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A Study on Innovation and Implementation in Integrated Circuit Design
Education at National Taitung University

Chih-Lung Tseng”

Abstract

In recent years, the rapid development of the global semiconductor industry has
underscored the growing demand for skilled professionals in integrated circuit (IC) design.
Although Taiwan plays a key role in the global semiconductor manufacturing landscape, a
significant gap remains between academic theories and industrial practices in IC design
education. Located in eastern Taiwan and comparatively under-resourced relative to
universities in the western region, National Taitung University (NTTU) has made consistent
efforts in promoting IC design education. The university has adopted a progressive, modular,
and project-based teaching approach to bridge the gap between theory and practice.

This study explores NTTU’s innovation and implementation in IC design chip education.
First, NTTU must sign a tripartite agreement for the first time with the National Applied
Research Laboratories Taiwan Semiconductor Research Institute (TSRI) and Taiwan
Semiconductor Manufacturing Company (TSMC). Following the agreement, NTTU gained
access to IC design software provided by TSRI, allowing students to follow the complete IC
design flow step by step. After completing their chip designs, students must pass verification
procedures established by TSMC’s fabrication division. Finally, only upon successful
verification can the designs proceed to tape-out and fabrication by TSMC. Once the chips are
produced, students are required to test and validate the functionality of their chips to ensure
consistency with their original circuit designs.

NTTU has developed an integrated, progressive instructional model that combines
fundamental course, software simulation, and project-based learning. Using TSMC’s 180nm
process technology, students can participate in the entire IC design process, including
schematic design, pre-simulation, circuit layout, design rule checking (DRC), layout vs
schematic (LVS) verification, parasitic extraction and post-simulation, ultimately completing
tape-out and chip manufacturing. Through these efforts, NTTU has established an integrated
IC design training model based on the student background, and proposed a sustainable and
scalable talent training model for the semiconductor IC design field.

Keywords: Integrated Circuit (IC) Design, National Taitung University (NTTU), Chip
Manufacturing, Semiconductor Higher Education.

Chih-Lung Tseng (Corresponding Author), Assistant Professor, Department of Green Energy and Information
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Introduction

The development of integrated circuit (IC) design has become a cornerstone of
technological innovation and economic competitiveness. The IC industry now lies at the heart
of modern electronic devices, with applications spanning mobile phones, wearable devices,
artificial intelligence (Al), and even quantum computing systems (Chiang & Kuo, 2021).
Taiwan holds a leading position in global semiconductor manufacturing and design, home to
world-renowned companies such as Taiwan Semiconductor Manufacturing Company
(TSMC), MediaTek Inc., and Realtek Semiconductor Corporation. Despite these
technological advances, cultivating IC design talent remains a challenge, especially at
universities in remote areas with limited resources. While top-tier institutions such as
National Yang Ming Chiao Tung University and National Taiwan University have
established comprehensive IC research systems and foster strong industry collaborations,
regional universities like National Taitung University (NTTU) face significant obstacles.
These problems include limited laboratory facilities, small number of professional teachers,
and large gaps in students' basic knowledge.

According to Lin and Hsieh (2022), the modular integration of circuit design support
tools can help mitigate resource constraints while maintaining high teaching quality. Many
studies have emphasized the importance of practice-oriented IC design education that aligns
closely with industry needs. For instance, Chiang and Kuo (2021) found that project-based
learning significantly enhances student engagement and technical proficiency in VLSI
courses. Moreover, Su and Chen (2020) highlighted the need for localized course
development tailored to students’ diverse backgrounds and regional resource limitations.
International studies also support diversified models of IC design education. For example,
Ahmed and Riaz (2021) demonstrated that hybrid learning platforms combining simulation
tools and remote laboratories improve both course accessibility and student engagement.
These findings confirm the value of adaptive and context-sensitive educational strategies.

As Taiwan to lead the global semiconductor industry, extending IC education to non-
metropolitan regions becomes increasingly vital. As Taiwan to lead the global semiconductor
industry, extending IC education to non-metropolitan areas becomes increasingly important.
In eastern Taiwan, NTTU has taken the initiative to implement a localized IC course designed
specifically for students with limited access to resources. In recent years, NTTU has worked
to bridge the gap between academic theory and industrial practice—not only addressing talent
cultivation shortfalls but also responding to the needs of regional development by providing
students with access to high-value knowledge aligned with national semiconductor strategies
(Ministry of Education, 2022; National Development Council, 2023).

Figure 1 shows a major milestone in 2024, when NTTU signed its first tripartite
agreement with the National Applied Research Laboratories Taiwan Semiconductor
Research Institute (TSRI) and Taiwan Semiconductor Manufacturing Company (TSMC).
This agreement, which includes confidentiality clauses regarding TSMC process
technologies and silicon intellectual property, marked the starting point of NTTU’s IC design
education initiative. Leveraging TSRI’s IC design software and TSMC’s chip fabrication
capabilities, NTTU adopted a progressive, modular, and project-based teaching model to
promote IC design education. Departing from traditional lecture-based instruction, NTTU
emphasizes hands-on circuit verification in its foundational electronics and circuit theory
courses. This pedagogical approach aligns with national policies promoting localized
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semiconductor education and encourages regional universities to participate in Taiwan’s
innovation-driven economy (Lin & Hsieh, 2022).

This paper explores NTTU’s instructional strategies, implementation outcomes, and
potential in the field of IC design education. It also offers recommendations for future
educational innovation and the development of sustainable semiconductor talent cultivation
programs.
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Figure 1. National Taitung University (NTTU), Taiwan Semiconductor Research Institute (TSRI),
and Taiwan Semiconductor Manufacturing Company (TSMC) signed a confidentiality
agreement on TSMC's semiconductor process and intellectual property rights.

Research Methods

1. Research Structure

This study adopts an action research methodology to explore the application of experiential
learning in IC design education when faced with pedagogical challenges. The research centers
on the design and implementation of an experiential learning-based instructional model,
grounded in theoretical content from IC design textbooks and supported by practical training
using computer server workstations. The objective is to examine how students’ understanding
of IC design theories evolves after participating in the experiential learning program and how
they identify, address, and resolve problems encountered during the learning process. Particular
attention is paid to how students develop conceptual thinking related to chip design and
internalize circuit design knowledge, thereby strengthening cognitive retention. At the same
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time, the study also aims to foster professional growth among instructors.

Action research is a practice-oriented research methodology that encourages practitioners
to adopt a reflective, inquisitive, and critical stance toward their own professional practices. It
involves a systematic process of inquiry into real-world problems encountered in the classroom
with the goal of finding strategic solutions. Through an iterative cycle of planning,
implementation, reflection, revision, and re-implementation, this method seeks to improve
existing conditions, enhance teaching practices, and promote educators’ professional
development and empowerment.

Figure 2 shows the action research cycle for IC design education. This study aims to
explore the effectiveness and challenges of IC design education at NTTU. The research focuses
on three major dimensions: course design, student learning experience, and project-based
outcomes.

Action Research Cycle in Education

@

Identify
Problem
N
L Recognize teaching
challenges

Adjust strategy

based on reflection @

Q
@ Develop experiential
learning strategy
Evaluate student g )
valuate studen v
learning and teacher ;ﬁ\
growth
Apply strategy in

classroom

Figure 2. IC design action research architecture diagram

(1) Course Design Analysis

This study analyzes NTTU’s IC design course, including its structure, learning
objectives, teaching tools, and evaluation methods. The foundational courses include
Electronics and Circuit Theory, while the core course, IC design, fully incorporates
professional electronic design automation (EDA) tools such as Cadence Virtuoso.

(2) Student Learning Experience

The research evaluates the experiences of undergraduate and graduate students
enrolled in IC-related courses through student satisfaction surveys. Additionally, selected
students participated in semi-structured interviews to further investigate the challenges
they faced, their motivations, and learning processes throughout the course.
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(3) Evaluation of Project-Based Outcomes

Students’ final project outcomes in the IC design course were assessed based on
innovation, functional implementation, design complexity, and documentation quality.
Furthermore, selected projects were benchmarked against academic standards and industry
internship performances.

The action research methodology employed enables students to engage in systematic
inquiry within real-world circuit design contexts. Through a continuous cycle of action and
reflection, students remain actively involved in improving their designs to meet the
requirements of tape-out fabrication. This cyclical process of research and practice
strengthens their knowledge and expertise in IC design, ultimately providing a
comprehensive representation of NTTU’s educational reality in this domain.

2. Research Questions

This study is a form of action research conducted by the instructor within the teaching
context. It primarily investigates both foundational and core courses related to IC design in the
undergraduate and graduate programs. The objective is to integrate experiential learning into
IC design education, thereby enhancing students’ acquisition and application of professional
knowledge in chip design. By collaborating with Taiwan Semiconductor Research Institute
(TSRI) and Taiwan Semiconductor Manufacturing Company (TSMC), the study connects
educational practices with local industry and regional development, fostering students'
understanding of the value of chip design. Concurrently, the instructor continually reflects on
and adjusts instructional practices to ensure the effectiveness of student learning outcomes in
IC design education.

3. Scope of the Study
The study centers on courses related to IC design, specifically focusing on foundational
courses such as Electronics and Circuit Theory, and the core course in IC design. The overall

scope encompasses the innovation and practical implementation of chip design education at
NTTU.

4. Experimental Subjects and Fields

(1) Experimental Subjects -

The primary participants are master’s students from the Department of Green Energy
and Information Technology, who enrolled in the IC design course. Undergraduate
participants include second-year students taking Electronics and Circuit Theory, as well as
third- and fourth-year students involved in capstone projects in the Department of Green
Energy and Information Technology at NTTU.

(2) Experimental Fields -

The study was conducted in classrooms and computer workstation laboratories within
the Department of Green Energy and Information Technology at NTTU. It was further
extended through collaborative agreements with TSRI and TSMC, using IC design
software provided by TSRI and chip fabrication support from TSMC.

5. Research Methods and Tools

The study adopts an action research methodology. During instructional practice, a
diversified strategy of experiential learning was implemented to promote autonomous learning
among students. Upon signing agreements with TSRI and TSMC, instructors were required to
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apply for user accounts, which students could only obtain through instructor verification. After
acquiring accounts, permissions for EDA tool usage and IP registration were required, followed
by process technology and intellectual property authorization applications. Due to TSMC’s strict
confidentiality policies regarding process technologies, all chip design work was conducted
exclusively through secure online platforms.

Results and Discussion

Figure 3 shows the flowchart of the IC design process. The design begins with the
specification of chip functionality, followed by a series of steps that systematically fulfill these
functional requirements through circuit design. The IC design workflow consists of the
following stages: defining chip functional requirements — circuit schematic design — pre-
circuit simulation — layout design — design rule verification — parameter extraction — post-
circuit simulation — chip fabrication.

IC Design Flow

Circuit Design
Pre-Circuit Simulation
Circuit Layout

Circuit Verification
Parasitic Extraction

Post-Circuit Simulation

Figure 3. IC design process flowchart

Figure 4 shows a student-designed circuit schematic. The schematic drawing is a critical
point in the IC design process, where the intended chip functionality is translated into a concrete
circuit architecture. During this stage, students must determine the appropriate selection and
functionality of various electronic components and represent them using standardized circuit
symbols. These components are interconnected via wiring, which denotes the direction of
current flow and the paths of signal transmission throughout the circuit.
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Figure 4. Student-designed circuit schematic diagram

Figure 5 shows a circuit simulation diagram created by a student. Once the circuit design
is completed, a pre-circuit simulation is conducted to evaluate whether the design meets the
specified functional requirements of the chip. The primary purpose of pre-circuit simulation is
to predict and verify the behavior of the circuit before it proceeds to physical implementation.
By using EDA tools, the circuit can be executed in a virtual environment to analyze its
performance and behavior under various conditions. Such simulations typically include DC
operating point analysis, frequency response analysis, and transient analysis. These analyses
ensure the circuit performs reliably and stably across different operating conditions. The results
from the pre-circuit simulation are instrumental in identifying potential design flaws early in the
process, such as improper voltage biasing, signal distortion, or excessive power consumption.
Detecting these issues in the early stages helps prevent costly errors during fabrication and
testing. Through this process, the reliability and robustness of the circuit design are significantly
enhanced, thereby improving the overall efficiency of the IC design workflow.

CLK: 25M Hz

Bootstrapped Switch
=

0.0 40.0 80.0 1 200.0 240.0
; )

Figure S. Student-generated circuit simulation diagram
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Figure 6 shows student-generated circuit layout diagrams. Figure 6(a) shows the layout
without I/O pad circuits, while Figure 6(b) includes the I/O pad circuits. While a circuit
schematic provides a symbolic representation of an electronic circuit using simplified graphic
symbols and interconnections of power and signal lines, it differs significantly from the actual
physical layout required for fabrication. Therefore, once the schematic is completed, the next
critical step is to proceed with the circuit layout design.

A circuit schematic typically comprises four main components: component symbols,
interconnections, nodes, and annotations. The symbols represent actual electronic components,
although their visual representations may differ from the physical appearance of real-world
components. However, these symbols accurately convey essential attributes, such as the number
and function of terminals.

In layout design, although the schematic’s functional requirements must be faithfully
preserved, the physical implementation often demands adjustments and optimizations based on
practical constraints such as area, performance, manufacturing process limitations, and parasitic
effects. As a result, the layout is not a one-to-one reproduction of the schematic but rather a
refined and implementable version tailored for fabrication and performance enhancement.

(b)

Figure 6. Student-generated circuit layout diagrams: (a) without I/O pad circuits and (b) with
1/0 pad circuits

Figure 7 shows student-implemented circuit verification diagrams. Figure 7(a) shows a
successful design rule check (DRC), while Figure 7(b) shows a successful layout versus
schematic (LVS) verification. DRC is a critical step in the integrated circuit design flow,
ensuring that the physical layout complies with the semiconductor manufacturing process
constraints. DRC systematically examines the layout for violations of predefined geometric
rules that, if unaddressed, could lead to fabrication failures or suboptimal device performance.
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Figure 7. Student-generated circuit verification diagrams: (a) DRC passed and (b) LVS passed
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Typical DRC rules include constraints such as minimum line width, spacing between
features, layer-to-layer distances, via dimensions, and other geometry-related limitations
dictated by the process technology. DRC scans the entire layout and highlights any rule
violations, enabling designers to detect and resolve issues prior to tape-out, thereby reducing
manufacturing risks and associated costs. By ensuring conformance to fabrication specifications,
DRC enhances the robustness of the design and minimizes the need for costly rework, ultimately
shortening development cycles and optimizing production efficiency.

LVS verification complements DRC by confirming that the final physical layout accurately
reflects the original schematic design. While DRC ensures that the layout meets geometric and
process constraints, it does not verify the functional correctness or logical equivalence of the
layout with the intended design. LVS addresses this gap by comparing the netlist extracted from
the layout to the original schematic netlist, ensuring that connections, component instances, and
circuit hierarchy are preserved. Together, DRC and LVS form the foundation of physical
verification in IC design, safeguarding both manufacturability and functional integrity.

Once circuit verification is completed, layout parasitic extraction (LPE) is performed to
quantify the impact of layout-induced parasitic elements on circuit behavior. This process is
essential to ensure that the physical layout does not degrade the intended electrical performance.
If the post-circuit simulation results fail to meet the original specifications, corrective actions
must be taken. These may include circuit enhancement, parasitic analysis, or even redesigning
both the schematic and the layout to meet performance requirements.

One of the major challenges at this stage is the inherent trade-off between minimizing chip
area and managing parasitic effects. While layout designers strive to reduce chip size to optimize
cost and integration density, aggressive area minimization can exacerbate parasitic capacitance
and resistance, ultimately degrading circuit performance. Consequently, layout modification at
this stage can be time-consuming and resource-intensive.

Following layout refinement, post-circuit simulation is conducted to validate the final
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circuit performance under realistic parasitic conditions. If the post-circuit simulation closely
matches the results of the pre-circuit simulation, the design is deemed ready for tape-out. The
completed design can then be submitted to the TSRI for fabrication via TSMC.

Conclusions

The findings of this study on the IC design course at NTTU hold significant implications
for engineering education in remote areas. Three key themes emerged from the data: (1)
localized and progressive course design, (2) the effectiveness of project-based learning, and (3)
alignment with industry needs.

1. Localized and Scalable Course Design

The IC design course developed at NTTU demonstrates that a comprehensive and modern
engineering education can be successfully implemented even in remote regions. The course
progresses from basic circuit design and simulation to hands-on layout and verification, enabling
students to develop both theoretical understanding and practical skills. This stepwise approach
is particularly effective for students with limited prior knowledge, making it especially suitable
for educational contexts in eastern Taiwan and other non-metropolitan areas.

2. Impact of Project-Based Learning

Project-based learning significantly enhanced students’ motivation and self-confidence.
Students reported that engaging in hands-on projects helped them understand real-world
challenges in IC system design, such as workflow sequencing, debugging, and performance
constraints. They also gained experience in teamwork and role allocation. These outcomes are
consistent with constructivist learning theory and suggest that hands-on engagement should be
central to technical education.

3. Alignment with Industry Demands

By incorporating industry-standard tools such as Cadence Virtuoso, the course equips
students with practical competencies that enhance their employability and readiness for
internships. Some students noted that their final projects were valuable assets during job
interviews. Compared to resource-rich national universities, NTTU has leveraged intensive
design practice to overcome geographic and resource limitations, illustrating that high-quality
engineering education is not exclusive to elite institutions.
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