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Abstract

Development of semi—conductor manufacturing process technique is caused
much cost and increase of time not only design of circuit but also test of
circuit, so BIST(Built-In Self-Test) is widely used by solution method for this
test cost and time. However, according as circuit is integrated gradually, it is
a problem to increase test time and hardware overhead by data signal and
many pin numbers. And existent test pattern generation method has much
restriction. Therefore, it must be needed research that can perform test
corresponding change of design method and test method.

In this thesis, proposed BIST is presented method of efficient test pattern
generation and allocation to reduce test time about circuit and hardware
overhead. The first step in this method is that VHDL structural level code
convert to graph to analyze easily. The second step is finding node that node
length amounts to 1 from nodes ,to , primary, input in graph and is making
input sets after gathering inputs entering the node. And then it generates test
pattern with decreased input number according to each input set. Finally it
properly allocates generated test pattern to input sets and performs test.

BIST was performed in several object circuits by proposed algorithm. The
applied BIST simulation result shows that test time was remarkably reduced
after making input set and hardware overhead was reduced by the compared
result of area after synthesis of proposed BIST.

The proposed BIST is expected to be utilized by efficient design and test

methodology because there is advantage that reduced design time also.
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Table 2. Pattern generation by 4 bit LFSR with primitive polynomial

State F/F 1 FIF 2 F/F 3 F/IF 4
Sy 1 1 1 1
S 0 1 1 1
Sy 0 0 1 1
S3 0 0 0 1
S4 1 0 0 0
S5 0 1 0 0
Sg 0 0 1 0
S7 1 0 0 1
Sg 1 1 0 0
Sg 0 1 1 0
S10 1 0 1 1
S11 0 1 0 1
S12 1 0 1 0
S13 1 1 0 1
S14 1 1 1 0

S15= Sg 1 1 1 1

A% 7% opgalel o8 FAE LESRo] AAss +U< o)A} F2g] Folo]

g} F-2m, 7] LFSR2 Z7I#wt AAstd 2o oef Aoz H2E 3



H2E o 328 gasts $ge 38a 54

=
XN

Fojof st W 7o ggo] AAHE A4S B2 7Y &£%S 9= s
webA olgl A EHEE dlolHY o] BV wid oF 7lEe] HQdit
(Vishwani D, 1993)

=]
B
HA} Zz2ke] BF ol ol Aol = IE2 mAo U= =2 Aust

TRP= d5S sdste Wl w2t o 77 s ghrh(Parag K,
1997) 1 % 7b& e e 29 UEys 19 e E FEE ol8dhe 1
AT G5 7IHez pilel A 8 Adnd R a5 03 pAkele] gho] Ha
webr ol & 9% AF7I7F dasd "ok wd A T4 A 19 F7F phE
A ol pe 13 (p—p7le] 002 EFo] Ydoid o F =AY vt 2
F agel YA AP 4ol ®nh mEkd AEF pot oY 2AHE FES
( ,C,—Delth  wWebAM o] 24 FEe v&3t 2ol FAETh(K. Kim,

1988)

_12_



C —
Paliasing = 2 n__ 1 (7)

5o 2 AE=F(Syndrome) HAF HHLE e fEHS M 27 3|2 97
Mol A4 A= 7kl 2 we] 19 A7 g FES F32 ALESHA HE
A

gl ol& A=Foletal vk =g o] AEFe g3 o] Hod 5 3l

(8)

ol Ho] 7} ¥ (Transition Counter) HH o] ¢lth.
ol &Y FAolA 0014 1 = 104 0229 o] &5 AL&dte] Fo= ALE
st Zelth. dE 5o, =¥ Al¥A7F Z=100111010 =4 Hel JHeH
o(2)=5 7t Avh. kA, dA e &8 AE2E AFste A =gdes A
o] ik ZpA AL A g A "k o]l Frb ade] I AleA] e AEf

Aol ok vh2ntd, CUTel o]l &AsiAtaL & 5 gk, Aol 7h2¢ U
[<3]

[>
Ll
,
e,
ko
N
g
o

22 A deolH
k]

129 =g 4ol Hol 7 ;o] WA e el ol £

ox,
o
toty
it
=2
2
X
o,
X
&
1o,
-
fol
)
>
A
0e)
N
)
lo,
Y,
>
>
hins
)
o
)
¥
o
=)
-z

<
= AW (p—D7HA 7bsskar, o el =M7F vkH= A9+, C, °13L, 0

3} 10] HOE B ER RE Hed £, ¢, = Bk oA o



i)
N
i1t
s
i
rlo
o
o
i
i
o

on—1C,—1
Paliasingz 2n _ 1 (9)

T aA 7P deE AREEA e WMMe FE 247

)

TRP <t= 7]
(Signature Register) ®Holth. o] W& 11 HeolE & o HES R3%
(Signature)z} =2l @Y 3=z A7 WHOR F3&= 1 HolH E&
n HIES LFSRel 4¥A7 o= A& 4 9tk Fig. 55 1 745 EAth

oF <ol Az o] HW FE BAYY Aze fAxEHdE 43

LESReI A shibe] el# <€ 47k EX-OR © =27} 4stl frh. %5 24
el #F AALE e dolde UuAE 2 e odd Ut 7}
dole de] B4E mash: Hivt Ak % swe 299 kAl gdown

= XL

_,4
W
e
et
1o,
5

Stal LFSRE A4t S22 Abgshs WHoeR o7 9% $357

o] Ho] ¢35 AFA7IA Hrh

To Data Display

Data Stream—» n-Bit Shit Register

Fig. 4. Signature Register

oo
_‘01_‘,
o,

Fig. 49 828 A} =
gl ol = @5 ¢4EA
9AE A% AAsE Ae WARS dolme, HEHO

UmA S 459 volH® tFsta olE HAshes Aer 1 Ads s



HZ 5o =9 vlolE]E H & (Signature)dtil 3d}al, Fig. 49 2& 3=
24 7](Signature Register)#}aL 3k},

Fig. 5= 4 bit & &47]1¢] & defa

Ll
-z
fols

t
stream » > 1 > 0 > 3 . Q(x)
I(x)

Clock 1 t 1 t

Fig. 5. 4 bit Single Input Signature Register(SISR)

agelA 4= deoly do] [(x)eli E8 ANE7t Q(x)= YEH AL, 27] Fhel
0 olzt 7k4stat a8l EHEFS] wHAR AHE Ryt EASE 2 (10)

ol Ayt At

A(x) R(x)
P(x) = Q(x)—|— P(x) (10)

A (10)elM  P(x)= LFSRE 7] A4 oltt.  Fig. 5+ shuvbe] o &4

i

b= B BEA7)olrE wd 8 B35 EX7|(SISR |, Single Input Signature
Register)o] 2}l F-E&1},
n7ﬂ94 ;EJ_;]B:I]%\:I

2ol Al

.

of AHEENE W ol Mol A HES BHW, gyl A

ofo

9 A9 ohg A3 2ol og Aol dojd FEo] AL

p 2" =1 11)

aliasing ™~ 2m_1

_15_



-Palz'asz'ngz L (12)

Fig. 59 SISR2 HZ~E dolg 18 wxtE shuvwt z2ta lojA oy e =
o oS Zte dmR O 8o AfstA Fv olF EHeEe ¢ WwRoew CUT
=9 w9 ¥4d 95 7217 EX-ORE &38| LFSRZ {lgste WS AMEso)
of W ALEHEE AL Fig. 69 UE 9¥ ®3 BAI(MISR, Multiple Input
Signature Register)g}al st} o] Fx& ©d 8 FxA o8 dxE A4
3] %1 dl 7l LFSRE T3¢ A 22 a3& zter A 99 doly
de] Aol7t Fis] Avpd, 2 (12)8 A 2L o 24 FES e w3

& 2
of Bz Agay Wz HolHE A & Ak

l
o> F1/F b o> F;F b o> F/F L@* F/F

S sl il M

Input Input Input Input
stream stream stream stream

Q(x)

Fig. 6. 4 bit Multiple Input Signature Register

_16_



M. Fx4 ddo|Ae g2

[t
£
o,
03;
e
ol

ol A= 273l A 713 BISTE o] &ste] &84 HEEV} o

=

=
=
VHDL 4§ 5% % 724 48z 449 32 a&doz 489 & Qe o
o

~E " A4 2 g
1. VHDLS o]&3 AA <A

71E9] H2E WA VHDLS ol &3tel A% 328 +dd 2% 34 o
Qo] &yt Fo] H2AE dEoe] AAHY. F VHDLS ol&dte] =g AT
e A 27)dlE H2EE n8sr7t JEA He dHS A "k o)
G F5387) 98l VHDLE 7|5 g2 8 7FAa H2E dus 443d A
A Zz714 H2EE 1gd 5

Fig. 7& ® =FdA Actels H2ES 943 44 £42 Yeds adoln.
Fig. 7(a)olA] H%o] 7]&Ee H7A ¢4+ VHDLE 7|&d 3=E $4 Tools
o] &3t FAE& Atk 1¥W B HAE A A Hololx FAS ¥
o] A& wEA He golth sA % 27t B d4s VHDL 34 Al
AClE 3 327t BiatA Ho H2E dys AN 7= JEA Ak 3§
A9k Fig. 7(b)3} #o] AA 1A 3= 322 VHDL Z==2 AA3 ¥ €=
S VHDLE A7, 32 F7tate] EA711 dA H2E Jds A4A2

3

F Ee YT + Jonz Au A4

Z=r VHDL A7 “AA H2E S A3t 325 odfsty HAE

HEHS AT ¢ Jorns By S840 H2E dH gAo] 2 + Uk



VHDL coding VHDL coding

Logic synthesis

Test pattern generation

Logic synthesis

Test pattern generation i

Layout synthesis ' Layout synthesis '

(a) (b)

Fig. 7. Design flow

(a) The classic design flow (b) The proposed design flow

2. 724 U = U

B =R E x4 gz A4 % VHDL Z=E EXAst7] AsA 18 &

o
o
fu
fuj
[
[m
£
i)
ftlo
ox
?i
ot
ofl
=
~N
o
z
o
g
o
i
(L

A VHDL®] =4 ¢
2 AAY Z=E ERE HIAAY. olgA ZE=E =R WHIAZ|H A
Al glme] Fxok 4EY 9 Vlss A 24 & A

VHDL %4 #¥ A7+ netlist

sesol ol e A el

o oM
o
rlr
o
=)
i
>
i
(@)
o
B
(o)
@]
=
@]
)
S
il
rUl
o
ofo

3t 71 componentES A Z AAsIS] A|2~ES y)&stEE WA O F component

olde] AAE entityt} IP(ntellectual Property) X2EE 23ttt o]z 3h
componentE< PHA| =8 AOJEAHY oA o]o wE JEE JAE A4st] =

22 Zdg 4 9t o] W componentEd Al]EES :==(Node)dti s}lar o]

_18_
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Wg AAE Ful adder Z=o|t}. o]+ Fig. 99 Ripple-carry adder® VHDL

Z# gl AA Al component® ©o]-& ¥ T}

Library ieee;
use ieee.std_logic_1164.all;
entity full_adder is

port( a, b, ¢ : in std_logic;

sum, ca : out std_logic);

end full_adder;
architecture behavioral of full_adder is

begin

sum <= a xor b xor c;

ca <= (a and b) or (b and ¢) or (a and c¢);

end behavioral;

Fig. 8. VHDL code of Full adder
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Library ieee;
use ieee.std_logic_1164.all;
entity ripple_carry_adder is
port( cin @ in std_logic;
X, y * in std_logic_vector(3 downto 0);
s @ out std_logic_vector(3 downto 0);
cout : out std_logic);
end ripple_carry_adder;
architecture structure of ripple_carry_adder is
component full_adder
port( a, b, ¢ : in std_logic;
s, cout @ out std_logic);
end component;
signal ¢ @ std_logic_vector(3 downto 1);
begin
stageO : full_adder port map (x(0), y(0), cin, s(0), c(1));
stage1 : full_adder port map (x(1), y(1), c(1), s(1), c(2));
stage? : full_adder port map (x(2), y(2), c(2), s(2), c(3));

stage3d : full_adder port map (x(3), y(3), c(3), s(3), cout);

end structure;

Fig. 9. VHDL code of 4 bit Ripple—carry adder

Fig. 99] #+x4 AA= Fig. 10914 B AAYH == Ao, JEo] A=

QAR EEZ WL 5 Ak
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Fig. 10. Converted graph from the VHDL code of Fig. 9
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Zdol7t 1o] HE F A N2 Eo7le pres oW Hruh ogA
Length PIL(N)7} 190 N/Z°l dis] 985S 2ol [S(N,
Fig. 99| 91+ 4 M]E Ripple—carry adderd ®&¥ Fig. 108 =% Z o] §3}¢]
IS(N)E T3t71 918 WA Fig. 1249 zb prel W8l Length PI(N;)7t 12

N2 2 5k

Length x,(Node 0) =1 Length x,(Node 2) =1
Length vy(Node 0) =1 Length v,(Node 2) =1
Length c;,(Node () =1 Length x4(Node 3)=1
Length x,(Node 1) =1 Length ys(Node 3) =1

Length y,(Node 1) =1

Fig. 12. Nodes with Length PL-(N]-)ZI of Fig. 10
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begin
Convert VHDL structural level to a graph;
Find all nodes()@) with Length PI(N) =1 from primary
input ( P1,);
Gather all inputs putting in node( N;) with Length PI(N;) =1
and then make IS(N));
if input is not pP7;, then
Name suitable name to input;
end if
Find IS(n;) with the number of maximum Pf; of IS(N)s;
if the number of maximum pPJ, are several, then
Select random [S(N;) of them;

end if
Generate pseudo-random test pattern corresponding to

the number of maximum PJ;

Assign properly test pattern to PJ; of each IS(N));

end

Fig. 15. Test pattern assignment algorithm of input set
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IV. VHDL +%4 d4¥z A" BIST 7|¥

3ol dye o= Jioll e 2842 H2E dd 3 dugFol o)
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7e e o 2k
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Tabel 3. Operation of pins and additional I/O pins for the proposed BIST

Pin Name Operation

Clock Clock generation on Test
Scan In Scan input
Scan Out

Scan output from MISR

Scan Select Selection between Scan function and LFSR function

Normal/Test Selection between Normal operation and Test operation

Pass/Fail Judgment fault

Fig. 19 Fig. 99 w4 32 a4 BISTE Adst7] 9&] 34 Tools o
g3to] FAF Ajoltt, H2E A Iz UH ol

d2E g wys)s
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Fig. 19. Synthesis Result of the proposed BIST of Fig. 9 VHDL code

_32_




)

o=l A AR BIST 2 9 fetel whe H2E e 44 2 g9 4

R

)

Ast7] 9l VHDL &9 5o +x4 dd= AAd gy |28 7HA 3 3
sk St

H2E Agke] ik Algdolds a7 flal MAX-PLUS IE ©]-&3&]
AlEGolAS Fastda, st=do] eHs=s dolrr] 98 IDEC Standard
Cell Library (IDEC-C631 based on LG 0.6 pm three-metal 3.3 ' CMOS
technology)< °]-&3t] ¥4 Tool?l Synopsysol A #4d& st

WA A darelgel s Adsle= BIST 3|&7F A2 $2st=A Yolr
71 A8l Aedv. AR dadFel s EolE HAE Y FE o] &3]
HAEES Fdst7] A% o g2 Fig. 99 3=E AHg83lal, Fig. 199 o]
BIST7} A&d 3= gk Algweld Aa= Fig. 200 ek A

HEE SHAE RE g2E 9o Azle F HiE S8 2479 g

@ g A

Fig. 209] A Ed oA AZE Ay rdE, Fig. 109 W AZA 140 Stuck-at
0 o] WA SlS ) Pass_Fail®] =2 gho] To] ¥ Aoz Wol uio] 3
=35 & 5 AU wEA B o=fol A AEE BIST 3=7F A= 43S

_33_



17 Ans
|

Marme: _Walue: E.Iﬂrs BD.IDns 1DD.IDns 11D.|Dns 12D.|Dns
= clock T “-‘ | | | |
=5l 0

= Scanselect 1
= rnormal_test 1

i Input - 000000000
T Output BOOTOD | 10000 foooiy  omit ¥ oot ) ooiot joonop ) toioe 010
T Signatwre | BO1100 1Mo} oot ) oo onoo |y oo

- 50 I

o fedstagell0| B1M1 | DO ) 00 oo o oo
= pass_fail a

(a)
EI11?.5ns
Mame: nVaIue:E-PnS QD.IDns 1DD.IDns 11D.|Dns 120.|Dns
w=cock ] 1 ] | | | |

=5l 0
= Scanelect 1
= narmal_test 1
B Input - 000000000

S Oupst  BODIOO] 10000 J10001 )% oottt F 000t ) ODAOt JOOM00 ) 10100 ) 10101
Dogatre B0l w0 w0 Y oo Y o [ oo

= 50 1 |

A ferd:stagellQ | B 111 THE T

= pass_fail 1

(b)

Fig. 20. BIST simulation result of Fig. 9 VHDL code
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Table 4. Experimental results from applying the proposed BIST

implementation for various circuits

( ]Test 1Tl}r{ne | Test
715 clock <+ .
cuT Pseudo-random Time
proposed Rate(%)
Pattern
4 bit
511 12 2.35
RCA
4x16 Decoder 31 23 74.19
C17 31 5 16.13
8x1
2,047 134 6.55
Mux
8 bit
1,048,575 2,058 0.20
ALU
16 bit 4,294,967,295 272 6.33 -6
CLA y ) ] . X ]_0
Hardware overhead H/O Fault
CUT (Total cell area) rate coverage
Pseudo-random
proposed (%) (%)
Pattern
4 bit
294.6 231.1 21.6 100
RCA
4x16 Decoder 363.5 342.0 5.9 98.57
C17 140.2 109.9 21.6 97.22
8x1
242.1 174.2 28.0 836.84
Mux
8 bit
620.6 482.8 22.2 100
ALU
16 bit
1026.8 682.3 33.6 100
CLA
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> 4bit Ripple—carry adder VHDL code

library IEEE;
use IEEE.Std_logic_1164.all;
entity RCA is
port (x, v © in std_logic_vector(3 downto 0);
cin : in std_logic;
s : out std_logic_vector(3 downto 0);
cout : out std_logic);
end RCA,;
architecture structure of RCA is
component fulladder
port(a, b, ¢ : in std_logic;
sum, ca : out std_logic);
end component;
signal ¢ : std_logic_vector(3 downto 1);
begin
stage0 : fulladder port map (x(0), y(0), cin, s(0), c(1));
stagel : fulladder port map (x(1), y(1), c(1), s(1), c(2));
stage? : fulladder port map (x(2), y(2), c(2), s(2), c(3));
stage3 : fulladder port map (x(3), y(3), c(3), s(3), cout);
end structure;

> 4x16 Decoder VHDL code

library ieee;
use ieee.std_logic_1164.all;
entity 4tol6decoder is
port ( w : in std_logic_vector(3 downto 0);
En : in std_logic;
y : out std_logic_vector(15 downto 0));
end 4tol6decoder;
architecture structure of 4tol6decoder is
component 2toddecoder

port ( w : in std_logic_vector(l downto 0);
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En ! in std_logic;
y © out std_logic_vector(3 downto 0)) ;
end component;
signal m : std_logic_vector(3 downto 0);
begin
stage0 : 2toddecoder port map (w(2 to 3), En, m );
stagel : 2toddecoder port map (w(0 to 1), m(0), y(0 to 3));
stage? : 2toddecoder port map (w(0 to 1), m(1), y(4 to 7));
stage3 : 2toddecoder port map (w(0 to 1), m(2), y(8 to 11));
staged : 2toddecoder port map (w(0 to 1), m(3), y(12 to 15));

end structure;

> C17 VHDL code

library ieee;
use ieee.std_logic_1164.all;
entity cl7 IS
port ( INP : in std_logic_vector(4 downto 0);
OUTP : out std_logic_wvector(l downto 0));
end cl7;
architecture structure of cl17 is
component NAND_2
port ( inpl, inp2 : in std_logic;
outl : out std_logic );
end component;
signal INTERP : std_logic_vector(3 downto 0);
signal OUTPI : std_logic_vector(1 downto 0);
begin
stage0 : NAND_2 port map (INP(0), INP(2), INTERP(0));
stagel : NAND_2 port map (INP(2), INP(3),INTERP(1));
stage2 : NAND_2 port map (INP(1), INTERP(1), INTERP(2));
stage3 : NAND_2 port map (INTERP(1), INP(4), INTERP(3));
staged : NAND_2 port map (INTERP(0), INTERP(2), OUTPI(0));
stageb : NAND_2 port map (INTERP(2), INTERP(3), OUTPI(1));
OUTP <= OUTPL

end structure ;
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> 8x1 Mux VHDL code

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith. all;
entity mux8l is
port ( ii : in std_logic_vector( 7 downto 0);
a, b, en : in std_logic;
dout : out std_logic);
end mux81;
architecture structure of mux81 is
component mux41
port ( I : in std_logic_vector(3 downto 0);
al, bl, en : in std_logic;
Dout : out std_logic);
end component;
signal enl, rl, r2 : std_logic;
begin
stage0 @ mux4l port map (ii(7 downto 4), a, b, en, rl);
enl <= not (en);
stagel @ mux4l port map (ii(3 downto 0), a, b, enl, r2) ;
dout <= rl or r2;

end structure;

[> 8 bit ALU VHDL code

library Ieee;
use leee.std_logic_1164.all;
use leee.std_logic_arith.all;
entity ALUS is
port ( A :in Std_Logic_Vector ( 7 downto 0 );
B : in Std_Logic_Vector ( 7 downto 0 );
Cin : in Std_Logic;
Sel : in Std_Logic_Vector ( 2 downto 0 );
DataOut : out Std_Logic_Vector ( 7 downto 0 ));
end ALUS;
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architecture structure of ALUS is
component Transfer
port ( Trans : in Std_Logic_Vector ( 7 downto 0 );
Sel: in Std_Logic_Vector ( 2 downto 0 );
Result : out Std_Logic_Vector ( 7 downto 0 ));
end component;
component Transfer?2
port( Trans : in Std_Logic_Vector ( 7 downto 0 );
Sel : in Std_Logic;
Result : out Std_Logic_Vector ( 7 downto 0 ));
end component;
component Adder8
port ( A :in STD_LOGIC_VECTOR( 7 downto 0 );
B : in STD_LOGIC_VECTOR( 7 downto 0 );
C @ in STD_LOGIC;
SUM : out STD_LOGIC_VECTOR ( 7 downto 0 ));
end component;
component adder?
port ( A, B : in Std_Logic;
S : out Std_Logic);
end component;
signal Data_A, Data_B : Std_Logic_Vector ( 7 downto 0 );
signal C, notSel : Std_Logic;
begin
stage0 : Transfer port map ( B, Sel, Data_B );
notSel <= not (Sel(2));
stagel : Transfer?2 port map (A, notSel, Data_A);
stage? : adder?2 port map (notSel , cin, ¢);
stage3 : Adder8 Port Map ( Data_A, Data_B, ¢, DataOut );
end structure;

> 16 bit CLA VHDL code

library ieee;

use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;
entity clal6 is

port ( ain, bin : in std_logic_vector(15 downto 0);
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cin : in std_logic;
sum : out std_logic_vector(15 downto 0);
cout : out std_logic);
end clal6;
architecture structure of clal6 is
component cla
port(a, b : in std_logic_vector(3 downto 0);
cin : in std_logic;
sum - out std_logic_vector(3 downto 0);
cout : out std_logic);
end component;
signal ¢ : std_logic_vector(2 downto 0);
begin
stage0 : cla port map (ain(3 downto 0), bin(3 downto 0), cin,
sum(3 downto 0), c(0));
stagel : cla port map (ain(7 downto 4), bin(7 downto 4), c(0),
sum(7 downto 4), c(1));
stage? : cla port map (ain(11 downto &), bin(11 downto &), c(1),
sum(11 downto 8), c(2));
stage3 : cla port map (ain(15 downto 12), bin(15 downto 12), c(2),
sum(15 downto 12), cout);

end structure;
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