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Abstract

Around half of global population owns touch screens but they encounter problems
meanwhile. Modern life will be easier and more convenient with touch screen tech-
nologies, if four main problems can be solved including improvements and applications
of multi-touch technology, accessibility of gloved fingers, touch screens designed for
the blind and alternative sustainable materials. The research is carries out to deducing
the future development of touch screen technologies. It discussed history of touch
screen technologies, how do they work, problems of using and corresponding solutions.
After analysis and comparisons of references, four predictions about touch screens
are made. Firstly, capacitive touch screen technologies will continue to dominate
the market until a disruptive new technology takes over. Secondly, Frustrated Total
Internal Reflection (FTIR) will be widely applied in museums and workplaces. Thirdly,
variety touchscreen-related products will increase. Lastly, silver nanowire touch screens
are expected to be applied on large screens while graphene touch screens will be
implemented on portable devices.
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1 Introduction

1.1 Importance of touchscreens

Around half of global population own one or more touch screen devices [1]. Although touch
screens have developed for over 50 years [2], there is still room for improvement. Sometimes,
the device cannot respond to multiple inputs at the same time, which is really annoying in
multiplayer games. Additionally, people can hardly operate their mobile phones when they
are unwilling to take off gloves on a cold day. The disabled like blind people cannot use
visual-based electronic devices which gradually covered most of our lives so they may encounter
loads of problems in daily life. Finally, resource sustainability is a huge global issue related
to every users. Indium, a main mineral used in touch screens, is predicted to run out in 3
years [3]. The following research is carried out in order to deducing the future of touch screens
technologies by finding the solutions of these issues.

1.2 Basic physics of touch screens

Touch screens allow users to operate directly with fingers or flexible equipment, such as
styluses, instead of keyboards or mouses which are mechanized [4]. Referring to Figure 1,
touch screens mainly depend on various sensors, like infrared receivers, to detect whether
touched or not. Coordinates are sent to the computer operating center. Touch screens can
perform differently due to different sensors [5]. For example, capacitive touch screens cannot
identify inputs other than fingertips and unique styluses because their sensors rely on charges
on human bodies [6], while infrared touch screens accept all kinds of inputs as long as energy
can be absorbed by them [7].
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Fig. 1. Sensors will send coordinates to the operating center if touched.
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2 Literature review

2.1 History of touchscreens

The rst touch screen invented was a capacitive screen in 1956 [2]. The purpose of this
invention was to increase the e ciency of human operations on machinery so top optimise
man-machine communication [8], [9]. However, this technology was not popularized and put
into mass production immediately as relatively more suitable alternative, resistive touch screens
with more a ordable prices and higher durability, came up soon [2].

In 1971, Sameul Hurst invented the fresistive touch screen. The most obvious improvement
in his invention is elimination of obstacles for writing on tablets, compared to the conventional
writing which requires writing instruments, such as pens [10]. He got the inspiration while
he was teaching at the University of Kentucky, where numerous charts needed to be read
through. During the time, he started to consider a new coordinate measuring system [11]
and accidentally found a way to control electric current with pressure [2]. Although he was
not supported by the school, he rmly believe it would be a monument to development of
human-computer interface [2]. Around 6 years later, the technology was patented [12] and
Sameul Hurst set up a company named Elographics to produce electronic devices with the
technology. Siemens Corporation then asked for a collaboration on the development of a
curved glass sensor, which later was called touch screen [11]. The Elographics have specialized
in touch screen invention for approximately 50 years and a new Elo touch screen is installed
every 21 seconds around the world based on o cial statistics [13].

In 1972, a group from the University of lllinois Urbana-Champaign, including Frederick
Ebeling, Roger Johnson and Richard Goldhor, invented a touch screen containing pairs of
infrared emitters and detectors arrayed on x and y dimensions [14]. The invention aimed at
promoting educational eld [14] and latter they designed Programmed Logic for Automatic
Teaching Operations (PLATO). It was the rst system for educational assistance that students
are allowed to operate on their terminals [15], such as answering questions by touching
anywhere on devices [2].

As the development of touch screen technologies, more businesses saw commercial oppor-
tunities [2]. In 1983, Hewlett-Packard Company created the earliest touch screen product
for sale. It is known as HP-150 or "Magic" and cos&#¥95 originally. Introduction of
HP-150 led a triple increase in revenues of personal computers [16]. In 1998, a company called
FingerWorks came up which focused on exploration of multi-touch technologies [17]. Although
their products received good feedback from the public, they still went through a rough time
and eventually were taken over by Apple in 2005 [17]. Apple then made use of these advanced
technologies on smartphone development and the rst iPhone with fully touching control
published in 2007 [2].

Based on Figure 2, the total sales of two types of touch screens (resistive and projected
capacitive) experienced a noticeable increase from 37 million units in 2012 to 65.5 million units
in 2021. Besides, projected capacitive kind gradually replaced resistive screens and became
dominant over 7 years.

2.2 How touch screens work

Touch screens rely on sensors to detect touching location, before transmitting signals to
the computer operating system, where algorithms are applied. There are mainly four types of
touch screens that contain various transducers and achieved functions in di erent ways [5){[7].
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Fig. 2. Unit shipments of touch panels for automotive applications worldwide from 2014 to
2021 (in millions), by technology [18].

2.2.1 Resistive touch screen

Resistive touch screens are popular nowadays due to their relatively lower prices [7]. The
touch overlay contains a exible and conductive layer on the top and a rigid but resistive
bottom layer. Figure 3 shows that the inner surface on both of them is coated with Indium
Tin Oxide (ITO) that is conductive and able to control the extent across each layer when
voltage is applied [7]. While top layer is pressed, it will bend inwards and create a complete
circuit with the resistive layer so that a little current is generated. After that, the location will
be transmitted to the touch screen controller, where central unit will process the data [6].

However, due to double layers, resistive touch screens badly perform in clarity and trans-
parency. 7% of original intensity can penetrate through its multiple layers [7]. Durability is
also a problem. The conductive layer is likely to be damaged by sharp objects and the whole
device is unable to work properly [20].

2.2.2 Capacitive touch screen

Current Apple products employ capacitive touch screens [5], which mainly uses ITO that is
able to store charges on the panel. When an area is touched, charges are dispersed due to
static charges on the user's ngertip [6].

The capacitive touch screens could be divided into two categories, projected and surface
capacitive touch screens. Two layers of ITO, transparent electrode layer X and Y shown in
Figure 4, are used in the projected capacitive touch screen and they are arranged perpendicularly
[21]. The electric eld will be a ected by external charges, such as human bodies [6]. It means
the tablet could make response even if it is not touched [21].

Surface capacitive touch screens only have a single Im of ITO, which is illustrated as
transparent electrode Im on Figure 5. Touch points are observed by change in capacitance
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Fig. 3. Resistive touch screen will form electrical contacts if touched [19].

Fig. 4. Electric eld of projected capacitive touch screen will be a ected by charges on
ngertips [21].

through electrode located at four corners [6]. While a conductive material comes close to the
panel, the circuitry could detect the current change and send the signal to the processor [7].

Excellent clarity and high durability of capacitive touch screens gain a lot of popularity.
Unexpected inputs, including liquids, dirt, grease, are unlikely to a ect them [7] so it is not
essential for users to clean them up frequently.

2.2.3 Infrared Touch Screen Technology

Infrared touch screens use infrared emitters and detectors to locate contact of the user on
the screen. Infrared LEDs matched with photo-detectors are placed on the edges of panels as
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Fig. 5. Conductors change current in the surface capacitive touch screen [21].

Figure 6 shows. If a user's nger is touching the screen, a signi cant reduction in detector
intensity will be seen and the exact position will be processed in the central unit [7].

Fig. 6. Infrared receiver will recognise touching points when it does not receive infrared [7].

Because of reliance on infrared rather than static charges on human bodies, any kind
of input that could block infrared waves is able to be responded by infrared touch screens,
including stylus and gloved hands. Additionally, it is pretty exible and versatile for a range of
applications [6]. Users could simply install an extra devices with proper infrared grid where
infrared are displayed at x and y axes shown as Figure 6. Multi-touch is available in infrared
touch screens because waves can partially penetrate the touching point, in other word, intensity
of infrared waves could be further decreased by touching on the same axis.

2.2.4 Surface Acoustic Wave Touch Screens

Surface acoustic wave (SAW) touch screens, shown in Figure 7, are one of the most
advanced technologies. SAW use sound waves as transmitters instead of electricity or infrared
waves. Firstly, the controller will send electrical signals to transmitting transducers where signals
are converted into ultrasonic waves. Then, waves will be re ected to receiving transducers [6].
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