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Abstract
This paper deals with the ‘development of a design approach to generate easily testable com-

plex digital systems.

As the technique is based on small testable building blocks (submodule)

with the exhaustive testing circuits, it is not necessary for any automatic test equipment and

signature analyzer.

As a result, the test time which is determined not by circuit complexity but size of the lar-

gest submodule, is not exhaustive and also,the circuit reliability is very high.
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o2 & RE i (testing technique) & o &=+ A
IE dEE FHULE BEIE BHNEM(pro-
grammed automatic testes) & Filcl

ol &t A& [P HEtol 754 Hor sy
g ke (fault pattern)s} of-9- FHLE 2 HE
[igg el {ETpE (access)oll whe} ciae], A4l 48
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(automatic partition)e] o] x|+ HIF(EWHE A
£3le] ukg-& & A5t LFSR(linear feedback shift
register ) & o]-8-% Ao 2 (SHEe MEmEmIA
zej g o] & Aelr} (cost effective system)
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o) % E#(partition) ¥ ¥ BEIERKE ZEe =ZE
(module)® =8 #Hitste] o F(x)3 #Erstd
(z¥ 1(b)), EH/ES 7= VLSIAA2HE A
AEd 5 A EEEA A=, B2 a8
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Fig, 1. Design method.
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Fig. 2. A logic system.
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Fig. 3. A log system with test circuits.
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tive test) 37l & % #HBU[E ¥ (counter) & FF LTt
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4. |E/R M (fault detection) 2 13 =€ A =

£-2 XOR #i# (exclusive OR connection) gt}
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A AR R Bt
o714 RrREo USR] Y& Fpolts o Fol
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o] & FEE ANHA 2E HiE AN flip-
flop o2 FgEiEs ettt
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Fig . 4. Bidirectional shift register .
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€ R, o5 BB (testability ) & 7HAlsts
5 RitE v, 28y $ba e whje)] S et o
B K81Y %4 (cost benefit study)op PS8
Bt o5 mais)op go)

Y 5= l'ﬁ 49 7125 Fof Fatd Ao AHA
o FE k(2 A5 #A)e) BWad Ao
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A EH @ Ee) oS Y4t wesE g
AT (FE1 #2).% 4bitdlAy 16bite 9 o g
el Weg sles 16% zAsc.

FE Yo HEHEY A AHE  Lifein
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B WIS B4 (delay ratis)-e E 13 2}

tHEel ALUOY oish #itg sl 24 8 3 ZHom,
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@ One stage of ALU

(a) One stage of ALU

a3 KBER] two stage carry look ahead [H] £%
(C.=100 48 =)E H¥sid 50% &B7 FARch
Az & @AM ALUS o=zt [ Bkl
HE Frte 2¥A S8 grl

V. e A% ( Testing Procedure )

28 9= 16702 4bit %
gz g A~ o

48 Zs 4 bitopo]
2 A ALU (Fig 8), B

5. 2L
o

— (accumulator )2} time distributor (ring counter ;
T o—9 Counter . , ) . . . -
a Check Fig 5). ljo < [R(instructional register ; Fig7)
Out = o = B,
M S oM 3 PC (program counter; Fig, 6 )5 o] 8-3}% .
J | ol 2 BT THi7 (test mode)oll oshed il rikee
(T=0)¢ gisgikiE(T = 1) 2 Fa=, RTikeE
A,B,Co4——Mx Bloc Fi S -
) Al A 2 mEel YuEL sl 4 mERYR
C; Wi dtA Ele EmE)fE (fault) A ed 7t XOR [migg = tht
A,Bo—s— 5 5'0051 ii F2 ol vhEbytey.
; ¢ | Elole ofF 4 2E0) 0T HTELIH (delay
A,B o Mx| shm—*‘f*‘ Fj ratis ; R ) @b g5z [mE% @i (ratis of circuit com-
‘ 8 ‘[ plexity; R )& 2o v R,, R.& 6), (7} X 2
4
ALB Mx elocw*L“ ——Fa et
45, 3 Carry Out Rt:éﬁfﬂi Xl°&*]7&/§]§ 2 QA ZE s (6
lock di R =&xslg 234/ 8= 244 e N
(b} ALUBlock diagram Slol4 e $EE ALBE 4845, FLER
ad 8 FHIEE A A4 7b eSS M ek Hom B E TR
Fig, 8. ALU with test circuits. & mBgoll tiEte] 40 % x| % o
T 1 HoH
Table 1. Relative complexity and delay time.
Nao of ALU Acc Register PC Overall
Mod ules R, R, R, R, R, ( R, R, R, R, R,
4 1.66 1.37 1 1.55 1.40 1 1.60 1. 40 1.63 | 1.40 1.58 | 1.40
16 1.64 1.371 1.32 1.40 | 1.49 1. 40 1.63 | 1.40 1.58 1.40
. 0"‘"_'_’1'4‘
[ i I T ’
T
To [ 7 1R [TJALUHACE M PC| |RO Puesy
T
1 L

X

b=

Fig, 9. Microprocessor block diagram.
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g 24 9ol Ao HIERM-S ALUZES] RIER
iz Zoo K &itHRKe] obd 2d 9 Y =
o] BEIE BES % ofs$o o wamsylt I
3 2.

Our method : 27unit time =128 unit time

Test pattern method:

24*22 ynit time = 6.7 X107 unit time

V. # @

K wmXe A WEY 5 A& VLSI systeme]
FAHRe wg HieA JiEe) st 3L @
g ¥Kitstd, ool MALR VLSIAIAR & &3
slgick ol 29 1/0 #¥7F F1ElH AlEke
B {3948 (test pattern generator ) 5%
¥r#s (signature analyzer )& Wa = 3hA] ' §x ©@x
BIE T2 mode Mzt o B Jlsdle EWY 2 58
4285 (exhaustive test)s] 7] oj-Eol] random testi},
compact test off W& 2 EHEE ZHAT, =¥
B ERiE HA 4090

180D

now fu‘turo ?f;m
a8l 100 A8

Fig, 10. Cost diagram.
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