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Taiwan’s IC Industry Sales is Expected to Reach NT$2,621B
(US$87B) in 2019
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Taiwan’s IC industry in 2019 is expected to reach NT$2,621.4B (US$86.8B) (0.1% growth from 2018), with NT$671.1B by
Fabless (US$22.2B) (YoY 4.6% increase), and with NT$1,454.7B by manufacturing (US$48.2B) (Pure Foundry NT$1,306B
(US$43.2B) YoY up 1.6%; IDM NT$148.7B (US$4.9B) YoY down 25.8%), and with NT$344.3B by Packaging (US$11.4B) YoY
0.1% decrease, and with NT$151.3B by Testing (US$5B) YoY up 1.9%. Exchange rate NT$/US$ = 30.2
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Taiwan’s IC Industry Outperform WW with 5.6% Forecasted
YoY Growth in 2020

® Taiwan IC Industry Sales (Billion USD)
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Foundry Business Contributes the Most to Taiwan’s
Semiconductor Industry, Followed by Fabless

Taiwan semi production value distribution
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2019 Taiwan Accounts for 73% of WW Pure Foundry Market

Worldwide Pure Foundry Revenue

M Taiwan Foundry (Billion USD) B Other Pure Foundry Revenue (billion USD)
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2019 Taiwan’s IC Packaging & Testing
Contributes 55% of Worldwide SATS Market

Worldwide SATS Revenue

B Taiwan IC Packaging and Testing (Billion USD) W Other SATS Revenue (billion USD)
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Taiwan’s IC Design Industry Needs Strategic Approach to
Move up (17% of Worldwide 2019)

Worldwide IC Design Revenue

M Taiwan IC Design (Billion USD) M Other IC Design Revenue (billion USD)
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Five Key Platforms of Digital Business
- Optimization with Al and 5G Injection -
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5G Free up Bi-directional Al+loT/Edge System
loT and Al co-create a virtuous cycle for digital transformation

* |oT's missing puzzle is killer application; on the contrary, Al's missing
puzzle is data, making both of which complement with each other.

loT endpoint Al system

Al inference
engine

Copyright 2019
All Rights Reserved 8

Source: Gartner



Industry, Science and Technology International Strategy Center
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Al Trends and Opportunities
Leveraging 5G to Build a Cloud-Edge Hybrid Model

Collaborative development and co-optimization between hardware and software
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A Funded Initiative and 4-years’ Al-on-Chip Program
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Benchmark and Look for Partnership with Stakeholders of
DARPA Electronics Resurgence Initiative

* DRBE : Digital RF Battlespace Emulator

. Photonics in the Package for Extreme Scalability
* T-MUSIC : Technologies For Mixed-Mode Ultra Scaled Integrated Circuits
PIPES * GAPS : Guaranteed Architectures for Physical Security
‘ T-MUSIC GAPS - FRANC : Foundations Required for Novel Compute

_ * 3DSoC : Three Dimensional Monolithic System-on-a-Chip

* DSSoC : Domain-Specific System on Chip
« SDH : Software Defined Hardware
* POSH : Posh Open Source Hardware

DSSoC « IDEA : Intelligent Design of Electronic Assets
SDH  RTML : Real Time Machine Learning
* CHIPS : Common Heterogeneous Integration and IP Reuse Strategies
HIVE * HIVE : Hierarchical Identify Verify Exploit

* CRAFT : Circuit Realization At Faster Timescales

Materials «<—>Architecture «—> Designs
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ITRI Addressing the Need for Low-cost and Volume-scalability
Si-Photonics PKG & Test Opportunities

Focus on optical I/O packaging, laser diode integration, silicon photonics IC integration and testing
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Use-case-driven AloT In Verticals under 5G Context Pose
Challenges to Semi Industry

Domain-knowledge driven Software-led Application focus = System-oriented
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Al on Chip Taiwan Alliance (AITA)
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Global Edge Al Chip Market Expected to Grow Exponentially
and Exceed US$30B in 2025

By 2023, over 20% of revenue from ASSPs and ASICs within IoT endpoint or edge device will have
local Al functionality and capability

Revenue (Millions of Dollars)
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Benefits to Semiconductor Industry by Al Deployment

 Data from multiple sources is sent to Al engine
* Machine learning (ML) algorithms predict equipment maintenance needs
* Workers execute suggestions for maintenance

Predictive
Maintenance

 Data from fabrication equipment, e-test, in-line defects, etc., is sent to Al engine
« ML algorithms analyze data to predict source of yield issues
» Engineers execute decisions for yield improvement based on this analysis

Yield

Improvement

* Test data across entire manufacturing process is fed into Al engine
* ML algorithms analyze this data to predict chip performance
* Engineers use this analysis to reduce costly final tests and make product ship decisions

Operational
Efficiency

* Integrated circuit (IC) design is fed to Al engine
» ML algorithms predict design issues that could lead to systematic defects
* Designers make appropriate design changes to eliminate potential issues

IC Design
Optimization

» Microscopes in the fab combine nanoscale imaging with Al
» ML algorithms detect new defects and pass information across tools in the fab
» Engineers can focus on identified defects without spending time on manual inspections
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Prognostic and Health Management by ITRI for Semi Industry

« PHM is based on Al and machine learning which analyzes the processing data generated by
machines & monitors and predicts in real time as well as presents with visualized insights.

Requirements : Fault/Failure prognosis for Four levels of PHM’s primary
semiconductor manufacturing technology operating flow

Ensemble Learning and Adaptation

Blending Blending
Model 1 [— Model N
Leaner Construction

Regressjon Classification Clusteri
Statistical | Project-Based | Domain Knowledge | Variable/Feature jFeature
Feature eature Feature Selection L I
Imbalance Data Processing Data Veracity Processing

Data Sets
a. Abnormal Events
b. Sensor data

Leaner Blending
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ITRI Case : CyberEpi Optimizes Epitaxial Process

* CyberEpi is a software through multi-physical and chemical coupling simulation analysis,
as well as heat flow field visualization technology

» CyberEpi can reduce control time of the epitaxial process, from weeks to hours which
formerly required and performed only by epitaxy expert with try-and-error endeavor

* CyberEpi serves as a Digital Twin of MOCVD system; shortens R&D and product launch
cycle of LEDs, solar cells, and high-power integrated circuits

CyberEpi Operation Architecture CyberEpi Performance Index
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Manufacturing Big Data Analytics to derive

control rules for cycle reduction

IEEE TRANSACTIONS ON AUTOMATION SCIENCE AND ENGINEERING

Manufacturing Intelligence to Exploit the Value of
Production and Tool Data to Reduce Cycle Time

Chung-Jen Kuo, Chen-Fu Chien, Member, IEEE, and Chen-Tao Chen

Abstract—Cycle time reduction is crucial for semiconductor
wafer fabrication companies to maintain competitive advantages
as the semiconductor industry is becoming more dynamic and
changing faster. According to Little’s Law, while maintaining the
same throughput level, the reduction in Work-in-Process (WIP)
will result in cycle time reduction. On one hand, the existing
queueing models for predicting the WIP of tool sets in wafer
fabrication facilities (fah) have limitations in real settings. On the
other hand, little research has been done to predict the WIP of
tool sets with tool dedication and waiting time constraint so as
to control the corresponding WIP levels of various tool sets to
reduce cycle time without affecting throughput. This study aims
to fill the gap by proposing a manufacturing intelligence (MI)
approach based on neural networks (NNs) to exploit the value of
the wealthy production data and tool data for predicting the WIP
levels of the tool sets for cycle time reduction. To validate this
approach, empirical data were collected and analyzed in a leading
semiconductor company. The comparison results have shown
practical viability of this approach. Furthermore, the proposed
approach can identify and improve the critical input factors for
reducing the WIP to reduce cycle time in a fab.

& IEEE

IEEE ROBOTICS AND AUTOMATION SOCIETY
IEEE Transactions on Automation Science and Engineering

Best Paper Award
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Chen-Fu Chien

August 2012

Source: IEEE Transactions on Automation Science and Engineering

changing faster in consumer era. Therefore, time-to-market and
cycle time reduction have become increasingly critical issues
for both research and practice.

According to Little’s Law, while maintaining the throughput
level of individual tool sets in a [ab, reducing the WIP levels will
reduce the cycle time. There is a gap to effectively determine ap-
propriate Work-in-Process (WIP) levels for various tool sets in
a fab in light of dynamic nature of waler fabrication and com-
plicated product mix on line. Indeed. a number of queueing and
simulation models have been developed in predicting the WIP or
the cycle time of tool sets in a fab. However, most of the studies
applying queueing models have limitations in real settings due
to the requisite assumptions to which few real-world systems
conform [1], [2]. In particular, conventional queueing theory as-
sumes all the servers are identical in a service center. However,
tool dedication constraint for wafer fabrication requires that cer-
tain tools in a tool set can process only part of products or pro-
cessing steps. That is, the tools in the ol set are not identical
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Given the rapid pace of change in cuttin%-edge te_chr)_olo?y and industry development, the timeliness and comprehensiveness of the information included in thislgresentation cannot be guaranteed
by ITRI. Users of this presentation shall bear full liability for any injury or loss that may be sustained as a result. The Copyright of this ?resen_tat_lon belongs to ITRI and none of this presentation,
either in part or in whole, in any form, may be reproduced, publicly transmitted, modified or distributed or used by other means without permission from ITRI.
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