Warmup
The STM32L432KC chip has 64kB (kilobytes) of SRAM.

f the SRAM starts at 0x20000000, what is the highest
valid address?

f you don't know the answer, what would you need to know in
order to figure it out?
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What are you nervous about?
From the notecard responses last class

B Hardware, pre-requisite knowledge from ES 4
B [n-class quizzes
B QOverall content + workload

B That I'll have too much fun and I'll fail my other classes.



Microcontroller: CPU + peripherals




Peripherals are memory-mapped
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Physical packaging
Entire system is on one piece of silicon.

https://siliconprawn.org/archive/doku.php?id=azonenberg:st:stm321431



By the end of class today, you should be able to:

B Describe the purpose of the following GPIO registers:
Mode (GPIOXx_MODER)
Output type (GPIOX_OTYPER)
Output data (GPIOx_ODR)

B Write code to set and clear arbitrary bit patterns in a register

B Describe what the volatile keyword means, and
what happens without it

B | ab 2: use these to control an LED!



General-purpose I/0
For today, we'll just look at output

Development board (Nucleo)

Microcontroller (STM32L432KC()

CPU GPIO /0 pin |

controller /0 pin




General-purpose I/0
We'll need a register that holds the output value
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General-purpose I/0
And we need some way to control input vs output



GPIO mode register

8.5.1 GPIO port mode register (GPIOx_MODER) (x = A to E, H)
Address offset:0x00
Reset value: OXABFF FFFF (for port A)
Reset value: OxFFFF FEBF (for port B)
Reset value: OxFFFF FFFF for ports C..E
Reset value: 0x0000 000F (for port H)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODE15(1:0] | MODE14[1:0] | MODE13[1:0] | MODE12{1:0] | MODE11[1:0] | MODE10[1:0] | MODES[1:0] MODES[1:0]
w w w v rw w v w w w w v w w v w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MODE7[1:0] | MODES6[1:0] | MODES[1:0] MODE4[1:0] MODE3[1:0] MODE2[1:0] MODE1[1:0] MODEO[1:0]
w w w v rw w v w w w w v w w v w

l
Bits 31:0 MODE[15:0][1:0]: Port x configuration I/O piny (y = 15 to 0) D
These bits are written by software to configure the I/O mode.
00: Input mode
01: General purpose output mode —__
10: Alternate function mode
11: Analog mode (reset state)




Push-pull: ground or V4
Vdd

ODR = |
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For now, we'll use push-pull

Open-drain: ground or floating
Vdd

CHR =

. But open-drain has important uses!



Push-pull: ground or Vg Open-drain: ground or floating

Vdd Vdd
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For now, we'll use push-pull. But open-drain has important uses!



Push-pull vs open-drain

Switches are implemented with transistors

Vdd

Open-drain —CI

Output value 4|




Source / sink current

The transistors have some resistance when they're on,
and can only carry so much current.
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GPIO port for STM32L4xxx

Figure 19. Basic structure of an 1/O port bit
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The L in STM32L means low power

So it includes features to optimize power usage,
including clock-gating peripherals.

Transistors consume power when switching (dynamic power)
but relatively little when just holding a value (static power).

Turning off the clock prevents the transistors from switching,
saving power.

But we can turn it back on and pick up where we left off
without losing data or needing to reset.

See the reset and clock control peripheral (RCC) for details.



Ok, how do we do this with C?

Create a pointer with the address we want to set:
unsigned int* p = (unsigned int*)0Ox48000000;

Then just dereference it:
*p = 0x90;



Why unsigned int?

char
short

int

Llong

Llong long



Why unsigned int?

The Cortex-M4 has a word size of 32 bits.
When it reads/writes memory, the default size is 32 bits

We can access individual bytes:

unsigned char* p = (unsigned char*)0x48000002;

But it isn't faster (and may be slower)



There's just one problem...

Suppose | have the following code:

*p = Ox01; // Turn LED on
*p = Ox00; // Turn LED off

What does a smart compiler do?
Let's try on the Compiler Explorer (godbolt.org)



The volatile keyword

The solution is to declare the pointer volatile:

volatile unsigned int* p = (unsigned int*)0x40030200;
*p = Ox01; // Turn LED on
*n = Ox00; // Turn LED off

volatile tells the compiler:

1) Don't optimize out writes, because they "do something"
2) Don't optimize out reads, because the value can change
outside the code



Another problem
How do | set just one bit?

Bit manipulation demo on course wepsite



Manipulating bits (bit masking)

unsigned int* p = (unsigned int*)0x40003000;
We could write the whole register:
*n = Ox90; // Set all the bits, either 1 or 0

We can set bits to 1 using bitwise OR with 1
*p = *p | 0x90; // 10010000

We can clear Dbits to O using bitwise AND with O
*p = *p & 0x90; // 10010000



Easier ways to write this stuff

f | want to set bit 13 of a register, | could write
*p = *p | ObOO1OOOOOOOOOOEOO; // how many zeros was that?

Or | could use hex:
*p = *p | 0x2000;

But it's easier to let the compiler do the math:

*p = *p | (1 << 13); // << 1s left shift

And C has a nice shorthand:
*p |= (1 << 13); // also works for &=, +=, -=



Practice!

Bit masking game on the course website



Is it faster to use constants instead of shifts?

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.



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];



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)



For next time
Go to lab this week!

Reading check 3, HW 1, and scavenger hunt
will be posted on Thursday

Lab 2 is posted
Prelab is due 24 hours before your lab section



