US 20070103885A1

a2 Patent Application Publication (o) Pub. No.: US 2007/0103885 A1

asy United States

Hua et al.

(43) Pub. Date: May 10, 2007

(54) XOR-BASED CONDITIONAL KEEPER AND
AN ARCHITECTURE IMPLEMENTING ITS
APPLICATION TO MATCH LINES

(76) Inventors: Chung-Hsien Hua, Sanjhih Township
(TW); Chi-Wei Peng, Banciao City
(TW); Wei Hwang, La Verne, CA (US)

Correspondence Address:

ROSENBERG, KLEIN & LEE

3458 ELLICOTT CENTER DRIVE-SUITE 101
ELLICOTT CITY, MD 21043 (US)

1) Appl.No..  11/328,110

(22) Filed: Jan. 10, 2006
(30 Foreign Application Priority Data
Oct. 28, 2005  (TW)uurceovcrecrrimncercenmrcrnecerernne 94137829

Publication Classification

(51) Int. CL

B60Q /12 (2006.01)
50
S |

(52) U8 Cle oo 362/52

(57) ABSTRACT

The present invention discloses an XOR-based conditional
keeper and an architecture implementing its application to
match lines, wherein the XOR gate in the conditional keeper
receives a clock signal synchronous with CAM (Content
Addressable Memory) cells and cooperates with a floating
signal from the floating node to create an XOR control
signal, and the XOR control signal is transmitted to a P-type
transistor to create a data signal to control the XOR-based
conditional keeper so that the XOR-based conditional
keeper can execute an appropriate corresponding action,
which can replace the conventional keepers of merely “on”
and “off”” modes. Further, the XOR-based conditional keeper
of the present invention can apply to the dynamic CAM
match line architecture so that the dynamic match line can
have lower power consumption, higher noise immunity, and
high processing speed. Further, the XOR-based conditional
keeper of the present invention can also apply to all kinds of
dynamic circuits, particularly to a high fan-in circuit.
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Twin Tran. XOR-based Keeper
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Twin Tran. XOR-based Keeper
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XOR-BASED CONDITIONAL KEEPER AND AN
ARCHITECTURE IMPLEMENTING ITS
APPLICATION TO MATCH LINES

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a conditional
keeper and an architecture implementing its application to
match lines, particularly to an XOR-based conditional
keeper and an architecture implementing its application to
match lines.

[0003] 2. Description of the Related Art

[0004] The Internet is formed of networks interconnected
with connection nodes, which are usually routers, and data
is transmitted there inside according to a common conven-
tion, ie. the Internet protocol. A special memory CAM
(Content Addressable Memory) is used to implement rapid
and massive parallel searches in the data transmission pro-
cess of the Internet. During a searching process, CAM
compares key words with all data to obtain the target data
address, and it is usually pipelined to accelerate search. As
search can be initiated at every cycle, the operation rate up
to once per cycle can be achieved. Usually, searching speed
closely correlates with power consumption. In fact, the
power consumption of a sophisticated CAM is generally
proportional to its searching speed. Therefore, for maintain-
ing a high-speed data transmission process in the Internet, it
is critical to have a circuit design of efficient power man-
agement. In conventional technologies, the keeper in the
dynamic mach line architecture is used to manage power,
determine operation speed and provide anti-noise function.
Owing to that TP has been promoted from IPv4 to IPv6, the
maximum bit field to be compared also increases from a
32-bit one to a 128-bit one, and the power consumption of
the entire match-line circuit also grows. Upsizing the keeper
can often enhance noise immunity; however, it also brings
about the problems of operation delay and power consump-
tion rise.

[0005] The conventional dynamic match line architecture
and the keeper design are to be further analyzed below in
cooperation with the drawings. The conventional match line
architectures can be classified into NOR-type ones and
AND-type ones, and the conventional keepers can be clas-
sified into feedback ones and weak ones.

[0006] Firstly, the conventional match-line technologies
are to be introduced. Refer to FIG. 1(a) and FIG. 1(b),
wherein FIG. 1(a) is a diagram schematically showing the
partial match-line circuit architecture usually seen in a
NOR-type CAM, and FIG. 1(b) is a diagram schematically
showing the circuit of a single NOR-type CAM cell. The
NOR-type match-line architecture shown in FIG. 1(a) is
composed of a NOR-type CAM cell set 11, which is formed
of NOR-type CAM cells 111 interconnected in series, a
transistor switch 13 and an inverter 15, wherein an NOR-
type CAM 112 is coupled to the source of a pull-down
NMOS (Ndn) 113 to form a NOR-type CAM cell 111.

[0007] As shown in FIG. 1(b), the NOR-type CAM is
formed via coupling four NMOS’s 171, 172, 173, 174 and
wo inverters 191, 192, and then, the NOR-type CAM is
coupled the gate and the source of a pull-down NMOS 175
1o form a single NOR-type CAM cell.

May 10, 2007

[0008] Referto FIG. 2(a) and FIG. 2(b), wherein FIG. 2(a)
is a diagram schematically showing the AND-type match-
line architecture, and FIG. 2(b) is a diagram schematically
showing the circuit of a single AND-type CAM cell.

[0009] The AND-type match-line architecture shown in
FIG. 2(a) is composed of an AND-type CAM cell set 20, a
transistor switch 22 and an inverter 24, wherein an AND-
type CAM 202 is coupled to the source of a pull-down
NMOS 203 to form a AND-type CAM cell 201. Similarly,
as shown in FIG. 2(b), a single AND-type CAM is also
formed via coupling four NMOS’s 211, 212, 213, 214 and
two inverters 231, 232, but the AND-type CAM is coupled
to only the gate of a pull-down NMOS 215 to form a single
AND-type CAM cell.

[0010] After the description of two primary conventional
match-line architectures, the conventional keeper architec-
tures are to be introduced below. It is well known: in
conventional technologies, what both the NOR-type and
AND-type match lines use are general feedback keepers or
general weak keepers. Refer to FIG. 3(a) and FIG. 3(b)
respectively schematically showing the circuit architectures
of the NOR-type match line together with a feedback keeper
or a weak keeper. As shown in FIG. 3(a), the match line is
formed via coupling a NOR-type CAM cell set 30, wherein
NOR-type CAM cells are interconnected in series, to a
transistor switch 32; a feedback keeper 34, which is formed
of a PMOS, is coupled to the end of the circuit, and lastly,
an inverter 36 is further coupled thereto. As shown in FIG.
3(b), the match line is formed via coupling a NOR-type
CAM cell set 31, wherein NOR-type CAM cells are inter-
connected in series, to a transistor switch 33; a weak keeper
35, which is formed via coupling two PMOS’s 351, 352, is
coupled to the end of the circuit, and lastly, an inverter 37 is
further coupled thereto.

[0011] Inthe AND-type match-line architecture, in addi-
tion to the feedback keeper and the weak keeper, a dual
NMOS design, which can replace the keeper, may also be
used. Refer to FIG. 4(a), FIG. 4(b) and FIG. 4(c) respec-
tively schematically showing the circuit architectures of the
NOR-type match line together with a feedback keeper, a
weak keeper or a dual NMOS. As shown in FIG. 4(a), the
match line is formed via coupling an AND-type CAM cell
set 400, wherein AND-type CAM cells are interconnected in
series, to a transistor switch 402; a feedback keeper 404,
which is formed of a PMOS, is coupled to the end of the
circuit, and lastly, an inverter 406 is further coupled thereto.
As shown in FIG. 4(b), the match line is formed via coupling
a AND-type CAM cell set 410, wherein AND-type CAM
cells are interconnected in series, to a transistor switch 412;
a weak keeper 41, which is formed via coupling two
PMOS’s 411, 412, is coupled to the end of the circuit, and
lastly, an inverter 416 is further coupled thereto. As shown
in FIG. 4(c), the match line is also formed via coupling a
AND-type CAM cell set 420, wherein AND-type CAM cells
are interconnected in series, to a transistor switch 422, but
herein, a dual NMOS’s 424 is coupled to the end of the
circuit to replace the conventional keeper, and lastly, an
inverter 426 is further coupled thereto. Nevertheless, none of
the feedback keeper in FIG. 4(a), the weak keeper in FIG.
4(b) and the dual NMOS’s in FIG. 4(¢) can receive a clock
signal synchronous with the original CAM cell set; there-
fore, propagation delay and extra power consumption will
appear. In the evaluation phase, if the stored data does not
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match the searched data, the pull-down NMOS will dis-
charge the floating node to the ground voltage level theo-
retically. When the pull-down NMOS cannot effectively
discharge the floating node to the ground voltage level, the
keeper and the pull-down NMOS will turn on simulta-
neously; however, it will cause strong direct current and
intense noise; besides, the feedback path of the conventional
keeper will further worsen propagation delay.

[0012] When the match-line architectures, which the
abovementioned conventional keepers apply to, intend to
achieve a given noise immunity, they have to confront the
problems of propagation delay and high power consump-
tion. Accordingly, the present invention proposes an XOR-
based conditional keeper and an architecture implementing
its application to match lines to overcome the abovemen-
tioned problems and obtain an optimal compromise among
high noise immunity, high processing speed and low power
consumption.

SUMMARY OF THE INVENTION

[0013] The primary objective of the present invention is to
provide an XOR-based conditional keeper, which utilizes
XOR logic to control the keeper to execute appropriate
corresponding actions in different conditions and can replace
the original keeper having only “on” and “off” modes and
can enhance noise immunity without sacrificing power con-
sumption and processing speed.

[0014] Another objective of the present invention is to
provide an XOR-based conditional keeper and an architec-
ture implementing its application to match lines, which
applies the XOR-based conditional keeper to a match-line
architecture to enable the match line to execute appropriate
corresponding actions in different statuses of the circuit and
can replace the design which upsizes the keeper to enhance
noise immunity and can promote noise immunity but still
has the characteristics of low power consumption and high
processing speed.

[0015] Yet another objective of the present invention is to
provide an XOR-based conditional keeper and an architec-
ture implementing its application to match lines, wherein the
XOR-based conditional keeper can receive the clock signals
synchronous with the CAM cell set and is applied to a
match-line architecture to prevent propagation delay and
massive noise.

[0016] Still another objective of the present invention is to
provide an XOR-based conditional keeper, which can apply
to all kinds of dynamic circuits and has the characteristics of
low power consumption, high noise immunity and high
processing speed.

[0017] Further another objective of the present invention
is to provide an XOR-based conditional keeper and an
architecture implementing its application to match lines,
which can apply to a high fan-in circuit and can enhance the
noise immunity therein without the penalty of processing
speed and power consumption.

[0018] To achieve the above-mentioned objectives, the
present invention proposes an XOR-based conditional
keeper and an architecture implementing its application to
match lines, wherein the XOR-based conditional keeper has
an XOR gate, which can receive the clock signal and the
floating signal of a dynamic circuit and creates an XOR
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control signal, and a P-type transistor receives the XOR
control signal and creates a data signal to control the
XOR-based conditional keeper, which enables the dynamic
circuit to execute appropriate corresponding actions in dif-
ferent conditions and to have the characteristics of low
power consumption, high noise immunity and high process-
ing speed.

[0019] The present invention also proposes an embodi-
ment to apply the XOR-based conditional keeper to a
match-line architecture, wherein multiple CAM cell sets
interconnected in series are coupled to at least one transistor
switch and at least one XOR-based conditional keeper: the
clock signal created by the CAM cell sets interconnected in
series is transmitted via the transistor switch to the XOR-
based conditional keeper; inside the XOR-based conditional
keeper, the clock signal together with the floating signal
coming from the floating node enables an XOR gate to
creates an XOR control signal corresponding to the status of
the dynamic circuit, and a P-type transistor receives the
XOR control signal and creates a data signal corresponding
to the XOR control signal to control the XOR-based con-
ditional keeper so that the XOR-based conditional keeper
can execute the optimal actions in different statuses of the
circuit systems.

[0020] To enable the objectives, technical contents, char-
acteristics, and efficacies of the present invention to be more
easily understood, the preferred embodiments of the present
invention are to be described below in detail in cooperation
with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1(a) is a diagram schematically showing the
partial match-line circuit architecture of a conventional
NOR-type CAM.

[0022] FIG. 1(b) is a diagram schematically showing the
circuit of a single conventional NOR-type CAM cell.

[0023] FIG. 2(a) is a diagram schematically showing the
partial match-line circuit architecture of a conventional
AND-type CAM.

[0024] FIG. 2(b) is a diagram schematically showing the
circuit of a single conventional AND-type CAM cell.

[0025] FIG. 3(a) is a diagram schematically showing the
match-line circuit architecture of a conventional NOR-type
CAM and a feedback keeper.

[0026] FIG. 3(b) is a diagram schematically showing the
match-line circuit architecture of a conventional NOR-type
CAM and a weak keeper.

[0027] FIG. 4(a) is a diagram schematically showing the
match-line circuit architecture of a conventional AND-type
CAM and a feedback keeper.

[0028] FIG. 4(b) is a diagram schematically showing the
match-line circuit architecture of a conventional AND-type
CAM and a weak keeper.

[0029] FIG. 4(c) is a diagram schematically showing the
match-line circuit architecture of a conventional AND-type
CAM and a dual NMOS.

[0030] FIG. 5(a) is a diagram schematically showing the
circuit architecture implementing the application of the
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XOR-based conditional keeper of the present invention to a
dynamic NOR-type match line.

[0031] FIG. 5(b) is a circuit diagram of the XOR-based
conditional keeper according to one embodiment of the
present invention.

[0032] FIG. 6 is a timing diagram of the dynamic NOR-
type CAM match-line circuit architecture utilizing the XOR-
based conditional keeper of the present invention.

[0033] FIG. 7(a). FIG. 7(b) and FIG. 7(c) are diagrams
respectively showing the test results of the dynamic NOR-
type CAM match-line circuit architectures separately using
the XOR-based conditional keeper, the feedback keeper and
the weak keeper, wherein the searching time, power con-
sumption and energy consumption are measured with
respect to Unity Noise Gain.

[0034] FIG. 8(a), FIG. 8(b) and FIG. 8(c) are column
charts respectively showing the test results of the dynamic
NOR-type CAM match-line circuit architectures separately
using the XOR-based conditional keeper, the feedback
keeper and the weak keeper, wherein the searching time,
power consumption and energy consumption are measured
with respect to Unity Noise Gain.

[0035] FIG. 9 is a diagram showing the waveform at a
given noise intensity (870 mv) of the dynamic NOR-type
CAM match-line circuit architectures separately using the
XOR-based conditional keeper, the feedback keeper and the
weak keeper.

[0036] FIG. 10 is a diagram schematically showing the
circuit architecture implementing the application of the
XOR-based conditional keeper of the present invention to a
dynamic AND-type match line.

[0037] FIG. 11(a), FIG. 11(b) and FIG. 11(c) are diagrams
respectively showing the test results of the dynamic AND-
type CAM match-line circuit architectures separately using
the XOR-based conditional keeper, the feedback keeper, the
weak keeper, and the dual NMOS, wherein the searching
time, power consumption and energy consumption are mea-
sured with respect to Unity Noise Gain.

[0038] FIG. 12(a), FIG. 12(b) and FIG. 12(c) are column
charts respectively showing the test results of the dynamic
AND-type CAM match-line circuit architectures separately
using the XOR-based conditional keeper, the feedback
keeper, the weak keeper, and the dual NMOS, wherein the
searching time, power consumption and energy consump-
tion are measured with respect to Unity Noise Gain.

[0039] FIG. 13 is a diagram showing the waveform at a
given noise intensity (810 mv) of the dynamic AND-type
CAM match-line circuit architectures separately using the
XOR-based conditional keeper, the feedback keeper, the
weak keeper, and the dual NMOS.

[0040] FIG. 14 is a diagram showing the relationship of
power consumption versus searching time of the match-line
circuit architectures separately using the XOR-based condi-
tional keeper, the feedback keeper, and the dual NMOS.

[0041] FIG. 15 is a diagram schematically showing the
circuit architecture implementing the application of the
XOR-based conditional keeper of the present invention to a
256x128-bit TCAM.
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[0042] FIG. 16 is a diagram showing the waveform of the
circuit architecture implementing the application of the
XOR-based conditional keeper of the present invention to a
256x128-bit TCAM.

LIST OF REFERENCE NUMERALS

[0043] 11 NOR-type CAM cell set
[0044] 111 NOR-type CAM cell
[0045] 112 NOR-type CAM
[0046] 113 pull-down NMOS
[0047] 13 transistor switch

[0048] 15 inverter

[0049] 171,172, 173, 174 NMOS
[0050] 175 pull-down NMOS
[0051] 191, 192 inverter

[0052] 20 AND-type CAM cell set
[0053] 201 AND-type CAM cell
[0054] 202 AND-type CAM
[0055] 203 pull-down NMOS
[0056] 22 transistor switch

[0057] 24 inverter

[0058] 211, 212, 213, 214 NMOS
[0059] 215 pull-down NMOS
[0060] 231, 232 inverter

[0061] 30 NOR-type CAM cell set
[0062] 32 transistor switch

[0063] 34 feedback keeper

[0064] 36 inverter

[0065] 31 NOR-type CAM cell set
[0066] 33 transistor switch

[0067] 35 weak keeper

[0068] 351, 352 PMOS

[0069] 37 inverter

[0070] 400 AND-type CAM cell set
[0071] 402 transistor switch
[0072] 404 feedback keeper
[0073] 406 inverter

[0074] 410 AND-type CAM cell set
[0075] 412 transistor switch
[0076] 41 weak keeper

[0077] 411, 412 PMOS

[0078] 420 AND-type CAM cell set
[0079] 422 transistor switch
[0080] 424 dual NMOS’s

[0081] 426 inverter
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[0082] 50 NOR-type CAM cell set
[0083] 52 transistor switch

[0084] 54 XOR-based conditional keeper
[0085] 541 XOR gate

[0086] 542 PMOS

[0087] 56 floating node

[0088] 58 inverter

[0089] 51, 53, 55 transistor set

[0090] 511, 531, 551 PMOS

[0091] 512, 532, 552 NMOS

[0092] 70 AND-type match-line PF-CDPD system
[0093] 72 TCAM sub-array

[0094] 74 TCAM sub-array set

DETAILED DESCRIPTION OF THE
INVENTION

[0095] The dynamic circuits, especially the high fan-in
circuit, are very sensitive to noise. and the keeper is usually
upsized to enhance noise immunity; however, it will
increase power consumption and decrease processing speed.
In the Internet communication, CAM (Content Addressable
Memory) is a critical circuit and has to meet severe demands
in processing speed and power consumption and should be
able to rapidly and massively compare data. In principle, the
design of the dynamic circuit architectures has to meet three
main requirements: high noise immunity, high processing
speed and low power consumption. The XOR-based condi-
tional keeper and an architecture implementing its applica-
tion to match lines of the present invention can exactly
satisfy the three main requirements, and the embodiments
thereof are to be described below in detail in cooperation
with the drawings.

[0096] Refer to FIG. 5(a) a diagram of a first embodiment
of the present invention and schematically showing the
application of the XOR-based conditional keeper of the
present invention to a dynamic NOR-type match line circuit
architecture. The entire dynamic NOR-type match-line cir-
cuit architecture comprises: a NOR-type CAM cell set 50,
formed of m NOR-type CAM cells interconnected in series;
a transistor switch 52, coupled to the NOR-type CAM cell
set 50, and receiving and synchronously transmitting the
clock signal created by the NOR-type CAM cell set 50; and
an XOR-based conditional keeper 54, receiving the clock
signal synchronous with the NOR-type CAM cell set 50
from the transistor switch 52, receiving a floating signal,
creating an XOR control signal, converting the XOR control
signal into a data signal, and outputting the data signal. The
data signal can be sent out by an inverter 58, which is
coupled to the dynamic NOR-type match line circuit. As
shown in FIG. 5(a), the XOR-based conditional keeper 54
further comprises: an XOR gate 541 and a PMOS 542; the
XOR gate 541 receives the floating signal for the floating
node 56 and the clock signal synchronous with the NOR-
type CAM cell set 50 of the dynamic circuit, and according
to different combinations of the floating signal and the clock
signal, the XOR gate 541 will create four kinds of XOR
control signals, and according to the XOR control signal, the
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PMOS 542 will send out a corresponding data signal. Refer
to Table. 1 for the description of the abovementioned four
kinds of XOR control signals. Refer to Table. 1 for the
description of the abovementioned four kinds of XOR
control signals. When the dynamic circuit is at the beginning
of the pre-charge period, the clock signal and the floating
signal received by the XOR gate 541 are both Low, and the
XOR gate 541 will instantly output a Low XOR control
signal to meet the circuit requirement and turn on the
XOR-based conditional keeper 54 to speed up the pre-
charge process. When the pre-charge process is completed
and the gate is ready for evaluation, the clock signal is Low,
and the floating signal is High, and the XOR gate 541 will
instantly output a High XOR control signal to timely meet
the circuit requirement and turn off the XOR-based condi-
tional keeper 54 to avoid the impact on performance. When
the clock signal and the floating signal are both High, the
dynamic circuit is at the beginning of the evaluation phase,
the floating node 56 will be eventually at the correct voltage
level as long as the delay of the XOR gate 541 is larger than
the propagation delay of the dynamic circuit. As the delay
time of the dynamic circuit is pretty short, the XOR gate 541
will output a Low XOR control signal and slightly turn on
the XOR-based conditional keeper 54 to enhance the noise
immunity of the dynamic circuit at the beginning of the
evaluation phase. Once the floating node 56 reaches the
target value, the XOR gate 541 will control the XOR-based
conditional keeper 54 to execute a corresponding action
according to different input signals. Finally, the floating
node 56 reaches the target value, it means that the evaluation
phase is finished, and the value stored on the floating node
56 is Low, and the clock signal is High, and the XOR gate
541 will instantly output a High XOR control signal to turn
off the XOR-based conditional keeper 54 in order to timely
meet the circuit requirement. According to different statuses
of the dynamic circuit, the XOR gate 541 can output
different XOR control signals to PMOS 542, and the PMOS
542 of the XOR-based conditional keeper 54 will output a
data signal corresponding to the XOR control signal, and
finally, the signal is further transmitted by the inverter 58.

TABLE 1

Floating
CLK signal ~ XOR control signal, corresponding action
Low Low Low, to speed up the process of pre-charge
Low High High, to avoid the impact on performance
High Low High, to turn off the XOR-based conditional keeper
High High Low, to enhance noise immunity
[0097] Refer to FIG. 5(b) for the circuit diagram of the

XOR gate according to one embodiment of the present
invention. The circuit shown in FIG. 5(b) comprises three
transistor sets 51, 53, 55, and each of them is formed via
coupling a PMOS (511, 531, or 551) and an NMOS (512,
532, or 552). The first transistor set 51 is electrically
connected to the transistor switch (not shown in the draw-
ing) of the dynamic circuit and receives the clock signal of
the dynamic circuit. The second transistor set 53 is electri-
cally connected to the floating node (not shown in the
drawing) and receives the floating signal from the floating
node; via coupling to the first transistor set 51, the second
transistor set 53 can also receive the clock signal sent out by
the first transistor set 51. The third transistor 55 not only can
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receive the floating signal received by the second transistor
set 53 via coupling to the second transistor set 53 but also
can receive the clock signal from the dynamic circuit via the
connection between the second transistor set 53 and the first
transistor set 51. Thereby, the abovementioned XOR control
signals, which can vary according to the statuses of the
dynamic circuit, are generated.

[0098] According to different statuses of the dynamic
match-line circuit, the XOR-based conditional keeper create
different signal to control corresponding actions. The clock
timing of the XOR control signal and the other signals are
shown in FIG. 6, which is a timing diagram of the NOR-type
match-line architecture utilizing the XOR-based conditional
keeper. When the NOR-type match-line circuit architecture
utilizing the XOR-based conditional keeper is in the pre-
charge stage, the XOR-based conditional keeper will turn on
to charge the floating node. During the evaluation stage, if
the searched data is the same as the stored data, the floating
node will maintain at High logic, and the XOR-based
conditional keeper will slightly turn on to enhance the noise
immunity of the system; if the searched data does not match
the stored value, the match-line circuit will discharge the
floating node, and the XOR-based conditional keeper will
turn off. From those discussed above, it can be concluded: in
the dynamic match-line architecture utilizing the XOR-
based conditional keeper, the XOR-based conditional keeper
can instantly and effectively change the action of the entire
system according to the status of the circuit system, and
thereby, high processing speed and low power consumption
can be achieved.

[0099] The spirit of the present invention has disclosed
above, and three NOR-type 64-bit match-line circuit archi-
tectures separately having the conventional feedback keeper,
the conventional weak keeper, and the XOR-based condi-
tional keeper disclosed in the present invention are to be
compared and discussed below.

[0100] Firstly, the noise tolerance thereof is to be com-
pared. The keeper strength is generally proportional to the
size of keeper; however, in practice, the actual strength of
keepers with the same size varies with their configurations.
This noise tolerance ability is to be tested with the widely
used UNG (Unity Noise Gain) method. Refer to FIG. 7(a),
FIG. 7(b) and FIG. 7(c), wherein the transverse axis repre-
sents UNG, and the vertical axes thereof respectively rep-
resent searching time, power consumption and energy con-
sumption. Among the comparisons of searching time, power
consumption and energy consumption, it can be seen that the
XOR-based conditional keeper has obvious noise immunity.
Within the test range of from 855 to 885 mV, the searching
time of the XOR-based conditional keeper of the present
invention can maintain below 70 picosecond, and the power
consumption of the XOR-based conditional keeper of the
present invention can maintain at about 45 pw, and the
energy consumption of the XOR-based conditional keeper
of the present invention can maintain at about 3 f J.
Compared with the conventional keepers, the XOR-based
conditional keeper of the present invention has an outstand-
ing performance.

[0101] Refer to FIG. 8(a), FIG. 8(b) and FIG. 8(c),
wherein the searching time, power consumption and energy
consumption at the UNG of 870 mV of the match-line circuit
architectures separately having the above-mentioned three

May 10, 2007

kinds of keepers are respectively shown in three column
charts. In searching time, the XOR-based conditional keeper
of the present invention outperforms the conventional feed-
back keeper by 22.9% delay reduction and outperforms the
conventional weak keeper by 27.7% delay reduction. In
power consumption, the XOR-based conditional keeper of
the present invention outperforms the conventional feedback
keeper by 10.5% power saving and outperforms the con-
ventional weak keeper by 10.7% power saving. In energy
consumption, the XOR-based conditional keeper of the
present invention outperforms the conventional feedback
keeper by 31% energy saving and outperforms the conven-
tional weak keeper by 34.5% energy saving.

[0102] When a bit of data is searched and the searched
data does not match the stored value, the waveforms of the
match-line circuit architectures separately having the above-
mentioned three kinds of keepers at 870 mV of noise
intensity are shown in FIG. 9. The difference between the
areas overhead of the XOR-based conditional keeper and the
feedback keeper is very small. In the 64-bit NOR-type
match-line circuit architecture, the XOR-based conditional
keeper has a 1.45% reduction in the area overhead, and in
the 32-bit and 128-bit NOR-type match-line circuit archi-
tectures, the XOR-based conditional keeper separately has a
2.6% and a 0.8% reduction in the area overhead. It means
that for a given noise intensity, the XOR-based conditional
keeper of the present invention consumes less power than
the conventional keepers.

[0103] The performance characteristics of the keepers in
the dynamic NOR-type match-line circuit architecture has
been discussed above, and the performance characteristics
of the keepers in the dynamic AND-type match-line circuit
architecture is to be discussed below. The abovementioned
dynamic NOR-type match-line circuit architecture is a wide
fan-in circuit, and the dynamic AND-type match-line circuit
architecture is a deep fan-in circuit; therefore, keepers are
usually used to diminish the charge sharing effect. Refer to
FIG. 4(a), FIG. 4(b), FIG. 4(c) and FIG. 10. The dynamic
AND-type match-line circuit architectures in FIG. 4(a) and
FIG. 4(b) respectively adopt the feedback keeper 404 and
the weak keeper 414, and the dynamic AND-type match-line
circuit architecture in FIG. 4(c) adopts dual NMOS 424 as
a substitute for the keeper, which are all to diminish the
charge sharing effect. The dynamic AND-type match-line
circuit architecture shown in FIG. 10 adopts the XOR-based
conditional keeper 64 of the present invention.

[0104] Tt is well known: for a given searching time, if one
intends to reduce noise interference via the design of keep-
ers, upsizing the keeper is inevitable; however, upsizing the
keeper means elongating the circuit, which will increase the
overhead area of the waveform and the power consumption.
To enable characteristics of the dynamic AND-type match-
line circuit architectures having different keepers to be more
clearly presented, the abovementioned UNG (Unity Noise
Gain) method will be used in the next section again to
compare the characteristics of the feedback keeper, the weak
keeper, the dual NMOS, and the XOR-based conditional
keeper under different noise interference.

[0105] An 8-bit AND-type match-line circuit architecture
is used in the UNG method. Refer to FIG. 11(a), FIG. 11(5),
and FIG. 11(c), wherein the transverse axis represents UNG,
and the vertical axes thereof respectively represent searching
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time, power consumption and energy consumption. The
comparison results are similar to those of the dynamic
NOR-type match-line circuit architectures. The XOR-based
conditional keeper has the shortest searching time (about 40
picosecond, as shown in FIG. 11(a)), the lowest power
consumption (less than 16.5 uw, as shown in FIG. 11(b)) and
the lowest energy consumption (about 0.65 fJ, as shown in
FIG. 11(c)).

[0106] Refer to FIG. 12(a), FIG. 12(b) and FIG. 12(c),
wherein the performance characteristics of the abovemen-
tioned four kinds of keepers at 810 mV of noise intensity are
compared. In searching time, the XOR-based conditional
keeper outperforms the feedback keeper by 19.2% delay
reduction, outperforms the weak keeper by 27.1% delay
reduction and outperforms the dual NMOS by 16.3% delay
reduction. In power consumption, the XOR-based condi-
tional keeper outperforms the feedback keeper, the weak
keeper and the dual NMOS separately by 3.5%, 8.5% and
8.9% power saving. In energy consumption, the XOR-based
conditional keeper outperforms the feedback keeper, the
weak keeper and the dual NMOS separately by 22.1%,
33.3% and 23.8% energy saving.

[0107] However, in contrast to the dynamic NOR-type
match-line architecture, the dynamic AND-type match-line
architecture does not discharge the floating node to the
ground voltage level until the searched data has matched the
stored value completely. When 8 bits of data is searched and
the searched data matches the stored value, the waveforms
at 810 mV of noise intensity of the dynamic AND-type
match-line architectures separately having the abovemen-
tioned four kinds of keepers are shown in FIG. 13. The
XOR-based conditional keeper respectively has 1.8%, 1.0%
and 2.5% reduction in the area overhead in comparison with
the feedback keeper, the weak keeper and the dual NMOS.
The abovementioned comparison is based on size-fixed
match-line circuit and upsized keepers and dual NMOS. Via
the UNG method, the XOR-based conditional keeper has
proved to be superior not only in propagation delay but also
in power consumption in the comparison under a given noise
intensity.

[0108] Next, the power consumption of keepers for a
given searching time is to be surveyed below. In general, the
match-line circuit is upsized to shorten searching time;
therefore, more noise and higher power consumption is
regarded as a reasonable cost. Under the condition of
size-fixed keepers and dual NMOS, the match-line circuit is
upsized, and the relationship of power consumption versus
searching time of 8-bit dynamic AND-type match-line archi-
tectures is shown in FIG. 14, wherein the 8-bit dynamic
AND-type match-line architectures separately have the
feedback keeper, the dual NMOS, and the XOR-based
conditional keeper. For a given searching time, the XOR-
based conditional keeper still has the lowest power con-
sumption; for example, for the searching time of 54.5
picosecond, the XOR-based conditional keeper separately
has a 20.6% power saving and a 11.3% power saving in
comparison with the conventional feedback keeper and the
conventional dual NMOS. Further, at 810 mV of UNG, the
dynamic AND-type match-line architecture adopting the
XOR-based conditional keeper outperforms that adopting
the conventional keeper; at 784 and 786 mV of UNG, the
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dynamic AND-type match-line architecture adopting the
XOR-based conditional keeper outperforms that adopting
the dual NMOS.

[0109] So far, the description of the characteristics and
performance of the XOR-based conditional keeper and the
architecture implementing its application to match lines of
the present invention has been completed. In conclusion, the
present invention has the following advantages: firstly,
owing to no need of upsizing the keeper, the XOR-based
conditional keeper of the present invention can have a better
circuit-design flexibility; secondly, in contrast to only two
control modes of “on” and “off” in the conventional keepers,
the XOR-based conditional keeper of the present invention
can execute different actions according to different statuses
of the circuit system, and the present invention can effec-
tively enhance the noise immunity in match-line operation
but still has high processing speed and low power consump-
tion; thirdly, when the XOR-based conditional keeper of the
present invention is applied to match-line circuit, it can
real-time receive the clock signal synchronous with the
CAM cell set so that not only propagation delay can be
diminished but also power consumption can be effectively
reduced; and lastly, as the XOR-based conditional keeper of
the present invention has superior noise immunity, it not
only can apply to match-line circuit architectures but also
can apply to all kinds of dynamic circuits, especially the
high fan-in circuits, which are very sensitive to noise.

[0110] Below. another embodiment is to be used to dem-
onstrate performance difference between the XOR-based
conditional keeper of the present invention and the conven-
tional keeper in Internet packet technology with a CDPD
(Cellular Digital Packet Data) system, which is fabricated
with 0.13 micron CMOS process of TSMC (Taiwan Semi-
conductor Manufacturing Company) and can realize an
AND-type match-line PF (Packet Filter).

[0111] As shown in FIG. 15, it is known that a TCAM
(ternary CAM) of 256 bytex128 bit can be a combination of
two TCAM sub-arrays 72 of 256 bytex64 bit, and different
keepers will be applied to a AND-type match-line PF-CDPD
system 70 formed of TCAM’s. Herein, a first TCAM archi-
tecture is formed of repeated 8-stage TCAM sub-array sets
74, and each stage is an 8-bit fan-in circuit, and the first
TCAM architecture adopts the XOR-based conditional
keeper of the present invention. A second TCAM architec-
ture (not shown in the drawing) comprises PF-CDPD sys-
tems, and each match-line therein is formed of 11-stage
sub-array sets, wherein the first stage is formed of a 4-bit
fan-in circuit, and the other stages are respectively formed of
6-bit fan-in circuits; and all the PF-CDPD circuits therein
adopt the conventional keepers. A third TCAM architecture
(not shown in the drawing) comprises PF-CDPD circuits,
and each match-line therein is formed of 8-stage sub-array
sets, wherein each stage is formed of an 8-bit fan-in circuit;
and all the PF-CDPD circuits therein adopt the conventional
keepers.

[0112] During the searching process performed by the
PF-CDPD circuit systems of the abovementioned three
kinds of TCAM’s, the searching time and power consump-
tion thereof is compared, and the searching time is defined
to be the time from the moment that the pre-charge signal of
the match line is High to the moment that the output signal
of the match line is High when data matches. Refer to FIG.
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16 for the waveforms of the PF-CDPD circuit systems of the
abovementioned three kinds of TCAM’s, wherein curve (a)
represents the pre-charge voltage of the match line; curve (b)
represents the voltage of the first system; curve (c) repre-
sents the voltage of the second system; and curve (d)
represents the voltage of the third system. The first system
using the XOR-based conditional keeper has a 37.8%
searching time saving in comparison with the second system
and has a 31.9% searching time saving in comparison with
the third system; for power consumption, the first system
separately has a 15.6% power saving and a 18.2% power
saving in comparison with the second system and the third
system. The reasons why the system using the XOR-based
conditional keeper has high processing and low power
consumption are: firstly, when the match line enters into the
initial period of the evaluation phase, the XOR-based con-
ditional keeper can provide an operational window to turn
off the keeper, and thus, the searching time is shortened,
secondly, for a given searching time, the comparator circuit
size the XOR-based conditional keeper needs is smaller than
that the conventional keepers need, and smaller comparator
circuit size not only can effectively save space but also can
reduce switching capacitance, including match-line capaci-
tance and search-line capacitance; and thirdly, the XOR-
based conditional keeper can effectively reduce the charge
sharing effect.

[0113] Besides, the present invention also provides an
architecture to implement the application of the XOR-based
conditional keeper to a match line. For a given noise
interference, such as at 870 mV of noise intensity, the match
line fabricated with a 0.13 micron CMOS process and using
the XOR-based conditional keeper can effectively save
power and searching time. In the 64-bit NOR-type match-
line architecture, the match line using the XOR-based con-
ditional keeper can separately have a 31% energy saving and
a 34.5% energy saving in comparison with the upsized
conventional feedback keeper and weak keeper, and 1.45%
of CAM bits 1s also saved. In the AND-type match-line
architecture, the match line using the XOR-based condi-
tional keeper not only can have 1.0~1.8% energy saving in
comparison with the AND-type match-line architectures
using the conventional feedback keeper, weak keeper and
dual NMOS but also outperforms the AND-type match-line
architectures using the other keepers in noise tolerance.
Further, for a given searching time, the present invention
also has the lowest area cost.

[0114] Those above-mentioned embodiments are to clarify
the present invention in order to enable the persons skilled
in the art to understand, make and use the present invention,
however, it is not intended to limit the scope of the present
invention; therefore, any equivalent modification and varia-
tion according to the present invention is to be included
within the scope of the claims of the present invention stated
below.

What is claimed is:

1. An XOR-based conditional keeper, electrically coupled
to multiple CAM (Content Addressable Memory) cells and
at least one transistor switch, and comprising:

an XOR gate, electrically coupled to said transistor switch
and a floating node, receiving a clock signal synchro-
nous with said CAM cells from said transistor switch,
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receiving a floating signal from said floating node, and
creating an XOR control signal; and

a P-type transistor, electrically coupled to said XOR gate,
receiving said XOR control signal, and creating a data
signal.

2. The XOR-based conditional keeper according to claim

1, wherein the circuit architecture of said XOR gate com-
prising:

a first transistor set, electrically coupled to said transistor
switch to receive said clock signal;

a second transistor set, electrically coupled to said floating
node to transmit said floating signal, and electrically
coupled to said first transistor set to transmit said clock
signal; and

a third transistor set, electrically coupled to said second
transistor set to receive said clock signal and said
floating signal, and creating said XOR control signal.

3. The XOR-based conditional keeper according to claim

2, wherein said first transistor set, said second transistor set,
and said third transistor set are separately formed of a P-type
transistor and an N-type transistor.

4. The XOR-based conditional keeper according to claim

1, wherein when said clock signal is Low and said floating
signal is Low, said XOR gate outputs said XOR control
signal to control said P-type transistor to output said data
signal to speed up the pre-charge process.

5. The XOR-based conditional keeper according to claim

1, wherein when said clock signal is Low and said floating
signal is High, said XOR gate outputs said XOR control
signal to control said P-type transistor to output said data
signal to avoid impact at the initial stage of the evaluation
phase.

6. The XOR-based conditional keeper according to claim

1, wherein when said clock signal is High and said floating
signal is Low, said XOR gate outputs said XOR control
signal to control said P-type transistor to output said data
signal to turn off said XOR-based conditional keeper.

7. The XOR-based conditional keeper according to claim

1, wherein when said clock signal is High and said floating
signal is High, said XOR gate outputs said XOR control
signal to control said P-type transistor to output said data
signal to enhance noise immunity.

8. The XOR-based conditional keeper according to claim

1, wherein the polarity of said data signal output by said
P-type transistor may be changed by an inverter, and then,
said data signal is output from said inverter.

9. The XOR-based conditional keeper according to claim

1, which can apply to all kinds of dynamic circuits.

10. The XOR-based conditional keeper according to

claim 1, which can apply to a high fan-in circuit.

11. An XOR-based conditional keeper and an architecture

implementing its application to match lines, comprising:

multiple CAM (Content Addressable Memory) cells, each
formed of a CAM and an N-type transistor, and elec-
trically interconnected in series to create a synchronous
clock signal;

at least one transistor switch, electrically coupled to said
CAM cells to transmit said clock signal; and

an XOR-based conditional keeper, electrically coupled to
said CAM cells and said transistor switch, and further
comprising:
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an XOR gate, receiving said clock signal, electrically
coupled to a floating node to receive a floating signal,
and creating an XOR control signal; and

a P-type transistor, receiving said XOR control signal,
and creating a data signal.

12. The XOR-based conditional keeper and the architec-
ture implementing its application to match lines according to
claim 11, wherein said CAM is a NOR-type one.

13. The XOR-based conditional keeper and the architec-
ture implementing its application to match lines according to
claim 11, wherein said CAM is an AND-type one.

14. The XOR-based conditional keeper and the architec-
ture implementing its application to match lines according to
claim 11, wherein said CAM is a NAND-type one.

15. The XOR-based conditional keeper and the architec-
ture implementing its application to match lines according to
claim 11, wherein the circuit architecture of said XOR gate
comprising:

a first transistor set, electrically coupled to said transistor
switch to receive said clock signal,

a second transistor set, electrically coupled to said floating
node to transmit said floating signal, and electrically
coupled to said first transistor set to transmit said clock
signal; and

a third transistor set, electrically coupled to said second
transistor set to receive said clock signal and said
floating signal, and creating said XOR control signal.

16. The XOR-based conditional keeper and the architec-

ture implementing its application to match lines according to
claim 15, wherein said first transistor set, said second
transistor set, and said third transistor set are separately
formed of a P-type transistor and an N-type transistor.
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17. The XOR-based conditional keeper and the architec-
ture implementing its application to match lines according to
claim 11, wherein when said clock signal is Low and said
floating signal is Low, said XOR gate outputs said XOR
control signal to control said P-type transistor to output said
data signal to speed up the pre-charge process.

18. The XOR-based conditional keeper and the architec-
ture implementing its application to match lines according to
claim 11, wherein when said clock signal is Low and said
floating signal is High, said XOR gate outputs said XOR
control signal to control said P-type transistor to output said
data signal to avoid impact at the initial stage of the
evaluation phase.

19. The XOR-based conditional keeper and the architec-
ture implementing its application to match lines according to
claim 11, wherein when said clock signal is High and said
floating signal is Low, said XOR gate outputs said XOR
control signal to control said P-type transistor to output said
data signal to turn off said XOR-based conditional keeper.

20. The XOR-based conditional keeper and the architec-
ture implementing its application to match lines according to
claim 11, wherein when said clock signal is High and said
floating signal is High, said XOR gate outputs said XOR
control signal to control said P-type transistor to output said
data signal to enhance noise immunity.

21. The XOR-based conditional keeper and the architec-
ture implementing its application to match lines according to
claim 11, wherein the polarity of said data signal output by
said P-type transistor may be changed by an inverter, and
then, said data signal is output from said inverter.



