1346 BIRFEKEISS =2X| M3 X 5%(96.9)

251384 2] VHDL® 2%
A3 2 2d33 HEEQA

o xf glt-o & &"

2 o

2 =8 49adoAy VHDLE AHe3ta] a2 Fa Fa 4 #YEEE 2d¥3e a4 »
& Aash) AY H2EQAY ¢RAF L AG

RS, JK, D, TEY# 8L dole] 3FYE o83t ndydc) Yl Y9 7 72 mlojazg ¥
Hol A Nold2@ 3} o) e] T} & npolaz Lo Ae]d2e] AHE AojH o2 Yepd). t}E nlo]
3z LAYl AE APE AE volAaz LY ALRFMOPLA)E Ao 2 Yey7] A3t 2 g
E2 9 AYE A8 2&& M) A Fel2d =4 E o) 83k FMOPY A3 T Z(FCON)e]
g vy g, 42 $48 R R4 A2E AN Ad 4B S AN HAE AU g Y4
). 829 74 29L& VHDLS ARCHITECTURER-¢] tieole] 2§y o2 @)

Ay A2 EL C Aol YYUHZ odAE F3o] FHAE G

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

Lee Jae-Min ' - Lee Jong-han '

ABSTRACT

In this paper, we propose a modeling method for the flip-flops and test generation algorithms to detect the
faults in the sequential circuits using VHDL 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 leads 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 sensitization, path
sensitization and determination of the input combinations that will justify the path sensitization. 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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tibrary IEEE:
USE [EEE.std_logic_1164.all:
ENTITY rs_latch 1S
PORT ( reset, set : in iS!degic;
ic )i

¥ * ol sid_log
END rs_iatch.
=t RS y  ARCHITECTURE chip OF rs_latch IS
BEGIN
et F/F PROCESS (reset, set)
BEGIN

St : IF (reset = ‘0’ } THEN
S2: y<='0;
S3 : ELSE IF ( set = '0") THEN
$4: y<=1;

END IF;

END PROCESS:
END chipi

(3% 1) Rs ER1FE7 vHDL 298]
(Fig. 1) RS Flip-Flop and VHDL Modeling.
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library [EEE.
USE [EEE.std_logic_1164.all:
ENTITY jk IS

PORT (], K, CLK : in std_logic:
Q ! owt STD_LOGIC ):

I N,
F /F ARCHITECTURE chip OF jk is
(4] signal Q : STD _logic:

BEGIN

PROCESS (CLK)

Variable JK : std_jogic_vector ( 1 downto 0

BEGIN

St IF (clk’event and CLK = ‘1) THEN

s JK = (J & K&
S3: CASE JK IS
sS4 when "00" => @ <= ‘Q":
S5t when "017 => Q <= "0";
56 when “10" => Q <= "1";
ST when “11" => Q <= not (Q):
when others => Q <= ‘X"
END CASE:
END IF:
S8 Q<= Q
END PROCESS:
END chip:

(38 2) K #2E82 vipL253l.
(Fig. 2) JX Rlip-Flop and VHDL Modeling.
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livrary IEEE:
USE [EEE.std Jogic_1164.all
ENTITY & IS
PORT (data, clk, reset : in std_logic :
q : out std logic)
END ot
hta ARCHITECTURE chip OF df IS
n 9 BEGIN
Clk PROCESS (clk} BEGIN
—t FF SI: IF (clk'event and ckk = ‘I’ } THEN
- S2: IF (reset = '0') THEN
S83: g <= 0"
ELSE
$4 g <= data;
END IF:
END PROCESS:
END chip:

(3% 3) D #el# 83 vHoLR 3.
(Fig. 3) D Flip-Flop and VHDL Modeling.
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library 1EEE:
USE IEEE. std_logic_l164.all:
ENTITY & IS
PORT (SET, CLK : in std_logic;
: out std_logic )
END Y . .
sat T 0 ARCHITECTURE chip OF f IS
signat tmp_q © std_logic:
Cla F/F BEGIN
| PROCESS (CLK, SET) BEGIN
St IF (SET = ‘1') THEN
52 tmp_q <= 'l :
$3 ELSIF (CLK'event and CLK = 'I') THEN
S4: tmp_g <= not (tmp_q):
END IF;
END PROCESS:
S5 Q <= tmp_q:
END chip:
(38 4) T FRIEED viDL2 Y.

(Fig. 4) T Rlip-Flop and VHDL Modeling.
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{Table 1) Goal Type.
VIO EXEC OBSOBJ DND
VIE DNE OBSEXPR TR

EXG OBSEXEC
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<A 1]

G1:VIO at time ty:reset=1;

G4:VIO at time ty:set=1;

(24 2]

G2:EXECUTE S2 at time to;
G3:0BSERVOBYJ at time t0 for 0 or 1 value;
(2A 3]

G5:EXECUTE $4 at time ty;

G6 : OBSERVOBIJ at time t0 for 0 or 1 value;
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(24 1)

G1:OBSEXEC $3 at time t, (“01"=) Q{='0")=TRUE;

G2:0BSEXEC $4 at time t, (“10"=)Q{="1")=TRUE;
G3:OBSEXEC S5 at time tp (“117 =) Q{=not(Q))
=TRUE;

G4:0OBSEXEC S6 at time t, (“00“=)Q{=Q)=TRUE;
(e 2]

G5: VIO S2 at time t;

G6:EXECUTE S1 at time t,;

(@A 3]

G7: VIE at time t,:(clkevent and clk =°‘1')=TRUE;
G8: VIO at time to—1 clk=1;

[&A 4]

G9: VIO at time to—1 clk=0;

G10: EXECUTE S7 at time to;
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e 1]

G1:VIO at time t;:Q=1;

G2:VIO at time ty:Data=1;

(2 2]

G3:EXECUTE 83 at time 10,

G4:VIE at time t,—1:0=1;

(24 3]

G5: EXECUTE S4 at time t;;

G6:VIE at time t,—1:D=1;

<A 4]

G7:EXECUTE S1 at time ty;

G8: VIE at time t,:(clk ‘event and clk =‘1")=TRUE;

[&4 3]
G9: VIO at time tg:clk=1;
G10: VIO at time to—1:ctk =0;
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(&4 1]

G1: VIO at time ty:tmp_q=0;

G2: VIO at time ty:set=1;

(eA 2)

G3:EXECUTE S2 at time to;

G4:EXECUTE $4 at time to;

G5:VIE at time t5_,:set=0;

{4 3]

G6:EXECUTE S3 at time to;

G10: EXECUTE S5 at time to;

(et 4]

G7: VIE at time ty:(clk’event and clk ="1")=TRUE;
(A 5]

G8:VIO at time ty:clkk=1;

G9: VIO at time to—, :clk=0;
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(¥ 2) RS ZRIFH| HIAEAO|H L.
{Table 2) RS flip-flop test pattern.

{(1):R=)0 §$=)0 Q=110
(2):R=)0 S=)1 Q=No
(3):R=)0 $=)0 Q=nt

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

29 | 2AY o o] E H237) AW HZEA]
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(E 3) K EREB HAEAOIRA.
{Table 3) JK flip-flop test pattern.

{(1):Q()=)0 J=)0 K=)0 CLK=)1 Q{t+1)=))0
{2):Q()=>0 J=)0 K=)1 CLK=)1 Qt+1)=»0
(3»:Q()=>0 J=)1 K=)0 CLK=)1 Qt+1)=01
(4>:Q()=)0 J=)1 K=)1 CLK=)1 Q(t+1)=)1
(5):Q(=)1 J=)0 K=)0 CLK=)1 Q(t+1)=»1
(6):Q(=>1 J=)0 K=)1 CLK=)1 Q{t+1)=)0
(7):QM)=>1 J=)1 K=)0 CLK=)1 Q(t+1)=n1
(8):Q=)1 J=)1 K=)1 CLK=)1 Q{t+1)=)0

Faulty output 1 : T(J, K, CLK)={(011),00 1), (1 1 1)}
Faulty output 0:T(J, K, CLK)={(10 1), 00 1), (1 1 1)}

Z(Toggle)so] &¥o] 10] Hx 1FUdme 028
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(¥ 4) D HEE =] HlAEMEL.
{Table 4) D flip-fiop test pattem.

Reset =) 1
(1):D=)0 CLk=)1 Q=no0
(2):D=)1 CLk=)1 Q=n1

Faulty output 1: T(D, CLK)=(0 1)
Faulty output 0: T(D, CLK)=(1 1)

29 1 23Y W ol& @y ¥ H2EA”
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(HES5) TERESS HAEAO|NA,
{Table 5) T flip-flop test pattern.

(1>:Q(=>0 T=)0
(2):Q()=)0 T=)1
(3):Q(H=)1 T=)0 Qit+1)=n1
{(4>:Q()=>1 T=)1 Qt+1)=10

Faulty output 1:T(T, CLK)={(11), (1 1)}
Faulty output 0: T(T, CLK)={(1 1), (1 1)}

Qt+1)=))0
Qt+1)=>}1
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