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Abstract

In conventional Hamming distance search CAROMs with NOR architecture, the dummy capacitors on a match line and reference
line are required to stabilize the interrogation operations against the difference of the number of transistors and process variation.
In this paper, we propose a new CAROM with the Hamming distance search function. The proposed CAROM can stably behave
interrogation operations without the dummy capacitors by using symmetrical NOR-architecture. Also, the interrogation operations

of the CAROM are confirmed by HSPICE simulations.
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Search data (Bit length: m)  Reference
b bz " bz disnce D

i=1 V(OUT1)

=2 V(OuT2)

Stored data §:3 V(OUT3)
(Bit length: m, | o :

Number of ; V(OUT)
words: 7) . o

=n

(a) Search for “Exact match data” (Dyz=0)

Search data

Stored data

(b) Search for “Similar data” (example: Dyr=1) (i=1,2, ..., n)
Fig.1 Algorithm of Hamming distance search CAROM

Table 1 Relationships between Dysi, Dur
and V(OUTI) (i=1,2, ..., n)

Relationships between Output voltage
Dysi and Dyg V(OUTi)
Case-1 DHSiéDHR LOgiC “1” (VDD)
Case-2 Dysi>Dir Logic “0” (O[V])
REFEOEMELZBIEL TWVD.

2. BEE®DNOR 7—F T2 F -+ & H-CAROM

2.1 H-CAROM 2B 1+ B NS VR BR RS F
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“EEAH UHEEET IS 2 T, NS v IR IR R B RE”
DD, “NIvTHREERERE X, A€ AT
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by (=1,2, ..., m)Z A E N S EIIN L T, “oN2 v JEREER
R 2T HO>WHAEEEZDH. ~ v 7B (Hamming dis-
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Dysi = Zaij@bj, (i=12..,n)
=t (1
THZON2HEMORETHS. KHIKBVT, @

IZ EXOR (EXclusive-OR : #EfhiUiREEFn) HHE T TH

Stored data Search data
Ajp dpp """ Ay by by =+ b,
VDD
EXOR
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Fig.2 NOR-architecture circuit around match line
in conventional H-CAM® (i=1,2, ..., n)
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Table 2 Device parameters and simulation conditions for Fig.3

(i=1,2,...,n)
Symbol Name Value | Unit
Vop Power supply voltage 5.0 A\
m Number of bits 4 Bit
(W/L)ML,',' Wldth/Length Of MMLil;
) : 4/2 pm
(j=1,2,3,4) MyiLiz, Muwis and MyiLis
(W/L)MLDI Wldth/Length of MMLD[ 2/2 pm
(W/L)MLUI Wldth/Length of MMLUi 8/2 um
50Ff e — —_— ]
— a0l <Dy =021« Dpgsi= 1|« Dpysi=221¢ Dpysi=3>f« Dpsi=4> |
% 0k ! VNI | VOND) | VOND) | V(N i
& : cvaN2) bovanz) | ovane)
201 ' i
£ ; | | van3) | vanNz)
> 10 ' ' ] V(IN4) i
00 | : I 1
(a) Input signals V(INj) (j=1,2,3,4)
50 F b
S 40 -| b1 1
(] 30 r -
=)
Ea0} 1
=
> 1.0 b
0.0 b
(b) Interrogation pulse %
sof ; -
s 40 (5:\,50) V(MLi) 1
‘;‘ 30 F (150, 1.5417) N
=)
:: 20 (250"‘06724)(35%‘“33“) (450n, 0.31977) 1
> 1.0 b
0.0 - b
6 160 2(.)0 3.00 4.00 560
Time [ns]

(c) Match line voltage V(ML)

Fig.3 Simulated waveforms of conventional NOR-architecture

circuit (i=1,2, ..., n)
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MICHEL 4) TRREINTZ. SCEL4) OO T T, NOR
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Fig.2 lZ/" 7. Fig2 ORIEEIZEA L T, i@(=1,2,....,n)"7
— FHORET — % ay (=12, ..., m)EBRBT — X b
G=1,2, ..., m)& D > T HEBE Dusi (I K9 5 — kB
J£ V(MLi)D %At % F 3 72 %, Table 2 @ £ {4 ¢ HSPICE
Vialb—varvEiihol., £, T AT R
— &%, ALJuM FE AR T - R ER R R v & —
(OVEo) Inigkancnsd, k/h7— bE 2um,
2EAZ N, 1EBARY U3y, CMOS 7rtEADT
— X MW, 7%, Fig.2 TIiX EXOR 7 — hiZ k-
THRET -4 LB — 40 —F/R—FERD T
DN, RyIalb—v 3 TiE, EXORZ— o
% NOR Z![A] % & A 115 B (Input signals) INj (j=1,2, ...,
m, m=4) & F~ 72 L, Table3 (275 L 7= 7B JE V(IN))
(=1,2,3,4)% Fig3(a)D ¥ A 2 > 7 THIML 7=.
ZOEEIE, BA VA G, (Fig3(b)) B A X

Table 3 Simulated results of Match line voltage. V(MLi)

(=1,2,...,n)
Ham- Input signals .
) Match line
ming
. voltage
distance | P(IN1) | V(IN2) | V(IN3) | V(IN4)
V(MLi)
DHSi
0 0[V] 0[Vv] 0[V] o[v] 5.000 [V]
1 Vop 0[V] 0[V] o[v] 1.542 [V]
2 Voo Vop 0[v] 0[v] 0.672 [V]
3 Vbp Vbp Vop 0[V] 0.433 [V]
4 Voo Vbp Vbp Voo 0.320 [V]
50 —— : V(MLi) D=0 1
-------- - V(RLi)
4.0
Ss0f /S T
2
2 20f
1.0
0.0
(I) l(I)O 2(I)0 3(I)0 4(I)0 560
Time [ps]
(a) m=4
50F
4.0
> 30t
2
S 20r
1.0
0.0 -
(I) l(I]O 2(I)O 3(I)0 4(I)() S(I)O
Time [ps]
(b) m=32
Fig.4 V(ML) and V(RLi) of conventional H-CAM
(i=1,2, ..., n)
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Z BB meu&~ﬁﬁ*Fme&%7fm7
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— AR EIL VML) E S RBEILVRL)NP LS BN 5
Bl 2 £ LD THD. By NEm=4& L, Dur®
HRMEZ3L L8B4 (Figd(a)) , V(ML) & V(RLi)D
KINBEBRITFIZ—ETHD. —F, m=32, Dur®D K
B30 E4A (Fig.d(b)) , V(MLi)& V(RLH)A S L
LA I T THIENRZE L RDBEENANRED -
TWAEFASH S, I, V(ML) E V(RL)D K /B4R
DEKELTWDEHX A I T TTFusary XL —4
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RENSD. ZOXIRWEEIT D ERERT, —H
MOV R IC R S LD 7L Z T 2 aMOS O E 23
BIxb720, GEREOENELTNDHTEOTHD &
E2bhb

ZOXORENAEEER L, XHS) DH-CAM K X L
Wk9) D H-CAROM T, Z&E LI-EEffRAZ B E L
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FRUEERIT TS, LL, ¥v v & 2 Efl
THZEEFREFLEOaXN (LAT D MEAZRE) B
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3.1 IO L AEERK
RET DH NI VMR R £ CAROM (H-
CAROM) ® 7' 1 v 7 X % Fig.5 2/~ 7. #£ % H-CAROM
L, Ut v k3L X (Reset pulse) grs, HEA 731 X (Inter-
rogation pulse)dic , o & ] & /X /b X (Comparison
pulse)¢cp@ 3HEOHEIE - CEET S, £72, Voo
IEFEL, GND IZEEELETH S, Z O H-CAROM

nxﬁ

1/\45

N X

Search data (bit length: m) ~ Output voltages V(OUTi)

—> —— Reference distance Dy
000 O
oo eoe
V(RLi) Reference
o signals
RF1~RF3

V(ML)
[e]

O der

Power
supply
and
control
pulses

RLi Reference
circuits
(Fig.8)

CAROM cell array

Comparators

(Fig.10)

(Fig.6, Fig.7)

Fig.5 Block diagram of proposed H-CAROM (i=1,2, ..., n)

WLi

WLi

MLi

My

e A CAROM cell e e A CAROM cell H
® (stored “07) ® ® (stored “17) ®

(a) Stored “0” (b) Stored “1”

MLi

H A CAROM cell H
® (stored “*”) ©

(c) Stored “*(don’t care)”

1,2

Fig.6 Definition of Stored data (i=1,2, ..., n, j=1,2,...,m)
I, 21 i bR _R72LHI1I, By hEm U—F&an
THE S5 CAROM B L7 LA RNOZLET — 4% ay
(i=1,2,...,n, j=1,2,...,m)&, AL LHMT 5 E v |k
Em OMBET —4% b (j=1,2, ..., m)& ZWHIZHA L
TS DN VW Dusi (i=1,2, ..., n)DS, HEMND
RET LB D LV b REWVLELEZHEL,
Table 1 @ FAFIZ)IS Ut &EIE V(OUTH) (i=1,2, ..., n)
GO TH D, REERKIZ ﬁﬁk%%ﬁ 2
MEID T YA OB LAk RE9IT B
L7z, BB NOR T —F7 7 F v ZH T 5b.
2% H-CAROM O E AR 72 [7] ¥ 4 Bk & B A 8h 7 4F
PEIZ DWW T, CAROM B LT L A, & IR IR B &% i | 3%
bb 52 ) E (B BEAZ 53 1 TR R 9 5 .



TEEHEN] - P EZ - ZILERES - B g - I
Table 4 Definitions of search data (j=1,2, ..., m) Search data: “1000-+-0"
Operation V(BL)) V(BLbyj) v v v v
“0” search 0[V] Voo Voo O[VI OV Voo O[VI Voo O[VI Voo 0LVl Voo
w)» Search VDD O[V] L MMLUBLI BLbl BL2 BLb2 BL3 BLb3 BL4 BLb4 BLm BmeML2
Mask 0[Vv] 0[Vv] e o
s Mulo [ Mula [y M
3.2 CAROME)ILT7 LA o 4 s ot i ‘
CAROM /LT L A1X mXn > CAROM /L NT PUTEET0TE EC0TE § 0T
LVAMRICEE &4 TW D . % CAROM BV IE— k)72 (a) Stored data is “1000--0”
~ A7 ROMERXRTH Y, 7— FH WLi (i=1,2, ..., n), Search data: “1000--0"
B bR BLj & OY BLbj (=1,2, ..., m), #tHH LA K .
7 vV AH Mroi (i=1,2,..,n,j=1,2,...,m), W&EH ~ 7 tﬁiiﬁitﬁitﬁi ;?i
VU AH Muuij (i=1,2, ..., n, j=1,2, ..., m), —EHE MLi BLI BLbl BL2 BLb2 BL3 BLb3 BL4 BLb4 BLm BLbm
(=12, ., m) TR SN B gep el TT TT T T o
Fig.6 1%, FHEIRAEICIE U724 CAROM /L oAl ¥ S YO wlo gl .
Mgk aR L TWsd., @i “07 R ET 56
(Fig.6(a)) , Mroy (i=1,2,...,n,j=1,2, ...om)D K L A “ “ “ “ u
D Moy (12,120 D7 B PRI EIT 0
(=12, ..., m)IcER N BH. — j:T “17 WEOL A (b) Stored data is “1100---0”
(Hgam),MmﬁFLmeJIJVNmW)FV4V o ot 10000
KO My (i=1,2, ..., n, j=1,2, ..., m)® %7 — X BLbj Von k‘/L kO/L W W
G=12, ...om)IZHERE SN D . é Voo OVI OIVI Voo OIVI Voo OIVI Voo oV Vo
* 7, 3 fEH OREIRETH S “*(don’t care)” BLI BLbl BL2 BLb2 BL3 BLb3 BL4 BLb4 BLm BLbm
94 284 (Fig.6(c)) 2%, Mroy (i=1,2, ..., n, j= LL pm - ML4
LmD R A 2 RO Muwy (i=1,2, ..oy 1, j=1,2, .. m)®D ol | P | M wleo il
— MEHE#HT LS. 2 2C, 2% H-CAROM TiI— %
MO KT URAH 72 SR ISR E T 5 720 7 7 m, “ “
7— kBT A THRETH - TH MMLI] R A T A 073
(i=1,2, ...,n,j=1,2, . m)@ KL A % MLi(i=1,2, ..., n) (c) Stored data is “***(0---0”
W 5. ZOHAE D Muy (i=1,2, ...,n,j=1,2, ..., m) Search data: “#50---0"
L ESDIR#EX A A — NERIEOBEE2TH. Q)vww
B, KX TEHMBAEREIZOWTERD 2, W é OV OV] O[V] OVI OLV] OVI 0LV Voo OV Vo
AHLEEIZOWTIEMHAZEAK T 5. BLI BLbl BL2 BLb2 BL3 BLb3 BL4 BLb4 BLm BLbm
% H-CAROM B 2 MEF — ¥ O E# 3 Toob S
Table4 DL BY THD. HW\T, THDHOMET — 4 ) Moo [ Ml
&, Fig.5 ® CAROM A7 LA iIcEdhEn T 5biE
BF—XZLOREBEIEICHOWTHMIT 5. Fig.7 1%, it i i i
BHLMA T v AZ 2B L, i(i=2,3,4)Y — NH TEEE B0 073
O—FHBEDORBKKTHDH. 20— REKIL, — (d) Stored data is “1100---0” and search data is “***0---0”
M ML LC, mfEoF &7 aMOS k7 v Fig.7 Schematic around Match line of proposed CAROM
VA K Mmry (j=1,2, ..., m)& TV T > 7 pMOS T v~
TUAH Mwmrui DEEFE S IL TS NOR #HiETH 5. DEET — X 110007 DB DOEL (Fig.7(b)) &
Mmii (j=1,2, ...,m)iZ, KT — XIS CTHME NS 11, Mwis: D5 — R B3 4L TV BLb2 1T Vop 8
£ MR (BLj, BLb) (=12, ..., m)DEEIZ L - T FIMEN D720 Mun 134V REEE 20, i T A ¥
BRE) S AL, Mo (ZIRE SNV 2l Ko THREI S D . 7Y aMOS B e TAZRIELARD. LER-T, BA
F72, Mrupild V> b/ nMOS TH 5. PRIV AP — L LI N5 L, VIML3)IX Vop &
T, BARSNLV RGN ANA LR TH DRI HRE DHLIEWTFa S EBFEICRD. ZOFr— 2%, BRHET

T — <1000 0”& FHIML, ZOMBT—HL 2T
KHDORET —
—E R ML2 (2

WATREERD., ZDOLF, %Aﬂwxﬁ;m—
NI TFF D E M 3 A VIRBEBIC 220, — BT
V(ML2)IX Vop & 72 %

—J), ERERUUHRET—FIZHLT, 3V—F

Z<1000-- 0”& &3 5 86 (Fig.7(a)),
BRENTXTOFLE YT nMOS

— X EFRBT X OR—E Yy R 1D, TRbbn
2V WEE Duss=1 O A TH 5.

(R 0 e ) ,Aiyﬁﬁ%®ﬁﬁffwﬁ7
v ' aMOS WA VIRBE L 2, —EREILE L, NI T
REER K& < 2D L ZOWEBEICIE U CTERBAIC TR
ZZERbNL. Thbb, NIV ZHEBECHT ST

H Fu SEERERIND.
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Gate of MRLij (j=4.5, ..., m-1)
is connected to Reference signals.

Table 6 Device parameters and simulation conditions

for Fig.9 and Fig.11 (i=1,2, ..., n)

) RF2 RF3 RFm 1
IG°_| MRLU Symbol Name Value | Unit
/ﬁ' MRLD MRU Mg M.{m MRL4 MR 1) MR,J Vop Power supply voltage 5.0 A\
(W/L)ML[/ Wldth/Length of MML[j
4/2 wm
G=1,2, ...,m) G=1,2, ...,m)
: : : (W/L)vLp: Width/Length of Myrp; 2/2 wm
(a) Number of reference s1gnals is m-1 R Width/Length of Myro: 32 um
Voo (W/L)rvij Width/Length of Mgy;; 4
ate of ij (j=4,5, " m- . . Hm
_ O ccomsted o GAD. (=1.2, ....m) (=1,2, ....m)
dreo—] RLUI}F ! ‘%F 2 ‘%F P " (W/L)xLp: Width/Length of Mgip; 22 | pm
/DD ° i i i
:q%"w’r %ARLH %ARUZ %ARUB %MRLM %MRLM:]) %MRLM V/L)rLu; Width/Length of Mgru: 8/2 pm
eﬁzﬁ%ﬂf EANAI 7B CT m B0 OBEME

(b) Number of reference signals is 3

Fig.8 Reference circuit (i=1,2, ..., n)
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