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Equipment or materials required – Computer with internet access


Instructions to students:

Answer all questions.
Answer your questions in a word document and upload it to moodle at the end of the examination. An upload link will be provided next to the one for this file.
If a question requires a drawn diagram, either use a sketching/drawing program (don’t worry if you have to draw with a mouse and it’s a bit rough – you aren’t marked on your graphic ability!), or draw the diagram freehand on a piece of paper, then scan it, or take a photo of it using your phone etc and insert it into your word document. If you run into problems doing the transfer, email the photos to your lecturer as soon as you can at the end of the exam.
Note that the upload link will have a cutoff time, so ensure you don’t miss the deadline.




QUESTION ONE  (30 marks total)


a) In a typical Von Neumann architecture, the busses are labelled as ‘data’ ‘address’ and ‘control’ Describe what each bus is used for, and what the effect is of having different widths for the Data and address busses.(15 marks)
Data: Moves data between the processor unit, the memory unit, and the input and output devices. 

Address: Moves the addresses of data between the processor and memory.

Control: Moves control signals and commands, from the CPU to control all the activities within the PC.

Essentially the movement of external and internal data will be exponentially increased should the bus be larger in width. It means to determine how much data can be transmitted. The larger in width the buses are, the better the processing performance. In this case, increasing the bus of the address, increases capacity of storage, and increasing data bus, increases data transmitted. 

b) The following comprise a number of mnemonics from the PIC16F887 microprocessor instruction set. Give the meaning of what each mnemonic stands for and explain what the instruction actually does:
DECF Decrement File. Telling the PIC to countdown
NOP No Op; No Operation. There is no operation. To do nothing.
BTFSS Bit Test File, Skip if Set. It means if the file is set to 1, then the code will then skip to the next file.
CALL Call. It means to call a specific subroutine.
CLRWDT Clear Watch Dog Timer. 
(10 marks)

c) For the CLRWDT instruction, explain what its purpose is in the context of the operation of the overall circuit. (5 marks)
It means to Clear the Watch Dog Timer in this case, means that if there was a fault in the system, it would reset the system. Essentially a fail-safe should a memory leak occur, where it would not need human intervention; prevents it from timing out if hardware or software failure were to occur. 



QUESTION TWO (20 marks total)

a) Name the three main types of Analogue to digital converters and explain the pros & cons of each type (10 marks)
Flash ADC: It’s the simpler types of ADC and is the fastest. The main disadvantage the large number of voltage comparators needed.

Ramp-compare ADC: Speed is governed by the clock frequency and analogue input voltage. It essentially shows how long it takes for the ADC to recognize the final output. The downside is that, it might not be the most accurate, but is clearer to see the readings it outputs.

Successive Approximation ADC: This is a very accurate ADC and uses a simple flash DAC and memory register. These are mainly common when accuracy is needed but speed is limited.


b)  Identify which type of ADC is used in the PIC microcontrollers used in class (5 marks)
PIC 16F84 is Flash

c) What is the difference of using a 10 bit ADC over an 8 bit one (5 marks)
Resolution changes with either 8 bit or 10 bit. 8-bit ADC gives you 256 values while 10-bit can only give you 1024 values.


QUESTION THREE (25 marks total)

a) You are required to drive an LED from a PIC output port. You are told that the PIC is powered from +5V, the LED will require 15mA and its forward voltage drop is 2.2V
Sketch a typical circuit configuration that you could use, explaining your reasoning for any choice of components you use and include any calculations made.
 (10 marks)


b) You are also required to drive a traditional mechanical relay from another PIC output port. You are told that the PIC is powered from +5V, but the relay will require 48V DC and 120mA to operate it. Sketch a typical circuit configuration that you could use, explaining your reasoning for any choice of components you use.
 (10 marks)


c) Explain the difference between a digital pin being able to ‘source current’ and ‘sink current’ (5marks)
Source Current: When load is connected to a device so that the device supplies current to the load. Essentially flows out of the device.

Sink Current: When a load is connected to a device so that current flows from the power supply, through the load and into the device. Essentially flows into the device.





QUESTION FOUR (25 marks total)

a) Most PIC microcontrollers have built in ADC circuits, but not DACs. You can obtain an adjustable analogue output voltage from a PIC by using either an external DAC chip, or by using PWM techniques. Sketch a rough circuit for both methods and explain their operation (12 marks)

 [image: ]

V0= D0/8 + D1/4 + D2/2
V0=0.625 + 1.25 + 2.5 
V0=4.375V

The lowest significant bit would contribute less, and the highest significant bit would essentially contribute more.

Essentially you have placed voltage divisions on each resistor making it a series circuit according to Thevnin’s law. This would essentially divide each resistor.

These are being voltage divided by 5V.

So once it goes through the first two resistors it’s being placed into a parallel circuit, and is it moves up the chain into the next resistor, it takes that 2R and sets it up onto another parallel and so on and so forth.

Which would then give you: 

[image: ]
This then simplifies each resistor and dividing it down by 2 each time.

[bookmark: _GoBack]That’s V0 would be fed into the operational amplifier to potentially expand into a higher voltage or into a smaller voltage.



b) PWM can be implemented either in software alone, or by utilising a built in module in the PIC. For both of the above methods, produce a brief explanation, along with a flowchart or pseudocode outlining how these methods would work. (13 marks)
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