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Abstract

This study presents the design, fabrication, and experimental verification of a full-custom digital clock integrated
circuit (IC) using the United Microelectronics Corporation (UMC) 0.18 pum complementary metal-oxide—
semiconductor (CMOS) process. A complete full-custom IC design methodology, encompassing system-level
modeling, transistor-level circuit design, physical layout, chip fabrication, and hardware validation, is established. The
digital clock was first modeled using electronic design automation (EDA) tools for system-level functional verification.
The clock counter, decoder, and control logic were subsequently implemented at the transistor level using Cadence
Virtuoso and verified through pre-layout HSPICE simulations. The physical implementation included transistor sizing,
layout design, design rule checking (DRC), and layout-versus-schematic (LVS) verification to ensure compliance with
fabrication rules and manufacturability. After wire bonding and chip fabrication, the chip was mounted on a printed
circuit board (PCB) and integrated with a seven-segment display and LED display modules to establish a complete
hardware measurement platform. Experimental results demonstrate that the proposed IC correctly performs hour,
minute, and second counting, decoding, and display functions. The measurement results agree well with the simulation
results, validating the proposed circuit architecture and the effectiveness of the established design methodology. The
proposed methodology serves as a practical reference for the development of full-custom digital ICs and application-
specific integrated circuits (ASICs), and as an effective educational platform for full-custom IC design.
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