










Table 5: Summary of normalized performance and man
ufacturability results 

Testcase ltUlt e ay Area Power MEBES YIeld 
c7552 bentgate 1 

0 �5 0.�8 
1 1 

sp20 1.09 0.72 1.15 
sp24 1.00 1.01 0.92 0.76 1.14 
sp28 1.02 0.99 0.92 0.59 1.13 

pdsp_lO 1.02 1.00 0.91 0.70 1.15 
pdsp_12 1.04 l.OO 0.88 0.67 1.19 
povg_34 1.02 0.98 0.88 0.69 1.17 
povgAO 0.98 1.06 0.91 0.81 1.08 

benLw14 l.05 0.95 0.94 0.89 0.99 
c6288 bentgate 1 1 1 1 1 

sp20 0.99 1.12 1.02 0.87 1.13 
sp_24 1.02 1.07 0.96 0.84 1.11 
sp28 1.01 1.10 0.99 0.85 1.11 

pdsp_lO 0.97 1.10 0.98 0.85 1.12 
pdsp�12 0.97 1.13 1.00 0.81 1.15 
povg_34 1.03 1.06 0.98 0.80 1.14 
povgAO 0.99 1.10 0.94 0.87 1.08 

bent_w14 0.96 1.05 1.03 0.99 1.00 
c5315 bentgate 1 1 1 1 1 

sp20 0.99 1.00 0.85 0.75 1.12 
sp24 0.94 1.05 0.94 0.79 1.11 
sp28 1.00 1.09 1.00 0.76 1.12 

pdsp_lO 0.90 1.05 0.92 0.807 1.07 
pdsp_12 0.93 1.04 0.91 0.70 1.17 
povg-34 090 1.15 1.03 0.85 i.l6 
povgAO 0.93 1.20 1.05 0.94 1.07 

benLw14 0.94 1.04 1.04 1.00 LOO 

power implications of the aforementioned RDRs for the three 
studied benchmarks. 

Table 5 summarizes the circuit performance, mask data 
volume, and parametric yield given a 10% CD variation tol
erance budget for all RDRs considered in this work. Looking 
at all three benchmarks we first point out that the range of 
delay values is quite small over all RDRs (5-10% worst-case 
spread) while the area and power impact is somewhat larger 
(up to 20% spread in both). The minimum poly_diffusion 
spacing rule as 0.12 P.ffi ( "pdsp_12" ) appears to be the most 
favorable rule for low MEBES data volume and high yield 
with acceptable performance. In particular it is useful to 
compare the "sp..20" and "pdsp_12" design rules which dif
fer only in the poly _diffusion spacing rule. The latter shows 
improvements in both data volume and yield with negli
gible performance penalties (including better delay in all 
three circuits). The two line end extension rules (shown as 
"povg_*") exhibit very similar characteristics and show ex
cellent robustness to process defocus as mentioned earlier. 
The use of bent gates with minimum size may typically save 
area but at the expense of greatly increased data volume and 
substantial yield loss. As a result, it is now commonplace 
to see bent gates prohibited in modern design rule sets to 
improve manufacturability. All of the above indicates that 
there are good performance arguments to introduce RDRs 
in modern processes to reduce cost of ownership, without 
hurting yield and circuit performance. 

4. CONCLUSIONS AND FUTURE WORK 
Lithography bottlenecks in advanced CMOS processes call 

for the growing use of resolution enhancement technologies, 
which in turn benefit from less flexible, more restrictive de
sign rule sets. In this paper we investigate the performance 
and manufacturability impact of a number of possible re
stricted design rules (RDRs). We build a framework to 
evaluate RDRs based on edge-placement errors or CD tol
erances, mask data volume, as well as placed and routed 
circuit speed, area, and power characteristics. We point to 
various rules such as the use of increased field poly to diffu
sion spacings or increased poly line end extensions that may 
be good candidates to create more robust and cost-effective 
circuits without sacrificing performance. We demonstrate 
data volume reductions on the order of 20-30% relative to 
a baseline design rule set (reductions are �10% when ref-
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Table 6: Impact of corner correction on normalized yield 
at 10% EPE tolerance and mask cost for c7552 (the num
bers are normalized to the corresponding library with 
baseline ope for c7552) 

Ig t y 

sp 
sp24 1.00 0.97 0.80 0.90 
sp_28 LOO 0.99 0.78 0.94 

pdsp_lO LOO 0.98 0.81 0.86 
pdsp_12 1.00 0.98 0.82 0.95 
povg_34 1.00 0.98 0.91 0.93 
povgAO 1.00 0.98 0.91 0.97 
bentgate 1.00 0.99 0.84 0.97 
bent_w14 0.99 1.00 0.84 0.92 

erenced to a design rule set excluding bent gates) and re
ductions of nearly 50% in worst-case EPE when using even 
basic RDRs. These advantages corne with very small per
formance penalties, namely 0-5% in area and a few percent 
in delay at most. We investigate the promising RDR for 
the "single pitch, single orientation" library which provides 
less gate CD uncertainty, 25% reduction in mask data vol
ume, at the cost of less than 5% increase in delay and power 
and 10% in area. We put forth a word of caution here in 
that the optimal restricted design-rule set will depend heav
ily on the various process parameters such as illumination 
type, nature of resist , etc. However, our results suggest that 
compelling RDR sets can be formulated to support subwave
length lithography by providing substantial cost reductions 
with negligible performance tradeoff. 

Such a methodology can also be followed for metal layers 
to provide a good set of restricted design rules that have 
been qualified by extensive performance and manufactura
bility studies. For the polysilicon layer a large percentage of 
the feature count, and hence the mask data volume, arises 
from corner correction features (e.g., serifs, hammerheads). 
Extensive corner correction can be avoided [12] without im
pacting performance or yield. Although preliminary results 
in Table 6 indicate a relatively large impact on yield by cor
ner corrections, we are evaluating whether the undesirable 
impact of relaxed corner corrections can be avoided through 
additional and simple design rules. 
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