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High-level Modeling and Test Generation
with VHDL for Sequential Circuits

Lee Jae-Min ' + Lee Jong-han 1!

ABSTRACT

In this paper, we propose a modeling method for the flip-flops and test generation algorithms 1o detect the
faults in the sequential circuits using VHIDL in the high-level design enviroment.

RS, JK, D and T flip-flops are modeled using data flow types. The sequence of micro-operation which is the
basic structure of a chip-level lcads to a control point where branching occurs to one of two micro-operation
sequence. In order to model the fault of one micro-operation(FMOP) that perturb another micro-operation
effectively, the concept of goal trees and some heuristic rules are used.

Given a faulty FMOP or fault of control point(FCON), a test pattern is generated by fault scnsitizalion, path
sensitization and determination of the input combinations that will Jjustify the path semsitization. The fault
models are restricted to the data flow model in the ARCHITECTURE statement of VHDL.

The proposed algorithm is implemented in the C language and its efficiency is confirmed by some examples.
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library IEEE:
USE IEEE.std_logic_1164all:
ENTITY rs_jatch 1S

PORT { 7esei, set @ in std_logic:
y @ eut std_logic )i

END rs_latch;
meet kS Y ARCHITECTURE chip OF rs_latch 1S
BEGIN
st B/F PROCESS (ressr, ser)
BEGIN
1 : IF (reset = ' ) THEN
82: y<= 0%
S3 : ELSE TF ( set = ‘0" THEN
47y <=1
END IF;
END PROCESS:
END chip:

(32 1) RS ESEE3 VHDL B3l
(Fig- 1) RS Flip-Flop and VHDL Modeling.
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library IFEE;
USE IEEE st _logic_1164a:
ENTITY jk IS

FORT (J, K. CLK - in std_Jogic:

] Qe STD_LOGIC )
J K | END jki
ARCHITECTURE dhip OF jk is

signal Q © STD logier
BEGIN
FROCESS (CLK)

Variable JK : std_logic_vector ( 1 downto Q)
BEGIN
81
52
53
54

F/F

L

IF {elk'svent and CLK = 17 THEN
JK = (] & KX
CASE JK 15
when "007 => Q <= Q7
when 01" => Q <= 0"
when “10F => Q <= "I
when "117 =2 Q <= oot (OQ)
when others = Q <= X"
END CASE:
END IF:
S8 Q<=Q
END PROCESS:
END d¥p;
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56
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(T8 2) K ZLEEY vioLRH 2L
(Fig. 2) JK Rlip-Flop and VHDL Modeling.
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library TEEE;

USE IEEE.std_logic_1164all:
ENTITY 47 15

PORT (data, clk, reset @ m std_logic &

= ot std_togicl:
ENDap

ARCHITECTURE chip OF of IS
BEGIN
PROCESS (clk) BEGIN
S1: IF (clk’event and clk = '1' ) THEN
5% IF (resst = '0°) THEN
% q <= 0%
ELSE
54 q <= data;
END IF:
END PROCESS:
END chip;

(32 3) D ZRIZS I vHDLR HE.
(Fig. 3) D Rip-Flop and VHDL Modeling.

FrF

2 4= TEHEET VHDL 2 5e ekl A

oig}.

library IEEE:

USE

IEEE. std_logic_1164.all;

ENTITY & IS

zat l

FF

ik

85

PORT (SET, CLK : in std_logic:
Q ! out std_logic )

END of :
ARCHITECTURE chip OF (f IS

signal wnp.a - std_lagic;

BEGIN

PROCESS (CLK, SET) BEGIN
IF (SET = '1") THEN
tmpg <= 1" :

: ELSIF (CLI'event and CLK = ‘1") THI

unp_g <= not {tmp_ak
END IF;

END PROCESS:

Q <= wmp_w

END chipi

(32 1) TEEEST vHDLE YR,
(Fig. 4) T Aip-Flop and VHDL Modeling.
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vio EXEC OBSOBJ DND
VIE DNE OBSEXPR TR
EXG OBSEXEC
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<4 1]

G1:VIO at time ty:reset=1;

G4:VIO at time ty:set=1;

(@A 2

G2:EXECUTE S2 at time tg;
G3:OBSERVOR] at time 10 for 0 or [ value;
(24 3]

G5:EXECUTE $4 at time ty;

G6 : OBSERVOBI at time t0 for 0 or 1 value;
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[ 1

G1:OBSEXEC 83 at time 1, (“01"=) Q(='0")=TRUE:

G2:0OBSEXEC $4 at time t, (*10"=)Q(="1")=TRUE;
G3:0BSEXEC S5 at time t, (“11" =) Q {(=n0ot(Q))
=TRUE;

G4:0BSEXEC 56 at time t, (“00“=)Q{(=Q)=TRUE:
[ 2]

G5:VIO S2 at time 1o

G6: EXECUTE S1 at time {p;

(24 3]

G7: VIE at time to: (clk‘event and clk=‘1")=TRUE:
G8: VIO at time t;—1 clk=1;

(et 4]

G9: VIQ at time 151 clk=0;

G10: EXECUTE §7 at time 1,3
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(24 1]

GI1:VIO at time {,:Q=1;

G2:VIO at time ty:Data=1;

(&4 21

G3:EXECUTE S3 at time 10;

G4:VIE at lime {,—1:0=1;

[2A 3]

G5:EXECUTE S4 at time t,;

G6:VIE at time t,—1:D =13

[ 4]

G7:EXECUTE 81 at time to;

.G8: VIE at time t: (clk’event and clk="1")=TRUE;

(274 5]
G9:VIQ at time tg:clk=1;
G10: VIO at time tp—1:clk=0;
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G1: VIO at time ty:tmp_g=0;
G2:VIO at time t:set=1;
[&A 21
G3:EXECUTE S$2 at time 1,3
G4:EXECUTE 54 at time ty;
G5:VIE at time ty-y:set=0;
(&4 3]
G6:EXECUTE S$3 at time 1p:
G10:EXECUTE 55 at time tg;
(A 4]
G7: VIE at time to:(clkevent and clk =*1")=TRUE;
(@A 5]
G8: VIO at time tp:clk=1;
G9: VIO at time ty—,:clk=0;
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(Table 2} RS flip-flop test pattern.

(1):R=)0 $=)0 Q=))1,0
(2):R=)0 S=)1 Q=»0
{3):R=)0 $=)0 Q=1

Faulty output 1:T(R. 8) ={(0 1), (0, 0)}
Faully output 0: T (R, 5)={(1 0), (0, 0)}
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{Table 3} JK flip-fiop test pattem.

(13:QM=)0 J=)0 K=)0 CLK=)1 QU+ 1)=)>0
(2):Q(M=)0 T=)0 K=)1 CLK=)1 Q(t+1)=)»0
(3>:QM=>0 J=)1 K=)0 CLK=>1 Q(t+1)=))1
4Y:Q0=)0 JT=)1 K=)1 CLK=)1 Q(+1)=))1
{5):Q)=>1 J=)0 K=)0 CLK=)1 Q+1)=)1
{6):QM)=>1 J=)0 K=)1 CLK=)1 Q(t+1)=)}0
(73:QM=>1 =21 K=)0 CLK=)1 Q(t+1)=))1
(8):QM=)1 J=)1 K=)1 CLK=}1 Q(t+1)=))0

Faulty output 1: T, K, CLK)={(011),001),(1 1 1)}
Faulty output 0:T{J, X, CLK)={(101),©01), (11 1)}
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{Table 4) D flip-fiop test pattern.

Reset =) 1
(1)>:D=)0 CLk=)1 Q=10
(2):D=)1 CLk=)1 Q=1

Faulty output 1:T(D, CLK)=(0 1)
Faulty output 0: T(D, CLK)=(1 1)
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{Table 5) T flip-flop test pattern.

{1):Q)=>0 T=>0 Q{t+1)=)0
(23:Q()=>0 T=)1 QU+ 1=n1
(3>:Q=)1 T=>0 Q+1D=Nn1
{4):Q)=>1 T=>1 QUt+1=X0

Faulty output 1: T{T, CLK)={(1 1), (1 )}
Faulty output 0: T(T, CLK)={(1 1), (1 1)}
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