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Side note: CMSIS / HAL / STMCube

We've been USiﬂg CMSIS (Common Microcontroller Software Interface Standard)
Defined by Arm for (mostly) Cortex-M parts
_ots of #defines for registers, some minimal core code

Nttps://arm-software.github.io/CMSIS_6/latest/General/index.ntm|

HAL stands for Hardware Abstraction Layer
Generic term, but ST uses it for their low-level hardware API
https://github.com/STMicroelectronics/stm32l4xx-hal-driver



Hot take: HAL isn't great
Let's ook at the GPIO library...

Some parts are cleaner, but most just add overhead.

Lots of projects do use HAL, so you'll see it when you look for
code examples.

You can easily create a HAL/STMCube project in PlatformlO.




Clock tree

We've used the 4MHz default, but we can also run at SOMHz.
How?

t's complicated!
See page 184 of the reference manual

Example clock tree:
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Pick one of these clock modules
What does it do that's special?

_| S E High-speed *external*

—|S|/| 6 16MHz clock, built-in (low cost), starts up quickly. But may not be super accurate vs temp/voltage

\/|S| Default! Select one of 12 different frequencies. 100kHz to 48MHz

Dl_ Takes in a clock and multiplies it up to a higher frequency

S

_S Low speed internal clock

Low speed / low power external clock




Digital to Analog Converter (DAC)

Reverse of an ADC: convert an N-bit number into an
MSR

analog voltage v Ikl iﬁ_
| — Vouk
(AN 2R

STM32 uses "a series of resistors": an R-2R ladder



DAC architecture (one channel)

Figure 109. Dual-channel DAC block diagram
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DAC usage

Configure the DAC
Put values into the sample (data holding) registers
That's it! (sort of...)



Feeding the DAC

In the main loop? 1Y e oanr e

!

while(1) {
/| compute a sample
DAC->DHR12R1 = sample;

/] state machine or whatever
} sleep(1 millisecond); // Produce new DAC samples at 1kHz



Feeding the DAC
Use a timer and an interrupt

T I M7_I RQHa nd 'Le r ( ) { Configure timer so that this runs every 1ms, exactly.
// Compute a Samp-l_e Ifhthis hpart th sny.varia-tior;] (if—statlem.entsl, etc)
then there will be jitter In the sample time!
DAC->DHR12R1 = sample; J p

while(1) {
/] state machine or whatever
}



Feeding the DAC
Timer + interrupt + circular buffer

Let's say we want to generate audio at 44100Hz.

TIM?_I RQHand-l.er( ) { Wbatﬁ:f]céioon of CPU time is spent handling this IRQ?
DAC->DHR12R1 = samples[i1];/ ' ™™ 1 3 lokeney

1=(1L+1) % 256; LfMH?: 90 twshruckiong
} G4y (00 Lz

while(1) {
if(samples almost empty){
/[ calculate more samples
}

// state machine or whatever



Introducing DMA
The DMA controller can perform simple data copies for us!



DMA architecture

Sits next to the CPU, and
can make reguests on
the memory bus

Cortex®-M4 with FPU
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DMA flow

Configure the DMA peripheral:

Memory base address

Peripheral base address

Number of transfers

Direction (peripheral = memory or memory — peripheral)
Data size, increment, interrupts

Configure the DMA request on the peripheral

And off it goes!



DMA for DAC
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Final project
See guidelines on course webpsite

Teams due Monday 3/30
Send me an email (and cc your partners)

Project proposals due Friday 4/3 on Gradescope



