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	1.
	The 8-bit Port, P4, of an Infineon 167 microcontroller is connected to a two line 16 character LCD module operating in 4-bit mode, as shown below:-

PORT 4          LCD Function
Bit 0                LCD D0           
Bit 1                LCD D1           
Bit 2                LCD D2       
Bit 3                LCD D3           
Bit 4                ENABLE   (Clock to perform data transfer)
Bit 5                R/nWR      (Read / not Write signal)

Bit 6                RS             (Register Select signal)
Bit 7                not used

Port bits 4, 5 and 6 should be set as port outputs, Port  bits 0 - 3 must be outputs when writing to the LCD module and inputs when reading from the LCD module. The operation for writing to the LCD is as follows:-

The RS bit is set to 1.
The R/nWR is set to 0.
The four least significant bits of the data byte are presented on the lower four bits of the port P4.
The ENABLE line is pulsed high then back low.
For a complete byte transfer to the LCD the 4 most significant bits of the data byte are presented on the data lines and the ENABLE signalpulsed a second time.

Two registers, DP4 and P4, are associated with the port:-
DP4 - is an 8-bit data direction register, where each bit of the byte determines the port direction:- 0=input, 1 = output.
P4 - is the data output to the port or input from the port
	


	
	(a)
	What value should be written to the DP4 register to configure the port for use when writing to the LCD?


	[2 Marks]

	
	(b)
	Using bit 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)
	Set bit RS to logic 1
	[2 Marks]

	
	
	(ii)
	Set bit R/nWR to 0
	[2 Marks]

	
	
	(iii)
	Change the port data direction of the LCD data to inputs in preparation for reading the LCD.
	[2 Marks]


	
	(c)
	Outline in ‘C’ or pseudo-code, using bit masking and shifting operations, the writing of a complete byte to the LCD. Assume the byte to be written is an 8-bit variable called data.
	[10 Marks]

	
	
	
	
	

	(d)
	What feature of the Infineon 167 microcontroller and the Keil C166 ‘C’ compiler allows the above problems to be solved more simply without the need for bit masking.
	[2 Marks]


	
	
	
	TOTAL
	[20 Marks]

	2.
	
	

	
	(a)
	A data acquisition system is required to measure the voltage from a temperature transducer. The output voltage range of the transducer is from 0V to +5V, where 0V represents 0 ºC and +5V represents 100 ºC. 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)
	Suggest and justify a suitable ADC conversion method. The conversion time is not critical in this application. 
	[2 Marks]


	
	(b)
	(i)
	Why is the Inter IC (I2C) bus commonly used for interfacing peripherals such as EEPROM, DAC etc. in microprocessor and microcontroller based systems?


	[4 Marks]

	
	
	(ii)
	Describe how SDA and SCL are used by the master to :-
(a) generate a START condition
(b) generate a STOP condition


	[2 Marks]

	
	
	(iii)
	Draw a diagram and explain the protocol used on the I2C bus when a master writes to an I2C EEPROM. Assume that the EEPROM's 7-bit slave address is 1010000 and that location 0x45 is being written with the value 0x9F. 


	[6 Marks]

	
	
	(iv)
	An EEPROM typically takes 5ms to complete the internal write operation. How can the I2C master determine when the internal write operation has completed?


	[2 Marks]


	
	
	
	TOTAL
	[20 Marks]


	3.
	
	

	
	(a)
	List and briefly describe two key features of the Control Area Network (CAN) bus that make it suitable for use in real-time embedded applications such as in the automotive industry.


	[6 Marks]

	
	(b)
	Explain why the developers of the CAN bus limit the maximum data size in a single data message to 64 bits (8 bytes)?


	[4 Marks]

	
	(c)
	What are the two software messaging approaches that can be used to implement message communication in a CAN system?


	[6 Marks]

	
	(d)
	Describe the features of the Infineon 167 CAN controller that allow it to minimise the intervention of the main processor when dealing with a heavily loaded CAN network?
	[4 Marks]


	
	
	
	TOTAL
	[20 Marks]

	4.
	
	

	
	(a)
	How is a binary counter such as those in the Infineon 167 microcontroller able to be used to measure time accurately.


	[2 Marks]

	
	(b)
	The information for Timer T3 of the Infineon 167 is given below

[image: image1.emf]
In the table given above, why is the maximum time period limited to 3.36 seconds?


	[4 Marks]


	
	(c)


	Using the information provided show how 1 second of time can be measured accurately? Calculate any timing values required and state which prescaler factor is required.
	[10 Marks]


	
	(d)
	How can times greater than 3.36 seconds be measured accurately?
	[4 Marks]


	
	
	
	TOTAL
	[20 Marks]


	5.
	
	

	
	(a)
	Briefly outline the major features of the interrupt system of the Infineon 167 microcontroller.


	[4 Marks]

	
	(b)
	Explain in detail the role of the Stack Pointer (SP) and the Processor Status Word (PSW) in the Infineon 167 microcontroller when the processor responds to prioritorised interrupt requests.

	[6 Marks]

	
	(c)
	The Keil C166 ‘C’ compiler has extensions to the 'C' language to support vectored interrupt handling with the Infineon 167 microcontroller. The general format for an interrupt service function is :-

void isr( ) interrupt Addr using Regs
Explain the purpose of Addr and Regs in the function header.

	[4 Marks]

	
	(d)
	What are some of the potential problems and limitations when using interrupt service functions. Suggest how these problems and limitations can be lessened or overcome.
	[6 Marks]


	
	
	
	TOTAL
	[20 Marks]


	6.
	A hospital consultant has provided the following requirements specification:

A system is required to monitor and log the heart rate of human subjects over a 24 hour period. The heart rate is sensed by a small optical transducer system that clips onto one of the subject's fingers. The optical transducer system produces a voltage pulse with each heart beat. A small lightweight battery operated system is required to count the pulses from the optical transducer over a period of one minute and to log this value every minute into the memory of the system. After the data is collected the system is disconnected from the subject and the logged data is transferred serially via RS232 to a PC for analysis.

For the system described above :
	


	
	(a)
	Identify the major hardware components of a system that would fulfil the requirements specified and draw a block diagram. Describe each block in your diagram and the interfaces between each block. Discuss in detail the operation of your system components identifying the major software components that would be required.

Your answer should address the type of microprocessor or microcontroller used in the system, the peripherals required and how they are interfaced, the memory requirements, how the one minute of time is to be measured, methods to reduce power consumption for battery operation etc. 

Suggest additional features that could be added at little or no extra cost in terms of hardware to enhance or improve the system.

State any assumptions you have made in your answer.
	


	
	
	
	TOTAL
	[20 Marks]
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