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Study on fully digital ternary content addressable memory for high-speed
processing of the big data.
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A fully digital ternary content addressable memory (TCAM) using the
ratioless static random access memory (RL-SRAM) technology and fully complementary hierarchical-AND
matching comparators (HAMCs) was developed. Since its fully complementary and digital operation
enables the effect of device variabilities to be avoided, 1t can operate with a quite low supply
voltage. A test chip incorporating a conventional TCAM and a proposed 24-transistor ratioless TCAM
(RL-TCAM) cells and HAMCs was developed using a 0.18um CMOS process. The minimum operating voltage
of 0.25V of the developed RL-TCAM is less than half of that of the conventional TCAM.

TCAM  SRAM



CAM Content Addressable

Memory [1] CAM

0

T-CAM 3 CAM
Ternary-CAM 1P

T-CAM
DNA

T-CAM
SRAM(Static Random Access Memory)
CAM

SRAM

ML) CAM

15-20W

CAM

CAM CAM

[1-4]

[3]

T-CAM

SRAM CAM
[6]

CAM

CAM

T-CAM
T-CAM
VDEC
LSI 0.18um
0.2V
T-CAM
T-CAM LSI
@ SRAM T-CAM CAM)
T-CAM
CMOS
T-CAM
SRAM
T-CAM
1.5

Seard1(l].ine Search Line_

Search Path |

RL-TCAM Cell Array M| » Search Result |

| Address #
| +HAMC

Jepoous AiLiolid

32 Entry

SNOLE SURTE 2yl o yil plol iR

l Peripheral Circuit ‘.

E3
TCAM Entry Input

__________________________________________________

T-CAM

180nmCMOS
T-CAM

SRAM T-CAM
T-CAM

AND
15%



T-CAM

o0 y (2) vth
500 o MOSFET
Conv. TCAM + MLSA ,"
2" N Vth TEG
300 /
,% 200 ’.I/

. 3. '/RL-TCAM+HAMC Vth
wx%%/ AV -A

0 01 02 03 04 05 06 07 08 09 10 11 Vth[v] 2
vdd [V]

SIS ENENESEEEEFEEEENENEENEEEE R

411.0[um]I (a)

S Rt

653.5[um]

(b) . i517.8[um|

B TR R of
887.8[um]

EVS
EUENES YN EENENNNEEERRERREREE TR

a
B
=
]
]
]
m
[}
L
]
]
|
]
]
L]
[
u
]
| ]
u
L
]
n
]
a
u
u
[ ]
[ ]
"
"
L]

¢ dryo jo o 20
&

LSI
Tester

T-CAM
@ ®
10m
1m RL-TCAM Vth
al 100 18 N v 100mV
E 10u 151 L RSNM,,,
> - =390mV
Conv. TCAM E % 12
u 2 X E 0.9
100n g § 06 N\
02 04 06 08 1 12 14 16 18 2 sl R
vdd [V] ) smvo = 1.60mV. L
T-CA T e
a) SPICE SIM b
0.5V @ ®
SRAM T-CAM
[1] K.Pagiamtzis, A.Sheikholeslami,
"Content-Addressable Memory (CAM)
Circuits and Architectures: A Tutorial and
1/0 0.2v

Survey", [1EEE Journal of Solid-state
Circuits, Vol.41, No.3, Mar.2006.

[2] G.Chen et al., "Yield-Driven
Near-Threshold SRAM Design", IEEE Trans.

LSI




on VLSI Systems, Vol.18, No.11, Nov.2010.
[3]1 K-Nii et al., "A 28nm 400MHz 4-parallel
1.6Gsearch/s 80Mb ternary CAM™, 1EEE ISSCC

Digest of Tech. Papers, pp240-241,
Feb.2014
[4] S-Matsunaga et al., "A 3.14 pm2

4T7-2MTJ-Cell Fully Parallel TCAM Based on
Nonvolatile Logic-in-Memory
Architecture,”™ 1EEE Symposium on VLSI
Circuits Digest of Tech. Papers, pp. 44-45,
Jun.2012.

[5] 1.Hayashi et al ., ""A 250-MHz 18-Mb Full
Ternary CAM With Low-Voltage Matchline
Sensing Scheme 1in 65-nm CMOS™, IEEE
Journal of Solid-state Circuits, Vol.48,
No.11l, pp2671-2680, Nov.2013.

[6] Takahiro Kondo, Hiromasa Yamamoto,
Satoko Hoketsu, Hitoshi Imi, Hitoshi
Okamura, Kazuyuki Nakamura, "Ratioless
full-complementary 12-transistor static
random access memory for ultra low supply
voltage operation”,Japanese Journal of
Applied Physics,Vol .54 No.4S,
pp04DD11-1,04DD11-6,D01:10.7567/JJAP .54
.04DD11,April. 2015

2

D. Nishikata, M. A. Bin Mohd Ali, K.
Hosoda, H.Matsumoto, K. Nakamura,'Design
and measurement of fully digital ternary
content  addressable memory  using
ratioless static random access memory
cells and hierarchical-AND matching
comparator™, Japanese Journal of Applied
Physics, Vol .57 No.4S,
pp04FF11,D01:10.7567/JJAP .57 .04FF11,

, March. 2018
Yusuke Kohara, Naoya Kubo, Tomofumi
Nishiyama, Taiki Koizuka, Mohammad

Alimudin, Amirul Rahmat, Hitoshi Okamura,
Tomoyuki Yamanokuchi, Kazuyuki Nakamura,
"Self-stabilization techniques for
intermediate power level in stacked-Vdd
integrated circuits using DC-balanced
coding methods",Japanese Journal of
Applied Physics, Vol .55 No.4S,
pp04EF06-1-7, DOI:10.7567/JJAP._55.04EF06,
, April. 2016

3
D. Nishikata, M. A. Bin Mohd Ali, K.
Hosoda, H.Matsumoto, K. Nakamura,"Fully
Digital Ternary Content Addressable
Memory using Ratio-less SRAM Cells and
Hierarchical-AND Matching Comparator for
Ultra-low-voltage Operation™, Extended

Abstracts of the 2017 International
Conference on Solid State Devices and
Materials, pp339-340, @Sendai Japan, Sep
22, 2017

S. Yamaguchi, H. Imi, S. Tokumaru, T
Kondo, H. Yamamoto, K.
Nakamura,Vth-Shiftable SRAM Cell TEGs
for Direct Measurement for the immunity of
the Threshold Voltage Variability", IEEE

International Conference on
Microelectronic Test Structures (ICMTS)
2017,  pp.59-61, @Grenoble  France,
2017.03.28

Shogo Yamaguchi, Hitoshi Imi, Shogo
Tokumaru, K. Nakamura,"Vth-Shiftable SRAM
Cell TEGs for Direct Measurement for the
immunity of the Threshold Voltage
Variability”, 1EEE/ACM  Workshop on
Variability Modeling and Characterization,
Poster #3, @Austin TX. USA, 2016.11.10

2016-53531

http://www._design.cms.kyutech.ac. jp/~na
kamura

@
NAKAMURA, Kazuyuki



