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Abstract This paper proposes a yield optimization method for standard-cells under timing constraints. Yield-aware logic
synthesis and physical optimization require yield-enhanced standard cells and the proposed method automatically creates
yield-enhanced cell layouts by de-compacting the original cell layout. However, the careless modification of the original
layout may degrade its performances severely. Therefore, the proposed method de-compacts the original layout under given
timing constraints using a Linear Programming (LP). We develop a new accurate linear delay model which approximates the
difference from the original delay and use this model to formulate the timing constraints in the LP. Experimental results show
that the proposed method can pick up the yield variants of a cell layout from the trade off curve of cell delay versus critical
area and is used to create the yield-enhanced cell library which is essential to realize yield-aware VLSI design flows.
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Fig.1 Overview of the proposed timing-driven cell layout de-compaction
_ method.
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tional and the timing-driven de-compaction methods.
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Fig.3 Schematic diagram of a short type critical area.
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Fig.4 Variation of (a) vertical and (b) horizontal critical areas after hori-
zontal de-compaction.
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Fig.6 Calculation of the vertical critical area.
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Fig.8 Preliminary results of delay variation by changing the transistor width and the input slew.
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Table 1 The benchmqu circuits used in this experiment. "~

Circuit explanation. #trans. Delay,rig [psec] Areaorig [;lm2 ] CAurig ;Am2 ]
NAND3.1 3-input NAND 6 © 3305 370 097
NAND32  3-input;NAND (buffered) 12 34.56 6.53 1.97
NAND4.3  4-input NAND (buffered) 36 53.11 22.15 10.97

NOR4.1  4-input NOR 8 73.65 4.76 1.30

NOR42  4-input NOR (buffered) 28 65.95 17.41 8.47
ON2222.3 Series-parallel circuit for 56 6483 2875 9.92
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Fig.9 The overall flow diagram of the proposed method.
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Fig. 10 Accuracy of the proposed delay model in the case of NOR4._1.
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Table 2 Results of the proposed timing-driven de-compaction method. The runtime of de-compaction
for each cell is less than 0.1 second for all cases.

Circuit | Target Delay [psec] | Actual Delay [psec] error [%] | Area [ym2 ] increase [%] | CA [ um2 ] reduction [%]
35 . 34.98 0.06 5.70 54.05 0.47 51.55
NAND3.1 37 36.77 0.63 5.70 5405 0.47 51.55
No constraint 37.92 — 5.70 54.05 047 51.55
35 34.95 0.14 8.11 24.20 1.56 20.81
NAND32 36 35.76 0.67 8.49 30.02 1.47 25.38
No constraint 36.54 — 8.49 30.02 1.47 25.38
54 53.81 0.35 23.87 7.77 10.29 6.20
NAND4.3 55 54.72 0.51 24.81 12.01 10.10 7.93
No constraint 55.83 — 25.58 15.49 10.00 8.84
76 75.59 0.54 5.71 19.96 092 29.23
NOR4_1 80 79.62 0.48 6.02 26.47 0.85 34.61
No constraint 81.33 — 6.02 26.47 0.85 34.61
67 67.47 -0.70 19.33 11.03 7.59 10.39
NOR42 70 68.87 1.64 20.25 16.31 7.30 13.81
No constraint 70.06 — 20.76 19.24 7.27 14.17
66 65.63 0.56 31.20 8.52 9.11 8.17
ON2222.3 67 66.18 1.25 31.29 8.83 8.94 9.88
No constraint 67.65 — 31.68 10.19 8.86 10.69
average — e 0.63 — 25.91* — 24.20*
* : the average of the no constraint cases
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Fig.11 Trade off curves of delay versus CA and cell area versus CA in the case of NOR4.1.
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