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Abstract
Bridge faults, especially in CMOS circuits, have unique characteristics which make them

difficult to detect during testing. This paper presents a technique for detecting bridge faults which
have an effect on the output of CMOS Domino logic circuits. The faults are modeled at the
transistor leveI  and .lhis technique is based on analyzing the off-set of the function during off-line
testing.

1. Introduction
Bridge faults are created during the design layout or manufacturing process of an

integrated circuit (IC). It can resuIt from two or more conducting paths placed too ciose together,
the addition of extra conducting material, or insufficient insulating material. In order to minimize
the number of bridge fauks present in the lC, testing methods must be able to accurately detect the
faults which have an effect on the normal operation of the circuit. Previous work in the area of
bridge fault detection focused on static CMOS circuits.

Chess and Larrabee [1] have presented a method for generating test patterns for gate level
bridge faults in static CMOS ICS. It focuses on the connection of two gate outputs which  is
modeled using a Fault Block and Primitive Bridge Function (PBF). The PBF represents the logic
fimction  or the behavior of the bridged components and is generated by determining whether the
stimulation of the bridge fault occurs from the wtire closest to the inputs of the bridged path or
closest to the output.

*

Di and Jess [2] have presented a technique for modeling transistor level bridge faults in
static CMOS circuits by evaluating the electrical behavior of the circuit and converting this
behavior into logic boolean expressions called Faulty Boolean Expressions (FBE). This allows for
the use of existing techniques for logic problems to determine test patterns. Gate-to-Drain @-pe
bridges are not able to be modeled.

Ferguson  [3] discusses approaches for designing the physical layout of the static CMOS
circuit in such a way to improve its testability of bridge faults. The three approaches are to design
the circuit which reduces the number of faults, make the difficult-to-detect faults easier to detect by
adding control and observation points, and make the difficult-todetect  faults unlikely to occur by
considering the gate pIacement,  circuit routing, and logic  selection.

Chess, Roth, and Larrabee [4] have evaluated and compared various models used to represent
bridge faults existing only between gate inputs and ou@uts,  The different models assume that
either the bridges cause wired “ANTD” or “OR’ behavior, that the circuit value at the fault node is
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represented by a boolean function, thal the analog behavior created by the fault extends beyond the
fault node, or that full analog  simulation is performed.

In this paper, we propose a method for detecting transistor level bridge faults in CMOS
Domino Logic circuits. Only the bridge faults which are realistic at the layout level are considered.
Domino logic is a type of Dynamic logic in w%ich the on-set is used in realizing the n-logic block.
Figure 1 shows a genera! diagram of a domino logic circuit. An invertor is connected at the output
to make it low during the precharge  phase. The output node~is  precharged  to “O” when the clock
is low. During, the evaluation, phase i ,e. \vhen  clock is high, if the input pattern closes the path
bctiveen  ground and output node+~  the output is pulled to “ 1“ otherwise it remains at “O”.
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Figure 1. Domino logic circuit

Figure 2 shows a cascaded Domino logic circuit in which the output of one stage feeds the
n-logic network of a subsequent stage, Only one clock is necessary for the precharge  and the
eva] uati on phase. The number of stages in the cascade depends on whether the sequence can
evaluate within  the evaluation cycle.
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Figure 2. Cascaded domino logic circuit

The majority of the bridge faults in domino CMOS circuits occurs between the
Drain/Source of one transistor and-the Drain/Source of another transistor, the Drain/Source of
one transistor and the Output of the circuit, and the Drain of one transistor and Ground.

We do not consider the bridging between the Gate and Drain of the same transistor and between
the gates of fivo paraUel transistors .

2. Test Pattern Generation
As mentioned previously, we consider oniy bridge faults which are realistic at the Iayout

lcvci. The detection of these faults is based on the following lemmas.

Lemma 1 :
The output of a circuit containing bridge faults will generate more ‘1 ‘s” than the fault-free

circuit.

Lemma  2:
The bridge faults in a circuit can be detected by applying only the original off-set of the

circuit.

To illustrate the validity of the above lemmas, }ve consider two examples. Example 1
considers a single stage/single output domino logic circuit. Example 2 considers a cascaded
domino logic circuit.

Example  1: Figure 3 shows the implementation of the function f = (B+ ~)C + A B. The dashed
lines indicate bridge faults obtained by connecting the signal  lines with metal.
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Figure 3. f= (B+ ~)C + A B

Table 1 shows the truth table of the fault-free and faulty functions. “A”, “3”, and “C” are
the input variables and “j” represents the fault-free output. The outputs ‘~l ~”, ‘~lz”, and ‘~lj”
represent the outputs corresponding to bridge faults #1, 32, and #3 respectively.

A B c f f, fz fs
o 0 0 0 I o 0
0 0 1 1 1 1 1
0 1 0 0 1 0 0
0 1 1 1 1 1 1
1 0 0 I 1 1 1
1 0 1 1 1 1 1
1 1 0 0 1 1 1
1 1 1 1 1 1

w
1

Table 1

As indicated by Lemma 1, the input combinations for the faulty circuits produce more “1s”
than the fault-free circuit. In order to detect a bricigc  fault, only the input combinations ~vhich
produce a “0” for the fault-free circuit need to be applied as test patterns as discussed in Lemma 2.

Table 2 shows the input combinations that detect each bridge fault.

Bridge Fault Number Input  Combination
#l A=O B=O C=O

I A=O B=l  C=O I
A=l  B=l  C=O

#2 A=l  B=l C=O
#3 A=l  B=] C=O

Table 2
Example 2: Figure 4 sho}vs  the implementation of the fimction  f = (A+ BC)D using cascaded
domino logic. A bridge fault in each stage of a cascaded circuit must be tested separately. In order
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to propagate the effect of the bridge fault to the final output, the inputs of the subsequent n-logic
networks are set such that a “O” is produced at the outputs only if the output from the previous
stage is a “O”, othenvise  the output is a”1”. Hence, if the output of the stage under test produces a
“1”, this value wilI be propagated through the subsequent stages to the final output.
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Figure 4. Cascaded domino circuit

In this example, we chose to test the first stage for the presence of a bridge fault. The
value of “ 1” is assigned to the input variable “D” in order to allow for the propagation of the
effects produced by bridge faults # 1 and #2. Since the first stage is being tested, only its fimction
expression needs to be evaluated (f= A+ ~C), Table 3 shows the input combinations that detect
each bridge fault in the first stage.

f
Bridge Fault Number Input  Combination

#1 A=O B=l C=]
#2 A=O B=O C=O

Table 3

In order to determine the test patterns for the overall circuit, input variable “D” must bc
added to the input combinations show-n in Table 8. H“ence, the input combinations which detect
bridge faults # 1 and 7$2 arc.

A=O B=l C=l  D=l  a n d  A=O B=O C=O D=l
respectively.

5. Conclusion
We have presented-a method for detecting bridge faults  in CMOS Domino logic circuits.

This method is based on two lemmas discussed in section 3. This method is efficient in detecting
all bridge faults except Gate-to-Drain and parallel PoIysilicon  bridge faults.

This technique also. applies to each stage of a cascaded circuit. The number of test
patterns will be reduced corresponding to the reduction in the number of input variables used to
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represent the function of each stage. In Example  3, the number of test patterns was reduced from
11 to 3 because the overall fimction  was separated into two stages. The fhnction  expression of the
stage under test consisted of only 3 input variables instead of 4.
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