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Testing

Thermal Imaging.
Powering up the chip and application of few test pattern and using high resolution IR camera
to capture hot and cold areas of chip.

https://www.infratec.eu/thermography/thermography-on-the-trail-of-the-fault/
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ATPG
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ATPG

Functional Versus Structural Testing

A B Cin 0
64 64 sa0, 1
AP —X¢ \ SUM |
sa0, 1 j : 8a0, 1
Bi :) sa0, 1
Cini 10 stuck-at faults
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Functional Test Vectots 21%°=6.8 = 1038
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17 stuck-at faults

Actaul Structural Test vectors required could be smuch lesseras multiple s — a
faults gets detected with single vector
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ATPG

Logic design of a 32-bit ripple-carry adder.

A

31— —— = C > - o )
331 [_. FA31 S 331 [ Vector n().J Bits: CypAgBgA Bad3B2A3B3 ] Input C, A, B, to FAn J
Cc 31 1 000000000 000 applied to all FAs
? —J 2 004010101 001 applied to all FAs
2 S 3 810101010 010 applied to all FAs
2r 1 011001100 011 applied to FAO, FA2 &
Ay 1 100 applied to FA1, FA3
B4 FA1 S 5 100110011 100 applfed to F‘AO, FA:‘Z &
C [" O 011 appl¥ed to FA1, FA3
1 6 101010101 101 applied to all FAs
Ao . 7 110101010 110 applied to all FAs
go — | FAO S 8 111111111 111 applied to all FAs
0 0

The first seven vectors cover all stuck-at faults. One may, therefore, use only the
first seven vectors in the manufacturing test.
Possible only for Modular Structures.
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Types of ATPG Algorithm

1. Exhaustive.
In this approach, for an n-input circuit, we generate all input patterns.

The circuit is partitioned into cones of logic, each with 15 or fewer inputs. We can then
perform exhaustive test-pattern generation for each cone.

However, those faults that require multiple cones to be activated in a synergistic way
during testing may not be tested.

(c) Binary decision diagram.
Vast changes in compute time, depending on the order in which circuit Pls are

expanded in the BDD
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Types of ATPG Algorithm

2. Random — Used With Algorithmic Methods

Set Input e
Probabiﬁties (initially p (O)="1/2, p (1) = 1/2)

h

Generate a
Random Vector
Change
; Probabilities
Simulate 4
Faults
o
aults
Cocvheergg 3 tested
Inadequate (discard vector)

Adequate
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Types of ATPG Algorithm

3. Deterministic ATPG

Symbolic — Boolean Difference

Fg=BCOMB+C)=1 !
|
Test vector(b,c) = (1,0),(0,1) S-a-0 atA

8|
F = AB + BC + CA \ |
F =A(BC) + A(B + C + BC) Shanon A —/
F = A(BC) + A(B +C) >
]
' D

6F AB+ BC +CA

Boolean dif ference, or Boolean partial derivative 54 N

E — B_C (AB+CA)

6A 6A

=(BCY(B+C)=(B+C)(B+C)=BC+BC

We can get the test vectors by mere boolean algebra
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Types of ATPG Algorithm

3. Deterministic ATPG )
Symbolic — Boolean Difference
J

For few variables Bl

F=AB+ BC + CA
F = A(BC) + A(B + C + BC) Shanon A
F =A(BC) + A(B + C) c
Fg =BC®(B + C) =1

Test vector(b,c) = (1,0),(0,1) S-a-0O-atA

BC BC BC

00|01 11 | 10 00|01 11 | 10 00|01 11 | 10

Jlolofrjrpaf| fojojoj1jolf oo l,’f‘\ 0 |/1

1({ojo0]1]0 1(of1]1]1 1{ofi1)o0fi1!

F=AB+BC+CA F = AB + BC + CA PR
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Types of ATPG Algorithm

3. Deterministic ATPG

A
F=AB+C ]
F = A(C) + A(B + C) Shanon =¥
Fg=C®(B + C) =1 ¢
Test vector(b,c) = (1,0) S-a-0 atA
0F O6(AB + () cB
0A 0A
BC BC BC
00|01/ 11 | 10 00|01 11 | 10 00|01/ 11 | 10
0|0 |11 /}21 0|01 |10 ojo|o| o0 |1
A A A —
101|110 1 (01|11 1(o|o0| 0 |i1!
F=AB+C F=AB+C N
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ATPG Algebra

The ATPG algebra 1s a higher-order Boolean set notation« with the purpose of
representing both the “good” and the “failing” circuit (or machine) values simultaneously.
This has the advantage of requiring only one pass of ATPG to determine
signal values for both machines.

Since a test vector requires that a difference be maintained between the two machines, it is
computationally fastest to represent both machines in the algebra, rather than maintaining
them separately.

0 d 0/1

1 c 0/1 e 0/1

0/1 & 1/0 are not Boolean variables
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ATPG Algebra

Roth showed how multiple-path sensitization, required to test certain combinational circuits,
could be done with his five-valued algebra given in Table below.

Symbol | Meaning | Roth’s 5-valued algebra
Good Failing
machine machine
D (1/0) 1 0
D (0/1) 0 1
0 (0/0) 0 0
1 (1/1) 1 1
X (X/).X) X X
8/27/2023 12
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ATPG Algebra

Symbol | Meaning || Roth’s 5-valued algebra | Muth’s 9-valued algebra
Good Failing Good Failing
machine machine machine machine
D (1/0) 1 0 1 0
D (0/1) 0 1 0 1
0 (0/0) 0 0 0 0
1 (1/1) 1 1 1 1
X (X/X) X X X X
GO (0/X) — — 0 X
G1 (1/X) - - 1 X
FO (X/0) - - X 0
F1 (X/1) — - X 1
8/27/2023 13
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ATPG Algebra

D algebra Single Fault
D_}

0o | j_
E }

0o | D_

X —d

UI IU
kIJ

GII IDI
krc)

8/27/2023 14

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



D Algebra

Forward implication

ollo [x [olle ol

o |0 |X |0 |o |0

X |I>X |>X X |o X

ollo X |- |o|=

(a) Forward implications.
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Types of ATPG Algorithm

3. Deterministic ATPG

Sensitization , Propagation and Justification. Many Iterations may be
required. Different Paths and Simultaneous Multiple paths may be required

—\ 5
P

1. Sensitization: Test Vector D to detect s-a-0 at B
2. Propagation: Select Path B-f-h-k-L

3. Justify: For Path B-f-h-k-L (A=1, E=1, j=0, i=1(Conflict as i cannot be made 1)
4. Iteration Propagation: Select Path B-g-i-j-k-L
5. Justify (A=0, E=1,C=1),i=D,j=D ,k=D L=D

In one go Normal and Faulty o/p obtained ABCD (0111) L= 0 Good, L=1B s-a-0
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Redundancy Definition for Testing Purposes

(b) Redundant hardware from testing definition.

Combinational ATPG algorithms provide a major side benefit. They can determine when
the circuit has unnecessary, or redundant, hardware.

In combinational circuits untestable faults indicate redundant hardware.
In testing, one can remove redundant hardware and the circuit will still function exactly

the same way as before.
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Static Glitch Example

Consider the following circuit with 1 a ﬂAND"
delays where only one input (input 150 b T Y120
b) changes... ) v —
0-31 ] 1 —f=ab+b'c
NV T 1>777
Draw a timing diagram to see what 1 ) 0->1
happens at output with delays. 1T c ——" AND2
From the logic expression, we see
that b changing should result in the b
output remaining at logic level 1... \
N
Due to delay, the output goes 1->0- INV \ 1)
>1 and this is an output glitch; we A\
see a static-1 hazard. AND1 1
i I\'-. i
AND2 L e
f i \“ﬂ-—b.
| OUTPUT GLITCH!!!
812112023 18
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Static Glitch Elimination

bc
00011110

| ——
0 olafo o
1| o1 [ A1

f=ab+b'c + ac

The extra product term does not include the changing input variable, and therefore
serves to prevent possible momentary output glitches due to this variable.
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Static Glitch Elimination

The redundant product term is not influenced by the changing input.

e e — AND1
b —® L ONY
Ty
NV 1->1
x\} AND?2 _,_T%
1 c—93 — " f=ab+b'c+ac
|
— AND3
7 1->1
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Redundancy in Testing

.........
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Thankyou

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



	Slide 1:  Testability of VLSI  Lecture 6B:  Introduction to Automatic Test Pattern Generation     By Dr. Sanjay Vidhyadharan 
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

