ML can be 
small. Match lines ML in the mismatch state are much larger 
in number than match line ML in the match state, and the 
amplitude restriction of the match lines can significantly 
reduce the charging/discharging currents of the match lines. 
0145. Differential amplifier circuit 12 is used for com 
paring reference voltage VREF with the voltage on match 
line ML, so that the fast sense operation can be performed. 
In the one-bit miss state, i.e., when one bit (unit cell) out of 
unit cells is in the mismatch state in entry ERY, the current 
of the corresponding match line is pulled out slowly. How 
ever, precharge voltage VML of match line ML is equal to 
or lower than intermediate voltage VDD/2, and the voltage 
level of the corresponding match line can rapidly attain the 
level lower than reference voltage VREF even in the one-bit 
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miss state so that the potential level of the match line can be 
determined at a faster timing. Thereby, the content addres 
sable memory can be implanted to achieve the fast search 
with low current consumption. Here, the term “mismatch 
state' is used to refer to the state where the search data 
mismatches the stored data in an entry as a whole, and the 
term “miss state' is used to refer to the state where storage 
data bit a unit cell mismatches the corresponding search data 
bit, or the mismatch on a unit cell basis. 
0146 FIG. 6 shows an example of specific constructions 
of differential amplifier circuit 12 and latch 16 shown in 
FIG. 4. In FIG. 6, differential amplifier 12a of differential 
amplifier circuit 12 includes an N-channel MOS transistor 
NQ1 having a gate coupled to match line ML, an N-channel 
MOS transistor NQ2 receiving reference voltage VREF on 
its gate, and P-channel MOS transistors PQ1 and PQ2 
supplying currents to MOS transistors NQ1 and NQ2. 
respectively. Sources of MOS transistors NQ1 and NQ2 are 
commonly coupled to a drain of activation transistor 12b. 
MOS transistors PQ1 and PQ2 form a current mirror stage. 
MOS transistor PQ1 has a gate and a drain interconnected 
with each other, and serves as a master of the current mirror 
Stage. 
0147 Latch 16 includes an inverter IV1 inverting latch 
instructing signal LAT, a tristate inverter buffer BV that 
selectively becomes active according to latch instructing 
signal LAT and the output signal of inverter IV1, and 
inverters IV2 and IV3 coupled to the output of tristate 
inverter buffer BV. Inverter IV2 inverts the output signal of 
tristate inverter buffer BV to produce search result indicating 
signal ML OUT. Inverter IV3 inverts the output signal of 
inverter IV2, and provides the inverted signal to an input of 
inverter IV2. Inverters IV1 and IV2 form a so-called inverter 
latch. 
0.148. In differential amplifier circuit 12, currents of the 
same magnitude flow through MOS transistors PQ1 and 
PQ2, respectively. When the voltage level of match line ML 
is higher than reference voltage VREF, MOS transistor NO1 
causes a current flow larger than MOS transistor NQ2 does. 
MOS transistor PQ2 supplies a mirror current of the current 
flowing through MOS transistor PQ1 to MOS transistor 
NQ2. In this case, therefore, MOS transistor NO2 cannot 
wholly discharge the current supplied from MOS transistor 
PQ2, and differential amplifier 12a generates an output 
signal at the H level. 
0149. When the voltage level of match line ML is lower 
than reference voltage VREF, MOS transistor NQ2 has a 
larger conductance than MOS transistor NQ1. In this state, 
the current supplied from MOS transistor PQ2 is entirely 
discharged via MOS transistor NO2 and activation transistor 
12b, and differential amplifier 12a generates the output 
signal at the L level. 
0150. In latch 16, when latch instructing signal LAT is at 
the L level, tristate inverter buffer BV is in the output 
high-impedance state, and output signal ML OUT thereof 
does not change. When latch instructing signal LAT attains 
the H level, tristate inverter buffer BV operates as an inverter 
to amplify further the output signal of differential amplifier 
circuit 12. Inverters IV2 and IV3 latch and output the signal 
thus amplified. 
0151. Therefore, precharge transistor 14 precharges 
match line ML to the level of intermediate voltage VML, 
and the sense operation can be performed fast immediately 
when the difference between the voltage on match line ML 
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and reference voltage VREF attains a value sensible by 
differential amplifier 12a, even in the case where the signal 
amplitude of match line ML is small. 
0152 FIG. 7 shows an example of a construction of 
control circuit 8 shown in FIG. 1. In FIG. 7, control circuit 
8 includes a command decoder 20 that decodes command 
CMD supplied in synchronization with clock signal CLK, 
and a precharge activating circuit 22 that drives and main 
tains precharge instructing signal PRE n to and at the L level 
for a predetermined period according to a search operation 
instruction EN supplied from command decoder 20. 
0153 Control circuit 8 includes a search line drive acti 
Vating circuit 24 changes its output logical level using the 
change of clock signal CLK to the L level as a trigger when 
search operation instruction EN is active, a delay circuit 26 
that delays search operation instruction EN by one clock 
cycle of clock signal CLK, and a match amplifier activating 
circuit 28 that produces match amplifier activating signal 
MAE and latch instructing signal LAT according to the 
output signal of delay circuit 26 and clock signal CLK. 
0154 Command decoder 20 decodes command CMD in 
synchronization with the rising of clock signal CLK, and 
activates search operation instruction EN when decoded 
command CMD instructs the search operation. Precharge 
activating circuit 22 is formed of, e.g., a gate circuit receiv 
ing clock signal CLK and search operation instruction EN. 
and Supplies precharge instructing signal PRE n at the L 
level when clock signal CLK is at the H level and search 
operation instruction EN is at the H level. 
0155 Search line drive activating circuit 24 is formed of 

e.g., a T-type flip-flop, and activates its output signal (i.e., a 
search line drive enable signal SLEN) using the falling of 
clock signal CLK as a trigger when search operation instruc 
tion EN is active. Search line drive activating circuit 24 
Supplies search line activation instructing signal SLEN to 
search data input circuit 4. Search data input circuit 4 takes 
in search data SD that is Supplied when search operation 
instruction EN is active, and drives the search line according 
to taken search data SD when search line drive activation 
instructing signal SLEN is active. When search line drive 
activation instructing signal SLEN is inactive, search data 
input circuit 4 keeps both search lines SL and /SL at the L 
level. 

0156 Match amplifier activating circuit 28 is formed of 
e.g., a gate circuit receiving the output signal of delay circuit 
26 and clock signal CLK, and holds match amplifier acti 
Vating signal MAE and latch instructing signal LAT at the H 
level when clock signal CLK and the output signal of delay 
circuit 26 are both at the H level. 

0157 By using control circuit 8 shown by way of 
example in FIG. 7, the match line can be precharged at the 
start of the search operation, and Subsequently the search 
line can be driven according to the search data after comple 
tion of the precharging. Further, in a next cycle of clock 
signal CLK during driving of the search line, match ampli 
fier activating signal MAE and latch instructing signal LAT 
can be driven to the H level for half the clock cycle period. 
Thereby, the control circuit can achieve the timings of the 
timing control signals as shown in FIG. 5. 
0158 For the circuit for generating intermediate voltage 
VML to be transmitted to the match line, any circuit that can 
produce a Voltage at a level not higher than half the power 
supply voltage VDD and not lower than reference voltage 
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VREF, can be used. Intermediate Voltage generating circuits 
having various constructions can be used for the precharge 
Voltage generating circuit. 
0159. According to the first embodiment of the invention, 
the precharge voltage level of the match line is set to the 
level of half the power supply voltage or lower, and the 
match line Voltage is compared with the reference Voltage 
lower than the precharge Voltage, to produce the signal 
indicative of the search result. Therefore, the charge/dis 
charge currents of the match line can be Small, and the signal 
amplitude of the match line can be small. Thereby, the 
content addressable memory can sense the match line Volt 
age at high speed, and can achieve the fast operation with 
low current consumption. 

Second Embodiment 

0160 FIG. 8 shows a main portion of a content addres 
sable memory according to a second embodiment of the 
invention. The content addressable memory shown in FIG. 
8 differs from that shown in FIG. 4 in internal construction 
of latch amplifier 10. Specifically, an isolation gate circuit 30 
is arranged at a preceding stage of differential amplifier 
circuit 12. Isolation gate circuit 30 includes isolation gates 
(charge confining gates) 30a and 30b that are selectively 
turned off according to an isolation instructing signal MLI. 
Isolation gate 30a selectively isolates match line ML from a 
positive input (+) of differential amplifier 12a. Isolation gate 
30b shuts off transmission of reference voltage VREF to a 
negative input (-) of differential amplifier 12a. Other inter 
nal constructions shown in FIG. 8 are the same as those of 
the content addressable memory shown in FIG. 4. Corre 
sponding portions are allotted the same reference numerals, 
and description thereof is not repeated. 
0.161 FIG. 9 is a timing chart representing the search 
operation of the content addressable memory shown in FIG. 
8. Referring to FIG. 9, the search operation of the content 
addressable memory shown in FIG.8 will now be described. 
0162 The search cycle starts at time T1. At time T1, 
precharge instructing signal PRE n attains the L level in 
synchronization with the rising of clock signal CLK, and 
each match line ML is precharged to the intermediate 
voltage level of precharge voltage VML. 
0163 Subsequently at time T2, search lines SL and /SL 
are driven from the ground voltage level to the voltage level 
corresponding to the search data according to the falling of 
clock signal CLK. When there is mismatch between the 
search data and the stored data in the entry corresponding to 
match line ML, the voltage level of match line ML lowers 
below reference voltage VREF. 
0164. At time T3, isolation instructing signal MLI is 
driven to the L level, and isolation gates 30a and 30b are 
turned off. Concurrently, match amplifier activating signal 
MAE and latch instructing signal LAT are driven to the H 
level. Thereby, differential amplifier circuit 12 is activated to 
perform the differential amplification. Also, latch 16 enters 
the through state to produce a signal according to the output 
signal of differential amplifier circuit 12. 
(0165 At time T3, differential amplifier circuit 12 has 
already received on its positive and negative inputs the 
change in voltage level of match line ML and reference 
voltage VREF, respectively. Differential amplifier circuit 12 
makes comparison (determination) between the transmitted 
match line Voltage and the reference Voltage. Isolation gate 
circuit 30 has already isolated match line ML from differ 
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ential amplifier circuit 12. In this state, therefore, it is not 
necessary to drive search lines SL and /SL according to the 
search data, and search lines SL and FSL are driven to the 
ground Voltage level again. 
(0166 Differential amplifier circuit 12 differentially 
amplifies the Voltages on its positive and negative inputs 
according to the Voltage levels corresponding to the charges 
confined by isolation gate circuit 30. 
0167. In the amplifying operation of differential amplifier 
circuit 12, match line ML is isolated from differential 
amplifier circuit 12, and search lines SL and /SL are set to 
the ground voltage level. Therefore, match line ML has the 
charge/discharge operation stopped, and is not discharged to 
the level of ground voltage GND. 
0.168. At time T4, the data determining operation is 
completed, and latch instructing signal LAT attains the L 
level. Thereby, latch 16 enters the latch state, and signal 
ML OUT indicative of a result of the comparison enters a 
definite state. FIG. 9 shows the miss state, and signal 
ML OUT at the L level is produced. 
0169. At time T5, the search cycle restarts, and match line 
ML is precharged. In this case, match line ML is at a voltage 
level higher than ground voltage GND, and is driven fast to 
the level of precharge voltage VML. Similarly to the pre 
vious search cycle, the search line is driven according to the 
search data, isolation gates 30a and 30b confine the charges 
and differential amplifier circuit 12 performs the amplifica 
tion. 
(0170. In the search cycle starting from time T5 in FIG. 9. 
the search data matches the stored data, and signal ML OUT 
at the H level indicative of the match state is produced. 
0171 By using isolation gates 30a and 30b of isolation 
gate circuit 30, match line ML is isolated from differential 
amplifier circuit 12 during the sense operation (operation of 
the match amplifier). Thereby, the voltage amplitude of 
match line ML can be further reduced, and the current 
consumption can be further reduced. Also, it is possible to 
complete the precharge operation at a faster timing. 
0172. When the sense (sensing operation) is performed 
according to the charge confining scheme using isolation 
gate circuit 30, the differential amplifier circuit of the current 
mirror type shown in FIG. 6 may be used as differential 
amplifier circuit 12. However, when the sensing operation is 
to be performed according to the charge confining scheme, 
a so-called cross-coupled, latch type sense amplifier may be 
used for the differential amplifier circuit, whereby the search 
operation can be performed fast and efficiently. 
(0173 FIG. 10 shows another construction of differential 
amplifier circuit 12 shown in FIG. 8. FIG. 10 shows con 
structions of the match amplifiers corresponding to match 
lines MLi) and MLi+1. Differential amplifier circuit 12 
and latch 16 for each match line have the same configura 
tions. In FIG. 10, components in the match amplifier 
arranged for match line MLi) representatively are allotted 
reference numerals. 
(0174. In FIG. 10, differential amplifier 12a includes 
P-channel MOS transistors PQ3 and PQ4 having their gates 
and drains cross-coupled, N-channel MOS transistors NQ3 
and NQ4 having their gates and drains cross-coupled, and an 
activating P-channel MOS transistor PQ5. When a comple 
mentary match amplifier activating signal MAEZ is active, 
P-channel MOS transistor PQ5 couples the power supply 
node to source nodes of MOS transistors PQ3 and PQ4 when 
complementary match amplifier activating signal MAEZ. 
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(0175. The drains of MOS transistors PQ3 and NQ3 as 
well as the gates of MOS transistors PQ4 and NQ4 are 
coupled to match line MLivia isolation gate 30a. The gates 
of MOS transistors PQ3 and NQ3 as well as the drains of 
MOS transistors PQ4 and NQ4 commonly receive reference 
voltage VREF via isolation gate 30b. 
0176 A match amplifier activation transistor 12b is fur 
ther employed for differential amplifier 12a. Match amplifier 
activation transistor 12b couples the sources of MOS tran 
sistors NQ3 and NQ4 to the ground in response to match 
amplifier activating signal MAE. 
(0177 Latch 16 includes inverter IV1 receiving latch 
instructing signal LAT, a tristate inverter buffer BV1 coupled 
to the drain of MOS transistor PQ3 and the gate of MOS 
transistor PQ4 in differential amplifier 12a, and a tristate 
inverter buffer BV2 coupled to the gate of MOS transistor 
NQ3 and the drain node of MOS transistor NQ4. Tristate 
inverter buffer BV1 is selectively activated in response to the 
output signal of inverter IV1 and latch instructing signal 
LAT. Tristate inverter buffer BV2 is selectively activated 
according to latch instructing signal LAT and the output 
signal of inverter IV1, but its output is in an open state. 
0.178 Latch 16 further includes inverters IV2 and IV3 
forming an inverter latch. Inverters IV2 and IV3 latches the 
output signal of tristate inverter buffer BV 1 to produce 
search result indicating signal ML OUTi. 
0179. In latch 16 shown in FIG. 10, tristate inverter buffer 
BV2 is arranged to the node receiving reference Voltage 
VREF for the following reason. Sense nodes ND1 and ND2 
of differential amplifier 12a are made the same in load in the 
sense operation. Since the sense nodes ND1 and ND2 are the 
same in load, the cross-coupled sense amplifier forming 
differential amplifier 12a can precisely perform the sense 
operation. 
0180. In differential amplifier circuit 12 shown in FIG. 
10, match amplifier activating signals MAE and MAEZ are 
inactive during the precharge period and search line drive 
period, and MOS transistor PQ4 and match amplifier acti 
vation transistor 12b are off in these periods. In isolation 
gate circuit 30a, isolation gates 30a and 30b are conductive. 
Even when sense nodes ND1 and ND2 are precharged to the 
levels of intermediate voltage VML and reference voltage 
VREF, respectively, the movement of the charges is pre 
vented between the reference voltage line and the corre 
sponding match line via the internal nodes of differential 
amplifier 12a. Thus, sense node ND1 is at a higher level than 
reference voltage VREF, and MOS transistor PQ4 is non 
conductive. Also, MOS transistor 12b is non-conductive. 
Therefore, even when MOS transistor NQ4 is turned on, the 
source node potential thereof is at the level of reference 
voltage VREF, and MOS transistor NQ4 is kept non-con 
ductive. 
0181 MOS transistor PQ3 receives reference voltage 
VREF on its gate. Therefore, even when MOS transistor 
PQ3 is turned conductive, the voltages on its source and 
drain are equalized when its source node rises to the level of 
precharge voltage VML, so that MOS transistor PQ3 is 
turned non-conductive. Likewise, even when MOS transis 
tor NQ3 is turned on according to reference voltage VREF, 
MOS transistor NQ4 charges the common source node of 
MOS transistors NQ3 and NQ4 to the level of reference 
voltage VREF. Therefore, MOS transistor NQ3 has the same 
potential at its gate and source, and keeps the non-conduc 
tive state. Therefore, sense nodes ND1 and ND2 are held at 
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the levels of precharge voltage VML and reference voltage 
VREF during the precharge operation, respectively. 
0182. Then, the search (data comparison) operation is 
executed. Even when the potential of match line ML changes 
according to the search data, and the potential of sense node 
ND1 changes, the common source node of MOS transistors 
PQ3 and PQ4 is kept at the level of precharge Voltage VML, 
and the common source node of MOS transistors NQ3 and 
NQ4 is kept at the level of reference voltage VREF. Thereby, 
MOS transistors PQ3, PQ4, NQ3 and NQ4 keep the non 
conductive state. Therefore, sense node ND1 is set to the 
Voltage level corresponding to the potential of match line 
MLi). 
0183) Isolation instructing signal MLI is set to the L 
level, and thereby isolation gate circuit 30 is turned non 
conductive to confine the charges. Also, match amplifier 
activating signal MAE is activated. Accordingly, MOS tran 
sistor PQ5 and activation transistor 12b are turned conduc 
tive, and the sense operation (determination operation) is 
performed. Of sense node ND1 or ND1, the node at a higher 
potential is pulled up to the level of power Supply Voltage 
VDD by MOS transistor PQ3 or PQ4. The sense node at a 
lower potential is discharged to the level of the ground 
voltage by MOS transistor NQ3 or NQ4. Differential ampli 
fier 12a is a latch type of differential amplifier circuit. While 
match amplifier activating signals MAE and MAEZ are 
active, sense nodes ND1 and ND2 latch the signals at the 
levels of amplified power supply voltage VDD and ground 
voltage. 
0184 As shown in FIG. 10, the cross-coupled sense 
amplifier is used for the amplifier in the match amplifier 
circuit, and the Voltage sensing is performed according to the 
charge confining scheme. Thereby, the loads on sense nodes 
ND1 and ND2 of differential amplifier 12a can be small, and 
the amplifying operation can be performed fast. During the 
amplifying operation of differential amplifier 12a, isolation 
gate circuit 30 is off, and for each of match lines ML (MLi) 
and MLi+1), the discharging operation can be stopped. 
0185. In the second embodiment of the invention, for the 
control circuit, the circuit Substantially the same construc 
tion as the first embodiment can be employed. Thus, in the 
construction of control circuit 8 shown in FIG. 7, the search 
line drive activating circuit activates search line activating 
signal SLEN while clock signal CLK is at the L level. 
Further, as for isolation instructing signal MLI, isolation 
instructing signal MLI is driven to and maintained at the L 
level according to the output signal of delay circuit 26 shown 
in FIG. 8 during one clock cycle of clock signal CLK. 
0186. According to the second embodiment of the inven 

tion, as described above, the match amplifier senses the 
Voltage level of the match line according to the charge 
confining scheme. Therefore, the Voltage amplitude of the 
match line can be further reduced, and the Voltage sensing 
of the match line can be performed fast. 

Third Embodiment 

0187 FIG. 11 schematically shows a whole construction 
a content addressable memory according to a third embodi 
ment of the invention. Similarly to the first and second 
embodiments, in the content addressable memory shown in 
FIG. 11, memory cell array 1 is divided into a plurality of 
entries ERY. Match line ML is arranged for each entry ERY. 
and each search line pair SLP (search lines SL and /SL) is 
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arranged for all entries ERY. The plurality of search line 
pairs constitute a search data bus. 
0188 Match determining circuit 2 includes match ampli 
fiers 40 provided corresponding to respective entries ERY. 
Match amplifier 40 has a pull-up function of Supplying a 
pulling-up current to a corresponding match line in the data 
comparing operation. A bias Voltage generating circuit 45 is 
arranged for controlling the pull-up current Supply in match 
amplifier 40. Match amplifier 40 supplies a pull-up current 
of a restricted current value to corresponding match line ML 
according to a bias voltage BIAS P provided from bias 
Voltage generating circuit 45. 
0189 An intermediate voltage generating circuit 42 pro 
duces precharge Voltage VML, as a comparison determina 
tion reference Voltage, to match amplifier 40 in match 
determining circuit 2. Therefore, reference voltage VREF is 
not used. Precharge Voltage VML is used as a precharge 
Voltage of the match line, and is also used in the operation 
of determining the voltage level of the match line so that the 
occupation area and current consumption of intermediate 
Voltage generating circuit 42 can be made Small. 
0190. Similarly to the first and second embodiments, this 
content addressable memory includes search data input 
circuit 4 and control circuit 8, and the respective internal 
operation cycles in the search cycle are set under the control 
of control circuit 8 (based on clock signal CLK). 
0191 FIG. 12 specifically shows a construction of match 
amplifier 40 shown in FIG. 11. FIG. 12 representatively 
shows a construction of the match amplifier arranged for 
match line MLO). Match amplifiers having the same con 
structions as that in FIG. 12 are arranged for the other match 
lines, respectively. 
(0192 Match amplifier 40 shown in FIG. 12 differs from 
the match amplifier shown in FIG. 8 in the following 
construction. P-channel MOS transistors PQ10 and PQ 11 
are arranged in series between the power Supply node and 
corresponding match line ML (MLO). MOS transistor 
PQ10 receives bias voltage BIAS P on its gate, and MOS 
transistor PQ11 receives a pull-up instructing signal 
MLPU non its gate. Other constructions of match amplifier 
40 shown in FIG. 12 as we as the constructions of respective 
entries ERY (ERY0-ERYn) are the same as those shown in 
FIG. 8. Corresponding portions bear the same reference 
numbers, and description thereof is not repeated. 
(0193 MOS transistor PQ10 supplies a current of a con 
stant magnitude according to bias Voltage BIAS P. This 
current is Smaller than a one-bit pull-out current, In, that 
flows through one-bit unit cell out of the unit cells in one 
entry when the unit cell is conductive and is larger than a 
leakage current IOFF that flows when all the unit cells in the 
corresponding entry are non-conductive. 
0194 One-bit pull-out current In indicates a current flow 
ing through a series connection of the conductive transistors 
in the unit cell in the miss State, and does not includes a 
leakage current in a path of a non-conductive transistor(s). 
In the unit cell in the miss state, one-bit pull-out current In 
and the off-leakage current flow. However, this one-bit 
pull-out current In is much larger than a current flowing 
through the series connection of the non-conductive tran 
sistors (TR1 and TR2, or TR3 and TR4). In the unit cell in 
the miss State, the series connection of the non-conductive 
MOS transistors (TR1 and TR2) in the unit cell in the miss 
state has a combined resistance value Smaller than that of the 
series connection of the MOS transistors in the unit cell in 
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the match state, and causes a leakage current much smaller 
than an off-leakage current Ioff. In the following description, 
it is assumed that a one-bit miss current Imiss including an 
off-leakage component has the same magnitude as one-bit 
pull-out current In unless otherwise specified. One-bit miss 
current Imiss is a current flowing through the unit cell in the 
miss state. 
0.195 Precharge voltage VML is used as the comparison 
reference Voltage for sensing the Voltage level of the match 
line. Differential amplifier circuit 12 may be formed of either 
the differential amplifier circuit of the current mirror type 
shown in FIG. 6 or the differential amplifier circuit of the 
cross-coupled type (the cross-coupled, latch type sense 
amplifier) shown in FIG. 10. 
0.196 FIG. 13 is a timing chart representing a search 
operation of a content addressable memory shown in FIG. 
12. Referring to FIG. 13, the search operation of the content 
addressable memory shown in FIG. 12 will now be 
described. 

(0197). At time T1, the search cycle starts. When the search 
cycle starts, precharge instructing signal PRE n is driven to 
the L level and precharge transistor 14 turns conductive. 
Accordingly, match line ML is charged, and has the Voltage 
level driven to the intermediate voltage level of precharge 
voltage VML. 
0198 When the precharge operation is completed, pre 
charge instructing signal PRE n is made inactive at time T2. 
Subsequently or concurrently, search lines SL and /SL are 
driven to the levels of the power supply voltage and ground 
Voltage according to the search data. Also, pull-up instruct 
ing signal MLPU in attains the L level. Thereby, MOS 
transistor PQ11 is turned on to supply a pull-up current Ip 
from the power Supply node to corresponding match line ML 
via MOS transistors PQ10 and PQ11. Pull-up current Ip is 
Smaller than one-bit pull-out current In, and is larger than 
all-bit off-leakage current IOFF. Therefore, when the search 
data does not match the stored data in the entry, correspond 
ing match line ML is discharged, and the Voltage level 
thereof lowers below precharge voltage VML. The match 
line in the match state has the Voltage lowering due to the 
leakage current compensated for by pull-up current and has 
the voltage level raised as will be described later. 
(0199. At time T3, the active period of search lines SL and 
/SL expires. Also, the pull-up current Supplying period 
expires, and pull-up instructing signal MLPU n attains the 
H level to stop the supply of the pull-up current to the match 
line. At time T3, the determination cycle starts, and isolation 
instructing signal MLI attains the L level. Also, match 
amplifier activating signal MAE is made active, and latch 
instructing signal LAT attains the H level. Therefore, at the 
sense nodes (+ and -) of differential amplifier circuit 12, the 
Voltage of corresponding match line ML and precharge 
voltage VML are confined, and differential amplifier circuit 
12 performs the differential amplification of the voltages on 
the sense nodes. In the miss State (mismatch state), the 
output signal of differential amplifier circuit 12 attains the L 
level of the ground Voltage, and search result indicating 
signal ML OUT is set to the L level via latch 16. 
0200. At time T4, the period of the data comparison and 
latch amplifier output ends. Thereby, match amplifier acti 
Vating signal MAE and latch instructing signal LAT are 
driven to the L level. Thereby, latch 16 enters the latch state, 
and differential amplifier circuit 12 becomes inactive. At this 
time, isolation instructing signal MLI is at the L level, and 
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isolation gate circuit 30 is off. In this state, the search 
operation is already completed, and search lines SL and /SL 
are both at the ground voltage level. Therefore, the discharg 
ing path of match line ML is not present, and only the 
off-leakage current of unit cell UC in the entry is present. 
Thereby, the match line substantially is kept at the voltage 
level attained at time T3 for a period between times T3 and 
TS. 

0201 At time T5, a next search cycle starts, so that 
precharge instructing signal PRE nattains the L level again, 
and match line ML is driven to the level of precharge voltage 
VML 

0202 At time T6, the voltage levels of search lines SL 
and /SL are set according to the search data. Also, pull-up 
instructing signal MLPU n is made active and pull-up 
current Ip is supplied to match line ML. In the match state 
where the search data matches the stored data of the corre 
sponding entry, match line ML allows the flow of only 
off-leakage current IOFF of all the bits of unit cells UC in 
the corresponding entry (m. Ioff where m is the number of 
unit cells in the entry). This all-bit off-leakage current IOFF 
is compensated for by pull-up current Ip (IOFF-In), and 
pull-up current Ip raises the voltage level of match line ML 
in the match state. 

0203 At time T7, match amplifier activating signal MAE 
becomes active, and isolation instructing signal MLI attains 
the L level. Accordingly, isolation gate circuit 30 is turned 
non-conductive, and differential amplifier circuit 12 
executes the amplification in the charge confining State. In 
the match state, search result indicating signal ML OUT 
supplied from latch 16 attains the H level of the power 
Supply Voltage level. 
0204 The voltage level of match line ML in the match 
state is higher than that of precharge voltage VML. In the 
next search cycle, the precharging by precharge transistor 14 
drives match line ML at the raised voltage level to the level 
of precharge voltage VML. It is sufficient for Intermediate 
Voltage generating circuit 42 (see FIG. 11) generating inter 
mediate Voltage VML to include a construction for discharg 
ing the raised potential of match line ML upon rise of the 
match line voltage. Thereby, even when match line ML has 
the voltage level raised above precharge voltage VML, it can 
be reliably set to precharge voltage VML through the 
precharging. 
0205 The pull-up operation performed on match line ML 
by MOS transistor PQ10 can be stopped after isolation gate 
circuit 30 is turned off to confine the charges. Therefore, 
even when match line ML is in the match state, the match 
line does not fully Swing to the level of power Supply Voltage 
VDD, and the current consumption can be small. 
0206 FIG. 14 shows an example of a construction of bias 
voltage generating circuit 45 shown in FIG. 11. In FIG. 14, 
bias voltage generating circuit 45 includes a replica entry 50 
having Substantially the same construction as the path for 
discharging the match line of one entry ERY. Replica entry 
50 includes replica unit cells equal in number to unit cells 
UC included in one entry ERY of the memory cell array. One 
replica unit cell UCs is set to the miss state or in the 
mismatch state, and the other replica unit cells UCh are set 
to the match state. Replica unit cells UCs and UCh are 
coupled to a common replica match line RML. Replica 
match line RML supplies a current via a diode-connected 
P-channel MOS transistor P60. P-channel MOS transistor 
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P60 functions as a current/voltage converting element to 
produce bias voltage BIAS P on its gate. 
0207 Each of replica unit cells UCs and UCh has tran 
sistors N61, N62, N63 and N64 of the same size (the same 
ratio of a channel width to a channel length) as transistors 
TR1, TR2, TR3 and TR4 in the match line discharging path 
of unit cell UC in entry ERY, respectively, and causes a 
current flow of the same magnitude as unit cell UC. In 
replica unit cell UCs in the miss state, MOS transistors N61 
and N62 are non-conductive, and MOS transistors N63 and 
N64 are conductive. 
0208. In replica unit cell UCs in the miss state or the 
mismatch state, therefore, a current of the same magnitude 
as one-bit pull-out current In of unit cell UC is discharged 
from replica match line RML to the ground node. In replica 
unit cell UCh, one of MOS transistors N61 and N62 is 
non-conductive, and the other is conductive. Also, one of 
MOS transistors N63 and N64 is conductive, and the other 
is non-conductive. In this discharging path, one of the MOS 
transistors is conductive, and the other is non-conductive, 
whereby the same state as the match state in unit cell UC of 
entry ERY can be achieved. In unit cell UC in the match 
state, one of MOS transistors TR1 and TR2 is off, and one 
of MOS transistors TR3 and TR4 is off. Therefore, replica 
unit cell UCh discharges the current of the same magnitude 
as off-leakage current Ioff in unit cell UC. 
0209. Therefore, MOS transistor P60 supplies a current 
of (In+(m-1). Ioff), where m represents a total number of 
replica unit cells UCh and UCs in the replica entry, or the 
number of unit cells in one entry ERY. 
0210 MOS transistor P60 is larger in size (the ratio of the 
channel width to the channel length) than MOS transistor 
PQ10. Therefore, current Ip passing through MOS transistor 
PQ10 is smaller than the current passing through the match 
line corresponding to the entry in the one-bit miss state. 
Using replica entry 50, replica unit cell UCs of one bit is set 
to the miss state, and other replica unit cells UCh are set to 
the match state. Thereby, replica match line RML can cause 
a flow of the current of the same magnitude as the current 
that passes through the match line in the one-bit miss state. 
0211 MOS transistors P60 and PQ10 form the current 
mirror circuit, and the transistor sizes (current Supplying 
capability) of these transistors are adjusted. Thereby, match 
line ML can cause a flow of the current smaller than one-bit 
pull-out current In and larger than leakage current IOFF 
flowing in the all-bit off state. Thereby, the comparison and 
search operation can be performed using precharge Voltage 
VML as comparison reference Voltage. 
0212. In the above description, a current smaller than 
one-bit pull-out current In flows as pull-up current Ip of the 
match line. However, the current value of the pull-up current 
may be restricted to be smaller than that of current Imiss 
flowing through the match line in the one-bit miss state. The 
bias Voltage generating circuit shown in FIG. 14 produces 
bias voltage BIAS P is configured to satisfy this condition. 
0213 Modification 
0214 FIG. 15 shows a construction of a modification of 
the third embodiment according to the invention. The con 
tent addressable memory shown in FIG. 15 differs from the 
content addressable memory shown in FIG. 14 in the fol 
lowing construction. In each match amplifier 40, a capaci 
tance element CO (CQ0, CO1, ... ) is arranged neighboring 
to isolation gate 30b of isolation gate circuit 30 and spaced 
from differential amplifier circuit 12 with isolation gate 
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circuit 30 in between. These capacitance elements CQ are 
commonly Supplied with precharge Voltage VML via a 
P-channel MOS transistor 55 that is selectively turned on 
according to precharge instructing signal PRE n. Other 
constructions of the content addressable memory shown in 
FIG. 15 are the same as those of the content addressable 
memories shown in FIGS. 12 and 14. Corresponding por 
tions are allotted the same reference numerals, and descrip 
tion thereof is not repeated. 
0215. In the construction of the content addressable 
memory shown in FIG. 15, MOS transistors 14 and 55 are 
made conductive when precharge instructing signal PRE n 
is active. Therefore, precharge voltage VML is supplied to 
capacitance elements CQ (CQ1, CO2. . . . ) in parallel with 
the operation of precharging the match lines ML (MLIO 
MLn) to the level of precharge voltage VML. When 
precharge instructing signal PRE n is inactive, a charged 
voltage VML i of capacitance elements CQ (CQ1, CO2, .. 
... ) is at the same level as the precharge Voltage on the match 
line when the precharging is completed. In the search 
operation, precharge Voltage VML i of capacitance ele 
ments CQ (CQ1, CO2, . . . ) is confined by isolation gate 
circuit 30, and is used as a comparison reference Voltage 
VML ref for comparison with the potential of the corre 
sponding match line. When differential amplifier circuit 12 
operates, this comparison reference Voltage VML ref can be 
kept at Substantially the same level as the precharge Voltage 
of the match line. Even when variations occur in Voltage 
level of precharge voltage VML produced by the interme 
diate Voltage generating circuit in the memory, the precharge 
voltage level attained by the precharge can be reliably used 
as the comparison reference Voltage in each search cycle. 
Thereby, a sufficient margin can be ensured for the ampli 
fying operation (sense operation) of differential amplifier 
circuit 12. 
0216 Even when the voltage level of precharge voltage 
VML produced by the intermediate Voltage generating cir 
cuit lowers due to the precharge operation, it can be restored 
to the original voltage level. The various methods for 
restoring the Voltage level can be considered depending on 
the construction of the intermediate Voltage generation cir 
cuit. Therefore, precharge voltage VML attained at the end 
of the precharging may be different in level from precharge 
voltage VML attained at the start of the sense operation 
(differential amplification). However, precharge Voltage 
VML is held in capacitance elements CQ (CQ1, CO2. . . . ) 
when the precharging is completed, and Such voltage dif 
ference of the precharge potential can reliably avoided to set 
comparison reference Voltage VML ref to the same Voltage 
level as the precharge Voltage of the match line. 
0217. A signal line 57 is arranged commonly to capaci 
tance elements COO, CO1, . . . . and a precharge Voltage 
transistor 55 is shared among match amplifiers 40, so that 
match amplifiers 40 can use the same comparison reference 
Voltage level. Accordingly, in the determination cycle, 
match amplifier 40 can perform accurately the differential 
amplification, using the comparison reference Voltage at the 
same level so that the deviations in definition timing of 
determination result can be small. 

0218. According to the third embodiment of the inven 
tion, as described above, the same Voltage level as the 
precharge Voltage level is used as the comparison reference 
Voltage. Therefore, the occupation area and power consump 
tion of the internal Voltage generating circuit can be reduced. 
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Further, by Supplying the pulling-up current in activation of 
the match line, the voltage level of the match line can be 
reliably set higher or lower than the precharge voltage level 
depending on the search result, so that the search and 
determination operation can be accurately performed. Pro 
vision of isolation gate circuit 30 can reduce the pull-up 
period of the match line, and can reduce the Voltage ampli 
tude of the match line so that the current consumption can 
be small. 
0219. The capacitance element holds the precharge volt 
age attained at the end of the match line precharging. 
Therefore, the determination operation can be performed 
using the precharge Voltage level of the match line as the 
comparison reference Voltage, and thus can be performed 
with a large noise margin and high accuracy. 
0220. The same effects as those of the first to third 
embodiments can also be provided. 

Fourth Embodiment 

0221 FIG. 16 shows a main portion of a content addres 
sable memory according to a fourth embodiment of the 
invention. The content addressable memory shown in FIG. 
16 differs from the content addressable memory shown in 
FIG. 15 in the following construction. An N-channel MOS 
transistor 60 is arranged corresponding to each of match 
lines ML (MLOI-MLn) for discharging the corresponding 
match line to the ground Voltage level in response to a 
discharge instructing signal DIS. Other constructions of the 
content addressable memory shown in FIG. 16 are the same 
as those of the content addressable memory shown in FIG. 
15. Corresponding portions bear the same reference num 
bers, and description thereof is not repeated. 
0222 FIG. 17 is a timing chart representing a search 
operation of the content addressable memory shown in FIG. 
16. Referring to FIG. 17, the operation of the content 
addressable memory shown in FIG. 16 will now be 
described. 

0223) At time T1, the search cycle starts. When the search 
cycle starts at time T1, precharge instructing signal PRE n 
is first activated. Accordingly, match lines ML (MLOI-ML 
n) are precharged to precharge Voltage VML at the inter 
mediate Voltage level via corresponding precharge transis 
tors 14, respectively. 
0224. At time T2, the search line activation and the 
pull-up operation are performed, pull-up instructing signal 
MLPU in becomes active and search lines SL and FSL are 
supplied with the search data. When the corresponding entry 
is in the mismatch state, the operation similar in the third and 
fourth embodiments is performed. Thus, match line ML is 
discharged via the unit cell in the miss state, and the Voltage 
level thereof lowers from precharge voltage VML. 
0225. At time T3, the search line activation and pull-up 
operation are completed, and sensing the data and outputting 
the result of sensing are performed. Specifically, at time T3, 
pull-up instructing signal MLPU n is driven to the H level, 
and both search lines SL and /SL are driven to the ground 
Voltage level. Also, match amplifier activating signal MAE 
becomes active, and latch instructing signal LAT attains the 
H level. Discharging of match line ML ends, isolation gate 
circuit 30 enters the cut-off state in response to isolation 
instructing signal MLI. Differential amplifier circuit 12 
performs the differential amplification according to the 
charge confining manner, and latch 16 produces output 
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ML OUT. In the mismatch state, search result indicating 
signal ML OUT is at the ground voltage level. 
0226. When search result indicating signal ML OUT is 
in the definite State, discharge instructing signal DIS 
becomes active at time T4, and also match amplifier acti 
vating signal MAE becomes inactive. Further, latch instruct 
ing signal LAT attains the L level, and latch 16 enters the 
latch state. In this state, isolation gate circuit 30 is in the 
shut-off state. Match line ML is discharged to the ground 
voltage level via MOS transistor 60. 
0227. A next search cycle starts at time T5. According to 
the activation of precharge instructing signal PRE n, match 
line ML is driven from the ground voltage level to the level 
of precharge voltage VML. Thereafter, the search line is 
activated and the pull-up current is supplied at time T6. The 
pull-up current raises the voltage level of match line ML in 
the match state to the level above precharge voltage VML. 
0228. At time T7, a cycle of determining and outputting 
the data search result is executed. In this cycle, isolation gate 
circuit 30 attains the shut-off state in response to isolation 
instructing signal MLI being at the L level. Match amplifier 
activating signal MAE becomes active, and further latch 
instructing signal LAT attains the H level. Search result 
indicating signal ML OUT is driven to the H level indicat 
ing the match state. 
0229. At time T8, the operation of determining the com 
parison result and outputting the search result ends, and 
match amplifier activating signal MAE is made inactive. 
Also, latch instructing signal LAT attains the L level, and 
search result indicating signal ML OUT is kept in the 
latched state at the H level. At time T8, discharge instructing 
signal DIS attains the H level again, and discharging tran 
sistors 60 are turned on to discharge the respective match 
lines ML. Match line ML in the match state is at a voltage 
level higher than precharge voltage VML, and is driven by 
the discharging to a Voltage level (the ground voltage level 
in FIG. 17) lower than precharge voltage VML. 
0230 Precharging is performed in the search cycle start 
ing at time T9 to drive match line ML in the match state to 
the level of precharge voltage VML. 
0231. As indicated by an alternate long and short dash 
line in FIG. 17, where discharge instructing signal DIS is 
produced in a one-shot pulse form, match line ML in the 
match state may be configured to stop the discharging at a 
Voltage level higher than ground Voltage level. In the next 
search cycle, the match line in the match state is precharged 
to the precharge voltage level from the voltage level between 
precharge voltage VML and ground voltage GND. 
0232 By using this discharging transistor 60, the pre 
charging of match line ML is always performed in the 
charging direction and therefore is the pulling-up operation. 
Thus, there is no need in the intermediate Voltage generating 
circuit for generating precharge Voltage VML to provide a 
construction for discharging the Voltage level of precharge 
voltage VML to hold a predetermined voltage level, and the 
circuit configuration can be simple. For example, a circuit 
that produces precharge Voltage VML can be implemented 
by a circuit construction similar to a feed-back type internal 
Voltage down converter (VDC) configured by a comparison 
circuit and a current drive transistor. Alternatively, the 
circuit for producing precharge Voltage VML may be imple 
mented by utilizing a source-follower mode operation of an 
N-channel MOS transistor to hold a gate potential of the 
source-follower transistor at a predetermined voltage level. 
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0233. In this case, a circuit for lowering the voltage level 
of intermediate voltage VML upon rising thereof is not 
required in the feed-back type control circuit. When the 
source-follower transistor is utilized, a source-follower tran 
sistor (P-channel MOS transistor) discharging precharge 
voltage VML is not required as the source-follower transis 
tor. Therefore, the circuit construction can be simple, and the 
current consumption of the circuit for generating precharge 
voltage VML can be reduced. 
0234 FIG. 18 schematically shows a construction of a 
control circuit used in the fourth embodiment. In FIG. 18, 
control circuit 8 includes command decoder 20 that decodes 
externally supplied command CMD in synchronization with 
clock signal CLK, and precharge activating circuit 22 that 
produces precharge activating signal PRE n according to 
search operation instruction EN supplied from command 
decoder 20 and clock signal CLK. 
0235 Control circuit 8 further includes a search line drive 
activating circuit 64 for producing search line activating 
signal SLEN, delay circuit 26 for delaying search operation 
instruction EN, a match amplifier activating circuit 65 for 
producing match amplifier activating signal MAE and latch 
instructing signal LAT according to the output signal of 
delay circuit 26, and a discharge control circuit 68 for 
producing the discharge instructing signal according to the 
output signal of delay circuit 26. 
0236 When search operation instruction EN is active, 
search line drive activating circuit 64 maintains search line 
activating signal SLEN for activating the search line in the 
active state during a period of the L level of clock signal 
CLK. 
0237 Delay circuit 26 delays search operation instruction 
EN by one clock cycle period. When the output signal of 
delay circuit 26 is active, match amplifier activating circuit 
66 drives match amplifier activating signal MAE and latch 
instructing signal LAT to the H level in response to the H 
level of clock signal CLK. 
0238. Discharge control circuit 68 activates, according to 
the output signal of delay circuit 26, discharge instructing 
signal DIS in synchronization with the falling of clock signal 
CLK. 
0239 Discharge control circuit 68 may drive discharge 
instructing signal DIS to the L level while clock signal CLK 
is at the L level, or may drive discharge instructing signal 
DIS to the H level in a one-shot pulse form in synchroni 
Zation with the falling of clock signal CLK (in a manner 
corresponding to a waveform represented by alternate long 
and short dash line in FIG. 17). 
0240 According to the fourth embodiment of the inven 

tion, as described above, each match line is provided with 
the discharge transistor for driving the corresponding match 
line to the ground Voltage level when the search operation 
ends. Therefore, the precharge Voltage generating circuit can 
be configured of a charging type circuit, and the circuit 
construction can be simple, and the current consumption can 
be small. 
0241. In addition, the effects similar to those in the first 
to third embodiments can be achieved. 

Fifth Embodiment 

0242 FIG. 19 shows a main portion of a content addres 
sable memory according to a fifth embodiment of the 
invention. The content addressable memory shown in FIG. 
19 differs from the content addressable memory shown in 

Oct. 25, 2007 

FIG. 15 in the following construction. Match amplifier 40 
includes P-channel MOS transistors PQ70 and PQ11 as well 
as a capacitance element 70 serving as a pull-up current 
supplying source for match line ML (MLOI-MLn). 
P-channel MOS transistor PQ70 is turned on in response to 
a charge instructing signal CHA n. Capacitance element 70 
is charged to the level of power supply voltage VDD through 
conductive P-channel MOS transistor PQ70. The accumu 
lated charges of capacitance element 70 are Supplied to 
corresponding match line ML via P-channel MOS transistor 
PQ11 that is selectively made conductive according to 
pull-up instructing signal MLPU n. 
0243. Other constructions of the content addressable 
memory shown in FIG. 19 are the same as those of the 
content addressable memory shown in FIG. 15. Correspond 
ing portions are allotted the same reference numerals, and 
description thereof is not repeated. 
0244 FIG. 20 is a timing chart representing the search 
operation of the content addressable memory shown in FIG. 
19. Referring to FIG. 20, description will now be given on 
the search operation of the content addressable memory 
shown in FIG. 19. 

0245. At time T1, the search cycle for the search opera 
tion starts. When the search cycle starts, precharge instruct 
ing signal PRE n is first activated. Accordingly, each MOS 
transistor 14 for precharging turns conductive to precharge 
corresponding match line ML to the level of precharge 
voltage VML. 
0246. At time T2, the search line is made active. Con 
currently with the activation of the search line, pull-up 
instructing signal MLPU nattains the L level. Accordingly, 
MOS transistor PQ11 is turned on to supply the accumulated 
charges of capacitance element 70 to the match line, and 
accordingly the voltage level thereof rises. When match line 
ML is in the mismatch state, one-bit pull-out current Inflows 
through one bit of unit cell UC in the miss state in the entry, 
and the voltage level of match line ML lowers. 
0247. In the pull-up operation of match line ML, the 
accumulated charges of capacitance element 70 are merely 
Supplied to the corresponding match line, and the power 
supply node is isolated from the match line. Therefore, the 
pull-up current cannot flow from the power Supply node to 
the ground node, and the current consumption can be Small. 
0248. At time T3, the match line pulling-up operation 
ends, the activation of the search line ends, and the search 
result is determined and read out. Specifically, at time T3, 
pull-up instructing signal MLPU n is driven to the H level, 
and isolation instructing signal MLI is set to the H level so 
that isolation gate circuit 30 attains the non-conductive state. 
Thus, each differential amplifier circuit 12 performs the 
differential amplification according to the charge confining 
scheme in response to the activation of match amplifier 
activating signal MAE. After the amplifying operation, 
signal ML OUT indicative of the determination result is 
output via latch 16. 
0249 Concurrently with the amplifying operation of dif 
ferential amplifier circuit 12, charge instructing signal 
CHA n is activated and the charging operation of capaci 
tance element 70 is performed. 
0250) At time T4, match amplifier activating signal MAE 

is made inactive, and latch instructing signal LAT is driven 
to the L level. Accordingly, latch 16 attains the latching State 
and one search cycle completes. 
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0251. In the search cycle starting at time T5, the opera 
tion is performed in the case when match line ML is in the 
match State. In this case, capacitance element 70 Supplies its 
accumulated charges via MOS transistor PQ11 to match line 
ML at time T6 after completion of the precharge operation 
by precharge transistor 14. Thereby, match line ML is held 
at the level of the charged voltage. When match line ML is 
in the match state, the raised voltage level is merely set by 
redistribution of the accumulated charges of capacitance 
element 70. A capacitance ratio between capacitance ele 
ment 70 and the load capacitance of match line ML deter 
mines the Voltage level of the match line, and the Voltage 
amplitude of the match line can be sufficiently small. 
0252. When the activation of search lines SL and /SL and 
the pull-up operation of the match line are completed, 
isolation instructing signal MLI attains the L level at time 
T7, and isolation gate circuit 30 attains the non-conductive 
state. Then, match amplifier activating signal MAE is made 
active to cause the amplifying operation by the match 
amplifier. Then, latch instructing signal LAT attains the H 
level, and latch 16 produces signal ML OUT at the H level 
indicating the match state. The charge operation of capaci 
tance element 70 is performed via MOS transistor PQ70. 
0253) Match line ML is kept at the voltage level attained 
through the charging via capacitance element 70 in the last 
cycle starting at time T6. When a precharge operation is 
performed in a next search cycle starting at a time T9, the 
circuit for producing precharge Voltage VML sets match line 
ML to the intermediate voltage level of precharge voltage 
VML. Therefore, the timing for charging capacitance ele 
ment 70 may be sufficient to be during a period of the H level 
of pull-up instructing signal MLPU n. The charge amount 
required for charging capacitance element 70 is Sufficient to 
be the charge amount for causing a Voltage rising to the 
voltage level to be sensible by differential amplifier circuit 
12 on corresponding match line ML. Therefore, the charging 
period of capacitance element 70 can be laid within one 
search cycle Sufficiently. 
0254 For the circuit for producing charge instructing 
signal CHA n, it is Sufficient to use the construction in 
which in the control circuit 8 shown in FIG. 8, match 
amplifier activating circuit 66 activates charge instructing 
signal CHA in at the same timing as match amplifier acti 
Vating signal MAE. Alternatively, charge instructing signal 
CHA in may be activated at the same timing as the discharge 
instructing signal for discharging the match line to the 
voltage level as described previously. 
0255. In the construction shown in FIG. 19, each match 
line ML may be provided with a discharging transistor (60) 
for discharging corresponding match line ML to the ground 
Voltage level according to a discharge instructing signal 
(DIS), similarly to the construction shown in FIG. 16. In this 
case, the circuit for producing precharge Voltage VML is 
merely required to charge the match line. Therefore, the 
intermediate Voltage generating circuit for generating pre 
charge Voltage VML can have a simple construction, and 
therefore, the simple construction of the intermediate volt 
age generating circuit and the reduced current consumption 
can be achieved similarly to the fourth embodiment. 
0256 According to the fifth embodiment of the inven 

tion, the accumulated charges of the capacitance element are 
used when pulling up the match line in the search operation. 
In the pull-up operation of the match line, therefore, a 
current path from the power Supply node to the ground node 
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is cut off to reduce the current consumption. Further, in the 
fifth embodiment, the same effects as the first to fourth 
embodiments can be achieved. 

Sixth Embodiment 

0257 FIG. 21 shows a main portion of a content addres 
sable memory according to a sixth embodiment of the 
invention. The content addressable memory shown in FIG. 
21 differs from the content addressable memory shown in 
FIG. 14 in the following construction. An isolation gate 
circuit is not provided for differential amplifier circuit 12. 
Reference voltage VREF is normally applied to the negative 
input of the differential amplifier. Match line ML is always 
coupled to the positive input of the differential amplifier. In 
match amplifier 40, P-channel MOS transistors PQ10 and 
PQ72 for charging the match line are connected in series 
between the power supply node and match line ML. For 
discharging match line ML to the ground Voltage level. 
N-channel MOS transistor 60 is arranged between match 
line ML and the ground node. MOS transistors PQ72 and 60 
receive discharge instructing signal DIS at their gates. 
P-channel MOS transistor PQ11 receives bias voltage 
BIAS Pat its gate. This bias voltage BIAS P is supplied 
from intermediate Voltage generating circuit 45 having the 
same construction as that shown in FIG. 14. 
0258 Since intermediate voltage generating circuit 45 
has the same construction as that shown in FIG. 14, corre 
sponding portions are allotted the same reference numerals, 
and description thereof is not repeated. The construction of 
unit cell UC of entry ERY in the memory cell array as well 
as other constructions of latch amplifier 40 are the same as 
those in the content addressable memory shown in FIG. 14 
so that corresponding portions are allotted the same refer 
ence numerals, and description thereof is not repeated. 
0259. In the construction shown in FIG. 21, the replica 
entry in intermediate Voltage generating circuit 45 is in Such 
a state that one bit of unit cell UCs is in the mismatch state, 
and the other unit cells UCh are in the match state. Through 
replica match line RML, MOS transistor P60 causes a 
current flow of a sum of one-bit pull-out current In and 
off-leakage currents of ((M-1). Ioff), where m represents a 
total number of replica unit cells UCh and UCs. MOS 
transistor P60 has a larger size than MOS transistor PQ10. 
Therefore, current Ip flowing through MOS transistor PQ10 
is made Smaller than one-bit pull-out current In, one-bit miss 
current Imiss, or a current of (In+(M-1). Ioff) passing 
through the match line in the one-bit miss state. Reference 
voltage VREF is set to the voltage level of (VDD/4). 
0260 FIG. 22 is a timing chart representing a search 
operation of the content addressable memory shown in FIG. 
21. Referring to FIG. 22, description will now be given on 
a search operation of the content addressable memory shown 
in FIG. 21. 
0261. At or before time T1, discharge instructing signal 
DIS is at the H level. MOS transistor 60 is on, and match line 
ML is kept at the level of ground voltage GND. In this state, 
MOS transistor PQ72 is off, and the pull-up operation of 
match line ML is not performed. 
0262 At time T1, the search operation cycle starts. In the 
search cycle, match line ML is precharged to the ground 
voltage level so that search lines SL and /SL are driven to the 
Voltage level corresponding to the search data simulta 
neously with the start of the search cycle. When the search 
cycle starts, discharge instructing signal DIS attains the L 
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level, and MOS transistors 60 and PQ72 are turned on. 
Accordingly, each match line ML is Supplied with pull-up 
current Ip via MOS transistors PQ10 and PQ72, and the 
voltage level thereof rises. Also, the voltage level of match 
line ML in the mismatch state lowers because its discharge 
current is larger than pull-up current Ip. 
0263. At time T3, match amplifier activating signal MAE 

is made active, and latch instructing signal LAT attains the 
H level (shown in FIG.22), and determination on the voltage 
level of match line ML and output of a result of the 
determination are performed. When mismatch occurs, latch 
16 generates the signal ML OUT at the L level. 
0264. At time T4, when the determination and output of 
the search result are completed, match amplifier activating 
signal MAE is made inactive to stop the differential ampli 
fication of differential amplifier circuit 12. Latch instructing 
signal LAT attains the L level to set latch 16 to the latch 
state. At the time T4, discharge instructing signal DIS is 
driven to the H level according to deactivation of match 
amplifier activating signal MAE. Responsively, Supply of 
pull-up current Ip stops, and match line ML is discharged to 
the ground Voltage level. 
0265. In the search cycle starting at time T5, the states of 
search lines SL and FSL are set according to the next search 
data again. The precharge operation of match line ML ends 
so that MOS transistors PQ10 and PQ72 supply pull-up 
current Ip. When match line ML is in the match state, a 
discharge path of match line ML is not present, and pull-up 
current Ip raises the voltage level of the match line in the 
match state. 
0266. At time T7, when the potential of match line ML 
rises above reference voltage VREF, match amplifier acti 
Vating signal MAE is made active, and the determination 
and output of the search result are performed. During this 
determination and output of the search result, pull-up current 
Ip is likewise supplied so that the voltage level of match line 
ML rises. 
0267 At time T8, the determination and output of the 
search result end, and match amplifier activating signal 
MAE is made inactive. Discharge instructing signal DIS is 
driven to the H level so that the supply of pull-up current Ip 
to match line ML stops, and match line ML is discharged to 
the ground Voltage level. 
0268. In the content addressable memory shown in FIG. 
21, a precharging transistor (14) shown in FIG. 14 is not 
employed. At the start of the search cycle, therefore, it is not 
necessary to precharge the plurality of match lines (only 
supply of the pull-up current of a restricted current value is 
performed), so that it is possible to reduce a transient current 
due to the simultaneous precharging of the plurality of match 
lines. 
0269. Reference voltage VREF is set to the level of 
(voltage VDD)/4 or lower (VDD/4 in FIG. 22). Therefore, 
the pull-up level of the voltage in the high level direction on 
match line ML in the match state is set to the voltage level 
of VDD/2 or lower (VDD/2 in FIG. 22). In differential 
amplifier circuit 12, the amplitudes of the input signals at the 
high level and at the low level is made equal with respect to 
reference voltage VREF. The signal amplitude of match line 
ML can be set to VDD/2 or lower, and the current consump 
tion can be reduced. 
0270 Modification 
0271 FIG. 23 shows a construction of a modification of 
bias Voltage generating circuit 45 according to the sixth 
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embodiment of the invention. In FIG. 23, bias voltage 
generating circuit 45 includes a replica entry 80 including 
the unit cells the same in construction as the unit cells in 
entry ERY all set to the match state in the memory cell array. 
Replica entry 80 includes such replica unit cells UCh that all 
bits are set to the match state. Each replica unit cell UCh 
causes a flow of off-leakage current Ioff. 
0272 Replica unit cell UCh includes a series connection 
of MOS transistors N61 and N62 as well as a series 
connection of MOS transistors N63 and N64. In each series 
connection, one of the MOS transistors is kept off, as in the 
unit cell in the match state. In each series connection, an 
off-leakage current flows. In one replica unit cell UCh, a 
total current of the off-leakage currents in the respective 
series connections of the replica unit cell simulates the 
off-leakage current in one unit cell in the match state. 
0273 MOS transistors N61 and N62 are the same in size 
as transistors TR1 and TR2 of unit cell UC shown in FIG. 
21, respectively. MOS transistors N63 and N64 have the 
same sizes as transistors TR3 and TR4 in unit cell UC shown 
in FIG. 21, respectively. Replica unit cells UCh of the 
replica entry 80 are commonly coupled to a replica match 
line RMLa. 
0274 Bias voltage generating circuit 45 further includes 
a one-bit replica unit cell 82. This one-bit replica unit cell 82 
is in the same state as unit cell UCs in the miss state. In FIG. 
23, one-bit replica unit cell 82 includes a series connection 
of MOS transistors NT61 and NT62 as well as a series 
connection of MOS transistors NT63 and NT64. These MOS 
transistors NT61 and NT62 are set off, and MOS transistors 
NT63 and NT64 are set on. These MOS transistors NT61 
and NT62 have the same sizes as transistors TR1 and TR2 
of unit cell UC, respectively. MOS transistors NT63 and 
NT64 have the same sizes as transistors TR3 and TR4 of the 
unit cell, respectively. Therefore, one-bit miss current Imiss 
flows through a one-bit replica match line MLU of one-bit 
replica unit cell 82. 
0275 Bias voltage generating circuit 45 further includes 
a P-channel MOS transistor P601 that has a gate and a drain 
interconnected to each other and Supplies a current from a 
power Supply node to replica match line RMLa, and a 
P-channel MOS transistor P602 supplying a current Ia to a 
signal line 85. MOS transistors P601 and P602 form a 
current mirror circuit. 
0276 Bias voltage generating circuit 45 further includes 
a P-channel MOS transistor P604 supplying a current to 
one-bit replica unit cell 82, and a P-channel MOS transistor 
P603 Supplying a current Ib to signal line 85. MOS transistor 
P604 has a gate and a drain interconnected to each other. 
MOS transistors P603 and P604 form a current mirror 
circuit. 
(0277 MOS transistors P601 and P602 are the same in 
size (ratio of the channel width to the channel length), and 
supply currents of the same magnitude of (m-Ioff Ia, where 
m represents the number of replica unit cells UCh and is 
equal to the number of unit cells in one entry ERY). MOS 
transistor P603 has a smaller size than MOS transistor P604. 
Therefore, P-channel MOS transistor P603, produces a 
mirror current Smaller than one-bit miss current Imiss nearly 
equal to In (Ib-Imiss). Signal line 85 conducts a current of 
a sum of currents Ia and Ib flowing through MOS transistors 
P602 and P603, respectively. The current flowing through 
signal line 85 is expressed by the following equation: 
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0278 Transistors P602 and P603 can have the sizes 
adjusted to pass, through signal line 85, a current Smaller 
than the current that flows from the match line via the entry 
in the one-bit miss State. 

Imiss+(n-1). Ioff>Ib+m Ioffen Ioff 

0279 
relation: 

The following inequation is derived from the above 

Imiss-IoffIt 

0280 Current Ib supplied by MOS transistor P603 is set 
to satisfy the above relationship. The current flowing 
through signal line 85 can be set larger than the off-leakage 
current of the entry in the match state and smaller than the 
discharging current (one-bit miss current) of the entry in the 
one-bit miss state. The upper limit of current Ib is equal to 
a difference between current In flowing through a path of the 
conductive transistor of the unit cell in the miss state in the 
entry in the one-bit miss state and off-leakage current Ioff/2 
flowing through the series connection of the non-conductive 
transistors. 
0281 Bias voltage generating circuit 45 further includes 
an N-channel MOS transistor N601 discharging the current 
from signal line 85, an N-channel MOS transistor N602 and 
a P-channel MOS transistor P605 supplying a current to 
MOS transistor N602. MOS transistor N601 has a gate and 
a drain connected to each other. MOS transistors N602 and 
N601 form a current mirror circuit. MOS transistor P605 has 
a gate and a drain connected to each other. 
0282 MOS transistors N601 and N602 have the same 
size (the same ratio of the channel width to the channel 
length). Therefore, a current Ic flowing through MOS tran 
sistor N602 is equal in magnitude to the current flowing 
through signal line 85. Thus, MOS transistor P605 passes the 
current of the same magnitude as that flowing through MOS 
transistor N602. MOS transistor P605 has a gate and a drain 
connected to each other, and has a current/voltage convert 
ing function to produce bias Voltage BIAS P on its gate. 
MOS transistor PQ10 included in match amplifier 40 
receives bias voltage BIAS Pat its gate. 
(0283 MOS transistors P605 and PQ1 are the same in 
size. Therefore, a current Id flowing to match line ML via 
MOS transistors PQ10 and PQ70 is equal in magnitude to 
the current flowing through signal line 85. 
0284 Thus, each match line ML can be supplied with the 
current Smaller than the current flowing through the match 
line in the one-bit miss (mismatch) state, and larger than the 
off-leakage current of the entry in the all-bit match state. 
Since the replica entry is used, variations in transistor 
parameter of the unit cells of the entry storing the data 
caused during the manufacturing can be reflected on the 
replica unit cells of the replica entry. Accordingly, the 
pull-up current and precharge current of a desired magnitude 
can be accurately supplied. 
0285. In the construction shown in FIG. 23, the number 
of replica unit cells UCh included in replica entry 80 may be 
(m-1), which is smaller by one than the number m of the 
unit cells included in entry ERY. Replica entry 80 and 
one-bit replica unit cell 82 can produce more precisely a 
current corresponding to the current that flows through the 
match line associated with the entry in the one-bit mismatch 
state including one-bit miss state unit cell. 
0286 FIG. 24 schematically shows a construction of 
control circuit 8 of the content addressable memory accord 
ing to the sixth embodiment of the invention. In FIG. 24. 
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control circuit 8 includes command decoder 20 for decoding 
externally supplied command CMD, a frequency divider 90 
for frequency-dividing clock signal CLK according to 
search operation instruction EN supplied from command 
decoder 20, and a search data input control circuit 92 for 
producing a latch enable signal LTEN for search data input 
circuit 4 according to search operation instruction EN 
received from command decoder 20 and a frequency-di 
vided clock signal BCLK received from frequency divider 
90. 

0287 Search data input circuit 4 is formed of a flip-flop 
circuit 94, and is configured to take in and latch search data 
SD according to activation of latch enable signal LTEN, for 
driving a search line group (search data bus) SLG according 
to the taken search data. 

0288 Control circuit 8 includes delay circuit 26, match 
amplifier activating circuit 66 and discharge control circuit 
68. Delay circuit 26 delays search operation instruction EN 
by one clock cycle. Match amplifier activating circuit 66 is 
made active according to the output signal of delay circuit 
26, and produces match amplifier activating signal MAE and 
latch instructing signal LAT in Synchronization with the 
rising of clock signal CLK. Discharge control circuit 68 
produces discharge instructing signal DIS in response to the 
rising of clock signal CLK according to the output signal of 
delay circuit 26. 
0289. By using control circuit 8 shown in FIG. 24, search 
data input circuit 4 can operate in each search cycle to take 
in, latch and output the search data by flip-flop circuit 94. 
0290. In the construction of control circuit 8 shown in 
FIG. 24, transition of search data SD may be detected, to 
produce search operation instruction EN according to a 
signal indicating the detection of the search data transition. 
0291 Frequency divider 90 produces a frequency-di 
vided clock signal CLK by dividing clock signal CLK by the 
factor of two in the timing chart of FIG. 22. However, the 
division ratio of frequency divider 90 and the number of 
delay clock cycle(s) of delay circuit 26 can be set to 
appropriate values depending on the number of clock cycles 
in one search cycle. 
0292 According to the sixth embodiment of the inven 
tion, as described above, the match line is precharged to the 
ground Voltage level and, in the search operation, the match 
line is supplied with the current of a restricted value that is 
smaller than the one-bit pull-out current or one-bit miss 
current but is larger than an all-bit off-leakage current. 
Therefore, the voltage amplitude of the match line can be 
reduced, and the charging current of the match line can be 
reduced. For search lines SL and FSL, as shown in FIG. 24, 
flip-flop circuit 94 holds the search data. Therefore, when the 
search data having similar bit patterns are successively 
supplied, it is possible to reduce the number of search lines 
to be charged and discharged in the search data bus, and 
thereby the charging/discharging currents of the search lines 
can be reduced. 

Seventh Embodiment 

0293 FIG. 25 shows a main portion of a content addres 
sable memory according to a seventh embodiment of the 
invention. In the content addressable memory shown in FIG. 
25, entry ERY in the memory cell array has the same 
construction as the entries ERY of the first to sixth embodi 
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ments already described. Corresponding portions are allot 
ted the same reference numerals, and description thereof is 
not repeated. 
0294. Match amplifier 40 includes discharging transistor 
60 for discharging match line ML to the ground voltage level 
according to discharge instructing signal DIS, and a pull 
up/sense circuit 100 for producing an internal search deter 
mination result signal MA ML. Pull-up/sense circuit 100 
Supplies a pulling-up current to match line ML, performs the 
search determination and produces an internal search deter 
mination result signal according to a result of the determi 
nation. 
0295 Pull-up? sense circuit 100 includes P-channel MOS 
transistors QP71 and QP72 connected in series between the 
power supply node and an internal node ND70, an N-chan 
nel MOS transistor QN71 connected between internal node 
ND70 and corresponding match line ML, and an NOR gate 
NG1 receiving internal search determination result signal 
MA ML on internal node ND70 and precharge instructing 
signal PRE. NOR gate NG1 applies its output signal to MOS 
transistor QP72. 
0296) MOS transistor QP71 receives discharge instruct 
ing signal DIS on its gate, and MOS transistor QN71 
receives a bias voltage BIAS N on its gate. 
0297 Match amplifier 40 further includes latch 16 for 
latching output signal MA ML of pull-up/sense circuit 100 
according to latch instructing signal LAT. Match amplifier 
40 does not have a differential amplifier circuit, and the 
current consumption thereof can be small. 
0298 Bias voltage generating circuit 45 includes P-chan 
nel MOS transistors QP73 and QP74 connected in series 
between the power supply node and a node ND72, a 
comparator CMP for comparing the voltage on node ND72 
with precharge voltage VML, an N-channel MOS transistor 
QN72 connected at a first conduction node to node ND72, 
and N-channel MOS transistors QN75 and QN76 connected 
in series between a second conduction node of MOS tran 
sistor QN72 and the ground node. N-channel MOS transistor 
QN72 has a gate receiving an output signal of comparator 
CMP. 

0299 MOS transistors QP73 and QP74 have gates 
coupled to the ground node, and are normally kept conduc 
tive. MOS transistors QP73 and QP74 are the same in size 
(the ratio of the channel width to the channel length) as MOS 
transistors QP71 and QP72 included in match amplifier 40, 
respectively. 
0300 MOS transistors QN75 and QN76 have gates both 
coupled to the power Supply node, and are normally kept on. 
MOS transistors QN75 and QN76 have the same sizes as 
MOS transistors TR3 and TR4 included in unit cell UC, 
respectively. Therefore, MOS transistors QN75 and QN76 
pass one-bit pull-out current In at the maximum. 
0301 In the construction of bias voltage generating cir 
cuit 45, comparator CMP compares precharge voltage VML 
at the intermediate voltage level with the voltage of node 
ND72. When the voltage level of node ND72 is higher than 
precharge (intermediate) Voltage VML, the output signal of 
comparator CMP becomes high. Accordingly, the conduc 
tance of MOS transistor QN72 increases, the current passing 
from node ND72 to MOS transistors QN75 and QN76 
increases, and the voltage level of node ND72 lowers. When 
the voltage level of node ND72 is lower than precharge 
voltage VML, the output signal of comparator CMP attains 
a low level. Accordingly, the conductance of MOS transistor 
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QN72 decreases, and the amount of the current flowing 
through MOS transistor QN72 is reduced to suppress the 
potential lowering of node ND72. Thus, comparator CMP 
adjusts the conductance of MOS transistor NQ72 such that 
node ND72 is kept at the level of precharge-voltage VML. 
Precharge voltage VML is at the level not exceeding half the 
power Supply Voltage. 
(0302) In match amplifier 40, MOS transistors QP71 and 
QP72 are the same in size (ratio of the channel width to the 
channel length) as MOS transistors QP73 and QP74, respec 
tively. MOS transistors QN71 and QN72 have the same size. 
MOS transistor NQ71 receives output voltage BIAS N of 
comparator CMP on its gate. In match amplifier 40, there 
fore, signal MA ML on node ND70 is kept substantially at 
the level of precharge voltage VML when corresponding 
entry ERY is in the one-bit miss (mismatch) state. When the 
voltage level of match line ML becomes equal to that of 
node ND70, MOS transistor QN is turned off. Therefore, the 
voltage level of match line ML does not exceed the voltage 
level of node ND70, and therefore, the voltage level of 
match line ML is set to the voltage. VML or lower. 
(0303 MOS transistors QP71 and QP72 are configured to 
have such sizes that they have capabilities of driving a 
current Smaller than the current flowing through the match 
line of the entry in the one-bit mismatch state (i.e., a current 
smaller a sum (Imiss+(m-1). Ioff) of the one-bit miss current 
and the off-leakage currents of the remaining unit cells). 
0304 FIG. 26 is a timing chart representing a search 
operation of the content addressable memory shown in FIG. 
25. Referring to FIG. 26, the search operation of the content 
addressable memory shown in FIG. 25 will now be 
described. 
0305 Before time T1, precharge instructing signal PRE is 
at the L level. Discharge instructing signal DIS is at the H 
level, and match line ML is precharged to the ground Voltage 
level. Then, MOS transistor QP71 is off, and node ND70 is 
discharged to the ground Voltage level as match line ML is 
discharged, and is kept at the ground Voltage level. 
0306 Before time T1, discharge instructing signal DIS is 
at the H level, and discharge transistor 60 precharges match 
line ML to the ground voltage level. MOS transistor QP71 
is off, and node ND70 is at the ground voltage level. 
0307 At time T1, the search cycle starts. Discharge 
instructing signal DIS attains the L level, discharge transis 
tor 60 is turned off and MOS transistor QP71 is turned on. 
Precharge instructing signal PRE attains the H level, and the 
output signal of NOR gate NG1 attains the L level. Accord 
ingly, node ND70 is supplied with a current via MOS 
transistor QP71 and QP72, and the voltage level of node 
ND70 rises. The current supplied via MOS transistors QP71 
and QP72 is supplied to match line ML via MOS transistor 
QN71. When entry ERY corresponding to match line ML is 
in the mismatch state, match line ML is discharged via unit 
cell UC in the miss state. The current supplied via MOS 
transistors QP71 and QP72 is equal to the one-bit miss 
current or lower, and the voltage level of match line ML does 
not reach precharge voltage VML and will be discharged to 
the level of ground voltage GND at a faster timing. 
(0308 MOS transistor QN71 receives bias voltage 
BIAS N on its gate, and keeps node ND70 at the level of 
precharge voltage VML when one-bit pull-out current In 
passes through corresponding match line ML. When the 
number of the unit cells in the miss state in entry ERY is 
larger than one bit, node ND70 is driven to the voltage level 
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lower than precharge voltage VML. Therefore, node ND70 
has the voltage at the level of up to precharge voltage VML 
when the corresponding entry is in the mismatch State. 
0309 At time T3, the search determination operation is 
performed, and latch 16 attains the through state according 
to latch instructing signal LAT, and generates the output 
signal ML OUT at the L level (the voltage (up to VML) on 
node ND70 is at a level sufficiently lower than the input 
logical threshold voltage of latch 16). 
0310. In the latch operation, precharge instructing signal 
PRE is made inactive at time T3. Therefore, the voltage level 
of node ND70 is the input voltage level that is determined 
as the L level by NOR gate NG1, and NOR gate NG1 
produces the output signal at the H level. Accordingly, MOS 
transistor QP72 is turned off, and the voltage level of node 
ND70 further decreases. Search result indicating signal 
ML OUT produced from latch 16 is reliably set to the L 
level. 
0311 Precharge instructing signal PRE is driven to the L 
level at time T3, so that the voltage level of match line ML 
lowers. Even if the lowered voltage level of match line ML 
does not reach ground voltage GND, match line ML will be 
driven to the ground voltage level when latch 16 enters the 
latch state and discharge instructing signal DIS attains the H 
level in the cycle starting at time T4. Accordingly, signal 
MA ML on node ND70 is discharged to the ground voltage 
level (MOS transistor QP72 is off). Thus, the precharging of 
match line ML and node ND70 is completed. 
0312. In a search cycle at time T5, the search operation is 
executed on next search data. When discharge instructing 
signal DIS is driven to the L level and precharge instructing 
signal PRE is driven to the H level, MOS transistors QP71 
and QP72 are turned on. Accordingly, a current is Supplied 
to node ND70, and is further supplied to match line ML via 
node ND 70, so that the voltage level of signal MA ML on 
node ND70 rises. MOS transistor QN71 receives bias volt 
age BIAS N on its gate, and MOS transistors QN72 and 
QN71 have the same size. Therefore, MOS transistor QN71 
passes the one-bit miss (pull-out) current at the maximum. 
When the potential of match line ML in the match state rises, 
the source and drain of MOS transistor QN71 attain the same 
Voltage according to the Source follower operation, and 
MOS transistor QN71 is turned off. Thus, the potential rising 
of match line ML is suppressed, and match line ML is kept 
at the level of up to precharge voltage VML. 
0313. In this state, MOS transistors QP71 and QP72 are 
on, and supply the current to node ND70. Therefore, the 
voltage level of signal MA ML on node ND70 will finally 
rise to the level of power supply voltage VDD. 
0314. In a clock cycle starting at time T7, latch instruct 
ing signal LAT attains the H level so that output signal 
ML OUT produced from latch 16 attains the H level indica 
tive of the match state. 
0315. At time T7, even when precharge instructing signal 
PRE is at the L level, the signal MA ML on node ND70 is 
at a Sufficiently high Voltage level, and the output signal of 
NOR gate NG1 is at the L level. MOS transistor QP72 
maintains conductive, and the Voltage level of signal 
MA ML on node ND70 can be accurately determined to 
produce search result indicating signal ML OUT. 
0316 MOS transistor QN71 operates in the source fol 
lower mode according to its bias voltage BIAS N, and is 
turned off when a gate to source Voltage becomes equal to 
the threshold voltage. Therefore, even in the state where the 
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signal MA ML on node ND70 rises to the level of power 
supply voltage VDD, MOS transistor QN71 turns non 
conductive when the voltage level of match line ML rises, to 
suppress rising of the voltage level of match line ML to 
precharge Voltage VML or higher. 
0317. In the construction shown in FIG. 25, the load 
capacitance of internal node ND70 of match amplifier 40 is 
much smaller than the parasitic capacitance of match line 
ML. Therefore, the charging current of internal node ND70 
is Smaller in quantity than the charging current that flows to 
charging match line ML, and accordingly, the current con 
Sumption in the search operation can be further reduced. 
0318 According to the seventh embodiment of the inven 
tion, as described above, the match amplifier produces the 
search result indicating signal by charging the internal node 
while Suppressing the potential rising of the match line to the 
amplitude of the intermediate voltage or lower 
(VML sVDD/2) by MOS transistor QN71 that receives bias 
voltage BIAS N on its gate. Therefore, the occupation area 
and power consumption of the match amplifier can be Small, 
and the current consumption in the search result determining 
operation can be sufficiently small. 
0319 For the circuit for generating the control signal in 
the seventh embodiment, the construction of the control 
circuit shown in FIG. 24 can be employed. For the circuit 
producing precharge instructing signal PRE. Such a con 
struction can be employed, by which precharge instructing 
signal PRE is to the H level during a period of one clock 
cycle according to search operation instruction EN supplied 
from the command decoder shown in FIG. 24. 

Eighth Embodiment 
0320 FIG. 27 shows a main portion of a content addres 
sable memory according to an eighth embodiment of the 
invention. The content addressable memory shown in FIG. 
27 differs from the content addressable memory shown in 
FIG. 25 in the following construction. Match amplifier 40 is 
provided with a charge-up circuit 110 for Supplying charging 
electric charges to match line ML according to pull-up 
current Supply instructing signal MLPU n. Charge-up cir 
cuit 110 includes P-channel MOS transistors QP81 and 
QP82 connected in series between the power supply node 
and match line ML, and a capacitance element CO2 con 
nected to a connection node between MOS transistors QP81 
and QP82. 
0321. Other constructions of the content addressable 
memory shown in FIG. 27 are the same as those of the 
content addressable memory shown in FIG. 25. Correspond 
ing portions are allotted the same reference numerals, and 
description thereof is not repeated. 
0322 FIG. 28 is a timing chart representing the search 
operation of the content addressable memory shown in FIG. 
27. Referring to FIG. 28, the search operation of the content 
addressable memory shown in FIG. 27 will now be 
described. 
0323 Before time T1, precharge instructing signal PRE is 
at the L level, and discharge instructing signal DIS is at the 
H level. Therefore, match line ML and signal ML MA on 
internal node ND70 are at the ground voltage (GND) level. 
Latch 16 is in the latch state. The timing chart of FIG. 28 
shows the case in which search result indicating signal 
ML OUT at the H level is produced. 
0324. At time T1, the search cycle starts. Discharge 
instructing signal DIS attains the L level, MOS transistor 60 
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is turned off and MOS transistor QP71 is turned on. At this 
time, precharge instructing signal PRE is still at the L level. 
Therefore, the output signal of NOR gate NG1 is at the H 
level, and MOS transistor QP72 is in the off state. 
0325 Pull-up current supply instructing signal MLPU In 
attains the L level, and charge instructing signal CHA in 
attains the H level. Responsively, capacitance element CO2 
is isolated from the power Supply node, and the charged 
(accumulated) charges in capacitance element CO2 are 
transmitted to match line ML and node ND70. By adjusting 
the capacitance value of capacitance element CO2, the 
voltage level of match line ML can be set to a voltage level 
lower than the intermediate voltage level of precharge 
voltage VML. 
0326. At this time, pull-up current supply instructing 
signal MLPU n rises to the H level, MOS transistor QP82 
is turned off and the pull-up operation effected by charge-up 
circuit 110 on match line ML is completed. The pull-up 
operation by charge-up circuit 110 is performed utilizing 
capacitance element CO2 and match line ML and signal 
MA ML on node ND70 are rapidly driven to the predeter 
mined precharge Voltage level. 
0327. In a search cycle starting at time T1, precharge 
instructing signal PRE attains the H level between times T1 
and T2 so that NOR gate NG1 generates the output signal at 
the L level, and MOS transistor QP72 is turned on. Respon 
sively, the pull-up current is supplied to match line ML via 
MOS transistors QP71, QP72 and QN72. 
0328. In the above operation, when entry ERY corre 
sponding to match line ML is in the mismatch State, a current 
larger than the pull-up current Supplied by pull-up? sense 
circuit 100 is discharged to the ground node, and the Voltage 
level of match line ML lowers. 
0329. At time T3, precharge instructing signal PRE 
attains the L level. At this time, node ND70 is at the L level, 
and NOR gate NG1 supplies the output signal at the H level, 
so that MOS transistor QP72 is turned off. Node ND70 is 
discharged to the ground voltage level from MOS transistor 
QN71 via unit cell UC in the miss state in entry ERY. In this 
state, latch instructing signal LAT attains the H level, and 
latch 16 attains the through state. Node ND70 is at the 
ground voltage level, and latch 16 outputs signal ML OUT 
at the L level according to internal search instructing signal 
MA ML. 
0330. In a cycle starting at time T4, precharge instructing 
signal T4 attains the H level again. Accordingly, match line 
ML is precharged to the ground Voltage level, and node 
ND70 is discharged to the ground voltage level (MOS 
transistor QP72 is off). 
0331. In a period between times T3 and T5, charge 
instructing signal CHA in attains the L level, and capaci 
tance element CO2 is charged to accumulate electric 
charges. 
0332. In the search cycle starting at time T5, operations 
similar to the previous search cycle are performed. Specifi 
cally, capacitance element CO2 of match line ML charges 
match line ML and internal node ND70 to raise the voltage 
levels thereof. When the charge-up operation is completed, 
pull-up current Supply instructing signal MLPU n attains 
the H level, and the charge-up operation is completed. 
0333. Then, precharge instructing signal PRE attains the 
H level, NOR gate NG1 generates the output signal at the L 
level and accordingly, MOS transistor QP72 is turned on. 
When entry ERY corresponding to match line ML is in the 
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match state, a path of discharging match line ML is not 
present. Therefore, MOS transistors QP71 and QP72 charge 
the node ND70 to raise finally the voltage level of internal 
search instructing signal MA ML to the level of power 
supply voltage VDD. Even when node ND70 is charged to 
the power supply voltage level, MOS transistor QN71 
prevents the voltage level of match line ML from exceeding 
precharge voltage VML. 
0334. At time T7, precharge instructing signal-PRE 
attains the L level. However, node ND70 is already at the H 
level, and the output signal of NOR gate NG1 is at the L 
level. Therefore, signal MA ML on node ND70 is kept at 
the H level. At time T7, latch instructing signal LAT attains 
the H level, latch 16 enters the through state to produce 
signal ML OUT at the H level corresponding to signal 
MA ML on node ND70. 
0335. During this period, match line ML has no discharg 
ing path, and is kept at the level of precharge Voltage VML. 
At time T8, the latch operation of the output signal is 
performed. Latch instructing signal LAT attains the L level. 
and latch 16 attains the latch state. Also, discharge instruct 
ing signal DIS attains the L level, match line ML is dis 
charged to the ground voltage level and node ND70 is 
likewise discharged to the level of ground Voltage. Accord 
ingly, the output signal of NOR gate NG1 attains the H level, 
and MOS transistor QP72 is turned off. Thus, node ND70 
and match line ML are reliably discharged to the ground 
voltage level. 
0336 Charge-up circuit 110 pulls up match line ML to 
the predetermined voltage level, using capacitance element 
CQ2, and accordingly, the voltage levels of match line ML 
and internal node ND70 can be rapidly changed, to perform 
the search operation faster. Capacitance element CO2 is used 
for the charging, and the Voltage VDD on the power Supply 
node is not consumed during charging of match line ML. 
Therefore, occurrence of power Supply noises is Suppressed 
when pulling up the match line. It is necessary to perform the 
charging of capacitance element CO2 merely over a clock 
cycle period during the period between times T3 and T5 and 
between times T7 and T8. Therefore, the charging of capaci 
tance element CQ2 is performed slowly, which can reduce 
the peak current. 
0337 FIG. 29 shows an example of a construction of a 
circuit for generating the control signals in the content 
addressable memory according to the eighth embodiment of 
the invention. In FIG. 29, control circuit 8 includes com 
mand decoder 20 for decoding command CMD in synchro 
nization with clock signal CLK, a frequency divider 90 for 
frequency-dividing clock signal CLK according to the acti 
vation of search operation instruction EN received from 
command decoder 20, and a search data input control circuit 
92 for producing search latch instructing signal LTEN to the 
search data input circuit according to frequency-divided 
clock signal BCLK of frequency divider 90 and the search 
operation instruction. 
0338 Control circuit 8 further includes a charge-up acti 
Vating circuit 120 for producing charge instructing signal 
CHA in according to frequency-divided clock signal BCLK 
offrequency divider 90 and search operation instruction EN. 
a pull-up activating circuit 122 for producing pull-up current 
Supply instructing signal MLPU n in the form of a prede 
termined one-shot pulse according to search operation 
instruction EN and clock signal CLK, and a pull-up activa 
tion control circuit 124 for producing precharge instructing 
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signal PRE. Pull-up activation control circuit 124 activates 
(produces) search operation instruction EN in response to 
falling of pull-up current Supply control signal MLPU n 
received from pull-up activating circuit 122 when search 
operation instruction EN is active. 
0339 Control circuit 8 further includes delay circuit 26 
for delaying search operation instruction EN by a period of 
one clock cycle, a latch activation control circuit 126 for 
maintaining latch instructing signal LAT at the H level for a 
predetermined period according to the pulse signal from 
delay circuit 26 and clock signal CLK, and a discharge 
activating circuit 128 for maintaining discharge instructing 
signal DIS at the H level for a predetermined period in 
response to the falling of latch instructing signal LAT 
received from latch activation control circuit 126. 
0340 Frequency divider 90, search data input control 
circuit 92, command decoder 20 and delay circuit 26 have 
the same constructions as those in the control circuit shown 
in FIG. 24. Charge-up activating circuit 120 drives and 
maintains charge instructing signal CHA in to the H level for 
a period of half a clock cycle of frequency-divided clock 
signal BCLK when search operation instruction EN is 
active. 
0341 Pull-up activating circuit 122 has the construction 
of the one-shot pulse generating circuit, and maintains 
pull-up current Supply instructing signal MLPU n at the L 
level for a predetermined period after the search operation 
starts. Pull-up activation control circuit 124 maintains pre 
charge instructing signal PRE at the H level in response to 
the rising of pull-up instructing signal MLPU n to the H 
level until clock signal CLK rises Subsequently. 
0342. When the output signal of delay circuit 26 is active, 
latch activation control circuit 126 maintains latch instruct 
ing signal LAT at the H level during the H level of clock 
signal CLK. When latch instructing signal LAT falls to the 
L level, discharge activating circuit 128 drives discharge 
instructing signal DIS to the H level, and maintains the H 
level until clock signal CLK rises subsequently (when delay 
circuit 26 is active). 
0343 According to the eighth embodiment of the inven 

tion, as described above, the pull-up operation is performed 
on the match line, using the accumulated (charged) charges 
of the capacitance element. In addition to the effects of the 
seventh embodiment, the match line can be rapidly driven to 
the predetermined voltage level. For pulling up the match 
line, the charged electric charges of the capacitance element 
are utilized, and the production of power Supply noises can 
be suppressed when the match lines are pulled up. 

Ninth Embodiment 

0344 FIG. 30 shows a main portion of a content addres 
sable memory according to a ninth embodiment of the 
invention. The content addressable memory shown in FIG. 
30 differs from the content addressable memory shown in 
FIG. 27 in constructions of bias voltage generating circuit 45 
and latch amplifier 40. 
0345 Specifically, bias voltage generating circuit 45 is 
provided with replica entry 50 including unit cells having 
one-bit unit cell in the miss state. This replica entry 50 has 
the same internal construction as replica entry 50 in FIG. 21. 
Replica match line RML arranged for replica entry 50 is 
supplied with a current via a P-channel MOS transistor 
QP93 that has a gate and a drain connected to each other. 
Therefore, a current IMISS supplied from MOS transistor 
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QP93 has substantially the same magnitude as the match line 
current discharged via replica entry 50 including the replica 
unit cells having the one-bit in the miss State, and is equal 
to a sum of one-bit miss current Imiss in entry ERY and the 
off-leakage current flowing through the remaining unit cells 
in the match state. 

0346. This bias voltage generating circuit further 
includes a P-channel MOS transistor QP92 forming a cur 
rent mirror circuit with MOS transistor QP93. MOS tran 
sistor QP92 supplies a current to MOS transistor QP74. 
Other constructions of bias Voltage generating circuit 45 are 
the same as those of the bias Voltage generating circuit 
shown in FIG. 27. Corresponding portions are allotted the 
same reference numerals, and description thereof will not be 
repeated. 
(0347 MOS transistor QP92 is smaller in size than MOS 
transistor QP93. Therefore, MOS transistor QP92 passes a 
current Ip2 smaller than a current IMISS flowing through 
MOS transistor QP93, and smaller than the current flowing 
through the match line in the one-bit mismatch State. 
(0348. Match amplifier 40 includes a P-channel MOS 
transistor QP91 receiving a gate voltage BIAS P of MOS 
transistor QP93 on its gate and supplying a current to MOS 
transistor QP71. MOS transistor QP91 is the same in size as 
MOS transistor QP92. These MOS transistors QP91 and 
QP92 each form a current mirror circuit with MOS transistor 
QP93, and pass currents Ip1 (=IP2) of the same magnitude. 
(0349 Other constructions of match amplifier 40 are the 
same as those of the match amplifier shown in FIG. 27. 
Corresponding portions are allotted the same reference 
numerals, and description thereof will not be repeated. 
0350. In the construction of the content addressable 
memory shown in FIG. 30, bias voltage BIAS P corre 
sponding to the current equal to or Smaller than the match 
line current in the one-bit miss State is produced, using 
replica entry 50. Similarly to the construction shown in FIG. 
21, even with variations in parameters of unit cells UC in 
entry ERY of the memory cell array, the current flowing 
through unit cell UC can be corrected. For example, it is 
assumed that the variations in process parameters cause the 
current flowing through the P-channel MOS transistor to 
increase above a normal magnitude, and also cause the 
current flowing through the N-channel MOS transistor to 
decrease below a normal magnitude. In this case, the miss 
current flowing through unit cell UC in the miss state 
becomes small in entry ERY. In this case, however, current 
In flowing through the N-channel MOS transistor likewise 
decreases in replica entry 50, and accordingly, currents Ip2 
and Ip1 flowing through MOS transistors QP92 and QP91, 
respectively, decrease. In entry ERY storing the actual data, 
therefore, even in the search miss, the charging current 
quantity for match line ML is adjusted according to the 
variations in the discharging current, and the accurate search 
operation can be achieved. 
0351. As shown in FIG. 30, the current of the same 
magnitude as the miss current of entry ERY storing one-bit 
miss data is caused to flow, using replica entry 50. Accord 
ingly, current Ip1 flowing through P-channel MOS transistor 
QP91 can be smaller than match line current IMISS (includ 
ing an off-leakage current) in the one-bit mismatch state. 
Thus, the match line can be charged accurately regardless of 
variations in process parameters, and the accurate search 
operation can be achieved. 
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0352. According to the ninth embodiment of the inven 
tion, as described above, the bias Voltage generating circuit 
produces the match line current in the one-bit miss state, 
using the replica entry, and adjusts the match line charging 
current of the pull-up? sense circuit in the match amplifier. 
Therefore, the search operation can be accurately performed 
regardless of the variations in process parameters. Further, 
the effects similar to those of the eighth embodiment can be 
achieved. 
0353. The effects by this construction using the replica 
entry can likewise be achieved in the sixth embodiment 
shown in FIG. 21. 

Tenth Embodiment 

0354 FIG. 31 shows a main portion of a content addres 
sable memory according to a tenth embodiment of the 
invention. The construction of the content addressable 
memory shown in FIG. 31 differs from the construction of 
the content addressable memory shown in FIG. 30 in the 
following construction. The content addressable memory in 
FIG.31 includes a buffer 130 for converting the level of bias 
Voltage BIAS N produced by bias Voltage generating circuit 
45. Buffer 130 converts bias voltage BIAS N into a bias 
voltage BIAS N2 having a slightly boosted level, and 
voltage BIAS N2 produced by the level conversion is 
applied, as the bias voltage, to the gate of N-channel MOS 
transistor QN71 of each match amplifier 40. Other construc 
tions of the content addressable memory shown FIG. 31 are 
the same as those of the content addressable memory shown 
in FIG. 30. Corresponding portions are allotted the same 
reference numerals, and description thereof is not repeated. 
0355 Bias voltage BIAS N2 is at the voltage level 
slightly higher by a voltage AV than bias voltage BIAS N 
provided from bias Voltage generating circuit 45. Voltage 
AV is 100 mV or lower. When the gate potential of N-chan 
nel MOS transistor QN71 lowers below a desired value, the 
conductance of MOS transistor QN71 lowers, and the cur 
rent flowing through match line ML is restricted. Node 
ND70 is charged by a current component thus restricted, and 
the voltage level of signal MA ML on node ND70 rises. 
When the search result is the miss, match line ML is driven 
toward the ground Voltage level. However, there is a pos 
sibility that internal node ND70 in match amplifier 40 is not 
driven to the ground voltage level due to the restricted 
current component described above, but attains the H level 
to cause a malfunction of erroneously determining the State 
as the match state. Therefore, bias voltage BIAS N2 applied 
to the gate of MOS transistor QP71 is set to the voltage level 
slightly higher than the desired value BIAS N. Thus, it is 
possible to Suppress a malfunction that may be caused by 
lowering of bias voltage BIAS N2 toward the ground volt 
age due to noises, and the accurate search operation can be 
achieved. 

0356. This embodiment can also achieve the similar 
effects as the eighth and ninth embodiments. 
0357 FIG. 32 shows an example of a construction of 
buffer 130 shown in FIG. 31. In FIG. 32, buffer 130 includes 
P-channel MOS transistors QP101 and QP102 coupled to 
the power supply node. N-channel MOS transistors QN101 
QN103 connected in series between MOS transistor QP101 
and the ground node, and N-channel MOS transistors 
QN104-QN106 connected in series between MOS transistor 
QP102 and the ground node. 
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0358 MOS transistors QP101 and QP102 form a current 
mirror circuit. P-channel MOS transistor QP101 has a gate 
and a drain connected to each other, and serves as a master 
stage of the current mirror circuit. MOS transistor QN101 
receives bias voltage BIAS N on its gate. MOS transistor 
QN104 has a gate and a drain connected to each other, and 
produces level-converted bias voltage BIAS N2 at its gate. 
MOS transistors QN102, QN103, QN105 and QN106 have 
gates coupled to the power Supply node. These N-channel 
MOS transistors QN101-QN106 have the same size. MOS 
transistor QP101 has a smaller size than MOS transistor 
QP102. 
0359. In the construction of buffer 130 shown in FIG. 32, 
MOS transistor QN101 operates as a constant current supply 
according to its bias Voltage BIAS N, and Supplies the 
current to N-channel MOS transistors QN102 and QN103. 
The current flowing through MOS transistor QN101 is 
supplied via MOS transistor QP101. MOS transistor QP102 
generates a mirror current of the current flowing through 
MOS transistor QP101. MOS transistor QP102 has a larger 
size than MOS transistor QP101. Therefore, MOS transistor 
QP102 causes a flow of a larger current than MOS transistor 
QP101 does. 
0360. The current is discharged from MOS transistor 
QP102 to the ground node via MOS transistors QN104 
QN106. MOS transistor QN104 has a gate and a drain 
connected together, and produces on its gate a signal Sub 
jected to the current/voltage conversion, i.e., bias Voltage 
BIAS N2. MOS transistor QN104 passes a larger current 
than MOS transistor QN101. MOS transistors QN101 and 
QN104 have the same size. Therefore, MOS transistor 
QN104 produces bias voltage BIAS N2 at a higher level 
than bias voltage BIAS N. 
0361. In buffer 130, MOS transistors QN101-QN106 are 
formed in the same manufacturing steps as the MOS tran 
sistors employed for discharging the match line of the 
replica entry. Thus, it is possible to compensate for varia 
tions in transistor characteristics due to process variations, 
and bias voltage BIAS N2 can be set to a voltage level of 
a desired value. 
0362 According to the tenth embodiment of the inven 
tion, as described above, the buffer raises the level of the 
bias voltage to be supplied to the gate of the MOS transistor 
that supplies the current to the match line. Therefore, the 
accurate search operation can be performed even when 
noises occur towards the ground direction on the bias 
Voltage. 
0363. The effects similar to those of the ninth embodi 
ment can be also achieved. 

Eleventh Embodiment 

0364 FIG. 33 shows a main portion of the content 
addressable memory according to the eleventh embodiment 
of the invention. The content addressable memory shown in 
FIG.33 differs from the content addressable memory shown 
in FIG. 31 in the following construction. Bias voltage 
generating circuit 45 includes a constant current circuit 140 
that produces a bias voltage BIAS P0 to be applied to the 
gate of MOS transistor QP92. There is also provided a 
current converter circuit 135 that performs the level con 
version on bias voltage BIAS P0 to apply the level-con 
verted voltage to the gate of MOS transistor QP91 in match 
amplifier 40. Match amplifier 40 and entry ERY in the 
memory cell array shown in FIG. 33 have the same con 
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structions as those shown in FIG. 33. Other constructions of 
bias Voltage generating circuit 45 are the same as those 
shown in FIG. 31. Corresponding portions are allotted the 
same reference numerals, and description thereof is not 
repeated. 
0365 Constant current circuit 140 includes P-channel 
MOS transistors QP93 and TN71 connected in series 
between the power supply node and an internal node ND73, 
N-channel MOS transistors TNT5 and TNT6 connected in 
series between internal node ND73 and the ground node, and 
a comparing circuit CMPA for comparing the Voltage on 
internal node ND73 and intermediate voltage VML. Com 
paring circuit CMPA adjusts the gate potential of MOS 
transistor TNT1 according to a result of the comparison. 
0366) MOS transistor QP93 has a gate and a drain 
connected to each other, forms a current mirror circuit with 
MOS transistor QP92.3 MOS transistors QP92 and QP93 
have the same size, and pass the currents of the same 
magnitude. 
0367 MOS transistors TN75 and TN76 have gates 
coupled to the power supply node, and are always on. MOS 
transistors TN75 and TN76 have the same sizes as transis 
tors TR3 and TR4 or transistors TR1 and TR2 in unit cell 
UC, respectively, and pass one-bit pull-out current In 
(Imiss). 
0368 Comparing circuit CMPA has a positive input 
receiving precharge Voltage VML and a negative input 
coupled to internal node ND73. Through the feedback 
control of comparing circuit CMPA and MOS transistor 
TN71, the voltage level of internal node ND73 is set equal 
to the level of intermediate Voltage (precharge Voltage) 
VML. Therefore, the voltage of node ND73 accurately is 
held at the level of precharge Voltage VML even when 
variations occur in power Supply Voltage VDD. Thus, one 
bit pull-out current In (=Imiss) can be accurately produced 
without an influence of the variations in power Supply 
Voltage. 
0369. In constant current circuit 140, therefore, MOS 
transistor QP93 passes the current of the same magnitude as 
the current flowing when the one-bit unit cell in the miss 
state passes one-bit pull-out current In (Imiss) through 
match line ML. Therefore, bias voltage BIAS P0 produced 
by MOS transistor QP93 is at the voltage level correspond 
ing to the one-bit pull-out current. MOS transistor QP92 has 
the same size as MOS transistor QP93, and current Ip2 is the 
same in magnitude as one-bit pull-out current In (=Imiss). 
0370 Current converter circuit 135 performs the level 
conversion on bias voltage BIAS P0 to raise its voltage 
level slightly. Thereby, match amplifier 40 can pass, through 
MOS transistor QP91, current Ip1 that is smaller than 
one-bit pull-out current In and is larger than a total current 
IOFF of the off-leakage current of all the bits. 
0371. This bias voltage generating circuit 45 holds the 
internal node connected to the replica search transistors at 
the level of precharge voltage VML of the match line. Thus, 
it is possible in the match line precharge state to produce 
stably the current of a magnitude nearly equal to that of the 
current discharged by the one-bit unit cell in the miss state 
so that the amplitude of the match line can be restricted more 
accurately to reduce the current consumption. 
0372 Construction 1 of Current Converter Circuit 
0373 FIG. 34 shows an example of a construction of 
current converter circuit 135 shown in FIG. 33. In FIG. 34, 
current converter circuit 135 includes a P-channel MOS 
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transistor TP100 that is coupled to the power supply node 
and receives bias voltage BIAS P0 on its gate, and an 
N-channel MOS transistor TN100 receiving a current from 
MOS transistor TP100. 
0374 Constant current circuit (140) produces bias volt 
age BIAS P0. MOS transistor TN100 has a gate and a drain 
connected to each other. 
0375] Current converter circuit 135 further includes an 
N-channel MOS transistor TN101 and a P-channel MOS 
transistor TP101 supplying a current from the power supply 
node to MOS transistor TN101. MOS transistor TN101 form 
a current mirror circuit with MOS transistor TN100. MOS 
transistor TP101 has a gate and a drain connected to each 
other. 
0376) MOS transistor TP101 produces bias voltage 
BIAS P on its gate, and applies bias voltage BIAS P to the 
gate of MOS transistor QP91 of match amplifier 40. 
0377. In bias voltage generating circuit 45, MOS transis 
tors QP92 and QP93 are the same in size (ratio of channel 
length Lover channel width W. W/L), and pass current Imiss 
of the same magnitude. MOS transistor TP100 is smaller in 
size than MOS transistors QP92 and QP93. Therefore, 
current Ip flowing through MOS transistor TP is smaller than 
current Imiss driven by the replica search transistor. 
0378 MOS transistors TN100 and TN101 are the same in 
size, and pass the currents of the same magnitude. MOS 
transistor TN101 is supplied with a current from MOS 
transistor TP101, and current Ip1 flows through MOS tran 
sistor TP101. MOS transistors TP101 and QP91 are the 
same in size, and pass the currents of the same magnitude. 
Thus, match amplifier 40 can Supply, as the pull-up current, 
the current smaller than the one-bit pull-out current to the 
match line. 
0379 Construction 2 of Current Converter Circuit 
0380 FIG. 35 shows a construction of a modification of 
the current converter circuit shown in FIG. 33. In the 
construction shown in FIG. 35, each of MOS transistors 
QP92 and QP93 is formed of a parallel connection of Kunit 
P-channel MOS transistors UPT, and passes the one-bit 
pull-out current. MOS transistor TP101 in current converter 
circuit 135 is formed of a parallel connection of unit 
P-channel MOS transistors of J in number smaller than K 
(J-K). Other constructions of current converter circuit 135 
are the same as those shown in FIG. 34. Corresponding 
portions are allotted the same reference numrals, and 
description thereof is not repeated. 
0381 Unit transistor UPT has a channel width and a 
channel length each set to a unit value. Therefore, a total 
channel width of MOS transistor TP101 is smaller than a 
total channel width of each of MOS transistors QP93 and 
QP92. Accordingly, current Ip1 flowing through MOS tran 
sistor TP101 can be smaller than the current flowing through 
each of MOS transistors QP92 and QP93. By merely adjust 
ing the number of unit transistors, a relationship (a mirror 
ratio) between current Imiss (In) and current Ip1 can be set. 
Thus, the match line pull-up current can be set to a desired 
value without any influence of variations in manufacturing 
parameters. 
0382 Construction of Buffer 
0383 FIG. 36 shows a construction of buffer 130 shown 
in FIG. 33. In the construction shown in FIG. 33, buffer 130 
may be configured using the construction shown in FIG. 32. 
Alternatively, the buffer shown in FIG. 36 can be applied to 
the buffer shown in FIG. 33. 
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0384 Referring to FIG. 36, buffer 130 includes a P-chan 
nel MOS transistor TP102 having a gate and a drain con 
nected to each other, and is supplied with a current from the 
power supply node, and an N-channel MOS transistor 
TN102 receiving a bias voltage BIAS N on its gate and 
supplied with a current from MOS transistor TP102. Bias 
Voltage generating circuit (45) Supplies bias Voltage BIAS 
N. 
0385 Buffer 130 includes a P-channel MOS transistor 
TP103 supplied with a current from the power supply node, 
an N-channel MOS transistor TN103 supplied with a current 
from MOS transistor TP103, and an N-channel MOS tran 
sistor TN104 connected between a ground and a common 
Source of MOS transistors TN102 and TN103. 
0386 P-channel MOS transistor TP103 form a current 
mirror circuit with MOS transistor TP102. MOS transistor 
TN103 has a gate and a drain connected to each other. MOS 
transistor TN104 receives an activation signal ACT on its 
gate. 
(0387 MOS transistor TP102 is smaller in size than MOS 
transistor TP103. MOS transistor TP103 passes a larger 
current (a mirror ratio being larger than unity). MOS tran 
sistors TN102 and TN103 are the same in size. MOS 
transistor TN104 controls the activation of buffer 130 
according to activation signal ACT. A quantity of current 
supplied from MOS transistor TN103 to MOS transistor 
TN103 is larger than an quantity of a current supplied from 
TP102 to MOS transistor TN102. Therefore, the potential of 
the gate of MOS transistor TN103 is higher than the gate 
potential of MOS transistor TN102. Accordingly, bias volt 
age BIAS N2 can be higher than bias voltage BIAS N by 
100 mV or SO. 
0388 Sources of MOS transistors TN102 and TN103 are 
commonly connected to transistor TN104. Therefore, MOS 
transistors TN103 and TN104 have the same source poten 
tials, and bias voltage BIAS N2 can be accurately produced 
according to a difference between the respective current 
amounts flowing through transistors TN102 and TN103. 
0389. The effect of buffer 135 is the same as that of the 
tenth embodiment shown in FIG. 31, and the noise margin 
for the lowering of the bias Voltage can be increased. 
0390. In the buffer 135 shown in FIG. 36, in order to 
adjust the mirror ratio through adjustment of the sizes of 
MOS transistors TP102 and TP103, the parallel connections 
of the unit transistors may be employed as shown in FIG. 35. 
with the number of the unit transistors in each parallel 
connection adjusted for adjusting the mirror ratio. 

Modification 

0391 FIG. 37 shows a construction of a modification of 
the eleventh embodiment of the invention. The content 
addressable memory shown in FIG. 37 differs from the 
content addressable memory shown in FIG. 33 in the fol 
lowing construction. In a constant current circuit 140 shown 
in FIG. 37, a resistance element ZR is employed instead of 
MOS transistors TNT5 and TNT6. This resistance element 
ZR has the resistance of the same value as the combined 
on-resistance of MOS transistors TR1 and TR2 or transistors 
TR3 and TR4 in the discharging path of the unit cell in the 
miss state when match line ML is at the voltage VML. 
0392. Other constructions shown in FIG. 37 are the same 
as those of the content addressable memory in FIG. 33. 
Corresponding portions are allotted the same reference 
numerals, and description thereof is not repeated. 
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0393 Resistance element ZR has a resistance value equal 
to a combined on-resistance value of the series of search 
MOS transistors in the unit cell, and thus has a low resis 
tance value. Therefore, even when resistance element ZR is 
formed of a metal interconnection line, the occupation area 
thereof is Small, and increase in circuit occupation area can 
be suppressed. By employing resistance element ZR imple 
mented by the metal interconnection line or the like, it is 
possible to implement the resistance element being Small in 
variations of process parameter, and accordingly a constant 
current of a desired magnitude can be stably produced. 
0394 According to the eleventh embodiment of the 
invention, as described above, the constant current circuit is 
used to pass the one-bit pull-out current under the state when 
the match line voltage is at the level of the precharge 
Voltage, and the mirror current of the passing current is used 
to adjust the quantity of the pull-up current Supplied to the 
match line in the match amplifier. Therefore, the match line 
can accurately and stably pass the current equal to or Smaller 
than the current flowing in the one-bit miss state, or one-bit 
miss current. 
0395. Effects similar to those of the tenth embodiment 
can be also achieved. 

Twelfth Embodiment 

0396 FIG. 38 shows a construction of a content addres 
sable memory according to a twelfth embodiment of the 
invention. In the content addressable memory shown in FIG. 
38, match amplifier 150 arranged corresponding to each 
respective match line ML is different in construction from 
the match amplifiers in the embodiments described previ 
ously. Each match amplifier arranged corresponding to a 
respective match line ML has the same construction as the 
others, and FIG. 38 representatively shows the construction 
of match amplifier 150 arranged for one match line. 
0397 According to the search result in the last search 
cycle, match amplifier 150 according to the twelfth embodi 
ment charges corresponding match line ML and in addition, 
sets the potential level determination reference for this 
match line. Specifically, match amplifier 150 includes a 
sense circuit 152 for sensing the potential level of match line 
ML, a latch circuit 154 for latching the output signal of sense 
circuit 152 according to a search instructing signal SRCH, 
and a charge circuit 156 for selectively Supplying a charge 
current I charge to corresponding match line ML in the 
search operation. Charge circuit 156 controls the supply of 
charging current according to output signal ML OUT of 
latch circuit 154. 
0398. Latch circuit 154 receives search instructing signal 
SRCH on its clock input CK. When search instructing signal 
SRCH is at the H level, latch circuit 154 attains the through 
state, to output a signal received at its D input from a Q 
output. 
0399. Sense circuit 152 includes a P-channel MOS tran 
sistor QP113 connected between the power supply node and 
an internal signal line MALI and having a gate coupled to 
corresponding to match line ML. Sense circuit 152 also 
includes an N-channel MOS transistor QN112 connected 
between the internal signal line and the ground node and 
having a gate coupled to corresponding match line ML. 
0400 Sense circuit 152 further includes an inverter 163 
receiving the signal MALI from MOS transistors QP113 an 
QN112, to produces an output signal to input D of D-latch 
circuit 154, and an inverter 161 receiving the output signal 
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from output Q of D-latch circuit 154. Sense circuit 152 
further includes a D-latch circuit 162 receiving the output 
signal of inverter 161 at its input D, and N-channel MOS 
transistors QN113 and QN114 connected in series between 
an internal signal line MALI and the ground node. 
04.01. D-latch circuit 162 attains the latch state when 
search instructing signal SRCH applied to clock input CK is 
at the H level, and attains the through state when search 
instructing signal SRCH is at the L level. 
0402 MOS transistor QN113 has a gate coupled to match 
line ML. MOS transistor QN114 receives on its gate an 
output signal DVTH from output Q of D-latch circuit 162. 
0403. In sense circuit 152, MOS transistors QP113 and 
QN112-QN114 form an inverter buffer for sensing the 
potential of corresponding match line ML, and the input 
logical threshold voltage of this inverter buffer is corrected 
according to output signal DVTH of D-type latch circuit 
162. When MOS transistor QN114 is conductive (signal 
DVTH is at the H level), the input logical threshold voltage 
of this inverter buffer is low. When MOS transistor QN114 
is non-conductive, the input logical threshold voltage of the 
inverter buffer is high. Therefore, the potential determina 
tion reference for match line ML is adjusted according to a 
result of the search in the immediately preceding cycle. 
0404 Charge circuit 156 includes P-channel MOS tran 
sistors QP110 and QP111 each coupled to the power supply 
node. MOS transistors QP110 and QP111 form a current 
mirror circuit. Charge circuit 156 further includes N-channel 
MOS transistors NQ110 and NQ111 connected between 
MOS transistor QP110 and the ground node, an EXNOR 
circuit 160 receiving the output signal of D-type latch circuit 
154 and search instructing signal SRCH, and a P-channel 
MOS transistor QP112 connected between MOS transistor 
QP111 and match line ML. MOS transistor QP112 receives 
on its gate an output signal /CHRG of EXNOR circuit 160. 
04.05 MOS transistors QN110 and QN111 have gates 
coupled to the power Supply node, and are normally on. 
MOS transistors QN110 and QN111 are the same in size as 
transistors TR3 and TR4 or transistors TR1 and TR2 for 
match line discharging included in unit cell UC, respec 
tively, and pass a current of the same magnitude as one-bit 
miss current Imiss flowing through one unit cell UC in the 
miss state (assuming that an off-leakage current in the unit 
cell in the mismatch state is neglected (In=Imiss)). 
04.06 MOS transistor QP110 has a gate and a drain 
connected to each other, and operates as a master stage of the 
current mirror circuit. MOS transistor QP110 is larger in size 
(a ratio of a channel width to a channel length) than MOS 
transistor QP111 (a transconductance gm(QP111) of MOS 
transistor QP111 is Smaller than a transconductance gm 
(QP110) of MOS transistor QP110). Therefore, when MOS 
transistor QP112 is on, charging current I charge Supplied to 
corresponding match line ML is set to a smaller value than 
one-bit miss current Imiss (although it is set to a larger value 
than a total of off-leakage currents IOFF of all the bits). 
0407. In the search operation, charge circuit 156 likewise 
operates to turn on selectively P-channel MOS transistor 
QP112 to charge match line ML according to search result 
(ML OUT) in the last search cycle. 
0408 FIG. 39 shows, in a table form, operation logic of 
charge circuit 156 shown in FIG. 38. In the search operation, 
search instructing signal SRCH attains the H level. When the 
search result in the last search cycle indicates the match state 
and the signal ML OUT is at the H level, EXNOR circuit 
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160 produces the output signal at the H level. Accordingly, 
MOS transistor QP112 is turned off to stop the charging of 
match line ML (current I charge is off in the table). Con 
versely, when the search result in the last search cycle 
indicates the mismatch state and the signal ML OUT is at 
the L level, EXNOR circuit 160 produces the output signal 
at the L level. Accordingly, MOS transistor QP112 is turned 
on to Supply current I charge to corresponding match line 
ML (current I charge is on in the table). 
04.09. In the standby state, search instructing signal 
SRCH is set to the L level. When the signal ML OUT in the 
last search cycle is at the H level indicative of the match 
state, EXNOR circuit 160 produces output signal /CHRG at 
the L level. Accordingly, MOS transistor QP112 is turned on 
to supply the current to match line ML. When the mismatch 
state is detected in the last search cycle, the output signal 
/CHRG of EXNOR circuit 160 is at the H level. In this state, 
therefore, MOS transistor QP112 is in the off state or 
non-conductive state. 
0410. In the search operation, therefore, when the deter 
mination result in the last or immediately preceding search 
cycle indicates the mismatch state and there is a possibility 
that the corresponding match line is charged in the currently 
performed search cycle, the current is Supplied to corre 
sponding match line ML. During the standby state, the 
match line that exhibits the match state in the last search 
cycle is charged to be kept at the H level. The match line that 
exhibits the mismatch state is not charged during the 
standby, and corresponding match line ML is kept at the low 
level of ground Voltage attained in the search operation. This 
is done for preparing for the state transition of the match line 
in the next search cycle. 
0411 FIG. 40 is a timing chart representing an operation 
of match amplifier 150 shown in FIG. 38. Referring to FIG. 
40, the operation of the content addressable memory shown 
in FIG. 38 will now be described. 

0412. The search data on search lines SL and /SL is 
exchanged for each clock cycle. It is now assumed that 
match line ML is kept at the ground voltage level. 
0413 When the search cycle starts at a time T10 and 
search instructing signal SRCH attains the H level, EXNOR 
circuit 160 produces the output signal at the Llevel as shown 
in the operation logic table of FIG. 39, and MOS transistor 
QP112 is turned on. In the search cycle starting at time T10. 
when the search data matches the stored data, a discharge 
path is not present for the corresponding match line ML, and 
the voltage level of match line ML rises. Search instructing 
signal SRCH is at the H level, and D-type latch circuit 162 
is in the latch state. According to search result indicating 
signal ML OUT in the last cycle, the signal DVTH applied 
from D-type latch circuit 162 is at the H level. Therefore, an 
input logic threshold voltage VTH of sense circuit 152 is at 
a low voltage level. When match line ML is charged to have 
the voltage level raised from the ground voltage level, the 
signal transmitted from sense circuit 152 to internal signal 
line MALI attains the H level at a faster timing in accor 
dance with input logic threshold voltage VTH at a low 
voltage level. 
0414. When search instructing signal SRCH is at the H 
level, D-type latch circuit 154 enters the through state to take 
in and output the signal on internal signal line MALI 
provided via inverter 163. In this state, therefore, output 
signal ML OUT of D-type latch circuit 154 changes accord 
ing to the signal on internal signal line MALI when search 
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instructing signal SRCH is at the H level. When search 
instructing signal SRCH is the L level, D-type latch circuit 
154 enters the latch state to latch the taken signal and hold 
the search result. 
0415. During the search period of search instructing 
signal SRCH being at the H level, therefore, when the 
voltage level of match line ML rises and the voltage level of 
internal signal line MALI lowers, the signal ML OUT 
applied from D-type latch circuit 154 attains the H level 
according to the output signal of inverter 163. Therefore, the 
signal /CHRG applied from EXNOR circuit 160 attains the 
H level, and the charging of match line ML temporarily 
stops. 
0416. When the search period expires and search instruct 
ing signal SRCH attains the L level, EXNOR circuit 160 
produces the output signal /CHRG at the L level again, and 
match line ML is charged. In this state, D-type latch circuit 
154 is in the latch state. Match line ML thus charged attains 
the power supply voltage level. D-type latch circuit 154 is in 
the latch state, and its output signal ML OUT does not 
change even when match line ML is charged. 
0417. At this time, output signal DVTH of D-type latch 
circuit 162 is at the H level. Therefore, input logic threshold 
voltage VTH of sense circuit 152 is low. 
0418. In the search cycle starting at a time T11, the search 
operation for the search data is performed again. In this 
search cycle, when the result of the search in the last cycle 
indicates in the match state, output signal DVTH of D-type 
latch circuit 162 attains the L level according to the rising of 
search instructing signal SRCH, and MOS transistor QN114 
is turned off. Accordingly, input logic threshold Voltage 
VTH of sense circuit 152 is set to a high voltage level. 
0419. In the search cycle, when search instructing signal 
SRCH attains the H level, output signal /CHRG of EXNOR 
circuit 160 attains the H level. Thereby, MOS transistor 
QP112 is turned off, and the operation of charging match line 
ML stops. According to the search result, match line ML is 
in the match state, and is not discharged, and the signal on 
internal signal line MALI keeps the L level. 
0420 When the search period expires and search instruct 
ing signal SRCH attains the L level, D-type latch circuit 154 
enters the latch state to hold its output signal ML OUT at 
the H level. In charge circuit 156, EXNOR circuit 160 
produces output signal /CHRG at the L level. Accordingly, 
MOS transistor QP112 charges match line ML, and match 
line ML keeps the power supply voltage level. In entry ERY. 
unit cells UC, e.g., of 72 -288 bits are connected, and 
off-leakage currents flow through these unit cells in the 
match state when match line ML is in the match state. When 
the number of the search data bits is large, the total off 
leakage current becomes innegligibly large. This supply of 
charge current I charge Suppresses the Voltage lowering of 
the match line, which may be caused by the off-leakage 
currents of the entry in the match state. 
0421. In the search cycle starting at a time T12, when the 
search data does not match the stored data of the entry (in the 
mismatch State), and search instructing signal SRCH attains 
the H level, match line ML is discharged through unit cell 
UC in the miss state, and the voltage level of the match line 
lowers. Accordingly, the signal on internal signal line MALI 
rises to the H level, and output signal ML OUT of D-type 
latch circuit 154 lowers to the L level. In charge circuit 156, 
the output signal /CHRG of EXNOR circuit 160 attains the 
L level, and accordingly, MOS transistor QP112 is turned on. 
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Thereby, current I charge is temporarliy Supplied to match 
line ML. However, current I charge supplied via MOS 
transistor QP112 is smaller than discharging current Imiss of 
match line ML in the mismatch state, and match line ML 
holds the L level. At this time, input logic threshold voltage 
VTH of sense circuit 152 is at a high voltage level. There 
fore, the Voltage lowering of match line ML is sensed at a 
faster timing, and the Voltage level of internal signal line 
MALI lowers. D-type latch circuit 154 is in the through 
state, and output signal ML OUTthereof changes according 
to the signal on internal signal line MALI. Even when match 
line ML has not been charged, the discharging current larger 
than the charging current is passed, so that the Voltage level 
of the match line lowers fast. 
0422. When search instructing signal SRCH attains the L 
level, D-type latch circuit 154 enters the latch state, and the 
output signal ML OUT thereof is kept at the L level 
according to the search result of the current search cycle. 
Accordingly, output signal /CHRG of EXNOR circuit 160 is 
kept at the H level. Therefore, match line ML holds the 
discharged state at the ground Voltage level. 
0423. In a cycle starting at a time T13, when search 
instructing signal SRCH rises to the H level, output signal 
/CHRG of EXNOR circuit 160 attains the L level, and 
charge current I charge is Supplied to match line ML. At this 
time, D-type latch circuit 162 produces output signal DVTH 
at the H level to set input logic threshold voltage VTH of 
sense circuit 152 to the low voltage level. Charging current 
I charge supplied from charge circuit 156 is smaller than the 
current Imiss (=In) flowing through the one-bit of unit cell 
in the miss state. Therefore, the voltage level of match line 
ML is substantially kept at the ground voltage level, and the 
signal on internal signal line MALI is also kept at the L level. 
In this state, match line ML and search result indicating 
signal ML OUT keep the same state as that in the last search 
cycle. 
0424. As shown within a broken line circle, when the 
state changes from the mismatch State to the match state or 
Vice versa, match line ML changes its Voltage level, and the 
charging or discharging is performed. The charging or 
discharging of search lines SL and /SL is performed in the 
cycle where the bit of the search data changes. Therefore, the 
current consumption can be reduced by reducing the number 
of times of the Voltage transition on these search lines and 
the match lines. 

0425 FIG. 41 shows, in a table form, the charge con 
Sumption per search cycle. For a comparison, FIG. 41 also 
shows the charge consumption in the cases when the match 
line and the search lines are precharged to the level of power 
Supply Voltage VDD and when precharged to ground Voltage 
GND. 

0426 In FIG. 41, M and N represent the numbers of the 
match lines and the search lines, respectively. Cm and Cs 
represent a capacitance per match line and a capacitance per 
search line, respectively. 
0427. When the voltage transition occurs on only one 
match line and the VDD precharge scheme is employed, the 
match line changes from the level of power Supply Voltage 
VDD to the ground voltage level. Therefore, the charge 
consumption in this case is equal to (M-1):Cm-V, where V 
represents a Voltage difference between power Supply Volt 
age VDD and ground voltage GND. 
0428. When the match line is precharged to ground 
Voltage GND, the match line causing the Voltage transition 
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changes from the ground Voltage level to the power Supply 
voltage level. The other match lines keep the level of ground 
voltage GND. Therefore, the charge consumption per search 
cycle is Cm V. In the embodiment, when the mismatch and 
the match occur alternately on one match line, the charges of 
(1/2):Cm-V are consumed per search cycle. However, when 
the match or mismatch state continues without causing the 
state transition, the charge consumption is Zero (the Voltage 
level of the match line does not change). 
0429. When the number of the match lines causing the 
Voltage transition are (M/2), the charge consumption per 
search cycle is (M/2):Cm V in either the VDD precharge 
scheme or the ground Voltage (GND) precharge scheme. In 
the eleventh embodiment, when the match and miss alter 
nately occur, the charge consumption per search cycle is 
(M/4):Cm-V. When the match or miss continue, the charge 
consumption is Zero. 
0430 Since the search line is charged/discharged in each 
search cycle according to either the VDD precharge scheme 
or the GND precharge scheme, charges of N-Cs-V are 
consumed. In this embodiment, when the match and mis 
match of the search data alternately occur, the charge 
consumption on the search line in question is (N/2):Cs-V. 
When the search data are continuously the same, the charge 
consumption is Zero. 
0431. In the twelfth embodiment of the invention, as 
described above, charge consumption on the match line and 
the search line is zero in the search cycle when the match 
state or mismatch state continue. 
0432. In the search operation, the match line(s) attaining 
the match state are usually fewer than the match lines in the 
mismatch state. In general, the state transition does not occur 
on many match lines in the search operation. Therefore, the 
current consumption can be reduced by the twelfth embodi 
ment in which the match lines are selectively charged/ 
discharged based on the search result in the last cycle. 
0433 According to the table in FIG. 41, the voltage 
amplitudes of the match line and the search line are equal to 
power supply voltage V (VDD) in the twelfth embodiment. 
However, match line ML in the match state may be at the 
intermediate voltage level of VDD/2 or lower, as is done in 
the constructions of the sixth to eleventh embodiments. 

0434 Modification 
0435 FIG. 42 shows a main portion of a content addres 
sable memory according to the twelfth embodiment of the 
invention. FIG. 42 shows a construction of a sense circuit of 
one match amplifier. The match amplifier includes charge 
circuit 156, similarly to the construction shown in FIG. 38. 
0436. In FIG. 42, sense circuit 152 includes a differential 
amplifier circuit 190 for comparing the voltage on match 
line ML with a reference voltage Vref Differential amplifier 
circuit 190 is of a current mirror type, and has an operation 
current defined according to a bias voltage BIAS. The output 
signal of differential amplifier circuit 190 is applied to an 
input D of D-type latch circuit 16. D-type latch circuit 16 
takes in the signal at the input in Synchronization with the 
rising of search instructing signal SRCH, and outputs a 
search result indicating signal ML OUT. D-type latch cir 
cuit 16 attains the latch state when search instructing signal 
SRCH applied to clock input CK attains the L level. 
0437. Sense circuit 152 further includes a transmission 
gate 188 receiving a reference voltage VrefH from a high 
reference Voltage generating circuit 182 and a transmission 
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gate 189 receiving a reference voltage Vref from a low 
reference Voltage generating circuit 184. 
0438 Reference voltage generating circuits 182 and 184 
are arranged commonly to the match amplifiers arranged for 
the respective match line. Reference voltage VrefH is higher 
than reference voltage Vrefl. 
0439 Transmission gates 188 and 189 are selectively 
turned on according to the output signals of a D-type latch 
circuit 180 and an inverter 186. Specifically, when an output 
signal ML OD of D-type latch circuit 180 is at the H level, 
transmission gate 188 is conductive, and transmission gate 
189 is non-conductive. When output signal ML OD of 
D-type latch circuit 180 is at the L level, transmission gate 
189 is conductive, and transmission gate 188 is non-con 
ductive. The reference voltages selected by transmission 
gates 188 and 189 are used as a reference for determining the 
match line voltage level in differential amplifier circuit 190. 
0440 Sense circuit 152 further includes D-type latch 
circuit 180 that takes in search result indicating signal 
ML OUT applied from D-type latch circuit 16 in synchro 
nization with the falling of search instructing signal SRCH, 
and inverter 186 inverting the output signal of D-type latch 
circuit 180. D-type latch circuit 180 enters the latch state 
when search instructing signal SRCH attains the H level. 
Output signal ML OD of D-type latch circuit 180 is applied 
to EXNOR circuit 160 in charge circuit 156 shown in FIG. 
38. 
0441 FIG. 43 is a timing chart representing an operation 
of the match amplifier shown in FIG. 42. Referring to FIG. 
43, description will now be given on the operation of the 
match amplifier shown in FIG. 42 and particularly the 
operation of sense circuit 152. 
0442. When the search result indicates the mismatch state 
in a cycle before a cycle starting at time T10, D-type latch 
circuit 180 produces output signal ML OD at the L level. In 
this state, transmission gate 189 is conductive, and trans 
mits, as a reference voltage of differential amplifier circuit 
190, reference voltage Vrefl received from low reference 
Voltage generating circuit 184. At this time, output signal 
/CHRG of the EXNOR circuit in the pull-up current supply 
circuit (not shown in FIG. 42) is at the L level, and the 
current is Supplied to the match line. 
0443) In the cycle starting from time T10, when the 
search data matches the stored data, the Voltage level of 
match line ML rises. When the voltage level of match line 
ML exceeds reference voltage Vref, output signal MALI of 
differential amplifier circuit 190 attains the H level, and 
output signal ML OUT of D-type latch circuit 16 attains the 
H level. When search instructing signal SRCH falls to the L 
level in Synchronization with clock signal CLK in this cycle, 
D-type latch circuit 180 enters the through state to produce 
output signal ML OD at the H level. For holding the voltage 
level of the match line in the match state, the signal /CHRG 
is kept at the L level. In response to the rising of output 
signal ML OD of D-type latch circuit 180, transmission 
gate 189 is turned off, and transmission gate 188 is turned 
on. Thereby, reference voltage VrefH supplied from high 
reference Voltage generating circuit 182 is Supplied as the 
reference voltage to differential amplifier circuit 190. 
0444. In the cycle starting at time T11, when match line 
ML is in the match state, the match amplifier does not 
change its state. 
0445. In the cycle starting at time T12, clock signal CLK 
and search instructing signal SRCH rise to the H level and 
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the search operation is performed. In this cycle, when the 
search result indicates the mismatch state, the Voltage level 
of match line ML lowers. At this time, reference voltage Vref 
of differential amplifier circuit 190 is at the high voltage 
level (VrefH). Therefore, output signal MALI of differential 
amplifier circuit 190 attains the L level at a faster timing 
after the potential of match line ML lowers, and search result 
indicating signal ML OUT applied from D-type latch circuit 
16 attains the definite state at a faster timing. 
0446. In this cycle, when search instructing signal SRCH 
attains the L level in synchronization with the falling of 
clock signal CLK, D-type latch circuit 180 produces output 
signal ML OD at the Llevel. Accordingly, transmission gate 
189 is tuned on, and transmission gate 189 is turned off so 
that low reference voltage Vrefl is set as reference voltage 
Vref of differential amplifier circuit 190. In the cycle starting 
at time T12, the result of the search performed in the last 
search cycle indicates the match state, and the signal /CHRG 
is held at the H level. Therefore, the pull-up current is not 
Supplied to the match line. 
0447. In the cycle starting at time T13, the result of the 
search performed in the last search cycle indicates the 
mismatch state, and the pull-up current is Supplied at the 
start of the search operation in this cycle. However, the 
search result indicates the mismatch in this cycle, and the 
voltage level of match line ML is held at the L level. 
Accordingly, search result indicating signal ML OUT and 
output signal ML OD of D-type latch circuit 180 are kept at 
the L level. 
0448 Reference voltage Vref of differential amplifier 
circuit 190 is set according to the search result of the last 
search cycle, whereby the reference voltage of the differen 
tial amplifier circuit can be set to the voltage level close to 
the Voltage level of the match line. Accordingly, the search 
result can be determined at a faster timing, and the search 
operation speed can be increased. 
0449 According to the twelfth embodiment of the inven 

tion, as described above, the charging of the match line is 
selectively performed according to the result of the last 
search cycle, so that the current consumption can be further 
reduced. The input logic threshold voltage of the sense 
circuit is adjusted according to the search result in the last 
search cycle. Therefore, the input logic threshold Voltage 
can be set to the voltage level close to the voltage level of 
the match line, and the Voltage changes on the match line can 
be sensed at a faster timing. 

Thirteenth Embodiment 

0450 FIG. 44 shows a main portion of a content addres 
sable memory according to a thirteenth embodiment of the 
invention. In FIG. 44, match amplifier 150 includes sense 
circuit 152, D-type latch circuit 154 and charge circuit 156 
similarly to the twelfth embodiment. Charge circuit 156 
differs from charge circuit 156 shown in FIG. 33 in the 
following construction. P-channel MOS transistors QP120 
and QP112 are arranged in series between the power supply 
node and match line ML. MOS transistor QP120 receives a 
bias voltage PBIAS on its gate. MOS transistor QP112 
receives an output signal /CHRG of EXNOR circuit 160 on 
its gate. 
0451. For producing bias voltage PBIAS, a replica entry 
200 and a bias voltage generating circuit 210 are provided. 
Replica entry 200 includes replica unit cells UCh each 
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having a discharging path of the same construction as unit 
cell UC in the match state of entry ERY in the memory cell 
array. 
0452 Replica unit cells UCh includes N-channel MOS 
transistors QN121 and QN122 connected in series between 
a replica match line RMLb and the ground node, and 
N-channel MOS transistors QN123 and QN124 connected in 
series between replica match line RMLb and the ground 
node. These MOS transistors QN121-QN124 are the same in 
size (ratio of channel width W to channel length L) as 
transistors TR1-TR3 in unit cell UC. Each of MOS transis 
tors QN121-QN124 is turned off when it receives the ground 
Voltage on its gate. Therefore, off-leakage current 2 I off 
(=Ioff) flows through replica unit cell UCh. This magnitude 
of the off-leakage current is the same as that of the current 
flowing through unit cell UC in the match state. Off-leakage 
current I off represents an off-leakage current flowing 
through one discharging path in the unit cell. 
0453 Bias voltage generating circuit 210 includes a 
P-channel MOS transistor QP121 supplying a current to 
replica match line RMLb. MOS transistor QP121 has a gate 
and a drain connected to each other. Bias Voltage generating 
circuit 210 further includes P-channel MOS transistors 
QP122 and QP124. MOS transistor QP122 forms a current 
mirror circuit with MOS transistor QP121. MOS transistor 
QP124 is coupled to the power Supply node, and has a gate 
and a drain connected to each other. 
0454 Bias voltage generating circuit 210 further includes 
N-channel MOS transistors QN125 and QN126 connected in 
series between MOS transistor QP124 and the ground node, 
and a P-channel MOS transistor QP123 forming a current 
mirror circuit with MOS transistor QP124. MOS transistors 
QN125 and QN126 have gates connected to the power 
Supply node, and are normally kept on. 
0455 Bias voltage generating circuit 210 further includes 
N-channel MOS transistors QN127 and QN128 as well as a 
P-channel MOS transistor QP125. MOS transistors QN127 
has a gate and a drain connected to each other, and receives 
a total current IA of the currents supplied from MOS 
transistors QP122 and QP123. MOS transistor QN128 form 
a current mirror circuit with MOS transistor QN127. MOS 
transistor QP125 has a gate and a drain connected to each 
other, Supplies a current from the power Supply node to 
MOS transistor QN128 and converts the supplied current 
into a voltage to produce bias voltage PBIAS. 
0456) MOS transistors QN125 and QN126 are the same 
in size as transistors TR1 and TR2 or transistors TR3 and 
TR4 in the series connection in unit cell UC of entry ERY. 
Therefore, MOS transistors QN125 and QN126 pass one-bit 
pull-out current I miss (In) of the same magnitude as the 
current discharged through the series connection of transis 
tors in the on state of unit cell UC in the miss state. 
0457. This one-bit pull-out current I miss is supplied via 
MOS transistor QP124. All MOS transistors QP121-QP125 
are the same in size. Therefore, the current supplied from 
MOS transistor QP123 is pull-out current I miss (=In) of the 
one-bit unit cell in the miss state. MOS transistor QP121 
supplies an off-leakage current for the replica unit cells UCh 
ofm bits to replica match line RMLb. Therefore, the current 
thus Supplied is equal to 2m I off. 
04.58 MOS transistor QP122 supplies a mirror current of 
the current supplied by MOS transistor QP121. Therefore, 
the total current can be expressed by (2-I offm+I miss 
(m-Ioff-In)). MOS transistor QN127 discharges this cur 
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rent IA. The mirror current of current IA flows through MOS 
transistor QN128. MOS transistor QP125 produces bias 
voltage PBIAS corresponding to the current flowing through 
MOS transistor QN128. 
0459 MOS transistor QP120 is smaller in size (transcon 
ductance gm) than MOS transistor QP125. For example, 
MOS transistor QP120 has halftimes the transconductance 
gm of MOS transistor QP125. MOS transistor QP120 passes 
current I charge equal to or Smaller than half the current IA. 
Thereby, match line ML can be supplied with a current that 
is Smaller than one-bit miss current Imiss or one-bit pull-out 
current I miss (In) but is larger than total off-leakage 
current IOFF (-2-m-I off) of the entry in the match state. 
0460. As shown in FIG. 44, the variations in transistor 
parameters of unit cells UC in entry ERY can be reflected, 
using replica entry 200. Specifically, MOS transistors 
QN125 and QN126 are formed to be subjected to the same 
parameter variations as transistors TR1-TR4 of unit cell UC 
in entry ERY (they are formed in a neighboring region 
through the same manufacturing steps). The value of current 
IA can be adjusted according to the variations in pull-out 
current I miss in the miss state. For example, when off 
leakage current I off of the unit cell in the entry storing the 
data increases, current IA likewise increases. Accordingly, 
the current value of charge current I charge Supplied from 
charge circuit 156 is increased, and the variations in off 
leakage current for match line ML can be compensated for. 
Therefore, even in the case when match line ML is to be kept 
at the H level according to the search result in the last search 
cycle, match line ML can be accurately kept at the H level. 
0461) When one-bit pull-out current I miss (In) lowers, 

total current IA lowers, and charge current I charge can be 
reduced. Thereby, it is possible to prevent the decrease of the 
lowering speed of the voltage level of the match line 
corresponding to the entry in the mismatch State, so that the 
increases in search cycle can be prevented. 
0462. As described above, the thirteenth embodiment of 
the invention uses the replica entry formed of the unit cells 
in the match state as well as the replica unit cell correspond 
ing to the one-bit miss state unit cell, to produce the bias 
Voltage for generating the charging current to the match line. 
Therefore, the variations in transistor parameter can be 
accurately compensated for, and the charging current of the 
match line can be adjusted. The effects by the construction 
using the replica entry to generate the charging current to the 
match line are likewise achieved in the tenth and eleventh 
embodiments already described, and the variations in tran 
sistor parameter can be compensated for to produce the 
current at a desired level. 
0463. The same effects can be achieved as in the eleventh 
and twelfth embodiments. 

Fourteenth Embodiment 

0464 FIG. 45 shows a main portion of a content addres 
sable memory according to a fourteenth embodiment of the 
invention. The construction of the content addressable 
memory shown in FIG. 45 corresponds to a combination of 
the tenth and thirteenth embodiments. In FIG. 45, match 
amplifier 150 includes MOS transistors QP130, QP112 and 
QN130 connected in series between the power supply node 
and match line ML, D-type latch circuit 154 for latching an 
internal search result signal MA ML on a connection node 
between MOS transistors QP112 and QN130, and an 
EXNOR circuit 160 for producing a charge instructing 
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signal /CHRG. D-type latch circuit 154 latches the signal 
received on its D-input according to a search instructing 
signal SRCH. EXNOR circuit 160 receives output signal 
ML OUT of D-type latch circuit 154 and search instructing 
signal SRCH, and applies charge instructing signal /CHRG 
to the gate of MOS transistor QP112. 
0465 MOS transistor QP130 has a gate receiving bias 
voltage BIAS P from bias voltage generating circuit 45. 
MOS transistor QN130 has a gate receiving bias voltage 
BIAS N2 from buffer 130. These bias voltage generating 
circuits 45 and 130 have the same construction as bias 
voltage generating circuits 45 and 130 shown in FIG. 31. 
0466 Memory cell array has a plurality of entries ERY. 
and match lines ML are arranged corresponding to entries 
ERY, respectively. Entry ERY includes unit cells UC of m 
bits. Unit cell UC has the same construction as the unit cells 
in the first to twelfth embodiments, and includes a CAM cell 
CC for storing the data and search MOS transistors TR1 
TR4 for comparing the search data and the stored data. 
0467 Bias voltage generating circuit 45 shown in FIG. 
45 produces bias voltage BIAS P to the gate of P-channel 
MOS transistor QP130 included in match amplifier 150. 
MOS transistor QP130 supplies a current smaller in value 
than the current (I miss or Imiss) flowing through the 
one-bit miss state unit cell, and is larger than the total (IOFF) 
of off-leakage currents I off of the unit cells of m bits in the 
match state in the corresponding entry. P- and N-channel 
MOS transistors QP112 and QN130 are connected in series 
between MOS transistor QP130 and match line ML. MOS 
transistor QN130 receives bias voltage BIAS N2 from 
buffer 130. MOS transistors QP130 and QN130 correspond 
to MOS transistors QP91 and QN71 shown in FIG. 31, 
respectively. 
0468. In the construction shown in FIG. 45, MOS tran 
sistor QN130 operates in the source follower mode in 
according to bias voltage BIAS N2. Therefore, correspond 
ing match line ML attains the Voltage level equal to or lower 
than the voltage VML (sDD/2), and the voltage rising of the 
match line is Suppressed. Accordingly, the potential of 
internal node MA ML rises fast, and the determination 
result signal MA ML can be driven fast to the definite state 
(power Supply Voltage level). 
0469. In the construction shown in FIG. 45, the signal 
/CHRG to MOS transistor QP112 is produced according to 
search result indicating signal ML OUT in the last cycle. 
Therefore, it is possible to control supply/cut-off of the 
charging current to corresponding match line ML in the 
search operation according to the result of search/determi 
nation in the last search cycle. 
0470 FIG. 46 shows an operation of a content address 
able memory shown in FIG. 45. Referring to FIG. 46, the 
operation of the content addressable memory shown in FIG. 
45 will now be described. 
0471. In the search operation shown in FIG. 46, two 
cycles of clock signal CLK define one search cycle. How 
ever, the search cycle may be equal to one cycle of clock 
signal CLK, similarly to the twelfth embodiment. 
0472. It is assumed that the result of the determination in 
the last search cycle indicates the mismatch state in cycles 
CY1 and CY2 of clock signal CLK. According to this 
assumption, match line ML is kept at the ground Voltage 
level, internal search result signal MA ML is at the ground 
voltage level and output signal ML OUT of D-type latch 
circuit 154 is at the L level. 
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0473. In a clock cycle CY3, the search operation is 
performed according to new search data. In this cycle, when 
search instructing signal SRCH attains the H level, EXNOR 
circuit 160 produces the signal /CHRG at the L level. 
Accordingly, MOS transistor QP112 is turned on to charge 
match line ML. In the operation of charging the match line 
ML, MOS transistor QN130 suppresses the voltage level of 
match line ML to or below intermediate voltage VML, as 
described in the tenth embodiment. MOS transistor QN130 
performs a decoupling operation according to bias Voltage 
BIAS N2 applied from buffer 130. Thus, the voltage level 
of internal search result signal MA ML rises, and finally 
attains the level of power supply voltage VDD. 
0474. In a clock cycle CY4, when search instructing 
signal SRCH attains the L level, search result indicating 
signal ML OUT applied from D-type latch circuit 154 rises 
to the H level. At this time, output signal /CHRG of EXNOR 
circuit 160 is held at the L level, and the charging operation 
is performed on the match line. However, the source fol 
lower operation of MOS transistor QN130 holds match line 
ML at the level of voltage VML or lower. Thus, match line 
ML is kept at the predetermined voltage level, using the 
off-leakage currents of the unit cells of all bits on match line 
ML. 
0475. In a clock cycle CY5, the search data changes, and 
search instructing signal SRCH attains the L level again. 
Since the search result in the last cycle indicates the match 
state, signal ML OUT is at the H level, and EXNOR circuit 
160 produces the output signal/CHRG at the H level, so that 
MOS transistor QP112 is turned off to stop the charging of 
match line ML. In this cycle, when the search result of the 
search data indicates the mismatch state, match line ML is 
discharged to lower its Voltage level. Accordingly, the Volt 
age level of internal search result signal MA ML lowers. 
0476. In a clock cycle CY6, when search instructing 
signal SRCH falls to the L level, D-type latch circuit 154 
produces output signal ML OUT at the L level. Output 
signal /CHRG of EXNOR circuit 160 keeps the H level, and 
the charging of match line ML is stopped. Therefore, match 
line ML is kept at the ground voltage level. 
0477 Then, the search is performed according to the next 
search data in a clock cycle CY7. In the case where the result 
of search for the search data indicates the mismatch state, the 
charging current is discharged via the unit cell in the miss 
state of the entry coupled to match line ML even when 
EXNOR circuit 160 produces output signal /CHRG at the L 
level. Therefore, match line ML keeps the ground voltage 
level. Accordingly, search result indicating signal ML OUT 
likewise attains the L level according to the voltage level of 
internal signal line MA ML. 
0478. In a clock cycle CY8, when search instructing 
signal SRCH attains the L level, MOS transistor QP112 is 
turned on. Responsively, match line ML is charged to raise 
its voltage level. Also, the voltage level of internal search 
result signal MA ML rises. 
0479. In a clock cycle CY10, D-type latch circuit 150 
produces output signal ML OUT at the H level. In this case, 
search instructing signal SRCH is at the L level, and output 
signal /CHRG of EXNOR circuit 160 keeps the L level and 
match line ML is charged. Accordingly, match line ML is 
kept at the level of intermediate Voltage (precharge Voltage) 
VML. 

0480. In a clock cycle CY11, the search operation is 
performed again. When search result is the match state, 
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EXNOR circuit 160 produces output signal /CHRG at the H 
level to stop the charging of match line ML. When search 
instructing signal SRCH attains the L level, the signal 
/CHRG attains the L level. Responsively, match line ML is 
charged through MOS transistor QN130, and keeps its 
voltage level. 
0481. In a clock cycle CY13, the search operation is 
performed again. When the search result indicates the mis 
match state, the signal /CHRG is at the H level, and the 
discharging of match line ML is not performed. Accordingly, 
the voltage levels of match line ML and internal signal line 
MA ML lower to the ground voltage level, and search result 
indicating signal ML OUT lowers to the L level in a next 
clock cycle CY14. At this time, the signal /CHRG attains the 
L level again, and match line ML is charged. 
0482. Therefore, when the last search result indicates the 
match state, the current Supplying to match line ML is 
stopped in the search operation. Only when the last search 
result indicates the mismatch state, the charge current is 
supplied to the match line in the search operation. Thereby, 
the number of times of charging match line ML can be 
reduced, and the current consumption can be reduced. When 
the search result in the last cycle indicates the mismatch 
state, match line ML is at the ground Voltage level and it may 
possibly need to raise its Voltage level, the current is 
Supplied to the match line in the search operation, and thus 
the search operation can be performed fast. 
0483 For the match line, it is not necessary to perform 
the precharging in each search cycle, and the current con 
sumption can be reduced. Similarly to the tenth embodi 
ment, the quantity of charging current of match line ML is 
adjusted using bias voltages BIAS Pand BIAS N2, and the 
charging current is supplied to the match line via MOS 
transistor QN130. Therefore, the voltage level of match line 
ML can be restricted to the level of voltage VML or lower. 
Accordingly, the Voltage amplitude of the match line can be 
reduced, and the current consumption in the search opera 
tion can be significantly reduced, similarly to the tenth 
embodiment. Since the sensing of the match and mismatch 
states are performed according to the charging/discharging 
of internal signal line MA ML of a small interconnection 
load, the fast search operation can be achieved. 
0484 Meanwhile, in the fourteenth embodiment, the cur 
rent converter circuit shown in FIG. 37 may be provided for 
level-converting bias voltage BIAS P. 

Fifteenth Embodiment 

0485 FIG. 47 schematically shows a construction of a 
content addressable memory according to the fifteenth 
embodiment of the invention. In FIG. 47, a CAM cell array 
including CAM cells (unit cells) is divided into two global 
search blocks GSB1 and GSB2. Although not clearly shown, 
the CAM cell array includes a plurality of entries as already 
described. Global search block GSB1 includes a plurality of 
local search blocks SB11-SB18, and global search block 
GSB2 includes a plurality of local search blocks SB21 
SB28. Each of local search blocks SB11-SB18 and SB21 
SB28 is provided with a match line group MLS formed of a 
plurality of match lines ML, and is also provided with a 
search line group (search data bus) SLPs formed of a 
plurality of search line pairs. Each match line group MLS 
includes match lines ML of 1 K in number. Search line pair 
group SLPs includes search line pairs SLP of 144 bits. 
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0486 For local search blocks SB11-SB18, there are pro 
vided match amplifier groups MA11-MA18 as well as 
priority encoders PE11-PE18, respectively. Each of match 
amplifier groups MA11-MA18 includes match amplifiers 
arranged corresponding to the match lines in the correspond 
ing local search blocks, respectively. The match amplifier 
may be any one of the match amplifiers in the first to 
thirteenth embodiments, or may also be substantially the 
same as a conventional match amplifier. By using the match 
amplifier in any embodiment already described, the search 
operation can be performed fast with low current consump 
tion. Even when the match amplifier the same in construc 
tion as the conventional match amplifier is employed, it can 
achieve the effects of the construction of the content addres 
sable memory according to the fifteenth embodiment perse. 
0487. Each of priority encoders PE11-PE18 selects the 
match line of the highest priority from corresponding match 
amplifier groups MA11-MA18 according to a predetermined 
priority rule, and produces the information on the selected 
match line. 

0488. In FIG. 47, local search block SB11 has the highest 
priority, and the priority decreases as approaching local 
search block SB18. Global search block GSB1 has a higher 
priority than global search block GSB2. In global search 
block GSB2, the priority successively lowers as approaching 
local search block SB28 from local search block SB21. 

0489 For local search blocks SB11-SB18, search data 
input circuits FF11-FF18 each formed of a flip-flop are 
arranged, respectively. These search data input circuits 
FF11-FF18 commonly receive the search data from an FF 
circuit FF1 receiving externally applied search data SD. 
Search data input circuits FF11-FF18 drive search line 
groups SLs of corresponding search blocks SB11-SB18 
according to the received search data, respectively. 
0490 Search data input circuit (FF circuit) FF1 takes in 
and outputs the received data according to an externally 
applied clock signal CLKex. Therefore, the search data 
supplied to search data input circuits (FF circuits) FF11 
FF18 are updated in each cycle of external clock signal 
CLKex. 

0491 Global search block GSB1 is further provided with 
cascaded digital delay circuits DL10-DL18 for successively 
delaying external clock signal CLKeX. Delay clock signals 
supplied from digital delay circuits DL10-DL17 are applied 
to search data input circuits FL11-FL18 as search data 
take-in clock signals, respectively. According to the delay 
clock signals applied from digital delay circuits DL11 
DL18, respective local search blocks SB11-SB18 execute 
the search, determination of search result and production of 
search result indication. For example, the output signals of 
digital delay circuits DL11-DL18 are used as search instruct 
ing signal SRCH as described in the twelfth embodiment. 
Accordingly, search blocks SB11-SB18 perform the search, 
determination of the search result and output of search result 
determination with the start timing staggered successively. 
0492. In global search block GSB2, search data input 
circuits FF21-FF28 are arranged corresponding to local 
search blocks SB21-SB28, respectively. Also, match ampli 
fier groups MA21-MA28 and priority encoders PE21-PE28 
are also arranged corresponding to local search blocks 
SB21-SB28, respectively. Digital delay circuits DL20-DL28 
concatenated together are arranged for controlling the search 
operations of the respective search blocks. 
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0493 For adjusting the delay times of digital delay 
circuits DL10-DL18 and DL20-DL28, a delay control cir 
cuit 220 is arranged. 
0494 Delay control circuit 220 includes a digital phase 
difference detecting circuit 222 for detecting a phase differ 
ence between external clock signal CLKeX and an internal 
clock signal CLKin to produce a delay control signal cor 
responding to a phase difference, cascaded digital delay 
circuits DL1-DL8, and an inverter buffer IVB for inverting 
the output signal of digital delay circuit DL8 in the final 
stage to apply the inverted signal to digital delay circuit DL1 
in the initial stage. Inverter buffer IVB and digital delay 
circuits DL1-DL8 form a ring oscillator. Digital delay circuit 
DL8 produces internal clock signal CLKin. 
0495 Digital phase difference detecting circuit 222 
adjusts the delay times of digital delay circuits DL1-DL8 to 
equalize the phases of external clock signal CLKeX and 
internal clock signal CLKin, to adjust the delay times of 
digital delay circuits DL10-DL18 and DL20-DL28 provided 
corresponding to the respective local search blocks. 
0496 For global search block GSB2, there are arranged 
a search data input circuit (FF circuit) FF2 receiving the 
search data supplied from search data input circuit (FF 
circuit) FF1 as well as a gate circuit 225 receiving the output 
signal of priority encoder PE18 and external clock signal 
CLKex. 
0497 Priority encoder PE18 has the lowest priority in the 
global search block. Therefore, when priority encoder PE18 
generates a signal at the L level, this indicates the state in 
which stored data matching the search data is not found in 
global search block GSB1. Therefore, global search block 
GSB2 executes the search operation when the match detec 
tion is not accomplished in global search block GSB1. 
0498. The output signal of gate circuit 225 is applied as 
a clock signal to digital delay circuits DL20-DL28. When 
gate circuit 225 is enabled (when priority encoder PE18 
produces the output signal at the L level), local search blocks 
SB21-SB28 in global search block GSB2 successively per 
form the search operation according to the staggered opera 
tion start timing in accordance with the clock signal applied 
via gate circuit 225. 
0499 Search data input circuit (FF circuit) FF2 likewise 
takes in the search data supplied from FF circuit FF1 
according to the output signal of gate circuit 225, and applies 
the data thus taken in, as the search data, to search data input 
circuits FF21-FF28 of local search blocks SB21-SB28. 
0500 FIG. 48 is a timing chart representing the operation 
of delay control circuit 220 shown in FIG. 47. Referring to 
FIG. 48, the operation of delay control circuit 220 shown in 
FIG. 47 will now be described. 
0501. As described above, digital phase difference detect 
ing circuit 222 adjusts the delay times of digital delay 
circuits DL1-DL8 to equalize the phases of external clock 
signal CLKeX and internal clock signal CLKin. 
0502. When clock signals CLKex and CLKin are the 
same in phase, the output signal of inverter buffer IVB 
changes in Synchronization with external clock signal 
CLKeX according to internal clock signal CLKin. The delay 
time of inverter buffer IVB, in this example, assumes a 
negligible value as compared with the delay times of digital 
delay circuits DL1-DL8. When the output signal of inverter 
buffer IVB changes, each of digital delay circuits DL1-DL8 
changes the logical state of its output signal with a delay 
time d. Therefore, when internal and external clock signals 
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CLKin and CLKex matches in phase with each other, a cycle 
time Tc of internal clock signal CLKin is equal to d-28 
(internal and external clock signals CLKin and CLKeX have 
the same cycle period). 
0503 Digital delay circuits DL1-DL8 and digital delay 
circuits DL10-DL18 and DL20-DL28 have the same con 
structions. Therefore, the same delay time as the delay time 
of digital delay circuits DL1-DL8 can be set in digital delay 
circuits DL10-DL18 and DL20-DL28. 
0504. Each of digital delay circuits DL1-DL8, DL10 
DL18 and DL20-DL28 is formed of a buffer circuit (invert 
ers in two stages) having a variable current source that can 
change an operation current. The operation current value of 
each digital delay circuit is adjusted according to the phase 
difference information detected by digital phase difference 
detecting circuit 222, and thereby delay time, d, is adjusted. 
0505. As described above, the clock signal for defining 
the operation cycles of local search blocks SB11-SB18 is 
supplied using digital delay circuits DL10-DL18. Thus, in 
global search block GSB1, the search operation and search 
result determining operation can be successively performed 
by local search blocks SB11-SB18 with the delay time d of 
digital delay circuits DL10-DL18, respectively, and the peak 
current can be small. The same holds for global search block 
GSB2. 
0506. The search lines are divided according to the local 
search blocks so that the interconnection load capacitance of 
the search line can be Small, and the charging/discharging 
currents of the search line can be small. Further, the search 
line can be driven fast according to the search data. 
0507 FIG. 49 is a timing chart representing the operation 
of the content addressable memory shown in FIG. 47. 
Referring to FIG. 49, the operation of the content address 
able memory shown in FIG. 47 will now be described. 
0508 As shown in FIG. 49, when external clock signal 
CLKex attains the H level, the output signal of search data 
input circuit (FF circuit) FF1 is updated and decided. Then, 
search data input circuit FF11 for local search block SB11 
takes in the received data according to the output signal of 
digital delay circuit DL10, and drives internal search data 
line group SLPS according to the search data. Accordingly, 
match amplifier group MA11 and priority encoder PE11 are 
made active according to the output signal of digital delay 
circuit DL11 after elapsing of delay time d of digital delay 
circuit DL11 and the search data is compared with the stored 
data, and the search result is determined. 
0509. In parallel with the match line driving in local 
search block SB11, in local search block SB12, supplied 
data is taken in by search data input circuit FF12 according 
to the output signal of digital delay circuit DL11, corre 
sponding search data line group SLPS is driven according to 
the search data. Subsequently, the search operation is inter 
nally performed in search block SB11 according to the 
output signal of digital delay circuit DL12 after elapsing of 
time d. 

0510. Thereafter, local search blocks SB11, ... SB17 (not 
shown) Successively execute the search operation. Each of 
search data input circuits FF11-FF17 takes in the search data 
Supplied from search data input circuit FF1 in Synchroniza 
tion with the rising of the output signal of the corresponding 
digital delay circuit (the rising of external clock signal 
CLKex), and enters the latch state. In local search block 
SB18 in the final stage, search data input circuit FF18 enters 
the latch state according to the output signal of digital delay 

34 
Oct. 25, 2007 

circuit DL17 (not shown) in the preceding stage, and drives 
search line group SLBS according to the search data. Then, 
match amplifier group MA18 is activated when time d 
elapses. 
0511. The priority successively lowers in the direction 
from local search block SB1 toward local search block 
SB18. In any one of the local search blocks in global search 
block GSB1, when the match state is detected, the output 
signal of priority encoder PE18 in the final stage attains the 
H level, and the output signal of gate circuit 225 is fixed to 
the L level. This inhibits the transmission of the clock signal 
to global search block GSB2, and stops the search operation 
therein. At this time, search data input circuit (FF circuit) 
FF2 does not latch the received search data. 
0512. The search lines are divided into a plurality of 
global blocks to implement a block division construction. 
When the match is detected in the global search line block 
of a higher priority, the search operation of the global search 
line block of a lowrer priority is stopped. Accordingly, the 
current consumption can be reduced. 
0513 FIG. 50 shows an example of constructions of 
priority encoders PE11-PE18 and PE21-PE28. In FIG.50, 
priority encoder indicated by PE is a representative example 
of the constructions of priority encoders PE11-PE18 and 
PE21-PE28. FIG. 50 shows, by way of example, an arrange 
ment of the priority encoder having the highest priority. 
0514. In FIG.50, determination result outputs MLOUTa 
MLOUTn correspond to the search result indicating signals 
produced for the respective match lines from the match 
amplifiers in the corresponding match amplifier group. 
0515 Priority encoder PE includes gate circuits GTa 
GTn arranged corresponding to determination result outputs 
MLOUTa-MLOUTn of the match lines, respectively, and 
OR gates OGa-OGn receiving the output signals of gate 
circuits GTa-GTn, respectively. Gate circuits GTa-GTn 
receive, on the complementary inputs, the output signals of 
corresponding OR gates OGa-OG(n-1) in the preceding 
stage, and receive, on the non-inverted inputs, the output 
signals of the corresponding match amplifiers. OR gate OGn 
in the final stage applies the output signal to priority encoder 
PE of the next higher priority. The complementary input of 
gate circuit GTa is coupled to the ground node. 
0516 Output MLOUTa has the highest priority, and 
output MLOUTn has the lowest priority. Each of gate 
circuits GTa-GTn produces the signal at the H level when 
search result indication MLOUT received from the corre 
sponding match line is at the H level indicating the match 
state and the output signal of the corresponding OR gate is 
at the L level. Each of gate circuits GTa-GTn fixes its output 
signal at the L level when the signal received at its comple 
mentary input attains the H level. 
0517. The complementary input of gate circuit GTa is 
fixed at the ground voltage level (because the shown priority 
encoder has the highest priority). However, when a local 
search block of a higher priority is arranged with respect to 
priority encoder PE, the complementary input of gate circuit 
GTa of priority encoder PE is supplied with an output signal 
of OR gate OGn in the final stage of the priority encoder in 
the preceding stage, instead of the ground Voltage. 
0518 Match line data MLDTa-MLDTn supplied from 
gate circuits GTa-GTn may be further encoded to produce 
information designating the address of the match line in the 
match state. Match line data MLDTa-MLDTn may be used 
as word line drive signals to drive a word line of a table 
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memory to the selected state so that the data may be read 
from the corresponding word line (the outputs of gate 
circuits GTa-GTn are coupled to the word lines of the table 
memory). 
0519. In priority encoder PE shown in FIG. 50, it is 
assumed that output signals MLOUTb and MLOUTc are 
both at the H level, and signal MLOUTa is at the L level. In 
this case, gate circuit GTa produces the output signal at the 
L level, and OR gate OGa produces the output signal at the 
L level. Therefore, gate circuit GTb produces match line 
data MLDTb at the H level. When match line data MLDTb 
attains the H level, OR gate OGb produces the output signal 
at the H level. In this state, gate circuit GTc holds its output 
signal MLDTc at the L level even when corresponding 
match line data MLOUTc is at the H level. All the output 
signals of the OR gates of lower priorities are at the H level, 
and the outputs of the gate circuits of the lower priorities 
attain the L level. Therefore, when the match is detected 
from the match line of a higher priority, the match line 
information on the match line of the detected highest priority 
is driven to the active state, and the other match line data is 
set to indicate the search-miss state. 

0520. The priority encoder shown by way of example in 
FIG. 50 is used for each of priority encoders PE11-PE18 
shown in FIG. 47. Accordingly, when the priority encoder of 
the higher priority among priority encoders PE11-PE18 
shown in FIG. 47 detects the match, the match line data 
supplied from the priority encoders of priorities lower than 
the detected priority are all kept at the L level indicating the 
mismatch state (the output signal of OR gate is set to the H 
level). 
0521. The OR gate in the final stage of priority encoder 
PE18 provides the output signal at the H level when the 
match state is sensed in global search block GSB1. Thereby, 
the output signal of gate circuit 225 shown in FIG. 47 is 
fixed at the L level to inhibit the transmission of the clock 
signal to global search block GSB2. Since the search opera 
tion in global search block GSB2 is inhibited, the number of 
the operating local search blocks can be reduced, and the 
current consumption can be reduced. 
0522. In the construction shown in FIG. 47, each of 
global search blocks GSB1 and GSB2 includes eight local 
search blocks. However, the local search blocks included in 
one global search block are not restricted to such number of 
eight, and another number of local search blocks may be 
used. Also, more global search blocks than two global search 
blocks GSB1 and GSB2 may be employed. The number of 
the digital delay circuits included in delay control circuit 220 
is set according to the number of the local search blocks 
included in the global search block. 
0523 The circuit for generating the bias voltage or the 
reference Voltage may be arranged commonly to the global 
search blocks, and may also be arranged for each global 
search block separately and individually. For the control 
signal controlling the activation and search operation of the 
local search block, when search instruction signal SRCH 
may be employed as is done in the eleventh to fourteenth 
embodiments, the signal Supplied from the digital delay 
circuit can be used as such search instructing signal. When 
a match amplifier activating signal, a precharge instructing 
signal and/or the like are used alternatively, it is sufficient to 
produce the operation control signal for each local search 
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block with the operation timing adjusted based on the output 
signals of the corresponding digital delay circuits. 

Sixteenth Embodiment 

0524 FIG. 51 schematically shows a main portion of a 
content addressable memory according to a sixteenth 
embodiment of the invention. FIG. 51 representatively 
shows a match amplifier 200 arranged corresponding to 
match line ML. Match line ML is coupled to unit cells UC 
arranged in parallel. FIG. 61 shows, by way of example, 
search data of 73 bits on search lines SLO and /SLO-SL 
72 and /SL72. 
0525. In unit cell UC of the construction shown in FIG. 
51, the CAM cell storing the data is formed of an SRAM 
cell, which is connected to gates of MOS transistors TR1 and 
TR3 nearer to match line ML. MOS transistors TR2 and TR4 
are coupled to search lines SLO and /SLO), respectively. 
Alternatively, unit cell UC may be configured such that the 
SRAM cell is coupled to MOS transistors TR2 and TR4, and 
search lines SLO and /SL0 is coupled to MOS transistors 
TR1 and TR3, respectively. Two memory cells may be used 
in place of one SRAM cell SMC to implement a construction 
of the unit cell storing ternary data. The construction of unit 
cell UC is not restricted to that shown in FIG. 51, and the 
construction of the unit cell in the first embodiment shown 
in FIGS. 2 and 3 may be employed. 
0526 Match amplifier 200 includes a precharge circuit 
210 and an isolation gate circuit 30. Precharge circuit 210 
precharges match line ML and reference voltage node NDa 
to the level of precharge voltage VML not exceeding the 
intermediate Voltage according to a precharge instructing 
signal MLPRE. Isolation gate circuit 30 isolates match line 
ML and reference voltage node NDa from internal nodes 
(first and second nodes) NDb and NDc according to isola 
tion instructing signal MLI, respectively. 
0527 Precharge circuit 210 includes N-channel MOS 
transistors 211 and 212 that transmit precharge voltage VML 
to match line ML and reference voltage node NDa according 
to precharge instructing signal MLPRE, respectively. Isola 
tion gate circuit 30 includes transfer gates TGa and TGb 
arranged for match line ML and reference Voltage node 
NDa, respectively. 
0528 Match amplifier 200 further includes amplifier cir 
cuit 12 and latch 16. Amplifier circuit 12 is made active in 
response to the activation of match amplifier activating 
signal MAE, to differentially amplify the signals ML MA 
and MLREF on internal nodes NDb and NDc. Latch 16 
latches the output signal of amplifier circuit 12 according to 
latch instructing signal LAT. 
0529 Amplifier circuit 12 is substantially the same in 
construction as differential amplifier circuit 12 shown in 
FIG. 10. Amplifier circuit 12 differentially amplifies and 
latches voltages ML MA and MLREF on internal nodes 
NDb and NDc. Latch 16 is the same in construction as the 
latch shown in FIG. 10. When latch instructing signal LAT 
is at the H level, latch 16 attains the through state, and 
produces search result indicating signal ML OUT according 
to the output signal of amplifier circuit 12. 
0530 Match amplifier 200 further includes capacitance 
elements C1 A and C1 B provided corresponding to first 
and second internal nodes NDb and NDc, respectively. 
Capacitance element C1. A boosts the voltage level of 
internal node NDb through the charge pump operation 
(capacitive coupling) according to a boost instructing signal 
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MLUP. Capacitance element C1 B is connected between 
internal node NDc and the power Supply node. Capacitance 
element C1 B is the same in capacitance value as capaci 
tance element C1 A, and is employed for balancing a 
capacitance load between internal nodes NDb and NDc. 
0531 FIG. 52 is a timing chart representing an operation 
of the content addressable memory shown in FIG. 51. 
Referring to FIG. 52, the search operation of the content 
addressable memory shown in FIG. 51 will now be 
described. 
0532. Before starting the search operation, match line ML 

is at the level of ground voltage GND. Isolation instructing 
signal MLI is at the H level, and isolation gate circuit 30 is 
conductive. Latch instructing signal LAT is at the L level. 
and latch 16 is in the latch state and produces the signal 
ML OUT at the H level, for example. 
0533. At time T1, the search cycle starts. According to the 
start of the search operation, precharge instructing signal 
MLPRE is kept at the H level for half the cycle period of 
clock signal CLK. Accordingly, match line ML and refer 
ence voltage node NDa are precharged to the level of 
intermediate voltage VML. Precharge Voltage VML is at the 
level between intermediate voltage VDD/2 and the ground 
Voltage. Through the precharge operation by precharge 
circuit 210, the voltages ML MA and MLREF of internal 
nodes NDb and NDc each are also precharged to the 
intermediate voltage level. 
0534. When clock signal CLK falls to the L level at time 
T2, precharge instructing signal MLPRE attains the L level. 
Responsively, precharge circuit 210 is made inactive to 
complete the operation of precharging the match line ML 
and reference voltage node NDa. After the completion of the 
precharge operation, the search data is transmitted onto 
search lines SL and /SL (generically representing SLO and 
/SLO-SL72 and /SL72), and the voltage levels thereon 
change according to the search data. When the search data 
does not match the stored data of unit cells UC coupled to 
match line ML (in the case of the mismatch state), match line 
ML is discharged via at least one unit cell UC, and has the 
voltage level thereof lowered. According to this voltage 
level lowering of match line ML, the level of voltage 
ML MA on internal node NDb lowers. Voltage MLREF on 
internal node NDc is at the level of intermediate voltage 
VML 

0535. When the voltage level of match line ML suffi 
ciently lowers, isolation instructing signal MLI attains the L 
level to turn isolation gate circuit 30 non-conductive at time 
T3. 

0536. In response to the non-conduction of isolation gate 
circuit 30, boost instructing signal MLUP is driven to the H 
level. Internal node NDb is in the electrically floating state 
(match amplifier activation instructing signal MAE is inac 
tive). Therefore, through the capacitive coupling by capaci 
tance element C1 A, the level of voltage ML MA on node 
NDb rises. The increase of voltage ML MA on internal node 
NDb may be equal to or smaller than half an absolute value 
(IVML-GND) of a difference between intermediate voltage 
VML and ground voltage GND. In the case of the mismatch 
state, this boosting operation reliably maintains the Voltage 
difference between voltage ML MA and precharge voltage 
VML on respective nodes NDb and NDc. 
0537. Then, match amplifier activating signal MAE is 
activated. Responsively, amplifier circuit 12 is activated to 
amplify differentially and latch the voltages ML MA and 
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MLREF. In the mismatch state, the voltage MLREF on node 
NDc is driven to the level of power supply voltage VDD, 
and voltage ML MA on internal node NDb is driven to the 
level of ground voltage. When the amplifying operation of 
amplifier circuit 12 is made active, latch instructing signal 
LAT attains the H level. Responsively, latch 16 enters the 
through state, and search result indicating signal ML OUT 
produced from latch 16 attains the L level indicating the 
mismatch state. 
0538. At time T4, the search operation is completed, and 
search lines SL and /SL are precharged to the ground Voltage 
level. Latch instructing signal LAT is driven to the L level 
to keep latch 16 in the latch state. When latch 16 enters the 
latch state, match amplifier activating signal MAE becomes 
inactive, and amplifier circuit 12 is made inactive. Then, 
boost instructing signal MLUP is driven to the L level, and 
Subsequently isolation instructing signal MLI is driven to the 
H level to render isolation gate circuit 30 conductive. When 
boost instructing signal MLUP is driven to the L level, 
through the capacitive coupling of capacitance element 
C1 A, the voltage level of internal node NDb drops. How 
ever, when isolation gate circuit 30 is conductive, due to the 
charges Supplied from match line ML at the ground Voltage 
level, the voltage level of internal node NDb is held at the 
ground Voltage level. 
0539 Voltage MLREF on internal node NDc keeps the 
level of power supply voltage VDD amplified by amplifier 
circuit 12. 
(0540. When a next search cycle starts at time T5. Pre 
charge instructing signal MLPRE attains the H level, to 
precharge match line ML and reference voltage node NDa to 
the level of precharge voltage VML. 
0541. At time T6, the search data is transmitted to search 
lines SL and /SL to change the voltage levels of search lines 
SL and fSL. 

0542. When the search data matches the data held in all 
unit cells UC in the corresponding entry, the discharging 
path is not present for match line ML, and match line ML is 
kept at the level of precharge voltage VML. 
0543. When clock signal CLK rises to the H level at time 
T7, isolation instructing signal MLI is driven to the L level 
to turn isolation gate circuit 30 non-conductive. Subse 
quently, boost instructing signal MLUP is driven to the H 
level. Responsively, through the capacitive coupling of 
capacitance element C1 A, the level of voltage ML MA on 
internal node NDb is raised to exceed precharge voltage 
VML. Accordingly, a voltage difference is developed 
between internal nodes NDb and NDc. According to the 
activation of match amplifier activating signal MAE, ampli 
fier circuit 12 can differentially amplify and latch these 
voltages ML MA and MLREF. When latch instructing 
signal LAT is then driven to the H level, latch 16 enters the 
through state, to drive output signal ML OUT to the H level 
indicative of the match state. 
0544. When clock signal CLK falls at time T8, the match 
determination period expires, and latch instructing signal 
LAT attains the L level. Then, match amplifier activating 
signal MAE becomes inactive. Accordingly, boost instruct 
ing signal MLUP is driven to the L level, and subsequently 
isolation instructing signal MLI is driven to the H level. 
Responsively, isolation gate circuit 30 turns conductive to 
couple internal node NDb to match line ML. 
0545. When isolation gate circuit 30 turns conductive to 
couple match line ML to internal node NDb, the voltage on 
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match line ML attains the same Voltage level as signal 
voltage ML MA on internal node NDb. FIG. 52 does not 
show this Voltage change. When the next search cycle starts, 
internal node NDb and match line ML are driven to the level 
of precharge Voltage VML according to precharge instruct 
ing signal MLPRE. Since a parasitic capacitance of match 
line ML is much larger than that of internal node NDb, 
voltage ML MA lowers to the voltage level close to pre 
charge voltage VML when isolation gate circuit 30 turns 
conductive. In this case, isolation gate circuit 30 may have 
a decouple function to allow transmission of up to interme 
diate voltage VML. (A difference between the H level of 
isolation instructing signal MLI and the threshold Voltage of 
isolation gate TGa is set to a level of intermediate Voltage 
VML.) 
0546 FIG. 53 schematically shows a whole construction 
of the content addressable memory according to the six 
teenth embodiment of the invention. The content address 
able memory shown in FIG. 53 is substantially the same in 
construction as the content addressable memory shown in 
FIG. 1 except for the reference numerals or characters. 
Specifically, memory cell array 1 includes unit cells UC 
arranged in rows and columns, and is divided into a plurality 
of entries ERY. Match lines ML are arranged corresponding 
to the respective entries ERY, and match amplifiers 200 are 
arranged corresponding to the respective match lines ML. 
0547 Match amplifier 200 arranged corresponding to 
each match line ML configures match determining circuit 2. 
An intermediate voltage generating circuit 222 commonly 
Supplies, as a precharge Voltage, the intermediate Voltage 
VML to match amplifiers 200. 
0548 Control circuit 220 performs the operation control 
so as to achieve the operation instructed by command CMD 
that is Supplied in Synchronization with clock signal CLK. 
0549 FIG. 54 schematically shows an example of a 
construction of control circuit 220 shown in FIG. 53. Con 
trol circuit 220 in FIG. 54 is the same in construction as the 
control circuit shown in FIG. 18. Specifically, control circuit 
220 in FIG. 54 includes command decoder 20, a precharge 
activating circuit 230, a search line drive activating circuit 
232, a delay circuit 234 and a match amplifier activating 
circuit 236, similarly to the construction shown in FIG. 18. 
0550 Command decoder 20 decodes externally supplied 
command CMD in synchronization with clock signal CLK. 
Precharge activating circuit 230 produces precharge 
instructing signal MLPRE according to search operation 
instruction EN received from command decoder 20 and 
clock signal CLK. When search operation instruction EN is 
active, search line drive activating circuit 232 holds search 
line activating signal SLEN activating the search line in the 
active state for a period of the L level of clock signal CLK. 
Delay circuit 234 delays search operation instruction EN by 
one clock cycle of clock signal CLK. 
0551. Match amplifier activating circuit 236 sequentially 
activates isolation instructing signal MLI, boost instructing 
signal MLUP match amplifier activating signal MAE and 
latch instructing signal LAT in this order in response to 
rising of clock signal CLK to the H level when the output 
signal of delay circuit 234 is active. When clock signal CLK 
falls then, match amplifier activating circuit 236 first deac 
tivates latch instructing signal LAT, then deactivates match 
amplifier activating signal MAE and thereafter sequentially 
deactivates boost instructing signal MLUP and isolation 
instructing signal MLI. 
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0552. Match amplifier activating circuit 236 is formed of, 
e.g., a series of set/reset flip-flops, which are sequentially 
driven to the set state, and then are sequentially deactivated. 
With such construction, the control signals shown in FIG. 52 
for match amplifiers 200 can be activated and deactivated in 
a predetermined sequence. 
0553 According to the sixteenth embodiment of the 
invention, as described above, the amplifying operation is 
performed while the match line is isolated from the amplifier 
circuit of the match amplifier to confine the charges. The 
capacitance element for boosting the internal node (first 
node) connected to the amplifier circuit is not required to 
boost an entire of a match line, so that the capacitance 
element can have a reduced size, and the occupation area of 
the match amplifier can be Small. Also, the boost instructing 
signal generating portion (match amplifier activating circuit 
236) for driving the capacitance element is just required to 
drive a small capacitance, and the load to be driven thereby 
is Small so that the current consumption can be Small. Since 
the amplification is performed according to the charge 
confining scheme, the load of the amplifier circuit is Small, 
and the load capacitance of the node having the Voltage 
full-swinging is Small, and accordingly the current con 
Sumption in the amplifying operation can be small. Further, 
the amplifying operation can be performed fast. 
0554. According to the timing chart shown in FIG. 52, 
match line ML is precharged to the intermediate Voltage 
level only at the start of the search. However, this precharge 
operation may be configured to be performed during standby 
before the search operation and to be completed at the start 
of the search operation. 

Seventeenth Embodiment 

0555 FIG. 55 schematically shows a main portion of a 
content addressable memory according to a seventeenth 
embodiment of the invention. The content addressable 
memory shown in FIG. 55 differs from the content addres 
sable memory shown in FIG. 51 in the following construc 
tion. In match amplifier 200, a capacitance element C2 A is 
connected at one electrode to internal node NDb coupled to 
match line ML, and to the ground at the other electrode. 
Capacitance element C2. A functions as a capacitance for 
accumulating charges transmitted from match line ML. A 
capacitance element C2 B is provided for internal node 
NDc producing the reference Voltage. Capacitance element 
C2 B receives a reference Voltage down instructing signal 
REFDOWN on its other electrode, and lowers reference 
voltage MLREF on internal node NDc through its capacitive 
coupling (charge pump operation). 
0556. Other constructions of the content addressable 
memory shown in FIG.55 are the same as those shown in 
FIG. 51. Corresponding portions are allotted the same 
reference numerals, and description thereof is not repeated. 
0557 FIG. 56 is a timing chart representing a search 
operation of the construction shown in FIG.55. Referring to 
FIG. 56, the operation of the circuits shown in FIG.55 will 
now be described. 
0558. The operations from time T1 to time T3 are the 
same as those of the search operation in the sixteenth 
embodiment represented in FIG. 52. Before the search data 
is transferred to search lines SL and FSL, match line ML and 
reference voltage node NDa are charged to the voltage level 
of intermediate voltage VDD/2 or lower (according to on 
match line precharge instructing signal MLPRE at time T1). 




























