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Abstract 

This paper introduces the concept of hierarchical testability 
of data paths for delay faults. A definition of hierarchically 
two-pattern testable (HTPT) data path is developed. Also, a 
design for testability (DFT) method is presented to augment 
a data path to an HTPT one. The DFT method incorporates 
a graph-based analysis of an HTPT data path and makes use 
of some graph algorithms. The proposed method can provide 
the similar advantages of the enhanced scan approach at the 
cost of much lower hardware overhead. 
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Figure 1: An arbitrary data path 
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Figure 2: n-bit wide 2 to 1 MUX 
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Table 1: List of edges of the graph in Figure 4(b) 
and corresponding paths 
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Figure 4: (a) SCG and (b) RCG of MULT 
of Figure 1 

Figure3: Control paths typically 
depicting the conditions of Theorem 1 
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Figure 5: Rotating 
enhanced flip-flop 
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Figure 6: (a) Port digraph of the data path of Figure 1 and 
(b) Breadth first tree of the digraph of Figure 6(a) 
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1#*')#4+ %&'8/+ 0*+ ^-/+ #5+ '8(+ )(:0/'()/+ 1#**(1'(3+ '#+ '8(+ #'8()+
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Table 2: Circuit characteristics 

Table 3: Hardware overhead 
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Figure 7: the HTPT equivalent of 
the data path of Figure 1 


