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[bookmark: _Toc485293508]ABSTRACT
This mobile phone detector circuit is intended to detect the radio frequency from a mobile device from around 1.5 metres. So it can be used to prevent use of mobile phones in the MOD Range environment to prevent the presence of mobile phones around explosives. This detector will also be useful for stopping unauthorised mobile phone presence during classified internal and external meetings. When the circuit is complete it should be able to detect phone calls (incoming and outgoing), text messaging and any video transmission. The detector when complete should also when an RF signal is detected blink an LED and starts a beeping sound from a buzzer both of these will continue until the RF stops being detected. The project will be constructed on a breadboard. As discussed within the report capacitor C3 should have a length of 18mm with a desired spacing of 8mm. Assemble the circuit on a general-purpose PCB. As mentioned earlier, capacitor C3 should have a lead length of 18 mm with lead spacing of 8 mm. 

A 9V batter will be used to allow the detecting circuit to be of a portable nature, this allows the mobile phone detector to be used on many different areas within West Freugh with ease.
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[bookmark: _Toc485293511]Introduction
The purpose of this report is to discuss and review the stages in development of a mobile phone detector from concept review right through to the final review of the built product.
A mobile phone is a ‘portable telephone device that does not require the use of landlines. Mobile phones utilize frequencies transmitted by cellular towers to connect the calls between two devices . The first mobile phone operated on an analog service and was developed by Motorola, Inc. Mobile phones have grown to be the most widely used portable device in the world.’ (1)
Modern mobile phones also have the ability to use a wide range of applications such as text messages, MMS, Bluetooth, internet access, email, types of phones that can use these applications are regarded as smart phones.
 A cellular network is defined by Pc Magazine as ‘A communications system that transmits and receives within a geographic radius known as a ‘cell’. A cellular network comprises of many cells, and a single cell can span an area as small as a hundred yards within a congested city or as large as 20 miles or more in flat rural areas. As people travel from one cell to another, the voice or data sessions migrate automatically to the next cell.’ (2)
During a mobile phone conversation the cellular system will transfer amongst many different cell frequencies without the user being aware as this change happens often instantaneously and without any frequency issues. When this transfer takes place it is called a cellular ‘hand over’ this in theory means that a cell unit such as a mobile phone will choose the next base station it requires pick up the frequency for said base station then will automatically switch over instantaneously.
The requirement for a mobile phone detector has arisen from a work place situation; during important classified meetings it is required to confiscate mobile phones as these can be used as a recording device which is unacceptable when highly secretive information is being conversed, therefore it is required for the guard conducting the contraband check to have in his possession a mobile phone detecting device.    
[bookmark: _Toc485293512]The Problem
Currently, West Freugh has no direct equipment for detecting mobile phones on site this creates guards currently work off the good will of trials personnel and visitors to admit that they have phones in their possession but this “good will” could potentially cause a problem. In a growing age of terrorism and bribery there could be the potential for trials personnel and visitors to lie about their mobile phones so they can either cause a Range incident or get a hold of classified photography. So to avoid this problem, an automatic detection of cell phone is introduced.
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[bookmark: _Toc485293514]Features of a mobile phone
Although mobile phones were designed for incoming and outgoing calls as technology has advanced more applications are becoming increasingly available to use on mobile phones.
Bluetooth is one example of this; Bluetooth as described by the BBC is ‘a way of exchanging data wirelessly over short distances. Using a special radio frequency to transmit data, it creates a short range network. It is very secure and connect up to eight devices.’ (3)
Bluetooth operates on a dedicated frequency of 2.45 GHz, this information will allow for Bluetooth detection to be possible from the mobile phone detector.
Other applications that are becoming increasingly popular are built in cameras and microphones. These applications both have the potential to store highly sensitive information if a person should want to, proving the need for a mobile phone detector in this day and age even greater.
[bookmark: _Toc485293515]Questionnaire
I have constructed a simple questionnaire for the guard force at West Freugh, this took place to allow me to construct an idea of what was actually required and what would suit their needs and abilities. The guard force are normally ages between 50-70 as this is a zero-hour contract it suits the retired population around West Freugh. 
I have chosen 3 guards to complete this questionnaire; Alex Whannel (AW), Marion Mcwhirter (MW) and Jim Black. These guards have been workers at West Freugh for many years accruing many years of experience therefore they should be an ideal fit to complete the questionnaire.
Question 1;
How would a mobile phone detector improve your abilities as a guard;
AW – this will improve the guard force as it allows us to check whilst personnel are entering the Range, many of the trials personnel need to be reminded to hand in phones and this allows us to ask for mobile phones but also applies the security that you know they haven’t given you false information.
MW – Many of the on site personnel often forget to hand in phones due to the constant nature of having a contraband enforcer, this system would be ideal for ensuring everyone is telling the truth.
JB – I have worked at West Freugh for many years and thankfully have not had any issues with mobile phones being contraband and securing the mobile phone from the personnel but I can see how this can be a problem when dealing with explosives therefore I believe it would provide us with the insurance that no one has lied to us.
Question 2; How would you like it to be constructed?
AW – I would prefer this device to be of a pocket-sized nature as this would allow the guard force to have the flexibility to monitor for mobile phones whilst being at differing locations.
MW – this device preferably should be of a small size to allow the ranges to be flexible when monitoring for contraband mobile devices, this device ideally should also have a long battery life as we will be enforcing contraband 8-9 hours a day down the Range therefore it has to last the full length of the trial.
JB – To provide the guard force with the device in differing locations it should be man portable.
Question 3 – How would you like the detection of a mobile phone to be identified?
AW – I would personally require a buzzer or sound of sorts to allow me to identify when a mobile phone is detected as I am an aging person that has not got perfect eyesight a flashing light of sorts should be acceptable.
MW – Due to my age and poor hearing I would benefit from a flashing light that I can identify straight away otherwise I may not hear a buzzer or noise sounding.
JB – I believe I would benefit from two sets of notification as this gives me a secondary point of looking into whether a mobile is detected or not.
[bookmark: _Toc485293516]HARDWARE DESCRIptION
[bookmark: _Toc485293517]Circuit Diagram
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[bookmark: _Toc484985922]Figure 1 – Circuit Diagram
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RESISTORS;
· R1 ________2.2M
· R2 ________100K
· R3 ________2.2M
· R4 ________1K
· R5________12K
· R6________15K
CAPACITORS;
· C1 ________22pF
· C2 ________22pF
· C3 ________0.22µF
· C4 ________100µF
· C5_________47pF
· C6 _________0.1µF
· C7_________ 0.1µF
· C8_________ 0.01µF
· C9__________4.7µF
Other;
· IC CA3130
· IC NE555
· T1 BC548
· LED
· ANTENNA
· PIEZO BUZZER
· [bookmark: _Toc485293519]INCH LONG ANTENNA
· ON/OFF SWITCH
· POWER SUPPLY
[bookmark: _Toc485293520]Resistor
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Figure 2 - 3 Resistors
Electronic Symbol
[image: Resistor symbol Europe.svg]  (UK)
‘Resistors restrict or limit the flow of current in a circuit. The ability of a material or component to resist current flow is measured in ohms.’(4). Ohm's law can be calculated by the following equation:
V = IR
Resistors are ultimately designed for the use on electronic circuitry. Practical resistors are made from different compounds, resistance wire (wire is often made out of an alloy with high resistivity) and film. Resistors have a few primary characteristics, these are; resistance in a circuit, maximum working voltage, tolerance and finally power rating. Other non-primary characteristics are as follows; coefficient in temperature, inductance and noise reduction. Another major factor when discussing resistors is the critical resistance value; “Critical resistance value” is defined as the resistance value at which a particular part may operate at both full rated power and full rated voltage.  Most resistor manufacturers specify a maximum working voltage in addition to the power rating. The relationship between working voltages and power ratings significantly impacts a resistor’s function at the low end and high end of the value range.  This relationship applies to all resistors regardless of technology or manufacturer.(5) Resistors are highly useable and can be used in many different circuits such as; hybrid, printed and integrated circuits. When applying resistors the length of the leads must be considered as size and position can be a potential cause of overheating as the resistor will not dissipate power.
[bookmark: _Toc485293521]Capacitor
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[bookmark: _Toc484985924]Figure 3 - Modern capacitors (by a cm ruler)
A capacitor (originally known as a condenser) is a passive two-terminal electrical component used to store energy electrostatically in an electric field. The forms of practical capacitors vary widely, but all contain at least two electrical conductors (plates) separated by a dielectric (i.e., insulator). The conductors can be thin films of metal, aluminum foil or disks, etc. The 'nonconducting' dielectric acts to increase the capacitor's charge capacity. A dielectric can be glass, ceramic, plastic film, air, paper, mica, etc. Capacitors are widely used as parts of electrical circuits in many common electrical devices. Unlike a resistor, a capacitor does not dissipate energy. Instead, a capacitor stores energy in the form of an electrostatic field between its plates.(6)
What is an ideal capacitor? 
An ideal capacitor can be described using the following variables; constant value and capacitance. A small amount of current leakage occurs when the dielectric between the plates leaks. The capacitors can occur breakdown voltage this can happen through leads conducting an equivalent series resistance while the dielectric has its own electric field strength. 
Capacitors can have varying uses within circuitry; the main uses are, to filter out interference, blocking direct current flow whilst allowing alternating current to pass through, limit interference on the output of power supplies. Capacitors can be used in radio frequency circuits to search for particular frequencies from open air where there are wide bands of frequencies present. 
Ceramic capacitor
A ceramic capacitor uses a ceramic material as the dielectric. Ceramics were one of the first materials to be used in the production of capacitors, as it was a known insulator. Many geometries were used in ceramic capacitors, of which some, like ceramic tubular capacitors and barrier layer capacitors are obsolete today due to their size, parasitic effects or electrical characteristics. The types of ceramic capacitors most often used in modern electronics are the multi-layer ceramic capacitor, otherwise named ceramic multi-layer chip capacitor (MLCC) and the ceramic disc capacitor. MLCCs are the most produced capacitors with a quantity of approximately 1000 billion devices per year.(7)
[image: 300px-Ceramic_capacitors]
Figure 2.2.2 Ceramic capacitors
A ceramic capacitor is a non-polar, two terminal electronics device. A classic ceramic capacitor can also be called a “disc capacitor”. The capacitor is a very old electronics device and even pre dates the transistor, original uses for the capacitor were in vacuum-tube equipment such as radio receivers. As the modern day has adapted so have capacitors these are now used for providing a high capacitance at a low price. 
Ceramic capacitors vary in styles and shapes, different types of ceramic capacitor are listed below:
· resin coated disc with through-hole leads
· surface mount multilayer rectangular block
· bare leadless disc
Electrolytic capacitor

[image: ]
[bookmark: _Toc484985925]Figure 4 - Axial lead (top) and radial lead (bottom)
An electrolytic capacitor is a type of capacitor that uses an electrolyte to achieve a larger capacitance than other capacitor types. An electrolyte is a liquid or gel containing a high concentration of ions. Almost all electrolytic capacitors are polarized, which means that the voltage on the positive terminal must always be greater than the voltage on the negative terminal. The benefit of large capacitance in electrolytic capacitors comes with several drawbacks as well.(8)
Electrolytic capacitors often have high capacitance which allows filters to be designed to achieve low corner frequencies.
[bookmark: _Toc485293522]Transistor
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[bookmark: _Toc484985926]Figure 5 - Assorted discrete transistors
“When it works as an amplifier, it takes in a tiny electric current at one end (an input current) and produces a much bigger electric current (an output current) at the other. In other words, it's a kind of current booster. That comes in really useful in things like hearing aids, one of the first things people used transistors for. A hearing aid has a tiny microphone in it that picks up sounds from the world around you and turns them into fluctuating electric currents. These are fed into a transistor that boosts them and powers a tiny loudspeaker, so you hear a much louder version of the sounds around you.
Transistors can also work as switches. A tiny electric current flowing through one part of a transistor can make a much bigger current flow through another part of it. In other words, the small current switches on the larger one. This is essentially how all computer chips work. For example, a memory chip contains hundreds of millions or even billions of transistors, each of which can be switched on or off individually. Since each transistor can be in two distinct states, it can store two different numbers, zero and one.”(9)
Usage
The bipolar junction transistor, or BJT, was the most commonly used transistor in the 1960s and 70s. Even after MOSFETs became widely available, the BJT remained the transistor of choice for many analog circuits such as simple amplifiers because of their greater linearity and ease of manufacture. Desirable properties of MOSFETs, such as their utility in low-power devices, usually in the CMOS configuration, allowed them to capture nearly all market share for digital circuits; more recently MOSFETs have captured most analog and power applications as well, including modern clocked analog circuits, voltage regulators, amplifiers, power transmitters, motor drivers, etc
Advantages
The key advantages that have allowed transistors to replace their vacuum tube predecessors in most applications are
· Small size and minimal weight, allowing the development of miniaturized electronic devices.
· Highly automated manufacturing processes, resulting in low per-unit cost.
· Lower possible operating voltages, making transistors suitable for small, battery-powered applications.
· No warm-up period for cathode heaters required after power application.
· Lower power dissipation and generally greater energy efficiency.
· Higher reliability and greater physical ruggedness.
· Extremely long life. Some transistorized devices have been in service for more than 30 years.
· Complementary devices available, facilitating the design of complementary-symmetry circuits, something not possible with vacuum tubes.
· Insensitivity to mechanical shock and vibration, thus avoiding the problem of micro phonics in audio applications.
Limitations
· Silicon transistors do not operate at voltages higher than about 1,000 volts (SiC devices can be operated as high as 3,000 volts). In contrast, electron tubes have been developed that can be operated at tens of thousands of volts.
· High power, high frequency operation, such as used in over-the-air television broadcasting, is better achieved in electron tubes due to improved electron mobility in a vacuum.
· On average, a higher degree of amplification linearity can be achieved in electron tubes as compared to equivalent solid state devices, a characteristic that may be important in high fidelity audio reproduction.
· Silicon transistors are much more sensitive than electron tubes to an electromagnetic pulse, such as generated by an atmospheric nuclear explosion.
Bipolar junction transistor
Bipolar Junction Transistors (BJT) were the first transistor to be mass-produced for electronic purposes. BJT are given the bipolar name as the conduct by using minority and majority carriers. The BJT has three terminals and these are describe as base, emitter and collector. BJT contain two p-n junctions, these are the base-emitter and base-collector junctions these are separated by a thin piece of semiconductor (base junction). The BJT can be useful in amplifier circuits due to the small base junction being able to control the current flowing through the emitter and collector pins. In a NPN transistor that is operating in the active region, the emitter pin is forward biased, and the base is injected with electrons. Due to the base being narrow, the electrons will often diffuse into the collector pin (this is reverse-biased). Because the electrons that leave the base can be controlled this allows the number of electrons that enter the collector pin to be controlled also. Collector current can be calculated as approximately β (common-emitter current gain) times the base current. 
[bookmark: _Toc485293523]Light-Emitting Diode
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	Type
	Passive, optoelectronic

	Working principle
	Electroluminescence

	Invented
	Nick Holonyak Jr. (1962)

	Electronic symbol

	                                                                 [image: LED symbol.svg]

	Pin configuration
	Anode and Cathode


In the simplest terms, a light-emitting diode (LED) is a semiconductor device that emits light when an electric current is passed through it. Light is produced when the particles that carry the current (known as electrons and holes) combine together within the semiconductor material. Since light is generated within the solid semiconductor material, LEDs are described as solid-state devices. The term solid-state lighting, which also encompasses organic LEDs (OLEDs), distinguishes this lighting technology from other sources that use heated filaments (incandescent and tungsten halogen lamps) or gas discharge (fluorescent lamps).(10)
LED’s were based on the design of semiconductor diodes. When the diode is switched on there are electrons combining with holes, when this interaction occurs there a release in the form of light. This interaction is called electroluminescence, the colour of the light can be determined by the gap of energy in the semi-conductor. 
There are many advantages to support the use of LED’s these include long life, robust, compact size, low energy consumption. However there are possible disadvantages to some projects as LED’s can be expensive and this may not acceptable in the pricing of other projects.
There truly are many diverse applications of LED’s; these applications are mainly as a replacement for older traditional light sources. LED’s have been used for general lighting, car lighting and indicators. Due to the compact size and high switch rates allow text to be displayed when LED’s are combined and allowed to work together.
[image: ]
[bookmark: _Toc484985928]Figure 7 - Various types LED
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Piezo buzzer is an electronic device commonly used to produce sound. Light weight, simple construction and low price make it usable in various applications like car/truck reversing indicator, computers, call bells etc. Piezo buzzer is based on the inverse principle of piezo electricity discovered in 1880 by Jacques and Pierre Curie. It is the phenomena of generating electricity when mechanical pressure is applied to certain materials and the vice versa is also true. Such materials are called piezo electric materials. Piezo electric materials are either naturally available or manmade. Piezo ceramic is class of manmade material, which poses piezo electric effect and is widely used to make disc, the heart of piezo buzzer. When subjected to an alternating electric field they stretch or compress, in accordance with the frequency of the signal thereby producing sound.(11)
A buzzer usually is built from switches or sensors which link into a control unit that will determine if the button was pushed, after this has been determined the buzzer sounds a continuous or intermittent beeping sound.
Previously this device was designed around the electromechanical system, the elctromechanical system is identical to the electric bell (without the gong). The elctromechanical system were/are anchored to walls to provide a surface to produce a reflection to ensure all the sound waves are directed in one direction. In the present time we know it to be more popular for circuits to use a piezoelectric buzzer which produces a higher pitched sound compared to the electric bell. These piezoelectric buzzers were originally installed into driver circuits which ultimately could turn the buzzer on and off as well as setting the pitch of its tone.
The word buzzer has come from the pitch of the noise that is projected from the piezo buzzer. 
[image: http://luckyretail.com/Uploadfile/2015.1.20/034340/034340.jpg]
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[bookmark: _Toc484985930]Figure 9 - IC CA 3130
Operational amplifiers are linear devices that have all the properties required for nearly ideal DC amplification and are therefore used extensively in signal conditioning, filtering or to perform mathematical operations such as add, subtract, integration and differentiation. An Operational Amplifier, or op-amp for short, is fundamentally a voltage amplifying device designed to be used with external feedback components such as resistors and capacitors between its output and input terminals. These feedback components determine the resulting function or “operation” of the amplifier and by virtue of the different feedback configurations whether resistive, capacitive or both, the amplifier can perform a variety of different operations, giving rise to its name of “Operational Amplifier”.(12)
The IC mentioned above is a 15MHz Op Amp with MOSFET inputs and bipolar outputs. The MOSFET inputs are included in the Op Amp to provide very high input impedance and very low input current. This IC is a 15 MHz BiMOS Operational amplifier with MOSFET inputs and Bipolar output. This Op Amp works in well with this RF detecting circuit as it has high speed performance whilst providing low input current applications.
CA3130A combines the advantages of both bipolar transistors and CMOS. Gate protected MOSFET transistors are used within circuitry to provide very high input impedance, great speed performances and low input current. The use of gate protected transistors in the input results in input voltage capability down to 0.5V. This is an advantage and important in single supply circuitry.
The CA3130 operates on a supply voltage of 5V – 16V, This can be compensated with an external capacitor whilst having terminals to adjust offset voltages when the circuitry requires and offset null. 
Features of the CA3130 Series
    • MOSFET Input Stage Provides:
  	 - Very High ZI = 1.5 T
 	 - Very Low current = 5pA at 15V Operation
    • Optimized for Singular Supply Applications
    • The input voltages range includes a negative supply rail. 
    • Signal swing can be achieved to both supply rails by the use of the internal CMOS output.
Applications
• Single supply amplifiers that are ground referenced
• Long-Duration Timers/ Mono stables 
• Voltage Followers 
• Single-Supply Full-Wave Precision Rectifiers 
• High-Input-Impedance Wideband Amplifiers
• Fast Sample-Hold Amplifiers
• Photo-Diode Sensor Amplifiers 
• Peak Detectors
• High-Input-Impedance Comparators (Ideal Interface with Digital CMOS)
• Voltage Regulators

[bookmark: _Toc485293526]IC NE555 TIMER
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[bookmark: _Toc484985931]Figure 10 - IC NE 555 Timer
The 555 timer IC is an integrated circuit (chip) used in a variety of timer, pulse generation, and oscillator applications. The 555 can be used to provide time delays, as an oscillator, and as a flip-flop element. Derivatives provide two or four timing circuits in one package.(13)
DETAILS OF PIN
1. Ground pin  
2. Trigger, usually a negative input that is provided from lower comparators that will allow the timer to maintain oscillation. 
3. Output, in this report the output pin will be used to connect the piezo buzzer to the circuit. 
4. Reset, this pin is used to reset the latch within the IC to allow the chip to reset the IC. This pin is normally connected to the Vcc to prevent the reset 
5. Control voltage, this pin is provided to allow regulation to the stability reference voltage. This pin can be left with nothing connected but it can usually be associated with a connection to pin ground with the inclusion of a 10nF capacitor. 
6. Threshold, this pin should be connected to the positive input which will allow the chip to reset the RS flip flop. 
7. Discharge, this pin will be connected to the open collector transistor which will be connected to the ground emitter. 
8. Vcc, this pin will be connected to receive a DC voltage, this will require a 5-15V supply to work. 
 Features	
       • 0.005% /C Temperature Stability 
       • Adjustable Duty Cycle
       • High Current Drive Capability 
       • High range of timing
       • Very fast turn off time

Applications
       • Time Delay Generation 
       • Sequential Timing 
       • Precision Timing
      • Pulse Generation







[bookmark: _Toc485293527]Hardware implementation 
[bookmark: _Toc485293528]Basic concept and working of mobile phone detector
[bookmark: _Toc485293529]Purpose
This circuit when constructed should be able to detect unauthorized use of mobile phones at West Freugh, specifically in the MOD Range environment when mobile phones are categorised as contraband. 
[bookmark: _Toc485293530]Concept
Mobile phone uses RF with a wavelength of 30cm at 872 to 2170 MHz. That signal is a huge energy, high frequency signal. When a mobile phones are active, they transmit signals in the form of sine waves which will pass through open air. The audio signal contains electromagnetic radiation which is sent to the base stations receiver. Mobile phone communication system is called “cellular telephone system”, each cell area has an appointed base station from each mobile network provider. The transmitter power of the 2G antenna in the base station is 20-100 watts.
When the Global System of Mobile communication (GSM) is being transmitted from a mobile phone the signal is connected with 7 other users at any one time. During a given phone call the mobile phone could be 1/8 users on the same frequency, the signal whilst you are in communication is broken down and transmitted by the base station. The mobile phone has a peak power of 2 watts with an average of 250 milli watts during its continuous power. Mobile phones are in constant communication with the base stations by transmitting short signals at regular intervals. Network data from the mobile phone is stored by the base station. When the mobile cell moves from one of the cells to another it will send transmissions to both base stations but will register with the strongest given transmission. Mobile phones will always try to make a connection with the strangest available base station. 
Capacitor (polarized disc) can be used to pass AC and not DC. During discharge a capacitor can pass AC signals. This circuit will use a 0.22µF capacitor due to the low value of the capacitor and large surface area that will receive the energy from the mobile RF transmission. The capacitor will be used as a mini loop aerial, this allows the capacitor to work like an air core coil which has the ability to oscillate and discharge current.
How the capacitor senses RF?
The lead of the capacitor will connect both to the DC (positive rail) and the other lead will connect to the negative input of IC1, this will provide the capacitor with energy for storage. This storage energy will be applied to input of IC1 to provide the IC with a balanced 1.4V. At this time the output is zero, but should at any time the IC receive a small current through its pins the IC will therefore produce a high output. Electrical wiring causes a natural electromagnetic field around the capacitor this will give of a signal of around 50Hz. Mobile phones radiate high energy pulsations, this cause the capacitor to oscillate and transport it to the inputs of the IC.  When the LED flashes and the buzzer sounds this is due to the oscillation of the capacitor. The capacitor will in turn carry energy as well as having its own electromagnetic field as discussed above, therefore in turn should a RF transmission be induced to the current from a mobile phone it will sound the buzzer and flash the LED.










[bookmark: _Toc485293531]Results 
The picture below shows this reports mobile phone detector on bread board.

Unfortunately due to unknown causes at this time the circuitry does not operate as it should therefore it is not detecting the mobile phone transmission. The potential cause could be as follows; Capacitor 3 is not operating as it should be and more research may be required into its role in the circuit, a double check of the connections to ensure no mistake were made during the build process, replace the Transistor, NE555 and IC to ensure none of these chips are dead which would cause the circuit to fail.
[bookmark: _Toc485293532]Conclusion & Future scope
[bookmark: _Toc485293533]Conclusion
In conclusion this report details the theoretic principles of how to design and build a mobile phone detector, this mobile phne detector should be able to sense any transmission from a mobile phone from a distance of 1.5 metres, unfortunately due to circuitry issues the detector built for this project at this current time isn’t working as designed. Therefore the mobile phone detector built in this project will not be able to satisfy the requirements at West Freugh but extra time will be added after this project report is submitted to identify the problem with the circuitry and rectify to allow the mobile phone detector circuit to be used to identify contraband on West Freugh Range. 
[bookmark: _Toc485293534]Future Scope
Continue work assessing circuitry to identify and rectify issues.
Trying to increase the detecting range of the mobile phone detector to a larger distance for observing a wider range of area.
To design a handheld casing device to house the circuit detailed in this report.
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1. IC CA3130
15MHz, BiCMOS Operational Amplifier with MOSFET Input/CMOS Output
CA3130 and CA3130 are op amps that combine the advantage of both CMOS and bipolar transistors.
Gate-protected P-Channel MOSFET (PMOS) transistors are used in the input circuit to provide very-high-input impedance, very-low-input current and exceptional speed performance. The use of PMOS transistors in the input stage results in common-mode input-voltage capability down to 0.5V below the negative-supply terminal, an important attribute in single-supply applications.
A CMOS transistor-pair, capable of swinging the output voltage to within 10mVof either supply-voltage terminal (at very high values of load impedance) is employed as the output circuit.
The CA3130 series circuits operate at supply voltages ranging from 5V to16V (±2.5V to ±8V). they can be phase compensated with a single external capacitor, and have terminals for adjustment of offset-null capability. Terminal provisions are also made to permit strobing of the output stage.
The CA3130A offers superior input characteristics over those of the CA3130.

PINOUTS
[image: ]
FEATURES
· MOSFET  input stage provides:
- Very high Z1 = 1.5TΩ (1.5 x 1012Ω) (Type)
- Very low   I1 =5pA (Type) at 15V operation
   		      =2pA (Type) at 5V operation
· Ideal for single-supply applications
· Common-mode input-voltage range includes negative supply rail; input terminals can be swung 0.5V below negative supply rail
· CMOS output stage permits signal swing to either (or both) supply rails





APPLICATIONS
· Ground-referenced single supply amplifiers
· Fast sample-hold amplifiers
· Long-duration timers/mono-stables
· High-input-impedance wideband amplifiers
· Voltage followers ( eg. Follower for single supply D/A converter)
· Voltage regulators (Permits control of output voltage down to 0V)
· Peak detectors
· Single-supply full wave precision rectifiers
· Photo-diode sensor amplifiers

















APPLICATION INFORMATION
Circuit Description
The first figure is the block diagram of the CA3130 series CMOS operational amplifiers. The input terminals may be operated down to 0.5V below the negative supply rail and the output can be swung very close to either supply rail in many applications. Constantly, the CA3130 series circuits are ideal for single-supply operation. The Class A amplifier stages, having the individual gain capability and current consumption shown in figure, provide the total gain of the CA3130. A biasing circuit provides to potentials for common use in the first and second stages. Terminal 8 can be used both for phase compensation and to strobe the output stage into quiescence. When terminal 8 is tied to the negative supply rail (terminal 4) by mechanical or electrical means, the output potential at terminal 6 essentially rises to the positive supply rail potential at terminal 7. 
This condition of essential zero current drain in the output stage under the strobed “OFF” condition can only be achieved when the ohmic load resistance presented to the amplifier is very high (e.g. when the amplifier output is very used the drive CMOS digital circuits in comparator application).

INPUT STAGE
 The circuit of the CA3130 is shown in the schematic diagram. It consists of a differential-input stage using PMOS field-effect transistors (Q6, Q7) working into a mirror-pair of bipolar transistor (Q9, Q10) functioning as load resisters together with resistors R3 through R6. The mirror pair transistors also function as a differential-to-single-ended converter to provide base drive to the second-stage bipolar transistor (Q11). Offset nulling, when desired, can be effected by connecting a 100,000Ω potentiometer across terminal 1 and 5 and the potentio meter slider arm to terminal 4. Cascade connected PMOS transistors Q2, Q4 are the constant current source for the input stage. The biasing circuit for the constant-current source is subsequently described. The small diodes D5 through D8 provide gate-oxide protection against high voltage transients , including static electricity during handling for Q6  and Q7.
[image: ]
Note:
1. Totally supply voltage (for indicated voltage gains) = 15V with input terminals biased so that terminals 6 potential is +7.5V above terminal 4.
2. Total supply voltage (for indicated voltage gains) = 15V with output terminal driven to either supply rail.
SECOND STAGE
Most of the voltage gain in the CA3130 is provided by the second amplifier stage, consisting of bipolar transistor Q11 and its cascade-connected load resistance provided by PMOS transistors is subsequently described. Miller Effect compensation (roll-off) is accompanied by simply connecting a small capacitor between terminals 1 and 8. A 47pF capacitor provides sufficient compensation for stable unity-gain operation in most applications.
Bias-source circuit
At total supply voltages, somewhat above 8.3V resistor R2 and zener diode Z1 serve to establish a voltage of 8.3V across the series-connected circuit, consisting of resistor R1,diodes D1 through D4 and PMOS transistor Q1. A tap at the junction of resistor R1 and diode D4 provides a gate-bias potential of about 4.5V for PMOS transistors Q4 and Q5 with respect to terminal 7. A potential of about 2.2V is developed across diode connected PMOS transistor Q1 with respect to terminal 7 to provide gate-bias for PMOS transistors Q2 and Q3.  It should be noted that Q1 is “mirror-connected” to both Q2 and Q3. Since transistors Q1,Q2,Q3 are designed to be identical, approximately 220µA current in Q1 establishes a similar current in Q2 and Q3 as constant current sources for both the first and second amplifier stages, respectively. 
At total supply voltages somewhat less than 8.3V, zener diode Z1 becomes  non conductive and the potential, developed across series connected R1, D1-D4 and Q1, varies directly with the variations  in supply voltage. Consequently, the gate bias for Q4, Q5 and Q2, Q3 varies in accordance with supply voltage variations. These variations results in deterioration of the power-supply-rejection ratio (PSRR) at total supply voltages below 8.3V.  Operation at total supply voltages below about 4.5V results in seriously degraded performance. 

OUTPUT STAGE
The output stage consists of drain loaded inverting amplifier using CMOS transistors operating in the Class A mode. When operating into very high resistance loads, the output can be swung within milli volts of either supply rail. Because the output stage is the drain loaded amplifier, its gain is dependent upon the load impedance. The transfer characteristics of the output stage for the load returned to the negative supply rail are shown in the below figure. Typical op amp loads are readily driven by the output stage. 
 Because large signal excursions are non linear, requiring feedback for good waveform reproduction, transient delays may be encountered. As the voltage follower, the amplifier can achieve 0.01% accuracy levels, including the negative supply rail. 

NOTE 
3. For general information on the characteristics of CMOS transistor pairs in linear circuit applications.




POWER-SUPPLY CONSIDERATIONS
Because the CA3130 is very useful in single-supply applications, it is pertinent to review some considerations relating to power-supply current consumption under both single-and dual-supply service. Figure 6A and 6B show the CA3130 connected for both dual-and single-supply operation.
[image: ][image: ]
Dual-supply Operation: when the output voltage at terminal 6 is 0V, the currents supplied by the two power supplies are equal. When the gate terminals of Q8 and Q12 are driven increasingly positive with respect to ground, current flow through Q12 (from the negative supply) to the load is increased and current flow through Q8 (from the positive supply) decreases correspondingly. When the gate terminals of Q8 and Q12 are driven increasingly negative with respect to ground, current flow through Q8 is increased and current Q12 is decreased accordingly.
Single-supply Operation: initially, let it be assumed that the value of RL is very high (or disconnected), and that the input-terminal bias (terminals 2 and 3) is such that the output terminal 6 voltage is at V+/2, i.e. the voltage drops across Q8  and Q12 are of equal magnitude. Figure 20 shows typical quiescent supply-current v/s supply-voltage for the CA3130 operated under these considerations. Since the output stage is operating as a Class A amplifier, the supply-current will remain constant under dynamic operating conditions as long as the transistors are operated in the linear portion of their voltage-transfer characteristics. If either Q8 or Q12 are swung out of their linear regions toward cut=off (a non-linear region), there will be a corresponding reduction in supply-current. In the extreme case, e.g., with terminal 8 swung down to ground potential (or tied to ground). NMOS transistor Q12 is completely cut off and the supply-current to series-connected transistors Q12 is completely cut off and the supply-current transistors Q8. Q12 goes essentially to zero. The two preceding stages in the CA3130, however, continue to draw modest supply-current even though the output stage is strobed off. Figure 6A shows a dual-supply arrangement for the output stage that can also be strobed off, assuming RL = ∞ by pulling the potential of terminal 8 down to that of terminal 4.
Let it now be assumed that a load resistance of nominal value (e.g. 2kΩ) is connected between terminal 6 and ground in the circuit of figure 6B. Let it be assumed again that the input terminal bias (terminals 2 and 3) is such that the output terminal Q8 must now supply quiescent current to both RL and transistor Q12, it should be apparent that under these conditions the supply-current must increase as an inverse function of the RL magnitude. Figure 22 shows the voltage drop across PMOS transistor Q8 as a function of load current at several supply voltages. Figure 2 shows the voltage-transfer characteristics of the output stage for several values of load resistance.
MULTIVIBRATORS
The exceptionally high input resistance presented by the CA3130 is an attractive feature for multivibrators circuit design because it permits the use of timing circuits with high R/C ratios. The circuit diagram of a pulse generator (astable multivibrator), with provisions for independent control of the “on” and “off” periods, is shown in figure 15. Resistors R1 andR2 are used to bias the CA3130 to the mid-point of the supply-voltage and R3 are the feedback resistor. The pulse repetition rate is selected by positioning S1 to the desired position and the rate remains essentially constant when the resistors which determine “on-period” and “off-period” are adjusted.
[image: ]

FUNCTION GENERATOR
Figure 16 contains a schematic diagram of a function generator using the CA3130 in the integrator and threshold detector functions. The circuit generates a triangular or square-wave output that can be swept over a 1,000,000:1 range (0.1Hz to 100Hz) by means of a single control, R1. A voltage-control input is also available for remote sweep-control
The heart of frequency-determining system is an operational-transconductance-amplifier (OTA) IC1, operated as a voltage-controlled current-source. The output, IO, is a current applied directly to the integrating capacitor, C1, in the feedback loop of the integrator IC2, using a CA3130, to provide the triangular-wave output. Potentiometer R2 is used to adjust the circuit for slope symmetry of positive-going and negative-going signal excursions.
Another CA3130, IC3, is used as a controlled switch to set the excursion limits of the triangular output from the integrator circuit. Capacitor C2 is a “peakug adjustment” to optimize the high-frequency square-wave performance of the circuit.
Potentiometer R3 is adjustable to perfect the “amplitude symmetry” of the square-wave output signals. Output from the threshold detector is fed back via resistor R4 to the input of IC1 so as to toggle the current source from plus to minus in generating the linear triangular wave.
2. IC NE555 TIMER
 Description
[image: ]The 555 monolithic timing circuit is a highly stable controller capable of producing accurate time delays, or oscillation. In the time delay mode of operation, the time is preciously controlled by one external resistor and capacitor. For a stable operation as an oscillator, the free running frequency and the duty cycle are both accurately controlled with two external resistors and one capacitor. The circuit may be triggered and reset on falling waveforms, and the output structure can source or sink up to 200mA.
 FEATURES
· Turn-off time less than 2µs
· Max. operating frequency greater than 500kHz
· Timing from microseconds to hours
· Operates in both astable and monostable models
· High output current
· Adjustable duty cycle
· TTL compatible
· Temperature stability of 0.005% per 0C

APPLICATIONS
· Precision timing
· Pulse generation
· Sequential timing
· Time delay generation
· Pulse width modulation
[image: ]
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FIGURE 6A. DUAL POWER SUPPLY OPERATION
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FIGURE 6B. SINGLE POWER SUPPLY OPERATION
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