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Synthesis and Layout of Circuits
Combining CMOS /Pass Transistor Logic

KENGO TAKATA,#tt KAZUKI FUKUOKA,* KATSUYA FUJITA,*
HiroNOBU FUkuTOMI,® NOBUTAKA KUROKI,t MASAHIRO NUMA,*
Kazvuo Takit and KEISUKE YAMAMOTOt

We present an improved synthesis method for low power circuits combining CMOS and pass
transistor logic (PTL) based on the previous method using decomposition graphs obtained
as the result of simple disjunctive decomposition. The proposed method introduces a few
techniques for sharing larger part of sub-circuits in a multi-output circuit. In addition, we
have developed a standard cell library to evaluate our method based on the layout results
using commercial layout tools. This cell library have been applied to the layout design of
benchmark circuits, and we have evaluated the results. As the result, power dissipation has
been reduced by 48% compared to CMOS, and by 7% to PTL, and by 7% to the previous
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method in average for 16 circuits.
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Fig.2 Extraction of
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Fig.1 Overview. equivalent subgraphs.
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Fig.3 Extraction of shared logic via decomposition of OR
node.
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Fig.4 XOR node and its implementation.
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Table 1 Transistor counts.
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bOO | CMOS SPL 5 g CMOS SPL 00
alu2 1166 546 519 607 0.52 1.11 1.17
bl 14 16 15 13 0.93 0.81 0.87
b9 339 461 429 348 1.03  0.75 0.81
c8 342 281 309 265 0.77 0.94 0.86
cc 170 187 174 185 1.09  0.99 1.06
cml5la 70 47 55 a7 0.67 1.00 0.85
cm163a 134 110 112 136 1.01  1.24 1.21
cm85a 140 143 157 125 0.89  0.87 0.80
cordic 196 254 201 202 1.03  0.80 1.00
cu 159 166 167 159 1.00  0.96 0.95
f51m 323 213 199 192 0.59  0.90 0.96
pcle 241 245 222 180 0.75 0.73 0.81
pml 137 180 136 147 1.07  0.82 1.08
481 106 95 113 99 0.93 1.04 0.88
x2 147 129 121 133 0.90 1.03 1.10
z4ml 106 94 106 84 0.79  0.89 0.79
0000 | 162.3 150.8 147.6 139.0 0.86 0.92 0.94
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Table 2 Delay and power dissipation.

0000 [ns] 0000 [pW]
ooo oo oo 00 0o 0 oo oo 00 0o ]
OMOS SPL 5 g cMOS SPL oo | SMOS SPL 5 g CMOS SPL 00
alu2 8.19 8.15 9.27 20.08 2.45 2.46 2.17 860.6 174.7 158.5 165.0 0.19 0.94 1.04
bl 0.38 0.68 0.71 0.72 1.91 1.05 1.00 15.3 15.1 14.8 14.7 0.96 0.97 0.99
b9 1.91 11.95 6.22 4.45 2.33 0.37 0.72 155.0 240.8 127.2 113.8 0.73 0.47 0.89
c8 3.53 10.09 2.38 5.23 1.48 0.52 2.20 197.2 95.6 94.7 85.1 0.43 0.89 0.90
cc 1.89 2.61 1.86 2.88 1.52 1.10 1.55 87.3 56.9 64.5 60.0 0.69 1.06 0.93
cmlbla 1.30 1.83 2.63 1.90 1.47 1.04 0.72 43.9 21.5 23.0 21.5 0.49 1.00 0.93
cml63a 1.56 2.72 3.21 2.55 1.64 0.94 0.79 747 37.2 39.9 41.1 0.55 1.10 1.03
cm85a 2.25 6.92 3.26 6.47 2.88 0.94 1.98 93.7 38.3 42,5 36.7 0.39 0.96 0.86
cordic 1.99 17.22 7.11 4.77 2.40 0.28 0.67 113.0 48.4 53.7 107.5 0.95 2.22 2.00
cu 1.31 4.76 2.36 7.37 5.62 1.55 3.13 74.6 47.5 50.4 37.3 0.50 0.79 0.74
f51m 3.96 5.15 5.77 3.58 0.90 0.69 0.62 250.4 68.2 74.6 81.8 0.33 1.20 1.10
pcle 3.75 4.00 4.23 5.42 1.44 1.36 1.28 156.4 60.3 62.7 51.7 0.33 0.86 0.82
pml 1.52 3.58 2.70 1.53 1.01 0.43 0.57 53.8 44.2 445 43.5 0.81 0.99 0.98
t481 1.30 14.51 3.11 2.35 1.81 0.16 0.76 60.7 107.2 60.0 37.4 0.62 0.35 0.62
x2 1.09 2.13 2.52  3.00 2.74 1.41 1.19 66.8 36.9 64.1 42.2 0.63 1.14 0.66
z4ml 1.52 3.91 3.15 2.23 1.47 0.57 0.71 101.0 38.0 41.6 40.6 0.40 1.07 0.98
oooo 1.87 4.63 3.22 3.49 1.87 0.76 1.08 98.5 54.8 54.7 51.1 0.52 0.93 0.93
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