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AT THE BEGINNING IT WAS THE AETHER…
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CHRONOLOGY: THE QUEST FOR THE GIGA-B/S
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CHRONOLOGY: THE QUEST FOR THE GIGA-B/S

LOCAL AND WIDE AREA NETWORKS
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CHRONOLOGY: THE QUEST FOR THE GIGA-B/S

SUMMARY

Source: Gerhard Fettweis

Vodafone Chair –TU Dresden –Germany
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ACCESS EVERYWHERE…

10-100 km

0.1-10 km

10-100 m

1-10 m

1 m

10 cm

100 kbps 10 Mbps 100 Mbps 1 Gbps
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…BUT FOR HOW LONG?
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AT THE BEGINNING IT WAS THE AETHER…

One ring to rull all the others…
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5G FOR BEGINNERS
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5G FOR BEGINNERS

The number of frequency bands exploses…

• Sub-6 GHz bands 

• Many bands xxxMHz … GHz

• Long range.

• Medium and high-data rate.

• mmW bands 

• 28 GHz … 140 GHz

• Short range.

• Ultra-high data rate.
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A 3D VIEW OF RF COMMUNICATION STANDARDS
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RF COMMUNICATIONS FUNDAMENTALS

AN ABRIDGED HISTORY OF RADIO TRANSCEIVERS

The Spark transmitter: Hertz ~1888

Symplified scheme

• Hertz “invented” the first transmitter (emitter) when trying to 

demonstrate Maxwell’s theory about the existence of 

electromagnetic waves.

• A capacitor is charged to a high voltage by an induction coil.

• When the potential across it is sufficiently high to break down 

the insulation of air in the gap, a spark occurs.

• Some sort of antenna launches a wave (rich in harmonics -

first UWB system!).

• Since the spark has a low resistance (an ohm or two), the 

spark discharge is equivalent to the closing of an L-C-R 

circuit. The condenser then discharges through the 

conducting spark, and the discharge takes the form of a 

damped oscillation, at a frequency determined by the 

resonant frequency of the spark transmitter. 
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RF COMMUNICATIONS FUNDAMENTALS

AN ABRIDGED HISTORY OF RADIO TRANSCEIVERS

• Fessenden also patented in 1902 the heterodyne

receiver. (to heterodyne=to mix different signals)

• The local oscillator was introduced for the first time. It

allowed tuning to the received carrier.

• Sensitivity was also increased: the oscillator signal

was strong enough to switch the diode on (despite

weak incoming signals).

• A significant problem (in later years) was that the

oscillator tone was also radiated to the antenna. In

subsequent receivers, isolation between the oscillator

and the antenna became critical.

• The heterodyne receiver used frequency conversion

for the first time (although this concept was still unrecognized by

the inventors).

The Heterodyne receiver: Fessenden 1902
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RF COMMUNICATIONS FUNDAMENTALS

AN ABRIDGED HISTORY OF RADIO TRANSCEIVERS

• Following Fessenden’s heterodyne 

concept, he proposed a two-stage 

receiver. The input RF signal was 

translated to a intermediate frequency 

(IF), which could be easily amplified and 

demodulated.

• The amplifier and detector work at a fixed 

IF frequency, while the only tuning

happens at the LO. This allows using the 

same receiver for many RF signals.

• This superheterodyne receiver was the 

first mass-produced AM radio by RCA, 

and is still the basic receiver architecture 

used today. 

The Superheterodyne receiver: Armstrong 1918

Scheme of early superheterodyne receiver
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RF COMMUNICATIONS FUNDAMENTALS

AN ABRIDGED HISTORY OF RADIO TRANSCEIVERS

• It can achieve gains as high as 100.000

with the minimum number of components

(still used today in cheap circuits)

• Based on an unstable regenerative

amplifier. The circuit is initialized

periodically, thus it never saturates. The

final oscillation is proportional to the initial

condition (the input).

• The resulting output is a series of oscillation

bursts whose amplitude is the input’s

amplitude amplified, detected by a simple

AM amplifier.

• The circuit amplifies samples of the input,

with a frequency higher than the signal

bandwidth and lower than the RF carrier.

The Superegenerative receiver: Armstrong 1922
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RF COMMUNICATIONS FUNDAMENTALS

AN ABRIDGED HISTORY OF RADIO TRANSCEIVERS

• The homodyne receiver can be understood as a

superheterodyne where the LO frequency

equals the RF input, thus providing a zero-IF

and no need of detection (demodulator).

• Colebrook first observed this effect, by using a

regenerative receiver in which output was

overcoupled to the input, thus an oscillation was

produced. When oscillation frequency matched

the input frequency, no detection was needed.

• Synchronization between input and oscillation

was critical. De Bellescize introduced a circuit

that guaranteed synchronization by detecting

the difference frequency and corrected the LO.

This is the principle of the phase-locked loop,

and de Bellescize is considered the inventor of

the PLL.

The Homodine receiver: Colebrook 1924
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RF COMMUNICATIONS FUNDAMENTALS

SUMMARY

 Ultra-Wideband Impulse Radio
 Simple Tx and acceptable Rx complexity.

 Simple modulations schemes.

 Low energy operation inherent (duty cycle system).

 Homodyne or Heterodyne 
 Large flexibility on RF and Baseband architectures.

 Complex modulations possible (OFDM).

 Near Field
 Simple electromagnetic links.

 Simple Tx and Rx.

 Possible remote powering.
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RF COMMUNICATIONS FUNDAMENTALS

AN OVERVIEW OF MODULATION
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RF COMMUNICATIONS FUNDAMENTALS

AN OVERVIEW OF MODULATION

Digital modulations:
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RF COMMUNICATIONS FUNDAMENTALS

AN OVERVIEW OF MODULATION

IQ diagrams of binary modulations
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RF COMMUNICATIONS FUNDAMENTALS

AN OVERVIEW OF MODULATION

Complex modulation schemes
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RF COMMUNICATIONS FUNDAMENTALS
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RF COMMUNICATIONS FUNDAMENTALS

CHANNEL CAPACITY

The Shannon theorem
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RF COMMUNICATIONS FUNDAMENTALS

CHANNEL CAPACITY

The Shannon theorem

Carrier frequency

B

Signal + Noise

f
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RF COMMUNICATIONS FUNDAMENTALS

CHANNEL CAPACITY

The Shannon theorem: example BW = 20% Carrier frequency

Capacity 

limited by 

noise

Capacity 

limited by BW
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RF COMMUNICATIONS FUNDAMENTALS

LARGE BW RADIOS

How to achieve a high data-rate to exploit the available 

channel capacity?

20-
40Gbps, 
5pJ/bit 

Multiple 
channels

Spatial and/or 
frequency 

multiplexing

High 
frequency

High bandwidth 
> 100GHz

Multiple levels 
modulation

QAM,  M-ASK

Challenges: limited range, gain,

emitted power

Challenges: RF architecture, linearity, 

carrier synchronization (phase & frequency)

Challenges: RF architecture, 

bandwidth, channel filtering, multi tone 

frequency synthesis, antenna coupling, 

silicon area and antenna form factor

Advanced 

technology

Challenges: RF/mmw modeling Ecole DAQ Emergeants| Cedric DEHOS/Jose Luis GONZALEZ | 12 Novembre 2018
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RF COMMUNICATIONS FUNDAMENTALS

LARGE BW RADIOS

Link attenuation increases with frequency…
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RF COMMUNICATIONS FUNDAMENTALS

LARGE BW RADIOS

mmW in consideration for mobile communications
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RF COMMUNICATIONS FUNDAMENTALS

TECHNOLOGY

Comparison of Silicon processes for mmW applications
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RF COMMUNICATIONS FUNDAMENTALS

mmW radios

State of the art multi-Gbps radios
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