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Abstract—Three-dimensional (3D) integration using through- fvvle“
silicon via (TSV) has been used for memory designs. Content <y o
addressable memory (CAM) is an important component in digital T -
systems. In this paper, we propose an evaluation tool for 3D v ‘ - ‘,4(
CAMs, which can aid the designer to explore the delay and Az = 7
Data/Cumparand/ (a)

power of various partitioning strategies. Delay, power, and energ
models of 3D CAM with respect to different architectures are
built as well.

I. INTRODUCTION

Three-dimensional (3D) integration technology using
through silicon via (TSV) has been used for optimizing the Sﬂiﬂb'a
performance and power of DRAM [1]. Content addressable , =
memory (CAM) is also a component having very high re-
quirement on the performance and low power consumption.
3D CAM provides the possibility to meet the requirement.
A typical CAM has the read, write, and compare (search)

operations. The compare operation is the most critical-oper  tsv

ation on power and performance. While a compare operation SRR s, PA

is executed, the data on searchlines (SLs) are compared with / i AT L g

the data stored in the CAM words in which each word exports AP0 == erom——xs L .

the comparison result through its matchline (ML). Then, the

comparison results of all words are evaluated by a hit signal

generator and/or priority address encoder (PAE). Fig. 1. (a) A 2D CAM with 8 words. (b) Searchline-partition8® CAM
Cell-level and architecture-level 3D CAMs were reporteH'tg‘g 'ayedrs [aa?d 8 words. (c) Matchline-partitioned 3D CANtw2 layers

. n woras .

in [2], [3]. The cell-level 3D CAM needs a huge amount o?

TSVs. In this paper, therefore, we only consider architestu

|eVe| 3D CAMSs. ArChiteCture'leVel 3D CAMSs can be diVide%arameterS of the 3D CAM' the number of partitions of

into searc_hline- and matchline-partitioned CAMs. Fig. @88 MLs and SLs, the electrical data of used CMOS technology
the two different 3D CAM architectures for an 8-word CAMinode, and TSV parameters, the evaluation tool can export the

This paper presents an architecture evaluation tool for 3Bad/write delay, read/write power, search delay, seavalep
CAMs. The architecture evaluation tool can provide the powgnd TSV counts of the 3D CAM.

and delay information with respect to different 3D CAM
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architectures. CAM cell & ML structure —| 3D CAM Evaluation Tool .
> Write/Read delay

# of sub—bank of a CANN ) —

Il. PROPOSEDEVALUATION TooL FOR3D CAMs # of rows of a CAMN) —»| | Write/Read powe
Different 3D architectures have different influences on the 4 o cun. ;’;";‘f;@?: g |+ Search delay

area, power, delay, and the number of required TSVs. Further # of cuts on SLEN,) — > Search power
more, either searchline-partitioned architecture or hiate-
partitioned architecture can be designed with multiplestay
The number of layers has a heavy impact on the delayy » conceptual diagram of the proposed architecturaiatian tool for
power, and area of the 3D CAM. Therefore, an evaluati@D CAMs.
tool is developed for 3D CAMs, which can be used to aid the
designer to select an appropriate architecture. Fig. 2 show Delay and power models of 3D CAMs are developed. Here,
the conceptual diagram of the evaluation tool for 3D CAManly the delay and power models of search operation are
Given the information of CAM cell structure and ML structureexplained. Those for the other operations can be developed

©
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in a similar way. The search delay model is shown as below..4- e b

200 256x128
12
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1

Tsearch = TML,pre + TS’L,drive + TML,eva + TPAE> (1) 150

0.8

Search time (ns)
Search power (mW)

where Tyz pre, TsL drives ThL,cvas @80d Tpap denote the & 7 T ‘ 1 —
delay of per-charging ML, driving SL, evaluating ML, and o2 e

PAE, respectively. Fig. 3 shows the modified RC models of ° M‘zSLsegemeniW b R w‘z&segemeniw s
SL and ML in a 3D CAM. According to the RC models, the @ ®

delay of SL and ML for a 3D CAM can be calculated. If thq:. .

ST . : . " . 4. Del d h t th tfterent SL
CAM is divided into multiple active layers, the critical pat pgtitionsl ey anc power per seafeh operation with respec
of SL and ML in each layer can be shortened. The equivalent
capacitance and resistance of ML and SL in each layer can be

expressed as follows: increased as the number of ML partitions increases, th@neas
is similar to the SPCAM.
CML :(B/Nx) X (2 . CVd + Cwire,w) (2)
Barp, =(B/Na) X Ruirew B I =3
CSL :(N/Ny) X (Cg + Cu}i/re7h) é’ 1? % 200
N s o8 o E._ 150
RSL :F X Rwire,h E 06 \\F—\% % 100 /
Y 2.: " s /
The search power consumption of 3D CAM is mainly o — . . - ol— : . -
constituted by the MLs, SLs, the additional logic for 3D CAM, of L segements () o Ml segements (1 )

additional TSVs, and PAE, which can be expressed as follows:

Fig. 5. Delay and power per search operation with respeciffierent ML
Pscarch = Prr + Psr, + Pogic + Prsv + Ppag.  (3)  partitions.

The power consumption of each component can be calculated
in terms of the switching activity, equivalent capacitgnce IV. CONCLUSIONS

voltage supply, and operating frequency. In this paper, an architecture evaluation tool for 3D CAMs

Precharge . cell () — e R has t_)g(a_r) proposed._l_t can aid the designer to explore differe
ML — ML possibilities for partitioning a CAM across multiple lager
TV T IC Analysis results show that the search delay can be reduced
MLy % sy Cu Crsv. using 3D stacking in comparison with the 2D technology.
2 2

Fale Al However, the search power is increased because of the addi-
tional capacitance of TSVs. Also, SPCAM is suitable for the
application demanding large number of words, but MPCAM
is suitable for the application demanding wide words.
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