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Abstract Understanding trends and drivers of technology diffusion is imperative to forecast new technology adoption
and understand the process of technological innovation. Our research utilizes a quantitative trend analysis considering
both technological and economic indicators for trends and drivers of technology diffusion for 32nm, 22nm, and 14nm
logic semiconductor technology.

In terms of technological performance, the technology diffusion curve showed an S-curve pattern during the stages
of maturity and decline, and the diffusion curve showed evidence supporting the learning curve. The diffusion curve
showed the life cycle duration of 2 years, and the rate of technological performance and obsolescence are observed
quantitatively between generations. Architectural innovation is affected by technological drivers more significantly
than economic drivers. This research has implications as empirical research on the trends and drivers of technology
diffusion in the high-tech semiconductor industry, and is meaningful in forecasting new technology adoption or build
technology strategy.
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Fig. 1. Technology diffusion S-curve
(incumbent vs. discontinuous technology)
(Source : Foster (1986), Schilling (2005))
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Table 1. Research on technology diffusion

Topics Types Research on concepts
Diffusion |Incumbent, discontinuous Foster (1986)
target technology
. . Fleming (2000),
Diffusion Modular innovation Schilling (2000)
factors
Architectural innovation Henderson &Clark (1990)
Diffusion Technology cycle Rogers (1983)
cycles Dominant design Utterback and Abernathy (1975)
S-curve Foster (1986),
Diffusion Christensen (1999)
model o
Gompertz/Logistic/ .
Bass model Winsor (1932), Bass (1969)
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Step 1 : Pre-analysis
« Stepia: Define research question

« Step1b: Build pre-knowledge on theory from literature review

v

Step 2 : Quantitative Trend Analysis

« Step2a: Sampling & data collection from multiple sources
= Step2b: Times series trend analysis of diffusion cycles

« Step2c : Analysis of diffusion cycles combined with diffusion factors

Fig. 2. Research methodology design based on
quantitative trend analysis
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Table 2. Case technology comparison in terms of
process and design technology

Cateco 32nm Logic|22nm Logic|l4nm Logic
gory (Planar) | (Planar) | (Finfet)
Mass production 1) 2010 2012 2014
Intel's Core [Intel Core i7| Intel Core
i3 and i5 and i5 M, Samsung
L processor, | processor, 14 nm
Application AMD's FX | Toshiba | Exynos,
Series 24nm Apple A9
processors | NAND chips
Isolation STI STI STI
SiON gate
SiON gate | SiON gate oxide
Channel oxide oxide (3D
channel)
Process Gate hlgh_l; t‘r:nctal hlgh-l;“r:nctal hlgh—l;t(r:nctal
Technology 2) & & &
SiGe SiGe SiGe
Source/Drain strained strained strained
Source/Drain|Source/Drain(Source/Drain
Ultra low-k,
Metal 'Low-k, Cu lLow-k, Cu Cu
interconnect | interconnect | .
nterconnect
Transistor Planar tvpe | Planar tvpe Finfet
architecture 3) P P type
Design (FBCCS}‘;“;'}M‘?(I)C g | 132 | 9080 | 427052
Technology S I
RAM cel
1182 .1 .
size(um2) 4) 0.18 0.108 0.0588
Chip size(mm2) 4) 118 160 82
(Source : ITRS(International Technology Roadmap for Semiconductors),

IMEC, Wikipedia)

1), 4) Mass production time, design rule, SRAM cell size, chip size
are referred from Intel products

2) Process technologies are referred from representative technology
from industry.

3) Transistor architecture is referred from representative technology
from industry.
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Fig. 4. Quantitative trend analysis of technology
diffusion trend considering marketability
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