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process begin
wait until not

CLOCK'stable
and CLOCK=1;

if(ENABLE='1') then
TOGGLE<= not

TOGGLE;
end if;

end process;
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Digital Circuit
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• Boolean Testing
• Test Patterns
• Go/NoGo
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Digital Circuit

n m

• Exhaustive Testing   
• 264 patterns
• 1019/100MHz = 1011s  
•

00101...
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• Realistic Test 
• 10s / 100MHz  
• 109

• 1 / 1010
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- Criteria to stop the test generation
- Estimate how many faulty circuits 
are already detected by the generated tests 
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- Criteria to optimize the test generation
- Estimate how many faulty circuits are 
detected by each vector
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- Criteria to make circuit Testable
- Modify the circuit / DFT
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wait until not
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if(ENABLE='1') then
TOGGLE<= not
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process begin
wait until not

CLOCK'stable
and CLOCK=1;

if(ENABLE='1') then
TOGGLE<= not

TOGGLE;
end if;

end process;
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± Variations ?
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process begin
wait until not

CLOCK'stable
and CLOCK=1;

if(ENABLE='1') then
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process begin

wait until not
CLOCK'stable
and CLOCK=1;

if(ENABLE='1') then
TOGGLE<= not

TOGGLE;
end if;

end process;
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process begin
wait until not

CLOCK'stable
and CLOCK=1;

if(ENABLE='1') then
TOGGLE<= not

TOGGLE;
end if;

end process;
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AnalogDigital
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Spot-Free Digital Circuit <=> In Specification

2n

VT

For each possible spot
Compute the stimuli
that reveals its presence   

Test Pattern
List   

Digital ApproachDigital Approach ARCHI

0 ∞D Op0 ∞D
R

Sh
RSh1 Op1

0 ∞D Op0 ∞D
R

Sh
RSh2 Op2

0 ∞D Op0 ∞D
R

Sh
RShn Opn

Digital ApproachDigital Approach

ARCHI

1,5V
1,5V

0V/1,3V

1,5V/0,2V

Digital ApproachDigital Approach ARCHI

11 0/1
1/0

1
X
1

X S@1

Spot <=> Fault Model
- S@0
- S@1

Digital ApproachDigital Approach



Page 8

ARCHI

11

10

0
1S@0

1

x

x

0

Cost
• 106 gates
• 106 nodes
• 106 S@0
• 106 S@1
• 2.106 vectors
• 100Mhz

Physical Structure  <=> Logical Structure
- Each Logic node S@0
- Each Logic node S@1
- TPG
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Metrics
FC = # detected / # total 
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Metrics
FC = # detected / # total 
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Fault Simulation :

Vi => (S@1, S@2, S@3, S@4 ...)

Circuit Description

Fault Simulation

Vector List

FC=
NFD

NFT
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Select

T
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• Desired e (Application)

• Desired FC%

• Structural ATPG => Vectors

• Minimal number
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• S@2 => S2=(T21 or V22 or T23 ...)

• S@3 => S3=(T31 or T32 or T33 ...)

• .........

S1 and S2 and S3 and 
S4......

FC 95%

Test GenerationTest Generation
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• ATPG :  

• Fault Simulation :

S@1 => T11 (np)

Vij => (S@1, S@2, S@3, S@4 ...) (ok)
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Circuit Description Fault List
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S1, S2,…., Sk

Circuit Description
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FF

FF FF FF FFXX2X3X4

k=4

Max=16 vect.

P(x)= 1+X2+X4LFSR

0                        1                        0             1
1                        0                        1             0
0                        1                        0             0
1                        0                        0             0
0                        0                        0             1
0                        0                        1             0
0                        1                        0             1
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degré degré degré

1 0 13 4 3 1 0 25 3 0
2 1 0 14 12 11 1 0 26 8 7 1 0
3 1 0 15 1 0 27 8 7 1 0
4 1 0 16 5 3 2 0 28 3 0
5 2 0 17 3 0 29 2 0
6 1 0 18 7 0 30 16 15 1 0
7 1 0 19 6 5 1 0 31 3 0
8 6 5 1 0 20 3 0 32 28 27 1 0
9 4 0 21 2 0 33 13 0
10 3 0 22 1 0 34 15 14 1 0
11 2 0 23 5 0 35 2 0
12 7 4 3 0 24 4 3 1 0 36 11 0

1)( 141534 ++++= xxxxxP

1)( 22 ++= xxxP
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Seed Selection

Fault Simulation
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Circuit Description
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Mechanical Probing more difficult

PCA

Digital
IC

Digital
IC

Digital
IC
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Electronic Probing IEEE 1149.1 digital chip
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