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Abstract:  Coordinate rotation digital computer (CORDIC) algorithms implement a wide range of function
evaluations using shift and add/subtract operations. Owing to their regular structures and natural suitability for pipelining,
CORDIC architectures have been widely used in digital signal processing, communication, and embedded systems.
However, with the increasing application scale and computational precision, achieving both high throughput and low
hardware overhead has become increasingly challenging. Conventional pipelined CORDIC implementations generally
employ prescaled initial values and a uniform maximum word length across all iteration stages. As a result, full-word-length
hardware is still instantiated in the early iterations even though valid low-order data have not yet been generated, leading to
considerable redundant hardware overhead. To address this problem, this paper proposes an efficient pipelined CORDIC
architecture based on stepwise word-length increment optimization and retiming. First, integer initialization is adopted,
while compensation for the fixed scaling factor is moved outside the core datapath or deferred to a post-processing stage,

thereby removing the full-word-length constraint imposed by prescaling. On this basis, the generation characteristics of
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valid low-order information during shift-add iterations are analyzed, and a stepwise word-length increment model is
established. Theoretical analysis shows that, before the target word length is reached, the effective word length increases
quadratically with the iteration index. According to this model, the registers and shift-adders in the X and Y datapaths of the
early iteration stages are trimmed on demand, so that only the logic resources required to represent the currently effective
information are instantiated in the early iterations. In this way, hardware overhead is reduced while preserving the basic
micro-rotation form and computational accuracy of the original CORDIC algorithm.Second, to address the inter-stage delay
imbalance caused by the nonuniform word-length distribution, the critical paths of the datapath are analyzed. Since the early
low-word-length pipeline stages exhibit shorter carry-propagation paths and therefore larger timing slack, low-word-length
pipeline stage merging and retiming optimization are introduced to exploit this slack. By merging adjacent early pipeline
stages and redistributing pipeline registers through retiming, the proposed architecture further reduces pipeline-register
overhead as well as the associated area and power consumption.Experimental results show that, under an 8-bit signed fixed-
point configuration, the proposed stepwise word-length increment architecture reduces circuit area by 16.72%, the total
number of logic cells by 22.23%, and power consumption by 13.97% compared with the uniform-word-length CORDIC.
With low-word-length pipeline stage merging and retiming, the area and power consumption are further reduced by 33.2%
and 20%, respectively, compared with the unretimed uniform-word-length CORDIC. The proposed architecture also
maintains significant area advantages under different precision configurations, demonstrating good scalability. In addition,
the proposed method can be extended to other CORDIC variants that adopt integer or low-precision constant initialization,
retain shift-add-based iterative updates, and allow scaling-factor compensation to be performed outside the core datapath.
Therefore, the proposed architecture provides a low-area and low-power CORDIC hardware implementation for high-

throughput and resource-constrained digital signal processing systems.
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Table 1  Evaluation of different functions using CORDIC algorithm
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Figure 3 Word-length variation based on the stepwise increment model
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Figure 4 Improved CORDIC pipeline architecture with integer initialization
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configuration
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optimization under the <8,6> configuration
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Table 4 Synthesis results of different CORDIC architectures under a
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Table 8 Comparison and applicability analysis of recent CORDIC methods
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