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Clock Routing Synthesized Strategiesfor Reducing Delay, Skew, and Crosstalk in
Multi-Clock SoC (2/2)
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Clock delay and clock skew are critical for SoC
(system-on a chip) design. Since an SoC consists of a number
of I1Ps (Intellectual properties) and modules, its clock system
may be partitioned into multiple domains each covering severa
IPs and modules. We can turn off certain domains to reduce
power consumption in idle modules. Consequently, clock
routing in SoC is complicated and how to synthesize a clock
routing with minimal clock delay, clock skew, and crosstalk is
critical for SoC. In this study, we propose several clock routing
strategies including interconnection analysis of RLC delay
model, numerical-based tapping point search, mixed Grey
theory and DME clock routing, buffered RLC clock tree
construction, and coupling-aware crosstalk reduction for
clock synthesisin SoC physical design.

Firstly, we give the interconnection analysis for few
existed RLC delay models and propose a numerical delay
model based on second-order transfer function of an RLC tree.
Combining LU decomposition matrices associated with
matching moments, we derive two empirical delay formulas for
different damping factors using the least squares curve fitting
to obtain time domain responses of al the branches of an RLC
tree. Compared with SPICE simulation, experimental results
show that our delay model has the accuracy of 15.91% in total
absolute average error to single RLC section than other delay
models, Elmore, CPC, IFN and LW, and the accuracy of
3.24% in totad average error to al the sinks in an RLC
interconnected tree than LW and IFN models.

Secondly, we present a new numerical method based on
uniformly distributed RLC model for tapping point search. The
model simplifies an RLC wire to be the equivalent RC-based
delay model such that a tapping point for two RLC-based
subtrees can be accurately formulated in numerical approach.
With the bottom-up recursion for two-based subtrees, tapping
points can be successively determined by the numerica
formulas to form a new zero-skew merged tree. This procedure
is recursively operated and propagated to upgraded levels to
get a zero-skew multi-level RLC clock tree. Benchmarks are
tested by our approach associated with DME agorithm in
linear running time and experimental results compared with
Hspice show the absolute average errors of only 0.016% and
0.51% in skew ratio and critical delay, respectively.

Thirdly, we combine Grey relation with DME, called
GDME, to successfully construct the RLC clock tree. Grey
relational analysis is first used to predefine the clustering
match of clock sinksin SoC. The parameters of each IP’s clock
sink, location, capacitive load, intrinsic delay, and intrinsic
skew are accounted into the determination of each pair-sink
matching. Then, DME algorithm based on bottom-up and



top-down phases is applied to construct a clock tree.
Benchmarks are evaluated by our GDME agorithm and
experimental results compared with Hspice show the absolute
average errors of 0.017% and 0.2% in terms of skew and delay,
respectively. The results compared with other DME methods
have the improvement of up to 3.58% on average in total wire
length.

Fourthly, we propose a zero-skew driven buffered RLC

clock tree construction. The techniques of RLC modd,
exact-zero skew, and buffer insertion are counted into our
approach. We insert unit-size buffers into each level of clock
tree to interrupt the non-zero skew upward propagation and,
thus can enable the reliable construction of a buffered RLC
clock tree with zero skew. Experimenta results for testing
benchmarks show the improvement of up to 97% in terms of
path delay than that of no any buffer insertion. The results
compared with LTM-MMM-AWA/DME and
LTM-GMA-AWA/DME approaches have the savings of 10%
and 2% respectively on average in tota wirelength and,
compared with IDME method achieve an average improvement
of up to 23.04% in terms of clock delay.
Finally, we investigate a coupling-aware algorithm to reduce
the crosstalk of clock routings. We conduct two-clock
RLC-based routings and give empiricad experiments
without/with considering crosstalk interaction to prove that
clock delay and clock skew would be degenerated due to
crosstalk interaction between routing interconnections. The
proposed coupling-aware agorithm is used to reroute two
clock routings with crosstalk minimization. Experimental
results show that clock delay and clock skew can be improved
up to 4.4% and 20%, respectively, than that of no any
consideration of crosstalk reduction.

Keywords : SoC, Crosstalk, Clock routing, Clock
delay, Clock skew.
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