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Abstract

High Integration ratio of CMOS circuits incredibly increases the test cost during the
design and fabrication processes because of the FET faults(Stuck-on faults and Stuck-off
faults) which are due to the operational characteristics of CMOS circuits. This paper
proposes a test generation algorithm for an arbitrarily large CMOS circuit. which can
unify the test steps during the design and fabrication procedure and be applied to both
static and dynamic circuits. This algorithm uses the logic equation set for the subroutines
resulted from arbitrarily dividing the full circuit hierarchically or horizontally. Also it
involves a driving procedure from output stage to input stage, in which to drive a test set
corresponding to a subcircuit. only the subcircuits connected to that to be driven are used
as the driving resource. With this algorithm the test cost for the large circuit such as
VLSI can be reduced very much.
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Example Circuit(74169) for Divided
Generation Algorithm.
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Table 1. Logic Equation Set for the Subcir-

cuits of the Circuit in Fig. 1.

{STAGE-1>

'CTL =!LD + ENP + ENT

‘L1 =LD~+ A

1.2 =1LD+B

13 =1b+C

114 =LD+D

{STAGE-2>

1F1 = UsDxQ1 + 'U/D%!Ql

'F2 = U/DxQ2 + 'U/D*!Q2

{F3 = Us/D%Q3 + !'U/D%!Q3

'F4 = U/DxQ4 + 'U/Dx'Q4
{STAGE-3>

'Rl = CTL

1R2 = CTL%F1

tR3 = CTLxF1%F2

tR4 = CTLXF1%F2%F3

(STAGE-4>

‘D1 = CTLxQl + R1%LD%!Ql + L1
'D2 = CTL*F1%Q2 + R2%LD%!0Q2 + L2
1D3 = CTL#F1%F2%Q3 + R3xLD%!Q3 + L3
'D4 = CTL*F1%F2%F3%Q4 + R3xLD%!0Q4 + L4
'RCO = F1%F2*F3%F4x!ENT

KEY : ! = NOT, * = AND, + = OR
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Table 2. Driving Path Set for the Circuit in

Fig.1.
PAT_B41 - DRV_11 > DRV_13
{B41) {B31,B11} {B10}
PAT_B42 -> DRV_21 ——> DRV_22 > DRV_23
{B42} {B32,B12} {B21} {B10}
PAT_B43 -> DRV_31 ——> DRV_32 > DRV_33
{B43} {B33, B13} {B21,B22} {B10}
PAT_B44 -> DRV_41 ——> DRV_42 > DRV_43
{B44} {BN34, B14} {B21, B22, B23} {B10}
PAT_B45 > DRV_52
{B45} {B21, B22, B23, B24}
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PROCEDURE {R3P4T.DRV)

Objective : Driving R3P4Ts backward to input stage
Inputa : 1. Logic Equations for the Variables to be Driven

2. R3P4Ts from Non-hierarchical Algorithm
Outputs : All possible RIP4Ts

begin
until all input variables are external
begin
for each set of R3P4Ts,
begin
Call {DRV.VAR} ;
Call {DRV _PAT} ;
Call {DRV.DRV} ;
end
end
end

18| 3. {R3P4T DRV} Procedure
Fig. 3. {R3P4T_DRV} Procedure.

SUBROUTINE {DRV_VAR}

begin
for each variable (A) which is not external in R3P4Ts ,
begin
Find corresponding logic equation whose output is A
Find all possible input combi to make A logic 0 ;
Put them into the list (DRV_A0) ;
Find all possible input combinations to make A logic 1 ;
Put them into the list (DRV_A_1};
end
end

a2 4. {DRV_VAR/} Subroutine
Fig. 4. {DRV_VAR/} Subroutine.
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SUBROUTINE {DRV_PAT}

begin
for each combination of variables (ABC = ijk) which are
not external in R3P4Ts,
begin
Combine the lists (DRV_-A_i, DRV_B_j, DRV _C k) of
corresponding variables and values by applying the
operator # for each common variable ;
if conflict,
Delete the pattern ;
if no conflict,
Put it into the list (DRV_P_ijk) ;
end
end

12| 5. {DRV_PAT} Subroutine
Fig. 5. (DRV_PAT)} Subroutine.

SUBTOUTINE {DRV DRV}

begin
for each R3P4T in the R3P4T set,
begin
Replace the external variables with the list (DRV P ijk)
for each pair of T1 and T2,
begin
for each variable,
hegin
Apply the operator # between T! and T2 ;
end
if only one conflict,
Put the pair of T1 and T2 into the set of new
R3P4Ts for the conflicted variable ;
else,
Delete the pair of Tt and T2 ;
end
end
end

23 6. {DRV_DRV} Subroutine
Fig. 6. {DRV_DRV) Subroutine
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Table 3. One R3P4T Set for the Circuit in Fig.1.
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(a) nMOS Logic Stage,

(b) pMOS Logic Stage.
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E 4. Logic Block¥|®] FETell gt Test
Table 4. Test for an FET in a Logic Block.

TEST PATTERNS COVERED FAULTS
cLK VARIABLES | S—OFF 5-ON
PRECHARGE | CORR. T1 4"§
EACH HEP
FET EVALUATE " <
IN A <
LOGIC | PRECHARGE | CORR. T2 ;
BLOCK Lo
EVALUATE " <

CV) T VYOLTAGE MONITORING

E 5 MP& MEe gt Test
Table 5. Tests for MP and ME.
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TEST PATTERNS COVERED FAULTS

cLK VARIABLES S—OFF S—ON _j_EE-I 8. Domino CMOSQ OﬂZﬂi]i
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ME EVALUATE A HA MPCI =

-« H 1 A
EEEéE PRECHARGE | CORR. T1 (b) Domino CMOS® A&
EVALUATE “ PR Flg 8. Example Circuit of Domino CMOS.
§¥3 1 ORRBNT NONITORING (a) Logic Function,

(b) Domino CMOS Implementation.
A MP9 S-OffzaA(MP/Off)E 7Hd &t
MP/Off+ ot stage?] £¥o} PRE =a]x9 4t

Wz EVEd 1 $= PREAS 4% £ 94 @ B 6. 17 89 3]3ol 3} Test
o}, wabd o] wAY test 23E PR xe]x9} Table 6. Tests for the Circuit in Fig. 8.
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