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Design of Built~In Self Test Circuit
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Abstract — In this paper, we designed a
Circular Path Built-In Self Test circuit and
embedded it into a simple 8-bit microprocessor.
Register cells of the microprocessor have been
modified into Circular Path register cells and
each register cells have been connected to form
a scan chain.

A BIST controller has been designed for
controlling BIST operations and its operation
has been verified through simulation.

The BIST circuit described in this paper has
increased size overhead of the microprocessor
by 29.8% and delay time in the longest delay
path from clock input to output by 29ns.
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ARCHITECTURE behavioral OF cstp_register IS
--Constants and signals are difined here
BEGIN
PROCESS ( parallel inm,clK, reset )
BEGIN

CASE test_signal IS

WHEN SYS =) -
oontent = parallel_in:
end if
WHEN INIT =
content 1= (others =) ‘0'):
END IF:
WHEN TEST => :
content{0) := scan.in xor parallel_in(0):

for N in 1 to 7 loop
content(N):= content(N-1) xor parallel_in(N):
end

loop:
WHEN SCAN =) :
for N in 7 downto 1 loop
content(N) := content(N-1):
end loop:
content(0) := scan.in:
END IF:
WHEN OTHERS
=> NULL:
END CASE:

parallel_out <= content:
scan_out <= content (content HIGH):
END PROCESS:
END behavioral:
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architecture behavioral of bist_con is
-- Constants and signals are defined here

begin
process{reset, clock, current.state, next_state)

in
case current.state is
when SYS =>

if start ='1° t.hen next_state <= INIT;
else next_state 4= §YS;

end if:
whe'n INIT =>

~-output sxgnals and Mtemal register are mitialized
start = ‘1’ then next_state <= TEST:
else next_state <= SYS;

if:
when TEST =>

~-Here's codes are operations of 1SFR
if countl = 50 then next.state <= COMP:
else countl <= countl + 1:
next_state <= TEST:

—- in here reqist.ers act as shift
register eval. reg(eval reg hmh
£ count2 = 48 then next_state <= EVAL;
else count2 <= coumt2 + 1:
next_state <= COMP:

pRaP PN

¥ 9 BIST Alei7]¢] VHDL 243

olo|maZ 2 AN 7 BE Yo 74 ok

- 726 -

BXE B 28 1MW 96



HR A7l AA 2o dA

a9 10 ¥4 3= BIST7H

% 2E #AA2=H BIST #7189 i+ #A
s

g4 A2 ETFPHE volARZZAAY
AAA2HE AC, BILBUF, EX_IR, IR, MAR,
MBR % 5% 6 /Mein |, o]52 =F 4
2 #AAse2 dAg

g4 Z 2 BIST7} A4€ vlo]a2 X2 A4
9o EEEE [29 10} JEMAT

a2 11 &2 H2 A28 Agdeld 3y

[z9 1le #4 A=z A2g=z FAHL
BI_BUFe] #Al 2= T3 AlE#Hold #¥$
Boln uut. #HA=E Y F}Y contentE BY
Z ggnitt #Axee HEYYEA BUFIN
&3 A4 9¥ql SCANIN #& ¢%sx o
A 919 HEg BHE PSS & F Ut o
71A e it 49 Y2 HE 23
BID_BUSE &3 ©& =% 3= &9 3
o2 oy  FAd  HFE ¥
SCAN_OUT & %3 &4 22 W9 oz
dA 2 HE Jgozg Aot

g9 nlo|ARZTZAA

2@ 12, BIST Aoj7]9) Algdold %

[719 12]= BIST Aojz1e] AEdHold 3}
g Holm Yr}d BIST Aloj7]7b INIT Arel
o o TEST_RESET £¥<& lowdHE /X
3® BIST Alel7] 99 H¥-& BIST A7
o] TEST_RESETES = H &9 RESETL®E
At BIST Aol719 Wy dA2HE 84
AR ¥FPHEE gcan_in ¥FE ol &
g Y%k o o] FedE #E 42H
< g

2E ZAA7F U¥ BIST_END 2&3o]
high #& %3, 173e] U 32d isiA
BIST Alel7]1& BIST_RESULTO] highZ &9
51 "2 AAE FHEA Eii= 2
W& A& BIST_RESULTS lows & ¥ 3t

Altera2] FLEX 10k& target technology®
g elo]l® AlEdolAd A3z BIST 3zg W*
a2 ge vlolazZz Mg A 71 NAE
2t Az 27 JA YN HE

=727 -



905 ABRBFTITE A T HEABMAR B H2% $1% 996

TTE

2% 13. BIST ZEE#9 §447

Al ¢ (clock-to-output)® 33.1ns°l™, ¥
4 A2 BIST 328 33§ vlo]Az2 X 24
A9t 360nsEA BIST 32z 8 <
29ns Y=o Ad A9 F77F AATH

Altera’te] FPGA FLEX 10kE& 4oz ¥
A% A F 445 719 LC(Logic Cel)7} AM&
Ao, BIST 32 & 71 2 +4 249
BIST #oj7]:= 97 719 LCE A8, BIST
H2E WA HA g rlojazza AN
FEE 2F 312 /49 LC7L 29228, BIST
22 A% QW =t (445 - 312) / 445 =
29.8%0°]9, o] & BIST =Aloj7]& A&& &
ARz 98 onFdEE (445 - 97) - 312)
/ 445 = 8.089%°] T}

BIST 327} akzlsts WA & BIST Ajo]
7} B2 AA BIST 35 B3 723%2 o
< A Jvebgoy BIST 528 &% g4
A melazT2 AN 4o AL R
o]7] @ &o|v, BIST 4% dti4 =71 Ad$
£ o] "|&o] &A & Rojt}.

5. &
B =FdAE 84 22
A2E 8 ¥E vlo]aR T2
t}. BIST 3Z¢ nlojdz =z i)
VHDLE 71&3ts] g4t
VHDLZ 7]¢® 329 AggoidAs
Aldecrt9] Active-VHDLE AMg3tgod, ¥
‘golE SynopsysAtel 4 £&, 283z A

AMg8tE BIST
Fase
A=

% 32t Alterarl® MAX+PLUS 1= 74
a3

AEgEolAE T TEE BIST =29
84 A2 AA2E7 ga Yo dHds AA
g3 FA0l 29 dste 4HYE HAY F
AN ew, Eoldl AEH )AL FP3to] A%
7 ARA BIST 322 A% Ade] ¢
29ns AR Eoldg FAsAG.

FPGA ® 4 A] target technology: Altera
FLEX 10kE& AME3t9a o A% 4 F=
BIST 3=zg& F8% nolaz Tz gfxs F
445 719 LC(Logic Cel)& Ar&3lgen ol
7bedl 133 7§98} LCE BIST 8o} Al&5
o] ¢ 298%9 LC Al€9 F718 HgEon,
BIST Aoj71& A9 @4 Azqte] ou3F
=& 808%% AL FAH & AUt

A |

[11 S. Pilarski, A. Krasniewski and T. Kameda ,
"Estimating Testing Effectiveness of the Circular
Self-Test Path Technique”, IEEE Trans. on CAD,
Vol 11, No. 10, October 1992, pp. 1301-1316

[21 M. M. Pradhan, E. J. O'Brein, S. L. Lam, J.
Beausang, "Circular BIST with Partial Scan”, IEEE
International Test Conference, 1988, pp. 719-729

[3] M. Abramovici, Melvin A. Breuer and Arthur D.
Friedman, Digital Systems Testing and Testable
Design, IEEE press, New York

[4] K. Kim, D. S. Ha and J. G. Tront, "On Using
Signature  Registers as
Generators in Built-in Self-testing”, IEEE Trans. on
CAD, Vol. 7, No. 8, pp. 919-928, August 1988

[5] A. Kraniewski and S. Pilarski, "Circular Self-Test
Path : A Low Cost BIST Technique for VLSI
Circuits”, IEEE Trans. on CAD, pp. 46-55, 1989

[6] Douglas J. Smith, HDL Chip Design, Doone
Publications, 1996

[7] o @3, iixA 2 M4, FHEH4), 19%6

Pseudorandom  Pattern

- 728 -



