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	1.
	The following devices are connected to an 8-bit parallel digital I/O port. 

A incremental rotary encoder with two outputs PA and PB connected to bits 0 and 1 of the port respectively. 

LED A           - bit 2

LED B           - bit 3

A switch S1  - bit 4

Bits 5 - 7 are  not used

The switch S1 generates logic '0' when open and logic '1' when closed.

The LEDs are activated by an output of logic '1'. 

The rotary encoder produces the following output sequences:
Clockwise rotation

Anticlockwise rotation
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Two registers, PORTDIR and PDATA, are associated with the port.

PORTDIR - is an 8-bit data direction register.  Where each bit of the byte determines the port direction:- 0=input, 1 = output.

PDATA - the data output to the port or input from the port.


	
	(a)
	What value should be written to the PORTDIR register to configure the port for use with the devices connected to the port?
	[2 Marks]



	
	(b)
	Using masking techniques and the bitwise operators of the 'C' programming language show how the following operations could be achieved without affecting the other port bits.

	 

	
	
	(i)
	Turn LED B on

	[2 Marks]


	
	
	(ii)
	Turn LED B off
	[2 Marks]


	
	
	(iii)
	Wait until the Switch S1 is closed i.e. logic '1'
	[2 Marks]


	
	(c)
	Using a state machine approach draw a state machine diagram and show in 'C' or pseudo-code how you would detect the pulses from the incremental rotary encoder and determine the direction of rotation that activates LED A for clockwise rotation and LED B for anticlockwise rotation.


	[12 Marks]

	
	
	
	
	

	2.
	
	

	
	(a)
	A data acquisition system is required to measure the voltage from a temperature transducer. The output voltage range of the transducers is from 0V to +5V, where 0V represents -50 degrees Celcius and +5V represents +350 degrees Celcius. The temperature needs to be measured with a resolution of 0.1 degree Celcius.  


	

	
	
	(i)
	Calculate the minimum number of bits that the ADC must use to achieve the desired resolution.
	[4 Marks]



	
	
	(ii)
	Describe a software technique that could be used to remove the effect of an interfering sinusoidal signal of 10Hz superimposed on the input signal.
	[4 Marks]



	
	(b)
	
	

	
	
	(i)
	Compare the relative merits and restrictions of serial and parallel communications in the context of the ever increasing clock speeds of modern microcomputer systems.
	[4 Marks]



	
	(c)
	
	

	
	(i)
	Draw a waveform to show how a the seven bit ASCII character 'B' (hexadecimal code 0x42) would be transmitted serially using one start bit, one stop bit and odd parity.  
	[4 Marks]



	
	
	(ii)
	Assuming a baud rate of 9600 how long does it take to transmit the character 'B' including the start, stop and parity bits?  
	[2 Marks]



	
	
	(iii)
	What is the data rate (chars./sec.) assuming a continuous output of characters from the transmitter?
	[2 Marks]



	
	
	
	
	

	3.
	"The CAN bus was developed by Robert Bosch GmbH specifically for use in the automotive industry and should not be used for non-automotive applications".

Do you agree with this statement? Discuss your answer with regard to the characteristics, properties and operation of the CAN bus and the typical requirements of other embedded non-automotive applications. 



	
	
	
	
	[20 Marks]


	4.
	
	

	
	(a)
	Outline the features and general characteristics of the Inter IC (I2C) bus. 
Your explanation should include a description of the characteristics required of the output stages of I2C devices, the signals used to implement the bus, device addressing and the protocol for data transfer of a single byte.
Illustrate your answer, where appropriate, with suitable timing diagrams.
	[8 Marks]



	
	(b)
	Give two benefits of using the I2C bus in embedded microcontroller applications.
	[2 Marks]



	
	(c)
	Show using suitable diagrams the bus activity when a master I2C device writes a single byte of data to a slave EEPROM device with 256 memory locations. 
Show all the stages involved and the bus data values at each stage. You may assume that the 7-bit binary slave address of the EEPROM is 1010000 and that the value 0x42 is being written to location 0xA5 within the EEPROM.


	[10 Marks]


	5.
	
	

	
	(a)
	In a prioritorised vectored interrupt system such as that used in the Infineon 167 microcontroller what is the role of the Stack Pointer(SP) and the Processor Status Word (PSW) when the processor responds to interrupt requests? 
	[8 Marks]



	
	(b)
	What feature of the Infineon 167 microcontroller allows a fast and effective method of preserving and subsequently restoring the registers of the interrupted program without making use of the stack?
	[2 Marks]



	
	(c)
	What extensions to the 'C' language have been provided in the Keil C166 compiler to support vectored interrupt handling with the Infineon 167 microcontroller? 
Explain their usage with an example.
	[6 Marks]



	
	(d)
	Why must a function that is to service the interrupt be declared as returning void and receiving no arguments such as void isr( ) ....
	[4 Marks]




	6.
	Rotational speed measurement of a motor.

A small magnet is mounted on a motor shaft. A Hall effect sensor is positioned such that as the motor shaft rotates past the sensor it outputs a positive pulse at the rate of one pulse per revolution.

You may assume the following:

· Interrupts may be used.

· An 8-bit parallel input port is available if required.

· Several timer/counters are available. The timer/counter registers are 

     16-bit and count down only.

· An underflow bit is set when the timer/counter register deccrements from 0x0000 to 0xFFFF and may optionally generate an interrupt.

· The basic timer/clock input clock frequency is 10MHz.

· In timer mode a prescaler of 1, 8, 64 or 1024 can be applied to the basic input clock frequency.

· The timer/counter modes are:

· Timer

· Counter

· Timer with auto-reload

· The maximum motor rotation speed is 100 r.p.s.

Explain in detail how you could use timers and/or counters with the characteristics shown above to measure the speed of rotation of the motor shaft in revolutions per second.  
What, if any, are the limitations of your solutions?  State any other assumptions you make in your answer.



	
	
	
	
	[20 Marks]
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