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I Wahl der MCU

Referenzdesign, Eval-Boards

Software Support, Examples
* Power vs. Speed

RAM/Flash size

Connectivity

Preis
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Verschiedene Eval Boards
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I Xplained Pro

ATSAMES54-XPRO

Q MicroCHIP

@, Enlarge

Images are for reference only
See Product Specifications

[C] Compare Product

Mouser No:
Mfr. No:

Mfr.:

Customer No:

Description:

Lifecycle:

Datasheet:

More Information:

556-ATSAMES4XPRO
ATSAMES4-XPRO

Microchip Technology

Development Boards & Kits - ARM SAM
Esd XPLAINED PRO

@ New Product: Mew from this
manufacturer.

E ATSAMES4-KPRO Datasheet

Learn more about Microchip Technology
ATSAMES4-XFPRO

Add To Project | Add Motes

In Stock: 109

Stock:
On Order:

Factory Lead
Time:

Enter Quantity:

Pricing (EUR)

Qty.
1

109 Can Dispatch Immediately
0

18 Weeks

Minimum: 1 Multiples: 1

Buy
Unit Price Ext. Price
76,30 € 76,30 €
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STM32F1 Suche
diaikev.com

Results: 351 343 Remaining

|Search Within Results ‘ L | Filter Options: [ Stacked ST

Packaging Series Part Status Speed Connectivity Peripherals Number of IO
CutTape (CT) ~| [ - N | [24MHz +|  [CANbus, Ethemet, FC. IrDA, LiNbus, SPI. UART/USART, USB OTG ~| [DMA. Motor Control PWM, PDR, POR, PVD, PWM, Temp Sensor, WDT «| [26 -
Digi-Reel® STM32F1 Discontinued at Digi-Key 3BMHz CANbus, I:C, IrDA, LINbus, SPI, UART/USART, USB DMA, PDR, POR, PVD, PWM, Temp Sensor, WDT 37
Tape & Reel (TR} Obsolete 48MHz CANbus, I°C, IrDA, LINbus, SPI, UART/USART, USB OTG DMA, POR, PWM, Voltage Detect, WDT 51
Tray 72MHz EC, IrDA, LINbus, SPI, UART/USART 80

C, DA, LINbus, SPI, UART/USART, USB 112
Clear

Program Memory Size RAM Size Data Converters Operating Temperature Package | Case Supplier Device Package
16KB (16K x 8)  ~| [4Kx8 | [AD10x12b -] [40°c~105°C (TA) ~| [36-VFQFN ExposedPad ~| |36-VFQFPN (6x6) -
32KB (32K x 8) 6Kx8 || |A/D10x12b: DiA 2x125 40°C ~ 85°C (TA) 48-LQFP | 4s-LaFP (7x7) 0
64KB (64K x B) BK x 8 AID 16x12b 48-UFQFN Exposed Pad 48-UFQFPN (7x7)
128KB (128K x 8) 10K x 8 AJD 16x12b; DIA 2x12b 64-LQFP 64-BGA (5x5) -
256KB (256K x B) 16K x 8 5| |A/D 21x12b; DA 2x12b 64-TFBGA =| |64-LaQFP
384KD (384K x 8) 20K x B 64-UFBGA, WLCSP 64-LQFP (10x10) b
512KB (512K x 8) 24K x B 100-LFBGA 64-TFBGA (5x5)
768KB (768K x 8) 2K x8 100-LQFP 64 WLCSP (4.47x4.4)
1MB (1M x 8) 48K x B 100-UFBGA | B4-WLCSP (4.4x4.4)

-| BKx8 - . -| |144-LFBGA -|  100-LFBGA (10x10) ~

* $3,05 (32 10, 24MHz, 32k)

e $12,72 (112 10, 72MHz, 1Mb, MotorControl,
USB, CAN
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I Datenblatt lesen

 Tellweise mehrere Datelen

e Reference Manual“

« ,Family Datasheet”

 Ausdrucken?
 AppNotes
e Errata!

96 Pages
8 Sections

----- P Table 1. Device summary

----- M 1 introduction

+-J 2 Description

- ] 3 Pinouts and pin description
e ] Figure 3. STM32F100x¢ value line LQFP100 pinout

----- ] Figure 4. STM32F100x¢ value line LQFPE4 pinout

----- ] Figure 5. STM32F100x¢ value line LQFP48 pinout

----- M Figure 6. STM32F100xx value line TFBGAG4 ballout

- ] Table 4. Low & medium-density STM32F100:x pin definition:
+-J 4 Memory mapping

=W 5 Electrical characteristics

#-J| 5.1 Parameter conditions

=-J| 5.2 Absolute maximum ratings

o
| Table 6. Current characteristics

- N Table 7. Thermal characteristics

=-J| 5.3 Operating conditions

+-J| 6 Package information
+-J| 7 Ordering information scheme
+-J| 8 Revision history

- 2

o 3

oM 4

LI

LE

<N 9

=P 10
=P 11
=P 12.
= 13
n 4
=P 15.
=P 16.
=R 17.
=P 18
=P 19.
=P 20.
= 21
=P 22.
= 23
= 24.
= 25.
=P 26.
=P 27
=P 28.
= 29.
=P 30.
= 3t
=P 32
= 33.
= 34
= 35
=P 36.
=P 37
= 38.
=P 39.

Features

Table of Contents

. Configuration Summary

. Ordering Information

. Block Dizgram

. Pinout

. Signal Descriptions List

. /0 Multiplexing and Considerations
. Power Supply and Start-Up Considerations
. Product Memory Mapping Overview
. Mamaries

. Processor and Architecture

. CMCC - Caortex M Cache Controller

D5U - Device Service Unit

Clock System

GCLK - Generic Clock Controller

MCLEK — Main Clock

RSTC — Reset Controller

RAMECC — RAM Error Correction Code (ECC
PM — Power Manager

SUPC — Supply Controller

WDT — Watchdog Timer

RTC — Real-Time Counter

DMAC — Direct Memory Access Controller
EIC — External Interrupt Controller

GMAL - Ethernet MAC

MVMCTRL — Mon-Voltile Memory Controller
ICM - Integrity Check Monitor

PAC - Peripheral Access Controller
0SCCTRL — Oscillators Controller
0SC32KCTRL — 32KHz Oscillators Controller
FREQM — Frequency Meter

EVSYS — Event System

PORT - I/O Pin Controller

SERCOM — Serial Communication Interface
SERCOM USART — SERCOM Universal Synch
SERCOM SPI— SERCOM Serial Peripheral Int
SERCOM I2C — SERCOM Inter-Integrated Ci
Q5SPI - Quad Serial Peripheral Interface

1USB — Universal Serial Bus

CAN - Control Area Metwork

1726 Pages
59 Sections 8/28



I Absolute Maximum

54.2 Absolute Maximum Ratings

Stresses beyond those listed in the table below may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or other conditions beyond those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

Table 54-1. Absolute Maximum Ratings

Vb Power supply voltage 0 3.8 \

lvoo Current into a Vpp pin{12) - 60 mA

lenD Current out of a GND pin - 45 mA

Vein Pin voltage with respect to GND and GND-0.6V VDD+0.6V \
Vob

Tstorage Storage temperature -60 150 °C
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I Bilder ansehen

Base Counter
S (. 2 "
{ Counter P :10”“" » OVF (INT/Event/DMA Req.)
| < clear” »ERR (INT Req.)
H [ "load" Control Logic
i________________ e "direction” y TC Input Event Event
F 3
. "w u'| 0 ~'| Q
TE L
% g B R
°lg .
Synchronizer
Input to Other Modules Analog Input/Output
|
Compare/Capture
(Unit x = {0,1}
A
“capture”
Control Logic
WOo[1]
‘Waveform
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'y
“mateh” » MCx (INT/Event/DMA Req.)



I Hierarchie nutzen

] 35. SERCOM SPI — SERCOM Serial Peripheral Interface

----- 35.1. Overview

----- 35.2. Features

----- 35.3. Block Diagram

----- M 35.4. signal Description

=T 35.5. Product Dependencies

----- M 35.5.1. YO Lines
----- M 35.5.2. Power Management
----- N 35.5.3. Clocks
----- N 35.5.4.0ma
----- M 35.5.5. Interrupts
----- M 35.5.6. Events
----- N 35.5.7. Debug Operation
----- ] 35.5.8. Reqister Access Protection
----- A 35.5.9. Analog Connections
35.6. Functional Description
T 35.6.1. Principle of Operation
=-J| 35.6.2. Basic Operation
35.6.2.1. Initialization
35.6.2.2. Enabling, Disabling, and Resetting
35.6.2.3. Clock Generation
35.6.2.4. Data Register
35.6.2.5. SPI Transfer Modes
35.6.2.6. Transferring Data

~f 35.6.2.7. Receiver Error Bit
#-J| 35.6.3. Additional Features
IZII---] 35.6.4. DMA, Interrupts, and Events
----- M 35.6.5. Sleep Mode Operation
----- T 35.6.6. Synchronization
----- M 35.7. Register Summary

i 3 el v

£

«-J| 35.8. Register Description

35.7

300
L)

a2
03
Ol
L]
306
T
L]
L]
Ox0A
0x0B

x13
Oxld
015
[
Oxd7
=18
ax18
Ox1A
ox1B
=1

0x1E

Register Summary

I S S S

CTRLA

CTRLB

CTRLC

Reserved

INTENCLR

Reserved

INTEMNSET

Reserved

INTFLAG
Reserved

STATUS

SYNCELSY

Reserved

LENGTH

DWATA

Reserved

0
158
23116
324
7.0

2316

324

0

2316

324
0

70

0

70

70

0

23116
324

2316
324
70

23116
324

RUNSTDEY MODE[2:0] ENABLE SWRST
IBON
DIPO{1:0] DOPO[1:0]
DORD CPOL CPHA FORM[3:0]
PLOADEN CHSIZE[2:0]
AMODE[1:0] MSSEN SSDE
RXEN
ICSPACE[5:0]
DATA3ZE
BAUD[T:0]
ERROR ssL RXC TC DRE
ERROR ssL RXC ™™C DRE
ERROR ssL RXC TG DRE
BUFOVF
LENERR
LENGTH CTRLE ENABLE SWRST
LEN[T:0]
LENEN
ADDR{T-0]
ADDRMASK]T-0]
DATA[T )
DATA[15:8]
DATAJ23:16]
DATA[31:24]
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I Beispiel Register Detall

Bit

Access
Reset

Bit

Access
Reset

Bit

Access

Reset

Bit

Access

Reset

31 30 29 28 27 26 25 24
| DORD CPOL | CPHA | FORM[3:0]
RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
DIPO[1:0] DOPO[1:0]
RIW RIW RIW RIW
0 0 0 0
15 14 13 12 11 10 9 8
IBON
RIW
0
7 6 5 4 3 2 1 0
RUNSTDBY MODE[2:0] ENABLE SWRST
RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0

Bit 30 — DORD: Data Order
This bit selects the data order when a character is shifted out from the shift register.

This bit is not synchronized.

Value Description

0 MSB is transferred first.
1 LSB is transferred first.

12 /28



I PinMux Tabelle

3|8 I O O O T (S O R
% |a ANAREF |aDco [aDct1 [ac  |pDAc  [PTc|seErcom [sercom [Tc  [Tcc [Tce, |asPi, cani, GMAC |GCLK,AC |cCL
S e PDEC
; - CORTEX_CM4
w
)
o
('8
g
'—
22 29 PCO6  EIC/ - - - - - SERCOMS/ - - - - - SDHCO/ - - - - -
EXTINT[6] PAD[2] SDCD
23 (30 PCO7  |EIC/ - - - - - SERCOMS/ - - - - - SDHCO/ |- - - - -
EXTINT[9] PAD[3] SDWP
13 17/ 26 33 PAOS EICINMI - ADCO/ ADCH/ - - X6/ SERCOMO/ SERCOM2/ TCO/ TCCO/ TCC1/ QSPUDATA[0] SDHCO/ 128/ - - - ccu
H8 AIN[B] |AIN[2] Y6 PAD[0]  PAD[1]  WO[0] WO[0] WO[4] SDCMD | MCK(0] IN 3]
14 18/ |27 |34 PA09 EIC/ - ADCO/ |ADCH/ |- - X7/ |SERCOMO/ SERCOM2/ TCO/ |TCCO/ TCC1/ QSPUDATA[1] SDHCO/ |12S/ |- - - ceu
G6 EXTINT[9] AIN9] |AIN[3] Y7 |PAD[1] PAD[O] WO[1] | WO[1] WOI5] SDDAT(0] |FS[0] IN[4]
15 19/ |28 |35 PA10 EIC/ - ADCO/ - - - X8/ |SERCOMO/ SERCOM2/ TC1/ TCCO/ TCC1/ QSPUDATA[2) SDHCo/ |12S/ - - GCLK/OM4] cou/
H7 EXTINT[10] AIN[10] Y8 PAD[Z]  PAD[Z]  WO[0] WO[2] WOIg] SDDAT[1] | SCK[0] IN[5)
16 20/ |29 |36 |PA11 EIC/ - ADCO/ |- - - X9/ |SERCOMO/ | SERCOM2/ | TC1/ |TCCO/ TCC1/ | QSPUDATA[3] |SDHCO/ |12S/SD |- - GCLK/O[5] | COL/
G5 EXTINT[11] AIN[11) Ya |PAD[3] PAD[3] WO[1] WoO[3] Wo7] SDDAT[2] |0 OUT[1]
19 23/ 32 39 PB10  EIC/ - - - - - - SERCOM4/ TC5/ TCCO/ TCC1/ QSPISCK SDHCO/ 128/3DI - - GCLK/O[4] coU/
H6 EXTINT[10] PAD[2]  WO[0] WOM] WO[0] SDDAT[3) IN[11]
20 |24/ [33 |40 |PB11 EIC/ - - - - - - SERCOM4/ TC5/ | TCCO/ TCCi/ QSPICS SDHCO/ |28 |- - GCLK/MO[5) | coL/
G4 EXTINT[11] PAD[3]  WO[1] | WO[5] WO[1] SDCK  |FS[1) OUT[1]
25/ |34 41 PB12  EIC/ - - - - - X26/ SERCOM4/ - TC4/ TCC3/ TCCO/ CANA/TX SDHCO/ 1281 - - GCLK/MO[6] -
H5 EXTINT[12] Y26 PAD[0] Wo[0] Wo[o] Woo] SDCD  |SCK[1]
26/ |35 |42 |PB13  |EIC/ - - - - - X27/| SERCOM4/ |- TC4/ | TCC3/|TCCO/ CAN1/RX SDHCO/ |128 |- - GCLK/O[7] -
Hd EXTINT[13] Y27 |PAD[1] WO[1] Wo1] |wort) SDWP  |MCK[1]
27/ |36 43 |PB14  EIC/ - - - - - X28/ | SERCOM4/ - TC5/ TCC4/ TCCO/ CANA/TX - - PCC/  GMAC/ GCLK/O[0] CCL/
G3 EXTINT[14] Y28 PAD[2) WO[0] WO[0] WO[2] DATA[8] GMDC IN[9]
28/ |37 |44 |PB15  EIC/ - - - - - X29/| SERCOM4/ |- TC5/ | TCC4/ | TCCO/  CAN1/RX - - PCC/ | GMAC/ |GCLKAQ[] |ccL/
H3 EXTINT[15] Y29 |PAD[3] WO[1] Wo1] |wop3) DATA[9] |GMDIO IN[10]
- 47 PDOB  |EIC/ - - - - - SERCOM7/ SERCOMSG/ - TCco - - - - - - - -

EXTINT[3] PAD[0]

PAD[1] WO[1]
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I Stromversorgung

Mehrere Spannungen notwendig?

Integrierte Spannunsregler in MCU
* Switch vs. Dropout Regler

Power Budget

Decopling

14 /28



I Schematic Checklist

Figure 56-2. Power Supply Connection for Linear Mode Only

SAM Device

10 Supply Close to device
(1.71V — 3.63V) | (for every pin)
o | VDDIOB
Main Supply |
(1.71V,—3.63V)
L YN | VDDANA
|
l
|
I —
I 100nF VSW
——1yF  ——10pF ——10pF | —— 100nF
| VDDCORE
| LI
| 47uF | 1000F
| GND
l
l
I
|

- GNDANA

VBAT (PB03)
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I Nicht das Rad neu erfinden

- Kopieren vom Eval-Board, anderen Projekten
* Dabei das Gehirn nicht ausschalten
* Modular denken

LMZM23601V3SILT

« 1Amp 3,3Volt

« 4-36V input

e (3.8mm x 3.0mm x 1.6mm)
« KiCAD Lib

- $5,95
16 /28




I Power Budget

* CPU Core (xxx ntA/Mhz)
 Quarze, Oszillatoren

Peripherals
* LEDs
Sonstige Chips

* Pullups

Angeschlossene Gerate

17 /28



I Taktquellen

Internal RC Oszillator

External Crystal
PLL und Varianten
USB Recovery

18 /28



I Mehrere Clocks

* Typisch fur Low-Power-Design
* AlwaysOn oder SlowClock
* Asyncrone Clocks

- Typisch fur SAM MCUs von Atmel
- Braucht (teilweise) Syncronization

19/28



I Clocking - Fallstricke

« Startup Time
 PLL Input Frequency
* Peripherals

- USB 48Mhz
- UART Baseclock

20/ 28



I Peripherals

1O Pins (GPIO)

Serial: U(S)ART, (Q)SPI, I2C, I%S, LIN
DAC/ADC, AC

Timer, Counter

,sonstige”: CTMU, CAN, Ethernet

21/ 28



I GeneralPurposelnputOutput

TotemPole vs. OpenDrain

* Interrupts
* Drive strength

* Peripheral Mux

APB Bus

Input to Other Modules  Analog Input/Output

22 ] 28



I Ubersicht CPU Features

* NestedVectorinterruptController
* Debugging

« MemoryMap: Flash/RAM/ROM

* Flash Controller

 Boot modes, Bootloaders

- DMA

 Watchdog

23/ 28



I Debugging

* JTAG vs SWD
 MicroTraceBuffer
 ARM Trace

* printf B mE RN e R

m

» ARM ETMv3: Code flow Branch to 0x080002d6 )
» ARM ETMv3: Program counter

» ARM ETMv3: Instructions

» ARM ETMV3: Source code

» ARM ETMv3: Current location
ARMETMVBIElrrenEflinction

24 /28

https://www.sigrok.org/blog/new-protocol-decoders-arm-tpiu-itm-etmv3



I Security?

- MMU? MPU!

TRNG, IntegrityMonitor, AES
Flash Lock

Execute from ROM/RAM
Software™ "

25/ 28
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I XTAL Load Crystal

[ XTAL2

16 MHz Crystal
16.0MHz
XC300
XTAI2 - 13 _ XTALl
a I[]1 |
J302
o™ -
C300 C305
10p 10p
GND
GND GND
[a [a
These straps with SMD pads can be used to Crystal datasheet:
place a resistor in the XOUT signal in order Cerystal = 9pF

to measure the oscillator allowance.
By default these straps are closed and
nothing is mounted on the pads.

|&
The crystal was verified by measuring the
center frequenzy of the RF output:

Accuracy: -3 to +10 ppm using TRIM
values (x00 to 0x07 in the RF233

Startup time: full swing after 425 ps

Safety factor: Above 6.875

max ESR = 80 Ohm
Accuracy +-15ppm

SAM R21 datasheet:

Cpara = 3 pF (typical) (RF233 datasheet)
Ctrim = ( - 4.5 pF (programmable in 0.3 pF
steps)

Maximum load 14 pF

Maximum ESR = 100 Ohm

Estimated Cpcb = 0pF

C =2 ( Ccrystal - Cpara - Ctrim - Cpcb )

If Ctrim = 0 pF-
C =2 (SF - 3pF) = 12pF

As Ctrim can only add capacitance a lower
this example assumes that Ctrim = 1pF:
C =2 (9pE- 3pF - 1pF ) = 10pF

Selected in design
C=10.0pF

value is selected for external load capacitors,

27 /28



I Schutzschaltungen

SIMPLIFIED SCHEMATIC RS-232 Port Transceiver
External Internal
(Connector) (ASIC) RD | @
1 8 ™ ®
————1+— O O—
hd RTS L IC

2 o ! cTs
6 DSR

Te
o EIEBLE

EMI2121MT-D MARKING L SM15 (x6)

DIAGRAM Case GND (bidirectional implementation)
WDFN8 C2 M=
CASE 511BN .
1le
1300 VCC_TARGET_USB_P5V0
10104111-0001LF =]
VIS aCz TARGET USB N _PAM USB N
= TARGET USB P_PA)S USB P
ID p—e—
@D |GND
SHIEID]1 f——
SHIELD2
SHIEID3 [—— - ™
SHIELD4 D300
= PRTIRSVIU2X
2
[i.._
NM NM
@b D L
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