‘

4

L

Q

STM32 Updates for technical 8.
development community "G

4

Microcontrollers Division

2012 — 2" |ssue (July)

K ” life.augmented




Contents

* Documents Major Updates
« STM8
« STM32F1/L1
« STM32F2/F4

 Technical presentations
* FO family updates Introduction
» Cortex-M0O CPU
« STM32F05x system parts
« STM32F05x peripherals

Lys

life.augmented 2012 Technical Updates — Issue 2 7/22/2012



life.augmented 2012 Technical Updates — Issue 2 7/22/2012



Documents Major Updates Overview

- STM8S/A errata Sheet Rev3

+ STM32F205x and STM32F207x datasheet Rev9

« STM32F215x and STM32F217x datasheet Rev7

« STM32F40xx and STM32F41xx datasheet Rev3

» STM32F103xFG and STM32F101xFG datasheet Rev4

« STM32F20x and STM32F21x Errata sheet - Rev3
STM32F40x STM32F41x Errata sheet - Rev3
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New STM8A/S beCAN limitation
- write in beCAN paged reqisters
ignored -
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Introduction mma

* An issue was discovered in STM8S / STM8A beCAN peripheral

- STM8S208 and STM8AF52xx errata have been updated and
published, including this new limitation

» Write in beCAN paged registers ignored

* A PIL number MMS-MIC/12/7189 has been issued to inform STM8A
customers

+ STM32 bxCAN and ST72F561 beCAN are NOT impacted at all by
this issue
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Objective of this presentation

 To be ready to help customer to do a code review (in C source code,
and generated assembly code) to confirm the application is not
Impacted by the issue
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Figure 156. CAN register mapping

beCAN registers mm

0x00
Dx04
0x02
Dx03
Dx04
0x05
0x06

0x07

CAN MASTER CONTROL REGISTER CAN_MCR
CAN MASTER STATUS REGISTER CAN_MSR
CAM TRANSMIT STATUS REGISTER CAN_TSR
CAN TRANSMIT PRIORITY REGISTER CAN_TPR
CAN RECEIVE FIFO REGISTER CAN_RFR
CAM INTERRUPT EMABLE REGISTER CAN_IER
CAN DIAGNOSTIC REGISTER CAN_DGR
CAM PAGE SELECTION REGISTER CAN_PSR

* Two kinds of
registers:

« True registers

PAGED REGISTER O

PAGED REGISTER 1

PAGED REGISTER 2

PAGED REGISTER 3

PAGED REGISTER 4

PAGED REGISTER 5

PAGED REGISTER &

PAGED REGISTER 7

PAGED REGISTER &

PAGED REGISTER 9

PAGED REGISTER 10

PAGED REGISTER 11

PAGED REGISTER 12

PAGED REGISTER 13

PAGED REGISTER 14

PAGED REGISTER 15

Ly
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« Paged
registers are
physically a
RAM area
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beCAN paged registers mm

Figure 157. CAN page mapping

FAGED PAGE 1 PAGE 2 PAGE 3 FAGE 4 .
0x00 CAN_MCSR CAN_MCSR CAN_FOR1 CAMN_F2R1 CAMN_F4R1 e P ag e d re g I Ste rS
0x01 CAN_MOLCR CAN_MDLCR CAN_FOR2 CAN_FZR2 CAN_F4R2 .
0x02 CAN_MIDR1 CAN_MIDR1 CAN_FDR3 CAN_FIR3 CAN_F4R3 CO n S I St Of
0=03 CAN_MIDRZ CAN_MIDRZ CAN_FOR4 CAM_FIR4 CAMN_F4R4
Oxids CAN_MIDR3 CAN_MIDR3 CAN_FORS CAN_F2R5 CAMN_F4R3 [ I b
0x03 CAN_MIDR4 CAN_MIDR4 CAN_FDRS CAMN_F2RS CAM_F4RS TX mal l ox O ' 1 ' 2
008  cAN_MDAR1 CAN_MDAR1 CAN_FORT CAN_FZRT CAN_F4RT L4 R X fl |te IS
007 CAN_MDARZ CAN_MDARS CAN_FORE CAN_FZRE CAN_F4aRa
0:08[  can_MDAR? CAN_MDARS CAM_FiR1 CAN_F3R1 CAM_FSR1 . .
0302 CaN_MDARS CAN_MDARS CAM_FiR2 CAN_FaR2 CAN_FER2 ° CO nfl g / d I ag
DeDA]  CAN_MDARS CAN_MDARS CAM_F1R3 CAN_F3R3 CAN_F5R3
0:08| CAN_MDARS CAN:MDARE CAM_F1R4 CAN_F3R4 CAM_FER4 ° RX Fl FO
0G|  CAM_MDART CAN_MDART CAM_FiRS CAN_F3RS5 CAN_FSRS
0x0D0| CAN_MDARS CAN_MDARS CAM_FiRS CAN_F3R8 CAM_FSRS
Dx0E(  CAM_MTSRL CAN_MTSRL CAM_F1R7 CAN_F3R7 CAN_FSRT .
0x0F  CAN_MTSRH CAM_MTSRH CAM_FiRS CAN_F3Ra CAN_F5RS e P ag e d re g I Ste r (R A M)
Tx Madbbox 0 Tx Mailbox 1 Acceptance Filter 021 Acceptance Fiter 2:3 Acceptance Fiter 4:5
can be accessed
0x00 CAM_MCSR CAN_ESR CAN_MFMIR
oo [“omwecn | [ oween | [“omorr concurrently by the
002 CAN_MIDR1 CAN_TECR CAM_MIDR1
oo [ ooz | [ omrecn | [ omowons CPU (software) or by
004 | cAM_MIDR3 CAN_BTR1 CAN_MIDR2
003 | can_MIDR4 CAN_BTRZ CAN_MIDR th e CA N core
0x08 CAN_MDART Reserved CAN_MDAR1
07 | caM_MDARZ Reserved CAN_MDAR2
0x02 | cAM_MDARZ CAM_FMR1 CAN_MDAR3
D02 | cam_MpAR4 CAM_FMR2 CAN_MDARS ° A H W b t t
DxA CAM_MDARS CAM_FCR1 CAN_MDARS n ar I ra I O n
0<0B [ CAM_MDARS CAM_FCR2 CAN_MDARS h 1 I
0G| can_MDART CAM_FCR3 CAN_MDART m e C an I S m I S
000 | CAN_MDARS Reserved CAN_MDARS 1
DO | can_MTSRL Reserved CAN_MTSRL hand | I ng concurre nt
0xOF | caN_MTSRH Reserved CAM_MTSRH
r_ T Mailoox 2 Configuration/Diagnastic Receive FIFO aC C e S S
,’ in CAN_DGR register)
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Issue conditions & description

* In very specific conditions, a write to the beCAN paged registers may be ignored. This
occurs when the CPU is writing twice or more into beCAN paged registers in
consecutive master clock cycles, and during the second or further writes, the
CAN 2.0B active core is accessing (read or write) one of the paged registers.

« Atypical case is when the CPU is writing constants into paged registers (typically a
mailbox for transmission) while the CAN 2.0B active core is reading the filters during a
frame reception, or writing the FIFO after a frame reception. The beCAN paged
registers range is from address 0x5428 to address 0x5437.

* Note: CAN 2.0B active core does not access the paged registers as long as the beCAN
IS in initialization mode. Therefore the issue can not occur while the software is writing
into the paged registers to initialize the beCAN (filters configuration for example).

« The CPU write into two paged registers in two consecutive master clock cycles may
only happen in case of consecutive single-cycle load and transfer instructions or
single-cycle bit operation instructions, when the destination is an address within the
range 0x5428 to 0x5437 inside the beCAN peripheral. The instructions are single-cycle
if the source is a constant (embedded in instruction opcode) or in the A accumulator

G.lgwhen the same value has to be stored in two or more CAN registers).
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Impact on application & workaround

 Impact on application

* When all the specific conditions are met, a corrupted frame may be sent on the
CAN bus

* Workaround

* In case you need to write constants consecutively into paged registers, insert a
NOP instruction in between each write. You can make use of inline assembly in C
code.
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Issue conditions & description

CPU CAN 2.0B core
—> —

Example: registers Example:

Software is writing 1) CAN core is writing a

into the mailbox received frame into the FIFO

before requesting a 2) CAN core is reading the

transmission filters to know if the frame
must be stored or not in the
FIFO

Paged
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Instructions able to generate consecutive

write operations (critical Casefa
* MOV longmem, #byte ; LD longmem, A ; CLR longmem

» Consecutive MOV instructions with immediate addressing mode

MOV 0x5429, #0x08
MOV 0x542a, #0x0d
MOV 0x542b, #0x40
» Consecutive LD instructions with A register as source

LD 0x542d, A
LD O0x542e, A
* CLR instruction followed by another single-cycle instruction

CLR 0x542d
MOV 0x542e, #0x40
* Mix of single-cycle instructions

LD 0x5429, A
MOV 0x542a, #0x0d

Only single cycles instructions may generate the critical case

Destination must be a beCAN paged register address

Source must be constant or A

‘— These instructions must be consecutive (no other instruction between)
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Other very unlikely instructions able to
generate consecutive write operations

* Another very unlikely case is indirect or indexed addressing with
beCAN address loaded in X or Y registers, which also generates
single-cycle instructions.

* LD (X), A; LD (shortoff,X),A ; LD (longoff,X),A ; LD (Y), A; LD (shortoff,Y) ; LD

(longoff, Y) ; CLR (X) ; CLR (shortoff,X) ; CLR (longoff,X) ; CLR(Y) ; CLR
(shortoff,Y) ; CLR (longoff,Y) ; CLR (shortoff, SP)

 This can also happen with a single 2-cycle LDW instruction, if two
consecutive registers are written with a 16-bit data, with X or Y
register as source.
* List of instructions: LDW longmem, X ; LDW longmem, Y
« LDW 0x542a, X ; with X containing 0x0d4O0.
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Example of critical code

 C code with constants usage
#define MSG_ID 0x0350
CAN_P1 = 0x08;
CAN_P2 = (MSG_ID >> 6) & Ox1F;
CAN_P3 = (MSG_ID << 2) & OxFC;

» Generated assembly code
35085429 mov _CAN P1,#8
350d542a  mov _CAN_P2#13
3540542b mov _CAN_P3,#64
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Workaround

* Insert NOP in C code in case of constants usage
#define MSG_ID 0x0350
CAN_P1 = 0x08;
asm(“NOP”);
CAN_P2 = (MSG_ID >> 6) & Ox1F;
_asm(“NOP”);
CAN_P3 = (MSG_ID << 2) & OxFC;

Lys
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Example of safe code

 C code with variables usage
MyBufferl = 0x08;
MyBuffer2 = (MSG_ID >> 6) & Ox1F;
MyBuffer3 = (MSG_ID << 2) & OxFC;
CAN_P1 = MyBufferl,;
CAN_P2 = MyBuffer2;
CAN_P3 = MyBuffer3;

» Generated assembly code
35080003 mov _MyBufferl,#8
350d0004 mov _MyBuffer2,#13
35400005 mov _ MyBuffer3,#64
5500035429 mov _CAN_P1, MyBufferl
550004542a mov _CAN_P2, MyBuffer2
550105542b mov __CAN_P3, MyBuffer3

Lys
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CAN software drivers

* CAN drivers from Vector (third party) and STM8S/A standard
peripheral software library should not be impacted by the issue,
because some intermediate buffers are used to fill the mailboxes

* Nevertheless, it's recommended to crosscheck inside the C code and
especially in generated assembly code

gmented 2012 Technical Updates — Issue 2 7/22/2012



STM32L MD Errata: PVD _IN

pull-up resistor Is always active

* Once PB7 (PVD_IN) is configured in the analog input mode and PVD
level selection PLS[2:0] = 111
External input analog voltage is compared internally to VREFINT

» The internal pull-up resistor is activated even if the Programmable
Voltage Detector (PVD) is disabled by PVDE bit causing unwanted

current consumption

* Medium Density devices only

PVD_IN

GND

vdd

STM32L MD
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STM32F2/F4xx datasheets Update

« STM32F205x and STM32F207x

 Starting from rev "Y" on STM32F205x and STM32F215x devices, the USB 2.0 full-
speed device/host/OTG controller with on-chip PHY peripheral is now available.

» STM32F405x and STM32F407x

» Starting from rev “Z" on STM32F405x and STM32F415x devices, the USB 2.0 full-
speed device/host/OTG controller with on-chip PHY peripheral is now available.

 Full information on WLCSP90 package added with corresponding part numbers

* A PIL will be sent to our customers in Q3/2012

Lys
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STM32F2/4 Errata Sheet Update (1/8)

- AHB2APB Bridge could lock the master if APB clock is slowing down
during the transfer:

» Description :

« A limitation could appear in case of a master (CPU or DMA) modify the APB clock (slow
down the clock) while another master is performing write access to the same APB. In case
of an APB prescaler modification (1-> 2, 1 -> 4, 1 -> 8, 1 -> 16) while another master is
performing a write access to this target APB, the AHB2APB Bridge could lock the master
as a consequence the master performing the write access will freeze and stop his current
access.

 Workaround

» Avoid clock slow down on APB while a master is performing write access to this APB
peripheral when AHB/APB prescaler is equal to 1.

Lys
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STM32F2/4 Errata Sheet Update (2/8)

* Non bufferable access to RTC and IWDG could be managed as
bufferable access:

» Description

« Alimitation could appear in case of the CPU performs non bufferable access to the RTC or
IWDG register, the access could be treated as bufferable if there is no APB prescaler
configured (AHB/APB prescaler is equal to 1).

* In case of an APB prescaler modification (1-> 2,1 ->4, 1 -> 8, 1 -> 16) while another
master is performing a write access to this target APB, the AHB2APB Bridge could lock the
master. If consecutive accesses are performed only the last one is impacted.

 Workaround

« If the non bufferable attribute is required on this register the user could perform a read after
the write to guaranty the completion of the write access.

Lys
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STM32F2/4 Errata Sheet Update (3/8)

* DMAZ2 could corrupt data when it managed AHB and APB peripherals
In a concurrent way

» Description

A limitation could appear when the DMA2 managed in a concurrent way AHB (only
peripherals embedding FIFOs) and APB transfer. This will generate data corruption
(multiple DMA access). When this limitation occurs, the data transferred by the DMA to the
AHB peripherals could be corrupted in case of FIFO target,

« For memory the impact is a multiple access (not visible by the user) and the data is not
corrupted. For DCMI a multiple unacknowledged request could be generated that imply an
unknown behavior of the DMA. AHB Peripherals embedding FIFO are DCMI, CRYPT, and
HASH. On sales types without CRYPTO only the DCMI is impacted. External FIFO
controlled by the FSMC is also impacted.

 Workaround

 Avoid concurrent AHB (DCMI, CRYPT, HASH, FSMC with external FIFO) and APB transfer
management using DMAZ2.

Lys
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STM32F2/4 Errata Sheet Update (4/8)

* Flash noise impacting ADC accuracy
» Description

« Embedded Flash noise generated on VDD supplies may impact ADC accuracy; this noise
Is always active whatever the power mode of the product.

 Workaround

» Two steps could be applied to adapt accuracy level to the application requirements:
» Configure the Flash ART as Prefetch OFF and (Data + Instruction) cache ON
» Use averaging and filtering algorithms on ADC output codes

* For more workaround details of this limitation, please refer to AN4073.
(On Web Q3-2012)

Lys
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STM32F2/4 Errata Sheet Update (5/8)

 Battery charge monitoring limitation
» Description

A limitation could appear in case VDD = VDDA is <= 2.4V, Vbat conversion correctness is
not guaranteed in full range because:

When Vbat is set, the voltage divider bridge is enabled and Vbat/2 is connected to the
ADC. In order to monitor the battery charge correctly, the input of the ADC must not be
higher than (Vdda-0.6V). It means Vbat/2 < VvVdd — 0.6v = VDD > 2,4,

 Workaround
 None, VDD = VDDA should be more than 2.4V

Lys
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STM32F2/4 Errata Sheet Update (6/8)

» SDIO clock divider BYPASS mode is not working properly

» Description

« For High speed communication mode, when SDIOCLK is equal to 48MHz (PLL48_output =
48MHz), BYPASS bit equal to ‘1’ and NEGEDGE bit equal to ‘0’ (respectively bit 10 and bit
13 in SDIO_CLKCR register) hold timing at the chip 1/0O pin is not inline with SD/MMC

specs
 Workaround

* When not using USB nor RNG, PLL48 output (respectively SDIOCLK ) frequency can be
raise up to 75MHz, allowing to reach 37.5 MHz on SDIO_CK in High Speed mode. With
BYPASS bit equal to ‘0’, CLKDIV bits equal to ‘0’, and NEGEDGE bit equal to ‘0’.

« SDIO clock dephasing (NEGEDGE) is not working properly

» Description
« When NEGEDGE bit is set to ‘1" it may leads to invalid data, command response read.

» Workaround
* No workaround available, NEGEDGE bit equal to ‘1’ configuration should not be used.

2012 Technical Updates — Issue 2 7/22/2012
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STM32F2/4 Errata Sheet Update (7/8)

* Delay between RCC write and peripheral enable takes effect
» Description

» A Delay between RCC peripheral clock enable and the effective peripheral enable should
be taking into account in order to manage the peripheral read/write.
This delay depends on the peripheral mapping:
* If the peripheral is mapped on AHB: delay should be equal to 2 AHB cycle,
« If the peripheral is mapped on APB: delay should be equalto 1 + AHB_2 APB prescaler

 Workaround

» Use DSB instruction to stall pipeline until instruction is completed
 Insert two NOPs between RCC enable bit write and peripheral register write

Lys
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STM32F2/4 Errata Sheet Update (8/8)

* DAC, DMA Underrun flag : management issue
» Description

« Alimitation could appear if DMA was not fast enough to input the next digital data to the
DAC, As a consequence, the same digital data is converted twice.

In these conditions, DMAUDR flag is set which lead normally to disable of DMA data
transfers.

» This is not the case: DMA is not disabled by DMAUDR=1 and keeps servicing the DAC,
* Workaround

« None

* DAC, DMA request is not automatically cleared by DMAEN=0
» Description

» A limitation could appear if the application want to stop the current DMA to DAC transfer:
DMA request is not automatically cleared by DMAEN=0, or by DACEN=0,
If the application stops the DAC operation while the DMA request is high, DMA request will
keep pending while DAC is re-initialized and re-started. With the risk that a spurious-
unwanted DMA request is serviced as soon as DAC is re-enabled.

» Workaround

» Ensure that the current DMA stream is completed before of stopping DAC operation with

‘7 DMA.
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STM32 F-0 Series
For Cost-sensitive applications

Technical Updates

June 12 STM32~ Releasing your creativity
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Cortex-M processors

* Forget traditional 8/16/32-bit classifications
» Seamless architecture across all applications
» Every product optimised for ultra low power and ease of use

Cortex-M0O Cortex-M3 Cortex-M4

“8/16-bit” applications “16/32-bit” applications “32-bit/DSC” applications

|
Binary and tool compatible
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STM32F05x For Cost-sensitive applications

* ARM® Cortex™ - MO

* Low cost, low power core
* 0.9 DMIPS/MHz at 48 MHz max
 DMA on all products

- Enhanced features for appliances, consumer and industrial
» Eleven PWM 16-bit timers including motor control timer
» Full analog set - fast 1.0 us 12-bit ADC, 12-bit DAC, comparators
» Consumer Electronic Control (CEC) hardware function

* From 16-Kbyte up to 64-Kbyte Flash

* From 28-pin to 64-pin packages

life.augmented 2012 Technical Updates — Issue 2 7/22/2012



Class B compliance

- Home appliance market regulation requires Class B certification

» Our safety features are ready to support Class B (EN/IEC 60335-1) certification
requirements
* Due to HW implementation, some SW checks could be removed or simplified

 CRC FLASH check at startup — CRC block available
« HW parity on RAM instead SW run time checks
« CSS clock monitoring

» We provide a library for Class B applications (similar to STM32F1 / STM8)
 Certification to be performed soon on STM32F0

A

2012 Technical Updates — Issue 2 7/22/2012
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STM32F0x Series 64KB STM32F051

ARM 32-bit Cortex-M0 CPU

Operating Voltage: [ A

. VDD =2.0Vt03.6V Power Supply

* VBAT=165V1t036V POR/PDR/PVD
Safe Reset System (Integrated Power On <
Reset (POR)/Power Down Reset (PDR) + § 64kB/32kB HSI
Programmable voltage detector (PVD)) ® FLASH 8MHz 1%
Embedded Memories: %3 Memory

. FLASH: up to 64 Kbytes E XTAL

=  SRAM: up to 8 Kbytes 4~32MHz
CRC calculation unit up to 8kB SRAM
5 Channels DMA 5 backup regs
Power Supply with software configurable ) ()
internal re%pu?/ator and low power r?mdes. Reset Clock Ctrl 20 bytes =
Low Power Modes with Auto Wake-up 1 x Systick Timer 4 CRC g
Low power.calendar RTC with 20 bytes of _ :@(I;
backup registers Fast 1/O interface Touch Sensing Ctrl 3

Up to 48 MHz frequency managed & 27/39/55 w/ TS MUX
monitored by the Clock Control w/ Clock
Security System

Up to 16 Ext. IT Rl
Rich set of peripherals & 10s e e 1 x 12-bit ADC

= 1 x 12-bit DAC with output buffer ) 16¢ch / 1ps 2x SPI, 1 w/ I12S
= 2 low power comparators (Window Win-WDG

ARM® Peripheral Bus

T°C sensor

mode and wakeup) ) 2x I12C
= Dual Watchdog Architecture 2 € GapErEiDr 1w/ FM+ 20mA
. 11 Timers w/ advanced control features -
chlégl)ng Cortex SysTick, RTC and 1 12-bit DAC 2% USART
= 7 communications Interfaces -
= Up to 55 fast 1/Os all mappable on 3 x 16-bit TIMER 1 x Basic TIMER
external interrupts/event 1ch (2 with cpl/dt)
= 1x12-bits IMsps ADC w/ up to 16 Advanced TIMER
external channels + Temperature 1 x 16-bit TIMER 3x2ch + 1ch
sensor/ voltage reference/VBAT 2ch (1ch w/ cpl/dt)
measurement L y

‘,’ Note: Features outlined in red are not present on STM32F050 product
life.augmented (just one I12C,SPI & USART) 2012 Technical Updates — Issue 2 7/22/2012



Pin Compatibility across STM32 Family

=

36| VDD_
35|VsSS_2

STM32F10x
LQFP 48

48| VDD 2
47| vsS_2

STM32F10x
LQFP 64

[ER
(o)
=
©

VDD_4

v'PF4, PF5, PF6 and PF7 added on STM32F051

VSS 4

Increased I/O versus Supply pins ratio with pin-to-pin compatibility

Co
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STM32F05x Documents Major Updates

« STM32F05x Reference Manual — Rev1 (on web)
« STM32F05x Cortex-M0O Programming Manual — Rev1 (on web)
« STM32F051 Datasheet — Revl (on web)

« STM32F050 Datasheet — Revl (on web)
« STM32F051 Erratasheet — Revl

« STM32F050 Erratasheet — Revl
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STM32F0x Core and System
Technical Introduction
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MO — a low cost Cortex-M processor

- Address “low end” applications, as a 8/16-bit MCU replacement
» Similar gate count to 16-bit processors

» For high end/processing intensive applications, the global MCU price point is lower than
most of 8/16-bit processors due to lower code memory footprint (similar, in a few percent
range to the Cortex-M3)

» High performance, only 25-30% lower than the standard Cortex-M3 32-bit architecture
= Very good power and area optimization
= Designed for low cost and low power
= Automatic state saving on interrupt and exceptions
= | ow software overhead on exception entry and exit
= Deterministic instruction execution timing

® |nstructions always take same time to execute, from a deterministic
memory system

Lys
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Cortex-MO processor microarchitecur

- ARMvV6M Architecture
e Thumb-2 Technology
* Integrated configurable NVIC
« Compatible with Cortex-M3

* Microarchitecture
 3-stage pipeline with branch speculation
« 1x AHB-Lite Bus Interfaces

» Configurable for ultra low power
* Deep Sleep Mode, Wakeup Interrupt Controller ( Not available for STM32F05)

* Flexible configurations for wider applicability
» Configurable Interrupt Controller (1-32 Interrupts and Priorities)
 No Memory Protection Unit

mOptional Debug & Trace
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System Architecture

. Multiply possibilities of bus accesses to SRAM, Flash, Peripherals, DMA
=  BusMatrix added to allow parallel access

. Efficient DMA and Rapid data flow
= Direct path to SRAM through arbiter, guarantees alternating access
®  Von Neumann + BusMatrix allows Flash execution in parallel with DMA transfer

u Increase Peripherals Speed for better performance

®  Advanced Peripheral bus (APB) architecture up to 48MHz
=>» Allows to optimize use of peripherals (18MBits/s SPI, 6Mbps USART, 48MHz GP-Timer, 12MHz toggling 1/Os)

CORTEX-MO
Master 1 Buses are not overloaded

with data movement tasks

Xlrewsng

AHB2GPIO GPIOA, B ,C,D,F

GP-DMA :
Master 2 Slave 4 Bridge

RCC, CRC, Touch
Sensing controller (TSC)

1 AHB2APB SYSCFG, TIMs, WWD, IWWD, RTC,

Arbiter 12Cs, USARTS, SPI/I12Ss, HDMI-CEC,
‘,’ Slave 2 Bridges

DBGMCU
life.augmented 2012 Technical Updates — Issue 2 7/22/2012




Cortex-M feature set comparison
___

Architecture Version
Instruction set architecture

DMIPS/MHz

Bus interfaces

Integrated NVIC

Number interrupts

Interrupt priorities
Breakpoints, Watchpoints
Memory Protection Unit (MPU)
Integrated trace option (ETM)
Fault Robust Interface

Single Cycle Multiply
Hardware Divide

WIC Support

Bit banding support

Single cycle DSP/SIMD
Floating point hardware

Bus protocol

CMSIS Support

Thumb, Thumb-2
System Instructions

0.9
1
Yes
1-32 + NMI
4
4/2/0, 2/1/0
No
No
No
Yes (Option)
No
Yes
No
No
No
AHB Lite

Yes

Thumb + Thumb-2

1.25
3
Yes
1-240 + NMI
8-256
8/4/0, 2/1/0
Yes (Option)
Yes (Option)
Yes (Option)
Yes
Yes
Yes
Yes
No
No

AHB Lite, APB

Yes

Vv/ME

Thumb + Thumb-2,
DSP, SIMD, FP

1.25
3
Yes
1-240 + NMI
8-256
8/4/0, 2/1/0
Yes (Option)
Yes (Option)
No
Yes
Yes
Yes
Yes
Yes
Yes (Option)

AHB Lite, APB
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Cortex-MO differences vs Cortex-M3

» Less Breakpoints/Watchpoints (4/2)

» Only Serial-Wire-Debug (SWD) to save JTAG pins but on same 20-
pins connector

* Only one I/F ( AHB lite bus) to connect memories, external bus Matrix,
efc....

« Cortex-MO does not support different privilege levels, Software
execution is always privileged, meaning software can access all the
features of the processor.

* No Bit-Banding

* No support of un-aligned data

Lys
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Cortex-M processors binary compatible

D G G GEIED GEEEED GEITED GEEITED GEETHD D
G GEETED GEIIED GEIIED GEESED GEETD GEIED GEINTED GEEISIHD
RIS GEITED GEIED GEEDED G GECEED GECETID

D GELED GELED (IS =D CD C3 GEEIND
D GEED GETD
I (F0) (Fon) (Ao
Cw )
() (@) (on)
(@) (F8) () GEITED GESTD
GO @O D) | CEIEED GEIED GEIIED | GEETED GECD
(D) (v Coro) | D G GEETED
ED Cop) (D o) | D G G
€D CD GO | S G G

SwoLL @ED @ED CORTEX-MO/MA N GRIETED

STwos
D GEEED G GELETED GG G GRS
GETED GEID GEIND GECED GECED GEEED G
NS GRS GEIIED GEITTED GEEID GETTED GEUTED | G GEEETEED
G GEED CORTEX-M3
Cortex-M4

[
=
T

LDMIA
LDRBT
LDREXH
LDRSBT

BKPT

i'

MCRR

=
[}

=
A

PLDW REV16

m
=

RBIT

( VABS ) ( VADD I ( VCMP D@D ¢ VCVT YO veviR - ) ( VDIV ) ( VLDM I ( VLDR )
( VMLA ) ( VMLS ) ( VMOV ) ( VMRS ) ( VMSR ) ( VMUL ) ( VNEG Y VNMLA ) (C VNMLS )

(__vwmue__)(__wop__ )(_veusH_ )(__vsart ) (__vstm__ )(__vsiR__)(___vsuB__ ) Cortex-M4F
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Cortex-MO differences vs Cortex-M3

* V6M Architecture : Only 56 Instructions

» 46 instructions ( generally generated by a C compiler) o) (o) (AR
_ _ _ o) ) (B

» 10 instructions for System & special usage G C - HCo)
(cwN ) (cmp ) (EOR )

Can run a Traditional ARM7/9 THUMB instructions o

° -bi i i G (o) (sr) (Wov)
8/16/32-bits data transfers possible on One Instruction D ED ) S (5
* No IT (If-Then-Else) blocks to avoid small Branches e

CORTEX-M0

 No Hardware Divide

 All instructions are 16-bits Thumb to save code memory,
» Except the 32-bit Thumb instructions BL, DMB,

« DSB, ISB, MRS and MSR.

» Load/Store instructions takes 2cycles each

* Most of MOV, ADD, SUBTRACT, Compare, Logical, SHIFT instructions take 1
cycle

» Branches takes from 1 to 4 cycles ( depends if conditional, not or with link)
» “MULS” instruction provides a 32-bit x 32-bit multiply that yields the least significant

32-bits : 1 cycle !
1S7]
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Cortex-M — firmware Compatibility(llé)5

- Cortex M processors are FW and binary compatible

« Migrating path MO->M3->M4 is straight forward

* Instruction set of Cortex-Mx is strictly included in the instruction set of
Cortex-My (for x<y), allowing direct migration, while taking advantage
of higher MCU clock speed and von Neumann to Harvard
performance increase

« Re-compilation of the code is recommended

 from Cortex-MO to Cortex-M3, in order to fully take advantage of
the higher performance ISA (e.g. HW division)

* From MO/M3 to M4 w/ FPU, in order to generate the FPU code

» For a given STM32 family, a full peripheral set compatibility is
guaranteed in order to allow this simple migration path
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Cortex-M — firmware compatibility(Z/%)ﬂ

 Cortex M processors are FW and binary compatible

* When moving from MO/M3 to M4, some part of the code might be
re-coded using intrinsics, taking advantage of the advanced
DSP/SIMD instructions

« When moving backwards M3/M4 -> MO, the code needs to be
recompiled in order to use only MO instruction codes

» Code density is equivalent on the different Cortex-M
Implementations

» Code size differences for usual codes are bellow few percents,
provided that the same optimizations options are chosen in the
compiler

gmented 2012 Technical Updates — Issue 2 7/22/2012



Cortex-M0O complements Cortex-M3

= Cortex-M3 is flagship MCU processor, offering higher performance
= Delivers a performance efficiency advantage

= Cortex-MO better suited for simpler control and communications
= Delivers an energy efficiency and cost advantage

Note: Energy efficiency ONLY refers to CPU consumption, similar energy at system level
B corTEX-MO ENERGY EFFICIENCY Bl CORTEX-MO PERFORMANCE

1.8
1.8

1.4
1.2 =

1-

0.8 1

NORMALISED TO CORTEX-M3

|:| —
Normalised Cortex-M3 performance and energy efficiency vs. Cortex-MO for algorithm types.
Energy efficiency based on Cortex-M3 and Cortex-M0O processor power estimates — ONLY reffers to CPU consumption, similar energy at system level

Lys
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CoreMark score vs. Competitors on
MO

CoreMark Best mix:
efficiency and speed for STM32F0
SC‘?re +10.4% vs MCU2 and +14.4% vs MCU1

70 fomeooiii

e 410,49 a
| | 10.4% ; I+14.4%
10 S L et A S = A -
510 . Ty LT B \--
Higher speed but
less efficiency for MCU1
40 [--mmmmmomooooooes il S - il AR S —
| Lo
: : :
c]0J) | = S
| | 1
1 I 1 1
! ) ! S
1 ] | 1
20 oo S R R O U S LY -
| ! ! | i |
] I | 1
i I | ! :
) ! ! L
10 b---mmmmmm P fo------ bommmmmmmmoo e e
I ! | L
| ! . I :
_ . | : . L Fcpu
0 10 20 : 20 40 I 50 (MHz)
MCUTL  STM32F0 STM32 FO
Max flash  Max flash Max system frequency

frequency frequency

"I * Relative results based on ARM-MDK v4.50 compiler
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Simplified Register Set

Very simple, linear 4GByte address space
RO

Very compiler friendly R1
R2
R3
R4
R5
* Registers R8 —R12 (High registers) R6
R7
RS

All registers are 32-bit wide

» Registers RO —R7 (Low registers)

3 registers with special usage

« Stack Pointer (SP) -R13 i
R10
» Link Register (LR) —R14 R11
* Program Counter (PC) —R15 a2
R13(SP)
« Special-purpose register R14(LR)

R15 (PC)

 XPSR : Application and Exception Program status bits and flags

Vector Table contains Addresses

Lys
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Exception/Interrupt Handling

* Very low latency interrupt processing

* Interruptible LDM/STM for low interrupt latency ( Load/store multiples)

» Automatic processor state save and restore

* Provides low latency ISR entry and exit

 Allows handler to be written entirely in ‘C’

* The Cortex-MO processor integrates an advanced Nested Vectored
Interrupt Controller (NVIC)

« The NVIC supports up to 32 dynamically reprioritizable interrupts each with up to 4
levels of priority

» Allows early processing of interrupts

« Supports advanced features for next generation real-time applications
 Tail-chaining of pending interrupts

 Late-arrival interrupt handling and priority boosting / inversion
Exceptional Control Capabilities Through Integrated Interrupt Handling

Lys
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Interrupt Handling Method

* Interrupt handling is micro-coded. No instruction overhead

* Entry

* Processor state automatically saved to the stack over the bus.
« {PC, xPSR, R0O-R3, R12, LR}
* Then, ISR ready to start executing as soon as stack PUSH complete.

 Late arriving interrupt will restart ISR fetching, but state saving does not need to be
repeated.

 Exit
* Processor state is automatically restored from the stack.
* Then interrupted instruction is executed upon completion of stack POP.

» Stack POP can be interrupted, allowing new ISR to be immediately executed without
the overhead of state saving.

2012 Technical Updates — Issue 2 7/22/2012
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Interrupt Response — Late Arriving

“IRQl /

Highest :
IRQ2 |

26 —se— 26— — 16 — 16 —

Cortex-MO - ISR 1 l ISR 2 m
« 16 o « 16+

Tall
Chaining
Cortex-MO
e « Stack push to ISR 2 is interrupted
. 26 cycles to ISR2 entered . Stacking c_:ontlnues but new vector address
.l diatel ted by IRO1 and is fetched in parallel
¢ Tme |fa ?g pr2e6-empl € ¢ y tQ ISaS 1 * Late-arrival to ISR1 entry will depend
. ?sgsla ur ?rt cyg ?ﬁ oterll(er 16 : of the PUSH status, then 4 cycles
completes and then taxes will be necessary to read the vector table.
cycles to return to ISR 2. > '« Tail-chain info ISR 2 /

Lys
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Cortex-MO Exception Types

Exception Type Priority ;ripo?-i‘t); Descriptions
1 Reset -3 (Highest) fixed Reset
2 NMI -2 fixed Non-Maskable Interrupt
3 Hard Fault -1 fixed Default fault if other hander not
implemented
4-10 Reserved N.A. N.A.
11 Svcall Programmable | settable System Service call
12-13 | Reserved N.A. N.A.
14 PendSV Programmable | settable Pendable request for System Device
15 SYSTICK Programmable | settable System Tick Timer
16 Interrupt #0 Programmable | settable External Interrupt #0
.................................................... settable
47 Interrupt#31 Programmable | settable External Interrupt #31

life.augmented
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Vector Table
* Vector Table starts at location O

. 0x00 Initial Main SP
* In the code section of the memory map
0x04 Reset
* Vector Table contains addresses (vectors) 0x08 NMI
of exception handlers and ISRs 0x0C Hard Fault
* Not instructions 0x10-0x28
0x2C SVCall
» Table size (in words) is = number of IRQ inputs + 16 0x30-0x34
* Minimum size ( case of 1 IRQ) : 17 words 0x38 PendSV
» Maximum size ( case of 32 IRQs) 48 words 0x3C Systick
. . _ . . 40 IRQO
* Main stack pointer initial value in location O
More IRQs

» Set up by hardware during Reset
» Vector Table can not be relocated

» The vector table is always seen at address 0x00000000,

» Different Boot option or memory remap function, allow user to
alias at this direction, SRAM, FLASH or System Memory

Lys

life.augmented 2012 Technical Updates — Issue 2 7/22/2012



System Timer (SysTick)

Flexible system timer
24-bit self-reloading down counter with end of count interrupt generation
2 configurable Clock sources (HCLK or HCLK/8)

Suitable for Real Time OS or other scheduled tasks
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Same as STM32F1xx

\

just less channels

System Peripherals

DIRECT MEMORY ACCESS (DMA)
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DMA Features

5 independently configurable channels (requests)

4 levels of priority settable by software consisting of very high, high, medium, low

Independent source and destination transfer size (byte, half word, word)

Support for circular buffer management

3 event flags (DMA Half Transfer, DMA Transfer complete and DMA Transfer Error)

Peripheral-to-memory, memory-to-peripheral, peripheral-to-peripheral & Memory-to-
memory transfers

Access to Flash, SRAM, APB and AHB peripherals as source and destination

Programmable number of data to be transferred: up to 65536

Lys

life.augmented 2012 Technical Updates — Issue 2 7/22/2012



—

=" Same as STM32F1xx

but with new features

System Peripherals

RESET AND CLOCK CONTROL (RCC)
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RESET Sources

System RESET

Resets all registers except some RCC
registers and Backup domain

Sources

» Low level on the NRST pin
(External Reset)

» WWDG end of count condition
» [WWDG end of count condition
» A software reset (through NVIC)
= Low power management reset

» Option byte loader reset
(FORCE_OBL hit)

External
RESET

NRST

Power RESET

Resets all registers except the Backup
domain

Sources

= Power On/Power down Reset
(POR/PDR)

= Exit from STANDBY

Lys
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Rpy q====--cmmeem oo
| —
v/ Filte » SYSTEM RESET

WWDG RESET
IWWDG RESET
PULSE Software RESET
GENERATOR Low power management RESET
(min 20ps) Option byte loader RESET

Power RESET —§—— g)t(ﬁndby

POR/PDR

"SR (-

Backup domain RESET

Resets in the Backup domain: RTC registers +
Backup Registers + RCC_BDCR register

Sources
» BDRST bitin RCC_BDCR register
» POWER Reset
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Clock Features

System Clock (SYSCLK) sources:
 HSE (High Speed External osc) 4MHz to 32MHz, can be bypassed by user clock
« HSI (High Speed Internal RC): factory trimmed internal RC oscillator 8MHz +/- 1%
 PLL x2, x3, .. x16 (16MHz min. output freq.)

Additional clock sources:
e LSI (Low Speed Internal RC): ~40kHz internal RC

* LSE (Low Speed External oscillator): 32.768kHz, can be bypassed by user clock

» configurable driving strength (power/robustness compromise)
« HSI14 (High Speed Internal RC 14MHz): dedicated oscillator for ADC

Clock-out capability on the MCO (HSI14, LSI, LSE, SYSCLK, HSI, HSE, PLL/2)

Clock Security System (CSS) to switch to backup clock in case of HSE clock failure
« Enabled by SW w/ interrupt capability linked to Cortex NMI

RTC Clock sources: LSE, LSI and HSE clock divided by 32

USART, 12C & CEC have multiple possible clock sources

Lys
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32.768KHz HSE

Clock Scheme

RTCCLK
0SC32_0uT > P SysTick
LSIRC —eita » IWWDGCLK > HCLK
—>

v

8MHz
o HSI M

P PCLK
HSIRC

B

L’F " PLLCLK ‘
X2, x3 y ZYSCLK, TIMXCLK
} . > X2, %3, >
4 -32 MHz YV
0SC_ouT %: HSE

v

V

v

0SC_IN N
i ADC
HSI14 RC >
PCLK \
SYSCLK
HSI USART1
LSE
-
| Hsiia -
/ LS| o
SE SYSCLK —» 12C1
mco [ SYSCLK —>
HSl
— o
S PLLCLK2 LSE —» CEC
y>
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Internal/External clock measurement
using TIM14

* TIM14 input capture can be triggered by an I/O or by RTCCLK, HSE/32 or
MCO signal = Purpose:

» Use the precise LSE clock to measure HSI frequency; HSI used as system clock,
knowing the LSE frequency we can determine the HSI frequency (w/ the precision
of the LSE)

» Measure the LSI frequency (w/ the precision of the HSE or HSI) to fine tune
IWWDG and/or RTC timing

Have rough indication of the external crystal frequency by comparing HSI (used as
a system clock) and HSE/32

TI1_RMP bits in

TIM14_OR
[ 1 GPIO

RTCCLK .

HSE/32 Ao —

" MCO ‘ S
X S
HSE

k ¢ PLLCLK/2

Lys
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=" Same as STM32F1xx

but with new features

System Peripherals

POWER CONTROL (PWR)
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Power Supply Schemes

Lys

augmented

VDD = 2.0to 3.6 V: External Power Supply for 1/Os
and the internal regulator.

VDDA =2.0to 3.6 V: External Analog Power
supplies for ADC,DAC, Reset blocks, RCs and PLL.

= ADC or DAC working only if VDDA >=2.4V
= VDDA could be higher than VDD

= Full analog performance at low consumption

VBAT =1.65V to 3.6 V: For Backup domain when
VDD is not present.

Power pins connection:

= VDD and VDDA can be provided by a separated power
supply source.

= VSS and VSSA must be tight to ground

VDDA

VSSA

VSS

VDD

VBAT

Vppa domain

A/D converter
D/A converter
COMP

Temp. sensor

Reset block

:

/

PLL

Vpp domain

Vs

-

\

Low Voltage Detector

V,g domain
I/0 Rings \ /ﬁ
/STANDBY circuitry
(Wake-up logic,
IWWDG, RTC, LSE Core
crystal 32K osc, Memories
\RCCCSR) Y, Digital
) peripherals
Voltage Regulator
J
PZAN J

|

Backup domain

LSE crystal 32K osc
BKP registers
RCC BDCR register

RTC

/




Power Sequence mm

* When VDD power supply source is different from VDDA
power supply source (VDD < VDDA)

 The VDDA voltage level must be always greater or equal to the
VDD voltage

* During power-on, the VDDA must be provided first (before VDD)

» During power-off, it is allowed to have temporarily VDD > VDDA,
but the voltage difference must be <0.4V

» could be maintained by an external Schottky diode
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Power On Reset / Power Down Resejgm

VDD and
VDDA
= Two Integrated POR / PDR circuitries 4
guarantees proper product reset when Virh oor /.
voltage is not in the product guaranteed /" [ :“i‘;;);n‘v‘ L;;{g{e;i‘s“"xi oR

voltage range (2V to 3.6V)

= No need for external reset circuit

L

1

1 Tempo

i**12.5ms
1

v

Reset
= POR and PDR have a typical hysteresis of Virl min 1.8V / Virh max 2V
40mV '
11:',:,03me{ed 2012 Technical Updates — Issue 2 7/22/2012



Programmable Voltage Detector (PVD).E

= Programmable Voltage Detector

Enabled by software

Monitor the VDD power supply by

comparing it to a threshold | N _
PVD Threshold I 100mv hysteresis

Threshold configurable from 2.1V to 2.9V
by step of 90mV

v

PVD

Generate interrupt through EXTI Linel6 (if output
enabled) when VDD < Threshold and/or
VDD > Threshold

=>» Can be used to generate a warning
message and/or put the MCU into a safe
state

Lys
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Backup Domain m=

= Backup Domain contains

= Low power calendar RTC (Alarm, periodic wakeup from
Stop/Standby)

20 Bytes Data RTC registers
Separate 32kHz Osc (LSE) for RTC

RCC BCSR register: RTC clock source selection and
enable + LSE config
Vear [1—— RCC BDSR | 32KHz OSC

=>» Reset only by RTC domain RESET power switch reg (LSE)

Backup Domain

Wakeup

Logic
H Voo [}
= VBAT independent voltage supply 0
= Automatic switch-over to VBAT when VDD goes lower Rrtc_tampx I RTC + 20 Bytes Data
than PDR level L

= No current sunk on VBAT when VDD present

= Tamper event detection: resets all user backup
registers

= TimeStamp event detection.

Lys
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Power Management

- 8bit Microcontroller like power mode management
« SLEEP NOW

« “Wait for Interrupt” instructions to enter low power mode
« No more dedicated control register settings sequence

« “Wait for Event” instructions to enter low power mode
* No need of Interrupt to wake-up from sleep
» Rapid resume from sleep

« SLEEP on EXIT

» Sleep request done in interrupt routine

* Low power mode entered on interrupt return
» Very fast wakeup time without context saving (6 cycles)

- DEEP SLEEP

» Long duration sleep
» From product side: PLL can be stopped or shuts down the power to digital parts of the system
* Enables low power consumption

Lys
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Mode name

STM32F05x Low Power modes

WWELGH]

Effect on
1.8V
domain

Effect on
VDD
domain

Voltage
regulator

10 state

Wakeup latency

SLEEP,
SLEEP now
or
SLEEP on-
exit

STOP

STANDBY

WEFI

WFE

PDDS,
LPSDSR
bits +
SLEEPDEEP
bit +
WFI or WFE

PDDS bit +
SLEEPDEEP
bit +
WEFI or WFE

Any interrupt

Wake-up event

Any EXTI line
(configured
in the EXTI registers,
internal and external
lines)

WKUP pin rising edge,
RTC alarm, RTC tamper
event, external reset in
NRST pin, IWDG reset

clocks

CPU CLK
OFF
no effect on
other
clocks or
analog
clock
sources

All 1.8V

domain

clocks
OFF

Note (1): Standby mode: all I/O pins are high impedance except:

- Reset pad (still available)

- RTC pins, PC14 and PC15 if configured in the RTC registers.
- WKUP pin 1 (PAO) and WKUP pin 2(PC13), if enabled.

Lys
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clocks

None ON
ON, in low
power
mode
(dependin
g
HSI and on
HSEand PWR_CR)
oscillator
S
OFF
OFF

All I/O pins
keep the
same state
as in the
Run mode

all I/0 pins
are high
impedance

(1)

None

HSI RC wakeup time
+ regulator wakeup
time from Low-power
mode

Reset phase
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Low Power Modes — typical consumptiorh

« STM32F05x Low Power modes: uses CortexMO Sleep modes
« SLEEP, STOP and STANDBY

RUN mode w/ execute from Flash on 48MHz
(HSE bypass 8MHz x 6 PLL = 48MHz) All peripherals clock ON

RUN mode w/ execute from Flash on 24MHz
(HSE bypass 8MHz x 3 PLL = 24MHz) All peripherals clock ON

RUN mode w/ execute from Flash on 8MHz

(HSI) All peripherals clock ON

Sleep mode w/ execute from Flash at 48MHz

(HSI 8MHz / 2 x 12 PLL = 48MHz) All peripherals clock ON

STOP w/ Voltage Regulator in low power
All oscillators OFF, PDR on VDDA is OFF

STANDBY w/ LSI and IWWDG OFF
PDR on VDDA is OFF

22.9/0.166 (MA)

11.7 / 0.088 (MA)

4.15/0.079 (mA)

12.9/0.243 (MA)

3.6 / 1.34 (UA)

1.1/1.21 (pA)

Typical values are measured at TA = 25 °C, VDD =3.3V VDDA= 3.3 V.

Lys
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Same as STM32F1xx

with new features

System Peripherals

Flash memory

\
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Flash Features Overview

* Flash general features:
« Up to 64KBytes
* 64 pages of 1KBytes size and 16 Sectors of 4KBytes size (4 pages)
* Endurance: 10k cycles
» Access time: 35ns
» Half word (16-bit) program time: 52.5us (Typ)
» Page erase time and Mass erase time: 20ms (Min), 40ms (Max)

* Flash interface features:
» Read Interface with pre-fetch buffer
» Option Bytes loader
» Flash program/erase operations
» Types of Protection:

Readout Protection: Level 0, Level 1 and Level 2 (No debug)
* Write Protection

* Memory organization:
* Main Program memory block (or Main Flash memory)
» Information block : 3KBytes of System memory + 6 Option Bytes (12 with complements)

2 option bytes for write protection and 1 for Readout protection
1 option byte for device configuration : VDDA supervisor, BOOT1, Reset w/ STDBY/STOP, IWWG HW

"I » 2 option bytes reserved for user data
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Flash memory prefetch controller

 Mission: Support 48 MHz operation directly from Flash memory

* Flash with Prefetch based on 3 x 64bits buffers

-
CORTEX-MO
CPU
ARMa
_

[

Instructiong/// Data-DMA-Debug BUS

D
ARBITER %

32 bits
Thumb-2

16 bits
Thumb-2

16 bits
Thumb

:

Flash memory

Prefetch controller

J

* The read requests are managed with following priority order :
1=0Option byte loader, 2=Prog and erase operation, 3=Instr/Data fetch, 4=prefetch access

ARRAY
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Flash Protections (1/2)

C

RDP # OxAA and RDP # 0xCC

Other option(s) modified Write options including RDP

= OxAA

Write options including RDP

= 0xCC Write options including RDP
# OxAA and RDP # 0xCC

Write options including RDP
= 0xCC

RDP = OxAA
Other option(s) modified
Option byte write (RDP level increase) includes: Option byte erase and New option byte programming

Option byte write (RDP level decrease) includes: Option byte erase, New option byte programming and Mass Erase
Option byte write (RDP level identical) includes : Option byte erase and New option byte programming

Lys
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Flash Protections (2/2)

« Access status versus protection level and execution modes :

Protection User execution Debug, boot from RAM or
level boot from system memory

(loader)

Yes Yes Yes N/A

ves INGHINE A N/A N/A
Yes Yes Yes Yes Yes Yes
Yes Yes NG n~A N/A N/A
Yes Yes -- N/A

Yes Yes N/A N/A N/A N/A

N P N PN P DN

(o]
o}
c
o]
3
o}
=}
=
o}
Q
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Memory I\/Iapplng and Boot Modes ==

" Addressable memory space of 4 Gbhytes
" FLASH : up to 64 Kbytes

" RAM : up to 8 Kbytes with parity check
= 4 bits per word for parity check
= Automatic check when reading
= NMI/BRK_IN of TIM1 w/ SRAM_PARITY_LOCK bit
+ SRAM_PEF Error Flag both in SYSCFG register 2

OXFFFF FFFF

0xEO010 0000

Cortex-MO
internal

0xE000 0000 |Peripherals

Ox1FFF F80C

Option Bytes
Ox1FFF F800

System Memory

Ox1FFF EC00

0x4800 1800 0x0800 FFFF

) FO51 Flash
Peripherals

SRAM up to 8KB

0x4000 0000 0x0800 7FFF

FO50 Flash

0x0800 0000

0x2000 0000

CODE

0x0000 0000

Lys
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Boot modes
Depending on the Boot configuration, Embedded Flash
memory, System memory or Embedded SRAM memory
is aliased at @0x00. Even when aliased, these memories
are still accessible from their original memory space.

The boot configuration is defined with BOOTO pin
and nBOOTL1 bit from USER option byte.

BOOT Mode

Selection Boot Mode Aliasing
nBOOT1 BOOTO

User Flash User Flash is selected as
X 0
boot space
System SystemMemory is
1 1
memory selected as boot space
0 1 Embedded Embedded SRAM is
SRAM selected as boot space

® System memory : contains the Bootloader used to re-program
the FLASH through USART1 (same pins configuration as for
STM32 products).

® Boot from SRAM : The relocation of the vector table is not

allowed on the Cortex MO. When Booting from SRAM, System
memory or User Flash, the vector table will be aliased at direction
0x00000000
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== Same as STM32L and

STM32F2xx with
some changes

System Peripherals

GENERAL-PURPOSE I/Os (GPIO)
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GPIO features mm

« Up to 55 multifunction bi-directional 1/O ports available on biggest
package 64 pin. ( 86% ratio versus 80% STM32F1 series)

* Almost all standard 1/Os are 5V tolerant (except ADC pins)

- All Standard I/Os are shared in 5 ports: GPIOA [0..15], GPIOBJ0..15],
GPIOC[0..15], GPIOD[2], GPIOF[0,1,4..7]

» Atomic Bit Set and Bit Reset using BSRR and BRR registers
* GPIO connected to AHB bus: max toggling frequency 12 MHz
» Configurable Output slew rate speed up to 50MHz

* Locking mechanism (GPIOx_LCKR) provided to freeze the I/O
configuration on ports Aand B

« Up to 55 GPIOs can be set-up as external interrupt (up to 16 lines at
time) able to wake-up the MCU from low power modes

Lys
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MODER(i) OTYPER(i) PUPDR(i) . .
[1:0] [1:0] [1:0] I/O configuration
0 0 Optput Push Pull
0 0 1 Opitput Push Pull with Pull-up
1 0 Optput Push Pull with Pull-down
01
0 0 Qutput Open Drain
1 0 1 utput Open Drain with Pull-up
1 0 (utput Open Drain with Pull-down
0 0 Afternate Function Push Pull
0 0 1 Apternate Function PP Pull-up
1 0 Ajternate Function PP Pull-down
10
0 0 Apternate Function Open Drain
1 0 1 Aternate Function OD Pull-up
1 0 Apternate Function OD Pull-down
0 0 Ihput floating
00 X 0 1 Thput with Pull-up
1 0 Ihput with Pull-down
11 X X Analog mode

* In output mode, the I/O speed is configurable through OSPEEDR register:

2MHz, 10MHz or 50MHz

Lys
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Alternate Function Input :

[ |

(@)

%)

) On Off

g ] o

: VDD vDD or VDD _FT®
4 CU l _“. : —— -

§ T

— Schmitt

>

o1

£

Trigger \nput Driver

E= VDD
[}
+—
o .
D ol _4 3
o8 |x OUTPUT \
X oun ©
— E a_’ E CONTROL VSS VSS
w2l |2
m o
)
>
10 VSS Push-Pull
Output Driver Open Drain
Alternate Function Output

Analog

(1) VDD_FT is a potential specific to five-volt tolerant I/Os and different from VDD.
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New feature on

STM32F0xx

Analog Peripherals

Touch Sensing controller (TSC)

Not available on STM32F050x products
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TSC Features (1/2)

* Proven and robust surface charge transfer acquisition principle

* One sampling capacitor for up to 3 capacitive sensing channels to reduce
the system components

» Supports up to 18 capacitive sensing channels split over 6 analog I/O
groups

 Up to 6 capacitive sensing channels can be acquired in parallel offering a
very good response time

» 1 counter per analog I/O group to store the current acquisition result

* Full hardware management of the charge transfer acquisition sequence

* No CPU load during acquisition

- Spread spectrum feature to improve system robustness in noisy
environments (minimum step of 20.8ns)

Lys
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TSC Features (2/2)

* Programmable charge transfer frequency (up to 6.8 MHz)

* Programmable sampling capacitor 1/0O pin and channel I/O pins
* Any GPIO of an analog 10 group can be used for the sampling capacitor

* Any GPIO of an analog 10 group can be used for the channel

* Programmable max count value to avoid long acquisition when a channel is
faulty

» Dedicated end of acquisition and max count error flags with interrupt
capability

- Compatible with proximity, touchkey, linear and rotary touch sensor
Implementation

* Designed to operate with STMTouch touch sensing firmware library

Lys
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STMTouch Touch Sensing Library

Complete free C source code library with firmware examples

Multifunction capability to combine capacitive sensing functions with
traditional MCU features

Enhanced processing features for optimized sensitivity and immunity

 Calibration, environment control system (ECS), debounce filtering , detection exclusion system
(DxS), etc

Complete and simple API for status reporting and application configuration

Touchkey, proximity, linear and rotary touch sensors support

Compliance with MISRA and with all STM32 C compilers

« STM32F051 support planned for end Q2 2012

Lys
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e Similar set as STM32F100x

functionality like STM32F2x

Standard Peripherals

TIMERS (TIM)
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Timers overview

Width CAPCOM Prescaler

DMA Synch.  External Repetition
& J s features Module trigger ElEELS counter
Direction COMPL. Max clock 99
16bit
TIM1 UP/DOWN 4+ 3 All Yes Yes Yes Yes
32bit
TIM2 UP/DOWN 4+0 All Yes Yes No No
16bit
TIM3 UP/DOWN 4+0 All Yes Yes No No
TIM6 16bit 0 Linear 1 LUk Yes No No No
UP only 16-bit reg.
16bit Yes
TIM14 UP only 1+0 48 MHz No No Lot No No
TIM15 16bit 2+1 Al Yes No Yes Yes
UP only
TIM16 16bit 1+1 Al No NO Yes Yes
UP only
TIM17 16bit 1+1 Al No NO Yes Yes
UP only

‘,’ Note: Timers in red are not available on STM32F050x products
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New IP coming

from STM32F-2

Communication Peripherals

SERIAL PERIPHERAL INTERFACE
(SPI/12S)

Only SPI1 available on STM32F050x products
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SPI Features (1/2) -

Full duplex synchronous transfers (3 lines)

Half duplex/Simplex synchronous transfers (2 lines, bi-directional data
line at half duplex)

Programmable clock polarity & phase, data MSB/LSB first

Master/multi Master/Slave operation
= Dynamic software/hardware NSS management (Master/Slave)

Hardware CRC feature (8-bit & 16-bit data frames checking)

Programmable bit rate: up to foo /2

= BSY flag (ongoing communication check)

= DMA capability (separated Rx/Tx channels,
automatic CRC & Tx/Rx access/threshold handling)

Lys
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SPI Features (2/2)

= New enhanced NSS control:
= NSS pulse mode (NSSP)
= Tl mode
= Programmable data frame from 4-bit to 16-bit
= Two 32-bit Tx/Rx FIFO buffers with DMA capability
= Data packed mode control
= (I2S mode)

Lys
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Be careful!

When data packed mode is used
» Keep Rx threshold & read access of Rx FIFO always in line (8-bit/16-bit)
* Change Rx threshold just before last odd data frame is received

When go to Halt or when disable the SPI
» check read FIFO occupancy and bus activity (FxLVL[1:0] =00 & BSY =0)

When communication is continuous (e.g. master Rx-only)
* Perform Rx threshold, change/CRC control or Stop at “Control window”

CRCNXT=1
RXONLY=0
FRXTH=1 Dummy/Odd/CRC Frame

Control
window

CPHA=0

When CRC is enabled at slave

* CRC clock input is sensitive for SCK signal even in case SPIE=0

Lys
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Communication Peripherals

INTER-INTEGRATED CIRCUIT
INTERFACE (I12C)

Only I12C1 available on STM32F050x products
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12C Features (1/2) -

» 12C specification rev03 compatibility
« SMBus 2.0 HW support

- PMBus 1.1 Compatibility

- Multi Master and slave capability

- Controls all I12C bus specific sequencing, protocol, arbitration
and timing

- Standard, fast and fast mode + 12C mode (up to 1MHz)

« 20mA output drive capability for FM+ mode
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12C Features (2/2)

7-bit and 10-bit addressing modes

Multiple 7-bit Addressing Capability with configurable mask

Programmable setup and hold time

Easy to use event management

Programmable analog and digital noise filter

Wakeup from STOP mode on address match
 Optional clock stretching
* Independent clock

 1-byte buffer with DMA capability

Lys
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* 12C1 supports all features

12C Implementation

* 12C2 supports a smaller set of features

life.augmented

|2C features 12C1 12C2

Independent clock
SMBUS HW support
Wakeup from STOP
20mA output drive

YES
YES
YES
YES

NO
NO
NO
NO
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|12C1 Block Diagram m=

SYSCFG_CFGR1/12C_PBx_FM+

Digital Analog
Noise Noise
RCC CFGR3/I12C1sSW Clock
- | i Filter Filter . SCL
SYSCLK —‘
Digital
Noise
HSI — | 12C _CLK Data ) SDA
J - Control Filter .
SYSCFG_CFGR1/12C_PBx_FM+
Registers D SMBA
PCLK

Lys

life.augmented 2012 Technical Updates — Issue 2 7/22/2012



|12C SDA and SCL noise filter

= Analog noise filter in SDA and SCL 1/O
= Can filter spikes with a length up to 50ns
= This filter can be enabled or disabled by SW (enabled by default)

= Digital noise filter for SDA and SCL
=  Suppress spikes with a programmable length from 0 to 15 12C_CLK
periods.

= Only analog filter can be enabled when Wakeup from STOP feature is enable.

= Filters configuration must be programmed when the 12C is disable.
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12C Programmable timings
|98

=  Setup and Hold timings between SDA and SCL in transmission are
programmable by SW with PRESC, SDADEL and SCLDEL fields in 12C Timing
Register (12Cx_TIMINGR).
=  SDADEL is used to generate Data Hold time. Tgpapg. = SDADEL * (PRESC+1) * Ti5c c1k
=  SCLDEL is used to generate Data Setup time. Tgg pg = (SCLDEL+1) * (PRESC+1) * T\c ik

Example Data Hold Time : T,(SDA) Data hold time

I e W

X SDA

\ SCL falling edge internal detection

= The Setup and Hold configuration must be programmed when the 12C is disable.

= |2C_Timing_Config_Tool is available in FWLIib to calculate 12C_TIMINGR value
for your application.
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12C Master clock generation
[ 99

=  SCL Low and High duration are programmable by SW with PRESC, SCLL and SCLH fields in
I2C Timing Register (I2Cx_TIMINGR).

" SCL Low counter is (SCLL+1) * (PRESC+1) * T\,c ¢k - It starts counting after SCL falling edge internal detection.
After counting, SCL is released. o

" SCL High counter is (SCLH+1) * (PRESC+1) * T\,c ¢k - It starts counting after SCL rising edge internal detection.
After counting SCL is driven low. -

=  The total SCL period is :
TSYNC1 + TSYNC2 + [(SCLL+1) + (SCLH+1)] * (PRESC+1) * T 5c o1k

SCL Period:

TSYNCZ
<> SCLH

. SCLL

SCL

X SDA

\
N

\ 2

TSYNCl

\ SCL falling edge internal detection
=  The SCLL and SCLH configuration must be programmed when the 12C is disable.

= |2C _Timing_Config_Tool is available in FWLIib to calculate 12C_TIMINGR value for your
application.

Lys
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Slave Addressing Mode

= |2C can acknowledge several slave addresses. 2 address registers :
= [2Cx_OARL1 : 7-bit or 10-bit mode.
= [2Cx_OAR2 : 7-bit mode only. OA2MSK]2:0] allow to mask from O to 7

LSB of OAR2 :
OA2MSK][2:0] | Address match condition
000 address[7:1] = OAL[7:1]
001 address[7:2] = OA1[7:2] (Bit 1 is don’t care)
010 address[7:3] = OA1[7:3] (Bit 2:1 are don'’t care)
111 All addresses are acknowledged except 12C

reserved addresses.
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Wakeup from STOP on address match_

1

When I2C_CLK clock is HSI, the I12C is able to wakeup MCU from STOP when

it receives its slave address. All addressing mode are supported.
= During STOP mode and no address reception : HSI is switched off.
= On START detection, 12C enables HSI, used for address reception.
Wakeup from STOP is enabled by setting WUPEN in 12C1_CRL1.

Clock stretching must be enabled to ensure proper operation: NOSTRETCH=0.
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|2C events

Interrupt event Interrupt flag

Receive Buffer Not Empty
Transmit buffer Interrupt Status
Stop detection interrupt flag
Transfer Complete Reload
Transfer Complete

Address matched

NACK reception

RXNE
XIS
STOPF
TCR
TC
ADDR
NACKF
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Easy Master mode management

 For payload <= 255 bytes : only 1 write action needed !! (apart data rd/wr)

_ _ = START=1
= RD_WRN : transfer direction
= NBYTES = N : number of bytes to be transferred
= AUTOEND =1 : STOP automatically sent after N data.

AUTOEND

0 : Software end mode  End of transfer SW control after NBYTES data transfer :
* TC flag is set. Interrupt if TCIE=1.
* TC is cleared when START or STOP is set by SW
» If START=1 : RESTART condition is sent

1 : Automatic end mode STOP condition sent after NBYTES data transfer

- Data transfer managed by Interrupts (TXIS / RXNE) or DMA

Lys
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Easy to use event management

« For payload > 255 : in addition, RELOAD must be set in 12Cx_CR2.

RELOAD

O : No reload NBYTES data transfer is followed by STOP or ReSTART

1 : Reload mode NBYTES is reloaded after NBYTES data transfer (data
transfer will continue) :
* TCR flag is set. Interrupt if TCIE=1.
* TCR is cleared when 12Cx_CR?2 is written w/ NBYTES#0

« AUTOEND = 0 has no effect when RELOAD is set.
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Slave mode

+ By default : I2C slave uses clock stretching .
» This can be disabled by setting NOSTRETCH=1

* Reception : Acknowledge control can be done on selected bytes in Slave Byte
Control (SBC) mode with RELOAD=1

« SBC =1 enables the NBYTES counter in slave mode (Tx and Rx modes).
« SBC =1 is allowed only when NOSTRETCH=0.

SBC

0 : Slave Byte  All received bytes are acknowledged.
Control disable

1: Slave Byte  If RELOAD=1, after NBYTES data are transferred :
Control enable +TCR set & SCL stretched before ACK pulse in reception.
* TCR is cleared when 12Cx_CR?2 is written w/ NBYTES#0
> if I2Cx_CR2/NACK = 1: received byte is NOT Acknowledged
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=" Same as STM32F1xx

but with new features

System Peripherals

CRC CALCULATION UNIT
(CRC)
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life.a

CRC Features (1/3)

CRC-based techniques are used to verify storage integrity or data transmission

In functional safety standards (such as EN/IEC 60335-1), CRC peripheral offers a
means of verifying the embedded Flash memory integrity

Uses CRC-32 (Ethernet) polynomial: 0x4C11DB?7

X32+ X26+ X23 + X22 + X16+ X12 + Xll+ XlO + X8 + X7 + X5 + X4 + XZ + X +1
AHB Bus
32-bit (read access)

Single input/output 32-bit data register,
but handles 8,16 and 32-bits data size
CRC Peripheral is mapped to AHB bus
for fast operation, CRC computation
done in 4 AHB clock cycles (HCLK)
maximum
Computation duration depends on data
size

4 HCLK cycles for 32-bit

« 2 HCLK cycles for 16-bit

. 1 HCLK cycles for 8-bit
KYI

ugmented

Data register (Output)

1

CRC computation (polynomial:0x4C11DB7)

Data register (Input)

32-bit (write access)
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The Input register can be accessed for write operations either :
by Cortex-MO CPU or

In back-to-back with DMA in Memory to Memory transfer mode, keeping
CPU free for other tasks or even in sleep mode ( for power optimization)

A new Input buffer is available to avoid AHB bus stall during computation
time, thus freeing AHB1 bus for others concurrent operations

It has also a general-purpose 8-bit register (can be used for temporary storage)

New Modes

Programmable CRC initial value, very useful when the CRC computation
IS stopped then continued without re-start again in the application (
Interrupts with higher priorities, several CRC computations etc.)

Initial value is re-loaded from CRC_INIT (32-bits register) each time a
CRC reset is applied, the default value is OXFFFF_FFFF to keep
compatibility with STM32F1xx series

augmented



CRC Features (3/3)

New Modes (Continued)

Reversibility on Input and Output data without extra cycles

Output: the reversing is done at bit level only
31

0
0x11223344 0(0|0{1]0(0|0(1]|0|0|1]0[{0]|0({1]0({0|0f1]1|0|0|1[{1]0{1]0[0]O({1]|0|0O

J 31W

0x22CC4488 0(0|1{0|0|0}1|0|1|1]|0|0f1]1{0|0(0|1{0|0|0|1]O[O0}1{0|O[0O]1{0O|0O|0O

This replaces the same operation as “RBIT” instruction not available in

Cortex-MO instruction set but is in Cortex-M3/M4 and will save many
CPU cycles if done by software...

Input : The bits reversing can be performed on 8 bits, 16 bits and 32
bits to support various endianness schemes
example if input data Ox1A2B3C4D is used for CRC calculation as:
0x58D43CB2 with bit-reversal done by byte
0xD458B23C with bit-reversal done by half-word
0xB23CD458 with bit-reversal done on the full word

Lys
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Same as STM32F1xx

System Peripherals

System Window Watchdog (WWDG)
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111

Configurable time-window, can be programmed to
detect abnormally late or early application behavior

WWDG

Reset WWDG_CFR

Conditional reset

= Reset (if watchdog activated) when the down counter
value becomes less than 40h (T6=0)

comparator
=1 when
T6:0 > W6:0

o
o=

= Reset (if watchdog activated) if the down counter is
reloaded outside the time-window

Write WWDG_CR

To prevent WWDG reset: write T[6:0] bits (with T6 WWDG_CR  \_6BiDown Counter___
equal to 1) at regular intervals while the counter
value is lower than the time-window value (W[6:0]) o T | SCALER

T[6:0] CNT down counter
A

Early Wakeup Interrupt (EWI): occurs whenever the
counter reaches 40h =» can be used to reload the

down counter W[6:0]

WWDG reset flag (in RCC_CSR) to inform when a sFh |

WWDG reset occurs ] | .
Min-max timeout value @48MHz (PCLK): 85.33ps / Window | me
43.69ms 6 bit '

Reset

Best suited to applications which require the watchdog to react

within an accurate timing window
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Like STM32F1xx with

added window

System Peripherals

Independent Watchdog (IWDG)
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Selectable HW/SW start through option byte

Advanced security features:

IWDG clocked by its own dedicated low-speed

clock (LSI) and thus stays active even if the

Prescaler
Register

Reload

Register

Window
Register

main clock fails

Once enabled the IWDG can’t be disabled (LSI ]
can’t be disabled too)

Safe Reload Sequence (key) + window

8-bit

12-bit
reload value

‘4—

IWDG function implemented in the VDD
voltage domain that is still functional in STOP
and STANDBY mode (IWDG reset can wake-
up from STANDBY)

To prevent IWDG reset: write IWDG_KR with
AAAAhN key value at regular intervals before
the counter reaches 0, while respecting the
defined refresh window

IWDG reset flag (in RCC_CSR) to inform
when a IWDG reset occurs

Min-max timeout value @40KHz (LSI):

‘.mﬂus | 26.2s
> /4

12-bit
down counter

v

12-bit

window comp |

_—_— s =

Best suited to applications which require the
watchdog to run as a totally independent process
outside the main application




I Same as STM32F1xx T ———

but with New features and

new Name

System Peripherals

EXTENDED INTERRUPT/EVENT
CONTROLLER (EXTT)
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Manages the external and internal
asynchronous events/interrupts and
generates the event request to the

PU/Interrupt Controller and a wake-up
request to the Power Manager

Some communication peripherals (UART,
12C, CEC, comparators) are able to
generate events when the system is in
run/sleep mode and also when the system
IS in stop mode allowing to wake up the
system from stop mode.

These peripherals are able to generate
both a synchronized (to the system APB
clock) and an asynchronous version of the
event.

All others features are same as STM32F1x
series

Lys
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EXTI Features

Falling Trigger
Selection Register

Rising Trigger
Selection Register

Interrupt Mask

Pending Request Software Interrupt
Register Register Event Register

A

Edge Detect H
Circuit El

EXTI[15:0]

F(_T

Pulse Event Mask
Generator

Register

Up to 28 Interrupt/Events requests :

Up to 55 GPIOs can be used as EXTI line(0..15)

EXTI line 16 is connected to the PVD output

EXTI line 17 is connected to the RTC Alarm event

EXTI line 19 is connected to RTC tamper and Timestamps
EXTI line 21 is connected to Comparator 1 output

EXTI line 22 is connected to Comparator 2 output

EXTI line 23 is connected to 12C1 wakeup

EXTI line 25 is connected to USART1 wakeup

EXTI line 27 is connected to CEC wakeup.
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Same as STM32F-1

with new features

Communication Peripherals

Universal Synchronous Asynchronous
Receiver Transmitter (USART)

Only USART1 available on STM32F050x products
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STM32F1/F2/L USART vs STM32F0 USART
Main features (1/2)

Programmable data length (8 or 9 bits) Yes Yes
Configurable stop bits 1,15,2 05,1,15,2
Synchronous mode (Master only) Yes Yes

Single wire Half duplex Yes Yes
Programmable parity Yes Yes
Hardware flow control (nCTS/nRTS) Yes Yes

Driver Enable (for RS485) Yes No
Swappable Tx/Rx pin Yes No

IrDA Yes Yes

Basic support for Modbus Yes No

LIN Yes Yes
Smartcard Yes (T=0, T=1) Yes (T=0)
Dual Clock domain and wake up from STOP mode  Yes No
Programmable data order with MSB first or LSB Yes No

first

Lys
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STM32F1/F2/L USART vs STM32F0 USART
Main features (2/2)

Receiver timeout Yes No
Auto-baudrate detection Yes No
Continous communication using DMA Yes Yes
Address/character match interrupt Yes No
End of Block interrupt Yes No
Multiprocessor communication Yes Yes
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119

STM32F05X STM32F1xx

Maximum USART baudrate in Smartcard mode

augmented

In case of transmission error,
according to the protocol
specification, the USART should
send the character.

In case of reception error ,
according to the protocol
specification, the smartcard must
resend the same character.

A programmable guardtime is
automaticaly inserted between two
consecutive characters in
transmission.

Character Wait Time (CWT)
Block Wait Time (BWT)

Block length and end of block
detection

Direct/Inverse convention

3Mbits/s

The USART can handle automatic re-
sending of data. The number of retries is
programmable (8 max).

The number of maximum retries is
programmable (8 max).

If the received character is still erroneous
after the programmed number of retries,
the USART will stop transmitting the
NACK and will signal the error as a parity
error.

Yes

Implemented using the new timeout
feature.

Implemented using some new features:
MSB/LSBFIRST, Binary data inversion
etc...

4 5Mbits/s

The data retry should be
done by software.

No

All T =1 feature should be
implemented by software.



=
Same as STM32F-4

with less features

System Peripherals

REAL-TIME CLOCK (RTC)
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RTC overview across families (1/2291

STM32L1x STM32F2x STM32F4x STM32FO0x
Med-density
RTC in VBAT NO YES
Calendar in BCD YES YES YES YES
Calendar Sub seconds NO YES
access Resolution down to RTCCLK
Calendar synchro- NO YES
nization on the fly
Alarm on calendar 2 2 2 w/ 1w/
subseconds subseconds

Calendar
Calibration

Calib window : 64min
Calibration step:

-2ppm/ +4ppm

Range [-63ppm+126ppm]

Calib window : 8s/16s/32s

Calibration step:

3.81ppm/1.91ppm/0.95 ppm
Range [-480ppm +480ppm]

Lys
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RTC overview across families (2/2)

STM32L1x STM32F2x STM32F4x STM32F0x
Med-density
Synchronization YES
on mains
Periodic wakeup YES NO
Timestamp YES YES
Sec, Min, Hour, Date Sec, Min, Hour, Date, Sub seconds
Tamper YES YES YES YES
1 pins /1 event | 2 pins /1 event | 2 pins /2 event 2 pins/ 2 events
Edge Edge Level Detection Level Detection
Detection detection with Configurable | with Configurable
only only filtering filtering
32-bit Backup 20 20 20 5
registers
PC13-14-15 NO YES
output state kept
in Standby

_(if&;ed by RTC/LSE)

life.augmented
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Smooth digital calibration

Consists in masking/adding N (configurable) 32KHz
clock pulses, fairly well distributed in a configurable

window.

A 1Hz output is provided to measure the guartz
frequency and the calibration result.

8s +1.91 ppm [0 £480ppm]
16s +0.95 ppm [0 £480ppm
32s +0.48 ppm [0 £480ppm]

2012 Technical Updates — Issue 2 7/22/2012



New peripheral

System Peripherals

COMPARATOR (COMP)

Feature not available on STM32F050x products

life.augmented 2012 Technical Updates — Issue 2 7/22/2012



COMPARATORS (COMP)

* 2 general purpose comparators
* Rail-to-rail inputs
* Programmable speed / consumption

* It can be used as standalone devices; All I/Os including outputs
are available

e Can be combined into a window comparator
 Multiple choices for threshold and output redirection

 Can be used for:
 Exiting low power modes on analog event
 Signal conditioning
* Cycle-by-cycle current control (w/ DAC and TIM)
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Block diagram COMP1 & COMP2

PALLX] |

PAO

PA4 (DACL)
PA5 X}—

+
COMP1

Band Gap
% Band Gap
% Band Gap
Y, Band Gap

Window mode
selection

PA3[X]

PA2X—
PA4 (DAC1)X—
PAS—

AN

COMP 2

Band Gap
%, Band Gap
% Band Gap

Y2 Band Gap

Edge selection

_/_

— PAO/ PA6 / PA1l

N

» COMP Interrupt (EXTI)

-
TIM1_BKIN
TIM1_OCrefClear

TIM1_IC1

Edge selection

\ 4

TIM2_IC4
TIM2_OCRefClear
TIM3_IC1
TIM3_OCRefClear

.

— PA7 /PA12

_/_
\

» COMP Interrupt (EXTI)

-
TIM1_BKIN

TIM1_OCrefClear
TIM1_IC1

A 4

TIM2_IC4
TIM2_OCRefClear
TIM3_IC1
TIM3_OCRefClear

.

BKIN: PWM'’s “Emergency stop” input
OCRefClear: PWM clear for cycle-by-cycle current controller
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COMP features

= Parametrics at a glance

= Full voltage range 2V < Vdda < 3.6V
= Propagation time vs consumption (typ. 2.7 < Vdd < 3.6V, for 200 mV step with 100 mV

overdrive)
= High speed mode: 120ns/ 100pA
» Medium speed mode: 400ns /10pA
»= Low power mode: lus/ 3pA

= Ultra-low power mode: 3.5us / 1pA
» |Input offset: +/-5mV typ, +/- 20mV max

* Programmable hysteresis: 0, 8, 15, 31 mV

= Fully asynchronous operation
= Comparators working in STOP mode
= No clock related propagation delay

= Functional safety (Class B)
= The comparator configuration can be locked with a write-once bit

Lys
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Application example

 Cycle-by cycle current control
» Uses DAC for threshold and Ocref_clr timer input

PWM

(DAC)  current

COMP output

Lys
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\

From STM32F1

with new features

Analog Peripherals

ANALOG -TO-DIGITAL CONVERTER
(ADC)
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ADC Features (1/3)

» ADC conversion rate 1 MHz and 12-bit resolution

* Programmable Conversion resolution : 12, 10, 8 or 6 bit
» ADC supply requirement:. VDDA =24V to 3.6 V

« ADC input range: VSSA < VIN < VDDA

» Up to 19 multiplexed channels:
* 16 external channels
3 internal channels connected to :

* Temperature sensor VSense
 Internal voltage reference VREFINT
» VBAT power supply
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ADC Features (2/3)

* Programmable sampling time

- Self-calibration

 Configurable scanning direction

- Single, continuous and discontinuous conversion modes
- Left or right Data alignment with inbuilt data coherency

- Software or Hardware start of conversion

* Analog Watchdog on high and low thresholds

Lys
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ADC Features (3/3)

- DMA capability
+ Auto Delay insertion between conversions
» Auto-OFF mode (Power Saving)

* Interrupt generation on:
» ADC ready
End of Conversion

End of sequence of conversions

End of sampling phase

Analog watchdog

Overrun

Lys
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ADC Block Diagram

VDDA
Vssa

7 AUTOFF
ADC_INO 7 | ADEN/ADDIS
. - - » DMA Request
L >
£ o
: SAR ADC :
@ s | \ Data register @
ample A (28
. E and (12bits) =
ADC_IN15 X hold %
== oo P L ! g
Temp Sensor ' 1 1 1 | @
VREFINT —_ — 1 1 1 ! 1 1
VBat -_ | 1 1 1 1 | 1
1 1 1 1 1 1 1 Analog watchdog
' 1 1 ! ! ! ! event
! 1 1 ! ! ! T .
i . 1 | 1 | [ !
! \ . 1 1 1 |y '
1
1
1
AUTDLY : EOC OVR AWD Flags '
! 1
ADSTP i :
1
1
| Interrupt
1 1
| enable bits !
1
TIM1_TRGO — . \
SW Trigger 1
TIM1_CC4 —— :
TIM2_TRGO —— Analog Watchdog
TIM3_TRGO ——
TIM15_TRGO —— EXTRIG bit High Threshold register
) (12bits)
EXTSEL[2:0] bits ADC interrupt to
NVIC
Low Threshold register
(12bits)
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ADC Clocks

« The ADC has a dual clock-domain architecture:
* Dedicated 14MHz clock,
» PCLK clock divided by 2 or divided by 4

ADC Peripheral

Digital Interface

PCLK

Ll

14MHz max

I

Analog Interface

R
I
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ADC clock
source

Dedicated
14 MHz
clock

PCLK
divided by

How to choose ADC Clock

benefits

® Guaranteed maximum speed

whatever the MCU operating
frequency,

= Capability to use the

low power auto-off mode
(automatically ON/OFF switch
of 14 MHz internal oscillator)

drawbacks

" Jitter is induced by the
resynchronization of the trigger
signal

=>» Latency between the trigger

event and the start of conversion is
not deterministic

= Avoiding clock domain
resynchronization (no jitter),

= Latency between the trigger
event and the start of conversion
IS deterministic: guarantees that
the interval from one conversion
to the other is constant

® ADC conversion time depends

on system clock frequency
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ADC ON OFF control

* To enable ADC: Set ADEN=1 then wait till ADRDY flag will be equal to 1,

« When ADC is clocked by 14MHz internal oscillator while ADC interface in
clocked by the APB, ADRDY signal guarantees that ADC data will be
transmitted from one domain to the other.

« ADC cannot be re-programmed unless it is stopped (ADSTART = 0).

ADEN fl\ | Vv
| T STAB 4 : : |
ADRDY I; ‘1’

ADDIS ? ‘1’
ADC state OFF Eicia40:0 I AD CIRESAV O CONVEFE e TR OFF

M By Software 'T“l' By Hardware iADC Startup i ADC ready . OFF Request
‘Yl
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ADC Sampling Time (Tsampiing)

* Three bits programmable sampling time which once programmed, it
applies to all channels to be converted (Channel by channel
programmable sampling time is not allowed).

1.5 ADC clock cycles
7.5 ADC clock cycles

13.5 ADC clock cycles - ;
28.5 ADC clock cycles oo Ve 05
41.5 ADC clock cycles 415 cycle = !

55.5 ADC clock cycles
71.5 ADC clock cycles
239.5 ADC clock cycles
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End of sampling

« The ADC indicates the end of sampling phase by setting the EOSMP flag
in the ADC_ ISR register.

- The EOSMP flag is cleared by software by writingl to it.

* An interrupt can be generated if the EOSMPIE bit is set in the ADC_IER

register.

End of channel sampling

=>As soon as the sampling is completed it is possible to prepare next
conversion (for instance switching 1/Os) during the conversion phase.

Lys
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Total conversion Time = Tgynning + Tconversion
Resolution | Te version Tsampling Total conversion time {ADC at fADC =
12 bit 12.5 Cycles 1.5 Cycles 14 Cycles 1uS
10 bit 11.5 Cycles 1.5 Cycles 13 Cycles 928ns
8 bit 9.5 Cycles 1.5 Cycles 11 Cycles 785ns
6 bit 7.5 Cycles 1.5 Cycles 9 Cycles 643ns

=>» Lower resolution allows faster conversion times for applications where high
data precision is not required.

Lys
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ADC conversion modes

*  Five conversion modes are available:

Discontinuons
conversion mode

Lys
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ADC discontinuous conversion mode

- Enabled when DISCEN bit equal to 1,
«  Split channels conversion sequence into sub-sequences of only one channel,

* Need a hardware or software trigger event to start each conversion defined in the

sequence
Example:
- Conversion of channels: 0,4, 5, 8,9, 11, and 15
- DISCEN =1
‘ 1st trigger ‘ 2nd trigger 3d trigger 4th trigger 5th trigger
EOC EOC EOC EOC EOC
6t trigger 7t trigger 8 trigger
_________ Note: It is not possible to have both
discontinuous mode and
continuous mode enabled. In this
EOC EOC + EOS EOC case (if DISCEN=1, CONT=1), the

ADC behaves as if continuous

r mode was disabled.
) /
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ADC Scan mode

» Up to 19 conversions with programmable order, fixed sampling time and
programmable scanning direction

Example: - Conversion of channels: 0, 2, 3,4, 7, 8 and 11

- Only one sampling time to be applied to all the channels

- SCANDIR=1: backward scan

Scan direction
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DMA

- DMA request generated on each ADC end of channel conversion.

DMA DMA DMA DMA DMA DMA DMA DMA DMA
/ Request / Request / Request / Request / Request / Request / Request / Request / Request
Channel0 Channel2 Channel3 Channel4 Channel5 Channel6 Channel7 Channel8 Channel9

ConvertedValue_Tab[9]
Channel9 conversion result Exa m Ie :

Clliizs ponelslen Lze UL - Conversion of regular channels: 0, 2, 3,4, 5,6, 7, 8
Channel7 conversion result
and 9

Channel6 conversion result

ADC_DR register . Channel5 conversion result = Converted data stored In Convertedva|ue_Tab[9]

Channel4 conversion result

- DMA transfer enabled (destination address auto
Channel3 conversion result

incremented)

Channel2 conversion result

Channel0 conversion result

Note: Each time DMA access to ADC_DR register,
EOC flag is automaticly cleared

Lys
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ADC Overrun management

* The overrun flag (OVR) indicates a buffer overrun event,
 An interrupt can be generated if the OVRIE bit is set in the ADC_IER reqister,

* It is possible to configure if the data is preserved or overwritten when an
overrun event occurs by programming the OVRMOD bit:

* OVRMOD=0:

An overrun event preserves the data register from being overwritten: the old
data is maintained and the new conversion is discarded. If OVR remains at 1,
further conversions can be performed but the resulting data is discarded.

+ OVRMOD-=1:

The data register is overwritten with the last conversion result and the previous

unread data is lost. If OVR remains at 1, further conversions can be performed
and the ADC_DR register always contains the data from the latest conversion.

Lys
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ADC Analog Watchdogs

= 12-bit programmable analog watchdog low and high
thresholds

= Enabled on one, some or all converted channels

= Interrupt generation on low or high thresholds detection

ADC_INO —

ADC_IN1— l AWD

: Status Register
Temp ___ Low Threshold
VREFINT — High Threshold

ADC_IN15—
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Auto delayed conversion

* Auto Delay Mode

« When AUTDLYbits = 1, a new conversion can start only if the previous
data has been treated, once the ADC_DR register has been read or if
the EOC bit has been cleared.

HW/SW Trigger |—|
ADC State Dela Dela Dela

EOC Flag | ] |

n Channel conversion #i

Note : A trigger event (for the same group of conversions) occurring during this delay is ignored.

= This is a way to automatically adapt the speed of the ADC to the
speed of the system that reads the data.

Lys
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Auto-OFF mode (Power Saving)

- ADC power-on and power-off can be managed by hardware and turn
OFF the 14 MHz internal oscillator in order to save power. The ADC
can be powered down:

» During the ADC is waiting for a trigger event (AUTOFF= 1) = The ADC is powered
up at the next trigger event.

* During the delay and waiting for a trigger event (AUTDLY= 1 and AUTOFF=1) =>
The ADC is powered up again at the end of the delay and at the next trigger event.

HW/SW Trigger ]l ]
ADC State BN Dcay W Delay NN >--)

ADC power (AUTOFF =0,

AUTDLY =0) : i | | : : :
ADC power (AUTOFF =1, i : I I l : !
AUTDLY =0) OFF . . : . , OFF “
ADC power (AUTOFF =1, E ' | ' | ' | OFF
AUTOLY =1 OFF NIl  OFF m OFF ; OFF LW

. Channel conversion #i

ADC Waiting for Trigger Startup Time

. |
Lys
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ADC Flags and interrupts

EOC : « End Of Conversion » to indicate the end of
CHANNEL conversion

EOSEQ : « End Of Sequence » conversion to
indicate the end of conversion of a sequence of
channels selected by the CHSEL

— ADC
‘ Global interrupt
—
(NVIC)

ﬁ

~mma EOSEQIE L <

y — SN ADRDYIE ==

ADRDY: « ADC ready » to indicate that the ADC is
ready to convert.

e g EOSMPIEL <

S I

Flags Interrupt enable
bits
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STM32F0 ADC Vs. STM32F1 ADC (1/2)

STM32F0 ADC STM32F1 ADC
SAR structure SAR structure
1 ADC Up to 3ADC
1 MSPS 1 MSPS
up to 16 channels + 3 internals up to 21 channels
12-bit,10-bit, 8-bit, 6-bit 12-bit
No, Simple scanning logic Yes
Yes Yes
24Vto3.6V 24Vto3.6V
PCLK /2 or/4 or 14MHz APB2 divided by a prescaler

Lys
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STM32F0 ADC Vs. STM32F1 ADC (2/2)

STM32F0 ADC STM32F1 ADC
Yes No
Yes No
Yes No
Yes Yes
No Regular / injected notion Regular / Injected
24Vt03.6V 24Vto3.6V
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Same as STM32F-2

Analog Peripherals

DIGITAL-TO-ANALOG CONVERTER
(DAC)

Feature not available on STM32F050x products
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DAC Features (1/2)

» Two DAC converters: one output channel for each one
* 8-bit or 12-bit monotonic output

- Left or right data alignment in 12-bit mode

« Synchronized update capability

* Noise-wave or Triangular-wave generation

» Dual DAC channel independent or simultaneous conversions
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DAC Features (2/2)

- DMA capability for each channel

- DMA underrun error detection

- External triggers for conversion

* Programmable internal buffer

* DAC supply requirement: VDDA =2.4Vto 3.6 V

* DAC outputs range: 0 < DAC_OUTx < VDDA
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DAC Channelx Block Diagram

DAC Control Register
TSELX[2:0]
SWTRIGx
TIM2_TRGO =
X w
TIM3_TRGO g <
[ =
TIM6_TRGO &l
TIM15_TRG
Ext_IT_9
v Vv
Control Logic x
DMA Request x
12 bits
DHRx
12 bits
BOFF
12 bits
DAC_OUTx
VDDA Digital to Analog Converter x
VSSA
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DMA

- ADAC DMA request is generated when an external trigger occurs:

The value of the DAC_DHR register is then transferred to the
DAC_DOR register.

- DMA underrun error detection with interrupt capability

“

RAM
(Pattern Table
1)
(Pattern Table
2)

>
DAC Triggers - -

DAC

Channel
1 Qutput

DMA
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DAC Buffered output

» To drive external loads without using an external operational amplifier, DAC
channels have embedded output buffers which can be enabled and
disabled depending on the user application.

- When the DAC output is not buffered, and there is a load in the user
application circuit, the voltage output will be lower than the desired voltage.
Enabling the buffer, the voltage output and the voltage desired are similar.

Output buffer disabled | Output buffer enabled
VSS l VSS
Due to the R, op resistor the measured l The measured output voltage is similar to
voltage on output could be lower than the the required voltage despite of R yp: The
required. l output buffer reduced the output impedance.
\
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STM32~ Releasing your creativity

Sk 70

THANK YOU!

Lys

life.augmented 2012 Technical Updates — Issue 2 7/22/2012



END

Lys

life.augmented 2012 Technical Updates — Issue 2 7/22/2012



