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The simple stuck-at fault model paired with a complex fault diagnosis
algorithm is compared against the bridging fault model paired with a
simple fault diagnosis algorithm to determine which approach produces
the best fault diagnosis in CMOS VLSI circuits.
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The most common approach for modeling IC defects is the stuck-at fault model.1

This model states that defective lines in a circuit will be permanently shorted to
either the power supply (stuck-at 1) or ground (stuck-at 0). The model has been
popular for test generation and fault simulation because it is simple to use and
because a complete stuck-at test set thoroughly exercises the device under test
(it requires that both logic values be observed on all lines in a circuit).

With the advent of CMOS integrated circuit technology, the connection between
the stuck-at fault model and actual defects has become somewhat tenuous. This
is less important from a test generation perspective, since tests for stuck-at faults
tend to be excellent tests for other types of defects as well.2 For diagnosis, however,
an accurate fault model might be more important. In the accompanying article, we
consider bridging,3 which extends the stuck-at model by allowing a defective line
to be shorted to any other line in the circuit, not just the power and ground lines.
Unlike the simpler stuck-at model, there are numerous variations of the bridging
fault model, depending on which bridges are considered (all possible versus layout-
based), and how they are presumed to behave (wired AND, wired OR, dominant
signal, analog, etc.). Our model4 considers possible bridges extracted from layout
and models their behavior according to the relative signal strengths of the driving
transistors.

References
1. R.D. Eldred, “Test Routines Based on Symbolic Logical Statements,” Journal of the ACM,
Vol. 6, 1959, pp. 33-36.
2. T.W. Williams and K.P. Parker, “Design for Testability—A Survey,” Proceedings of the IEEE,
Vol. 71, January 1983, pp. 98-112.
3. K.C.Y. Mei, “Bridging and Stuck-at Faults,” IEEE Transactions on Computers, Vol. C-23, July
1974, pp. 720-727.
4. P.C. Maxwell and R.C. Aitken, “Biased Voting: A Method for Simulating CMOS Bridging
Faults in the Presence of Variable Gate Logic Thresholds,” Proceedings of the International
Test Conference, 1993, pp. 63-72.

�//!(+/� /*� �)�'45!� /$!� -!'�/%1!� �*)/-%�0/%*).� *"� (* !'.� �) 

�'#*-%/$(.� �4� �*(+�-%)#� /$!�  %�#)*./%�� ��%'%/4� *"� /$!� .%(+'!

./0�&6�/� "�0'/� (* !'� +�%-! � 2%/$� �� �*(+'!3� '*��/%*)� �'#*6

-%/$(� /*� /$!� �*(+'!3� �) � -!�'%./%�� �-% #%)#� "�0'/� (* !'

+�%-! � 2%/$� �� .%(+'!� '*��/%*)� �'#*-%/$(�� �$!.!� (* !'.� �) 

�'#*-%/$(.� �-!� �*(+�-! � �*/$� *)� &)*2)� �-% #%)#�  !"!�/.

"-*(� ��/0�'� �$%+.�� �) � .%)�!� /$!� �1�%'��'!� .�(+'!� *"� &)*2)

�-% #%)#� "�0'/.� %.� .(�''�� *)� �� '�-#!-� .�(+'!� *"� .%(0'�/! 

�-% #%)#� "�0'/.�

�)'4� 1*'/�#!� /!./%)#� %.� �*).% !-! � %)� /$%.� �)�'4.%.�� �)� �  %6

/%*)�� 2!� !(+'*4� �� .%)#'!� "�0'/� (* !'� %)� �''� ��.!.�� �*/$� "*-

.%(+'%�%/4� �) � �!��0.!� %)� (�)4� *"� /$!� ��.!.� *"� %)/!-!./� "*-

 %�#)*.%.�� .%)#'!6.%/!�  !"!�/.� �-!� (*-!� '%&!'4�� �� +�-/� /$�/

"�%'! � %/.� "0)�/%*)�'� +��&�#!� /!./�� "*-� !3�(+'!�� +-*���'4� �*)6

/�%).� *)'4� �� .%)#'!�  !"!�/�� *-� %/� 2*0' � )*/� $�1!� +�..! � %/.

)0(!-*0.� /!./.� �/� /$!� 2�"!-� '!1!'� �) � %/.� +�-�(!/-%�� /!./.� �/

/$!� +��&�#!� '!1!'�

�!� �*).% !-� *)'4� "0''6.��)� �%-�0%/.� %)� /$%.� +�+!-�� .%)�!� "0''6

.��)� �%-�0%/-4� �*)/%)0!.� /*� �!� (*-!� �(!)��'!� /*�  %�#)*.%.

/$�)� )*).��)� *-� +�-/%�'6.��)� �%-�0%/-4�� �$!� (�%)� -!�.*)� "*-

/$%.� %.� /$�/� "0''� .��)�  *!.� )*/� -!,0%-!� /$!� "�0'/� (* !'.� /*� +-!6

 %�/� "0/0-!� ./�/!.� ���0-�/!'4�� .%)�!� .��)� �%-�0%/-4� -!'*� .� /$!

./�/!� �"/!-� !1!-4� /!./� 1!�/*-�� �$%.� -! 0�!.� /$!� )0(�!-� *"� +*6

/!)/%�'�  !/!�/%*).�� �) � (*-!� .%#)%"%��)/'4�� -! 0�!.� /$!�  !+!)6

 !)�4� �!/2!!)� +*/!)/%�'�  !/!�/%*).�� 2$%�$� ��)� #-!�/'4� �*(6

+'%��/!� "�0'/�  %�#)*.%.�� �!� "%) � /$�/� ��*0/� ���� *"� -!/0-)! 

+�-/.� $�1!� "�%'%)#� .��)� �$�%).� �) � ��))*/� �!�  %�#)*.! �� �0/

"*-� /$!� -!(�%) !-�� /$!� %(+-*1!(!)/� %)�  %�#)*./%�� ���0-��4� %.

2*-/$� /$!� �*./.� *"� "0''6.��)� �%-�0%/-4�


�#�"� 	�����!�!� ��"�������'

�$!� "�0'/�  %�#)*.%.� (!/$* *'*#4� %.� +�-/� *"� /$!� *1!-�''� "�%'0-!

�)�'4.%.� +-*�!..�� �*/� �''� "�%'%)#� �$%+.� �-!� .!'!�/! � "*-� "�%'0-!

�)�'4.%.�� �*(!� /4+%��'� ��) % �/!.� %)�'0 !� �$%+.� /$�/� +�..

/$!%-� �*(+*)!)/� /!./� �0/� "�%'� �/� �*�- � /!./�� �$%+.� /$�/� "�%'

�*(+*)!)/� /!./� %)� �� .%(%'�-� "�.$%*)�� �) � "%!' � -!/0-).�� ��0'/

 %�#)*.%.� /�&!.� ���	�
�� ��
�� ������
�� �.� %)+0/� �) � -!/0-).� �� .!/

*"� +*/!)/%�'�  !"!�/� .%/!.�� �%)�!� /$!.!� .%/!.� (0./� �!� +$4.%��''4

!3�(%)! � �4� �� "�%'0-!� �)�'4.%.� !)#%)!!-�� %/� %.� %(+*-/�)/� /$�/

/$!-!� )*/� �!� /**� (�)4� *"� /$!(�� �%#�� �� .$*2.� /$!� /**'.� 2!

0.!� �) � /$!� "%'!.� �-!�/! �  0-%)#� "�0'/�  %�#)*.%.�

* A given chip test consists of a set of hundreds or thousands of individual test vectors. On a
given bad chip some of these vectors will produce outputs that fail the test, and it is these
vectors that constitute the failing test vectors.
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ATPG = Automatic Test Program Generation
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A, B, C = Circuit Outputs Where Failures Are Observed

Contents of Vector Fault Dictionary

Type of
Fault

F1
F2
F3

Failing Test
Vectors

1, 3, 5
1, 2
1, 3, 5

Contents of Detailed Fault Dictionary

Type of
Fault

F1

F2

F3

Failing Vectors +
Circuit Outputs

1-A
3-A, B
5-C

1-A, B
2-C

1-A, B, C
3-A
5-A, B
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Observed Failures* = A, B, C

Type of Fault

F1

F2

F3

Predicted Failures**

A

A, B

A, B, C, D

Matches to Observed Failures

A Correct
0 Wrong

A, B Correct
0 Wrong

A, B, C Correct
D Wrong

**Failures Produced by Applying Failing Test Vector Set 1 to a Failing Chip on
**the Tester (see Fig. 2)

**Failures Produced by Applying Failing Test Vector Set 1 to Fault Models
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Table I
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FIB = Focused ion beam.

* See Fig. 4.
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Table II
Equivalent Fault Behavior
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Bridging Stuck-atModeled 
Behavior Number Percentage* Number Percentage*
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* As a percentage of actual faults (bridging faults = 25345 and stuck-at faults = 21010).
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8&3&� (&/&3"5&%� #:� "446.*/(� 5)"5� ���� 	���� 
���� ����� "/%

	���� 3"/%0.-:� 4&-&$5&%� 105&/5*"-� %&5&$5*0/4� 806-%� 3&46-5� */

&33034�� �63� &91&3*&/$&� 46((&454� 5)"5� */� 13"$5*$&� 5)*4� /6.#&3

*4� "306/%� 	��� '03� 063� 4*.6-"5*0/� .&5)0%�

�0"34&� %*"(/04*4� �7&$5034� 0/-:�� 8"4� 5)&/� 1&3'03.&%� 0/

5)&4&� '*-&4�� �063� 456$,<"5� '"6-54� 8&3&� $0/4*%&3&%� '03� $033&$5-:

%&4$3*#*/(� 5)&� '"6-5� �456$,� "5� �� 03� 	� 0/� &*5)&3� 0'� 5)&� #3*%(&%

/0%&4��� �/&� 0'� 5)&4&� '"6-54�� 8)*$)� 13&%*$5&%� 5)&� .045� 0#<

4&37&%� '"*-63&4�� 8"4� 5)&/� 4&-&$5&%� "4� 5)&� #&45� ."5$)�� �--

05)&3� '"6-54� 5)"5� 13&%*$5&%� "5� -&"45� "4� ."/:� '"*-63&4� "4� 5)&

#&45� ."5$)� 8&3&� /05&%�� �'� 5)&4&�� 5)&� '"6-54� 8*5)� /0� .03&

5)"/� 5)&� /6.#&3� 0'� '"*-*/(� 13&%*$5*0/4� 0'� 5)&� #&45� ."5$)

8&3&� */$-6%&%� "4� $"/%*%"5&4�� �)*4� *4� .&"/5� 50� 3&13&4&/5� "

** In a simulation, a potential detection is a situation in which it is hard to prove that the fault
was detected (see “Potential Detection” on page 115).
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Table III
Results after Coarse Resolution

Category Potential
Detection (%)

Faults Remaining (%) Misleading
Diagnoses (%)

Potential
Detection (%) 1-4 5-9 10-19 20-49 50+

Misleading
Diagnoses (%)
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Table IV
Results after Fine Resolution

Category Potential
Detection (%)

Faults Remaining (%) Misleading
Diagnoses (%)

Potential
Detection (%) 1-4 5-9 10-19 20-49 50+

Misleading
Diagnoses (%)
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:/<37/8>=�� 3>� +::/+<=� >2+>� >2/� /B>/8./.� .3+189=3=� +619<3>27�
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79./6�� &23=� =?11/=>=� >2+>� 0+?6>� 79./6� 37:<9@/7/8>� 7+C� ,/

79</� ,/8/03-3+6� >2+8� +619<3>27� 37:<9@/7/8>� 38� :<9.?-381

.3+189=>3-� =?--/==�� %3736+<� <+>/=� +</� =//8� 09<� 589A8� ,<3.1381

./0/->=� +8.� 09<� >29=/� =37?6+>/.� ?=381� >2/� ,3+=/.� @9>381

79./6�
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�������	�� ����
����

A logic simulation will produce one of three values for a driven circuit output: 0, 1,
and X, where X is unknown (the simulator cannot predict the value). The situation
in which a circuit produces a known value, say 0, in a fault-free simulation but an
unknown value, X, in the simulation of a fault, is called a potential detection. It is
called potential detection because it will be detected if the unknown value is 1 on
an actual faulty chip, but it will not be detected if the unknown value is 0. The
following table summarizes these detectability conditions.

Good Faulty Value
Value 0 1 X

0 N D P
1 D N P
X N N N

D = Detected
N = Not detected
P = Potentially detected
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