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ECE2049 -- PRACTICE EXAM #2
Clocks, Timers, and Digital 1/0

Study HW3, Class Notes, Davies Ch 2.6, 5.8, 8, 9.2-3, 9.7,
MSP43F5529 User's Guide Ch 5, 17, 28
Work all problems with your note sheet first THEN look at solutions!

1. Answer the questions below completely. (25 pis)

a. What are the default frequencies for ACLK, MCLK and SMCLK on the
MSP430F5529 after power up? What is the purpose of these various clock
signals (i.e. What are they used for)?
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b. How does the CPU know where to go on an interrupt? How does it find the
correct ISR?
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c. Explain the operation of a Timer in “up mode” (ie. What happens to the timer
count? When is an interrupt triggered?).
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e. Trueor Falsc! Interrupt Service Routines (ISRs) should be kept short because the
— CPU will stop executing them after 255 instructions.
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Problem 3: Accelerometers are used for a variety of applications including determining
orientation, detecting vibrations, or as components of navigation systems. Accelerometers
provide output in g’s, which is acceleration relative to the force of gravity. Let’s say we want to
use accelerometer as single-axis tilt sensor to measure the orientation of a device. We can use
the accelerometer readings to measure tilt as shown in the examples below:

- \§ I] Sewrop.  ——
Y uwngt
Tilt = 0° Tilt = 45° Titt <908 Tilt = 180°

Reading: 1g Reading: 0.707g Reading] 0g Reading: -1g

2

An older version of the ECE2049 lab boards had a AXDL335 3-axis accelerometer, which
provides three output signals X,,;, Your, and Zy,,; as analog outputs with output voltages that
correspond to the acceleration along each axis. For this problem, we only need to read the output
on the z-axis, which provides enough information to measure tilt (as shown in the examples).

For this problem, assume that V¢ for the sensor is 3V. V¢ on the MSP30 is still 3.3V.

a. The datasheet for the ADXL335 is provided on the course website. The datasheet as-
sumes that the chip has a source voltage of 3V. Using this assumption, what is the
measurement range (in g) and sensitivity (ie. resolution, in mV/g) of the ADXL.335?

b. Write an equation to express the voltage output velemg&of the sensor-(on the z axis) in
- terms of acceleration (in g). (Hint: You will also need to the bias voltage; or the volt-
age at a reading of Og based on the datasheet.)

¢. What ADC12 reference voltage would you select in order to measure acceleration
over the full measurement range of the sensor?

d. What voltage would the sensor output for a tilt of 45 degrees? Using the reference
voltage you selected in part (c), what is the ADC12 6utput for this voltage?

e. Assume that the ADC12 has already been configured using the reference voltage you
selected. Write a C function calc_ti1t thdt converts the ADC12 output code to a tilt
angle from 0 to 180 degrees—you can assume that the standard library functions in
math.h are available. : _ ? 5
(For this part, you can also assume that the ADC12 output is always within £1g.)
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Part e

#include <math.h>

// Equation constants

// Optional: +this example uses the 'f' suffix on decimal numbers

// to make absolutely sure the compiler interprets the constant as a
// float (this isn't strictly required, but is often a good idea)
#define VOLTS_PER_BIT (0.0007326007f) // (3.0/4095)

#define VOLTS_PER_G (0.300%)

#define ZERO_OFFSET_VOLTS (1.5f)

float calc_tilt(unsigned int adc_code)

{
float v_adc = ((float)adc_code) * VOLTS_PER_BIT;
float gees = (v_adc - ZERO_OFFSET_VOLTS)/VOLTS_PER_G;
// Convert to tilt angle
// acos() returns angle in radiams, so need to convert to degrees
// This example uses acosf() which is just a version of acos that
// operates on single-precision floats rather than double-precision.
// M_PI is the math.h constant for pi.
float degrees = acosf(gees) * (M_PI/180.0f);
return degrees;

¥
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Problem 4: The following picture shows an 8-bit transmission over a SPI interface.

What data (in hex) is sent over the SPI bus? Assume that the data is sent with the most
significant bit first, and is read on the rising edge of the clock.

L 3 .

.CS ' 4

SCLK A A A : A A A o~

MISO

005/*301 ( / [

W /7247;4 Q0 sp Yy,
2F L
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events_example.c

2/************** 8 July 2021 **********************/’
3 /***************************************************/

4
5#include <msp4360.h>

6

7 #include "peripherals.h"

8 #include "lecture.h"

9#include "utils/test_runner.h"

10 #include "utils/ustdlib.h"

11

12 // Function Prototypes

13void swDelay(char numLoops);

14 void runtimerA2(void);

15void displayTime(unsigned long time);

16

17 // For this example, we have two "event" functions taht need to run
18 // at specific intervals

19 void eventl(void); // Need to run every 200ms (every 8 ticks)
20 void event2(void); // Need to run every 5000ms (every 200 ticks)

21

22 // We can handle this in two ways--which one we would use in

23// a particular scenario depends on how long each event takes to run:
24

25// *Example 1*: Assume both eventl and event2 can run in << t_INT

26// - If we can do BOTH events in a shorter time than t_INT, then

27// we can call both events from the ISR! This requires that both event

287/ are done before the next t_INT

29// Ex. What if eventl and event2 each take 1lms to run?

30// (Ims + 1ms) << 25ms => OK!

31

32// *Example 2*: Assume event2 takes a long time

3B/7 - If event2 takes longer than 25ms to run, we can't put it inside the
ISR

34// because then the ISR would not finish in time. Instead, we need to

357/ call event2 from main() where it can take longer. We do this often

36// in lab for slow tasks like updating the LCD.

37

38// {(continued on next page)

39

40

41

42

43

44

45

46

47
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events_example.c

48 volatile unsigned long time_count = 0;

49

50 #pragma vector=TIMER2_AG_VECTOR

51 __interrupt void TimerA2_ISR(void) // Runs every 25ms

524

53 time_count++; // Increments global counter of clock ticks
54

55 // Run eventl every 8 ticks
56 // Inside the ISR, we can periodically schedule an event like this
57 if ((time_count % 8) == 0) { // Runs every 8 ticks

58
59 }
60

eventl();

61 // EXAMPLE 1 ONLY (if eventl runs in << 25ms, we can also schedule it

== 200,

here)
62// if ((time_count % 200) == 0) { // Runs every 200 ticks
63// event2();
64// }
65}
66
67 // Main
68 void main(void)
69 {
70 unsigned long last_event2 = 0;
71 WDTCTL = WDTPW | WDTHOLD; // Stop watchdog timer.
72
73 runtimerA2(); // Configure timer to interrupt every 25ms
74 _enable_interrupt();
75
76 while (1)
77 {
78 // Example 2, method 1: We *could* schedule event2 in main()
79 // in a similar way as in the ISR, but it might not work as we
expect!
80 //
81 // The if condition (line 76) is only true at ticks
82 // 8, 200, 406, 600,
83 // If something else is going on in main() when timer_coun
84 // (like event3) event2 won't run for this intervall)
85// if ((time_count % 200) == 0) {
86 // event2();
87// }
88
89 // {continued on next page)
90
91
92
93
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94
95
96
then
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111}
112

/3

events_example.c

// Example 2, Better method
// Instead of scheduling our event at specific values of time_count,
// we can instead keep track of the last time event2 was run, and

// run the event after enough time has elapsed
// Here, we store the last time event2 ran in last_event2. If
// If >= 200 ticks have elapsed since the last event2, we run event2
// This is more reliable!
if ((last_event2 - time_count) >= 200) {
event2();
last_event2 = time_count; // Record the current time of event2

¥

// What if this other event takes 2s to run?
event3();

FE was

113 void eventl(void)

114 {
115
116}
117

118 void event2(void)

119 {
120
121}
122

123 11 -
124

. Other demo functions omitted .
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