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EET242 
Lab #9 Analog to Digital Conversion (F10)
Objectives: 

1. Given the ATD section of the 68HCS12, use it to perform four conversions on a single channel 
2. Simulate and verify the operation of an LM34, a Fahrenheit Temperature Sensor.

3. Build and test a simple feedback temperature control system

Introduction:

Many microcomputer ((C) applications deal with non-electric quantities such as weight, humidity, pressure, mass, temperature, speed, etc.  These quantities are analog values because they have a continuous set of values over a given range, in contrast to the discrete values of digital signals.  To enable the (C to process these quantities they must be represented in digital form; thus and analog to digital (ATD) converter is required.  The 68HC12 has a built-in ATD converter for this purpose.

An ATD converter can only deal with electrical voltage.  A nonelectric quantity must be converted into a voltage before ATD conversion can be performed.  Conversion from a nonelectric quantity to a voltage requires the use of a transducer.  In general, a transducer is a device that converts one form of energy to another.  In this laboratory we will use a temperature sensor whose output voltage changes by 10mV for every input change of 1(F.  That is, its transfer function, TF = 10mV / (F.

A transducer may not generate an output voltage in the range suitable for ATD conversion.  A voltage amplifier or shifter, called a signal-conditioning circuit is often needed to change the transducer output into a suitable voltage range required by the ATD converter.  The overall ATD process is shown below.
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Example:  Convert a voltage between 0 and 1 volt to an 8-bit binary number between 

0000 0000 and 1111 1111.  This represents a decimal number between 0 and 255.  To fully utilize the maximum 5-volt range of the ATD a this voltage should be amplified (signal conditioning) by a factor of five.  A change in the Least Significant Bit (or count of 1) now corresponds to a change in voltage of 
5V / 256 = 19.5mV.  Ratio method:
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Practice: 

(a) A binary count of 0010 0101 corresponds to what decimal value?

(b) What voltage does the above binary count represent if the maximum voltage is 5 volts?
References: 

1. “MC9S12DT256 Device User Guide” (ATD Register Addresses, P. 33-35)
2. “MC9S12DT256 Advanced Information”, (ATD Operating Conditions, P. 99-102)
3. LM34 Precision Fahrenheit Temperature Sensor
4. “Technical Data, M68HC12B Family (Sec. 17 Analog to Digital Converter, P. 419-465)

Laboratory Preparation: Complete the EET242 Study Guide (Ref. #5)

Learning Activities:

The temperature control system block diagram is shown below.  Refer to it as we answer questions, develop software and test the system.  Do not wire the system until instructed to do so.
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Part I Preparation

1. Refer to P. 33 of Ref. #1 and complete the EQU statements by writing in the respective ATD addresses.

ATDCTL2  EQU           $___         ;POWER UP AND FAST FLAG CLEAR BIT

ATDCTL3  EQU           $___         ;BACKGROUND DEBUG ENABLE

ATDCTL4  EQU           $___         ;SELECT CLOCK SOURCE AND PRESCALE

ATDCTL5  EQU           $___         ;SELECT CONV MODES AND INITIATE CONV

ATDSTAT  EQU           $___         ;INDICATE CONV SEQ. COMPLETE

ATDDR0H  EQU           $___         ;RESULTS
2. In Ref. #4, after studying the ATD Control Register 2 & 3 section, fill in the comment field by explaining the important bits. 

[image: image4.png]Bit 15 14 13 12 11 10 Bits
ADPU AFFC AWAI ETRIGLE | ETRIGP | ETRIGE | ASCIE ASCIF

Reset 0 0 [ [ 0 0 0
Bit 7 6 5 4 3 2 1 Bit0
0 S8C s4C 52C S1C FIFO FRZ1 FRZ0

Reset 0 0 1 0 0 0 0 0




INIT     LDAA       #$80    ;________________________________________
                            ;________________________________________





 ;________________________________________
         STAA       ATDCTL2 ;________________________________________





 ;________________________________________

         LDAA    #%00100000  ;b5 = 1, Four conversions per sequence





  ;________________________________________

         STAA    ATDCTL3     ;________________________________________






  ;________________________________________

3. In Ref. #4, after studying the ATD Control Register 4 section, fill in the comment field by explaining the important bits. 

[image: image5.png]Address Offset: $0004

Reset.

Bit 15 14 13 12 11 10 9 Bits
SRESS SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0
0 0 0 [ 0 1 0 1





         LDAA    #%00000101   ;________________________________________






   ;________________________________________

         STAA    ATDCTL4      ;________________________________________






   ;________________________________________
4. In Ref #4, after studying the ATD Control Register 5 section, fill in the operand field. 

[image: image6.png]Address O

Reset.

Bit7 6 5 4 2 1 Bit0
DJM DSGN SCAN MULT cc cB cA
0 0 0 0 0 0 0





CONVERT  LDAA     #%___________ ;A WRITE WILL INITIALIZE CONVERSION SEQENCE,





     ;PERFORM A SINGLE CONV SEQUENCE,

                                ;(SINGLE CONVERSION IS OK SINCE ANOTHER

                                ;CONVERSION WILL BE INITIATED AFTER THE

                                ;"BRA  CONVERT" 
................................;RUN CONV ON SINGLE CHAN, AN2
         STAA      ATDCTL5      ;
5. In Ref. #4, after studying the A/D Status register section, discuss the purpose of the following program segment and its relation to the ATD process
[image: image7.png]Address Offset: $0006-30007

Bit15 14 13 12 11 10 9 Bit8
SCF FIFOR 0 ccz cct cco
Reset [ [ 0 0 0 0





AGAIN    LDAA      ATDSTAT  

         BPL       AGAIN    
6. Refer to P. 99 (ATD Operating Characteristics) in Ref. #2 and answer the following:

a. What factors have an influence on the accuracy of the ATD?
b. What is the value of the maximum input source resistance?  What is the implication of this with respect to the signal conditioning circuit that is driving the ATD, that is, what should the output resistance of the signal conditioning circuit be?  Hint: What is Vin?  What is wrong with Rour?  What should the ideal value of Rout be?  What is a “practical” value of Rout?  What is “Rout” for the LM34?
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** Instructor’s ok of Learning Activites #1 - 6: ______

7a. Design a voltage divider / potentiometer circuit that will simulate the output of the temperature sensor and the temperature range expected for this experiment.  We will be operating in a temperature range of about 60(F to 80(F.  Since the transfer function of the LM34 Temperature sensor is 10mV / (F this corresponds to a voltage range of 600mV to 800mv.  The requirements of the voltage divider / potentiometer are summarized in the schematic below.  You are to determine R1, R2 and R3.
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7b. Because you will be viewing the binary equivalent of the temperature on the LED’s you will need to know the binary equivalent of the 600mv to 800mv.  What is the binary range, HEX range and decimal range?
Part II Testing ATD Conversion
The program ATDCONVERT.ASM (included below) will perform four conversions on a single channel (AN2) for a simulated temperature range of about 60(F to 80(F single channel (AN2) and the results will be sent (in binary) to LED’s connected to Port B.  Part III will extend this program by adding a temperature control program section.
1. With power off assemble the voltage divider but do not connect the wiper of the potentiometer to pin AN2 (or PAD02) of the ATD port at this time.

2. Use the DMM and small clip leads to verify the input voltage range to the ATD section.  What binary range does this correspond to?
Vmin = ______    Vmax = ______
Binarymin = __________   Binarymax = __________
3. Load ATDCONVERT.ASM and verify the binary equivalent (Port B) of the analog voltage range of Activity II-2.  Connect the wiper of the pot to Pin AN2 (or PDA02) of the ATD port.
Vmin (binary) = ____________

Vmax (binary) = ____________

4. Set a breakpoint at “LDAA  ATDDROH” and verify that the value in the results register ($90) is displayed on the LEDs as you single step (trace) through the program.
Instructor’s OK: _______
Part III Temperature Feedback Control System

You are to extend the ATDCONVERT.ASM to include temperature feedback control with hysteresis.  The block diagram of the system, transfer function and flow chart are show below.
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Operation:

1. If heater is off, it will turn on if TA ( 68 (F
2. If heater is on, it will turn off if TA ( 72 (F
The transfer function indicates the direction of temperature change as the heater turns on and/or off.
The “dead-band” region (also called hysteresis) is between the upper and lower trip points.  
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A possible flow chart to accomplish the above concepts follows.  Study the flow chart, develop the feedback-control segment and add this segment to ATDCONVERT.ASM and before you start to test it save this program as TEMP_CONTRROL.ASM.  You will need to use the binary equivalent for 72(F and 68(F.  Note: Simple branch (BRA) instructions are not shown.  Hint: Refer to schematic on page 2.
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Test the program using various simulated temperature settings and breakpoints as you observe if the heater is on or off.  Demonstrate the hysteresis effect to the instructor.  The hysteresis effect can be verified by setting breakpoints BP#1 and BP#2.  If the temperature is “70(F” (pot mid way) the program should go to neither break point.  Observe results on the LED’s and Heater.  Record results to verify and draw the dead band region.
Instructor’s “ok”: ______

Turn off power, replace the temperature-simulation resistors with LM34 (Ref #4) and verify the circuit operation.
;ATDCONVERT.ASM

;THIS PROGRAM WILL PERFORM FOUR CONVERSIONS ON A SINGLE

;CHANNEL (AN2) DURING A SINGLE CONVERSION SEQUENCE.

;THE RESULT IN HEX WILL BE SINT IN HEX TO PORT B.

ATDCTL2  EQU           $82          ;POWER UP AND FAST FLAG CLEAR BIT

ATDCTL3  EQU           $83          ;BACKGROUND DEBUG ENABLE

ATDCTL4  EQU           $84          ;SELECT CLOCK SOURCE AND PRESCALE

ATDCTL5  EQU           $85          ;SELECT CONV MODES AND INITIATE CONV

ATDSTAT  EQU           $86          ;INDICATE CONV SEQ. COMPLETE

ATDDR0H  EQU           $90

PORTA    EQU           $0     ;AN I/O PORT, TO HEATER

PORTB    EQU           $1     ;AN I/O PORT, TO LED DISPLAY OF TEMPERATURE (HEX)

DDRA     EQU           $2     ;DATA DIRECTION REG PORTA

DDRB     EQU           $3     ;DATA DIRECTION REG PORTB

PTJ      EQU     $268    ;LOCATION OF PORT J (LED CONTROL)

DDRJ     EQU     $26A    ;LOC PORT J DATA DIRECTION REG

PTP      EQU     $258    ;LOC OF PORT P (7-SEG CONTROL)

DDRP     EQU     $25A    ;LOC PORT P DATA DIRECGION REG

;INITIALIZE

         ORG           $1000    ;START OF PROGRAM

START    LDAA           #$01    ;GET SET TO MAKE PA0 AN OUTPUT (HEATER)

         STAA           DDRA    ;SEND TO DATA DIRECTION REG A

         LDAA           #$FF    ;MAKE PORT B ALL OUTPUTS 1=OUT)

         STAA           DDRB    ;SEND TO DATA DIRECTION REG B

         MOVB    #$FF,DDRJ    ;MAKE PORT J AN OUTPUT PORT

         MOVB    #$FF,DDRP    ;MAKE PORT P AN OUTPUT PORT

         LDAA    #%11111111     ;"1" MEANS 5V, "0" MEANS 0V

         STAA    PTP     ;STORE A 0V TO CATHODES OF 7-SEG

                         ;DISPLAY ENABLING THEM TO TURN ON

        LDAA    #%00000000      ;"0" MEANS OV / "GROUND"

        STAA    PTJ     ;STORE A 0 OR 0V TO THE CATHODES

                         ;OF LEDS, THUS ENABLING TURN ON

INIT     LDAA           #$80     ;BIT 7 POWER UP AND BIT 6 = AFFC = 0, THUS

                                 ;SCF CLEAR WITH WRITE TO ATDCTL5, NORMAL

           STAA         ATDCTL2  ;BIT 7 POWER UP ATD & NORMAL CLR STATUS

         LDX            #2500    ;LOAD COUNT FOR POWER-UP DELAY OF 100us

                                 ;THIS WILL ALLOW ATD TO STABILIZE

WAIT     DEX

         BNE           WAIT      ;START UP DELAY OVER?

         LDAA           #%00100000  ;SELECT 4 CONVSIONS PER SEQUENCE

         STAA           ATDCTL3     ;FIFO = 0 MAP RESULTS INTO RESULTS

                                    ;REGISTERS IN NORMAL SEQUENCE

         LDAA           #%00000101  ;8-BIT RESOLUTION, FINAL SAMPLE TIME


 


    ;IS 2 A/D CLOCK PERIODS

         STAA           ATDCTL4     ;PRESCALER = DIV BY 12

;CONVERSION

CONVERT  LDAA      #%00000010   ;A WRITE WILL INITIALIZE A NEW CONVERSIN





;SEQUENCE, SINGLE CONVERSION SEQUENCE,

                                ;(A SINGLE CONVERSION IS OK SINCE ANOTHER

                                ;CONVERSION WILL BE INITIATED ON NEXT PASS

                                ;AFTER THE "BRA  CONVERT" INSTRUCTION BELOW

         STAA      ATDCTL5      ;RUN CONV ON SINGLE CHAN, AN2

AGAIN    LDAA      ATDSTAT  ;WAIT FOR SEQ COMPLET FLAG

         BPL       AGAIN    ;IF SCAN NOT COMPLETE, LOOK AGAIN

         LDAA      ATDDR0H    ;LOAD RESULTS OF CONVERSION

         STAA      PORTB    ;SEND TO LEDS

         BRA       CONVERT  ;DO ANOTHER CONVERSION      
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