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Mobile Technologies Index  
Display: Enabling devices to offer 
users more natural interaction

The displays on smartphones and tablets will 
become thinner, lighter, larger and sturdier 
with higher resolution, improved touch 
sensitivity and more power efficiency through 
2015, our forecast period. 

These improvements will enable many of 
the mobile innovations we expect through 
2015. Supported by the operating system 
(OS), the display will help the device to 
better accommodate the user, including 
better visibility in direct sunlight. Additional 
innovations associated with entirely new 
capabilities in display technologies, such as 
flexibility and support for haptics (tactile 
feedback), will be covered in Phase 2 of the 
PwC Mobile Innovations Forecast. 

For the aspects of display technology covered 
here in Phase 1, PwC forecasts a compound 

annual growth rate (CAGR) of 16 percent as 
measured in performance per dollar per square 
inch (P/$/in2) through 2015. [Figure 1] During 
2007–2011, display technology grew at a CAGR 
of 26 percent, a rate sparked by the initial 
disruption created by the Apple iPhone. 

As with other components in the PwC Mobile 
Technologies Index, the rate of improvement in 
the display CAGR is slowing, in part because the 
technologies are maturing. Nonetheless, PwC 
expects display performance and screen size to 
continue to increase during our forecast period, 
while the cost per square inch of panel will 
continue to decrease.

Display is the most complex and subjective 
metric of the Index’s seven components, which 
are the enabling technologies for mobile 
innovation. It is based on the three display 
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technologies currently most in use, and our analysis of their cost and their 
performance, which is a weighted aggregation of resolution, brightness and other 
traits. The metric does not include the touch module, but touch technology is 
examined briefly in this article.

The three display technologies in the metric are active-matrix organic light-
emitting diode (AMOLED) displays and two liquid crystal display (LCD) 
technologies—amorphous silicon (a-Si) and low-temperature polysilicon (LTPS).

Before smartphones, a-Si was the predominant display technology in handsets. 
As the more mature and lower performing of the three, a-Si will retain its cost 
advantage over LTPS and AMOLED, but will prevail only in low-end handsets. 

In the high-end device market, the display already accounts for one third of the 
bill of materials due to the use of the more expensive LTPS and AMOLED. Because 
mid- to high-end smartphones are the fastest growing segments of the market, the 
use of LTPS and AMOLED will grow faster than a-Si. [Figure 2] 

Figure 2:  Handset display forecast per display type (in thousands)

Display technology Y2011 Y2012 Y2013 Y2014 Y2015

a-Si 1,785,790 1,792,150 1,800,817 1,837,979 1,884,358

LTPS 366,899 416,597 506,801 576,680 608,389

AMOLED 82,027 148,243 188,028 233,714 290,000

Grand total 2,234,716 2,356,990 2,495,646 2,648,373 2,782,747

LTPS+AMOLED 448,926 564,840 694,829 810,394 898,389

Percent of total 20.1% 24.0% 27.8% 30.6% 32.3%

a-Si – Amorphous silicon LTPS – Low-temperature polysilicon 
AMOLED – Active-matrix organic light-emitting diode

Source: IHS iSuppli Mobile Handset Displays Market Tracker 

LTPS (used on the iPhone, for example) has the higher resolution and is more 
widely used than AMOLED (used on the Samsung Galaxy S III, for example). 
Samsung manufactures about 90 percent of AMOLED. 

Our forecast captures a variety of attributes. Each display technology is following 
its own cost curve, so the cost factor of the metric is the average cost per square 
inch of the three, each weighted for its share of total square inches produced. 
The performance part of the metric is based on five measures and one estimate 
supplied by iSuppli experts: resolution, brightness, color, contrast ratio, 
viewing angle and power efficiency (the estimate). [See sidebar “Measuring 
display performance.”] 

The performance equation in our metric includes contrast, but not the possibility 
of a game-changing innovation in contrast, especially the ability to view the 
display in bright sunlight. An OEM recently began shipping a device in Asia that 
dramatically increases the contrast ratio, which is the key to reading displays in 
direct sunlight.1 (To be explored in future articles)

As noted, the metric does not include the touch modules that lie just beneath 
the outer glass. They are typically priced and sold separately from the display 
technology. We expect touch technology to evolve during the forecast period. 

1  http://www.techradar.com/us/news/phone-and-communications/mobile-phones/ 
how-future-phone-screens-will-be-viewable-in-the-brightest-sunlight-1105655

Measuring display performance
 
Display is the only component in the Mobile 
Technologies Index that does not have a 
relatively simple performance measure. 
That’s because display ‘performance’ is 
based on a combination of several traits. The 
performance display metric is an aggregate 
weighted average of five measured traits and 
an estimate for a sixth trait.

The measured traits are resolution (in 
pixels); brightness (in luminance); color 
(percent of color gamut); contrast ratio (ratio 
of luminance between white and black— 
higher is better) and viewing angle (180 
degrees the maximum and theoretical best). 

Performance data for these traits were 
collected for numerous displays from 
various leading manufacturers that were 
shipping into the mobile handset LCD and 
OLED displays market in the fourth quarter 
of 2011. That data was used to generate 
a performance score for each of the three 
display technologies. We then estimated 
how the performance metrics would trend 
for each technology from 2011 to 2015. The 
ratings used in Figure 4 are averages based 
on the specifications for various screen 
panels provided by the manufacturers.

As for power efficiency, we estimate a 30 
percent savings on average for typical usage 
of AMOLED (because it has no backlight) 
compared to the two LCD technologies.

Figure 4:  Performance ratings for three 
display technologies
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AMOLED 216192 1.30 230 2500 1.00 178

 
Source: IHS iSuppli Small & Medium Displays Supply 
& Demand 
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Handsets currently use one of two touch technologies, neither of which is 
especially new: resistive and projected capacitive. The latter is far more widely 
adopted because it enables the multi-touch capabilities of smartphones as 
pioneered by Apple and quickly adopted by others. [Figure 3] 

Figure 3:  Handset touch modules in millions of units

Application Technology 2009 2010 2011 2012 2013 2014 2015

Mobile 
handset

Projected 
capacitive

85.7 180.5 468.0 662.6 999.5 1,181.9 1,313.8

Resistive 185.2 195.2 163.1 135.4 116.8 98.0 94.9

Grand total 271 376 631 798 1,116 1,280 1,409

Source: IHS Displaybank 2012 Touch Panel Issue and Cost/Industry Analysis 

OEMs are beginning to choose display glass that uses in-cell touch technology. 
This innovation reduces the number of layers in the handset display, making them 
thinner and improving touch sensitivity to the touch module underneath.

In an LCD display, the bottom layer is the backlight, followed by the LCD layer 
with red, green and blue pixels, and then a thin layer of glass. On top of that is the 
touch module, topped off by a thicker layer of glass. So the middle layer of glass 
separates the liquid crystal portion from the touch portion. AMOLED is similar, 
but does not require the backlight layer because each LED provides its own light.

Emerging in-cell touch technology eliminates the layer of glass in the middle and 
combines the touch with the LCD or OLED layer into a single layer. This reduces 
the distance between the user’s finger and the touch capability, enabling taps and 
gestures to be more responsive than they are now.

Touch innovation is an example of the interdependencies amongst the 
components in the Index. The resistive and projected capacitive touch 
technologies have been around for a decade or longer, but other components had 
to advance before today’s touch capabilities were realised. For example, the UI 
(user interface) needed increases in processing power, more sensitive and power-
friendly displays and advances in the part of the OS that manages the UI. 

We expect these interdependencies to continue, with incremental innovation, 
such as in-cell technology, supported by processor power and more 
sophisticated OSes.

As noted, the metric does not include new display technologies that might 
eventually compete with a-Si, LTPS and AMOLED. For example, one OEM has 
recently shipped the first smartphone with an indium gallium zinc oxide (IGZO) 
display, which has a higher pixel count, high-quality color, lower cost and lower 
power usage than LTPS. It also requires significantly less backlighting.2

Whether lower power use and higher resolution come from IGZO or from future 
versions of LTPS and AMOLED, those improvements will be crucial to enabling 
smartphones and tablets to display higher resolution content, such as the 
impending Ultra High Definition standard, which we expect to start rolling out 
during the forecast period. 

2  http://www.electronista.com/articles/12/11/27/japan.only.handset.uses.low.power.
display.technology/#ixzz2EOL4ywQa

Using a-Si as the base of 1, we calculated the 
absolute performance differences for LTPS 
and AMOLED for each trait. [Figure 5]

Figure 5:  Absolute performance difference
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LTPS 1.38 1.00 1.42 1.46 1.08 1.19

AMOLED 0.99 1.30 0.77 6.11 1.67 1.32

 
Source: IHS iSuppli Small & Medium Displays Supply 
& Demand 

We then assigned a relative weighting for 
each performance trait, based on its deemed 
importance to overall display performance. 
This weighting is subjective, based on the 
goals and market positioning of today’s 
handset OEMs. Resolution is highest at 3, 
power efficiency is 2, brightness is 1 and 
the other three are one-third each. Using 
these weightings, we calculated the relative 
performance differences and a total perfor-
mance score for each technology. [Figure 6]

Figure 6:  Relative performance differences

Performance 
weighting: 3 2 1 0.33 .033 .034
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“The recent Consumer Electronics Show 
[January 2013] in Las Vegas convinced many 
that Ultra HD is so good it is likely to drive the 
next replacement cycle for higher performing 
display technologies,” says Daniel Eckert, PwC 
Director for Emerging Technologies. “However, 
there will also be demand for low-cost displays to support the next 2 billion mobile 
phone subscribers who will be coming from emerging markets like Africa and Asia. 
These markets will demand low-cost, low-power displays that will be embedded in 
phones costing 10-30 Euros. These displays could use e-ink, which supports bright 
light and usage times of over a week, or updated low-resolution and low-power 
color displays that will address requirements for these emerging markets.” 

Any improvement in display technology that impacts the visual clarity or the 
touch sensitivity is inherently useful. Higher resolution, brighter screens, better 
readability—especially outdoors—greater touch sensitivity and gesture sensing 
will make displays more useful, whilst also enabling entirely new apps not 
previously possible.

For example, in the application processor article we introduce a future scenario 
in which video content can be streamed from the cloud, through the smartphone 
via WiFi Direct to be displayed on a TV screen. In this use case, the smartphone 
becomes the remote control for the TV set. Within our forecast period we 
expect new touch-free technology (to be explored in a future article) that senses 
where your fingers are hovering over the device screen and projects an icon 
on the TV screen for the button you are above—channel changer or volume 
control, for instance.

Display technologies of the not-too-distant future will enable higher end devices 
to require less of humans and to offer more intuitive, natural qualities to better 
accommodate the user. The most potentially disruptive of these may be the 
wearable computing trend, where the traditional display is replaced (in part) by 
an image embedded in a pair of glasses. This broader trend toward less disruptive, 
more ‘heads up’ display technology will be covered in Phase 2 of our research. 

Let’s talk
If you have any questions about the Mobile Innovations Forecast or would like to 
discuss any of these topics further, please reach out to us.

Raman Chitkara Daniel Eckert 
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Then using a-Si as the base again, we con-
verted the total performance score into a 
relative performance score (relative to a-Si) 
for 2011. [Figure 7]

Figure 7:  Relative performance score

 
2011

a–Si 1.00

LTPS 1.26

AMOLED 1.33

 
Source: IHS iSuppli Small & Medium Displays Supply 
& Demand 

We multiplied the relative performance scores 
for each technology by the number of hand-
sets for each technology, and summed those to 
get the total score for all types. This total score 
was divided by the total number of handsets to 
get the volume weighted average performance 
score per handset for the metric. [Figure 8]

Figure 8:  Volume weighted average 
performance score 

 
Handset displays shipped

Display technology Y2011

a–Si 1,785.8

LTPS 366.9

AMOLED 82.0

In millions 
Grand total

2,234.7

 
Weighting of relative  
performance per display Y2011

a–Si 1.0

LTPS 1.26

AMOLED 1.33

[See sidebar on page 3]

 
Total score  
per display type Y2011

a–Si 1,785.8

LTPS 461.7

AMOLED 109.5

Total ‘score’ of all 
display types combined

2,356.9

Total handset displays 2,234.7

In millions Volume weighted 
average performance 
‘score’ per handset

1.05

 
Source: IHS iSuppli Small & Medium Displays Supply 
& Demand
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