ECE 2325  MICROCOMPUTER   SYSTEMS

Fall  2002, UMD

LAB  9

Analog to Digital Conversion and the Timer Output Compare

Write a 68HC11 program that measures the exponential rise and decay of the voltage across a capacitor as it charges and discharges through a resistor. Plot your measurements on the terminal screen using the custom subroutine, GraphIt. 

A grounded capacitor is connected to bit 7 of Port E, and, through a resistor, to bit 4 of port A. The capacitor value is 

1 microFARAD, and the resistor value is 100 kOhm, yielding a time constant of 100 msec. It is desirable to measure the voltage every 4 msec, using the A/D Converter in Port E. Scale your voltage values so that the maximum value is $12  and the minimum is $00.  To plot the values on the screen you will use the GraphIt subroutine.  See code segment 1.

Note:  The 1 mF capacitor, and 100 KW resistance are already connected in

the EVB. Hence you do not need to connect them.  The grounded capacitor is

already connected to pin 7 of  Port E (ADC), and through a resistor to PA4.

Some of the actions that the main program and the interrupt service routine

should perform are:

For the main program:

· Initialize the stack, and anything else that needs initialization.  Clear the interrupt mask, bit I of the CCR, if you desire to keep the screen alive during the charge/discharge cycle.

· Turn on the AD converter, ADPU bit =1 in the OPTION register.  It is good practice to NOT alter other bits in this register, namely DLY, CR1 and CR0.  

· Turn OFF PA4 (Pin 4 of port A) and enter a 1 second delay to ensure that the capacitor is completely discharged.

· Output a 1 to PA4 to start charging the capacitor.

· Initiate a polling loop, checking for OC4F flags.  After the flag sets, branch out of the loop to clear it and update the TOC4 register to interrupt in another 4 msec. 

·  Also outside of the loop, after clearing the flag, initiate an ADC conversion by clearing the CCF flag in register 1030 (cleared by writing a zero to bit 7) and enter a polling loop, waiting for the CCF flag to get set.  When the ADC conversion is complete and the flag is set, branch of that loop, read the digitized voltage from the ADR4 register (1034), scale it to a 4 bit value and store it in the next memory location.

· Return at that point back to the loop which polls the OC4F flag.

· When 10010 OC4F flags have occurred and the corresponding digitized values have been scaled and stored, turn OFF PA4 and repeat the process to take 10010 data points of the capacitor voltage as it discharges through the resistor.

· When all data has been stored in memory, use Index Register Y to point to the first data location and call GraphIt to display the result

· End the program with an infinite loop to let the graph display indefinitely.

It is desired to build a table of 20010 data points in a contiguous portion of memory which will be used by GraphIt to graph the charge/discharge curve on the monitor.  GraphIt has some requirements in order to use it effectively.

1. GraphIt can only use 200 data points (on the horizontal axis)

2. Graphit can only use data points that have a value of 00 to 12 in Hex.  If a data value is greater than 1216, the subroutine will crash.

3. Index Register Y must point at the first data point in memory.

When data is read from the ADC, it will be an 8 bit number, 00 – FF.  It is necessary to scale this number to the range 00-12 in order for GraphIt to plot it on the monitor.  [FF divided by E = 12] or [ FF divided by 10 = F] are both valid options.  The first calculation allows for better use of GraphIt’s range and the second is very compact to code.  Your choice.

SPECIAL REGISTERS:
A/D Converter Registers:

1039: OPTION

	ADPU
	
	
	
	
	
	
	



ADPU = 1 to power up

1030: ADCTL

	CCF
	-------
	SCAN
	MULT
	CD
	CC
	CB
	CA



CCF = 1 when conversion is finished


SCAN = 0 for single conversion (single conversion complete when CCF = 1)


MULT = 0 for single channel mode


CD thru CA = 0111 for conversion of signal on PE7

1031 – 1034:  ADR1 – ADR4

	Bit7
	
	
	
	
	
	
	Bit0



8 bit Digitized value from A/D Converter: When MULT = 0, all four hold consecutive conversions of the same pin

Output Compare 4 Registers:
1026: PACTL

	DDRA
	
	
	
	
	
	
	



DDRA = 1, port A is output port

101C, 101D:  TOC4 Hi,Lo

	Bit 15
	
	
	
	
	
	
	Bit 8

	Bit 7
	
	
	
	
	
	
	Bit0


1020: TCTL1

	
	
	OM3
	OL3
	OM4
	OL4
	
	



OM,OL 3: Control pin PA5


OM,OL 4: Control pin PA4


OMx,OLx 
= 0,0 :  Pin not under OC control




= 0,1 :  Pin toggled at every OCxF flag




= 1,0 :  Pin always cleared to Logic Zero on OCxF flag




= 1,1 :  Pin always set to Logic One on OCxF flag

Physical Circuit on EVB Board:
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Code segment 1: How to use the GraphIt routine

;  This routine will display on the screen a graph of : 200 (X axis) by

;18 (Y axis) pixels.

    org      c000

    lds     #$dfff

    ldy     #$c400   
; Y  points to a block of  (200)10  bytes, holding the

;data to be plotted.

                             ;  Data bytes  must range from  $00 - $12

    bsr     GraphIt   

X: bra X

GraphIt:

Note: The subroutine GraphIt  does all initialization for the graphing

procedure. The graphing procedure uses Output Compare 5 and the SPI

Code segment 2:  GraphIt 

GraphIt:

   sei

   ldd #GraphDo

   std d4

   ldaa #7e

   staa d3

   ldaa #3a

   staa 1009

   ldaa #2

   staa 1020

   ldaa #08

   staa 1022

   ldaa #40

   staa 1023

   ldaa #50

   staa 1028

   cli

   rts

GraphDo:

   ldaa #8

   staa 1023

   ldd 101e

   addd #8279

   std 101e

   ldaa #13

GLdark:


   bsr GDark

   deca

   bne GLdark

GLleft:


   bsr GLight

   brn GLleft

   ldaa #c8

GLdata:


   bsr GData

   deca

   bne GLdata

GLrght: 

   bsr GLight

   brn GLrght

   ldaa #13

GLend:


   bsr GDark

   deca

   bne GLend

   inc 1020

   ldaa #8

   staa 100b

   dec 1020

   rti

GDark:


   com 1008

   ldab #2

GWdark:


   decb

   bne GWdark

   nop

   nop

   clr 1008

   ldab #0f

GWdrk2: 

   decb

   bne GWdrk2

   nop

   nop

   nop

   rts

GLight:


   com 1008

   ldab #2

GWlght:


   decb

   bne GWlght

   nop

   nop

   clr 1008

   ldab #2

GWlgt:


   decb

   bne GWlgt

   nop

   ldab #10

   stab 1028

   ldab #0b

GWlgh:  

   decb

   bne GWlgh

   ldab #50

   stab 1028

   rts

GData:


   com 1008

   psha

   ldab 0,y

   negb

   ldaa #fe

   bita 1029

   clr 1008

   staa 102a

   ldx #GPre

   addb #12

   abx

   iny

   jmp 0,x

GPre:


   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   ldaa #fe

   bita 1029

   staa 102a

   negb

   addb #12

   lslb

   abx

   jmp 0e,x

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   nop

   pula

   rts

