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Do you Remember ?

« Memory
« SRAM, DRAM, Flash
« Addresses and value
« Memory map
* Clocks
« Many clocks
* Flexibility
* Energy and latency
* GPIO first peripherals going out.
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Today class will focus on

= |nterrupts

= |nput/ Output
=  Serial communication
= SP|
= |2C
= UART

= Link with the lab board
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Interrupts



Typical application profile with Embedded systems

Tperiod Tperiod

D Process ACTIVE ACTIV

IRQ IRQ
« STARTUP
OFF INITIALIZATION
INACTIVE INACTIVE INACTIV
E
- »

>

Time
*Application phases:
OFF — power is not applied to MCU
STARTUP INITIALIZATION — MCU performs configuration (peripherals, clocks, ...)
Tperiod

* INACTIVE — MCU is in low power mode to reduce power consumption
* ACTIVE — MCU is in normal mode and performs tasks



‘Interrupt’ Defined

From Wikipedia:
A hardware interrupt is an electronic alerting signal sent to
the processor from an external device, either a part of the

[device, such as an internal peripheral] or an external
peripheral.
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Waiting for an Event: Family Vacation

Are
Are
Are

Polling
we there yet?

we there Ye't?
we there yet?
we there Ye't?
we there yet?
we there yet?

An engineering example...

Michele Magno
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Waiting for an Event: Family Vacation

Are
Are
Are

Polling
we there yet?

we there Ye't?
we there yet?
we there Ye't?
we there yet?
we there yet?

Interrupts

Wake me up when we get there...

An engineering example...

Michele Magno

17/10/2022 12
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Interrupts Help Support Ultra Low Power

Current

/

/

J ¢ Keep CPU asleep (i.e. in Low Power Mode) while
waiting for event

¢ Interrupt ‘wakes up’ CPU when it’s required

+ Another way to look at it is that interrupts
often cause a program state change

¢ Often, work can be done by peripherals, letting
Ing CPU stayin low power mode (e.g. Gate Time)

Lots of sleep time

< Gate Time » =

Sleep Time)LPM3) >

A A

1/Scan Rate > Michele Magno ~ 17/10/2022 13
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Waiting for an Event: Button Push

O

Polling

Interrupts

while (1) {
// Polling GPIO button

while
(GPIO_getinputPinValue () ==1)

GPIO toggleOutputOnPin () ;

__interrupt void rx (void) {

// GPIO button interrupt

#Ilterrupt servise routine

GPIO toggleOutputOnPin();

>0.1% CPU Load

How interrupts can affect system design...

Michele Magno 17/10/2022 14
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Interrupts

= A way to respond to an external event (i.e., flag being set)
without polling

How it works:
= H/W senses flag being set

= Automatically transfers control to s/w that “services” the
interrupt

=  When done, H/W returns control to wherever it left off RETI
Advantages: phainc| o
= Transparent to user Set/Clear E
inder program
= cleaner code control —
= uC doesn’twaste time polling Interrupt Flag -} Interrupt Request
(Status Register)
aumeqmmm S Q
wants service,
cleared R
by program

I bitin CCR —|

Michele Magno 17/10/2022 15
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How do interrupts work?

Credits: Networked Embedded

Interrupt

Systems
Clear interrupt : :
Sachin Katti
Peripheral
=>» Peripheral P sends int X
€& ACKP’sint X O Execute P’s X handler
Peripheral € ACK P’s int X

Interrupt
-

Peripheral

ARM Cortex-M Has
a separate controller for interrupts! WHY?

Peripheral

Michele Magno 17/10/2022 16
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Foreground / Background Scheduling

-System Initialization

*//Init ¢ The beginning part of main() is usually dedicated to setting up your system
Rt -Background
einitClocks() ;
... ¢ Most systems have an endless loop that runs ‘forever’ in the background

¢ Inthis case, ‘Background’ implies that it runs at a lower priority than

‘Foreground’

ewhile (1) {
«  background ¢ In microcontrollers, the background loop often contains a Low Power Mode
S— command — this sleeps the CPU/System until an interrupt event wakes it up
* Low Power Mode
°b -Foreground

¢ Interrupt Service Routine (ISR) runs in response to enabled hardware
interrupt

¢ These events may change modes in Background —such as waking the CPU out
of low-power mode

¢ ISR’s, by default, are not interruptible

¢ Some processing may be done in ISR, but it’s usually best to keep them short

Michele Magno 17/10/2022 17
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Foreground / Background (States)

Foreground
(higher priority)

Background

main()

(lower priority)

ISR1

ISR2

ISR2

main()

Michele Magno
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The interrupt has a latency cost as everything

Foreground
(higher priority)

Background

TIRQ

TRETI

main()

(lower priority)

ISR1

ISR2

ISR2

main()
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ARM Cortex-Mx / Nested Vector Interrupt Controller

The NVIC includes the following features:

= Alarge number of maskable interrupt channels
= Several programmable priority levels (4 bits of

interrupt priority are used) Al
. . . Timer
= Pow-latency exception and interrupt handling (12 - .
Cycles, can change with architecture!!!) Peripheral NMI

= Power management control RCs NVIC

* |mplementation of system control registers il

Configuration
registers

Cortex"-M
Processor
Core

System
exceptions
Bus interface

Internal bus interconnect

-20



Nested Vector Interrupt Controller

Automatic nested IRQ #2

interrupt handling : .
IRQ #1 Higher priority

ity ¥
Lower priority
| (isr2 ),

Nested Interrupt: If an interrupt request
(IRQ) with higher priority is raised, it is served
first

-21



EXTernal Interrupt (EXTI)
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EXTI - Purpose

e We want to configure an external interrupt line.
e An EXTlline is configured to generate an interrupt on each falling edge.
* Inthe interrupt routine a led connected to a specific GPIO pin is toggled.

Press a Button

-23



EXTI module: from pin to NVIC

X : CORTEX-M

E\_(ent

\ Wakeup
Channel 1 /

PIOA_O
GPIOB_O

GPIOI_O

v

GPIOA_1
GPIOB_1

GPIOI_1

GPIOA_15
GPIOB_15

ENABLE E t' 0
Channel 15 l xh_
— _T/ Exti_1

DISABLE Exti_2

o GPIOI_15
g e Exti_3
whd
g- -~ Exti_4
(o]
= PVD > Exti_9-5
RTC_Alarm USB OTG Exti 15-10
FS Wkup N -
ETH Wkup USB OTG __
PVD_IRQ
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RTC Tamper N RTC_IRQ
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Functional Signal Flow

Signal flow/setup for External Interrupt EXTIx, x=0...15

SYSCFG module GPIO module
g PAX moie |- Pin
11— PBx PAX
EXTIx 21— PCx Configure PAx
o as input (00)
Select source for EXTlx 15 — ° GPIOA — MODER
Ny
4 bils cach — >

gggﬁ' _ Egi [ExTia] ExTiz| ExTin|EXTIO|

SYSCFG — EXTICRJ[0]

EXTI module

CPU NVIC
For all EXTlx registers: Bit n controls EXTIn
Enable NVIC_EnablelRQ(n); EXTI — IMR
interrupt mask :
bi interrupt mask  cyry o PSR
(enable)
EN EXTI — RTSR
IRQ ‘ EXTI— PR . | |
--3- ‘ Pending EXTIx | pending| EXTIx ‘ EXTlx
/ fla fla edge
__enableirq(); ) L% 9 9 EXTIx
__liois L /' Set when EXTlx activates g?f bybHVSVW er:ﬁ_ble select falling
) Clear when intr. handler exits ear by ‘ 15 and/or
/..»--“*" -------------- interrupt rising edge
1 of 45, passed NVIC_ICIearPelen%IRO(n);
by NVIC to GPU dlear pending 1ag

SYSCFG

remap the memory accessible in the code area

manage the external interrupt line connection to the
GPIOs.

EXTI
Configure GPIO pin as a digital input
Select the pin as the EXTInsource (in SYSCFG module)

Enable interrupt to be requested when a flag is set by
the desired event (rising/falling edge)

Clear the pending flag (to ignore any previous events)
NVIC

Enable interrupt: NVIC_EnablelRQ(IRQnN);
Set priority: NVIC_SetPriority (IRQn, priority);
Clear pending status: NVIC_ClearPendinglRQ(IRQn);

Initialize counters, pointers, global variables, etc.
Enable CPU Interrupts:

NVIC_SetPriority(intr. #, value);
value = priority of intr. #

Many steps clocked means

many clocks to be served



EXTI - Capabilities

Figure 30. External interrupt/event GPIO mapping

PAD —

PEOD O——

PCO D—b[

PDO O—»

PEO0O— =

EXTIO[3:0] bits in the SYSCFG_EXTICR1 register

EXTID

PA1 O—
PB1 O—»
PC1 O—»
PD1 O—»
PE1 O—»
PH1 O—]

!

PAIS O—»
PB15 ——»
PC15 O——»|
PD15 O——»|

PE15 O——»

PHO O—» /
EXTI[3:0] bits in the SYSCFG_EXTICR1 register

EXTI

EXTI15[3:0] bits in the SYSCFG_EXTICR4 register

EXTI15

= Thereare 16 EXTllines
connected to GPIOs

= All pins with the same pin
number are connected on the
same EXTlline (eg. Pin_2 Port
A and Pin_2 Port C share the
same EXTI2)

= EXTI16 —22 are reserved for

RTC, USB etc...



Input and Output
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Serial Interfaces: Sensors, Display, Radio etc.

. 1
D)

= @ NB-IoT
€3 Bluetooth

SMART



https://www.google.com/imgres?imgurl=http://m.eleparts.co.kr/data/goods_old/shopimages/EPX/DCK/HR/e14_160504ea4bf506630396f14b7c2.jpg&imgrefurl=http://www.eleparts.co.kr/goods/view?no%3D2799843&docid=qoLGGbSSmilDIM&tbnid=_rKQAJZB90AOsM:&vet=1&w=213&h=200&client=firefox-b-ab&bih=830&biw=1474&ved=2ahUKEwiFgvLHu5zeAhVGbVAKHbPIBvgQxiAoA3oECAEQFw&iact=c&ictx=1

Comparison between Parallel and Serial Communication

Parallel interface example

Transmitting side Receiving side
Serial interface example (LSB first)

Transmitting side Receiving side

011100011
(MSB) (LSB)

(LSB)

Michele Magno 10/17/2022 29
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Comparison between Parallel and Serial Communication

Characteristic | Parallel Serial

Bus line One line per bit

Sequence All bits of one word simultaneously
Transmission rate High

Bus length Short distances

Cost High

Critical characteristics  Synchronization between the different
bits is demanding

One line
Sequence of bits

Low
Short and long distances

Low

Asynchronous transmission needs start and
stop bits

Synchronous transmission needs some
other synchronization

Michele Magno 10/17/2022 30
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MCU Interfaces

= Digital, GPIOs
= Several protocols for inter-chip communication
= Very often, a processor needs to exchange information with other processors or

devices. To satisfy various needs, there exists many different communication
protocols, such as

= UART (Universal Asynchronous Receiver-Transmitter)
= SPI (Serial Peripheral Interface Bus)

= J2C (Inter-Integrated Circuit)

= USB (Universal Serial Bus)

= Asthe principles are similar, we will just explain a representative of an
asynchronous protocol (UART, no shared clock signal between sender and
receiver) and one of a synchronous protocol (SP/, shared clock signal).

Michele Magno 10/17/2022 31
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Serial Interface Standards

HOW STANDARDS PROUFERATE:
(s AVC CrARGERS, CHARACTER ENGODINGS, INSTANT MESSAGING, ETC)

SITUATION:

THERE ARE
4 COMPETING
STANDPRDS.

U7 RIDICULOUS)

WE NEED To DENELOP
ONE UNIVERSAL STANDARD
THAT COVERS EVERYONES
USE CASES. YERH!

SITUATION:

THERE ARE
|5 COMPETING
STANDERDS.

-32



Remember?

low power CPU higher performance CPU
e enabling power to the rest of the system e sensor reading and motor control
* battery charging and voltage e flight control
measurement e telemetry (including the battery voltage)
* wireless radio (boot and operate) « additional user development
» detect and check expansion boards e USB connection
bZLll:?:n iUART il Motor driver
12C
UART: y
e communication protocol (Universal
=Y .. Asynchronous Receiver/Transmitter) EEPROM
* exchange of data packets to and from
interfaces (wireless, USB)
HUSB port ——
ey .0 System architecture

-33



I2C — Inter-Integrated Circuit Bus




1C: Inter-Integrated Circuit Bus - 1

Usually pronounced “I-Squared-C”
Introduced by Philips (now NXP Semiconductors)in 1982

Used for communication with external peripherals, for example:
= EEPROMs
= thermal sensors

= real-time clocks

Also used as a control interface for signal processing devices with separate data
interfaces, for example:

= radio frequency tuners
=  video decoders and encoders

* audio processors

Michele Magno 10/17/2022 35
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1C: Inter-Integrated Circuit Bus - 2

SDA

Three supported speed modes:

"= slow (under 100 Kbps)

= fast (400 Kbps)

" high-speed (3.4 Mbps) —in12C v.2.0
Maximum inter-IC distance of about 3 meters

SCl_

v

v

= (for moderate speeds, less for high-speed)

Can support multi-master mode

= For complex applications
= Communication is always started by a master, both in single-master and multi-master mode

Half-duplex synchronous communication scheme

" the master of the communication generates the clock (SCL) on which data (SDA) is
synchronized

Michele Magno 10/17/2022 36
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12C: Inter-Integrated Circuit Bus - 3

= Based on two lines: e RD[T] [I]Rp _
= SCL (serial clock) SDA (Serial Data Line) -
= SDA (Serial data) SCL (Serial Clock Line)
B R A N T
I | |
SCLKN1_J[;L D%£?P1_th, | ,S%hTPQ_J[é7 D%I?PZ_J[i7

; ouT

| SCLK

IN < |

DATA ,
IN

| SCLK
IN

Pull-Up resistors, Pull-Down by open-drain drivers
Wired-AND: if any driver pulls down, the line is low (avoidsshort circuits)
Any module on the bus can act as master, slave or both

typical case: MCU is the master, peripherals/sensors are slaves
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12C: Inter-Integrated Circuit Bus - 3

Based on two lines: . Rp[T] [I]R” R
= SCL (serial C|OCk) SDA (Serial Data Line) [
= SDA (serial data) SCL (Serial Clock Line) il
[ sk ] [ [sew [

| | | |

SCLKN1 DATAN1 SCLKN2 DATAN2

| out Jr; ouT JE» 1 out JEZ ouT JE; |

| SCLK DATA || SCLK DATA :
IN IN IN IN

Pull-Up resistors, Pull-Down by open-drain drivers
Wired-AND: if any driver pulls down, the line is low (avoidsshort circuits)
Any module on the bus can act as master, slave or both

typical case: MCU is the master, peripherals/sensors are slaves



12C: Interface Protocol

SCL

SDA

* Inidle, both SCL and SDA are pulled-upto 1
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12C: Interface Protocol

|
|
SDA | I
|

start bit

To start the communication, the master:
asserts the start bit (SDA 1-0 transition while SCL is still 1)
then, it starts generatingthe SCL clock
except for the start and stop bits, SDA transitionsonly when SCLis 0

-40



12C: Interface Protocol

address (7 or 10 bits)
| |
scL |l|||||||||||'||‘|l
|
|

SDA _|_|_| |_|

start bit

2. The master transmits the slave address:
» broadcasted to all devices on the I2C bus
= used to select the targetslave
= either7 bits or 10 bits (newer devices - 7 bits address space is small!)
= jnthe example, the address is 7°’b1000001

-41



12C: Interface Protocol

address (7 or 10 bits)

| |
| |
scL |:|||||||||||'||‘|l|‘|
| |
| |

SDA _|_|_| |_‘_

start bit direction bit

3. The master transmits a direction bit:
= a0 formaster - slave (write) transfer
= a1forslave - master (read) transfer
* jnthe example, suppose a write transfer

-42



12C: Interface Protocol

address (7 or 10 bits)  ack bit

soa L[] 1

start bit direction bit

4. The slave then acknowledges reception:
= bydriving SDAto 0

» if not acknowledged, the transaction must be repeated by the
master



12C: Interface Protocol

address (7 or 10 bits)  ack bit

| |
| |
|
|

start lbit direlctic;n blit data payload

I I
I I
I I
I I
I I
I |
I I
I I
I I

5. The master transmits its data payload:
* each payload packet is 8 bits

= there might be more than one packet, depending on
application

* jnthe example, data payload is 8000110100

-44



12C: Interface Protocol

address (7 or 10 bits)  ack bit ack bit

Y N R ¥y

|
start bit direction bit data payload

6. The slave acknowledges reception of the data packet:
= 1ack bitevery 8 payload bits
» slave must acknowledge each packet

-45



12C: Interface Protocol

address (7 or 10 bits)  ack bit ack bit

soa L[] IR Iy I

]
| |
start bit direction bit data payload stop bit

I I
I I
I I
I I
I I
| I
I I
I I
I I

7. Atthe end of the transfer, the master transmits a stop bit:
= first, it sets SDAto 0
* thenitreleases SCL (i.e. it letsitgoto1)
= finally, it releases SDA which also goesto 1



12C: Interface Protocol

address (7 or 10 bits)  ack bit ack bit

o LI QIR By B

| |
start bit direction bit data payload stop bit

| I
I I
I I
I I
I I
I I
I I
I I
I I

Reads work similarly, but data transfer — ack roles are reversed:
= theslave drives SDA when transmitting the data byte
» the master acknowledges the transfer



12C: Interface Protocol

SDAIl I |

Slave can ask for more time to process a bit by clock stretching:
= drive SCL to 0 if in need of more processing time

-48



12C: Interface Protocol

Example of MCU — sensor communication (data acquisition) via 1°C
bus

2 03 4 5 & T B % 10 11 12 13 14 13 16 1T B
e o
i ] il o
51EDUDDCD¢’1’111D1D’1i{
2C address + write Command (see Table 6)
930 0N 2N M BB
=
Measurement s|1|0({0|0(0|0O|0O]|1 g
MEeasuring I°C address + read
19 30 X 2 3 ¥ BB
"
Measurement S|1(0|0|0(0(0)0}1 Q
continue measuring [2C address + read
B 022 0N M 12 I WO R T WP Y M A M
" i
ot {ojojoft(1je(o(t|optjoo|1|{o|e
=L =T
Data (MSE) Data (L3B) | Stat.
4 47 43 48 50 5 52 B O34
-
o{rf{rjofojo(1|1|2(P
Checksum




12C — STM32U585xx

STM32U585xx block diagram

G . . ninol
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e K] st ot om s P, A s AT, NS, T3 2

DFDE01 aw Ok 8P oy wiercn
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{157 cu, How wes.
(5

Standb
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o, B
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[, D K| vee oo, vee nmer
= ms 326 [ 4 channels, ETR s AF e :
e
FS_B, SCK_BasAF | Temperature smcard| .
monitoring <:> USART2 irDA RX, TX, CK, CTS, RTS as AF e
Eo
@Vsw smeard| sl
RTC_OUT1, RTC_OUT2, <:> USART3 irDA RX, TX. CK, CTS, RTS as AF o —
RTC_REFIN, RTC_TS e I——r.—l
RTC_OUT[8:1], RTC_IN[8:1] TAMP UART4 “ RX. TX, CTS, RTS as AF —
s L T e e
Bl B . (5o e o o s aa|
VRERS @Vooa (=) UARTS “ RX, TX, CTS, RTS as AF | — o
TR, B, B o0 o T T, TS i
[LVREF buffer ] MOSI, MISO, SCK, NSS as . S K
<::> SPI2 AF e e, S
INP, INN, OUT CoMPT - mwzf - Al e
A I compt. chaneat, sk m A7 e N0 soa sumesae
INP, INN, OUT co (D izciismBUS SCL, SDA, SMBA as AF B = el AN e
P es) e -
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a SFis TIM7 16b o— —
RX, TX, CTS, RTS_DE &g IN1, IN2, CH1, CH2, " R e
AF LPUART1 ETR as AF MY OUT. ETR s &7 e
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Note: Vigy = Vo, when Vg is 8bove Vaors, and Vo = Vaur when Vg is below Vaons-

MSV60471v6
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I2C — Connected Sensors

VDD MCU
T B
3-axis magnetometer K R,W :
IS2MDCTR i Q) (e e i, T
Read=00111101(3Dh) - iy = : (Taca soi 2€2 SCL

Write=00111100(3Ch)

Ambient light sensor
VEMLG6030

Read=00100001 (21h)
Write=00100000 (20h)

Humidity and temperature
HTS221

Read=10111111 (BFh)

Write=10111110 (BEh)

HSYd
dSOLO0

Authentication and security
STSAFE-A110

Read=01000000 (40h)

Write=01000001 (41h)

ToF, gesture-detection
VL53L5CXVO0GC/1
Read=01010011 (53h)
Write=01010010 (52h)

ENO
L +PONLS

B :
(X ] »
E4
3l [ se - 3
20
e
LA
L-/
N

LE0%

b :'E PLZY'0000°0000

i 1 d8080Ld £OLZX

R Ry g};‘@ SYEPBEES8LY0
| == ogoeming

MEMS nano pressure sensor T

LPS22HH e
Read=10111011 (BBh)
Write=10111010 (BAh)

1S3 1008
ONE ELON

3D accelerometer and 3D gyroscope
P : 19" ISM330DHCX

o i E T IR, Read=11010101 (D5h)
’ Write=11010100 (D4h)

N0 1y
5




12C — Connected Sensors Schematic

7
3v3  Relative humidity and temperature sensor nas s =
U26 LPS22HH
U28 HTS221 e Sk 2 | scusee vop 12
- ! voD DRDY - SDA/SDI/SDO ]
I p V3 VIBE O 1000F
== c7 c71 SPI_EN T 6 N
2 uF 100nF ) Mems.INT LPS22HH 7 | poooore coocuo | S
SCL/SPC
—— == 8 =
= = 4 5 GND | 3
GND GND SDA/SDI/SDO GND GND | g GND
RSV |
[12C2 SCL —_
=
Lo L Read=10111111 (BFh) GND Read=10111011(BBh)
it Write=10111010(BAh) =
I 12C2 SDA I 12C2 _SDA Write=10111110 (BEh) .
) . . ) Ambient Light Sensor
Time-of-Flight ranging and gesture detection sensor
3v3
2C2 SCL C4 [ oop o g'{ % . i
S 1 .
2C2 SDA __ C3
SDA I0VDD C73 12C2 SCL SCL VDD ¢ C51
S C72 | 4.7uF :
Mems.VLX GPIO GPIO1 SPI I2C N Al I]DOHF u 12C2 SDA 2 DA
— 100nF
A6 =
Mems.VL53 xshut AS NC A7 —_ GND Ll
LPn NC 2 T
) NC , .
R4z L GPIO2 oD B4 Mems.VLX GPIO P INT GND 1
10K A2 Cl —
| = NCs GND &= SB17 VEML6030
S5 Mmiso GND — =
XV — : = Read=00100001(21h) o o
V3 = VL53L5CXVOGC/T
GND Read=01010011(53h) Write=00100000(20h) Lelbl sl
Write=01010010(52h) 1




I12C — External Connection

ARDUINO® (CN13) ARDUINO® (CN14)

0000000000 | 0000000000
000000000 ©00e0000eH

UK oo’
CA g2

b |

o0 inm

® 9

ARDUINO® (CN17) ARDUINO® Power (CN16)

https://www.st.com/en/evaluation-tools/b-u585i-iot02a.html
- Documents - UM2839, page 10

Connector

CNA17
Bluetooth® module
USB (CN12)
CN16
Bluetooth® module
RESET (B1)
Optional
battery holder
(CN15)
CN13
CN14

Pin
number

1

= B - TR < R N FU R U

(=B L

| N o O

Pin name

NC
IOREF
NRST

Va3

5V

GND
GND

VIN

A0

Al

A2

A3

Ad

A5

SCL/D15
SDA/D14
VREFP
GND
SCK/D13
MISO/D12

PWM/MOSI/D11

PWM/CS/D10

PWM/DS
D8
D7

PWM/DE

PWM/D5
D4

PWM/D3
D2

TX/D1
RX/DO

Signal name

ARD_ADC_AD
ARD-ADC_A1
ARD-ADC_A2
ARD-ADC_A3
ARD-ADC_A4
ARD-ADC_A5

12C1_SCL
12C1_SDA
VREFP
GND
ARD.D13_SPI1_SCK
ARD.D12_SPI_MISO

ARD.D11_SPI1_MOSI

ARD.D10_TIM_SPI1_NSS

ARD.DY_TIM
ARD.D8_IO
ARD.D7_IO

ARD.DE_TIM

ARD.D5_TIM

ARD.D4_INT

ARD.D3_TIM
ARD.D2_IO
ARD.D1_TX
ARD.DO_RX

STM32L
4+ pin

NRST

PCO
PC2
PC4
PC5
PAT
PBO
PBS
PB9

PE13
PE14

PE15

PE12

PA8
PCA
PF13
PB6
PEO
PE7
PB2

PD15
PD8
PD9

Function

3.3 V reference
Reset
33VIOo
5V
GND
GND
Power input
ADC
ADC
ADC
ADC
ADC /12C1_SDA
ADC /12C1_SCL
12C1_8SCL
12C1_SDA
VREFP
GND
SPI1_SCK/LD2
SPH_MISO

SPI1_MOSI/
TIM1_CH4N

SPI1_NSS/
TIM1_CH3N

TIM1_CH1
GPIO
GPIO

TIM4_CH1

TIM16_CH1
GPIO

TIMS_CH4N
GPIO

UART3_TX
UART3_RX
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Figure 1. HTS221 block diagram

Hu ity Capacitor
Sensing Element

-

E:

-

=

I

V

Tempearature
Sengor

LLEE

>,

Conrol 1
Logc SPI

Sensor Driver

Vollage
Cumen Bias

Clack & Timing

CAMED 10141 50550

Figure 2. Pin configuration (bottom view)

SCL/SPC

m]
]
=
NI E

cs

BOTTOM VIEW

'S

GND

SDA/SDI/SDO

DRDY

12C — Typical Datasheet - HTS221

Table 10. SAD + Read/Write patterns

Command SAD[6:0] R/W SAD+R/W
Read 1011111 1 10111111 (BFh)
Write 1011111 0 10111110 (BEh)

Table 2. Pin description

Pin n°® Name Function

1 Voo Power supply

I*C serial clock (SCL)
SCL/SPC

2 o SPI serial port clock (SPC)

3 DRDY Data Ready output signal
I*C serial data (SDA)

4 A/SDI/

SDA/SDISDO 3-wire SPI serial data input /output (SDI/SDO)

5 GND Ground
I*C/SPI mode selection

6 SPI enable (1: SPI idle mode / I*C communication enabled;

0: SPI communication mode / I*C disabled)




I2C — Typical Datasheet - HTS221

Table 15. Register address map

Name Type Register address (hex) Default (hex)
Reserved 00-0E Do not medify
WHO_AM_I R OF BC
AV_CONF R/W 10 1B
Reserved 11-1C Do not medify
CTRL_REG1 R/W 20 0
CTRL_REG2 R/W 21 0
CTRL_REG3 RW 22 0
Reserved 23-26 Do not modify
STATUS_REG R 27 0
HUMIDITY_OUT_L R 28 Qutput
HUMIDITY_OUT_H R 29 Output
TEMP_OUT_L R 2A Qutput
TEMP_OUT_H R 2B Qutput
Reserved 2C-2F Do not modify
CALIB_O..F R/W 30-3F Do not modify

WHO_AM_I (OFh)

Device identification

This read-only register contains the device identifier, set to BCh

7.9 TEMP_OUT_L [2Ah)

Temperature data (LSE)

] TOUTS TOUTS TOUT4 TOUT3

[ (7:0) ‘ TOUTT7 - TOUTO: Temperature data LSB (see

TEMPERATURE _(

710  TEMP_OUT_H (2Bh)

Temperature data (MSE)

TOUT15 [ TOUT14 TOUT13 TOUT2 TOUT1!

[15:8] l'z[l‘.if'i - TOUTS: Temperature data MSB

Temperature data are expressed as TEMP_OUT_H & TEMP_QOUT_L as 2's complement

numoers.

3-55



SPI — Serial Peripherals Interface




SPI: Serial Peripheral Interface - 1

Introduced by Motorola (now Freescaie Semiconductors)for the MC68HCxx line of
microcontrollers

Use cases are generally similar to 12C
Generally faster than 12C (up to several Mbit/s)
= Short-distance (i.e. on printed circuit boards)
Single-master, multiple slave
" needs one chip select per slave device (no broadcast addressing)

Full-duplex synchronous communication scheme
= master drives the clock (SCLK or SCK)
= clock polarity (i.e. write/read edges) and phase depend on specific application!

-57



SPI: Serial Peripheral Interface - 2

*" Based on two data and two control lines:
= MISO (master-in, slave-out data)
= MOSI (master-out, slave-in data)
= SCK (clock)

= (SN (chip select, one per slave — usually
active low)

= Names are not standard, beware! Some
possible alternatives:
= SDI (SPI data in) instead of MISO
= SDO (SPI data out) instead of MOSI
= SCLK, CLK, SPC, ... instead of SCK

= (S, SS (slave select), SSN (slave select, active
low) ... instead of CSN

MOSI >
MISO

CLK -
CSN >

device




SPI: Serial Peripheral Interface - 3

* Full-duplex transfer: data is streamed between master and slave shift-registers / FIFO
buffers:

= the master pushes the content of its buffer to the slave via MOSI

= the slave pushes the content of its buffer to the master via MISO

" Processing/ sensing/ ... happens in between (dashed line)

MOSI
# " i
/ \
/" FIFO out FIFOin |
: :
\  FIFOin FIFO out
\ /
. < MISO ’.
MCU device




SPI: Interface Protocol - 1

Four operating modes, varying by clock polarity (CPOL) and phase (CPHA):

= polarity sets the initial value of the SPI clock signal

= phase defines the edge at which MOSI is switched and the one at which MISO is sampled

|
|
CSN !
|
e nhhnnnnhnhnnhhnnnnps
| |
MOSI ; ;
| |
| |
MISO | .
] |
I I
slave samples master samples CPOL=0
@posedge SCK @negedge SCK CPHA=0




SPI: Interface Protocol - 1

= Four operating modes, varying by clock polarity (CPOL) and phase (CPHA):

= polarity sets the initial value of the SPI clock signal

= phase defines the edge at which MOSI is switched and the one at which MISO is sampled

CSN

MOSI

MISO

.

UYL

s __TILILLUUL

L

UL

slave samples master samples
@negedge SCK @posedge SCK

CPOL=1
CPHA=1




SPI: Interface Protocol - 1

= Four operating modes, varying by clock polarity (CPOL) and phase (CPHA):

= polarity sets the initial value of the SPI clock signal

= phase defines the edge at which MOSI is switched and the one at which MISO is sampled

mrLrL

UL

se« 1ML

L

uuy

slave samples master samples
@negedge SCK @posedge SCK

CPOL=1
CPHA=0




SPI: Interface Protocol - 1

= Four operating modes, varying by clock polarity (CPOL) and phase (CPHA):

= polarity sets the initial value of the SPI clock signal

= phase defines the edge at which MOSI is switched and the one at which MISO is sampled

CSN

SCK | I

JUuu

MOSI

ﬂ;LrLr

JUu

MISO

slave samples
@posedge SCK

!

i

JUy

master samples
@negedge SCK

CPOL=1
CPHA=1




SPI: Interface Protocol - 2

= Master completely in charge of transfer
" no ack, no clock stretching contrarily to 12C

= More complex behavior than simple data streaming can be mapped on top of SPI
protocol

= e.g. command + address + data streaming

cs \ /[

S AV AV AVAVAVAVAVAVAVAVAVAVAVAVAY S
SDI X_XXXXXXXXXXXXXXX

Saveral RW  _ DI7 DI6 DI5 DI4 DI3 DI2 DI1 DIo
names! MS AD5 AD4 AD3 AD2 AD1 ADO

SDO X XX X X )—

DO7 DO6 DO5 DO4 DO3 DO2 DO1 DOO




3 compl. channels
(TIM1_CH[1:3]N),

4 channels (TIMA_CH[1:4]),
ETR, BKIN, BKIN2 as AF

3 compl. channels
(TIM1_CH[1:3]N),

4 channels (TIM1_CH[1:4]),
ETR, BKIN, BKIN2 as AF

2 channels,
1 compl. channel, BKIN as AF

1 channel,
1 compl. channel, BKIN as AF

channel,
1 compl. channel, BKIN as AF

RX, TX, CK CTS, RTS as AF

:
3 ot
MOSI, MISO, SCK, NSS as SPI1

Biew BT o

MCLK_A, SD_A, FS_A|
SCK_A, MCLK_B, SD_B,
FS_B, SCK_B as Al
AUDIOCLK as Al

MCLK_A, SD_A.FS A,
SCK_A, MCLK_B, SD_B,
FS_B, SCK_BasAF

RTC_OUT1, RTC_OUT2,
RTC_REFIN, RTC_TS

RTC_OUT[B:1], RTC_IN[8:1]
VREF+

INP, INN, OUT
INP, INN, OUT
INP, INN, OUT

INP, INN, OUT

IN1,IN2, CH1, CHZ,

ETR as AF

IN1,IN2, CH1, CHZ,
ETRas.

IN1, OUT, ETR as AF

=
-
o

SPI-STM32U585xx

IM1UPWM

160

IM8/PWM  16b

)

—

—

SAI1

sAIZ

Temperature

RTC

TAMP.

@Voun
VREF buffer

COMP1
COMP2 =

OpAmp1
OpAmp2 ‘

LPTIM1

LPTIM3

LPTIM4

SCL, SDA, SMBA as AF 12C3/SMBUS

MOSI, MISO, SCK, NS as|/H—
AF|

RX, TX, CTS, RTS_DE as]

SPI3

LPUART1

TIME 16b

TIM?7 16b

” EKUPX (x=11t08)

“ 4 channels, ETR as AF
“ 4 channels, ETR as AF
“ 4 channels, ETR as AF

“ 4 channels, ETR as AF

RX, TX, CK, CTS, RTS as AF

TIM2 32b

TIM3  32b

TiM4  32b

=
=
e,
) Tms 320
=
e

smcard
USART2 irDA
smcard

RX, TX, CK, CTS, RTS as AF

RX, TX, CTS, RTS as AF

RX, TX, CTS, RTS as AF

ey T ;AFOSIAMISQSCKANSSas

Q::} 12C1/SMBUS
(| 1zc2isMBUS

SCL, SDA, SMBA as AF

SCL, SDA, SMBA as AF

SCL, SDA, SMBA as AF

TX,RX as AF

CC1, DBCC1, CC2, DBCC2,
FRSCC1, FRSCC2 as AF

IN1, IN2, CH1, CH2,

ETR as AF

STM32U585xx block diagram

InsTRsT. o1 moswe
FusEWDI0, 00|

Pl ik ey covaclir FERET
SFAM.PSRAM TR o FEAM HAND i

TRacEE sty 81

12

Vebags regutor 00

ans s 2310127

‘songg ), oS, oo
ot s

s T
e
e

i

E

o

e

Scampt chama
i CHE I,

4 annsts (W1 CH14)
T, B B s A

N
s oo ol H

H
s mw ot =
= ez g

Veo power [ Voousa power [ Vaw power [ Vaoioz power ) Vor power
Bai™ D™ Barin™ Daman " Bioman

Note: Vigy = Vo, when Vg is 8bove Vaors, and Vo = Vaur when Vg is below Vaons-

G, nep 1, e B0,

TEnIo, VobusE, Voo,
VEEA, VoD, VEz, NRST
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SPIl — Connected Sensors

12-Mbit Octo-SPI Flash
MX25LM51245GXDI005
OCTOSPI2 o

;

8
o
@
]
—=
11
(=
)

Wifi Module L : . = N 12-Mbit Octo-SPI RAM

EMW3080 E ®e APS6408L-30B-BA
SPI2 = 0 i : Octo-SPI

.2 3V_USB_STL

END
| +PONLS

X153 1008 J¢5
ONE ELON

= 1Y

RESERVED R 2o

meee:!

CN11




SPI — Connected Modules and Memory

OCTOSPI FLASH
Operating range: 2.7<VCC<3.6V

; SB2 : i
V3 ——FTS—22= VDD OCTOSPI FLASH

OCTOSPLF_NCS

OCTOSPLF DQS

F 10[0.7]

T NRST NRST Rl14 OR

VDD_OCTOSPI_FLASH

VDD_OCTOSPI FLASH

l U9 OCTOSPI FLASH
G vee 2
OCTOSPLF_CIK P B2 veoQ } _L
) - ~oliSCLE Vigg C76 ==C78 ——C82
S pos GNDI|-B3 1000F | 1000F | 1000F
OCTOSPLF_100 D3 Y0 8
GCTOS o1 D SUsico Vs = = =
RIS = SO/SIOl — = = =
OCTOSPLE 102 C =
OCTOSPLF_103 plo2 —= |AS ;
OCTOSPLE 104 pe] SI03 ECS —=—— ez —| VDD_OCTOSPI_FLASH
OCTOSPLE 105 S| A2
OCTOSPLF 106 | NC AT
== SI06 NC =
OCTOSPLE 107 EL] e[ B
SI07 NC g 1
¥ NC (2 :
OCTOSPI FLASH RESET Ad | preer NG|C5 VPP
O RESERVED FOR MICRON VPP
MX25LM51245GXDI00 ( VPP connection is TBC on Micron )

(RESET pins of Flash have internal pull-up by default)

“OCTOSPI bus should be
routed in 50 ohm +/- 15%

OCTOSPI SRAM

Operating range: 2.7<VDD<3.6V
2.7<VDDQ<3.6V

3v3——F=SSB8 _\ypp ocTOSPI SRAM

OCTOSPLR CLK P

VDD_OCTOSPI_SRAM

OCTOSPLR NCS

OCTOSPLR DQS

OCTO:! )0
OCTOS )1
OCTOSPL 02
OCTOSPLR 103
OCTOSP! 04 D5
OCTOSPLR 105 E3
OCTOSP! 06 E2
OCTOSP! 07 El

NRST R38 OR

OCTOSPI SRAM RESET A4

(RESET pins of SRAM have internal pull-up by default)

OCTOSPI bus should be
routed in 50 ohm +/- 15%

APS6408L-30B-BA

vDDQ ——

NC
VssS

VSSQ
VSsSQ

APlace CAPS close to
OCTOSPI_FLASHPWR pin

o

VDD_OCTOSPI_SRAM

|_<
.
——

3v3}

—T—C37 —LC4()

2.2uF 100nF

E4 Cl14 C55 C60
100nF 100nF 100nF

Al

B3

Cl

ES

Place CAPS close to
OCTOSPI_SRAM PWR pin

GND
GND  GND o o
33
2 a L
s z
AR cne N swewke 2SS 1
SWDIO :
WRLSSPI MISO 7 | prooe Ne L3 |
WRLSSP2 NSS 8 63 =
CTS/CS NC
WRLS SPI2 MOSL_0 ¢ 1
WRLS SPI2 SCK___10_| LDU/MOSI NI I
RXDO/CK NC
NC
%7 GRIo 19 | F2 R64,, 10K
<2 GPI02 BOOT SWIA SWIB
2 = - R65 10K
" ” | SW2A  SW2B W
wrisFLow 13| SFIOL2 EASYHINX MCDHN-02F-V
WRLSNOTIY 3 Gpiowd DBG_TXD 3 =
2 Grioal DBG_RXD
S22 Gpron
MI
EMW3080(BP)



SPI — External Connection

ARDUINO® (CN13) ARDUINO® (CN14)
I '<: C € E U CN17

$6686000850
0000006060860R

: AL AL ] e Bluetooth® module
.. ; = . T USB(CN12)

CN16
Bluetooth® module

RESET (B1)

Optional
battery holder
(CN15)

8 ALy :
oo e — CN13

O Ol o= 1

CN14

ARDUINO® (CN17) ARDUINO® Power (CN16)

https://www.st.com/en/evaluation-tools/b-u585i-iot02a.html
- Documents - UM2839, page 10

Pin
number

= B - TR < R N FU R U

(=B L

;| ® N | ©

Pin name

NC
IOREF
NRST

Va3

5V

GND
GND

VIN

A0

Al

A2

A3

Ad

A5

SCL/D15
SDA/D14
VREFP
GND
SCK/D13
MISO/D12

PWM/MOSI/D11

PWM/CS/D10

PWM/DS
D8
D7

PWM/DE

PWM/D5
D4

PWM/D3
D2

TX/D1
RX/DO

Signal name

ARD_ADC_AD
ARD-ADC_A1
ARD-ADC_A2
ARD-ADC_A3
ARD-ADC_A4
ARD-ADC_A5

12C1_SCL
12C1_SDA
VREFP
GG
ARD.D13_SPI1_SCK
ARD.D12_SPI1_MISO

ARD.D11_SPI1_MOSI

ARD.D10_TIM_SPI1_NSS

ARD.DY_TIM
ARD.D8_IO
ARD.D7_IO

ARD.DE_TIM

ARD.D5_TIM

ARD.D4_INT

ARD.D3_TIM
ARD.D2_IO
ARD.D1_TX
ARD.DO_RX

STM32L
4+ pin

NRST

PCO
PC2
PC4
PC5
PA7
PBO
PB8
PB9

PE13
PE14

PE15

PE12

PA8
PCA
PF13
PB6
PEO
PE7
PB2

PD15
PD8
PD9

Function

3.3 V reference
Reset
33VIOo
5V
GND
GND
Power input
ADC
ADC
ADC
ADC
ADC /12C1_SDA
ADC/12C1_SCL
12C1_SCL
12C1_SDA
VREFP
GND
SPI1_SCK/LD2
SPH_MISO

SPI_MOsI/
TIM1_CH4N

SPI1_NSS/
TIM1_CH3N

TIM1_CH1
GPIO
GPIO

TIM4_CH1

TIM16_CH1
GPIO

TIMS_CH4N
GPIO

UART3_TX
UART3_RX
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ETH:zurich

SPI vs 12C

For point-to-point, SPl issimple
and efficient

Less overhead than I12C due to lack of
addressing, plus SPI is full-duplex.

For multiple slaves, each slave
needs separate slave select signal

SPI requires more effort and more
hardware than I°C

Quad-SPI also exists

4x the bandwidth, often used by
Flash drives

~
SCLKE
OS]

z
| &

SP1 Master

(L3
[

=3
4]

i
b
—

SPI

Deviea =

I2C

-
SCLKE
(leld]
Slave A3
WIS
55
b ]

mmmmmmm

f——————————————
SCLK
OIS
Slave #1

1| miso
55
e

SCLK
(lleld]

Slave w2
WANSC

55

-69



UART - Universal Asynchronous Receiver-Transmitter
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UART -1

= Stands for Universal Asynchronous Receiver-Transmitter

= sometimes also found as USART (Universal Synchronous-Asynchronous Receiver
Transmitter)

= Usedtointerface MCUs with other computing devices:
= Communication with other processors, a PC (e.g. a serial terminal)

= Used to interface the microcontroller with others transmission bus as: RS232,
RS485, USB, CAN BUS, KNX, LonWorks ecc.

= Used to connect MCUs with modems and transceivers as telephone modemes,
Bluetooth, Wi-Fi, GSM/GPRS/HDPSA

-71



Software Development with STM32U585xx (ES-Lab)

= I — N
'EU :; | omiT ID20170P1516 ESD P Micro-B USB Status LED
3 FCC ID:PS3-EMW3080 h
ox P o B .
5 o Se MXCHIP protection connegtor RGB
P e ERE |
58 o X2103 F30608p 5% '
zZa 0000.0000.A214 [8]=;

53 W |

= le s ' |
2 WUUST8SNAS ¥ :‘ | LDO Debug MCU

STMod+1

NIATAS *

e * 5 | 5V,33V,28V TLINK-V3E

e
z
S
Q
<
-
or,

A\

PE B ETSVETETY
res 3 host PC
3_':;3 —— - — = Power, UART,/SWD to target
-3
-3
-
=3
o
32.768 kHz _| TargetDevice | . | Pmod & Arduino
crystal STM32U585 headers
’n'.J.J.A.l‘.“l‘...l.l.a1 2
Ivaanvo %0 v
User Interface
& Sensors




UART - 2

» Essentially a parallel2serial (TX), serial2parallel (RX) converter couple
" e.g. using shift registers for P2S conversion

= Asynchronous:no common clock shared
*= Each device has its own local clock, typically running faster than the bit rate (e.g. 8x faster)

= The phase of the receiver clock is locked onto the edge of the transmitted data
TX RX
>.

MCU < RX TX device

* Highly configurable
= parity / no parity
= data framing (e.g number of stop bits, number of payload bits)
= simplex, full-duplex or half-duplex



UART - 2

= Essentially a parallel2serial (TX), serial2parallel (RX) converter couple
= e.g. using shift registers for P2S conversion
= Asynchronous: no common clock shared

» Each device has its own local clock, typically running faster than the bit rate (e.g.

8x faster)
* The phase of the receiver cIocI)é is locked onto the edge of the transmitted data
MCU RX TX device
.<
= Highly configurable -

= parity / no parity
= data framing (e.g number of stop bits, number of payload bits)

= simplex, full-duplex or half-duplex



UART: “baud rate” vs “bit rate”

UART communication speed is defined by its symbol rate
measured in baud:

= 1 baud=1 symbolper second

= in UART, a symbol has two values (0/1) -> 1 bit

= thisnumberincludes both data payload and protocol bits
(e.g. parity, framing) — this numberis also called
“physical” or “gross” bitrate

This can cause some confusion

= Some people use “bitrate” for UART when referring only
to payload bits

" |nsome devices (e.g. modems) one symbol

=  might correspond to more bits -> baud rate is not the same
as gross bitrate

= Bottom line: to be 100% clear, always talk of baud rate
when referringto UART, and remember thatin UART 1
symbol = 1 bit

Gross bit rate | edit]

In digital communication systems, the physical layer gross bitrate,!! raw
bitrate,®! data signaling rate,.”! gross data transfer rate!®! or uncoded
transmission ratel®! (sometimes written as a variable A58 or £,[%)) is the
total number of physically transferred bits per second over a
communication link, including useful data as well as protocol overhead.

In case of serial communications, the gross bit rate is related to the bit
transmission time T}, as:

1

=

The gross bit rate is related to the symbol rate or modulation rate, which is
expressed in bauds or symbols per second. However, the gross bit rate
and the baud value are equal only when there are only two levels per
symbol, representing 0 and 1, meaning that each symbol of a data
transmission system carries exactly one bit of data; for example, this is not
the case for modern modulation systems used in modems and LAN
equipment.[10]

Ry,

Ref. Wikipedia “Bit rate” page



UART: Interface Protocol

= |nidle, the transmission line is driven to 1

START 1 2 3 4

‘ \ 1 1 0 1

8 STOP STOP

0
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UART: Interface Protocol

*» The transfer begins with a start bit:

=" the transmission line is driven to O

1 start bit

g STOP STOP
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UART: Interface Protocol

" Then, a symbol of 5 to 9 bits is transmitted:
= most often, 8 bits (1 ASCII character)

*= the symbol size is defined by the application and known a-priori with respect to
the communication

START 1 2 3 4 ) 6 7 8 STOP STOP

1 start bit



UART: Interface Protocol

" One of the data bits can be used for parity:
= odd parity even parity

" in th|s case, 4-8 b|ts can be used for data 0in the parlt\[ bit and there is an even number of
1's in the data bits. T

START 1 2 3 4 5 (o] 7 8 STOP STOP

C B A Q

‘ \ 1 1 0 1 0 0 ‘ 1 0 0 0 0 0

| I I N T
28% 0 Q

[,()ﬂ e 0 1 1 0

1 start bit 4-8 data bits 1 parity bit JEEEEE
N N 1 0 1 0
Podd = X,OlR bi Deven = XN(l)R b; « |2l g | o
= = 1 1 1 1
Even parity where a 1-parity-bit is sent if there PRI [ ——

are an even humber of 1-bits 3.79



UART: Interface Protocol

= Finally, 1-2 stop bits:
= Transmission line brought back to 1
= 1 or 2stop bits depending on application

‘ \1 1 0 | 1 DD‘1 0

1 start bit 4-8 data bits

8 STOP STOP

1 parity bit 1-2 stop bits
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UART: Handshake

= The UART protocol can also include a handshake:

" request-to-send (RTS) signal from the MCU to the device means that the MCU
can accept new data

= clear-to-send (CTS) signal from the device to the MCU means that the device can
send new data

" signals have dual meaning if seen from the other point of view
= exchange happens when CTS and RTS are both asserted

TX RX -
< RX TX
MCU device
CTS RTS
>
< RTS CTS




UART

= The receiver runs an internal clock whose frequency is an exact multiple of the

expected bit rate.

When a Start bit is detected, a counter begins to count clock cycles e.g. 8 cycles
until the midpoint of the anticipated Start bit is reached.

The clock counter counts a
further 16 cycles, to the
middle of the first Data bit,
and so on until the Stop bit.

Midpoint of
Midpoint of first Data bit
Start bit
First
Idle state l Data bit \
l Start bit l

Incoming
data

. .
. . .
. . '
. . .
. . '
. . .
. . '
2 . N

-

.

.
. . '
. . .
. - .
. » '
. .
. . .
. . .
. . .
. . ’
. . .
. . '
. .
.
. N .

Receiver Clock,

running at multiple of |||“||H”“”HH””HH|||||HHHI””HH””HH|||||| H

expected bit rate
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Transmission Rate

Figure 656. USART block diagram

usart_wkup «

usart_it <

IRQ Interface

usart tx_ dma «

usart_rx_dma «

A A

=

DMA Interface
COM Controlle]

usart_pclk
clock domain

USART

usart_ker_ck clock domain

le——usart_trg[15:0]

MSv40854V5

Clock subsampling:

The clock subsampling block
is complex, as one tries to
match a large set of transmission

[]ck
USART_CR1 . . .
USART ISR | || rates with a fixed input frequency.
USART_CR2 Hardware CTS/NSS
USART_CR3 flow control CIOCk Source:
w USART_RQR :E RTS/DE . ] ]
3 USART_ICR — || X shi Reg |  USART_PCLK in the lab is then dived
m [T---TA
Q le -_USART TDR L H
z - A % d serial to have the baud rate generator
S tput
°° RX Shift Reg 4 rx | OULPS
5 ROR |4 g 1A |
atato be| A % e Example:
H RTOR Baudrate
ransmitted USART GTPR generator & parallel-to-serial ° Will be done in the LAB!
| [USART_BRR 1 orversampling
U:’ta:—pd:: -1 USART _ i’l clock usart_ker ck_pres
usa er c L .
- PR N source clock suhsampling

https://www.st.com/en/microcontrollers-microprocessors/stm32u585ai.html

- Reference Manual RM0456, page 2258
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Memory-Mapped Device Access

R S 4

Bus | Secure boundary address Non-secure boundary Size Peripheral Peripheral register
address (bytes) map
0x5000 5000 - 0x5000 53FF | 0x4000 5000 - 0x4000 53FF 1K UARTS
0x5000 4CO00 - 0x5000 4FFF | 0x4000 4CO00 - 0x4000 4FFF 1K UART4
USART register map
0x35000 4800 - 0x5000 4RFE | 0x4000 4800 - 0x4000 4RFE 1K LUSARTS
0x5000 4400 - 0x5000 47FF | 0x4000 4400 - 0x4000 47FF 1K USART2
57.8.12 i ta register (USART_RDR)
Address offset: 0x24
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 19 18 17 16
\
15 14 13 12 11 10 9 8 7 6 5 4 \3 2 1 0
RDR{8:0]
r | r | r | r | r | r \ r | r | r

Bits 31:9 Reserved, must be kept at reset value.

Bits 8:0 RDR[8:0]: Receive data value

57.8.13 USART transmit data register (USART_TDR)

Address offset: 0x28

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19
15 14 13 12 1" 10 9 8 7 6 5 4 3
TDR[8:0]

Bits 31:9 Reserved, must be kept at reset value.

Bits 8:0 TDR[8:0]: Transmit data value

* Configuration of Transmitter and Receiver must

match; otherwise, they can not communicate.
* Examples of configuration parameters:

transmission rate (baud rate, i.e., symbols/s)

LSB or MSB first

number of bits per packet in our case: bit/s
parity bit

number of stop bits

interrupt-based communication

clock source

buffer for received bits and bits that should be transmitted

https://www.st.com/en/microcontrollers-microprocessors/stm32u585ai.html
- Reference Manual RM0456, page 2337
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Software Interface

Part of C program that prints one byte to a UART terminal on the host PC:

void uart init ()
{
47USART27CLK7ENABLE();

/* Configure USART2 */
huart?.Instance =
huart2?.Init.BaudRate =
huart?2.Init.WordLength =
huart2.Init.StopBits =
huart2.Init.Parity =
huart2.Init.Mode =
huart2.Init.HwFlowCtl =
huart2.Init.OverSampling =

HAL UART Init (&huart2);
}

int main (void)

{

// Enable clocksource for USART?2

USART? ;
115200;
UART WORDLENQ
UART STOPBITS 1)
UART PARITY NONE;
UART MODE TX RX;
UART HWCONTROL_ NONE;
UART OVERSAMPLING 16;

8B;

// Init USARTZ2 peripheral

HAL Init(); // Initialize HAL
uart gpio init(); // Init UART GPIO (RX and TX pins)
uart _init(); // Init UART peripheral

/* Transmit one byte with 100 ms timeout */

HAL UART Transmit (&huart2,

/* Code */

sbyte, 1, 100) g

<

start UART

0x4000_4400 (for non-secure)

data structure uartConfig
containsthe configuration
of the UART

USART?2 defines the start address for the
USART2 memory block:

Use HAL_UART _Init to write the configuration
registers of the instance USART?2
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4 channels (TIM1_CH[1:4]),
ETR, BKIN, BKIN2 as AF
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1 compl. channel, BKIN as AF
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1 compl. channel, BKIN as AF
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1 compl. channel, BKIN as AF

RX, TX, CK CTS, RTS as AF
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AUDIOCLK as Al
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SPI3

LPUART1

TIME 16b

TIM?7 16b
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“ 4 channels, ETR as AF
“ 4 channels, ETR as AF

“ 4 channels, ETR as AF
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TIM2 32b

TIM3  32b

TiM4  32b

=
=
e,
) Tms 320
=
e

smcard
USART2 irDA
smcard

RX, TX, CK, CTS, RTS as AF

RX, TX, CTS, RTS as AF

RX, TX, CTS, RTS as AF

ey T ;AFOSIAMISQSCKANSSas

Q::} 12C1/SMBUS
(| 1zc2isMBUS

SCL, SDA, SMBA as AF

SCL, SDA, SMBA as AF

SCL, SDA, SMBA as AF

TX,RX as AF
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IN1, IN2, CH1, CH2,
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UART - STM32U5

3x USART 2x UART and 1x LPUART

3 compl. channels
(TIM1_GH[1:3]N),

4 channels (TIM1_CH[1:4]),
ETR, BKIN, BKIN2 as AF

-

3 compl. channels
(TIM1_CH[1:3]N),

4 channels (TIM1_CH[1:4]},
ETR, BKIN, BKINZ as AF

2 channels,
1 compl. channel, BKIN as AF

1 channel,
1 compl. channel, BKIN as AF

1 channel,

IMB/PWM

(—

16

—

smcard .
RX, TX, CK.CTS, RTS as AF “ e usarT1 Ky

MCLK_A, SD_A, FS_A,|
SCK_A, MCLK_B, SD_B,
FS_B, SCK_B as AF|

MCLK_A, SD_A FS_A,
SCK_A, MCLK_B, SD_B,
FS_B, SCK_B as AF

RTC_OUT1, RTC_OUT2,
RTC_REFIN, RTC_TS

RTC_OUT[B:1], RTC_IN[8:1]

VREF+

INP, INN, OUT

INP, INN, OUT

APB3 160 MHz

IN1,IN2, CH1, GHZ
ETRasAF

LPTIM1

IN1,IN2, CH1, GHZ,
ETRas AE

LPTIM3

IN1, OUT, ETR as AF

LPTIM4.

SCL, SDA, SMBA as AF

12C3/SMBUS

RX, TX, CTS, RTS_DE as|
AF|

TiM4  32b

TIM5 32b

EKUPX (x=110 8)

4 channels, ETR as AF

“ 4 channels, ETR as AF
“ 4 channels, ETR as AF

4 channels, ETR as AF

smcard
USART2 irDA

Toeaegd

smcard
USART3 irDA

UART4

TIMé 16b

TIM?7 18b

UARTS

SPI2

12C1/SMBUS

12C2/SMBUS

{1

12C4/SMBUS

ocant | €
[T

EX TX, CK, CTS, RES as AF

Ex TX, CK, CTS, RES as AF

EX TX, CTS, RTS g AF

IEX TX, CTS, RTS g AF

' A , NSS as

AF

SCL, SDA, SMBA as AF

SCL, SDA, SMBA as AF

SCL, SDA, SMBA as AF

TX, RX as AF

bcppt | X
o

CC1, DBCCH1, CC2, DBCC2,

FRSCC1, FRSCC2 as AF

LPTIM2

IN1, IN2, CH1, CH2,
ETR as AF
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UART - STM32U585xx

Table 22. USART, UART and LPUART features

Table 72. Typical dynamic current consumption of peripherals (continued)

USART modes/features(!) USART1/2/3 UARTA4/5 LPUART1
Hardware flow control for modem X X X
Continuous communication using DMA X X X
Multiprocessor communication X X X
Synchronous mode (master/slave) X - -
Smartcard mode X - -
Single-wire half-duplex communication X X X
IrDA SIR ENDEC block X X -
LIN mode X X -
Dual-clock domain and wakeup from Stop mode X X xG)
Receiver timeout interrupt X X -
Modbus communication X X -
Auto-baud rate detection X X -
Driver enable X X X
USART data length 7, 8 and 9 bits
Tx/Rx FIFO X X X
Tx/Rx FIFO size 8 bytes
Autonomous mode X X X

1. X = supported.

2. Wakeup supported from Stop 0 and Stop 1 modes.

3. Wakeup supported from Stop 0, Stop 1 and Stop 2 modes.

LDO SMPS
Bus Peripheral ° S P T | e~ P % T | = | Unit
g g 2 2lssg 2| 2| 2| 2|88
g | & | & | & |0 & | & | & | & |bd
USART1 238 |216| 196 | 176 | - |1.14|097 | 081|062
USART1 indep!" 448 | 409 | 371 [335] - | 217 ] 1.84 | 1.54 [ 1.19
LPUART1 118 | 1.07 | 097 | 0.87 | 0.88 | 0.57 | 0.48 | 0.41 | 0.31 | 0.31
CPUARTT naep' 7 TOB | .78 ] 162 | 140 146|005 080067 052052
UART4 186 | 170 | 154 | 139 | - |090|0.76 | 0.64 | 0.50
UART4 indep(" 347 | 317 | 287 |260| - |[168| 142|119 | 093
UARTS5 193 | 176 | 160 | 144 | - |094|079 | 066 | 051 uA/
UARTS indep!") 357 [325| 295 |267| - |[1.72|146|1.23|095 MHz
UCPD1 160 | 146 | 133 |117| - |078 | 066|055 | 043
USART2 553 504 | 457 |4.12 267 | 226 | 1.91 | 1.46
USARTZ |nd€p‘ SR=7 4 3.29 2.99 2.09 - 1.rZ .40 .22 U.ﬂ
USART3 210 | 191|173 |157| - |[1.02]| 086|072 056
USART3 indep(" 424 (38| 35 |317| - [205)|173|145| 1.12

https://www.st.com/en/microcontrollers-microprocessors/stm32u585ai.html
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UART - Connected Modules

DEBUGING CONNECTION

ST-LINK
UART1

— i .
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| ERE 080EMIN3

| b
B dIHIXW 5> | e
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STM32WB5MMGHG6TR
UART4
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UART — Connected Module
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UART - External Connection

nufriger Pin name Signal name SL_M;?‘L Function
ARDUINO® (CN13) ARDUINO® (CN14)
1 NC - . -
2 IOREF - - 3.3V reference
3 NRST NRST NRST Reset
4 V3 - . 3.3VI0
CN17
: 5 5V - - 5V
86608068569 2060000060 6 GND . } GND
pEERGE®OSSE . ©@006000eeH , oo _ _ oo
e 3 Sy s FAaT
: 8 VIN - - Power input
Bluetooth® module
USB (CN12) 1 A0 ARD_ADC_AQ PCO ADC
2 Al ARD-ADC_A1 PC2 ADC
3 A2 ARD-ADC_A2 PC4 ADC
CN16
Bluetooth® module 4 A3 ARD-ADC_A3 PC5 ADC
RESET (B1) 5 A4 ARD-ADC_A4 PAT ADC / 12C1_SDA
6 A5 ARD-ADC_A5 PBO ADC /12C1_SCL
10 SCLMD15 12C1_SCL PB8 12C1_SCL
9 SDA/D14 12C1_SDA PBO 12C1_SDA
Optional 8 VREFP VREFP . VREFP
battery holder 7 GND GND - GND
(CN15) 6 SCK/D13 ARD.D13_SPI1_SCK PE13 SPH_SCK/LD2
CN13 5 MISO/D12 ARD.D12_SPI1_MISO PE14 SPH_MISO
SPI1_MQOSI/
4 PWM/MOSI/D11 ARD.D11_SPI1_MOSI PE15 TN CHaN
SPI1_NSS/
3 PWM/CS/D10 ARD.D10_TIM_SPI1_NSS PE12 TIM1_CHaN
2 PWM/D8 ARD.D9_TIM PAB TIM1_CH1
1 D8 ARD.D8_IO PC1 GPIO
8 D7 ARD.D7_IO PF13 GPIO
7 PWM/DB ARD.DB_TIM PB6 TIM4_CH1
6 PWM/D5 ARD.D5_TIM PEO TIM16_CH1
5 D4 ARD.D4_INT PET GPIO
CN14
4 PWM/D3 ARD.D3_TIM PB2 TIM8_CH4N
. e -
2 TX/D1 ARD.D1_TX PD8 UART3_TX
ARDUINO® (CN17) ARDUINO® Power (CN16) 1 RX/DO ARD.DO_RX PD9 UART3_RX

https://www.st.com/en/evaluation-tools/b-u585i-iot02a.html
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The next-generation: 13C example

= An evolution of 12C proposed by the MIPI
alliance (2016/7)

= Designed to fit applications currently using 12C,
SPI, UART

" Many operating modes, 12C backward-
compatibility also supported

=  without some of the most «exotic» features
such as SCL stretching

" supporting also (mainly) push-pull drivers

= Targets high data rate and energy efficiency

Out-of-Band Interrupt

-----------------------------------------------------

13C Main Master

I3C Bus
(SDA & SCL)

I’C Slave

Legacy
I’C Sensor(s)

I3C Slave

Host Controller
May be SDR-Only

.

I3C Sensor(s)
May be SDR-Only

I3C Secondary Master

)

I3C Smart Sensor(s) /
Hub(s) / Engine(s)
May be SDR-Only
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What did you Learn?

" |nterrupts are crucial for
= Work in parallel
= Duty cycling
" Energy Efficiency

= External world Interface
= Serial ports
= SP|
= |2C
= UART

* Thisis today used in real embedded systems
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