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Abstract

In this work, the testable CAM(Content Addressable Memory) is designed to perform the test
effectively by inserting the ECC(Error Checking Circuit) inside the CAM. The designed CAM has
the circuit which is capable of testing the functional faults in read, write, and match operations. In
general the test circuit inserted causes the increase of total circuit area, Thus this work, utilizes the
new MTA code to reduce the overhead of an area of the built-in test circuit which has a
conventional parallel comparator. The designed circuit was verified using the VHDL simulator and
the layout was performed using the 0.8um double metal CMOS process. About 30% reduction of
a circuit area wad achieved in the proposed CAM using the XOR circuit
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Fig. 12. Waveforms of Modified address decoder.

oA ANEE HAE HHAMTA ZE)S 1
g 133} 22 33L& T Sk § o= "R
tle] EN Al5E 53 E=o= Al8sld EN At
Q71E wui} HAE o] MTA ZES] £A4HR
vehdg ®eFa gtk oj7]4 PRESETS HIAE
Ae PA7)e) 27185 HsiA AREEE TP0~15)
7} v)ER A4=E e rditt

R

T

33 13. ¥9l2& H=(MTA 22)9 59
Fig. 13. Wavforms of test pattern(MTA code).

I3 14 257} 9lE Testable CAMS] SPICE
HlrE Anz 2 A9 F2h& #P3k S B
F3 9)r}k WA Write A57} DAk oFoA]
A H2E HvS CAMel AAst, thgol st
¥ Read Azt AAE W8(d2E J%)9 MSB
LSBE ZAAA wjx] jgoR AFAch wehi
AT HE AR dloele} nvimal] TEST Al

(441)

53

3% lowr} H4, #x AHE Fx2 /1% FE
A "ok o 14el F oeiAlAde] 2F low
7} H9, A A A= o2 =Hed o] Aee
AT el 27t §i A= AY TS
J8& ®o3Fz girk wep ERROR Al3(ad 14

7b lows HFo2H 77l §leg iRz o
t})

“:v (L] l:m r \ :f ‘\ :[— x

) rl . . N

o=
LR ]

binx 100rs ons 200 200 o= O 40r=

Trne:
V{6) : R/ZW V(20) : TEST V(2), V(4) : Test Pattern
V(11), V(13) : Match V(35) : ERROR

72| 14. Testable CAM®| AlEdHo|A Ax}
Fig. 14. Simulation results of Testable CAM.

oY

\

[

[

[

sy

o We

* W)

i

@ wal

v

Lov E J -
oM Wi

[ 1.3

.Y
o oons WO 190ns 2000 250 o= DOm0
"

a3 15. 715 &5 AlEdeld A
Fig. 15. Simulation results of functional fault.

¥ 15 $8E 7}& Testable CAMS] A E¥)
ol d ZARE RAFI Uk L5t e A+ M=
72 na AsE JehiAd gl ols ¢l el
Al ol dHolEly} Wal-S Jehia =3¢ RE
2E FelolA] o]2idt Ay} & Apolle wH F
AAXE 2FY FBo] ¥rh 23 159 vieEhd A
WA 257} high 757 DAEHNESE & F
ged, 2 A I3 15904 & F g1Ee] ECCe
ERROR Al%E highZ ZHAA 77} TA=EAS
< vehdick

1

h




54 MTA =& A4§ Testable CAM A 2§ A+

V.2 8
£ =iode CAMS ¢7], 7] E #ix] 3}
715 3 AAE & 4 9= ECCE Wkt

Testable CAMS AAIEIdc. Bl2~E 32F A3}
<8 oA H2E 327} AREhe M= & H|
2EE FP3p] A3 2/ YT gL HAE AH
A= s ALE ol 2MHEr) Fyiske
& gL FrE ovls] deelth weid 2
ol 7188 CAMY #ix] 7153 F24 3
HE 53] &4% 4 9le 78 § MTA =5
AHSgre 2 Zhdjt dlofele] AR AAE B3 Hx
ES 348 ¢ gl 2 ZF, V13 uale A
g CAMS®| Built-in 822 szuc!!! ECC3lz
2] A5 CAMS 71EANA wix]7]5-& Esla ol
+ XOR 3 2% olgslmgn 08ume ZA-E o83}
o layoutS 33 A} oF 30% AHEY WA 7
o} H2E 7|58 52 F9o2 Y% 4 oA =HA
ot J22E & E%olr AAR Testable CAME
H7l, 271 2 wix] Fxle] oyt HlAEE Y 5
Sich

ARt Testable CAM-2 0.8im °1% &% CMOS
FTAE olfsle] Holol{(2d 16) =HAslgrh
Testable CAM9] AA & w42 689um X 759um
ol o] HlAEIZZ A89E WAL 7T0m X
121im B2A, e¥dl=x oF 2% AHxr} Aok

X -‘.-'.r-,.—..uuwggt:w

D EEDE B E

= :
CHEEEBEE]

a3 16. AA 329 Hooly
Fig. 16. Layout of CAM with ECC.

(11

[2]

[3]

(4]

[5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

SHRE 5t

S

e

olFE, IAHE, W=Al vire]e] HiEE )
g MTA(Memory TesAble code) =, &
Apesl=iA), A3, A, A8E, 1994
uie7) xde], CAM(Content Address-—
able Memory)2} #&e|~8-S 93} Built-in
HaEs 2 A A I, BATEI =%
X], A19d, A6Z, 1994

g, A, dak vine] A g ARt %
& A7, = 3] =84, A 169, Al 2
3 1991

uhe-7 A7¥, CARM(Content Address-
able Memory and Reentrant Memory)<]
Al Ag A7, = T4 =EA, Al 16
4 A 13, 1988

K.Furutani et al, A Built-In Hamming
Code ECC Circuit for DRAMs, IEEE ]J.
Solid-State Circuit, vol. 24, no. 1, pp. 50-
56, Feb. 1989.

M. Asakura et al.,, An Experimental 1Mbit
Cache DRAM with ECC, IEEE, ]. Solid-
State Circuit, vol. 25, no. 1, Feb. 1990.
Anthony J. McAyley & Charles J. Cotton,
A Self-Testing Reconfigurable CAM,
IEEE, J. Solid-State Circuit, vol. 26, no. 3,
March. 1991.

T. W. Williams, VLSI TESTING, North~
Holland. .

Miron Abramivici, Arthur D.Friedman,
Digital System Testing and Testable
Design, IEEE PRESS, 1990.

Frank F.Tsui, LSI/VLSI Testability
Design, McGRAW-HILL, 1986.

PINAKI MAZUMDER & JANAK K.
PATEL, Parallel Testing for Pattern-
Sensitive Faults in Semicondeuctor Ran-
dom-Access Memories, IEEE, Tran. on
Computer, vol. 38, no. 3, March 1989.

P. Marzumder, W.K Fuchs, Design and
algorithms for parallel testing of random
access and content addressable memories,
24th ACM/IEEE Design Automation
Conf., pp. 688-694, 1987.

James T.Healy, Automatic Testing and
Evaluation of Digital Intergrated Circuits,



1998 67 BFILBEHNEE £H % CE Ho6M %5

Prentice-Hall, 1981. Memories onto Sigmoidal Neural Net-

[14) Takeshi ogura et al, A 20-kbit works Using a Modified Projection Lear-
Associative Memory LSI for Artificial ning Rule, IEEE, Circuit and System-
Inteligence Machines, IEEE, J. Solid- I :Analog and Digital signal proc. vol. 41,
State Circuit, vol. 24, no. 4, Aug. 1989. no. 7, July. 1994.

[15]1 R. Pergetti, Mapping Binary Associative

X R 2 N
8 & BROEER) B ROIEGR) % 35% Stk £ 23t M
197134, 1995 29 SAHEE AR EAFsekEt A AU ARFATHE F
Ab. 19973 2¥ ZAha A HFAFIHAAD S

% Kk BEAR) % 35% SR % 28 B
SRIEREUEI FERE L

=

(443)



