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ANSWER ALL QUESTIONS

QUESTION ONE  Answer Q1 as a hard copy using the blank sheets/exam book provided.
[image: ]


The Circuit above shows a purely analogue implementation of a simple ‘suntan timer’ where the light falling on a photodiode causes the sounder to operate after a time period that can be adjusted by the 500K potentiometer.
The circuit below is an alternative implementation based around an ATmega microcontroller. 
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Explain the principle of operation of:
a) the analogue version (15 marks)

Ans:
Student should be able to explain:
Photodiode allows reverse leakage current to pass depending on light
IC1 with C1 is configured as an integrator which builds up a voltage proportional to time
The voltage is presented to IC2 which is configured as a comparator.
The charge is reset by shorting out the capacitor via the switch
When the comparator input crosses a threshold set by the reference voltage produced by the precision voltage reference (and made variable by the pot R3 which forms a potential divider), the output switches and drives the buzzer.
Typically 3 marks for each of the 5 sections.

b) the microcontroller version, detailing the function and purpose of each component and every pin of the microcontroller. (35 marks)

Ans:
Student should be able to describe the following salient areas:

Use of the decoupling capacitors – 100nf for the HF side, the 1uF as the main smoothing cap.
The 1uH choke to separate the analogue and digital power rails of pins 20 and 7 resp. to avoid HF feedthrough from the micro’s clocking operations.
The reverse charge through the photodiode used to ramp a charge on C1
The chip having an on board comparator on pin13 driven with an internal precision reference of 1.1v
Pin 2 driving a FET to discharge the ramp capacitor.
Pin24 being a switchable logic output used to provide power to the potential divider/pot R2 (to save power once the pot is used – its switched off)
Pin23 is an analogue in to read the pot value with the capacitor to smooth the DC and remove HF noise.
Pin 3 configured as a digital output with enough drive current to operate the buzzer module directly.
Approximatley 4 marks would be allocated for each correct section. 35 marks total.


QUESTION TWO

a) Using the analogue circuit given in Question one, simulate IC2 and its surrounding circuitry (R1 – R4 and the LM385) using proteus to demonstrate its principle of operation.
[image: ] 
Instead of using IC1 to generate the input sawtooth ramp, directly inject a similar voltage source from a Proteus function generator which you will need to configure. Also swap the buzzer for an LED. Choose a ramp frequency of a couple of seconds so its easily visible on the LED.
When you have completed this task, call the supervisor over so they can see it in operation. ( 20 marks)
Save your simulation to disk. Name it ‘TaskA_<your name>’ and upload it to the appropriate link on Moodle (your supervisor will demonstrate where this is located)

Marking breakdown:
Proficient use of Proteus to identify and insert components and create basic circuit (10 marks)
Student ability to configure the function generator to inject sawtooth signal (5 marks)
Correct operation of the circuit as a whole – all power lines, values and parameters set correctly and circuit simulating as requested (5 marks)






b) Now, you are required to replace the function generator with your own circuitry that generates an approximated sawtooth waveform from clocked, discrete digital logic using 74xx series ICs.
[image: ] 
Use a minimum of 4 bits to give at least 16 analogue steps.
When you have completed this task, call the supervisor over so they can see it in operation. (20 marks)
Save your simulation to disk. Name it ‘TaskB_<your name>’ and upload it to the appropriate link on Moodle (your supervisor will demonstrate where this is located)

Marking breakdown:
[bookmark: _GoBack]Student ability to identify a suitable design for the 74xx based sawtooth generator (10 marks)
Proficient use of Proteus to identify and insert components and create basic circuit (5 marks)
Correct operation of the circuit as a whole – all power lines, values and parameters set correctly and circuit simulating as requested (5 marks)


c) Provide an explanation on how your digital sawtooth circuit operates. Answer this as a hard copy using the blank sheets/exam book provided. (10 marks)
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