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Embedded Systems
ADCs + Interrupts (part 1)



Some norms for Zoom:

Please keep your camera on

Use the "raise hand" button or ask questions in the chat

Breakout rooms



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

Explain what ADC resolution and sampling time are

Given an ADC reading, calculate the voltage at the pin

Explain why interrupts are useful in embedded systems,
and give examples of how they improve the system.

Trace the flow of code execution after an interrupt occurs
(i.e., what does the processor do when an interrupt is triggered?)

Next time: how does the hardware work, and how do we use
interrupts effectively?



GPIO pins read digital voltages

Logic 1 / HIGH

Logic 0 / LOW

GPIO pins have a circuit called a
"Schmitt trigger" which takes an
indeterminate input and forces it
to be low or high.

0 V

3.3 V



Digital inputs are great

We just have ones and zeros that go straight into the logic of the CPU
We can read them at the native speed of the processor



Digital inputs are great

We just have ones and zeros that go straight into the logic of the CPU
We can read them at the native speed of the processor

But lots of things aren't digital!

Potentiometers, photoresistors, phototransistors
Sensors with an analog voltage readout (less common but still plentiful)

Force-sensitive resistors
Audio or other signals (ECG?)



So we have analog-to-digital converters (ADCs)

Measures a voltage on a pin, and returns a number.
Suppose we have a measurement range of 0-1V, and 8-bit ADC result

ADC results will be 0-255

0 V 1 V
Analog input voltage

Digital
reading

255

0



ADC resolution
10-14 bits is common on microcontrollers
16-20 bits is common on special-purpose ADCs
Beyond that you're just into noise...

A company wants to sell you their 20-bit ADC, with a 0-3.3V range. How
many volts is each ADC step? (i.e., what is the minimum change you
can measure?)

Respond at PollEV.com/stevenbell

20 bits => 2^20 = ~1 million
3.3V / 1 million steps ~= 3.3uV/step



ADC resolution

You have a 12-bit ADC, with an input range of 0-3.3V.
An input of 2.5 V will give a reading of:

Respond at PollEV.com/stevenbell

3.3V / 2^12 = 



Making good ADCs is really hard!
We have a long wishlist:
Low noise
Fast sampling (conversions / second)
High resolution
And low power too, please.

An entire course could be devoted to designing ADCs...



ADCs are complex peripherals
The STM32L432KC has a total of one ADC.
So if you want to measure multiple pins, it has to be shared

Signal-processing applications require consistent sampling
So there are many timing configuration options

So there are continuous capture modes, interrupts, and DMA
It needs to capture many samples withminimal intervention

So it can "inject" additional conversion requests on the fly
And sometimes it needs to sample in response to an event



Why do we want interrupts?

Suppose your main loop runs at ~50Hz
worst-case latency of ~20ms



A few use cases for interrupts

Synchronizing cameras with microsecond-level timestamps:
When the first pixel of an image frame comes in, capture a timestamp



A few use cases for interrupts

Count pulses from an rotational encoder

Avago / Broadcom SameSky AMT10
Optical (external wheel) Magnetic (built-in)



A few use cases for interrupts

Sample a gyroscope / accelerometer precisely every 10ms



A few use cases for interrupts

Light dimming / wood stove fan control
AC waveform

ZC events

On time



A few use cases for interrupts

Update a global counter every millisecond

We've used TIM2 for this, but what if we needed it for something else?



Interrupts are very common

Almost every non-trivial system will use one or more interrupts



Interrupt roadmap

Today: high-level understanding of interrupts

Dean reading for Wednesday: details of interrupts on STM32

Class on Wednesday: when and how to use interrupts



A chicken presses a button

Something happens that triggers an interrupt

Peripherals CPU core

NVIC

Exceptions
ADC
Timers
I2C, SPI, UART

GPIO pins EXTI controller



We have a lot of chickens STM32L4xx reference manual





The processor saves its current state

This takes time (we'll demo this on Wednesday).

Dean ch4 gives more details



Finding the interrupt vector

Each exception/interrupt has a unique position number
The processor goes to 0x08000000 + 4 (position + 16)
The 32-bit word there is the address of the function to run
(in software-speak, it's a function pointer)

Start of Flash word size



EXTI0 is #6
So address is:
0x08000000 + 4(6+16)
=0x08000000 + 88(dec)
=0x08000058 



STM32 startup file
.platformio/packages/framework-cmsis-stm32l4/Source/Templates/arm

    DCD     __initial_sp               ; Top of Stack
    DCD     Reset_Handler              ; Reset Handler
    DCD     NMI_Handler                ; NMI Handler
    DCD     HardFault_Handler          ; Hard Fault Handler
    DCD     MemManage_Handler          ; MPU Fault Handler
    DCD     BusFault_Handler           ; Bus Fault Handler
    DCD     UsageFault_Handler         ; Usage Fault Handler
    DCD     0                          ; Reserved
    DCD     0                          ; Reserved
    DCD     0                          ; Reserved
    DCD     0                          ; Reserved
    DCD     SVC_Handler                ; SVCall Handler
    DCD     DebugMon_Handler           ; Debug Monitor Handler
    DCD     0                          ; Reserved
    DCD     PendSV_Handler             ; PendSV Handler
    DCD     SysTick_Handler            ; SysTick Handler

    ; External Interrupts
    DCD     WWDG_IRQHandler                   ; Window WatchDog
    DCD     PVD_PVM_IRQHandler                ; PVD/PVM1/PVM2/PVM3/PVM4 through EXTI Line detection
    DCD     TAMP_STAMP_IRQHandler             ; Tamper and TimeStamps through the EXTI line
    DCD     RTC_WKUP_IRQHandler               ; RTC Wakeup through the EXTI line
    DCD     FLASH_IRQHandler                  ; FLASH

DCD RCC IRQHandler ; RCC

DCD: define constant 32-bit value

Put the address of this function into this location in memory



Writing an ISR

Just give your function the name that matches the startup file!
PlatformIO demo



What could go wrong?

Suppose I'm cooking dinner... and then an interrupt occurs.
How do I avoid burning the food?
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What could go wrong?

Suppose I'm cooking dinner... and then an interrupt occurs.
How do I avoid burning the food?

Don't spend a long time in the ISR!

But what if the ISR puts my pan in the dishwasher?


