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Abstract: In very large scale integration (VLSI) design, efficient clock tree synthesis (CTS) is crucial for ensuring
circuit performance and reliability. To address the co-optimization challenge of clock skew, latency, and power consump-
tion in large-scale circuits, this paper proposes an efficient CTS method based on a bi-partition, four-branch H-like tree. In
the bottom-up phase, the method first employs a greedy-based clustering (GBC) algorithm to enhance the fanout utilization
of low-level buffers, significantly reducing the number of inserted buffers. Subsequently, it incorporates a buffer re-place-
ment algorithm for the fine-grained control of local clock skew. During the top-down phase, it is first theoretically proven
that uniformly inserting a specific number of buffers along a path minimizes clock latency, and a look-up table is construct-
ed based on this principle to guide optimal buffer insertion. Next, the layout is vertically divided into two symmetrical half-
regions from the clock source, and a four-branch H-like tree structure is constructed within each half-region. This structure
not only applies the long-path buffer insertion algorithm to minimize global clock latency but also leverages its symmetry to
merge buffers on symmetrical paths, further optimizing the buffer count while ensuring low clock skew and latency. Finally,
to handle potential constraint violations during synthesis, the method first extracts insertable locations for buffers based on

Boolean operations and then determines their optimal placement according to the properties of Manhattan rectangles. The
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proposed algorithm is validated on circuit instances with 1x10° to 2x10’ flip-flops, and the results demonstrate its significant

advantages. Compared to OpenROAD, our method reduces clock skew and power consumption by 32.3% and 29.9%, re-

spectively. In comparison with GH-Tree, it achieves reductions of 59.9% in clock skew and 28.9% in power consumption,

while maintaining a comparable global clock latency.
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