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Abstract This paper proposes an exact cell layout synthesis technique to minimize the probability of wiring faults due to
spot defects. We modeled the probability of faults on intra-cell routings with considering the spot defects size distribution and
the end effect of critical areas. By using the model as a cost function, we comprehensively generate the minimum width layout
of CMOS logic cells and select the optimum layouts. Our comprehensive cell synthesis method utilizes the procedure [1] to
generate all possible minimum-width transistor placements and applies the comprehensive intra-cell routing to each generated
placement considering the constraints characteristic of standard-cell layouts. Experimental results show that our technique
reduces about 15 % of the fault probabilities compared with the wire-length-minimum layouts for CMOS logic circuits which
have up to 14 transistors.
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(a) The critical area between
parallel wire segments

(c) The critical area at the
opposing corner

The Critical Area End Effect
- The Redundant Critical Area
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Fig.1 Critical areas of two wire segments whose width is w and spaced by

d with the defect size is x.
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Table 1 Our layout styles.
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(b) A modified grid model given
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Fig.2 Grid models used in our cell layout synthesis system.
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A grid model problem

For each column
All columns
All are finished

patterns
are finished

All possible
routing patterns

or each pattern of
previous column

(5) Check it each pattern is
valid or not in the next column

i

(4) Generate all possible ports
patterns to the next column

(1) Determine the pattern to
be routed in current column

i t

(3) Determine the nets to be
extended to the next column

(2) Find split nets and generate
all possible connections

H3 FERMRKTFEOFRE

Fig.3 The flow diagram of our comprehensive router.
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Table 2 The results of comprehensive cell layout synthesis.

Circuit | #tr.  #col. #place #route #layout Cellsynth. Selection Minimum  Ave. sensitivity Reduction

name CPU(sec.) CPU(sec.) sensitivity wire-length-min. ratio(%)

20222 | 14 9 32 8 948852 14685.04 323.70 18.04 20,55 12.19

aoi2l 6 4 4 4 999 0.36 0.17 5.37 6.56 18.10

aoi2ll 8 5 4 4 8839 1.70 1.60 6.08 7.13 14.77

eno 10 6 2 1 19648 13.70 445 11.35 1333 14.93

gen2 12 8 24 2 34120 41998 10.38 17.78 20.90 14.91

mux2 | 12 9 144 4 392 6449.82 0.19 31.72 33.79 6.10

nand4 8 b 4 4 38366 3.01 6.92 537 6.38 15.78

xnor2 | 10 7 144 24 27414 2164.30 6.97 11.18 1527 26.81

' ' s L " !

aoi21 é’ ‘ :\?Velpes “Z%t?’nmhr}l'irjm. Sens‘. Min.)
a0i21 1:@ | @Wire Length Min. (Sens. Ave.)
f oWire Length Min. (Sens. Max.)

xnor2 [N, ‘

6 5 {0 15 20 25 3 35
Sensitivity to Spot Defects (A.U.)

B4 FROBIRAAIZY S Sensitivity DHE
Fig.4 Changes in layout sensitivity to spot defects.
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(b) sensitivity to spot defects minimum
sensitivity : 31.72
wire length : 63.0

(a) wire length minimum
sensitivity : 33.34
wire length : 60.0

S “mux2” BIEL A 77 b (a) BLARFE R/ (b)Sensitivity F/h
Fig.5 The optimum layouts of “mux2” generated by our method and se-

lected by (a) wire length and (b) sensitivity to spot defects.
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