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Ternary-output BNN it —
Conventional TFF(D)-based NAND counter

The ternary-output BNN employs a column-wise digital readout where accumulation Is performed using
counters, making their area and energy dominant factors in overall efficiency. To address this, we adopt a non-
circular clipping counter to reduce bit-width and, through optimization and analysis, propose a novel RCA-
based counter alongside a TFF-based implementation for efficient design trade-offs.

preventing overflow and underflow; thus, since the PRE and
CLR inputs of the JKFF are used for clipping, additional Set and
Reset Inputs are required to Initialize the counter to 0111111.
Accuracy analysis shows that a 7-bit counter achieves maximum
Inference accuracy, enabling bit-width reduction without
performance loss.
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The Proposed TFF(J)-based TG counter achieves 9.64% area and 8.17% energy reduction compared to the TFF(J)-based AND-OR counter, while a TFF(D)-based design improves
this to 16.31% area and 10.99% energy reduction. The Proposed TFF(D)-based TG counter achieves up to 38.09% area and 43.70% energy reduction among TFF-based designs.
RCA-based counters exhibit slightly larger area (~8.62%) despite reduced transistor count but offer superior energy efficiency, with up to 16.28% additional energy reduction over
the Proposed TFF(D)-based TG counter. The Proposed RCA counter further improves both metrics, achieving 11.67% additional area reduction and 23.55% additional energy
reduction, and up to 45.32% area and 56.94% energy reduction, demonstrating overall efficiency for low-power digital IMC applications.
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