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20 Mobile Handset Design

power P, is spread over the surface of a sphere whose radius is 1, so the power density will be P, A,
Tuking this energy, the flux lines will move away from the ransmitting antenna. Now, as they move away
from the antenna, the size of the sphereincreases, rincreases but the same power (P)is contained within it.
Thus the power density P, Arr* decreases as it travels far from the transmitting antenna (for example,
increase in ). and the problem of transmission of electrical energy via air/tree-space is solved.

How is Energy Received on the Other Side? — Again, the antenna helps to solve this problem too. It
transforms the received EM wave into an electrical signal. When the transmitted wave arrives at the
receiving end. it tries to penetrate via another the metallic antenna. We know that the EM wave consists of
an electric field and a magnetic field and that these are perpendicular to each other, and also that they are
perpendicular to the direction of propagation. Thus when the EM wave 1ouches the metallic antenna (from
Maxwell’s third equation) the magnetic field (4 ) will generate a surface current on the metallic antenna,
which will try to penetrate via the metal (as it is 4 good conductor). However, it will die down after
traveling a thickness of the skin depth. and. the EM wave will generate an electrical current in the metal
body of the antenna. Similarly (from Maxwell's fourth equation), the electric field will generate an electric
voltage in the antenna, as shown in Figure 1.19,

This phenomenon can be experienced by placing a radio inside a closed metallic chamber and Anding
that itdoesnot play. as the EM wave can not penetrate via the thick metallic wall, However. it can penetrate

. through a conerete wall. For the same reason. a mobile telephone call disconnects inside an enclosed
metallic lift due to the degradation of the signal strength.

Thus we have converted the transmitted energy (which was transmitted using the carrier of the EM
waves) back into the electrical signal through the help of another antenna. So the antenna helped in
transmitting and receiving the information through the air. As the user wants to send and receive the
information, ideally the user should have both transmitting and receiving antennas, However. in general.in
amaobile device, the same antenna is used for transmission as well as receiving purposes (refer to Chapter4).

Thus we now know how to transmit and receive the information via the air (for example, via a wireless
medium) using antenna, However, the problem at this stage is whether the baseband signal is transmitted
directly, as its frequency is low (~KHz), and so it can not be sent directly via the air due to the following
problems:

. A larger antenna length (~//4) is required.
2. Much less BW is available at the lower frequency region.

The solution to this is to up-convert the baseband signal to a high trequency RF signal at the transmirter
and then similarly down-convert at the receiver for example. which requires RF conversion techniques.
How is the baseband signal up-converted/down-converted? The solution for up-conversion is the use of
analog or digital modulation and mixing techniques (on a transmitter block) and the solution for down-
conversion is the use of demodulation mixing techniques (on a receiver block). These will be discussed in
more detail in Chapter 4. Next we will establish what else, apart from the antenna, is required inside the
transmitter and receiver to transmit or recejve the information.

1.2.3 Basic Building Blocks of a Wireless Transmitter and Receiver

We know that a digital system is more immune to noise, and that in addition to this there are many such
advantages of digital systems over the old analog systems. So, from the second generation onwards wireless
systems have been designed with digital technology. However, there is a problem, in that voice and
video signals are inherently analog in nature. So how can these signals be interfaced with a digital sysiem?
These signals have to be brought into the digital domain for pracessing using an analog-to-digital converter
(ADC)and then again reverted back intoan analog signal using a digital-to-analog converter (DAC) and then
sent viaan antenna. A typical transmitier block diagram of a wireless system is shown in the Figure 1.20.
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Figure 1.20 Transmitter system block diagram

As shown in the Figure 1.20, on the transmitter side, when the user speaks in front of a micruphone, it
generates un electrical signal. This signal is sampled and converted into digital data and then fed to the
source codec, for example, a speech codec unit (this is discussed in more details in Chapter 8). which
removes the redundant data and generates the information bits. These data are then fed into the channel
coder unit. When the signal travels via the medium, during this time it can be affected by signal noise, 50
we need some type of protection against this. The channel coder unit inserts some extra redundant data bits
using an algorithm, which helps the receiver to detect and correct the received data (this is discussed in
more detail in Chapter 3). Next. itis fed to an interleaving block. When data pass through the chunnel. this
time there may be some type of burst noise in the channel, which can actually corrupt the entire data during
this burst period. Although the burst lasts for only a short duration. its amplitude is very high, so it corrupts
the data entirely for that duration. In order to protect the data from burst error, we need to randomize the
data signal (separate consecutive bits) over the entire data frame, so that data can be recovered, although
some part will be corrupted completely. An interleaving block helps in this respect (this is discussed in
detail in Chapters 3 and 8). Next, it is passed to a ciphering block, where the data are ciphered using a
specific algorithm. This is basically done for data security purposes, so that unauthorized bodies cannot
decode the information (ciphering is discussed in Chapters 7 and 9). Then the data are put together in a
block and segmented according to the data frame length.

The data processing is now over. and next we have to pass it for transmission. This data signal can not be
sent directly using an antenna, because, it will be completely distorted. Also. the frequency and amplitude
of the data signal is less, as we know the tength of the transmitting antenna should be a minimum of the
order of //4. So, the required size of the antenna will have to be very lurge, which is not feasible. This is
why we need to convert it into a high frequency analog signal using modulation techniques. The digital
modulator block transters the digital signal into a low amplitude anulog signal. As the frequency of this
analog signal may be less. we therefore may need to convert it into a high frequency RF signal. where the
wavelength is small and the required antenna length will also be small. The analog modulator block helps
(o up-convert the analog signal frequency o a high RF carrier frequency (the modulation technique is
discussed in Chapter 5). [t is then fed into a power ampiifier to increuse the power of the signal. and after
thatitis passed to duplexer unit. We know that our telephone acts as a transmitter as well as a receiver, so it
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