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Guest Editorial 

The Invention and Evolution of the Mobile Phone 

R. Ubic, Boise State University (USA) 

The mobile phone has evolved from that heavy suitcase-sized 
package of electronics that could only be made “mobile” by fitting 
it inside the boot of your car to that slim, stylish icon of 21st-
century that not only makes wireless phone calls but also 
connects to the Internet, doubles as a personal organizer, and 
does virtually everything but pay your taxes (and there’s probably 
an app for that coming out soon as well!). 

To trace the history of this ubiquitous technology, we have to start with the invention of 
the conventional telephone by Alexander Graham Bell way back in 1876.  While that 
technology was still catching on, in 1895 Guglielmo Marconi sent the first radio signal; 
but combining the two technologies in any meaningful way would still take half a 
century. In fact, the very first wireless voice broadcast was made by the Canadian-born 
Reginald Fessenden in 1906, but it really took the battlefield needs of the Second World 
War to push the technology forward.  During the War, soldiers became used to carrying 
heavy telecommunications packs on their backs in order to make point-to-point radio-
telephone calls to other units. The system proved so popular and successful in the War 
that the first commercial radiotelephone service was introduced shortly afterward in 
1946 and operated in St. Louis, Missouri, USA. The very next year Bell Labs introduced 
the concept of a “cellular” network. No longer would radiotelephone calls be direct point-
to-point but would involve a triangle of signals. The operating area (a city, county, state, 
country, etc.) would be divided up into smaller “cells” each served by a base station, 
which was essentially an electronic switchboard. An outgoing call would be picked up by 
a base station within the user’s cell and routed to the receiver. Although the ways in 
which mobile switching units within these base stations handle signals has evolved 
since then, this system is essentially the same one used in modern mobile 
telecommunications today. 

On 3 April 1973, Martin Cooper, an executive at the fledgling Motorola company, stood 
on a street corner in Manhattan and tested his invention, the DynaTAC prototype phone, 
by calling rival AT&T to announce his breakthrough. In 1978, the world’s first 
experimental analogue mobile phone service was developed in the USA, and in 1983 
the first commercial cellular systems began operating in the Chicago and Washington 
DC/Baltimore areas and Motorola brought the DynaTAC phone to the market. The 
phone, dubbed the “brick”, was 25 cm tall, weighed almost 1.4 kg, had a battery life of 
less than a day, and cost about $4000 – but it was the coolest thing going when Michael 
Douglas famously used one in the first Wall Street film (1987). In 1992 the world's first 
commercial text message was sent by Neil Papworth of Airwide Solutions. Now more 
than 240 million are sent every hour in the USA alone.1 Eventually, phones shrank and 
evolved into what we see today. WAP phones were introduced in 1999, and the first 
camera phone entered the market in 2000. 
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Today there are about 283 million mobile phones in the USA1 alone and 4.1 billion 
worldwide,2 making the mobile phone (or “cell phone” as it is more commonly called in 
the USA) one of the fastest-selling consumer items in history and the most widely 
spread technology on the planet.3 There are three times as many mobile phones than 
PCs of any kind in the world and more mobile phones than cars. There are over twice 
as many mobile phone users as Internet users, and more mobile phone users than 
people with a credit card. Twice as many people use SMS text messaging worldwide 
than use e-mail.4 Unlike their early forebears of the 1980s, the latest third-generation 
phones weigh as little as 114g and offer features like Internet and TV access. The 
global value of the mobile phone market is estimated at around $212 billion5 and the 
industry grew last year at an annual rate of 15%.5 

Microwave resonators are used extensively in telecommunications equipment, including 
cellular telephones and satellite links, and are at the heart of this multi-billion dollar 
market. Oxide ceramics are critical elements in these devices, and three properties are 
important in determining their usefulness as a dielectric resonator. First, the material 
must have a high dielectric constant (εr) to enable size reduction, the size of a 
microwave circuit being proportional to εr

-½.  Second, a high quality factor Q (low tanδ) 
means fine frequency tunability and more channels within a given band. Third, these 
ceramic components play a crucial role in compensating for frequency drift because of 
their low temperature coefficients of resonant frequency (τf). Optimizing all these 
properties in a single material is not a trivial problem, and a full understanding of the 
crystal chemistry of such ceramics is paramount to future development.6 

Commercial materials for these applications include ZrxTiySnzO4, x+y+z = 2 (ZTS), 
BaTiu[(NixZn1-x)1/3Ta2/3]1-uO3 (BZT), Ba(Mg1/3Ta2/3)O3 (BMT), Ba6-3x(Sm,Nd)8+2xTi18O54 
doped with either PbO or Bi2O3, solid solutions of CaTiO3-NdAlO3, and as host of others. 
Generally, in order to be useful in resonator applications a ceramic material must have 
relative permittivities high enough to allow for miniaturization, especially in handsets, but 
low enough that it is still possible to electromagnetically couple to it. Values of 25 – 90 
are typical.  Resonators must also have low dielectric loss or tanδ, a metric which is 
usually quantified as the quality factor (Q = 1 / tanδ, Qf = f0Q).  Finally, the filter units 
into which resonators are integrated must have temperature-independent properties, 
that is, the dielectric constant (and by extension the resonant frequency) must not drift 
too much with temperature fluctuations (τf ~ 0). 

The microwave spectrum is generally defined so as to include photons of wavelengths 
from 1 mm to 1 m, or equivalently frequencies from 300 MHz to 300 GHz; however, 
most modern 3G/4G systems are designed to operate around 1.8 – 2.1 GHz. Despite 
the fact that high atmospheric absorption exists at most frequencies in the 30 – 300 
GHz (millimetre) range, increased commercial demand for spectrum allocations means 
that there is great interest in developing this region of the microwave band.  Such higher 
frequencies offer the potential advantages of increased bandwidth and antenna gain. To 
use dielectric resonators in this spectrum space, temperature-stable ceramics with εr ~ 
10 are required. 

Many ceramic systems have been studied with a view to creating temperature-stable, 
low-loss resonators and substrates with relative permittivities from 10 – 20.  For this 
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purpose, Bian et al.
7 studied A2P2O7 (A = Ca, Sr, Ba; Mg, Zn, Mn) dichromate- and 

thortveitite-type pyrophosphates; and others have studied Sr2-xLa2Mg1+xW2O12 (x = 0, 
1),8 (Sr,Ca)2(MgTe)O6,

9 and silicate oxyapatites (Sr2RE2)(RE6)(SiO4)6O2 (RE=La, Pr, Tb, 
Tm, Y).10 In the case of the oxyapatites, relative permittivities were reported between 12 
– 16, Qf from 9,000 – 26,000, and τf from -46 to +28 MK-1, making these materials 
particularly promising candidates. 

Another advantage materials engineers attempt to design into their dielectrics is 
compatibility with common electrodes like silver to allow low-temperature co-firing of 
ceramic parts on microwave integrated circuits. So-called LTCC materials must sinter at 
modest temperatures (well below 961C, the melting point of Ag) and remain chemically 
un-reactive with Ag. The traditional approach has been to use glass additives to reduce 
the sintering temperature of ceramics, but this approach inevitably leadsw to a 
deterioration in properties, especially Q. Other candidate materials have included 
BaCu(B2O5)-doped Ba4MgTi11O27,

11 Ca(Mg1/3Nb2/3)O3-CaTiO3 solid solutions with CuO 
additions, pyrophosphate compounds like CaCuP2O7, SrCuP2O7, CaZnP2O7, and 
SrZnP2O7,

7 and materials in many other systems. 

Given the size and growth rate of the global market for devices made with such 
ceramics, it is highly probably that work around the world will continue far into the 21st 
century, helping to make mobile telecommunications better, faster, and cheaper. 
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