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A FPGA Implementation of BIST Design for the Batch Testing

Kang Hyeon Rhee'

ABSTRACT

In this paper, the efficient BILBO(named EBILBO) is designed for BIST that is able to batch the testing when
circuit is designed on FPGA. The proposed algorithm of batch testing is able to test the normal operation speed
with one pin-count that can control all part of large and complex circuit. PRTPG is used for the test pattern and
MISR is used for PSA. The proposed algorithm of batch testing is VHDL coding on behavioral description, so
it is easily modified the model of test pattern generation, signature analysis and compression.

The EBILBO’s area and the performance of designed BIST are evaluated with ISCAS89 benchmark circuit
on FPGA. In circuit with above 600 cells, it is shown that area is reduced below 30%, test pattern is fle-
xibly generated about 500K and the fault coverage is from 88.3% to 100%. EBILBO for the proposed batch
testing BIST is able to execute concurrently normal and test mode operation in real time to the number of s +»
+(25/22—1) clock(where, in CUT, # of PI;n, # of register, p is order # of polynomial). The proposed algorithm
coded with VHDL is made of library, then it will be widely applied to DFT that satisfy the design and test field
on sme time.
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[+ Algorithm of BIST for the batch testing +/
Factor : NORMAL_TEST, SI, SO, PSA, Zo, PI, PO;
begin BIST
begin
NORMAL : NORMAL_TEST == high;
CLK event'l
PO <= Reg_l « PI, /* Normal operation */
end NORMAL
begin
TEST : NORMAL_TEST == low;
CLK event'l
PI <= Reg_1 +- SI, /* Initial test pattems by
singular cover */
Zo <= Reg_2; /* On-*line checking */
Pseudo random test patterns <= Reg_2; /* Test
pattern generation */
PO <= C/L <= Pseudo random test patterns:
/% Output */
PSA <= Reg_3 « PO; /+ Parallel signature
analysis */
end TEST
end BIST

(28l 5) H|ets BisT Y1A|E
(Fig. 5) Aigorithm of proposed BIST for the batch testing
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process(NORMAL _TEST, TP_EN, PI, INIT_TP)
begin
if NORMAL TEST ='1" then
G <= PI,
else
if TP_EN ='1' then
G <= INIT_TF:
else
G <= PL
end if;
end if;
end process:
process
in
wait until CLK'event and CLK = 1"}
MODE _SEL <= To_lnt(CLK_COUNT);
CLK_COUNT <= CLK_COUNT -~ 1"
EBIL_OUT <= LFSR;
TP_EN <= '0";
if NORMAL_TEST = ‘1’ then
EBIL_OUT <= EBIL_IN;
CLK_COUNT <= "0000";
else
TP_EN <= '1";
P_COUNT <= PO xor PSA ;
PSA <= P_COUNT;
if(({MODE_SEL=0) and (MODE_SEL > 0) and (MODE_SEL <4)) then
REG2 <= SI & REG2(3 downto 1)
elsif ((MODE_SEL > 3) and (MODE_SEL < 7)) then
LFSR <= SI & LFSR(2 downto 1);
SO <= LFSR(0);
elsif (MODE_SEL = 7) then
INIT_TP <= REG2;
elsif ((MODE_SEL >7) and"(MODE_SEL <15)) then
LFSR <= (LFSR(2) xor LFSR(0)) & LFSR(2 downto 1)
20 <= LFSR(0);
end if;
end if;
end process:

(2%l 6) S27 EBILBOS] VHDL RES) =2 M2 B
(Fig. 6) Process statement of S27 EBILBO VHDL coding
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(Table 2) EBILBO operation results of BIST proposed

Bench A) (B) EBILBO Area Test time Fault
mark PI | PO Orig. EBILBO FF overhead | Test length(p) | on 20MHz, | coverage
Circuits Cells(FF) | Cells(FF) | area(%) | added(A:B) (u sec.) (%)

s27 4 | 13(3) 121 27 22 9.31 8 (0) 0.70 100
5208 11 2 104 (8) 305 (61) 20 293 256 (0) 13.70 99.2
5298 3 6 133(14) 325 (68) 21 244 16,384 (0) 819.77 96.3
5344 9 11 175(15) 392 (87) 22 2.24 32,768 (0) 1,639.55 914
$349 9 11 176(15) 392 (87) 22 2.23 32,768 (0) 1,639.55 94.8
s382 3 6 179(21) 435 (98) 23 243 524,288 (2) 26,215.55 87.8
$386 7 7 165 (6) 223 (48) 22 1.35 64 (0) 3.80 88.3
5400 3 6 185(21) 435 (98) 23 2.35 524,288 (2) 26,215.55 88.5
5420 19 2 212(16) 469(108) 23 2.21 65,536 (0) 3,278.50 96.4
s444 3 6 202(21) 435 (98) 23 2.15 524,288 (2) 26,215.55 90.1
s510 19 7 217(6) | 337(72) 21 1.55 64 (0) 4.40 88.1
§526 3 6 214(21) 435 (98) 23 203 524,288 (2) 26,215.55 91.6
$526n 3 6 215(21) 435 (98) 23 2.02 524,288 (2) 26,215.55 924
5641 35 24 398(19) |  690(155) 22 1.73 524,288 (0) 26,217.05 94.7
s713|  35) 23|  412(19)| T713(179) 25 1.73] 524,288 (0)| 26,217.05 97.8
5820 18 19 294 (5) 337 (8D 24 1.15 32(0) 2.70 88.1
s832 18 19 292 (5) 337(81) 24 1.1§ 32(0 2.70 89.3
5953 16 23 424(29) | 711(153) 22 1.68 524,288(10) 26,216.60 87.7
s1196 14 14 547(18) 478(109) 23 0.87 262,144 (0) 13,108.75 91.5
51238 14 14 526(18) | 478(109) 23 091 262,144 (0) 13,108.75 92.4
s1488 8 9 659 (6) 236 (50) 21 0.36 64 (0) 3.85 96.3
51494 8 9 653 (6) | 236 (50) 21 0.36 64 (0) 3.85 95.7
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(Table 3) Correlation table of Pl, PO, original FFs and

EBILBO
PI PO Orig. FFs | EBILBO Ceils
1.0000(22)
PI Ps=. - - -
b .7366(22) | 1.0000(22)
Ps=.000 | Ps=. - -
orie. FF .0229(22) | .2335(22) | 1.0000(22)
M8 TS| ps=.919 | Ps=.206 | Ps=. .
EBILBO | .6062(22) | .6583(22) | .8036(22) | 1.0000(22)
Cells Ps=.003 | Ps=.001 | Ps=.000 Ps=.
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