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Abstract
The Palestinian rural areas suffer from lack of wired and wireless communications with no or limited internet services provided to such areas. Therefore, we are conducting the hardware design and implementation phase under the project "Internet over TV Band". We will exploit the free frequencies that exist in TV band, which will enhance the coverage of the wireless internet, since the TV frequencies are lower than Wi-Fi frequencies, so it will penetrate obstacles and reach longer distances. In this project we carried out the design and implementation of the “Local Oscillator”, “Power Amplifier” and “Filter”. The local oscillator will generate a frequency between 1.6-2 GHz, which will be used to down convert the Wi-Fi frequency to move it to TV spectrum. And we designed the Filter to remove the harmonics from the output signal of the local oscillator. In order to enhance the output power of the local oscillator we designed a power amplifier to increase the power of the signal to reach the targeted value.
Chapter 1: Introduction

Motivation
A several research work have been done on Wireless Communication in the past few years and many applications have been developed. Today is increasing demand for wireless and multimedia applications keeps pushing the CMOS integrated wire-less systems to support communication standards (WLAN, GSM, UWB and DVB etc.). As gigahertz-band communication is becoming more mature, the realization of a single chip transceiver becomes more demanding, with the need for lower cost, reduced size and less power consumption. For the local oscillator signal generated from the integrated frequency synthesizer, the transceivers matched these standards need excellent phase noise performance and wide tuning range solving the frequency offset due to the variations of process, temperature and voltage. As per demand for multi-band and multi-standard radios requires VCO’s operating over a wider frequency range. Wireless standards specify the minimum level of the received signal, the maximum level of noise, the channel bandwidth, and the spacing between adjacent channels. Therefore, the maximum amount of acceptable phase noise on the oscillator can be calculated using the required signal to noise ratio after down conversion. We took this project so that we can achieve low phase noise, low power consumption and enlarged tuning range.
Goal

Our main target is to down covert the higher frequency Wifi signals into the low frequency TV spectrum. To achieve that we have to design a local oscillator in the range of 1.6-2.05 GHz to allow us down convert the 2.45 GHz into the 400-800 TV band.

.
Overview

   The history of the Internet begins with the development of electronic computers in the 1950s. Initial concepts of packet networking originated in several computer science laboratories in the United States, Great Britain, and France. The US Department of Defense awarded contracts as early as the 1960s for packet network systems, including the development of the ARPANET (which would become the first network to use the Internet Protocol.) The first message was sent over the ARPANET from computer science Professor Leonard Kleinrock's laboratory at University of California, Los Angeles (UCLA) to the second network node at Stanford Research Institute (SRI) [1].
Accessing the Internet has become a life basis, a fundamental resource just like[image: image2.png]


, a man asks about the Wi-Fi password at the first chance. So we can safely say it's getting into all of us, rather we like or not. Amount of Data Stored and Accessed every day is astonishingly enormous. 

The Internet is growing rapidly and the handled data volume is exponentially increasing. Moreover, the world is now moving toward centralization of all data storage units and services servers with what is called cloud computing, computers will only display results with no need to have big processors or huge storage volumes since all of this is being done on super servers for all. Thus, the need of a big bitrates to tolerate such communications is arising quickly.

Finally, it is a must to emphasize of who and where we can access such a huge network, not only people living in places where cables are available or where a phone network exists, and not only for those who can afford to establish an internet connection through satellites. However, people living in rural areas or even remote areas should be able to access internet under low cost with sufficient bitrates to what they need. So, somebody will have to provide that.

To provide such services, it is suggested to exploit the white space -unused frequency in the TV band- with the concept of cognitive radio to broadcast in the licensed and unlicensed frequencies. All of this is due to that fact, that these frequencies are poorly exploited in Palestine which is a huge resource to make use of. Besides, they are considered as low frequency carriers, which gives it immunity against attenuation and obstacles and can travel long distances, which makes it suitable for such kind of services.

Negative impedance circuit (in general)
 Definition: It is a characteristic of some electronic instruments in which an increase in the current (I) gives rise to a voltage (V) drop across the circuit. It is also called negative differential resistance or negative differential conductance.
 Properties: Some electric circuits show a negative current–voltage characteristic, which signifies that current flow is inversely proportional to the potential difference. Tunnel diodes and Gunn diodes usually display a negative current–voltage curve. In simple words, these are non-linear devices connected to a two terminal-circuit. The property is also exhibited by double-base diodes in which the emitter current increases until the power supply restricts it. This generally occurs when various active components are used to design a circuit in order to provide a source of energy. In fact, any current passing through a negative resistance adds energy to circuits, unlike a positive resistor that consumes the same energy. In a typical voltage vs. current graph, a true negative resistor has a negative curve that passes through the origin of the coordinate system that makes it act like a current-to-voltage converter. For example, if the same current I flows through a positive resistor as well as an S-shaped negative resistor with the same resistance R, the former subtracts a voltage drop V = R.I from the circuit while the latter adds the same amount of voltage. Negative resistors are usually auxiliary sources that cannot operate independently and rely heavily on the main source of current.
 History: In the past, negative differential resistance was observed in arc discharge equipment's and few vacuum tubes such as the dynatron. With the advent of solid state technology, it became possible to manufacture devices that could display this characteristic. John G. Linvill and Leo Esaki were the pioneers of negative impedance converter and tunnel diode, respectively.
 Equation:
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Figure 1: Negative Impedance with positive feedback.
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Negative resistance Applications:-

1-Oscillators 

 Regions of amplifying devices such as vacuum tubes exhibiting negative differential resistance are referred to as “oscillators”. One-port negative resistors like tunnel diodes, Gunn diodes and magnetron tubes are used in a number of electronic oscillator circuits[9]. A DC voltage is applied to a circuit comprising of a resonator like LC circuit, cavity conductor or quartz crystal, connected across a negative resistor. An active negative resistor produces sustained oscillations after counteracting the effective loss resistance of the resonator. The circuits are highly applicable for oscillators at microwave frequencies.

2-Amplifiers 

 At frequencies between 300 MHz (0.3 GHz) and 300 GHz, a negative resistor can function as a signal amplifier. However, these devices do not completely exhibit the property at microwave frequencies and usually demand the use of a filter. A circuit can be subjected to pure resistance if the reactive components of the device’s equivalent circuit are absorbed into the filter design in the presence of a bandpass filter that passes frequencies in a desired range, and attenuates the ones outside the range. The output terminal is attached to one port of a 3-port circulator. The reflection coefficients at two ends of the filter for a positive value of R0 are given below: ( Г1= Z1- R0/ Z1+R0 and, Г2= Z2-R1/ Z2+R1 ( In the absence of resistive elements, energy dissipation is nil and the two reflection coefficients are equal i.e.│Г1│=│Г2│.
Chapter 2: Constraints, Standards/ Codes and Earlier course work
Constraints:

There are some of problems that we faced and will be faced in the future. First, the output power from the oscillator was too low so we add power amplifier implementation to our project. second,  the stability of the oscillator and power amplifier to achieve stability theory in microwave devices . Third, the interference with nearby router’s signal. forth, the hardware implementation of the oscillator and amplifier does not give the same values of the software implementation because there are some losses happened in a Welding and coupling between transmission lines . fifth, frequency planning and capacity where the number of channels for a single frequency is not too much so we have to do a frequency reuse and book more bandwidth,  and finally there are a lot of components and devices are not exist in Palestine so we must buy it from foreign countries which will take long time to bring it because Israelis will delay it in the port.
Chapter 3:  Literature Review
ADS software (Advanced design System)
The leading electronic design automation software for RF, microwave and signal integrity applications, ADS pioneers the most innovative and commercially successful technologies, such as X-parameters* and 3-D electromagnetic simulators. ADS 2014 addresses the most challenging design complexity and integration needs of leading-edge commercial wireless and aerospace/defense companies, by enabling them to design multi-technology RF system-in-package modules and perform complex electromagnetic simulations-all with greater ease and speed. More information is available atwww.agilent.com/find/eesof-ads[8].
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Figure 2:Advanced Design System software.
Negative-Resistor Oscillators

Oscillators
Negative differential resistance devices are widely used to make electronic oscillators. In a negative resistance oscillator, a negative differential resistance device such as an IMPATT diode, Gunn diode, or microwave vacuum tube is connected across an electrical resonator such as an LC circuit, a quartz crystal, dielectric resonator or cavity resonatorwith a DC source to bias the device into its negative resistance region and provide power.A resonator such as an LC circuit is "almost" an oscillator; it can store oscillating electrical energy, but because all resonators have internal resistance or other losses, the oscillations are damped and decay to zero. The negative resistance cancels the positive resistance of the resonator, creating in effect a lossless resonator, in which spontaneous continuous oscillations occur at the resonator's resonant frequency.

Uses
Negative resistance oscillators are mainly used at high frequencies in the microwave range or above, since feedback oscillators function poorly at these frequencies[9].Microwave diodes are used in low- to medium-power oscillators for applications such as radar speed guns, and local oscillators for satellite receivers. They are a widely used source of microwave energy, and virtually the only solid-state source of millimeter wave and terahertz energy Negative resistance microwave vacuum tubes such as magnetrons produce higher power outputs, in such applications as radar transmitters and microwave ovens. Lower frequency relaxation oscillators can be made with UJTs and gas-discharge lamps such as neon lamps.

The negative resistance oscillator model is not limited to one-port devices like diodes but can also be applied to feedback oscillator circuits with two devices such as transistors and tubes. In addition, in modern high frequency oscillators, transistors are increasingly used as one-port negative resistance devices like diodes. At microwave frequencies, transistors with certain loads applied to one port can become unstable due to internal feedback and show negative resistance at the other port. So high frequency transistor oscillators are designed by applying a reactive load to one port to give the transistor negative resistance, and connecting the other port across a resonator to make a negative resistance oscillator as described below.

Gunn diode oscillator


Figure 3:Gunn diode oscillator.
An oscillator consisting of a Gunn inside a cavity resonator. The negative resistance of the diode excites microwave oscillations in the cavity, which radiate through the aperture into a waveguide .


Figure 4:Gunn diode oscillator circuit.


Figure 5:AC equivalent circuit.


Figure 6: Gunn diode oscillator load lines.
DCL: DC load line, which sets the Q point.
SSL: negative resistance during startup while amplitude is small. Since [image: image11.png]r < K



 poles are in RHP and amplitude of oscillations increases.
LSL: large-signal load line. When the current swing approaches the edges of the negative resistance region (green), the sine wave peaks are distorted ("clipped") and [image: image12.png]


 decreases until it equals[image: image13.png]


.
The common Gunn diode oscillator (circuit diagrams) illustrates how negative resistance oscillators work. The diode D has voltage controlled ("N" type) negative resistance and the voltage source [image: image14.png]


 biases it into its negative resistance region where its differential resistance is[image: image15.png]


. The choke RFC prevents AC current from flowing through the bias source.[image: image16.png]


 Is the equivalent resistance due to damping and losses in the series tuned circuit[image: image17.png]


, plus any load resistance. Analyzing the AC circuit with Kirchhoff's Voltage Law gives a differential equation for[image: image18.png]


, the AC current
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Solving this equation gives a solution of the form
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     Where    [image: image21.png]


[11]
This shows that the current through the circuit,[image: image22.png]


, varies with time about the DC Q point, [image: image23.png]Ibias



. When started from a nonzero initial current [image: image24.png]


 the current oscillates sinusoidal at the resonant frequency ω of the tuned circuit, with amplitude either constant, increasing, or decreasing exponentially[11], depending on the value of α. Whether the circuit can sustain steady oscillations depends on the balance between [image: image25.png]


 and[image: image26.png]


, the positive and negative resistance in the circuit: 



Figure 7:The circuit does not oscillate(under damped).
1) [image: image28.png]r< A=a<I



: (poles in left half plane) If the diode's negative resistance is less than the positive resistance of the tuned circuit, the damping is positive. Any oscillations in the circuit will lose energy as heat in the resistance [image: image29.png]


 and die away exponentially to zero, as in an ordinary tuned circuit. So the circuit does not oscillate[10].



Figure 8:Steady-state oscillation.
2) [image: image31.png]


: (poles on jω axis) If the positive and negative resistances are equal, the net resistance is zero, so the damping is zero. The diode adds just enough energy to compensate for energy lost in the tuned circuit and load, so oscillations in the circuit, once started, will continue at a constant amplitude. This is the condition during steady-state operation of the oscillator[10].



Figure 9:Infinite increased oscillation (over damped).
3) [image: image33.png]r>HAH=a>1



: (poles in right half plane) If the negative resistance is greater than the positive resistance, damping is negative, so oscillations will grow exponentially in energy and amplitude.  This is the condition during startup[10].
Practical oscillators are designed in region (3) above, with net negative resistance, to get oscillations started.  A widely used rule of thumb is to make [image: image34.png]


. When the power is turned on, electrical noise in the circuit provides a signal [image: image35.png]10



 to start spontaneous oscillations, which grow exponentially. However, the oscillations cannot grow forever; the nonlinearity of the diode eventually limits the amplitude.

At large amplitudes the circuit is nonlinear, so the linear analysis above does not strictly apply and differential resistance is undefined; but the circuit can be understood by considering [image: image36.png]


 to be the "average" resistance over the cycle. As the amplitude of the sine wave exceeds the width of the negative resistance region and the voltage swing extends into regions of the curve with positive differential resistance, the average negative differential resistance [image: image37.png]


 becomes smaller, and thus the total resistance [image: image38.png]


 and the damping [image: image39.png]


 becomes less negative and eventually turns positive. Therefore, the oscillations will stabilize at the amplitude at which the damping becomes zero, which is when  [image: image40.png]


.

Gunn diodes have negative resistance in the range −5 to −25 ohms. In oscillators where [image: image41.png]


 is close to [image: image42.png]


; just small enough to allow the oscillator to start, the voltage swing will be mostly limited to the linear portion of the I–V curve, the output waveform will be nearly sinusoidal and the frequency will be most stable. In circuits in which [image: image43.png]


 is far below [image: image44.png]


, the swing extends further into the nonlinear part of the curve, the clipping distortion of the output sine wave is more severe, and the frequency will be increasingly dependent on the supply voltage.

Types of circuit

Negative resistance oscillator circuits can be divided into two types, which are used with the two types of negative differential resistance – voltage controlled (VCNR), and current controlled (CCNR)



Figure 10:VCNR.
· Negative resistance (voltage controlled) oscillator: Since VCNR ("N" type) devices require a low impedance bias and are stable for load impedances less than r, the ideal oscillator circuit for this device has the form shown at top right, with a voltage source Vbias to bias the device into its negative resistance region, and parallel resonant circuit load LC. The resonant circuit has high impedance only at its resonant frequency, so the circuit will be unstable and oscillate only at that frequency [2].



Figure 11:CCNR
· Negative conductance (current controlled) oscillator: CCNR ("S" type) devices, in contrast, require a high impedance bias and are stable for load impedances greater than r. The ideal oscillator circuit is like that at bottom right, with a current source bias Ibias (which may consist of a voltage source in series with a large resistor) and series resonant circuit LC. The series LC circuit has low impedance only at its resonant frequency and so will only oscillate there [2][3].

Conditions for oscillation

Most oscillators are more complicated than the Gunn diode example, since both the active device and the load may have reactance (X) as well as resistance (R). Modern negative resistance oscillators are designed by a frequency domain technique due to K. Kurokawa. The circuit diagram is imagined to be divided by a "reference plane" (red) which separates the negative resistance part, the active device, from the positive resistance part, the resonant circuit and output load (right). The complex impedance of the negative resistance part [image: image47.png]Zn=RN(I w)
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 depends on frequency ω but is also nonlinear, in general declining with the amplitude of the AC oscillation current I; while the resonator part [image: image48.png]


 is linear, depending only on frequency. The circuit equation is [image: image49.png](ZN+ZL).




 so it will only oscillate (have nonzero I) at the frequency ω and amplitude I for which the total impedance [image: image50.png]LNT LI



 is zero. This means the magnitude of the negative and positive resistances must be equal, and the reactance's must be conjugate [4].


Figure 12:Negative Resistor Oscillator  Blockdiagram.
[image: image52.png]


    And    [image: image53.png]



For steady-state oscillation the equal sign applies. During startup the inequality applies, because the circuit must have excess negative resistance for oscillations to start.

Alternately, the condition for oscillation can be expressed using the reflection coefficient. The voltage waveform at the reference plane can be divided into a component V1 travelling toward the negative resistance device and a component V2travelling in the opposite direction, toward the resonator part. The reflection coefficient of the active device [image: image54.png]


 is greater than one[5], while that of the resonator part [image: image55.png]


 is less than one. During operation the waves are reflected back and forth in a round trip so the circuit will oscillate only if

[image: image56.png]



As above, the equality gives the condition for steady oscillation, while the inequality is required during startup to provide excess negative resistance. The above conditions are analogous to the Barkhausen criterion for feedback oscillators; they are necessary but not sufficient, so there are some circuits that satisfy the equations but do not oscillate. Kurokawa also derived more complicated sufficient conditions, which are often used instead [5].

Power Amplifiers

WHAT IS POWER AMPLIFIER?

Despite the deep-rooted terminology, PAs do not amplify power! Power is energy per unit of time, and as the first law of thermodynamics states, energy cannot be created. Then, what are PAs? And why are they given this name?
A defining property of a PA is that its output signal power delivered to a load is larger than the input signal power it absorbs from a driver. In this respect and outside any energy balance considerations, the PA produces the effect of a nonphysical power amplification device, hence the name. The way the PA accomplishes this effect is by converting the DC power supplied through the DC biasing lines into output signal power. Therefore, a PA is an energy conversion circuit very much like a DC-to-DC converter or an RF oscillator, which converts DC power into constant wave (CW) power. However, unlike DC-to-DC converters or oscillators, an ideal PA converts the DC power into output signal power under the linear control of an RF input. A wireless system PA is simply a DC-to-modulated-RF converter. The simple observation regarding power conversion in PAs is crucial to understanding the design and operation of this type of circuits, as will be explained later. Here, it suffices to notice that the very PA concept implies a nonlinear operation since linear networks cannot shift power equations from one frequency to another [6].

As described so far, the PA concept is still non distinguishable from a regular voltage or current amplifier since the latter may (or may not) generate a power-amplified output with respect to it is input. What sets the PA apart is the matter of power conversion efficiency. Although the design of a regular voltage or current amplifier is not concerned with efficiency, this performance aspect paramount in PA designs. In addition, very often the PAs are required to deliver much higher levels of power into the load than regular amplifiers do and may need the capability for power control [9].

The figure below illustrates the PA functionality in terms of a power flow diagram. The input power at DC is shown on the horizontal axis to emphasize the key role it plays in this circuit. The very purpose of the PA is to transfer most of this power to the modulated-RF output. The portion that is not transferred is lost through heat. The output modulation information is provided through a low-power RF input in a similar way as with regular analog amplifiers [7].
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Figure 13:Power flow diagram in power amplifier.
PA Efficiency

shows the simplest classical non switched single-transistor PA configuration. DC bias is provided through a large inductor (choke) and the PA load is connected via an ideally lossless matching network. Two most important figures of merit of any PA are the following power efficiency ratios using the notation [6].
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Figure 14 : Single transistor power amplifier circuit.
PE is the power conversion efficiency reflecting the percentage of the DC power drawn from the power supply, which has been converted into output signal power. This figure of merit is also called drain/ collector efficiency [6]. Power-added efficiency (PAE) is calculated by subtracting the input power from the output power to include the effect of the PA driver in the efficiency metric. Obviously, for large power gains, PAE approaches power efficiency (PE). The various power quantities can be calculated in the circuit [7].
.
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MATCHING FOR MAXIMUM OUTPUT POWER

 On the basis of linear system theory hastily applied to the circuit, one would tend to believe that conjugate matching between the transistor output impedance and the transistor load impedance ("seen" into the matching network input port) would transfer the maximum possible power to the PA load. This is not true because the transistor nonlinear behavior limits the voltage swing at the drain, shifting the maximum-power conditions far from the theoretical linear case. Laboratory experiments and theoretical investigations show that constant-power closed curves exist on the transistor-load-impedance plane, usually shown as a Smith chart. These oval curves nest within each other like the classical constant-gain circles shrinking to a point of maximum power delivery under strong nonlinear operating conditions. The tuning of the transistor-load impedance performed with special equipment to identify the maximum-power case for various operating conditions is called load pulling. RF PA designers regularly use load-pulling laboratory data to guide their work since modeling is rarely accurate enough.
Stability:
In addition to noise, spurs, and harmonics, oscillators have a problem with frequency instability, even if an oscillator is set at an initial frequency, it cannot be maintained all the time at the same value, the frequency of an oscillator will vary slightly with time. They keep on changing either in a uniform way or sometimes erratically.  The term “frequency stability” is used to define the ability of the oscillator to maintain a single fixed frequency as long as possible over a time interval. These deviations in frequency are caused due to variations in the values of circuit features (circuit components, transistor parameters, supply voltages, stray-capacitances, output load etc.) that determine the oscillator frequency[9]. We know that the oscillation will happened if either input or output port impedance has a negative real part, this means that |ᴦin| > 1 or |ᴦout| > 1, which depends on the source and load matching networks. The stability of amplifier is depends on both ᴦs and ᴦL. There is two types of stability which is: 
1) Unconditional stability: The network is unconditionally stable if |ᴦin| < 1 and  |ᴦout| < 1 for 
    all passive source and load impedances 

2) Conditional stability: The network is conditionally stable if |ᴦin| < 1 and |ᴦout| < 1 only for    

     a certain range of passive source and load impedances. This case is also referred to as   

     potentially unstable.

Also the instability maybe comes as a: 

1) Long term instabilities: the changing in frequency is too slow. It happened for two reasons  

   which is temperature changes or oscillator aging. For good oscillators, this instability is  

   measured in parts per million (ppm) [9].

2) Short-term instabilities:  The short term instabilities of oscillators are commonly referred to 
    as phase noise a result of having imperfect resonators, the phase noise has very small 
    magnitude, but changes very rapidly (milliseconds or microseconds).

The stability condition of an amplifier circuit is usually frequency dependent since the input and output matching networks generally depend on frequency. It is therefore possible for an amplifier to be stable at its design frequency but unstable at other frequencies [9].

Chapter 4:  Methodology
As we know the Wi-Fi frequency is 2.45 GHz, and we want to send the Wi-Fi data on a TV frequencies which are between 400 to 800 MHz, by using a Negative Impedance Oscillator with center frequency between 1.6 to 2 GHz, there are two models talk about the oscillator the first one is K. Kurokawa which is talk about the oscillation conditions, the other is Barkhausen which talks about the feedback oscillators.
Our project block diagram shows that the oscillator output have harmonic components, we eliminate them using band pass filter at 2 GHz center frequency both of the oscillator and the filter have low gain, we increase their power using power amplifier. 
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Figure 15: Stages of formation of local oscillator circuit
Mixer:
In electronics a mixer or a frequency mixer is a nonlinear electrical circuit that creates new frequencies from two signals applied to it. In its most common application, two signals at frequencies f1 and f2 are applied to a mixer, and it produces new signals at the sum f1 + f2 and difference f1 - f2 of the original frequencies, called heterodynes. Other frequency components may also be produced in a practical frequency mixer.
Mixers are widely used to shift signals from one frequency range to another, a process known as heterodyning, for convenience in transmission or further signal processing. For example, a key component of a super heterodyne receiver is a mixer used to move received signals to a common intermediate frequency. Frequency mixers are also used to modulate a carrier frequency in radio transmitters.
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Figure 16: working principle of the mixer
The real implementation of the block diagram
The main topology describe the aim of our project which is increasing the Wi-Fi rang by adding our device as adaptor worksas transceiver between the routers in home and the end devices, TV band use low frequency compared with the Wi-Fi so it has longer wave length the reach far distances explained in the figure below:
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Figure 17: Increasing wireless range topology.
The main difference between the transmitter and receiver adaptor is the input signal, the transmitter receives the signal from the ADSL line while the receiver receives it from horizontal polarized antenna at TV channel frequency equals to the difference between the Wi-Fi frequency and the oscillator one.

Chapter 5: Results and Analysis
We modified the implemented circuit by adding a parallel capacitor to the emitter side, in order to increase the capacitor value. This improved the stab factor, and increase the frequency, so we got a 1.57 GHz frequency as shown below:
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Figure 18: Spectrum analyzer output
After that we designed a new oscillator circuit on ADS software and we got 2 GHz, but it is more stable since the stab factor and Mu are more than one, and S11 and S22 are less than one, this will give us a perfect circuit that will enable us to use the TV band at center frequency of 450 MHz.
And we designed a filter at 1.95GHz, and a power amplifier on ADS software with stable circuits, which gave us about 12dB amplification, which will be discussed in next chapter.
Chapter 6: Discussion
We start our work with an implemented circuit with 1.29 GHz center frequency, as shown below, the Fig(17) represent the circuit, and the Fig(18) represent the output of this circuit:
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Figure 19: 2 GHz Oscillator in ADS Software.
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Figure 20: First Implemented oscillator output on spectrum analyzer.
 We added a parallel capacitor to the emitter side, in order to increase the capacitor value. This improved the stab factor, and increase the frequency, so we got a 1.57 GHz frequency as shown below:
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Figure 21: Second trial on Spectrum analyzer.
We redesign  the simulation step by step, First step was to make the active device which is the transistor unstable in order to achieve the oscillation theory then we moved to make the whole circuit stable at the specific region of frequencies from 1.65 up to 2.05 GHz, and this is the final circuit design that we designed:

 You can notice that we added a capacitor between emitter and collector, a series resistance to  the capacitor on the emitter to enhance the Mu value and we changed some values of the other devices. So the circuit will become: 
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Figure 22: The first modified circuit on ADS
And the output of this circuit that we got on ADS software is shown below:
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Figure 23: The output of second modified circuit on ADS software.
And this is the values of S-parameters, Stab Factor and Mu:
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Figure 24: S-parameters, Stab Factor and Mu values for oscillator circuit
We used Tee-connections and transmission lines in order to enhance the layout, because the real welding make a lot of losses that is unexpected, which is opposed with the theory of stability. And we used it to make the circuit more robust against the external factors like interference with other signals, heat and humidity.
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Figure 25: Tee connections and transmission lines
We noticed that there are harmonic frequencies are exist with the main signal at a double frequencies of it, so we had to cancel it, and maybe there are an image signals that happened, and another effect on the frequency band, the white noise was an additional reason to design and implement a band pass filter with two cut frequency (wc1=1.6GHz,wc2=2.2GHz), as shown below:
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Figure 26: Filter circuit
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Figure 27: filter shape
And this is the values of S-parameters, Stab Factor and Mu :
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Figure 28: S-parameters, Stab Factor and Mu values for Filter circuit
The second issue was the oscillator’s output power was too weak, so we had to add another device which is power amplifier in order to increase the gain. The power amplifier should be after the filter because of two reasons, which are the amplification should be after canceling the noise because we don’t need to amplify the noise, the second one is the filter amplitude is too small. The amplifier that we designed gave us a bout 11dB, you can see the amplifier circuit in Fig (29), and the gain value in Fig (30).
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Figure 29: power amplifier circuit 
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Figure 30: Output of the amplifier
Chapter 7:Impacts and Engineering solution.
Economic

The main objective of conducting a project economic analysis is to help people who want to design the project to know the cost of producing this project. The initial expected cost of the project was 20$, which was actually higher than the actual final cost, which was 15$. This was mostly due to the fact that some of the materials, that were originally planned to be used, were not needed. We expected that we will use some devices to solve the frequency problem, but we solved it by using a capacitors.

Commercial Prospects

As we know if our idea become truth that's mean that the internet will be available if and only if you have our device which convert's the frequency from the TV band (that we send the data over it) to internet band then to the routers.

In this way you should have local TV antenna and the device and you are able to connect to the internet easily.
Sustainability

The possibility for this device to disabled is very low so it lasts for a long period of up to several years. If there is any fault, it is difficult to maintain it, because it is very sensitive to frequency.
Ethical

This system does not interfere with any ethics, since the project will behave in safe and professional manner. We will transmit Wi-Fi signals on TV bandwidth, which is not used, so we will exploit it. The ethics of stealing the idea of exploiting free frequencies is fine, since people are allowed to use basic ideas to carry out their projects.
Health and Safety

Some individuals have reported that they experience non-specific symptoms upon exposure to RF fields emitted from base stations and other EMF devices. As recognized in a recent WHO fact sheet "Electromagnetic Hypersensitivity", EMF has not been shown to cause such symptoms. Nonetheless, it is important to recognize the plight of people suffering from these symptoms.

In fact, due to their lower frequency, at similar RF exposure levels, the body absorbs up to five times more of the signal from FM radio and television than from base stations. This is because the frequencies used in FM radio (around 100 MHz) and in TV broadcasting (around 300 to 400 MHz) are lower than those employed in mobile telephony (900 MHz and 1800 MHz) and because a person's height makes the body an efficient receiving antenna. Further, radio and television broadcast stations have been in operation for the past 50 or more years without any adverse health consequence being established.
Social and Political

This would have an excellent social impact on our world. The use of this system in our life will get people questioning what it is, and more people will learn more about internet over TV bandwidth and how practical it is. There aren't that many political viewpoints about this system else that the frequency you use you should pay to have the license, since internet over TV bandwidth is a relatively new technology on the market and still not implemented.
Development

While creating the project, the amount of knowledge on the internet greatly helped with learning new technologies on each each component alone so we adopted on the experiments in order to achieve the specific frequency, but the problem was that there is no previous research's on the whole project. Coupled with the basic knowledge of circuits, it was only a matter of combining various technologies to create a final concept.
Future:
At the beginning , this project will be implemented to be an adapter, which will be beside the routers in homes, since it will receive the signal from the router by an coaxial cable which is at 2.45 GHz, the adapter will down verge the frequency to TV band (400-800 MHz), then it will transmit the signal, this will give more distance and will reduce the traffic on Wi-Fi band, and there is an adapter that will be at each device to up verge the signal from TV band to Wi-Fi band and enter it to the device. Then if the first implementation is succeed then the doctors will build a company that will put a communication base stations that will arrive the internet to the villages at TV band, so they must book a frequency in TV band as a licensed band  . This system is cheaper than 3G and it will use less base stations.
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Figure 31: Wi-Fi over TV bandwidth Topology
Chapter 8: Conclusions and Recommendations

Conclusions 
In this project to designed and simulated a local oscillator using the ADS software tool . Moreover, we use the eagle software tool to design the printed circuit layout. Then we used the printed circuit machine to implement our design.

The three circuits that we designed with mixer will connect with each other to form the adapter, which is the backbone of the IOTV project, Since it will change the frequency from Wifi band to TV band. There are a lot benefits we will get from this project, the first one is delivering the Internet to rural areas that don’t have an Internet. Second it will decrease the traffic on Wifi band. Finally it will take a place of 3G because it is cheaper and faster.
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Appendices

Appendix A
 reflection coefficients:-
Г1= Z1- R0/ Z1+R0
Г2= Z2-R1/ Z2+R1

i.e.│Г1│=│Г2│
 the AC current:-
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 differential resistance:   [image: image84.png]
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 the resonator: [image: image86.png]



 The reflection coefficient of the active device; [image: image87.png]



 The reflection coefficient of the resonator; [image: image88.png]



 power amplifier : Pdc+Prf(in)=Ploss+Prf(out)      
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