EE 308 Lab Spring 2009

9S12 Subsystems: Pulse Width Modulation, A/D Converter, and
Synchronous Serial Interface

In this sequence of three labs you will learn te tsee of the MC9S12's hardware subsystems.
WEEK 1

Pulse Width M odulation

Introduction and Objectives

The speed of a motor can be adjusted by poweriwdtita pulse width modulated signal. Figure 1 skow
how this can be done. The SN754410 motor contralgks as a switch. When the signal on the enable
(EN1) input of the L293D is high the switch is closedrrent flows through the motor, and the motor
speeds up.

When the signal is low, the switch is open, no enrflows, and the motor slows down. IN1 and IN2
determine the direction of the motor. WH& is high and N2 is low, OUT1 will be high (V) andOUT2
will ground. Changing the logic levels t1 andIN2 reverse the voltage levels @UT1 andOUT2, and
the motor changes direction. With a high enouggudemcy PWM signal the amount the motor speeds up
and slows down in one period is negligible, andrttwor turns at a constant speed. By adjustinglthg
cycle the speed of the motor can be controlled tf®motors you will be using in this lab, use alW
frequency of about 5 kHz.
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Figure 1. Using a pulse width modulat€¢B'WM) signal to adjust the speed of a motor.
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To make a motor turn at a desired speed it is sacg$o know how fast the motor is turning. The onst
you will use in this lab have encoders which wéhgrate 15 pulses in a single revolution of theomot

A light emitting diode (LED) sends light througiwdieel with holes in it which is attached to thefsbé
the motor, and an optical sensor detects light. Wthe light shines through a hole and hits the @etise
output of the optical sensor isy (a digital 1); when the wheel blocks the lightrfreeaching the sensor,
the voltage goes to 0 V (a digital 0). Using thigical encoder you will be able to measure the dpd¢he
motor. The motors we will use have two optical eters, on opposite sides of the wheel. This alloas y
to determine both the speed and the directionefiibtor, using a technique called quadrature detect
This will be discussed more in the final lab foe ttourse. For this lab, use just one of the op&inabders.
In this lab you will use the PWM subsystem of th€3&12 to adjust the speed of a small motor, and use
the input capture subsystem to measure the speée afotor.

For the pre-lab do the calculations required fat$a and 4. Write the program required for Parts 5

1. Connect the motor directly between 0 and 15 Vetdfy that the motor turns (Do not use the SN7B14
for this part.) Connect the Red lead from the @btEmcoder to ¥y, and the Black lead to ground. Have a
TA or Instructor check your wiring before turnifgetpower on. The motors and encoders are fairly
expensive, and we do not want to burn up any ahthédse a logic probe to verify that the Blue legaf
the optical encoder is pulsing, indicating thatéheoder is working.

2. Program your MC9S12 to generate a PWM frequen&ykHz, with an active high PWM signal with a
duty cycle of 50%. (Use Bit 4 of the PWM, sincesBXthrough 3 of Port P are used to enable thenseve
segment LEDs.) Make Bit O of Port A high, and Bivf Port A is low. Connect the circuit shown in
Figure 1. Use your logic probe to verify that tiical encoder is working.

3. Connect the output of the optical sensor toafrtbe input capture pins of the MC9S12. To your
program from Part 2, add code to use the inputucagtinction to measure the period of the sigrahfthe
optical encoder, and to display the values on ¢vers-segment LEDs.

The motor speed at 100% duty cycle will be abo@ B®M. Plan to operate the motors between 50 RPM
and 500 RPM. Set the prescaler such that you caisume speeds as low as 20 RPM (to avoid overflow of
the TCNT register in case the motor slows downwele 50 RPM lower limit).

a) With a 500 RPM motor speed, how much time thi#fre be between successive rising edges
from the optical sensor?

b) With a 20 RPM motor speed, how much time willre be between successive rising edges
from the optical sensor?

Set the prescaler of the MC9S12 so the rollovee tifithe TCNT register is the smallest time
which is larger than the above two numbers. Whhteveid you use for the prescaler?

4. Modify your program to set the duty cycle basadhe state of four of your DIP switches. The duty
cycle of the signal should be determined by reattiegfour DIP switch values into the four least
significant bits of Port H:
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Port H | Duty Cycle | Port H | Duty Cycle
0000 6.25% 1000 56.25%
0001 12.50% 1001 62.50%
0010 18.75% 1010 68.75%
0011 25.00% 1011 75.00%
0100 31.25% 1100 81.25%
0101 37.50% 1101 87.50%
0110 43.75% 1110 93.75%
0111 50.00% 1111 100.0%

Note that you should pre calculate the duty cyakethe integer you will write to the duty cycle istgr
which will give duty cycles closest to the valueghie table. (Do this for part of your pre-lab.)
Do not use floating point arithmetic in your C pram

5. Run the motor with each of the duty cycles fieant 4. Have the MS9S12 display the number of timer
pulses between rising edges on the seven-segm&. IEecord these numbers, and convert them to RPM.
Record the speed in RPM for each duty cycle. Rkthotor speed as a function of duty cycle. Howdmn

is it?

6. Compare your results (speed of the motor vg: dyttle) to the results of at least two other gsaupo
the motors all behave the same, or are there gignifdifferences?
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THE 9S12 ANALOG TO DIGITAL CONVERTER
WEEK 2
Introduction and Objectives

The analog to digital converter is described inAfi® Block Users Guide. The MC9SS12DP256B has
two eight-channel ten-bit A/D converters, ATDO akitiD1. The Dragon12-Plus board has a potentiometer
connected to Bit AD7 of Port ATDO. We will use thgdtentiometer to put a variable analog signal mio
MC9S12. (Remember that Bits ADO and AD1, part of D8 are used by DBug 12 at start up to determine
whether to execute DBug12, or to run code from EBRRor the bootloader. Do not connect an analog
signal to either of those two inputs.)

The A/D converter also uses two dedicated pigs ahd Vi, for high and low voltage references
respectively. On your Dragon12-Plus MC9S12 boakg, i¥ connected to VCC (+5V), andkVis
connected to GND. When the MC9S12 is set up tedebit (1024) conversions, an input voltage af V
gives an output of 0x000, and an input @f\gives an output of 0x3FF. (This assumes that thd bit of
ATDI1CTLS register is set, so that the data is Hgistified in the results registers.) If we measanltage
between ¥, and \kn, we can compute the value by simple ratios

measurements* (VRH —VRL)
1024

+VRL

voltage =

For example, if 4 = 5 volts, and ¥, = 0 volts, and the measurement is 0x2B0 (688h@)) the
measured voltage is

688* (5-0)
1024

+ 0 = 3.359vo0lts

1. Set up the A/D converter so it measures in analput on Port AN7. It should convert one channel
(AD7), with a sequence of 8 conversions, and scairruously.

2. Write a program which uses the TOF interrupe TIOF should generate an interrupt every 174 ms. Th
TOF interrupt service routine should set a glokad fvhich tells the main program the interrupt has
occurred. In your TOF interrupt service you shawldd the value from the A/D conversion of Port AN7
and save it to a global variable. Use an RTIrinft to display the A/D value on the seven-segment
LEDs.

3. Vary the voltage on Bit AN7 by turning the pdiemeter on the Dragon12-Plus board. Compare the
value displayed on the terminal with multimeter sw@aments for several different input voltages.

4. The A/D conversion measurements can be imprbyealeraging the values in the registers ATDODRO
through ATDODRY. In your RTI routine, average theaues. Display the averaged ten bit value orvthe
segment LED display. In the main program, writedkieraged ten bit value to the terminal. Is thei@al
more stable than it was when you displayed the erzaed value?
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5. The Dragonl12-Plus board has a light sensdraridrm of a photodiode, Q1. The output of thétlig
sensor is connected to Bit 4 of ATDO. Modify yguogram from Part 4 to display the output from Bibf
ATDO rather than Bit 7 of ATDO. What is the voleagut of Q1 when the sensor is covered? Whaeis th
voltage out of Q1 when the sensor is exposed tightdight?
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SERIAL COMMUNICATIONS
TheI2C Busand the Dallas DS 1307 Real Time Clock
WEEK 3

Introduction and Objectives

The Dragon12-Plus board has a Dallas Semicond@$dt307 Real Time Clock connected to @ bus
of the MC9S12 microcontroller. You will program yoldC9S12 to set the correct time in the DS 1307,
and to display the time on your LCD display. A ¢aysonnected to the DS 1302 oscillates at 32.Hs8 k

Note that 32,768 =]§, so dividing the oscillator by 2 will result in a signal with a period of 1 second.
The DS 1307 uses this 1 Hz signal to keep theatadeime. It correctly takes care of leap yeard, @an
be programmed to give the time in either 24 houdeor 12 hour mode with AM and PM indicators. It

connects to a microcontroller using a two-wite interface.
1. Look at thedatasheefor the DS 1307. Determine the addresses of the tegisters.

2. Program the 9S12 to set the time on the DS 130ie. lecture notes from March 23 discusses how to
write to and read from slave devices on the 12C bvste that to access the DS 1307, you need tialinée
the 12C subsystem, send a byte which contains2@eatldress of the DS 1307 (which is listed in the
datasheet), and indicate whether you are goingite ¥ the device or read from the device. Taavthe
time to the DS 1307 you need to first send the esidof the first register you want to program diaid

by the data for that register and the subsequeet tegisters.

3. Write a C program to read the time and date fiteerDS 1307 and write it to the terminal using the
DBug12->printf command.

4. Program the MC9S12 to continuously displaytiime and date on the LCD display. The date shbald
displayed in the first line, and the time on thewswl line, of the LCD display. The CD-ROM whichea
with the textbook has routines for accessing th® ldplay. The programmg07_08. c in the directory

\ pr ogr ans\ ch07 displays the string “hello, world!” on the firshé of the LCD display, and the string
“I am ready!” on the second line. All you havedi is to convert the time and data from the DS71i86
two strings, one for the data and the other fottithe. This is easy to do since the data fromiBel1307

is in BCD format. For example, the year will betloé form 0x09. Here is some C code to displayyta
part of the date, where the date is in the fo@®/“03/ 30" for March 30, 2009.

char s[16];

openl cd(); /1 Set up LCDto wite to first |ine
s[0] = (year>>4)&0xff + ‘0’; // Get 4 MSB of year, convert to ASClI
s[1] = year&xff + ‘0’; /]l Get 4 LSB of year, convert to ASCII
s[2] ="'

/] Code for rest of date

s[8] = 0; /1l Termnate string with null character
put s2l cd(s); /1 Display on first line of LCD
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The routines from the textbook use some delay mestin the filedel ay. ¢, which are found in the
directory\ ut i | s. It also needs tHecs12. h include file, which can be found in the same doec
(Thehcs12. h file on the EE308 web page had a small error.ifitr the delay routines to work, copy
thehcs12. h file from the CD-ROM, or download the updated filem the EE 308 web page.) You need
to include thedel ay. ¢ andhcs12. c files into your program, and copy the LCD functdnom the file
eg07_08. c into your program.

5. For extra credit, add the code to the staybof program needed to load the program into EEPROM
Go ahead and load the program into EEPROM andydtt it works. Your Dragon12-Plus board can
now be used as a wrist-watch (as long as you eaioynd a battery to power it).



