
IN2P3
Fundamentals of Digital & Analog 

System Testing

Michel Renovell

Ecole Numérique IN2P3



IN2P3

process begin
wait until not
CLOCK'stable
and CLOCK=1;

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

TOGGLE;
end if;

end process;

Test (preparation)

Application

IntroductionIntroduction

end process;

Technology

Test

Design
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Problem

Design

Layout ?

process begin
wait until not
CLOCK'stable
and CLOCK=1;

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

TOGGLE;
end if;

end process;

IntroductionIntroduction

Design Error

Manufacturing

Layout ?

ProblemDeviation & Spot
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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;

Design

Layout ?

IntroductionIntroduction

Manufacturing

Layout ?
ProblèmeDeviation & Spot



IN2P3

Digital Circuit

n m
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IntroductionIntroduction

• Boolean Testing
• Test Patterns
• Go/NoGo

11010... 00011...
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Digital Circuit

n m

00101...
.............
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11010...

10110...
.............
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00011...

IntroductionIntroduction

• Exhaustive Testing   
• 264 patterns
• 1020/100MHz = 1012s  
•

11010... 00011...

• Realistic Test 
• 10s / 100MHz  
• 109

• 1 / 1011=> 5850 years
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Pe = rule of 10
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I) Criteria to stop the test generation
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I) Criteria to stop the test generation

=> Estimate how many faulty circuits  not yet detec ted (e?) 
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IntroductionIntroduction

II) Criteria to optimize the test generation

T
m.T.Pt  e.Pe

go.Pg - m.Pm

T

€

II) Criteria to optimize the test generation

=> Estimate how many faulty circuits are detected b y each vector
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III) Criteria to make circuit Testable

=> Propose circuit modifications
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CircuitCircuit
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±±±± Variations ?

Deviation
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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;

Design

Pd i

T

Pout
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Se=∆∆∆∆ Pout/ ∆∆∆∆Pdi∆ ∆

Fund. PropsFund. Props

Manufacturing
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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;

Specification ?

Amplitude : A /       ⇒⇒⇒⇒D F A * Se <<<< T ?

A

Se

T

Fund. PropsFund. Props

∆∆∆∆ Ps
∆∆∆∆ Pdi

Sensitivity : Se =

Amplitude : A /       ⇒⇒⇒⇒D F

Tolerance : Po /        ±±±± TS

A * Se <<<< T ?

A <<<< T / Se ?

Robustness



IN2P3

process begin
wait until not

CLOCK'stable
and CLOCK=1;

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

TOGGLE;

end if;
end process;

Specification ?

Low T/Se High T/Se

A <<<< T / Se ?

Robustness

Fund. PropsFund. Props

Spot
Large
Scarce

Deviations
Small
Systematic

Spot
Large
Scarce

Low T/Se High T/Se
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Digital
process begin
wait until not

CLOCK'stable
and CLOCK=1;

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

TOGGLE;

end if;
end process;

Specification ?
- Logic
- Timing

Fund. PropsFund. Props
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0

1
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Digital
process begin
wait until not

CLOCK'stable
and CLOCK=1;

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

TOGGLE;

end if;
end process;

Specification ?
- Logic
- Timing

Fund. PropsFund. Props

OutIn

µ µ µ µ 
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OutIn
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Digital
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In
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Deviation
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R

C

V0 Vs(t) 
RC t
V0

t

Vs(t) 

Slope

T ?

Analog

Fund. PropsFund. Props

V0 Vs(t) 

#

R

D

A
#

C

D

A

T ?
#

Slope

S Se ?

Variable T/Se Circuit Dpt



IN2P3

AnalogDigital

Deviations Small &  Syst.
Spots Large  & Sc.

Low T/SeHigh T/Se

Spots Large  & Sc.
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AnalogDigital

Spec Oriented TestDefect Oriented Test

Test
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AnalogDigital

Spec Oriented TestDefect Oriented Test
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Digital 
Approach 

Digital 
Approach Approach Approach 
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2n

VT

Digital ApproachDigital Approach

Spot-Free Digital Circuit <=> In Specification

For each possible spot
Compute a stimuli
that reveals its presence   

Test Pattern
List   
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R R

Digital ApproachDigital Approach
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1,5V
1,5V

0V/1,3V

1,5V/0,2V

Digital ApproachDigital Approach

0V/1,3V
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11 0/1
1/0

1

X
1

X S@1

Digital ApproachDigital Approach

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

• 106 gates
• 106 nodes
• 106 S@0
• 106 S@1
• 2.106 vectors

Digital ApproachDigital Approach

1/01

10

0

1/0
S@0

1

0

1

1 1

0
0 • 2.10 vectors

• 100Mhz

Physical Structure  <=> Logical Structure
- Each Logic node S@0
- Each Logic node S@1
- TPG

1 0
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Digital ApproachDigital Approach

I) Criteria to stop the test generation

FC = #S@  
100%  

T
2nT0

%ND
%DF

Fault
Coverage

I) Criteria to stop the test generation

=> Estimate how many faulty circuits  not yet detec ted (e?) 
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Test GenerationTest Generation
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Vi => (S@1, S@2, S@3,...)

Circuit Description

Fault Simulator

Vector ListFault List

Test GenerationTest Generation

FC=
DF

TF
100%  

Select

T
1000 10000

Compute

Random  

90%  
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Compute <=> ATPG
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1/01
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Cost

Test GenerationTest Generation

11

10

0

1/0
S@0

1

0

X

1 1

x
0

S@0

• Desired e (Application)

• Desired FC%

• Structural ATPG => Vectors

• Minimal number

S1

S2

S3

Cost

T6
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FC 90%

11

10

0

1/0
S@0

1

0

X

1 1

0
0

S@0

• S@1 => S1=(T11 or T12 or T13 ...)

• S@2 => S2=(T21 or T22 or T23 ...)

• S@3 => S3=(T31 or T32 or T33 ...)

• .........

S1 and S2 and S3 and ..

FC 98%

FC 90%

T=(T1 +T2 +T3) (T1) (T2 +T4)
T=T1T2+T1T2T3+T1T4

+T1T2T4+ T1T3T4
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11

10

0

1/0
S@0

1

0

X

1 1

x
0

S@0

Cost
• 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

ATPG

S1, S2,…., Sk

Vector

Test GenerationTest Generation

Compute
90%

98%

Fault Simulation

Circuit Description

Vector List

Vector
Random VectorsT

1000 10000

Compute
ATPGRandom

FC=
DF

TF
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1/0

10

0

1/0
S@0

1

010

Test GenerationTest Generation

• Backward justification

• Conflict

• Backtrack 

• Limited number Backtrack

•
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#  

m  

g  

T
T

b  

0
II) Criteria to optimize the test generation

Test GenerationTest Generation

T
m.T.Pt  e.Pe

go.Pg - m.Pm

T

€

II) Criteria to optimize the test generation

=> Estimate how many faulty circuits are detected b y each vector
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Design
For 

Design
For For 
Testability

For 
Testability
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11

10
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1
S@0

1

010

11
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1
S@0

1

01T=0

DFTDFT

• ATPG / Backtrack

• FC < Desired FC (98%)

• Modify the Structure  

Design For Test 
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Combinational Logic

Controllability
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Observability

00

S@0
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Sequential Logic
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Sequential Logic

1 11

S@0
PIi

POi

tn

Structured DFTStructured DFT

0
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1
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1

FF

1/0
SIi SOi

.

.
FF

S(tn)

tn-1 tn+1
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PIi POi

Sequential Logic

Structured DFTStructured DFT

SIi SOi

PIi POi
tn

Sequential Logic

ATPG unfeasible

SIi

PIi POi
tn-1

SOi

PIi POi
tn+1
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I1
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Structured DFTStructured DFT

FF

..
k=100

2k=1031

11

NT=2k/4

~ 107

Lseq = 10 7 x Lcomb
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I1
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• Lseq = 2 x Lcomb
• Npin = 2k+1
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I1
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Structured DFTStructured DFT
SCAN Design
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Sequential Logic
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III) Criteria to make circuit Testable

=> Propose circuit modifications
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Fault List

S1, S2,…., Sk

DFT insertion

Circuit Description

Testable
Circuit Description

Testability 
Meas.

ATPG

Fault Simulation

S1, S2,…., Sk

Vector List

VectorTestable
Circuit Description

Random Vectors

FC=
DF

TF
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Built –In 
Self-Test

Built –In 
Self-TestSelf-TestSelf-Test
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FFFFFFFF

Max:
24 vect.

Counter

BISTBIST

24 vect.
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FFFFFFFF

Feedback 
Shift 

Register

BISTBIST

FFFFFFFF
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FFFFFFFF

0                        0                        0                        1

? =1                        0                        0                        00001

BISTBIST

LFSR = Linear Feedback Shift Register
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1                        0                        1                        0

0                        1                        0                        1
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FFFFFFFF

0                           0                           0                           1
1                           0                           0                           0
1                           1                           0                           0

24 – 1
Vectors !

BISTBIST
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LFSR2

FFFFFFFF
X2

P(x)=1+X3+X4

LFSR1

X2

15 vect. X3 X

X3 X

BISTBIST

FFFFFFFF
X2

P(x)=1+X2+X4

X4 +X2 + 1 X2 +X + 1

X2 +X + 1
X4 +X3 + X2

X3 + 1
X3 +X2 + X

X2 +X + 1

6 vect.

P(X)= ∑Xi with X in B= 0,1

XOR, AND

Primitive P(x)         2 n-1

Galois Field

X3 X

X2 +X + 1
0



IN2P3

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

BISTBIST

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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Random
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1000 10000
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� Seed/Clock � Reconf Polyn�Test Length 2



IN2P3

G
en A
na

F
F

F
F

F
F

LC LC

I1 O1

BISTBIST

F
F

F
F

F
F

F
F

F
F

F
F

F
F

n FF

Max:
2n vect.

LC LC

I1

In

O1

Op



IN2P3

G
en A
na

F
F

F
F

F
F

LC LC

I1 O1
110101

BISTBIST

F
F

F
F

F
F

F
F

Aliasing
P=1/2

LC

I1

In

O1

Op

0

0

0

0

10

0

0

1

1



IN2P3

Internal
LFSR

FFFFFFFF
X2X X3
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P(x)=1+X2+X4

BISTBIST
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