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Intro
	Students were introduced to a 7 segment display circuit which is controlled by a PIC 16F84 pic. The objective of the task is challenge the students to re produce the circuit in the simulation software Proteus, and then to programe the PIC to complete different tasks given to them using the instructions found in the data sheet for the PIC16F84 and to produce flowcharts and pseudo code for each task to help understand the logical thought process.

Section 1
	In this section a reproduced hand drawn circuit with annotations that the student has made and then some research on the areas of the circuit.
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Figure 1 Circuit Given





[image: ]Figure 2 Annotated Circuit

Figure 1 shows the circuit given to the students and figure 2 shows the annotations made by the student and the first annotation made was about the pull up resistors being used for the switches. When connecting switches as a digital input there is a danger of something called switch bouncing. Switches are mechanical devices that are made up of moving parts. So when the switches in circuit are pushed or triggered , the moving parts make contact and then for a brief milli/microsecond the moving part making contact will bounce off the other part effectively making the switch open again before closing, this switch bounce can happen several times before the switch is fully closed [1] [2]. Figure 3 [1] gives a visual representation of what was briefly described above, as we can see from the waveform that there are several raise and falls of the activation of the switch. The problem that this can cause for the input of the Microcontroller is that there are several peaks or “high” inputs, this may cause the microcontroller to believe that the switch is being activated more than once and cause not a true reading. To prevent the issue of switch bounce a capacitor and resistor can be added to each switch to produce a RC time constant on each switch, this will allow the waveform to have one peak rather then several, this can be seen in Figure4 [1]. Software can also be used to prevent switch bounce by creating interrupts the code to allow the pic time before reading the logic state at the input [1] [2]. 
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Figure 3 Switch Bounce Representation

[image: ]Figure 4 Switch with RC Time Constant












	When connecting switches to a digital logic input there can be a situation where the value can float between the high and low logic states typically 0-5v, to prevent unintentional switching a pull up or pull down resistor can be added to each switch to tie down the floating point to logic 0, and also a pull up resistor will pull up the floating point to logic 1. 
	Pull up resistors are the most frequently used method in circuits, when a switch is open a resistor is connected between the supply rail and the input of a logic gate, with a switch attached [3], as shown in figure 5 [3].
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Figure 5 Pull Up Resistors


	When the switch is open the supply is not lost across the resistor due to the value therefore a small amount of input current is present at input and because of the low voltage drop across the resistor the input is logic 1. When the switch is closed the input from the logic gate is shorted to ground resulting in a logic 0 at the input. The resistor also stops a direct shortage from the supply rail to ground. The use of a pull up resistor results in the input being at logic 1 or 0 depending on the position of the switch, giving the switching condition and eliminating a false switching from floating points [3].
	The pic used in the circuit is the PIC16F882, this particular PIC does require a clock signal, so it process data and preform functions. Although this PIC can be programmed in such a way that it can operate using the internal clock feature. For this circuit an external clock has been used as shown in figure 1. The external clock used is a crystal oscillator, a crystal oscillator is a carefully cut section of quartz that when applied a voltage to will mechanically vibrate at given frequencies. Crystals come in a variety of different operating frequencies this and the stability of oscillation and large Q has resulting in the crystal being a popular option for the external clock. Capacitors are often connected to either side of the crystal just to help fine tune to operational frequency [2].
	The other IC on the diagram is IC2 which is a dual inline resistor package, which is 7  resistors in the form of 1 IC package, these resistors are important as they are there to limit the current going to each of the 7 LEDs that make up the 7 segment display. This package was unable to be located within proteus software so 7 individual 220Ω resistors were used.
	A 5v voltage regulator is also in use within the circuit IC7805. Voltage regulators are used within circuit as there can occasions where fluctuation of voltage occurs resulting in a non-fixed voltage. The IC’s can handle a large input voltage from 7-35v and still main a fixed 5v output. The potential difference between the input and output is released in form of heat, resulting in the larger potential difference the greater amount of heat is generated. The large amount of heat that is generated is likely to damage the IC to reduce the risk of this happening the IC is attached to a heat sink and the input is recommended to be limited to 2-3vs more that the output of the regulator [4].
	The circuitry around the speaker make up a simple audio amplifier to allow the user to hear the sound it produces.



Section 2
Task 1
[image: ]For the initial task the students were given a section of code that had several errors within it and were asked to rectify the errors within the code and to produce the remaining code to enable the counter to count from 0 to 9 using hex decimal. The initial code given to the students is shown in figure 6.Figure 6 Code given to students

[image: ]Once the code had been rectified the student then worked out the hexadecimal values of 0-9 so that the correct image can be displayed, the workings and final results can be seen in figure 7.Figure 7 Conversion from Binary to Hex

Once the correct format of number had been worked out this number format can then be incorporated into the code and then the program run to see if the code has been successful. The circuit for this task and can be found in figure 7 with a number being displayed and a section of code can be seen in figure 8 (for the full code please see appendix).
[image: ]Figure 8 Circuit within Proteus


[image: ]Figure 9 Section of code








The student was able to produce code that would display each number from 0-9 individually with a pause between each digit. The code is not necessary as efficient as it could be. As seen in the appendix to enable the program to operate the registers were cleared before every digit and told what to load into the registers rather than having the count increment by 1.
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Appendices 
Appendix A
	cpu equates (memory map)
PortA equ  0x01
portB	equ	0x06		;port B address
trisb	equ 0x06		;trisB address in register bank 1

Status	equ 0x03		;status register
RP0		equ 5			;bit 5 of status register
RP1 	equ	6			;bit 6 of status register

count	equ	0x0c		; counter 0 to 255
nCount	equ	0x0d		; pause routine inner loop counter
mCount	equ	0x0e		; pause routine outer loop counter

;----------------------------------------------------------------------

start
      bcf    Status,RP0
      bcf    Status,RP1
      bsf    Status,RP0
      bcf   Status,RP0
      BTFSC PortA,1
      goto start
      movwf portB 
      movlw portB

;return





	
increment




	
get_count
	
	movf	count, w	; move count to W


	movwf	portB		; move W to port B to update the display
	
	;addlw	1			; add +1 to W

	movwf	count		; save W in count
	 
	;call	pause		; delay 200ms by subroutine
	;call	pause
	;call	pause
	;call	pause
	;call	pause		; five pause executions equals ~ 1 second

	;goto	get_count		; repeat forever
      
      
      
      
      	bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1
	bsf		Status,RP0	; select bank 1
	movlw	0x40		; load w with 0x40 to display 0
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0
	call pause
	call pause
	call pause
	call pause 
        call pause 
	
	bcf		Status,RP0	
	bcf		Status,RP1
	bsf Status,RP0
	movlw	0x79		; load w with 0x79 to display 1
	movwf	trisb		
	bcf		Status,RP0	; reselect bank 0
	movwf	portB	
	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause
	
	bcf		Status,RP0	
	bcf		Status,RP1
	bsf Status,RP0
	movlw	0x24		; load w with 0x24 to display 2
	 movwf	trisb		
	bcf		Status,RP0	; reselect bank 0
	movwf	portB	
	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause
	
	bcf		Status,RP0	
	bcf		Status,RP1
	bsf Status,RP0
	movlw	0x30		; load w with 0x30 to display 3
	 movwf	trisb		
	bcf		Status,RP0	; reselect bank 0
	movwf	portB	
	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause
	
	bcf		Status,RP0	
	bcf		Status,RP1
	bsf Status,RP0
	movlw	0x19		; load w with 0x19 to display 4
	 movwf	trisb		
	bcf		Status,RP0	; reselect bank 0
	movwf	portB	
	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause
	
	bcf		Status,RP0	
	bcf		Status,RP1
	bsf Status,RP0
	movlw	0x12		; load w with 0x12 to display 5
	 movwf	trisb		
	bcf		Status,RP0	; reselect bank 0
	movwf	portB	
	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause
	
	bcf		Status,RP0	
	bcf		Status,RP1
	bsf Status,RP0
	movlw	0x02		; load w with 0x02 to display 6
	 movwf	trisb		
	bcf		Status,RP0	; reselect bank 0
	movwf	portB	
	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause
	
	bcf		Status,RP0	
	bcf		Status,RP1
	bsf Status,RP0
	movlw	0x78		; load w with 0x78 to display 7
	 movwf	trisb		
	bcf		Status,RP0	; reselect bank 0
	movwf	portB	
	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause
	
	bcf		Status,RP0	
	bcf		Status,RP1
	bsf Status,RP0
	movlw	0x00		; load w with 0x00 to display 8
	 movwf	trisb		
	bcf		Status,RP0	; reselect bank 0
	movwf	portB	
	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause
	
	bcf		Status,RP0	
	bcf		Status,RP1
	bsf Status,RP0
	movlw	0x18		; load w with 0x18 to display 9
	 movwf	trisb		
	bcf		Status,RP0	; reselect bank 0
	movwf	portB	
	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause
	
	return
;--------------------------------------------------------------------
;subroutine pause: lets waste some time....
;
;inputs: nothing
;outputs: nothing
;
;does: nothing but waste some time
;corrupts: register W
;
;description: two loops using "mCount" and "nCount" register files
;			  "mCount" is the outer loop counter (255 down to zero)
;			  "nCount" is the inner loop counter (255 down to zero)
;
;--------------------------------------------------------------------
pause	
	movlw	0xff	; set w = 255 decimal
	movwf	mCount		; mCount = w: outer loop counter
loadN
	movlw	0xff	; set w = 255 decimal
	movwf	nCount		; nCount = w: inner loop counter
decN
	decfsz	nCount, f	; nCount--
	goto	decN		; if nCount != 0 then repeat nCount--

	decfsz	mCount, f	; else decrement Count
	goto	loadN		; if mCount != 0 then 
						; reload nCount to 255 and decrement
	return				; else exit subroutine


	end
;----------------------------------------------------------------------
; Configuration! Important!
;
; at blast time, select:
;	memory uprotected
;	watchdog timer disabled
;	standard crystal (4 MHz)
;	power-up timer on


Loop  
      goto  Loop

;====================================================================
      END
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