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Abstract 

Display technology is reshaping the consumer, business, government, and even not-for-profit markets in the midst of the 
digital convergence, coupled with recent smart phones led by Apple, Inc.   

First-Generation (1G) display technology was dominated by the Cathode Ray Tubes, followed by Liquid Crystal Display 
and Plasma in 2G.   A radically innovative shift as a disruptive technology is expected to follow in 3G to utilize virtually any 
transparent material, which wirelessly connects to portable access points.      

This paper studies the feasibility of the 3G Display Technology (DT) with Technology S-Curves, and presents possible 
business models and technology strategies which may be generated from it.  Additional subsets of business models may be 
derived for a wide range of industry applications.   

Keywords: display technology; sisruptive technology; radical innovation; technology S-Curve; business model; technology 
strategy; Liquid Crystal Display; Light Emitting Diode; plasma display; wireless network; access point; glass technology;  
management of technology; management information systems.  
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I. Introduction 

Technology, by far, has been one of the major drivers for 
reshaping the value blueprint (i.e. business model) of 
corporate businesses. Since the early 1990’s, virtual 
technology, led primarily by Information Technology (IT) has 
produced a major impact on many businesses, until 
recently hybrid technology such as Bio Technology (BT) has 
rapidly replaced the IT in terms of business-model 
demographics.  Engineering-oriented tangible technology 
culminated from the post-World War II to the 80’s.  

Today, considerable proportion of the business profits are 
accrued from a number of embedded technologies, in which 
a clear borderline of the three major technologies 
aforementioned no longer exists. For example, the 
automobile industry is no longer restricted to the confines 
of the tangible mechanical technology. Instead, it strives to 
improve its market value of its product by coupling it with 
virtual IT.  Embedded automobile technologies, comprising 
Unmanned Intelligent Vehicles (UIV), Collision Warning 
System (CWS), Intelligent Parking System (IPS), Blind-spot 
Monitoring System (BMS), and Anti-lock Brake System  

(ABS) (viz. mechatronics and IT) are quickly becoming the 
norm.  

The (business) rationale behind seeking embedded 
technology is to maximize the profit by building complex 
value chains of different technologies simultaneously. 
Moreover, many embedded technologies themselves at 
times undergo a series of disruptive changes either through 
supply-driven technology push or consumer-driven demand 
pull. Technology disruption occurs, when, despite its inferior 
performance on focal attributes in the beginning, the new 
technology eventually in the long run displaces the 
mainstream technology from the mainstream market 
(Adner, 2001, 2002; Adner et al., 2005).  A technology, thus, 
may be disruptive in the uni-dimensional hyperplane of a 
performance attribute when component innovation 
(Christensen, 1992a) takes place, or when multi-
dimensional hyplanes of performance attributes are 
associated within the architectural innovation (Christensen, 
1992b).   

Generalized depiction of the technology shift, often 
referred to as the pendulum effect, is illustrated in Figure 1. 

 

 

Figure 1. The Pendulum Effect 

Improvement of a technology over time in the 
performance attribute dimension, expressed as the 
ordinate (i.e. y-axis) in Figure 1, is expedited as it meets the 
minimum expectation of the demand or the supplier.  This 
produces the Lower Bound (LB) of the single, uni-
dimensional performance attribute, which marks the 

closure of the infancy in the lifecycle of technology A (i.e. 
abscissa or the x-axis). Critical mass of technology A is 
achieved within the boundaries formed by the Lower 
Bound (LB) and Upper Bound (UB) of the performance 
attribute.  As technology A matures and its performance 
possibly exceeds its UB, technology B may be introduced.  
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The entire process closely resembles the repeated 
movements of the pendulum to and fro, until the 
technology completely retires from the market.   

In Figure 1, if technology B displaces technology A, then B is 
specified as disruptive. Notice, however, that both 
technologies A and B were bound to a uni-dimension of its 
performance attribute, implying the shift – whether or not 
it was disruptive – was a result of a classical component-

based innovation.  If the shift (to technology B) – whether 
or not it was disruptive – involves multiple dimensional 
hyperplanes, then an architectural innovation had taken 
place.  Figures 2 and 3 represent reinterpretations of the 
technology S-curves, originally conceptualized by 
Christensen (1992a and 1992b), for the uni-dimensional 
component and multi-dimensional architectural 
innovations, respectively.  

 

 
Figure 2. Technology S-Curves: Component Innovations 

 

 

Figure 3. Technology S-Curves: Architectural Innovations 

 

Another class of innovation is the radical, in which previous 
notion, ideas, and perhaps utility of the technology 
completely disappear from the market.  In effect, previous 
performance-attribute dimensions become meaningless, 
and a new polyhedral multi-dimensional vector system 
replaces the old.  Radical innovations almost always are 
disruptive.  

By way of an example, the migration to digital cameras 
from film-based analog may be classified as an architectural 
yet disruptive technological innovation. Its market 
demanded a new set of performance metrics such as digital 
data, personalized picture editing, and elimination of (film) 
developing, among others, while replacing the analog 
cameras from the mainstream. However, common 
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(performance/functional) attributes comprised of picture 
taking, personal pleasure, etc. remained intact. That is, 
displacement of the general as well as conceptual utility of 
the camera for consumers was not brought forth by the 
technological shift.  Further, a considerable number of 
consumers, nevertheless, prefer the film-based analog 
camera.  Examples of component innovations for the digital 
camera include the enhancement of pixel matrices as well 
as their quality, data compression ratio, portability, water 
proofs, durability, power consumption, and so forth.  

Radical innovation, on the other hand, might revolutionize 
the complete set of consumer utility for a technology.  For 
example, there are a plethora of portable storage device 
options for Information Technology (IT), ranging from 

widely popular USB stick/jump drives to passport-sized 
Hard Drive Disks (HDD).  A radical innovation (for data 
storage device) is on-going at present, in which its market 
is encroached by a disruptive technology, namely the 
networked Virtual Drives (VD). In effect, the notion of 
carrying a physical storage device is being rapidly displaced 
by information networks.  

Thus far, technological innovations relative to a single 
functional attribute have been discussed. In practice, 
however, an array of performance attributes for a piece of 
technology may be associated (i.e. iterative).  Embedded 
technologies, therefore, present the management (of 
technology) with additional dimensions of complications 
(i.e. recursive), as illustrated in Figure 4. 

 

 
Figure 4. Technology S-Curves: Embedded Technologies 

 

Three separate (pieces of) technology X, Y, and Z, at a time 
instant, t, or during comparable time segment tj – ti , where 
j > i, are necessary to complete an innovation for an 
embedded technology. Notice component-based 
innovations were assumed in Figure 4 for technologies X, Y, 
and Z to simplify the depiction. Had architectural 
innovations been included in one or more of the three 
technologies, the magnitude of the dimensional increase in 
the attribute vector(s) (i.e. iterative recursions) might have 

led Figure 4 to be illustrated in a series of its 
decompositions in multiple figures.  

The objective of this paper is to complete a feasibility study 
of an emergent embedded technology (viz. mechanical, 
electrical, electronic, chemical, and IT) governing 
Information Display Devices with technology S-curves.  A 
brief chronology of the Display Technology (DT) follows: 
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• Generation I (1G):  Cathode Ray Tubes 
• Generation II (2G):  Liquid Crystal Display and Plasma 

General consensus of the DT research community is that 
Generation III (3G) will be radically innovative in that it will 
allow the consumer to utilize virtually any transparent 
material, which wirelessly connects with portable access 
points.  As a consequence, possible applications may be 
boundless, encompassing windshields and passenger 
windows of transportation vehicles, glass ceilings of 
buildings, and/or regular glass panels at residence.  Many 
subsets of technology strategies and business models are 
expected to be derived from this exercise, applicable to a 
wide range of industries, organizations, and even societies. 
From the long-term strategic management and economics 
standpoint, price elasticity of such technology applications 
with potential price discrimination might be another 
interesting topical subject for research.  

This paper is organized as follows. Relevant literature 
review appears in section II. Necessary technological 
subsets of the embedded technology, third-generation 
display (3GD), are discussed in Section III. Section IV 
follows to illustrate its feasibility analysis with technology 
S-curve exercises. Conclusions and future research 
extensions close this paper in section V.   

II. Review of Literature 

A number of challenges imposed on Management of 
Technology (MoT) in the 21-st century include: innovation, 
strategic timing, resource, and Research and Development 
(R&D) management.  Among others, the focus of this paper 
is the first two, namely the management of technological 
innovation and strategy.  

Radically innovative technology is perhaps most difficult to 
manage. As emphasized in section I, it often entails 
disruptive ramifications involving its entire value chain (viz. 
market, end users, and supply).  Disruptiveness of 
technology was well defined by Adner (2001 and 2002) and 
Adner et al. (2005) with accurate mathematical design 
formulations.  Further, Ganguly et al. (2010) has proposed a 
set of metrics for indentifying the disruptiveness of an 
innovation.  However, theoretically sound as it may be, their 
metric system may not be generalized to a wide range of 
technological innovations, frequently associated with 
original and/or unique concepts and (performance) 

attributes. Impact of this limitation may be minimized by 
reliability measures, as suggested by Govindarajan et al. 
(2006). Another contribution to determining the 
technological disruptiveness was made by Dahlin et al. 
(2005), in which measurements and a series of analyses for 
the degree of disruptiveness were discussed. A brief 
overview of disruptiveness disseminating from both angles 
of technology push and demand pull was the topical agenda 
in Walsh et al. (2000).  

Market strategies for disruptive innovations were studied 
in: Anderson et al. (2002), Druehl et al. (2008), Gilbert 
(2003), Hauser et al. (2006), Kassicieh et al. (2002), Keller 
(2005), Khurana et al. (1997), Kim et al. (2004), Kostoff et al. 
(2004), Krishnan et al. (2005), Linton (2002), Lyytinen et al. 
(2003), Moorthy et al. (1992), Rao et al. (2006), Schmidt et 
al. (2005), Sood et al. (2005), Walsh et al. (2002), and 
Zeithaml (1988).   

Papers with specific focus on R&D management are: 
Carrillo (2005), Chan (2006), Cohen et al. (2000), Day et al. 
(2000), Eisenhardt et al. (1995), Griffin (1993), Henderson 
(1993), Krishnan et al. (2001), Loch et al. (1996), Mallick et 
al. (2005), Meyer et al. (1995), Mishra et al. (2002), Pae et al. 
(2003), Souza (2004), Takeuchi et al. (1986), Winter (2003), 
and Zirger et al. (1990).  

Technology S-curves, originally conceptualized by 
Christensen (1992a and 1992b) have become a framework 
for strategically managing a gamut of both various and 
analogous technologies. However, similar to other 
(strategic) design methods, it is an incomplete and 
imperfect framework, not without shortcomings. In 
particular, multiple estimations for parameters of the S-
curves may often be observed. For example, the marketing 
department might under-estimate the upper bound of a 
performance attribute, whereas the same might be over-
estimated by the R&D project team.  As a consequence, the 
problem of timely determination of the optimal design 
amongst candidates may plague the management. In such 
instances, the ISDM © by Willow (2007) may provide the 
resolution to this problem.  

III. Third Generation Display Technology 

Third Generation Display (3GD) is an embedded 
technology, which requires a number of interactions among 
its backbone technologies. Glass, plastic, chemical, electrical 
circuit, electronics, information, and possibly the nano 
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technology, among others, must interact to form such a 
complex architecture.  Depending on its application, 3GD 
may frequently require this embedded chain of 
technologies to be further extended. This section provides 

a generic technological framework necessary to complete 
the 3GD in practical applications. Figure 5 follows to 
illustrate. 

 

Figure 5. Generic 3GD Technological Framework 

Three layers, at the least, are expected to complete a single 
display panel.  Outermost to 3GD composite layers lies the 
protection surface layer, which may require a light-weight 
yet clear material.  It should be transparent and durable 
such that the visibility of end users is secured at all times.  
The intermediate layer, tentatively specified as the data 
matrix layer is responsible for retaining the data positioning 
in two-dimensional (2D) or three-dimensional (3D) 
Cartesian coordinates.  The data processing and network 
layer, innermost to this proposed architecture, will be 
designed to connect the 3GD to processors and/or 
networks of its primary information system.  The three 
layers in Figure 5 may carry their own sub-layers, 
respectively, whenever a (development) need arises.  

Connections such as wires and/or wireless access points 
may surround the 3GD panel, hidden in the frames, in 
order to reduce the overall volume and weight, while 
maximizing its transparency.  

Samsung Electronics (2010) has introduced a prototype of 
de facto 3GD technology for dedicated use with its 
laptops.  However, its Research and Development (R&D) 
was limited to the existing 2GD technology, in that a 
combination of Organic Light Emitting Diode (OLED) and 
Active Matrix (AM) technologies was sought and 
experimentally implemented.  This technological marriage 
brought forth the Active Matrix Light Emitting Diode 
(AMOLED), as represented in Figure 6.  Screen resolution, 
as it can be verified from Figure 6, appears to be low to 
moderate, and extensions of AMOLED technology to 
practical applications – ranging from generic glass panels 
and walls to windshields for transportation vehicles – are 
questionable.  However, AMOLED, as immature as it is, 
indeed provides the industry with insights into the 
forthcoming 3GD technology. 
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Figure 6.  AMOLED Technology 

Transparency control might be another setback for 3GD 
technology to be widely accepted by the industry.  
Transparency is attained at 40% maximum, for example, by 
the AMOLED in Figure 6. Perhaps most important, flexible 
transparency allows the end users to distinguish the panel 
as a display device from their real-world background and 
vice versa at one time alternatively. In essence, 
autonomous transparency control module, encapsulated as 
software and hardware, must be designed into the 3GD 
framework in layer 3 of Figure 5, while leveraging the 
transparency rate close to 100% for both layers 1 and 2.  

IV. Technology S-Curves 

Feasibility of the radically disruptive Third Generation 
Display (3GD) technology is measured against a number of 
performance variables using the technology S-curves.  
These S-curve exercises may provide the management 
with strategic insights, intuitions, and gauges for forecasting 
the infancy, critical mass, and overshoot timelines for 3GD 
technology, as elucidated in Figure 1. Notice the set of 
performance or demand attributes (for the S-curves) may 
vary from one 3GD application to another. 
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(a) Screen Size  (b) Transparency 

 

(c) Weight  (d) Strength 

Figure 7. 3GD S-Curves: IT Applications 
 
Figure 7 represents a set of technology S-curves for 
Information Technology (IT) applications. The IT 
applications include portable devices and High Definition 
(HD) TVs.  Assuming month zero (0) is set to 2010, 
demand for the display screen size may range from less 
than 5 inches (Lower Bound; LB) to possibly 60 inches 
(Upper Bound; UB) in Figure 7(a).  Notice that estimates of 
the LB and UB polynomials are omitted intentionally in the 
illustrations in order to simplify the depictions of 
calibrations while emphasizing the characteristics of 
technological attributes. Figure 7(a) clearly demonstrates 
the need for a business model which encompasses a 
strategy related to utilizing the economy of scale expected 
due to the advent of critical mass at month 48.  Excessive 
screen size of greater than 60 inches, at present, may pose 
a danger of an overshot strategy. As discussed surrounding 

Figure 6, IT displays require less transparency at one time 
to allow the end users to distinguish the information on 
display panel from the real-world background. This is 
reflected in Figure 7(b), in which a deviation from the 
classical S shape is observed. The LB and UB of the market 
are naturally set for transparency as 0% and 100%, 
respectively. As the Third Generation Display (3GD) 
technology matures, increase in demand from the IT 
applications is expected.  In effect, flexible transparency 
control mechanism may be necessary.  Figure 7(c) indicates 
a need to reduce, if not minimize, the unit weight 
measured in lb/inch3 of the display panel.  Pressure per 
Square Inch (PSI) was the metric used for strength 
measurement of the 3GD panel, as illustrated in Figure 
7(d). 
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(a) Screen Size     (b) Weight 

 

(c) Strength     (d) Water Proof Rate 

 
(e) Durability (1-10ys)    (f) Heat Resistance 

Figure 8. 3GD S-Curves: Vehicle and General-Purpose Windows 
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Application extensions of the 3GD technology to generic 
purposes comprised of wind shields and passenger 
windows of transportation vehicles and residential glass 
panels are summarized in Figure 8 with technology S-
curves.  Greater screen size will be required to meet the 
specifications for the alternative application, as evident in 
Figure 8(a). Market demand for (reduced) unit weight as 
well as (increased) unit strength is expected to remain 
intact from one application to another, as highlighted in 
Figures 8(b) and 8(c), respectively. Further, the transparency 
requirement may not undergo a drastic change.  Figures 
8(d) through 8(f), however, provide some interesting 
insights, relative to Figure 7.  These attributes are a set of 
essential requirements to meet the common ordinance of 
construction for real-estate properties in many townships, 
counties, and/or provinces/states in the global market.  

In addition to the technology S-curves, the Integrated 
Systems Design Methodology (ISDM) © by Willow (2007) 
might provide the researchers with alternative apparatus 
governing their management of technology and/or building 
strategies for useful classes of disruptive technologies.  

V. Conclusions and Future Research 

Display technology is reshaping the consumer, business, 
government, and even not-for-profit markets in the midst 
of the digital convergence, coupled with recent smart 
phones led by Apple, Inc.  First-Generation (1G) display 
technology was dominated by the Cathode Ray Tubes, 
followed by Liquid Crystal Display and Plasma in 2G.  A 
radically innovative shift as a disruptive technology is 
expected to follow in 3G to utilize virtually any transparent 
material, which (wirelessly) connects to (portable) access 
points whenever necessary.  

In this paper, possible market introduction of the 3G 
Display (3GD) technology was assessed with technology S-
Curve strategy exercises.  Two major applications of this 
infant 3GD technology were selected: display panels for 
Information Technology (IT) and glass panels for residence 
and vehicles.  The extent of this radically disruptive 
technology is boundless, if successfully adopted, for the 
market.  

Future research should be geared toward building and 
deriving additional subsets of business models for 3GD 
technology for a wide range of industry applications.  In 

parallel, a series of research with emphasis on seeking 
comparative analyses between the technology S-curves and 
alternative tools such as the ISDM © by Willow (2007) are 
deemed productive.  
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