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IMAT MASASHID®

Abstract: This paper presents six DDL cell libraries for technology mapping tools in order to design asyn-
chronous fine-grain pipeline circuits. DDL cells can tolerate any delay variations thanks to the dual-rail
encoding and the 4-phase handshaking protocols. Thus, it can achieve high-performance circuits even in the
deep-submicron processes in which random delay variations are dominant. The proposed DDL cell libraries
only contains 13 physical DDL cells. However, they can represent all the family functions by themselves
without redundant gates. In this paper, some evaluation results are shown using the Nangate 45nm process

Synthesis Library for Asynchronous Fine-grain Pipeline Circuits

technolgy and the Synopsys Design Vision and the Cadence RTL Compiler.
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Fig. 1 Basic structure of DDL cell.
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Fig. 2 Bit-level fine-grain pipelining.
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Fig. 3 Fine-grain pipelining.
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Table 1 Family function.
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Fig. 5 Design flow.
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Fig. 6 Synthesis results of 32-bit adder circuits.

9234 (using Design Vision)
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Fig. 7 Synthesis results of ISCAS89-59234 circuits.
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Table 5 Synthesis time.

ooo AND4 OO
DL1 DL2 DL3 DL1 DL2 DL3

AND4 00O
DL1 DL2 DL3 DL1 DL2 DL3

add32 1.000 | 0.988 | 0.987 0.871 0.748 | 0.748
mul32 1.000 | 0.967 | 0.972 | 0.845 0.871 0.877

s27 1.000 | 0.865 | 0.865 | 0.617 | 0.701 0.701
s208_1 1.000 | 1.047 | 1.058 0.663 0.646 0.634
5298 1.000 | 1.268 | 0.937 0.771 0.755 0.680
s344 1.000 | 0.954 | 0.954 | 0.664 0.765 0.765
5349 1.000 | 0.954 | 0.954 | 0.664 0.765 0.765
5382 1.000 | 1.082 | 1.083 0.844 0.795 0.792
s386 1.000 | 1.043 | 1.019 0.741 0.729 0.739
s400 1.000 | 1.072 | 1.045 | 0.729 0.780 0.771
s420_1 1.000 | 0.931 | 0.994 0.617 0.545 0.587
s444 1.000 | 1.022 | 1.013 | 0.802 0.894 0.854
s510 1.000 | 0.944 | 0.944 0.656 0.554 0.549
s526 1.000 | 1.062 | 1.051 0.697 0.659 0.644
5641 1.000 | 0.874 | 0.875 | 0.571 | 0.571 0.607
s713 1.000 | 0.874 | 0.875 | 0.571 | 0.571 0.607
s820 1.000 | 0.969 | 0.890 0.645 0.618 0.569
s832 1.000 | 0.974 | 0.920 0.651 0.588 0.593
953 1.000 | 0.941 | 0.957 0.647 0.612 0.566

s1196 1.000 | 0.915 | 0.929 0.688 0.647 0.654
51238 1.000 | 0.916 | 0.937 0.602 0.570 0.596
51423 1.000 | 0.991 | 0.965 0.783 0.792 0.732
51488 1.000 | 0.899 | 0.908 0.651 0.605 0.603
51494 1.000 | 0.869 | 0.852 0.625 0.564 0.602
s5378 1.000 | 0.949 | 0.935 0.711 0.636 0.635
59234 1.000 | 0.928 | 0.923 0.784 0.713 0.718
513207 1.000 | 0.998 | 1.095 0.747 0.730 0.779
515850 1.000 | 0.955 | 0.967 0.730 0.718 0.706
$35932 1.000 | 0.930 | 0.930 0.764 0.714 | 0.714
s38417 1.000 | 0.972 | 0.973 0.741 0.751 0.732
538584 1.000 | 0.970 | 0.976 | 0.732 0.751 0.759
oo 1.000 | 0.972 | 0.961 0.704 0.689 0.686
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Table 3 Minimum “delay*area” circuits 0 using RTL Com-

pilerO .
ooo AND4 OO
DL1 DL2 DL3 DL1 DL2 DL3
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Table 4 Minimum “stage number * cell number” circuits.

AND4 OO

DL1 DL2 | DL3 DL1 DL2 DL3

Design Vision 1.000 | 0.955 | 0.930 | 0.890 | 0.830 | 0.827
RTL Compiler | 1.000 | 0.903 | 0.931 | 0.829 | 0.789 | 0.808
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Design Vision 1.000 | 1.516 | 1.533 | 1.111 | 1.771 | 1.476
RTL Compiler | 1.000 | 1.356 | 1.232 | 0.948 | 1.309 | 1.177
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