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			Preface

			The insinuation of telecommunications into the daily fabric of our lives has been arguably the most important and surprising development of the last 25 years. Before this revolution, telephone service and its place in our lives had been largely stable for more than a generation. The growth was lateral, as the global reach of telecommunications extended, and more people got a telephone service. The distinction between oversea and domestic calls blurred with the advances in switching and transmission, undersea cable, and communication satellites. Traffic on the network remained overwhelmingly voice, largely in analog format with the facsimile (Fax) beginning to make inroads. A relatively small amount of data traffic was carried by modems operating at rates up to 9600 bits per second over voice connections. Multiplexing of signals was rudimentary—most connections were point-to-point business applications.

			The contrast with today’s network is overwhelming. The conversion from analog to digital has long since been completed. A wide range of services, each with its unique set of traffic characteristics and performance requirements, are available. At the core of the change is the Internet, which is becoming accepted to handle all telecommunications traffic and functions.

			In order to effect such a far-reaching change, many streams converged. At the most basic level was the explosive growth of the technology. The digital switching and processing that are intrinsic to the modern network are possible only through integrated-circuit technology. There is a number of examples of this technology at work. For one who has worked in data communications, the most striking is the voice-band modem. At the beginning of the era, the rule of thumb for cost was a dollar per bit per second. Modems were typically the size of a VCR. Integrated-circuit technology and other factors, which we consider next, contributed to the several-fold increase in performance, with 56 kilobits per second now routine with a modem costing pennies. 
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			Chapter 

			1	Oscillators 

			1.1	Introduction 

			Communication systems consist of an input device, transmitter, transmission medium, receiver, and output device, as shown in Fig. 1.1. The input device may be a computer, sensor or oscillator, depending on the application of the system, while the output device could be a speaker or computer. Irrespective of whether a data communications or telecommunications system is used, these elements are necessary.

			[image: ]

			Fig 1.1: Necessary elements of communication 
Source:www.google.com 

			The source section produces two types of signals, namely the information signal, which may be speech, video or data, and a signal of constant frequency and constant amplitude called the carrier. The information signal mixes with the carrier to produce a complex signal which is transmitted. This is discussed further in Chapter 2. 

			The destination section must be able to reproduce the original information, and the receiver block does this by separating the information from the carrier. The information is then fed to the output device. 

			The transmission medium may be a copper cable, such as a coaxial cable, a fiber-optic cable or a waveguide. These are all guided systems in which the signal from the transmitter is directed along with a solid medium. However, it is often the case with telecommunication systems that the signal is unguided. This occurs if an antenna system is used at the output of the transmitter block and the input of the receiver block. 

			Both the transmitter block and the receiver block incorporate many processing stages, and one of the most important is the oscillator stage. The oscillator in the transmitter is generally referred to as the master oscillator as it determines the channel at which the transmitter functions. The receiver oscillator is called the local oscillator as it produces a local carrier within the receiver, which allows the incoming carrier from the transmitter to be modified for easier processing within the receiver. 

			[image: ]

			Fig. 1.2 shows a radio communication system 
and the role played by the oscillator. 
Source:www.google.com 

			The master oscillator generates a constant-amplitude, constant-frequency signal which is used to carry the audio or intelligence signal. These two signals are combined in the modulator, and this stage produces an output carrier which varies in sympathy with the audio signal or signals. This signal is low-level and must be amplified before transmission.

			The receiver amplifies the incoming signal, extracts the intelligence and passes it on to an output transducer such as a speaker. The local oscillator, in this case, causes the incoming radio frequency (RF) signals to be translated to a fixed lower frequency, called the intermediate frequency (IF), which is then passed on to the following stages. This common IF means that all the subsequent stages can be set up for optimum conditions and do not need to be readjusted for different incoming RF channels. Without the local oscillator, this would not be possible. 

			It has been stated that an oscillator is a form of frequency generator which must produce a constant frequency and amplitude. How these oscillations are produced will now be explained.

			1.2	The principles of oscillation 

			[image: ]

			Fig. 1.3:A small-signal voltage amplifier 
Source:www.google.com 

			In Fig.1.3(a), the operational amplifier has no external components connected to it, and the signal is fed in as shown. The operational amplifier has an extremely high gain under these circumstances, and this leads to saturation within the amplifier. As saturation implies working in the non-linear section of the characteristics, harmonics are produced, and a ringing pattern may appear inside the chip. As a result of this, a square wave output is produced for a sinusoidal input. The amplifier has ceased to amplify, and we say it has become unstable. There are many reasons why an amplifier may become unstable, such as temperature changes or power supply variations, but in this case, the problem is the very high gain of the operational amplifier. 

			Figure 1.3(b) shows how this may be overcome by introducing a feedback network between the output and the input. When feedback is applied to an amplifier, the overall gain can be reduced and controlled so that the operational amplifier can function as a linear amplifier. Note also that the signal feedback has a phase angle, due to the inverting input, which is in opposition to the input signal (Vi). 

			Negative feedback can, therefore, be defined as the process whereby a part of the output voltage of an amplifier is fed to the input with a phase angle that opposes the input signal. Negative feedback is used in amplifier circuits to give stability and reduced gain. Bandwidth is generally increased, noise reduced, and input and output resistances altered. These are all desirable parameters for an amplifier, but if the feedback is overdone, then the amplifier becomes unstable and will produce a ringing effect. 

			In order to understand stability, instability and its causes must be considered. From the above discussion, as long as the feedback is negative, the amplifier is stable, but when the signal feedback is in phase with the input signal, then positive feedback exists. Hence positive feedback occurs when the total phase shift through the operational amplifier (op-amp) and the feedback network is 360 ~ (0~ The feedback signal is now in phase with the input signal (Vi), and oscillations take place.

			

			1.3	The basic structure and requirements of an oscillator 

			[image: ]

			Fig 1.4: Any oscillator consists of three sections
Source:www.google.com 

			The frequency-determining network is the core of the oscillator and deals with the generation of the specified frequency. The desired frequency may be generated by using an inductance-capacitance (LC) circuit, a resistance-capacitance (RC) circuit, or a piezoelectric crystal. Each of these networks produces a particular frequency depending on the values of the components and the cut of the crystal. This frequency is known as the resonant or natural frequency of the network and can be calculated if the values of components are known. 

			Each of these three different networks will produce resonance but in quite different ways. In the case of the LC network, a parallel arrangement is generally used, which is periodically fed a pulse of energy to keep the current circulating in the parallel circuit. The current circulates in one direction and then in the other as the magnetic and electric fields of the coil and capacitor interchange their energies. A constant frequency is therefore generated. 

			The RC network is a time-constant network and, as such response to the charge and discharge times of a capacitor. The frequency of this network is determined by the values of R and C. The capacitor and resistor cause phase shift and produce positive feedback at a particular frequency. Its advantage is the absence of inductances, which can be difficult to tune. 

			

			For maximum stability, a crystal is generally used. It resonates when pressure is applied across its ends so that mechanical energy is changed to electrical energy. The crystal has a large Q factor, and this means that it is highly selective and stable. 

			The amplifying device may be a bipolar transistor, a field-effect transistor (FET) or an operational amplifier. This block is responsible for maintaining amplitude and frequency stability and the correct d.c. Bias conditions must apply, as in any simple discrete amplifier, if the output frequency has to be undistorted. The amplifier stage is generally class C biased, which means that the collector current only flows for part of the feedback cycle (less than 180 ~ of the input cycle). 

			The feedback network can consist of pure resistance, reactance, or a combination of both. The feedback factor (13) is derived from the output voltage. It is as well to note at this point that the product of the feedback factor (13) and the open-loop gain (A) is known as the loop gain. The term loop gain refers to the fact that the product of all the gains is taken as one travels around the loop from the amplifier input through the amplifier and the feedback path. It is useful in predicting the behavior of a feedback system. 

			Note that this is different from the closed-loop gain, which is the ratio of the output voltage to the input voltage of an amplifier. When considering oscillator design, the important characteristics which must be considered are the range of frequencies, frequency stability, and the percentage distortion of the output waveform. In order to achieve these characteristics, two requirements for oscillation are that the loop gain (/3A) must be unity, and the loop phase shift must be zero. 

			These requirements constitute the Barkhausen criterion and an oscillating amplifier self-adjusts to meet them. 

			The gain must initially provide/3Av > 1 with a switching surge at the input to start operation. An output voltage resulting from this input pulse propagates back to the input and appears as an amplified output. The process repeats at greater amplitude, and as the signal reaches saturation and cut-off, the average gain is reduced to the level required by equation (1.1). 

			If/3Av > 1, the output increases until non-linearity limits the amplitude. If/3Av < 1, the oscillation will be unable to sustain itself and will stop. Thus/3Av > 1 is a necessary condition for oscillation to start./3Av = 1 is a necessary condition for oscillation to be maintained. 

			There are many types of an oscillator, but they can be classified into four main groups: 

			•	resistance-capacitance oscillators; 

			•	inductance-capacitance oscillators; 

			•	crystal oscillators; 

			•	integrated circuit oscillators;

			In the following sections, we look at each of these types in turn.

			1.4	RC oscillators 

			There are three functional types of RC oscillators used in telecommunications applications: the phase-shift oscillator, the Wien bridge oscillator, and the twin-T oscillator.

			1.4.1	Phase-shift Oscillators

			Figure 1.6 shows the phase-shift oscillator using a bipolar junction transistor (BJT). Each of the RC networks in the feedback path can provide a maximum phase shift of almost 60 ~ Oscillation occurs at the output when the RC ladder network produces a 180 ~ phase shift. Hence three RC networks are required, each providing 60 ~ of phase shift. 

			The transistor produces the other 180 ~ Generally R5 = R6 = R7 and C 1 = C 2 = C 3.
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