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Abstract

This study presents the design and implementation of a mixed-signal integrated circuit (IC) that integrates analog
and digital circuits and establishes a complete full-custom IC design flow, including system design, transistor-level
circuit design, full-custom physical layout, chip fabrication, printed circuit board (PCB) integration, and hardware
measurement. The analog circuit employs a complementary metal-oxide—semiconductor (CMOS) operational
amplifier (OPA) combined with an external charging and discharging network to generate a stable square-wave clock
signal for the digital circuit. The digital circuit integrates a bidirectional counter, control logic, and a seven-segment
decoder to realize up/down counting and display functions. To improve device matching and mitigate the effects of
process variations on circuit performance, a full-custom CMOS IC design methodology is adopted. Key layout
techniques, including common-centroid configuration, guard rings, and dummy devices, are incorporated into the
critical circuit blocks to enhance device matching, suppress substrate noise, and improve chip reliability. The
completed layout successfully passed design rule check (DRC) and layout versus schematic (LVS) verification, and
was then followed by GDSII generation, chip fabrication, packaging, and PCB implementation. Experimental results
demonstrate that the proposed mixed-signal IC operates reliably with correct up/down counting and seven-segment
display functions. The measured results are consistent with the design specifications, thereby validating the proposed
mixed-signal IC design methodology and the effectiveness of the full-custom physical layout techniques. The proposed
design and verification flow provides a practical reference for the development and implementation of future full-
custom mixed-signal CMOS integrated circuits.
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