
Announcements

• Upcoming Due Dates
Experiment 1 Report: R 1/24 (before class)
Experiment 2 Report: T 1/29 (end of class)
Experiment 3 Prelab: R 1/31 (before class)

EXPERIMENT 1
Comments on Motor Control



Motor Driver: Trapezoidal Control

Image credit: Microchip Technology Inc.

Trapezoidal Control



Sinusoidal Control

EXPERIMENT 2
Microcontroller Programming



Experiment 2

• Experiment 3 will build synchronous boost
converter

• To operate open loop, need gate drive signals
• Experiment 2: brief introduction to MSP
programming – Generate voltage controlled
PWM signals

Microprocessor: MSP430 Launchpad
• MSP430 microprocessors
from Texas Instruments

MSP430G2553
• Programmable in C or ASM
• Ultra low power (not a focus
here)

• On board USB bootloader
• Two LEDs, one switch
• Two timers, one 5 channel 10 bit ADC
• System clock up to 16 MHz



High Resolution PWM
MSP430G2553:
• 16 MHz clock

Max PWM resolution is 62.5ns

MSP430F5172:
• PWM 16x clock multiplier

Max PWM resolution is 4ns
• Final decision TBD; same programming
approach applies in either case

Notes on Launchpad
• P1.1 and P1.2 are used as part of the digital
communication for the debugger

• P1.0, P1.6, P2.1, P2.3, P2.5 can be tied to on
board LEDs for visual debugging

• Do not apply power to Vcc; it is generated on
board

• Launchpad does not break out all pins on MSP
User guide lists all functionality in family
Make sure to take note of what your chip can do

• Documentation contains both assembly and C
code



MSP430 Documentation

• User’s Guide
http://www.ti.com/lit/ug/slau144j/slau144j.pdf

• Datasheet
http://www.ti.com/lit/ds/symlink/msp430g2553.pdf

• Errata
http://www.ti.com/lit/er/slaz440g/slaz440g.pdf

Example Today

• General Purpose I/O
• System Clock
• TimerA
• Interrupts



MSP430 Internal Block Diagram

Pin Assignments



Digital I/O Registers

Clock Module



Clock Registers (1/2)

Clock Registers (2/2)



Timer A Block Diagram

Timer A Operation – Up/Down Mode



Timer A Registers (1/2)

Timer A Registers (2/2)



Interrupts

Example Codes From Class



Setting I/O
#include <msp430.h>

int main(void) {
WDTCTL = WDTPW | WDTHOLD;// Stop watchdog timer

// Set P1.0 to output (high)
P1DIR |= BIT0;
P1OUT |= BIT0;

while(1)
{
__no_operation();
}

}

Pulsing I/O
int main(void) {
WDTCTL = WDTPW | WDTHOLD;// Stop watchdog timer

// Set P1.0 to output (high)
P1DIR |= BIT0;
P1OUT |= BIT0;

while(1)
{
P1OUT ^= BIT0;
__no_operation();
}

}



Setting Up Clocks
int main(void) {
WDTCTL = WDTPW | WDTHOLD;// Stop watchdog timer

// Set P1.0 to output (high)
P1DIR |= BIT0;
P1OUT |= BIT0;

// Set System Clock to 16 MHz; Set ACLK to VLO
DCOCTL = DCO0 + DCO1 + DCO2;
BCSCTL1 = DIVA0 + DIVA1 + RSEL0 + RSEL1 + RSEL2 + RSEL3;
BCSCTL2 = SELM_0 + DIVM_0;
BCSCTL3 = LFXT1S_2;

while(1)
{
P1OUT ^= BIT0;
}

}

Problems with CPU PWM
int main(void) {
WDTCTL = WDTPW | WDTHOLD;// Stop watchdog timer

int i;

// Set P1.0 to output (high)
P1DIR |= BIT0;
P1OUT |= BIT0;

// Set System Clock to 16 MHz; Set ACLK to VLO
DCOCTL = DCO0 + DCO1 + DCO2;
BCSCTL1 = DIVA0 + DIVA1 + RSEL0 + RSEL1 + RSEL2 + RSEL3;
BCSCTL2 = SELM_0 + DIVM_0;
BCSCTL3 = LFXT1S_2;

while(1)
{
P1OUT ^= BIT0;
for (i =0; i<50; i++)
{
__no_operation();
}
}

}



Using TimerA
int main(void) {
WDTCTL = WDTPW | WDTHOLD;// Stop watchdog timer

// Set P1.0 to output (high)
P1DIR |= BIT0;
P1OUT |= BIT0;

// Set P1.6 to TA0.1; Set P1.0 to TA0CLK; Set P1.1 to TA0.0
P1DIR |= BIT0 + BIT6 + BIT1;
P1SEL |= BIT0 + BIT6 + BIT1;
P1SEL2 &= ~(BIT0 + BIT6 + BIT1);

TA0CTL = ID_3 + MC_3 + TASSEL0; // 8x divider, up/down mode, ACLK source > 12kHx/8/8 = 187.5 Hz
TA0CCR0 = 93; // ~ 1Hz period.
TA0CCTL1 = OUTMOD_2; // toggle/reset
TA0CCR1 = 46; // 50% duty

// Set System Clock to 16 MHz; Set ACLK to VLO
DCOCTL = DCO0 + DCO1 + DCO2;
BCSCTL1 = DIVA0 + DIVA1 + RSEL0 + RSEL1 + RSEL2 + RSEL3;
BCSCTL2 = SELM_0 + DIVM_0;
BCSCTL3 = LFXT1S_2;

while(1)
{

__no_operation();
}

}

Interrupt
#include <msp430.h>

int main(void) {
WDTCTL = WDTPW | WDTHOLD;// Stop watchdog timer

…

//Interrupt Section
TA0CCTL0 |= CCIE;

_BIS_SR(GIE);

while(1)
{
for (i =0; i<50; i++)
{
__no_operation();
}
}

}

// TA0_A1 Interrupt vector
#pragma vector=TIMER0_A0_VECTOR
__interrupt void Timer_A(void)
{

TA0CCR1 = TA0CCR1 + 5;
if (TA0CCR1 > 93)
{
TA0CCR1 = 5;
}

}



EXPERIMENT 3

Experiment 3



Design Assessment



Boost Design

Supplemental Lectures
Device Loss Mechanism ECE 481 ECE 581

MOSFET Ron Lecture 7 8

Coss Lecture 7

Overlap Lecture 5 6

Pg Lecture 5

Diode VF Lecture 7 8

Rd Lecture 7 8

td cond Lecture 5

Cd Lecture 7 (see: Coss)

Reverse Recovery Lecture 11

Inductor Rdc Lecture 38

Skin Effect Lecture 39

Core Loss Lecture 39

Fringing

Proximity Lecture 39

ECE581: http://web.eecs.utk.edu/~dcostine/ECE581/Fall2018/schedule.php
ECE481: http://web.eecs.utk.edu/~dcostine/ECE481/Fall2017/schedule.php


