Warmup
Write C code to set bits 11:10 of the register at 0x48000000
to the value 01.

unsigned int* p = (unsigned int*)0x48000000;
*p &= ~(1 << 11);
*p |= (1 << 10);

This is just one way to do it, you could also do either of these:

*p &= ~(3 << 10); // Clear both bits
*p = (1 << 10);

*p |= (3 << 10); // Set both bits
*p &= ~(1 << 11); // Clear bit 11
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By the end of class today, you should be able to:

B Define pulse-width modulation, and give several examples of how it
can be used to control things.

B nterpte the PWM waveform diagrams in datasheets.

B Explain what the prescalar, counter, compare, and reload
registers all do.

B Calculate register values to achieve a particular frequency and
duty cycle.



Non-objectives: | don't care if you are able to...
B Remember the register names or functionality specific to the STM32
B Use the timers for things other than PWM
We'll use timers to time things next week

We'll come back to interrupts in a month or so



Pulse-width modulation
Suppose we're blinking an LED on and off repeatedly:

— |

?&V?JOF

Period: Time for one cycle  sce, ws, #5,vs
Frequency: Cycles per second (1 / period) H=

Duty cycle: Fraction of the time the signal is high  ~ 275



What is this good for?
Controlling the (apparent) brightness of an LED

f the frequency is high enough, your eye perceives an average
number of photons.



What is this good for?
Controlling the speed of a motor

The motor has physical inertia, so the pulses get averaged



What is this good for?
Sending data (kinda)

Hobby servo motors use an input to control their position

Short pulse: angle =20  Long pulse: angle = 95

L JT ] _

Producing (and reading) an analog voltage is annoying

And it can be easily corrupteac

S50 we can use the duration of a digital pulse to send a value!



Code to do some PWM

while(1) {
pinONn();
delay(on_time);
pinOff();
delay(off time);

}
This is called bit-banging: using GPIO to produce digital signals.



Code to do some PWM

while(1) {
pinONn();
delay(on_time);
pinOff();
delay(off time);

}
This is called bit-banging: using GPIO to produce digital signals.

This works, but now the processor is consumed with this
simple task. Even adding a second frequency is hard.



But we could make a hardware unit to do PWM...

Make these
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Typical PWM module setup
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Demo time!

PWM example on course website



Practice
4 MHz input clock, 16-bit prescaler, 16-bit counter/compare

Compute the register values to produce:

10% duty cycle, 8kHz
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Practice
4 MHz input clock, 16-bit prescaler, 16-bit counter/compare

Compute the register values to produce:

50% duty cycle, 120Hz



Practice
4 MHz input clock, 16-bit prescaler, 16-bit counter/compare

Compute the register values to produce:

50% duty cycle, 2Hz



Practice
4 MHz input clock, 16-bit prescaler, 16-bit counter/compare

Compute the register values to produce:

90% duty cycle, 10.240000Hz



Practice
4 MHz input clock, 16-bit prescaler, 16-bit counter/compare

Compute the register values to produce:

20% duty cycle, TMHz



Practice
4 MHz input clock, 16-bit prescaler, 16-bit counter/compare
Compute the register values to produce:

A pulse of 260 microseconds, at THz



Practice challenge
4 MHz input clock, 16-bit prescaler, 16-bit counter/compare
Try making up a challenge for someone next to you

Can you make an impossible one?

How close can they get?



define

#define sets up a preprocessor macro

#define BUFFER LEN 256
#define GPIOA BASE_REG 0x48000000

The preprocessor does a straight text substitution



define

GCC will warn you about this:
#define BUFFER_LEN 256;

But it doesn't help here:

#define MAX STRING LEN (255)
#define BUFFER_LEN (MAX_STRING_LEN + 1) // null terminator

int main()

{
unsigned char doublebuffer[BUFFER_LEN * 2];



Should | do the math for complex bit stuff?

The compiler will pre-calculate any math with constants.
(Godbolt example)

S0 write the code for max clarity, and let the compiler do its job.



C struct

A C struct groups related pieces of data together
(Like a C++ class, but without member functions, only public data)

typedef struct { Rect r;
unsigned int X; r.x = 12;
unsigned int y;
unsigned int width; Rect* rp;
unsighed int height; r->x = 0;

} Rect;

The compiler will put them into memory in the order specified.



CMSIS header file

#include "stm321432xx.h"

Definitions for GPIO mode register for GPIOO

#a
#a
#H
#Hc

#a

efine GPIO_MODER_MODE® Pos
efine GPIO MODER MODEO Msk
efine GPIO MODER MODE®
efine GPIO MODER MODEO 0
efine GPIO MODER_ MODEO 1

(6U)

(0x3UL << GPIO MODER_MODE® Pos)
GPIO MODER_MODE® Msk

(Ox1UL << GPIO MODER_MODE® Pos)
(Ox2UL << GPIO_MODER_MODE® Pos)



CMSIS header file

typedef struct

{
~_ IO uint32_t MODER; // mode, Address offset: 0x00
IO uint32_t OTYPER; // output type, Address offset: 0x04
~_I0 uint32 _t OSPEEDR; // output speed, Address offset: 0x08
__ IO uint32_t PUPDR; // pull-up/pull-down, Address offset: 0x0C
__IO uint32_t IDR; // input data, Address offset: 0x10
__I0 uint32_t ODR; // output data, Address offset: 0x14
__ IO uint32_t BSRR; // bit set/reset , Address offset: 0x18

I0 uint32_t LCKR; // configuration lock, Address offset: 0x1C
I0 uint32_t AFR[2]; // alternate functions, Address offset: 0x20-0x
I0 uint32_t BRR; // bit reset, Address offset: 0x28

} GPIO TypeDef;



CMSIS header file

#define GPIOA BASE (AHB2PERIPH BASE + 0x0000UL)
#define GPIOA ((GPIO TypeDef *) GPIOA BASE)

GPIOA->MODER &= ~(GPIO MODER_MODE® Msk);
GPIOA->MODER |= 3UL << GPIO MODER MODE® Pos:



STM32L432 timers

Looking at reference manual



Timers in other devices

Look up the datasheet / reference manual for your chip
How many timers does it have?
Which ones can do PWM?

How many DIts are the timers?

How many bits are the prescalers?

Which pins are PWM-capable?



For next time

HW 1 is posted
Reading check 4 on Canvas
Submit lab 2 documentation

Lab 3 posted tomorrow



Aside: clock tree

Sometimes different parts of the chip need to run at different
frequencies (e.g., USB vs ADC vs CPU).

Or we might want to adjust the processor speed dynamically
o save power.

Or we may want a very precise external clock source.

Dividing a clock down by an integer is relatively easy: just count!



PLL: phased-locked loop
To multiply a clock, we use a PLL

This circuit will adjust the voltage on the VCO so that the feedback clock

w signal coming into the phase difference block will match the input clock.

Inout clock Phase Filter Voltage-controlled
i 1 difference | — (integration + |—— oscillator
| MH>» smoothing) (VCO) 4 MU=

Feedback clock

b, N

If we put a divider on the feedback path (say divide by 4), then the VCO
will be driven faster (4x) in order to make the feedback clock match

IM Hv

the input. This lets us multiply a clock by an integer factor.



