Example – A/D converter

Objective

This example will help you learn how to use the M68HC11 microcontroller to collect analog data in digital form. The following objectives are considered:

· Review the use of A/D conversion function of the M68HC11 microcontroller.

· Illustrate various modes of performing A/D conversion.

This example covers the following topics:

· Single channel, single conversion, MULT=0, SCAN=0;

· Single channel, continuous conversion, MULT =0, SCAN =1;

· Multiple channel, single conversion, MULT =1, SCAN =0;

· Multiple channel, continuous conversion, MULT =1, SCAN =1;

program A/D converter

Single channel, single conversion, Mult=0, Scan=0

In this section, we will study the single-channel single-conversion. The channel selected in this example will be the pin PE1. The program will do the following
a) Initialize the A/D conversion

b) Set ADCTL to reflect the following control bits:

i) CD=0, CC=0, CB=0, CA=1 to select pin PE1

ii) SCAN=0, i.e., no scanning
iii) MULT=0, i.e., single channel
c) Check if the A/D conversion has finished. The conversion is finished when the flag CCF is set.

d) Load the results from the AD registers ADR1 – ADR4 and store them into memory locations VAL1 – VAL4.

e) Loop back to b)

Flowchart and code

The program flowchart is show below. Two flowchart levels are presented: the big-picture and the details. The big-picture is used to understand the overall architecture of the program. The details are used to explain some of the blocks. (Details are given only for those blocks which are somehow new, and have not been used in previous programs.) The essential code for this program is shown to the right of the flowchart. The essential code was incorporated into the standard template asm to generate the code file Ex_AD_1.asm.
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	Code


ORG
DATA

VAL1
RMB
1

VAL2
RMB
1

VAL3
RMB
1

VAL4
RMB
1

* Main program


ORG
PROGRAM

START
LDX
#REGBAS

* switch on A/D converter


BSET
OPTION,X,%10000000

* Perform single A/D conversion on PE0,PE1,PE2,PE3

ADC
BSET 
ADCTL,X,%00000001; SCAN=0,                                        .                                                   MULT=0, CA=1

LABEL1
LDAA
ADCTL,X


ANDA
#%10000000


BEQ
LABEL1

* Store the four consecutive conversion values


LDAA
ADR1,X


STAA
VAL1


LDAA
ADR2,X


STAA
VAL2


LDAA
ADR3,X


STAA
VAL3


LDAA
ADR4,X


STAA
VAL4


BRA
ADC


ORG
RESET


FDB
START


execution

Open THRSim11. Close the Commands window. View CPU registers, AD converter registers, port E pins, memory list, Sliders E port. Open and assemble Ex_AD_1.asm. Reset registers and memory. Set standard labels (Label/Set Standard Labels). Set display of ADCTL and accA to binary. Arrange windows for maximum benefit: Press the RESET button. Your screen should look like this:
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* switch on A/D converter 0 0 0 0 0 0 0 0
Scoss 1c 39 80 BSET  OPTION,X,%10000000 e b b o o o
* Perforn a single A/D conversion on PE1
$ce86 86 61 LABEL® LDAA #%00000001 ; SCAN=8, MULT=8, CA=1 . . . . . . . )
Scaos a7 30 STAR  ADCTL,X g R R
Sc00a a6 30 LABEL1 LDAA  ADCTL,E : check-CCF loop RO [P I (PO I (PR I
$ceec 84 88 ANDA #%10000000 - - - - - - - |
Scose 27 fa BEQ LABELT J (PR [ (P [ (P (B
* Store the four consecutive conversion values U [ R I [ (R I
$c010 a6 31 LbAn  ADR1,X
Sco12 97 60 STAR  UAL1 R R e e
Scots a6 32 LbAn  ADR2,X E [ I () IR (R I
Scat6 97 o1 STaR  UAL2 | S | R | P
Sco1s a6 33 LbAn  ADR3,X N (P (D I (D [
Scota 97 02 STan  uAL3
Scotc a6 34 LDAR  ADRA,X oo e PE2 PR3 PR PES PES PE7
Scote 97 03 STAR  UALA I
$c020 20 e4 BRA  LABELO ; back to the top =
. ]
- —[of x| —[of x|« =[ofx]| &2 =1o] %]
RAH, DATA, UAL1, M $80680 SFF | ADCTL, M $1630 %00000000 (A %06080888 | PEG (nU) 6 “
uAL2, H $0001 SEF ADR1, M $1631 $08 B $00 PE1 (nU) 8 , A
uaL3, M $0002 SFF ADR2, M $1032 $00 b $o0000 PE2 (nU) 8 7
vaLs, 1 §0003 $FF  aDRa, M $1633 $60 x $o000 PE3 (nb) 6 ) Wl
1 $o0es $FF abRu, H §134 So0 v 0008 PEL (nV) © 9=
1 $0005 $eF SP SO1FF PE5 (nU) ©
1 $0006 $eF pe $coon PEG (nV) © L
 $0007 SEE | CC %11610000 | PEZ (nU) 0 &
Ld |
[Sinula A $08 B $80S=1 X=1 H-8 I-1 N-0 2-0 U=0 C-8 X $0000|v $0080 |SP S61FF |PC $c000 |Clock Cycles 2





Step through the program up to LABEL1. The AD conversion control register ADCTL has been set to perform a single A/D conversion on the pin PE1. Your screen looks like this:
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Sc000 ce 10 00 START  LDX  HREGBAS =l
* switch on A/D converter 0 0 0 0 0 0 0 0
Scess 1c 39 86 BSET  OPTION,X,%10808008 o — =
* Perforn a single A/D conversion on PE1
$ce86 86 61 LABEL® LDAA #%00000001 ; SCAN=8, MULT=8, CA=1 . . . . . . . )
Scoos a7 30 STAR  ADCTL.X B S
$ceBc 84 88 ANDA #%10000000 - - - - - - - |
Scose 27 fa BEQ LABELT J (PR [ (P [ (P (B
* Store the four consecutive conversion values U [ R I [ (R I
$c010 a6 31 LbAn  ADR1,X
Sco12 97 60 STAR  UAL1 S I I I I I I
Scots a6 32 LbAn  ADR2,X R I I I I I I
Scat6 97 o1 STan  uAL2 === = = = = I
Sco1s a6 33 LbAn  ADR3,X N (P (D I (D [
Scota 97 02 STAR  UAL3
1o a6 34 LoAn  ADRA,X PEO P\ P2 s P4 s s REY
Scote 97 03 STAR  UALs L
Sc026 20 en BRA LABEL® ; back to the top =
BN Oy
- B [=] IS —[ofx|| & —lolx|| < o [=] 3|
RAM, DATA, UAL1, M $8000 $FF | ADCTL, M $1830 %08000001 |A %00000001 PE@ (nU) 0 w
L2, H $0081 $¢e Tl abR1, n $1031 S0 B $o0 PE1 (nV) © ¢ 2
uAL3, H $0862 SEF ADR2, M §1032 $00 D $s160 PE2 (nU) 0 Z+
uALs, 1 $0003 $FF aDR3) M $1033 $00 x $1000 PE3 (nU) 0 8 Wil
1 $0684 SFF ADRA, M §$1638 $08 v $8080 PE4 (nU) 8 2=x
1 $0005 $eF SP So1FF PES (nU) 0
1 $0006 $eF PC $cosa PEG (nU) 0 .
 $0007 SEE | CC %11610000 | PEZ (nV) 0 £
L il

[Sinula A $61/B $00/S=1 =1 H=0 1-1 N-0 2-0 U=0 C-0 % $1000 |7 $0000|SP SO1FF |PC Sc00a |Clock Cycles 18





We are now ready to perform the conversions. Set a breakpoint just after exiting the check CCF loop, i.e., at line $c010. Make the value of PE1 = 1000 mV. Run. The program performs the AD conversion and exists the loop. The registers ADR1 – ADR4 have the value $33, which is the hex value of 1000*$ff/5000 (check with your hex calculator!). The screen looks like this:
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Sc000 ce 10 00 START  LDX  HREGBAS =l
* switch on A/D converter 0 1000 |0 0 0 0 0 0
Sco03 1c 39 89 BSET  OPTION,X,%10000000 - - = = o
* Perform a single A/D conversion on PE1
$ce86 86 61 LABEL® LDAA #%00000001 ; SCAN=8, MULT=8, CA=1 . . . . . )
Scoos a7 30 STAR  ADCTL,X B S| ]
{cova 26 30 LABEL1 LDAR  ADCTL.X i check-CCF loop == |- == 1= |
$ceec 84 88 ANDA #%10000000 - - - - - - N
Scove 27 fa BEQ  LABEL1 I N O U O I
* Store the four consecutive conversion values A D A D D
616756751 L0 ADRTK
Sco12 97 00 STAR UAL1 N N
Scoty a6 32 Lban  ADR2,X -] B I
Scot6 97 01 STan  uAL2 = = = == 1= Il
Sco18 a6 33 Lban  ADR3,X I P Sl
Scota 97 02 STAR  UAL3
1o a6 34 LoAn  ADRA,X PEO P\ P2 s P4 s s REY
Scote 97 03 STAR  UALs L
$co20 20 et BRA  LABELO ; back to the top =
BN Oy
- B [=] IS —[ofx|| & —lolx|| « o [=] 3|
RAM, DATA, UAL1, M $0000 SFF | ADCTL, M $1630 %10000801 A %10000000 | PED (nU) 6 “
L2, H $0081 $¢f Tl abR1, m $1031 $33 B $o0 PE1 (nu) 1000 2
uAL3, H $0862 SEF ADR2, M §1032 38 D $8060 PE2 (nV) 0 s
uALs, 1 $0003 $FF aDR3, M $1033 $33 x $1000 PE3 (nU) 0 . Wil
M $o00k $FF aDRA] M $1034 $33 v $o000 PEX (nU) @ Z=X
1 $0005 $eF sp Sotee PES (nU) 0
1 $0006 $eF PEG (nU) 0 .
 $0007 SEE | CC %11611000 | PE7 (nU) 0 -
L il

[Sinula A $80B $00/S=1 X1 H=0 1-1 N-1 20 U=0 C-0 % $1000 |7 $0000|SP SO1FF |PC 010 |Clock Cycles 153





Step through the program until all the four AD registers get transferred into the memory storage locations VAL1 – VAL4. The screen looks like this:
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50000 ce 10 00 START LDX  #REGBAS =l
* switch on A/D converter 0 1000 |0 0 0 0 0 0
Scoss 1c 39 80 BSET  OPTION,X,%10000000 - - = = o
* Perforn a single A/D conversion on PE1
$ce86 86 61 LABEL® LDAA #%00000001 ; SCAN=8, MULT=8, CA=1 . . . . . )
Scaos a7 30 STAR  ADCTL,X g o S
Sc00a a6 30 LABEL1 LDAA  ADCTL,E : check-CCF loop -1 ] R (R I
$ceec 84 88 ANDA #%10000000 - - - - - - |
Scose 27 fa BEQ LABELT I P O U O I
* Store the four consecutive conversion values A I I D I
Sca10 a6 31 oAn"—ADR1E
Sco12 97 60 sTAR uAL1 S| R
Scots a6 32 LbAn  ADR2,X -] B I
Scat6 97 o1 STaR  UAL2 == |- = = = |4
Sco1s a6 33 LbAn  ADR3,X I P 0
Scota 97 02 STan  uAL3
ot a6 34 LDAR  ADRA,X PED PEI PE2 PE3  PE PES PR PET
Scote 97 03 STAR  UALs L
$c020 26 e4  BRA  LABEL® ; back to the top .|
T} iy
- B [=] IS —[ofx|| & —lolx|| <« o [=] 3|
RAM, DATA, UAL1, M $8000 $33 | ADCTL, M $1830 %18000001 |A %00110011 PE@ (nU) 0 w
uAL2, H $0001 $33 ADR1, M $1631 $33 B $00 PE1 (mU) 1000 |, Az
uAL3, H $0862 $33 ADR2, M §1032 38 D $3300 PE2 (nV) 0 s
uALs, 1 $0003 $33  aDR3, M $1033 $33 x $1000 PE3 (nU) 0 8 Wil
1 $o0es $FF aDRu, H §1e3n 33 v $o000 PEX (nU) @ 22X
1 $0005 $eF P So1FF PES (nU) 0
1 $0006 $eF PEG (nU) 0 =
 $0007 SEE | CC %11610000 | PEZ (nV) 0 £
Lu il
[Sinula A $33 B $80S=1 X=1 H-8 I~1 N-0 2-0 U=0 C-8 X $1000|v $0080 |SP SG1FF |PC $c620 Clock Cycles 181





Remove the breakpoint from $c010. Enter 1500 mV into PE1. Run. The program will run continuously. The converted value $4c (1500*$ff/5000=$4c, check with your hex calculator!) appears in the ADR1 – ADR4 registers and is transferred into VAL1 – VAL4. The screen looks like this:
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50000 ce 10 00 START LDX  #REGBAS =l
* switch on A/D converter 0 1500 |0 0 0 0 0 0
Scoss 1c 39 80 BSET  OPTION,X,%10000000 - = = o
* Perforn a single A/D conversion on PE1
$ce86 86 61 LABEL® LDAA #%00000001 ; SCAN=8, MULT=8, CA=1 . . . . . . )
Scoos a7 30 STAR ADCTL,X H | S
$ceec 84 88 ANDA #%10000000 - - - - - - |
* Store the four consecutive conversion values A I I D I
$c010 a6 31 LbAn  ADR1,X
Sco12 97 60 STAR  UAL1 S| R
Scots a6 32 LbAn  ADR2,X -] B I
Scat6 97 o1 STaR  UAL2 == |- = = = |4
Sco1s a6 33 LbAn  ADR3,X I P 0
Scota 97 02 STan  uAL3
ot a6 34 LDAR  ADRA,X PED PEI PE2 PE3  PE PES PR PET
Scote 97 03 STAR  UALs L
$c020 20 e4 BRA  LABELO ; back to the top =
I} O]
- B [=] IS —[ofx|| & —lolx|| « o [=] 3|
RAM, DATA, UAL1, M $8000 $uc | ADCTL, M $1830 %08000001 |A %00000000 PE@ (nU) 0 w
uAL2, M $8861 $uc ADR1, M §1031 $uc B $08 PE1 (nU) 1508 A
uAL3, H $0862 $uc ADR2, M §1032 Suc D $0060 PE2 (nV) 0 s
vaLs, 1 §0003 Suc  aDR3, M §1633 Shc X $1000 PE3 (nb) 6 ) Wl
1 $o0es $FF DRA, H §1634 Suc v $o000 PEX (nU) @ 22X
1 $0005 $eF SP So1FF PES (nU) 0
1 $0006 $eF PC $cosa PEG (nU) 0 =
 $0007 SEE | CC %11616100 | PEZ (nV) © £
L sl

[Runnin [A $60B $00/S=1 =1 H=0 1-1 N-0 2-1 U=0 C-0% $1000 |7 $0000|SP $O1FF |PC Scove |Clock Cycles 3228





Put value 2000 mV into PE1. The converted value $66 (2000*$ff/5000=$66, check with your hex calculator!) appears in ADR1 – ADR4 and then in VAL1 – VAL4. The screen looks like this:
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$c000 ce 10 88 START  LDX HREGBAS 2l

* suitch on A/D converter o ey o o o e A
sco63 1c 39 88 BSET  OPTION,X,%10000000 e e e =

« Perforn a single A/D conversion on PET
$c006 86 01 LaBELO Lban 4300000001 ; scan-o, muLt=9, ca=1 | [ |- [ |- [ - | |-
$coe8 a7 30 STAR  ADCTL,X H - - - - - - - |

$cova a6 30 LABEL1 LDAR  ADCTL.X R s s FE I ([ ([ [

* Store the four consecutive conversion values

$c010 a6 31 LbAn  ADR1,X
Sco12 97 60 STAR  UAL1 R R e e
Scots a6 32 LbAn  ADR2,X R I I I I I I
Scat6 97 o1 STaR  UAL2 | S | R | P
Sco1s a6 33 LbAn  ADR3,X N (P (D I (D [
Scota 97 02 STan  uAL3

ot a6 34 LDAR  ADRA,X PED PEI PE2 PE3  PE PES PR PET
Scote 97 03 STAR  UALs L

$c020 20 e4 BRA  LABELO ; back to the top =

I} O]

- B [=] IS —[ofx|| & —lolx|| « o [=] 3|

RAM, DATA, UAL1, M $8000 $66 | ADCTL, M $1838 %08000001 |A %00000000 PE@ (nU) 0 w
uAL2, H $0001 366 ADR1, M $1631 $66 B $00 PE1 (mU) 2000 |, Az
uAL3, H $0862 366 ADR2, M §1032 $66 D $0060 PE2 (nU) 0 s
uALs, 1 $0003 $66  ADR3, M $1033 366 x $1000 PE3 (nU) 0 8 Wil
1 $o0es SFF ADRA] M $1634 $66 v $o000 PEX (nU) @ 22X
1 $0005 $eF SP So1FF PES (nU) 0

1 $0006 $eF PC $coge PEG (nU) 0

 $0007 SEE | CC %11616100 | PEZ (nV) 0 £
L sl

[Runnin [A $61/B $00|S=1 =1 H=0 1-1 N-0 2-0 U0 C-0% $1000 |7 $0000|SP SO1FF |PC $Sc00C |Clock Cycles 33236





Put value 2500 mV into PE1. The converted value $80 appears in ADR1 – ADR4 and then in VAL1 – VAL4 (2500*$ff/5000=$7f with normal 1 bit convention, check with your hex calculator!. But M68HC11 uses ½ bit accuracy convention, and hence rounds up to $80). The screen looks like this:
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50000 ce 10 00 START LDX  #REGBAS =l
* switch on A/D converter 0 2500 |0 0 0 0 0 0
Scoss 1c 39 80 BSET  OPTION,X,%10000000 - = = o
* Perforn a single A/D conversion on PE1
$ce86 86 61 LABEL® LDAA #%00000001 ; SCAN=8, MULT=8, CA=1 . . . . . . )
Scoos a7 30 STAR ADCTL,X H | S
$ceec 84 88 ANDA #%10000000 - - - - - - |
* Store the four consecutive conversion values I O I D I
$c010 a6 31 LbAn  ADR1,X
Sco12 97 60 STAR  UAL1 S| R
Scots a6 32 LbAn  ADR2,X -] B I
Scat6 97 o1 STaR  UAL2 == |- = = = |4
Sco1s a6 33 LbAn  ADR3,X I P 0
Scota 97 02 STan  uAL3
ot a6 34 LDAR  ADRA,X PED PEI PE2 PE3  PE PES PR PET
Scote 97 03 STAR  UALs L
$c020 20 e4 BRA  LABELO ; back to the top =
I} O]
- B [=] IS —[ofx|| & —lolx|| < o [=] 3|
RAM, DATA, UAL1, M $8000 $80 | ADCTL, M $1830 %08000001 |A %00000001 PE@ (nU) 0 w
uAL2, H $0001 380 ADR1, M $1631 $88 B $00 PE1 (mU) 2500 |, Az
uAL3, H $0862 $88 ADR2, M §1032 $80 D $s160 PE2 (nV) 0 s
uALs, 1 $0003 $80  aDR3; M $1033 {80 x $1000 PE3 (nU) 0 8 Wil
1 $o0es $FF aDRA, H §1634 $se v $o000 PEX (nU) @ 22X
1 $0005 $eF SP So1FF PES (nU) 0
1 $0006 $eF Pe Sconc PEG (nU) 0 =
 $0007 SEE | CC %11610000 | PEZ (nU) 0 £
L sl





Put value 3500 mV into PE1. The converted value $b3 appears in ADR1 – ADR4 and then in VAL1 – VAL4 (3500*$ff/5000=$b2 with normal 1 bit convention, check with your hex calculator!. But M68HC11 uses ½ bit accuracy convention, and hence rounds up to $b3). The screen looks like this:
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$c000 ce 10 88 START  LDX HREGBAS 2l

* suitch on A/D converter o = o o o e o
sco63 1c 39 88 BSET  OPTION,X,%10000000 e e = =

« Perforn a single A/D conversion on PET
$c006 86 01 LaBELO Lban 4300000001 ; scan-o, muLt=9, ca=1 | [ |- [ |- [ - | |-
$coe8 a7 30 STAR  ADCTL,X H - - - - - - - |

$cova a6 30 LABEL1 LDAR  ADCTL.X R s s FE I ([ ([ [

* Store the four consecutive conversion values

$c010 a6 31 LbAn  ADR1,X
Sco12 97 60 STAR  UAL1 R R
Scots a6 32 LbAn  ADR2,X R I I I I I I
Scat6 97 o1 STaR  UAL2 | S | R | P
Sco1s a6 33 LbAn  ADR3,X N (P (D I (D [
Scota 97 02 STan  uAL3

ot a6 34 LDAR  ADRA,X PED PEI PE2 PE3  PE PES PR PET
Scote 97 03 STAR  UALs L

$c020 20 e4 BRA  LABELO ; back to the top =

I} O]

- B [=] IS —[ofx|| & —lolx|| « o [=] 3|

RAM, DATA, UAL1, M $8000 $b3 | ADCTL, M $1830 %08000001 |A %00000000 PE@ (nU) 0 w
uAL2, H $0001 $ba ADR1, M $1631 $b3 B $00 PE1 (mU) 3500 |, Az
uAL3, H $0862 $b3 ADR2, M §1032 $b3 D $0060 PE2 (nU) 0 s
uALs, 1 $0003 $b3  ADR3] M $1033 $b3 x $1000 PE3 (nU) 0 8 Wil
1 $o0es SFF ADRA] M $1034 $b3 v $o000 PEX (nU) @ 22X
1 $0005 $eF SP So1FF PES (nU) 0

1 $0006 $eF PC $coge PEG (nU) 0 =
 $0007 SEE | CC %11616100 | PEZ (nV) 0 £
L sl

[Runnin; [A $61 B $00S=1 X1 H=0 1=1 N=0 -0 U=0 C=0 % $1000 ¥ $0000 |SP SO1FF |PC Sc00C |Clock Cycles 102941





Put value 5000 mV into PE1. The converted value $ff appears in ADR1 – ADR4 and then in VAL1 – VAL4 (5000*$ff/5000=$ff, check with your hex calculator!). The screen looks like this:
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50000 ce 10 00 START LDX  #REGBAS =l
* switch on A/D converter 0 5000 |0 0 0 0 0 0
Scoss 1c 39 80 BSET  OPTION,X,%10000000 - = = o
* Perforn a single A/D conversion on PE1
$ce86 86 61 LABEL® LDAA #%00000001 ; SCAN=8, MULT=8, CA=1 . . . . . . )
Scaos a7 30 STAR  ADCTL,X g | S
Sc00a a6 30 LABEL1 LDAA  ADCTL,E : check-CCF loop -] R (R I
$ceec 84 88 ANDA #%10000000 - - - - - - |
* Store the four consecutive conversion values A I I D I
$c010 a6 31 LbAn  ADR1,X
Sco12 97 60 STAR  UAL1 S| R
Scots a6 32 LbAn  ADR2,X -] B I
Scat6 97 o1 STaR  UAL2 == |- = = = |4
Sco1s a6 33 LbAn  ADR3,X - - 0
Scota 97 02 STan  uAL3
ot a6 34 LDAR  ADRA,X PED PEI PE2 PE3  PE PES PR PET
Scote 97 03 STAR  UALs L
$c020 26 e4  BRA  LABEL® ; back to the top .|
T} iy
- B [=] IS —[ofx|| & —lolx|| <« o [=] 3|
RAM, DATA, UAL1, M $8000 $FF | ADCTL, M $1830 %18000001 |A %11111111 PE@ (nU) 0 w
uAL2, H $0001 SEF ADR1, M $1631 $FF B $00 PE1 (mU) 5000 |, Az
uAL3, H $0862 SEF ADR2, M §1032 $FF D $FFon PE2 (nV) 0 s
uALs, 1 $0003 $FE ADR3) M $1033 $rF x $1000 PE3 (nU) 0 8 Wil
1 $o0es $FF DRA, H §1634 SFF v $o000 PEX (nU) @ 22X
1 $0005 $eF SP So1FF PES (nU) 0
1 $0006 $eF Pe $c006 PEG (nU) 0 =
 $0007 SEE | CC %11611000 | PEZ (nV) © £
L sl

[Runnin; [A SFF B $00S=1 =1 H=0 1=1 N1 -0 U=0 C=0 % $1000 ¥ $0000 |SP SO1FF |PC $c020 Clock Cycles 128321





At the end of this process, you have verified the conversion of six voltage values in the range 0 – 5 V, and have obtained the results indicated in Table 1.

Table 1

	
	Voltage at pin PE1 (mV)
	AD converted values (Hex)

	1
	1000
	$33

	2
	1500
	$4c

	3
	2000
	$66

	4
	2500
	$80

	5
	3500
	$b3

	6
	5000
	$ff


Let the program run, and move freely the slider bar on PE1. Observe the reaction time of the MCU simulator, and how the converted values corresponding to the new simulated voltages appear first in the ADR1 – ADR4 registers, and then into the VAL1 – VAL4 memory locations.

Single channel, continuous conversion, Mult=0, Scan=1

You will now perform continuous AD conversion in SCAN mode. This mode does not require you to check the CCF flag. The program flowchart is showed below. Also two flowcharts are presented. The essential code for this program is shown to the right of the flowchart. The essential code was incorporated into the standard template asm to generate the code file Ex_AD_2.asm.
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EXECUTION

Open and assemble Ex_AD_2.asm. Reset registers and memory. Set standard labels (Label/Set Standard Labels). Run the program. Notice that after addressing ADCTL once at the beginning, the program now loops only for storing the values of ADR1 – ADR4 into memory locations VAL1 – VAL4. Enter 1000 mV in PE1. The value is converted to $33 and stored in memory. The screen looks like this:
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Continue with the other values in Table 1, until you are satisfied with the functioning of the program.

Multiple channel, Single Conversion, Mult=1, Scan=0

We will now perform AD conversion on multiple channels, single conversion. This mode is selected by setting MULT=1 and SCAN=0 such that the conversion is performed once. 

The program flowchart is shown below. Two flowchart levels are presented: the big-picture and the details. The essential code for this program is shown to the right of the flowchart. The essential code was incorporated into the standard template asm to generate the code file Ex_AD_3.asm.
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EXECUTION

Open and assemble Ex_AD_3.asm. Reset registers and memory. Set standard labels (Label/Set Standard Labels). The screen looks like this:
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Enter 2500 mV in PE0, 1000 mV in PE1, 3500 mV in PE2, 2000 mV in PE3. Run the program. The converted value $80, $33, $b3, $66 appear in ADR1 – ADR4, and then get stored in memory locations VAL1 – VAL4. The screen looks like this:
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Multiple channel, Continuous conversion, Mult=1, Scan=1

We will now perform AD conversion on multiple channels continuous conversion. This mode is selected by setting MULT=1 and SCAN=1 such that the conversion is performed continuously. 

The program flowchart is shown below. Two flowchart levels are presented: the big-picture and the details. The essential code for this program is shown to the right of the flowchart. The essential code was incorporated into the standard template asm to generate the code file Ex_AD_4.asm. 
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EXECUTION

Open and assemble Ex_AD_4.asm. Reset registers and memory. Set standard labels (Label/Set Standard Labels). Run the program. Notice that after addressing ADCTL once at the beginning, the program now loops only for storing the values of ADR1 – ADR4 into memory locations VAL1 – VAL4. Enter 2500 mV in PE0, 1000 mV in PE1, 3500 mV in PE2, 2000 mV in PE3. The converted value $80, $33, $b3, $66 appear in ADR1 – ADR4, and then get stored in memory locations VAL1 – VAL4. The screen looks like this:
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Repeat the process with other values in the four PE1 – PE4 pins. Obtain voltage values by moving the sliding controls on these pins up and down and observing the converted values being appearing in the ADR1 – ADR4 registers, and then into the VAL1 – VAL4 memory locations.

What you have learned

In this exercise, you have:

· Review the use of A/D conversion function of the M68HC11 microcontroller.

· Illustrated 3 modes of performing A/D conversion:

· Single channel single conversion

· Single channel continuous conversion

· Multiple channel single conversion

· Multiple channel continuous conversion
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