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This paper analyzes the timing of a new technology’s economic feasibility using a simple
yet novel approach. While the conventional wisdom that costs fall as cumulative production increases does not enable us to analyze this timing, the proposed approach enables us to do so using existing technological trends in the components that form a new
technology’s system. For 3D television, although the concepts that form the basis of 3D
television have been known for many years, improvements in speciﬁc components within
two-dimensional (2D) televisions such as the liquid crystal display (LCD) are ﬁnally making
3D television economically feasible. More speciﬁcally, improvements in the frame-rates of
2D LCDs are making it economically feasible to introduce time sequential 3D, which requires special glasses. Similarly, increases in the number of pixels per area (resolution) will
probably make auto-stereoscopic 3D LCDs economically feasible in the next ﬁve to ten
years and thus eliminate the need for special glasses.
Ó 2013 Elsevier Ltd. All rights reserved.
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1. Introduction
Understanding when a new technology might become
economically feasible and begin to diffuse remains an
allusive goal. The economics literature focuses on cumulative production as a key driver of diffusion in that the cost of
a new technology falls as cumulative production increases
in a so-called learning or experience curve, According to
such a curve, product costs drop a certain percentage each
time cumulative production doubles [1,2] as automated
manufacturing equipment is introduced and organized into
ﬂow lines [3]. However, if cost reductions primarily come
from production, as the learning curve suggests, by deﬁnition cost reductions cannot occur before production occurs thus making it very difﬁcult to use a learning curve to
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analyze when a new technology might become economically feasible and thus begin to diffuse.
The management literature uses the term technological
discontinuity to distinguish between new and old technologies where products deﬁned as discontinuities are
based on a different set of concepts or architectures than
are the old technologies [4]. However, while there is wide
agreement on the descriptions and timing of speciﬁc
technological discontinuities, most research on technological discontinuities focuses on the existence and reasons
for incumbent failure and in doing so treats these discontinuities as “bolts of lightning” [3,5–7]. For example, the
product life cycle, cyclical and disruptive models of technological change do not address the sources of technological discontinuities and instead their emphasis on
incumbent failure implies that the timing of these discontinuities depends entirely on cognitive factors and thus
cannot be easily analyzed [8,9].
This paper analyzes the timing of a new technology’s
technical and economic feasibility using a simple yet novel
approach, which is outlined in more detail in Refs. [10,11].
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This approach builds from the notion that technologies can
be thought of as a “system” of components [12–16] where
new technological systems often borrow components from
existing technological systems [17]. Thus, this approach
focuses on the concepts that form the basis of a new
technological system and the levels of performance that are
needed in the relevant components before new the new
concepts become technically and economically feasible.
This enables us to utilize technological trends in the relevant components to analyze the timing of economically
feasibility. Since data on technological trends are available
for a wide variety of existing components, the ability to
utilize this paper’s approach primarily depends mostly on
our understanding of a technology’s system and
components.
This paper demonstrates this approach using threedimensional (3D) television, a technology whose basic
concepts have been well understood for many years.
Building from one author’s experience with televisions and
a second author’s knowledge of technological change, the
key components in a 3D television are identiﬁed and
analyzed. Such a system includes LCDs, ICs, and other
electronic components where improvements in these
components continue to be made somewhat independently of the existence or introduction of 3D televisions. For
LCDs, costs have been falling quite rapidly as ﬁrms have
gradually increased the size of the substrate and production equipment. In addition, improvements in their framerates and in the number of pixels are also being made in
response to demand from other electronic products and
these improvements are gradually making 3D television
technologically and economically feasible.
This paper ﬁrst describes the ideas that form the basis of
this paper’s approach, the sources of these ideas, and their
application to televisions. Second, it brieﬂy describes the
research methodology. Third, it summarizes the improvements in LCD displays and other electronic components
that are making 3D LCD televisions technologically and
economically feasible. Third, it describes how these improvements are improving the technological and economical feasibility of time-sequential and auto-stereoscopic 3D
televisions, which are the two most discussed methods of
achieving 3D television. Time-sequential 3D displays
require special glasses that include an active or passive LCD
display while auto-stereoscopic 3D LCDs do not require
glasses. Fourth, this paper speculates on a pattern of
diffusion for 3D television.
2. Key concepts
Technological discontinuities are typically deﬁned and
classiﬁed by the extent to which a new product, when
compared to a previous one, involves changes in the core
concepts that form the basis of a product or in the linkages
between a product’s key components [4]. Radical innovations change both the concepts and the linkages,
architectural innovations change only the linkages between components, and modular innovations change only
the core concepts of a single component. Although some
scholars also focus on a technology’s impact on the linkages
between a ﬁrm and the market [18], these types of
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discontinuities, including so-called disruptive ones, can
also be classiﬁed as either radical or architectural innovations [6].
This paper focuses on radical innovations in televisions
and in particular it focuses on 3D televisions. Looking at the
concepts that form the basis for electronic displays, the ﬁrst
ones were cathode ray tubes (CRT) that were initially used
in oscilloscopes and only later used in televisions. In the
cathode ray tube, one electrode emits electrons and electrons striking phosphors cause the phosphors to luminesce
[19]. By controlling the direction of the electrons with an
electric ﬁeld, one can determine the speciﬁc phosphors on
a glass tube that will be struck by the electrons. By using
three electrodes or so-called electron guns and the right
type of phosphors, color images can also be displayed on
the television screen. Like other forms of electronic
discharge tubes such as incandescent lights, many improvements in cathode ray tubes came from ﬁnding better
phosphors and better materials for the electron gun.
Nevertheless, limits to these improvements began to
emerge many years ago. Their miniaturization (and thus
their costs) has been severely constrained by the size of
electrodes, glass bulbs and sockets, and the resolution of
them is constrained by an ability to control electrodes,
emitted electrons, and impacted phosphors.
LCDs are based on a different concept than are CRTs.
They use an electric ﬁeld to control the orientation of the
liquid crystals. Although the properties of liquid crystals
had been identiﬁed by the late 19th century, it was not until
scientists were able to control them with an electric ﬁeld in
the mid-1960s that interest in them emerged. Applying an
electric ﬁeld causes them to align in the appropriate direction and thus either block or transmit polarized light
from an external source such as a so-called backlight.
Applying different electric ﬁelds to different regions, or socalled “pixels,” in a liquid crystal causes light to be either
passed or blocked by the different pixels and thus enables
an image to be formed on a display. Finding the appropriate
liquid crystal materials along with materials for polarizers
and color ﬁlters took many years of scientiﬁc research in the
1960s, 70s, and 80s where these advances were facilitated
by the ability to use semiconductor manufacturing equipment to deposit and form patterns in these materials. This
semiconductor manufacturing equipment also facilitated a
change from so-called passive-matrix to active-matrix LCDs
where cost reductions are now largely driven by increasing
the scale of this production equipment [20–23].
A variety of technological discontinuities have been
envisioned by scientists and engineers for television and
other displays. One is the replacement of existing backlights, which are so-called cold cathode ﬂuorescent lights,
with light-emitting diodes (LEDs) since the LEDs are much
thinner and have higher luminosity per watt than do cold
ﬂuorescent lights. A second discontinuity is the replacement of the entire LCD with a display constructed with
organic light-emitting diodes (OLEDs). While most LEDs are
made from semiconductor materials, OLEDs are constructed from organic materials in which it is much easier
to place different color polymers on a single substrate
(usually glass) using ink jet printing than to place different
color LEDs on a single semiconductor substrate. OLEDs are

