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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-MO Cortex-M3 Cortex-M4

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

‘Binary and tool compatible
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Cortex-M processors binary compatibl
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ARM
Cortex

Low-Power Leadership from ARM

MCU

Ease of use of C
programming
Interrupt handling
Ultra-low power
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ARM Cortex M4 Core

Single precision

Ease of use

Better code efficiency

Faster time to market

Eimiinete scaling erd saiivation

Easier support for meta-language tools

DSP
Harvard architecture
Single-cycle MAC

Cortex-M4 Barrel shifter



Cortex-M4 processor microarchitecure

- ARMV7ME Architecture
 Thumb-2 Technology
DSP and SIMD extensions
Single cycle MAC (Up to 32 x 32 + 64 -> 64)
Optional single precision FPU
Integrated configurable NVIC
Compatible with Cortex-M3

* Microarchitecture
» 3-stage pipeline with branch speculation
» 3x AHB-Lite Bus Interfaces
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peripheral I/F

» Configurable for ultra low power

« Deep Sleep Mode, Wakeup Interrupt Controller co'r't'e
» Power down features for Floating Point Unit

Low-Power Leadership from ARM

* Flexible configurations for wider applicability
» Configurable Interrupt Controller (1-240 Interrupts and Priorities)
» Optional Memory Protection Unit

— « Optional Debug & Trace | )
life.augmented ( \’
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Crtex Cortex-M feature set comparison

_ Cortex-MO Cortex-M3 Cortex-M4

Architecture Version vi/ME

Instruction set architecture Thumb, Thumb-2 Thumb + Thumb-2 Thumb + Thumb-2,

System Instructions DSP, SIMD, FP
DMIPS/MHz 0.9 1.25 1.25
Bus interfaces 1 3 3
Integrated NVIC Yes Yes Yes
Number interrupts 1-32 + NMI 1-240 + NMI 1-240 + NMI
Interrupt priorities 4 8-256 8-256
Breakpoints, Watchpoints 4/2/0, 2/1/0 8/4/0, 2/1/0 8/4/0, 2/1/0
Memory Protection Unit (MPU) No Yes (Option) Yes (Option)
Integrated trace option (ETM) No Yes (Option) Yes (Option)
Fault Robust Interface No Yes (Option) No
Single Cycle Multiply Yes (Option) Yes Yes
Hardware Divide No Yes Yes
WIC Support Yes Yes Yes
Bit banding support No Yes Yes
Single cycle DSP/SIMD No Yes
Floating point hardware No Yes
Bus protocol AHB Lite AHB Lite, APB AHB Lite, APB
CMSIS Support Yes Yes Yes

-y
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Cortex M4 — DSP features
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Cortex-M processors binary Compatible_
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Cortex-M4 overview

« Main Cortex-M4 processor features
 ARMv7-ME architecture revision

* Fully compatible with Cortex-M3 instruction set
Single-cycle multiply-accumulate (MAC) unit

Optimized single instruction multiple data (SIMD) instructions

Saturating arithmetic instructions

Optional single precision Floating-Point Unit (FPU)

Hardware Divide (2-12 Cycles), same as Cortex-M3

Barrel shifter (same as Cortex-M3)

Lys
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Single-cycle multiply-accumulate unit

* The multiplier unit allows any MUL or MAC instructions to be
executed in a single cycle

» Signed/Unsigned Multiply
« Signed/Unsigned Multiply-Accumulate
» Signed/Unsigned Multiply-Accumulate Long (64-bit)

- Benefits : Speed improvement vs. Cortex-M3
» 4x for 16-bit MAC (dual 16-bit MAC)
» 2x for 32-bit MAC
e up to 7x for 64-bit MAC

life.augmented



Cortex-M4 extended single cycle MAC

OPERATION INSTRUCTIONS CM3 CM4

16 x 16 = 32 SMULBB, SMULBT, SMULTB, SMULTT n/a 1
16 x 16 + 32 = 32 SMLABB, SMLABT, SMLATB, SMLATT n/a 1
16 x 16 + 64 = 64 SMLALBB, SMLALBT, SMLALTB, SMLALTT n/a 1
16 x 32 = 32 SMULWB, SMULWT n/a 1
(16 x 32) + 32 = 32 SMLAWB, SMLAWT n/a 1
(16 x 16) * (16 x 16) = 32 SMUAD, SMUADX, SMUSD, SMUSDX n/a 1
(16 x 16) = (16 x 16) + 32 = 32 SMLAD, SMLADX, SMLSD, SMLSDX n/a 1
(16 x 16) * (16 x 16) + 64 = 64 SMLALD, SMLALDX, SMLSLD, SMLSLDX n/a 1
32 x 32 = 32 MUL 1 1
32 £ (32 x 32) = 32 MLA, MLS 2 1
32 x 32 = 64 SMULL, UMULL 5-7 1
(32 x 32) + 64 = 64 SMLAL, UMLAL 5-7 1
(32 x 32) + 32 + 32 = 64 UMAAL n/a 1
32 + (32 x 32) = 32 (upper) SMMLA, SMMLAR, SMMLS, SMMLSR n/a

(32 x 32) = 32 (upper) SMMUL, SMMULR n/a 1

All the above operations are single cycle on the Cortex-M4 processor

V<
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Saturated arithmetic

* Intrinsically prevents overflow of variable by clipping to min/max
boundaries and remove CPU burden due to software range checks

* Benefits
» Audio applications 15
. 1
Without 0,5 \
. saturation | 2 N\ /
1 N\, :1
0,5 /N e
i / \ 1,5
o \ / ‘T /N
1 \ / ' % / \
- ~~ With e N\ /
' saturation 1 ~_/

-1,5
» Control applications

» The PID controllers’ integral term is continuously accumulated over time. The saturation
automatically limits its value and saves several CPU cycles per regulators /’\7
Kys
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Single-cycle SIMD instructions

 Stands for Single Instruction Multiple Data

+ Allows to do simultaneously several operations with 8-bit or 16-bit
data format

* Ex: dual 16-bit MAC (Result = 16x16 + 16x16 + 32)
« Ex: Quad 8-bit SUB / ADD

- Benefits
» Parallelizes operations (2x to 4x speed gain)

* Minimizes the number of Load/Store instruction for exchanges between memory
and register file (2 or 4 data transferred at once), if 32-bit is not necessary

« Maximizes register file use (1 register holds 2 or 4 values)

&




SIMD operation example

« SIMD extensions perform multiple operations in one cycle
Sum =Sum+ (AxC) + (B xD)

packed data packed data
32-bit A| B cC| D 32-bit
64-bit o.o 64-bit
Sum (+) (+) Sum
« SIMD technigques operate with packed data /’0

ST, &S
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Cortex-M4 DSP instructions compared

Cycle counts

Single
|__cycle

CLASS INSTRUCTION CORTEX-M3 Cortex-M4
Arithmetic ALU operation (not PC) 1 1
ALU operation to PC 3 3
CLz 1 1
QADD, QDADD, QSUB, QDSUB n/a 1
QADD8, QADD16, QSUB8, QSUB16 n/a 1
QDADD, QDSUB n/a 1
QASX, QSAX, SASX, SSAX n/a 1
SHASX, SHSAX, UHASX, UHSAX n/a 1
SADD8, SADD16, SSUB8, SSUB16 n/a 1
SHADD8, SHADD16, SHSUB8, SHSUB16 n/a 1
UQADD8, UQADD16, UQSUB8, UQSUB16 n/a 1
UHADD8, UHADD16, UHSUB8, UHSUB16 n/a 1
UADD8, UADD16, USUB8, USUB16 n/a 1
UQASX, UQSAX, USAX, UASX n/a 1
UXTAB, UXTAB16, UXTAH n/a 1
USAD8, USADAS8 n/a 1
Multiplication MUL, MLA 1-2 1
MULS, MLAS 1-2 1
SMULL, UMULL, SMLAL, UMLAL 5-7 1
SMULBB, SMULBT, SMULTB, SMULTT n/a 1
SMLABB, SMLBT, SMLATB, SMLATT n/a 1
SMULWB, SMULWT, SMLAWB, SMLAWT n/a 1
SMLALBB, SMLALBT, SMLALTB, SMLALTT n/a 1
SMLAD, SMLADX, SMLALD, SMLALDX n/a 1
SMLSD, SMLSDX n/a 1
SMLSLD, SMLSLD n/a 1
SMMLA, SMMLAR, SMMLS, SMMLSR n/a 1
SMMUL, SMMULR n/a 1
SMUAD, SMUADX, SMUSD, SMUSDX n/a 1
UMAAL n/a 1
Division SDIV, UDIV 2 - 12 2 - 12

Lys
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Cortex-M4 non—DSP Instructions

Cycle counts

CLASS INSTRUCTION CORTEX-M3 Cortex-M4
Load/Store Load single byte to RO-R14 1-3 1-3
Load single halfword to RO-R14 1-3 1-3
Load single word to RO-R14 1-3 1-3
Load to PC 5 5
Load double-word 3 3
Store single word 1-2 1-2
Store double word 3 3
Load-multiple registers (not PC) N+1 N+1
Load-multiple registers plus PC N+5 N+5
Store-multiple registers N+1 N+1
Load/store exclusive 2 2
SWP n/a n/a
Branch B, BL, BX, BLX 2 -3 2 -3
CBZ, CBNZ 3 3
TBB, TBH 5 5
IT 0 -1 0 -1
Special MRS 1 1
MSR 1 1
CPS 1 1
Manipulation BFI, BFC 1 1
RBIT, REV, REV16, REVSH 1 1
SBFX, UBFX 1 1
UXTH, UXTB, SXTH, SXTB 1 1
SSAT, USAT 1 1
SEL n/a 1
SXTAB, SXTAB16, SXTAH n/a 1
UXTB16, SXTB16 n/a 1
SSAT16, USAT16 n/a 1
PKHTB, PKHBT n/a 1

Lys
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Packed data types

+ Several instructions operate on “packed” data types
 Byte or halfword quantities packed into words
 Allows more efficient access to packed structure types
« SIMD instructions can act on packed data
* Instructions to extract and pack data

A B

Extract
" ¢ )

Pack




DSP performances for control application
- Example based on a complex

formula used for sensorless LDRSH R12/[R4,#+12] —— LDR RI10,[R4, #+12]

. LDRSH RO,[SP, #+20] (1 single 32-bit load replacing two 16-bit load
motor drive with sign extension. Gain: 2 cycles
SXTH LR,R8

MUL R8,LR,RO

= Gain comes for load DR RL[R4, #+44]

operations and SIMD Py g
instructions LDRSH R2,[R4, #+24]
LDRSH R3,[R4, #+26] LDR R2,[R4, #+22]
. . . LDRSH R10,[R4, #+22] (1 single 32-bit load replacing to 16-bit with sign
= Total gain on this part is 25 to extension. Gain: 2 cycles)
35% SXTH R6.R6

MLS R5,R6,R10,R5 \

MLA  R5,R9,R12,R5 SMLSD R5, R10, R6, RS

(1 SIMD instruction replacing two multiply-
accumulate. Gain: 3 cycles)

ASR  RG6,R8,#+15
MLA  R5,R6,R3,R5
SXTH RO,RO

MLS R5,R0,R2,R5 — SMLSD R5, RO, R2
(1 SIMD instruction replacing two multiply-

accumulate. Gain: 3 cycles)
STR  R5,[SP, #+12]

IS71 -y




DSP application example: MP3 audio playback

Max

General Purpose MCUs

Discrete DSPs

Cortex-M4(estimated)

]
Specialised Audio DSPs -

0 5 10 15 20 25 30

MHz required for MP3 decode (smaller is better !)

/1\7
DSP concept from ARM (*)

&7 &S
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DSP lib provided for free by ARM

* The benefits of software libraries for Cortex-M4

« Enables end user to develop applications faster

« Keeps end user abstracted from low level programming
« Benchmarking vehicle during system development

» Clear competitive positioning against incumbent DSP/DSC offerings
» Accelerate third party software development

- Keeping it easy to access for end user
« Minimal entry barrier - very easy to access and use

c ) .t.
Low-Power Leadership from ARM

* One standard library — no duplicated efforts

* ARM channels effort/resources with software partner
« Value add through another level of software — eg: filter config tools

Y
&7 C@@
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DSP lib function list snapshot

» Basic math — vector mathematics ! « PID Controller

* Fast math — sin, cos, sqrt etc » Support functions — copy/fill arrays,
data type conversions etc

* Interpolation — linear, bilinear

« Complex math

* Filtering — IR, FIR, LMS etc

Corte

Low-Power Leadership from ARM

» Transforms — FFT(real and

|
|
|
|
|
|
|
|
|
|
|
« Statistics — max, min,RMS etc |
|
|
|
|
|
|
complex) , Cosine transform etc :
|

|

|

* Matrix functions
‘YI

é
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Tools

* Matlab / Simulink

 Embedded coder for code generation
» Mathworks

« Demo being developed (availability end of year)
» Aimagin (Rapidstm32)

* Filter design tools

Lot of tools available, most of them commercial product, some with low-cost offer,
few free

* http://www.dspguru.com/dsp/links/digital-filter-design-software

&




Floating Point Unit
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* FPU : Floating Point Unit
» Handles “real” number computation
» Standardized by IEEE.754-2008

* Number format

 Arithmetic operations

* Number conversion

» Special values

* 4 rounding modes

» 5 exceptions and their handling

* ARM Cortex-M FPU ISA

e Supports

* Add, subtract, multiply, divide
* Multiply and accumulate

« Square root operations
", g P
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Overview

<©IEEE

Cortex

®

Intelligent Processors by ARM
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* Introduction
 FPU usage

Historical perspective

Benefit of floating point arithmetic

Example & performances

Rounding issues

life.augmented
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FPU usage

High level approach

Matrix, mathematical equations

4

Meta language tools
Matlab ,Scilab...etc...

4

C code generation
Floating point numbers (float)

A 4

FPU

Direct mapping
No code modification
High performance
Optimal code efficiency

Lys
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Historical perspective

+ Usage of floating point as always been a need for computers since
the beginning (Konrad Zuse - 1935)

- But the complexity of implementation discarded their usage during
decades (IBM 704 - 1956)

* Floating point unit where implemented in mainframes with various
coding techniques depending of the manufacturer

* IBM PC where designed to have floating point capabilities through
optional arithmetic coprocessors (80x87 series)

* The standardization of floating point coding was done in the 80’s
through the IEEE 754 standard in 1985

* The Intel 80387 was the first intel coprocessor to implement the full

EEEE 754 standard in 1987 @




Benefits of a Floating-Point Unit

- FPU allows to handled “real” numbers (C float) without penalty

* If no FPU

* Need to emulate it by software

* Need to rework all its algorithm and fixed point implementation to handle
scaling and saturation issues

* FPU eases usage of high-level design tools (MatLab/Simulink)
* Now part of microcontroller development flow for advanced applications.

 Derivate code directly using native floating point leads to :

 quicker time to market (faster development)

* easy code maintenance
« more reliable application code as no post modification are needed (no critical

scaling operations to move to fixed point) /,7
)

Lys
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C language example

77

float functionl (float numberl,

{ float templ, temp?2;
templ = numberl + number?2;
temp2 = numberl/templ;

return temp2?;

float number?)

| N\
Code compiled on Cortex-M3 [

Same code compiled on Cortex-M4F

float functionl (..)

templ = numberl + number?2;
VADD.F32 S1,S0,S1

temp2 = numberl/temN\l;
VDIV.F32 Ss0,S0,S1

return temp?2;
BX LR

# float functionl (..)

¥ { .. o

o templ = numberl + number?2; #
MOVS R1,R4
BL __aeabi fadd #
MOVS R1,R0

# temp2 = numberl/templ; #
MOVS RO, R4 ¥
BL __aeabi fdiv

# return temp?2; # }
POP {R4,PC}

#

Call Soft-FPU (keil’s software library)
1S7;

life.augmented
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Binary library example

Library compiled for Cortex-M3

MOVS R1,R4

BL __aeabi fadd
MOVS R1,R0

MOVS RO,R4

BL __aeabi fdiv
POP {R4,PC}

__aeabi_fadd on Cortex-M3 1 \ __aeabi_fadd on Cortex-M4F

TEQ RO,R1 VMOV S0,RO

IT MI VMOV S1,R1

EORMI R1,R1,#0x80000000 VADD.F32 S0,S0,S1

BMI.W 0x0800xxxx VMOV RO, SO

SUBS R2, RO, Rl BX LR

ITT CC

SUBCC

: ;ﬂﬁr>

m Reduced code size & Enhanced performances %

life.augmented ‘ \/'.



Benefits of a Floating-Point Unit

« Comparison for a 166 coefficient FIR on float 32 with and without FPU
(CMSIS library)

* Improvement in code size (A)
* Improvement in performance (B)

Cortex-M4F FPU Benefits

= FIR float code size in bytes

1074 1.5x
(mprovement
696

FIR float execution time (#
cycles)

B FIR float execution time (# cycles)

1593604 17.8x
improvement
Best compromise
Development time
vs. performance

Cortex-M3 Cortex-M4F

(A)

89136

Cortex-M3 (B) Cortex-M4F

&
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Cortex-M4 : Floating point unit Features
* Single precision FPU

- Conversion between
* Integer numbers
 Single precision floating point numbers
 Half precision floating point numbers

- Handling floating point exceptions (Untrapped)

* Dedicated registers

16 single precision registers (S0-S15) which can be viewed as 16
Doubleword registers for load/store operations (D0-D7)

 FPSCR for status & configuration

&




Rounding issues

* The precision has some limits

* Rounding errors can be accumulated along the various operations an may
provide unaccurate results (do not do financial operations with floatings...)

- Few examples

* If you are working on two numbers in different base, the hardware
automatically « denormalize » on of the two number to make the
calculation in the same base

* If you are substracting two numbers very closed you are loosing the
relative precision (also called cancellation error)

- If you are « reorganizing » the various operations, you may not
obtain the same result as because of the rounding errors...

« Valuel = ((2.0f - 1.99f) - 0.01f); /* Valuel = -9.313266E-9 */
« Value2 = (2.0f - (1.99f + 0.01f)); /* Value2 = 0 */

&




IEEE 754



Floating Point Unit

* IEEE 754

 Number format

Arithmetic operations

Number conversion

Special values

4 rounding modes

5 exceptions and their handling

life.augmented



Number format
* 3 fields

* Sign

» Biased exponent (sum of an exponent plus a constant bias)
* Fractions (or mantissa)

 Single precision : 32-bit coding

) 32-bit -
1-bit Sign ‘ ‘
J 8-bit Exponent 23-bit Mantissa

* Double precision : 64-bit coding

) 64-bit R
I —ay,
1-bit Sign : : i \
| 1"_{, d 11-bit Exponent 52-bit Mantissa @

(=



Number format

- Half precision : 16-bit coding

16-bit

P [
< »

¥ T

5-bit Exponent  10-bit Mantissa

1-bit Sign

e Can also be used for storage in higher precision FPU
 ARM has an alternative coding for Half precision




Normalized number value ==

* Normalized number

» Code a number as :
A sign + Fixed point number between 1.0 and 2.0 multiplied by 2N

- Sign field (1-bit)
* 0 : positive
* 1: negative

* Single precision exponent field (8-bit)
 Exponent range : 1 to 254 (0 and 255 reserved)
* Bilas : 127
 Exponent - bias range : -126 to +127

* Single precision fraction (or mantissa) (23-bit)
» Fraction : value between 0 and 1 : > (N..27) with i in 1 to 24 range
« The 23 N, values are store in the fraction field

/’\7
Lys (-1)° x (1 + (N;.27) ) x 2expbias
S




Number value

* Single precision coding of -7
« Sign bit=1
«7=175x4=(1+%+Y)x4=(1+"%+")x 22
=(1+21+22)x 22
* Exponent=2 +bias =2+ 127 =129 = 0010000001
» Mantissa = 21 + 2-2 = 0b11000000000000000000000

* Result
 Binary coding : Ob 1 10000001 11000000000000000000000
« Hexadecimal value : OxCOEO00000




Special values

- Denormalized (Exponent field all “0”, Mantisa non 0)
» Too small to be normalized (but some can be normalized afterward)
* (-1)° x (Z(N;.27) x 20ies

* Infinity (Exponent field “all 1”, Mantissa “all 0”)
« Signed
» Created by an overflow or a division by 0
« Can not be an operand

* Not a Number : NaN (Exponent filed “all1”, Mantisa non 0)
* Quiet NaN : propagated through the next operations (ex: 0/0)
» Signalled NaN : generate an error

» Signhed zero
» Signed because of saturation

Lys
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Summary of IEEE 754 number coding mm=

0 0 0 +0

1 0 0 -0
0 Max 0 +00
1 Max 0 -00
Max =0 MSB=1 QNaN
Max =0 MSB=0 SNaN
0 =0 Denormalized number
[1, Max-1] - Normalized number

YV <
. &
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Floating-point rounding mm

* Round to nearest
 Default rounding mode

* If the two nearest are equally near : select the one with the LSB
equal to O

* Directed rounding
» 3 user-selectable directed rounding modes
* Round toward +00, -00 or O

* Usage
* Program through FPU configuration registers




Floating-point operations
- Add
* Subtract
* Multiply
* Divide
* Remainder

* Square root

eeeeeeeeeeeeee



Floating-point format conversion

* Floating-point and Integer
* Round-floating point number to integer value
* Binary-Decimal

- Comparison

life.augmented



Exceptions

* Invalid operation
* Resulting in a NaN

* Division by zero

* Overflow

» The result depend of the rounding mode and can produce a +/-00
or the +/-Max value to be written in the destination register

* Underflow
 Write the denormalize number in the destination register

* Inexact result
e Caused by rounding /’\7
1S7]
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Exception handling

 ATRAP can be requested by the user for any of the 5
exception with a specific handler

- The TRAP handler can return a value to be used
Instead of the exceptional operation result

life.augmented



Block Diagrams
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= STM32F30x Series

ARM 32-bit Cortex-M4F CPU
Operating Voltage:
. VDD =VDD =2.0Vt03.6V or1.8V +/8% Power Supply
= VBAT=1.8V1t03.6V POR/PDR/PVD

Safe Reset System (Integrated Power On Reset
(POR)/Power Down Reset (PDR) +
Programmable voltage detector (PVD))

Embedded Memories:
= FLASH: up 256 Kbytes XTAL
= SRAM: up 48 Kbytes up to 48kB SRAM 4~32MHz
CRC calculation unit
2 x DMA: 12 channels .

256 kB HSI
FLASH 8MHz 1%

Memory

(max 72MHz)

40KB + 8KB CCM RAM

16 backup registers

Power Supply with software configurable (9}
internal regulator and low power modes. 64 Bytes =
. . <
Low Power Modes with Auto Wake-up 1 x Systick Timer ee XTAL |Bd
Low power calendar RTC with 64 bytes of . 32KHz e
backup registers . 4 x 12-bit ADC 2
. Fast I/O interface 39ch /0.20 ps I-WDG LSI
Up to 72 MHz frequency managed & monitored _ W/ AWU 32KHzZ
by the Clock Control w/ Clock Security System —/ ARM® Peripheral Bus
Rich set of per!pherals & 10s . Up to 36 Ext. ITs (max 36 MHz)
] 2x 12-bit DAC channels with output buffer 2% 12-bit DAC Ch
= 7 general purpose comparators (Window 2x SPI, w/2x 128
mode and wakeup from low-power mode)
L] 4 operational amplifiers Sl i BRI 2x I’C
. Dual Watchdog Architecture 1w/ FM+ 20mA
L] 13 Timers w/ advanced control features
(including 1 Cortex SysTick timer and 2 USART 2/3
WDGs timers) < QN . UART 4/5
L] 14 communication Interfaces § AR RESESIE
= Upto 88 fast I/Os all mappable on external 2 x 16-bit Advanced N
. TIMER 6¢ch
interrupts/event % bxCAN
] 4x12-bits 5Msps ADC w/ up to 39 external ’ =
2 x 16-bit TIMER =

1x 32-bit GP TIMER

channels + Temperature sensor/ voltage

1ch (with cpl/dt) 4ch
reference/VBAT measurement Win-WDG
1 x 16-bit TIMER )
‘,’ 2ch (Lch w/ cplidt) i 16'b't4CC;P TlEI=s
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. Az Conpcaae o STM32F37x Series

Operating Voltage:
L] VDD =2.0Vto3.6V orl.8V +/8% 7~
. VBAT=18V1t036V Power Supply

Safe Reset System (Integrated Power On POR/PDR/PVD
Reset (POR)/Power Down Reset (PDR) +
Programmable voltage detector (PVD))

Embedded Memories:
= FLASH: up 256 Kbytes
= SRAM: up 32Kbytes XTAL
CRC calculation unit 4~32MHz
2 x DMA: 12 Channels
Power Supply with software configurable

256 KB HSI
FLASH 8MHz 1%

Memory

~N
T
=
N
~
s
E

up to 32 KB SRAM

internal regulator and low power modes. 16 backup registers
. Low Power Modes with Auto Wake-up 128 Bytes ﬁ
. Low power calendar RTC with 128 bytes of . . <
backup registers 1 x Systick Timer RTC XTAL P4
w
Ll Up to 72 MHz frequency managed & Touch Sensing Ctrl 32KHz >
monitored by the Clock Control w/ Clock Fast I/O interface 9 I'WDG LSl —
Security System ARM® Peripheral Bus w/AWU I 32KHz

Rich set of peripherals & 10s (max 36MHz)
= 3 x 12-bit DAC channels with output

_hi Win-WDG
buffer Up to 29 Ext. ITs ~ Darey L )(151;(2;hb/|t1ASDC
. 2 general purpose comparators H
(Window mode and wakeup from low- m
power mode) )
. Dual Watchdog Architecture USART 1 * 2 x GP comparators i
‘ X

= 17 Timers (including Cortex SysTick and

WDGSs) 1 w/ FM+ 20mA

= 14 communication Interfaces 3 x 16-bit SDADC

= Up to 84 fast I/Os all mappable on
external interrupts/event

. 1 x12-bits SAR ADC w/ up to 18
external channels .

. 3 x 16-bit Sigma-Delta ADC with

2ch 4ch
conversion speed up to 50 ksps and up
to 19 single/ 10 diff channels

4 x 16-bit GP TIMERS ;
3 x 16-bit GP TIMER 1x CEC
m 1ch 4ch

life.augmented \ 7

SPI 2/3, w/ 12S

3 x 12-bit DAC Ch

3 x 16-bit Basic . USART 2/3
TIMER

2 x 32-bit GP TIMER

(max 72MHz)

2 x 16-bit GP TIMERS
1x USB
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System Architecture

In STM32F30x

In STM32F37x

Five masters:
+ Cortex-M4F core I-bus
+ Cortex-M4F core D-bus
. Cortex-M4F core S-bus
. GP-DMA1 and GP-DMAZ2 (general-purpose
DMAS)
Five slaves:
* Internal SRAM
* Internal Flash memory
* AHB to APBx (APB1 or APB2), which connect
all the APB peripherals
+ AHB dedicated to GPIO ports

Bus matrix-5

I-bus
ot
ARM )
Cortex-Ma 2= f ————
S-bus A
(i 53 T
| DMA IDM’"‘ o
DMA |
DMA2 =
Mo M1 M2 M3 M4 M5 MG
e B - B —— ] —_
Ba-bit 256 KB | ot
i — "
Flash memory | 5 | 2E9RE ‘—'AHB dedicated to GPIO p-crn:sl

RCC, TSC. CAC and
AHBE to AFE1 and AFEBZ2

|40 KB SRAM I

life.augmented

. Five masters: 127

Cortex-M4 core I-bus
Cortex-M4 core D-bus
Cortex-M4 core S-bus

GP-DMA1 and GP-DMAZ2 (general-purpose
DMAs)

. Seven slaves:

Internal SRAM on the Dcode
Internal SRAM on the ICode (CCM RAM)
Internal Flash memory

AHB to APBx (APB1 or APB2), which connec
all the APB peripherals

AHB dedicated to GPIO ports
ADCs 1.2,3 and 4.

ARM

CORTEX-M4

BusMatrix-§

I-bus

--l—l-_ s &
png —*{j
-

cPoMA1 |22 o i3
[ DA
GPDMA 2 4—*[]""_,5? i B e e v o

FLASH 256K
64 Bits

l‘—>| AHB dedicated to GPI0 parts |
't ICODE |
= ADC1E: ADC2
T DCODE | ADC3 & ADC4H

- o RCC, TSC, CRC and
AHE o ADR1 and APE2

SRAM40KB |--tf—p
_ aKB S
O™ RAM
Lw

|




Memory Mapping and Boot Modes

° Addressable memory space of 4 Gbytes ° Boot modes 128
° FLASH : up to 256 Kbytes ® Depending on the Boot configuration, Embedded Flash memory,
° RAM: System memory or Embedded SRAM memory is aliased at @0x00

_ thanks to memory remapping bits in SYSCFG registers.
®  Upto 40 (F30x) and 32 (F37x) Kbytes SRAM with *  Even when aliased, these memories are still accessible from their

HW parity check original memory space.

° Up to 8 Kbytes CCM RAM with HW parity °
check (STM32F30xonly)

° 4 bits per word for parity check

The boot configuration is defined with BOOTO pin and BOOTL1 bit in
USER Option Byte.

OXFFFF FFFF

0xE010 0000 BOOT Mode
Cortex-M4 Selection Boot Mode Aliasing
internal
peripherals BOOT1 BOOTO
0xE000 0000
OX1FFFE FFEFE X 0 User Flash User Flash is selected as
boot space
Option Bytes | *1FFFF80C 1 1 System SystemMemory is
Ox1FFF F800 memory selected as boot space
System Memory
0x1FFE EC00 0 1 Embedded Embedded SRAM is
SRAM selected as boot space

0x0804 0000

0x4800 17FF ¢ System memory : contains the Bootloader used to re-program
Peripherals Flash the FLASH through USART or USB .
0x4000 0000 0x0800 0000
Reserved
SRAM
0x2000 0000 ® Boot from SRAM : In the application initialization code you have
Memory type 0x0001 0000 to Relocate the Vector Table in SRAM using the NVIC Exception
CODE pepending on Table and Offset register. P
0x0000 0000 configuration 0x0000 0000 ﬂ

Lys
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Embedded Flash Memory
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Flash Features Overview

* Flash general features:
* Up to 256 KBytes
128 pages of 2KBytes size
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 O, Level 1 and Level 2
» Write Protection

Lys
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Flash Memory Organization

- Main memory block containing 128 pages of 2Kbyte each.

- Information block contains the system memory and option
bytes, is divided into two parts:

« System Memory

« 8 KB size

« contains the bootloader which is used to reprogram the Flash memory through USART1,
USART2 or USB.

used to boot the device in Systemm memory boot mode.
« programmed by ST when the device is manufactured, and protected against unwanted
write/erase operations.

« 8 Option bytes : can be read from the memory location starting from 0x1FFFF800 or from
the Option byte register (FLASH_OBR) in the Flash memory interface register area.

« 4 for write protection
« 1 for read protection
« 1 for device configuration:
« IWDG HW/SW mode
+ Reset when entering STANDBY mode

+ Reset when entering STOP mode
+ VDDA supervisor

. BOOT1 /"\7
"I * SRAM parity check @

Jite.cugmented « 2 For User Data (To store Security IDs, etc.) ( :
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Flash memory prefetch controller

» Mission: Support 72 MHz operation directly from Flash memory

* 64-bits wide Flash with Prefetch (2 x 64bits buffers).
/

Memory N
Accelerator

ARBITER *

N

Instructions-BUS

—

32— 16 — 16 Bits
Thumb-2

]
16 bits
Thumb-2

16 bits
Thumb

32 bits
Thumb-2

32 bits
Thumb-2

CORTEX-M4 o~
CPU

ARRAY

32 bits
Thumb-2

Data/Debua-BUS

B POWERED
=]




Flash protections (1/6)

» Two kinds of protections are available:
» Write protection to avoid unwanted writings
 Readout protection to avoid piracy: Level O, Level 1 and Level 2 (No debug)
» Both are activated by setting option bytes

* Write protection
» The write protection is implemented with a choice of protecting 2 pages (4K) at a time
4 options bytes are used to protect all the 256KBytes main Flash program memory

Any programming or erase of a protected page is discarded and the Flash will return
protection error flag in the FLASH_SR status register

Un-protection

« Erase the corresponding bit on WRPXx option bytes, x = 0..3.

* Reset the device (POR Reset) or set the FORCE_OPTLOAD bhit to re-load the options bytes for
disabling any write protection.

The write protection bit values are visible also through FLASH WRPR write protection
register.

V<
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Flash Protections (2/6)

* Read protection

« The read protection is activated by setting the RDP option byte and then, by applying
POR reset or using FORCE_OPTLOAD bit from FLASH_CR register to reload the
new RDP option byte.

» Three levels of protection from no protection (Level 0) to maximum protection (Level
2 or No debug)

RDP byte value RDP complement value Read protection level

OxAA 0x55 Level O

Any value but OXAA or Any value (not necessarily Level 1

OxCC complement) but 0x55 and 0x33

OxCC 0x33 Level 2 (No debug)

*  Readout protection Level 0
* No read protection

« All operations (if no write protection is set) from/to the Flash, option byte or the
RTC Backup registers are possible in all boot configurations (Flash user boot,

boot RAM, boot loader or debug). /’\7
Kys

life.augmented (@,

> 4




Flash Protections (3/6)

- Readout protection Level 1

When this protection is enabled :

* User mode: Code executing in user mode can access main Flash memory and
option bytes with all operations.

* Debug, boot RAM and boot loader modes: The main Flash memory and
backup registers (RTC_BKPxR in RTC) are totally inaccessible in these modes, a
simple read access generates a bus error and a Hard Fault interrupt. Any
attempted program/erase operations sets the PGERR flag.

Un-protection:

*  When the RPD is reprogrammed to the value OXAA to move back to Level 0, a
Mass erase of the main Flash memory is performed and the backup registers
(RTC_BKPxR in RTC) are reset.

V<
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Flash Protections (4/6)

 Readout protection Level 2 (No debug)
* When This protection is enabled :

 All protections provided by Level 1 are active.

« Boot from RAM, boot from system memory and all debug features (serial-
wire) are disabled.

« Option bytes can no longer be changed except in user mode but not totally ; RDP
option byte cannot be programmed/erased and other option bytes can only be
programmed (not erased).

* Un-protection:
* Not possible :level 2 cannot be removed at all: it is an irreversible operation.

V<
o7 @?
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Flash Protections (5/6)

Write options including RDP
= OxAA

Level 1

RDP # 0xCC &
RDP # OxAA

Write options including RDP

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

Level 2 Level O

RDP=0xCC RDP=0xAA

Write options including RDP
= 0xCC

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

Lys
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Flash Protections (6/6)

* Access status versus protection level and execution modes :

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

1

2 Yes Yes Yes N/A

1 Yes Yes

2 Yes N/A N/A N/A
1 Yes Yes Yes Yes Yes Yes
2 Yes Yes N/A
1 Yes Yes N/A
2 Yes Yes N/A N/A N/A N/A

a
cq
o}
3
I}

o]
3
=3
Q



Power Control (PWR)
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SRM32F30x Power Supply

= VDD =2.0to 3.6 V: External Power Supply for Vpppa domain
I/Os (or VDD = 1.8 +/- 8%: %: External Power

A/D converter

Supply for I/Os with internal regulator is OFF.) D/A converter
COMP
| Temp. sensor
XDDA EI:: Reset block

= VDDA =2.0to 3.6 V: External Analog Power T 2

supplies for ADC,DAC, Reset blocks, RCs and /VDD domain ~ Vs domain

I/0 Rings /ﬁ
PLL. /STANDBY circuitry
. . _ (Wake-up logic,
= DAC working only if VDDA >=2.4V G FTE L Core
. tal 32K , i

= VBAT = 1.65V to 3.6 V: For Backup domain Vss Eﬂ* recesr) ) || oo

when VDD is not present. Voo L1 ( ) peripherals

Voltage Regulator

= Power pins connection: \ / \_ )

= VDD and VDDA can be provided by a separated power EAIE SRS Al

supply source. l Backup domain
= VSS and VSSA must be tight to ground I LSE crystal 32K osc
Vear BKP registers
RCC BDCR register
RTC

V<
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Power Supply Schemes

= VDD =2.0to 3.6 V: External Power Supply for Vopa domain
I/Os (or VDD = 1.8 +/- 8%: %: External Power AID converter

Supply for I/0Os with internal regulator is OFF.) Doonverter
V g Temp. sensor
VDDA % Reset block
ssA L PLL
= VDDA =2.0to 3.6 V: External Analog Power Vi el
. DD 3
supplies for ADC,DAC, Reset blocks, RCs and Vo o ™\ Y EIEMET)
—— ( \
PLL. (STANDBY circuitry
. . (Wake-up logic,
= ADC and DAC working only if VDDA >=2.4V IWWDG, RTC, LSE Core
- Ves crystal 32K osc, Memories
= VBAT =1.65V to 3.6 V: For Backup domain when [ \RCCCSR) Y, Digital
i Vv 1 Y peripherals
VDD is not present. oo L VTt ReaEroy
= SDADCx_VDD = 2.2 to 3.6V : External Analog \ / \ )
Power supplies for SDADCs with: Low Voltage Detector
. . Backup domain
= Power pins connection: l
. I\ LSE crystal 32K osc
= VDD and VDDA can be provided by a separated power Vour [} BKP registers
Supp|y source. RCC BDCR register
RTC
= VSS, VSSA and SDADCx_VSS must be tight to ground
= The SD1 SD2 VDD and SD3 VDD can be different from VDD ,
VDDA and from one another. SDADC1_2 Vp, [ SDADC1
‘ SDADC2
SDADC3_Vp, Lt .

Kyy K
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Power Sequence

* 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

* When SDADCXx power supply is different from VDDA, VDD
power supply and from one another:

. SDADCx_VDD <= VDDA
. SDADC1 VDD/SDADC2_ VDD <= SDADC3_VDD

« SDADC3 VDD must start before or at the same time as
&7 SD12_VDD fa)
S /4
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Supply monitoring and Reset circuitry

 The STM32F3xx POR / PDR circuitries are always active
and monitor two supply voltages: VDD and VDDA.

« The POR supervisor circuit monitors only VDD

» The PDR supervisor circuit monitors VDD and VDDA

* Programmable Voltage Detection (PVD) - Can be ON/OFF.

* The PVD enable/disable is controlled by software via a
dedicated bit (PVDE).

V<
57 &
2/ (=




Power On Reset / Power Down Resejgm

VDD and
VDDA
« Two Integrated POR / PDR circuitries 4
guarantees proper product reset when Virh ‘
voltage is not in the product guaranteed “i‘;b;v'a;;{;r;;[s""xx SoR

voltage range (2V to 3.6V)

1

1

Tempo
**12.5ms

1

* No need for external reset circuit

v

Reset

« POR and PDR have a typical hysteresis of
40mV

Virl min 1.8V / Vtrh max 2V

« The PDR detector monitors VDD and also VDDA (if kept enabled in the
option bytes). The POR detector monitors only VDD.

V<
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Programmable Voltage Detector (PVD)m

«  Programmable Voltage Detector
« Enabled by software

Monitors 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

* Generates interrupt through EXTI Linel6 (if cutput
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

&
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Backup Domain

Backup Domain contains

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

64 and 128 Bytes Data RTC registers in STM32F30x
and STM32F37x respectively.

Separate 32kHz Osc (LSE) for RTC
RCC BDSR register: RTC clock source selection and

Backup Domain

. — CcC S 32 OosC
enable + LSE Conﬂg Vear E] power switch R reBgD A (L|5<|;)Z
« = Reset only by RTC domain RESET ——
Wakeup
Logic
Voo [1
VBAT in ndent vol I

depe de tvo tage SUpp y RTC_TAMPX L RTC + 64 (or 128) Bytes Data

« Automatic switch-over to VBAT when VDD goes lower L

than PDR level
* No current sunk on VBAT when VDD present.

2 x Tamper events detection: resets all user backup
registers

TimeStamp event detection.

Lys
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Low Power Modes (1/4)

 SLEEP Mode: Core stopped, peripherals kept running

» Entered by executing special instructions

« WFI (Walit For Interrupt)
» Exit: any peripheral interrupt acknowledged by the Nested Vectored Interrupt Controller (NVIC)

 WFE (Wait For Event)

» An event can be an interrupt enabled in the peripheral control register but NOT in the NVIC or an EXTI
line configured in event mode

» Exit: as soon as the event occurs =» No time wasted in interrupt entry/exit

 Two mechanisms to enter this mode

» Sleep Now: MCU enters SLEEP mode as soon as WFI/WFE instruction are executed
« Sleep on Exit: MCU enters SLEEP mode as soon as it exits the lowest priority ISR

 To further reduce power consumption you can save power of unused
peripherals by gating their clock

&




Low Power Modes (2/4)

- STOP Mode: all peripherals’ clocks, PLL, HSI and HSE are disabled, SRAM and
registers contents are preserved.

 If the RTC and IWDG are running, they are not stopped in STOP (either as their clock
sources)

 To further reduce power consumption, the Voltage Regulator can be put in Low Power mode

» \Wake-up sources:

* WFI was used for entry: any EXTI Line configured in Interrupt mode (the corresponding EXTI Interrupt
vector must be enabled in the NVIC)

« WFE was used for entry: any EXTI Line configured in event mode

« EXTI line source can be: one of the 16 external lines, PVD output, RTC alarm, COMPX, 12Cx,
USARTX or the CEC .

« The I12Cx, USARTx, CEC ) can be configured to enable the HSI RC oscillator for processing

incoming data. If this is used, the voltage requlator should not be put in the low-power mode but kept
in normal mode.

=>» After resuming from STOP the clock configuration returns to its reset state (HSI used as system
clock).

(*): CEC is available in STM32F37x only.

V<
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Low Power Modes (3/4)

- STANDBY Mode: Voltage Regulator off, the entire V18 domain is powered off.

« SRAM and register contents are lost except registers in the Backup domain and STANDBY
circuitry

PLL, the HSI RC and the HSE crystal oscillators are also switched off.
RTC and IWDG are kept running in STANDBY (if enabled)

In STANDBY mode all 10 pins are high impedance and non-active except:
* Reset pad (still available)
* RTC pins (if configured)
+ PC14 & PC15 could be forced to output high/low in RTC registers
+ WKUPXx pins (if enabled)
Wake-up sources:

+ WKUPX pins rising edge

* RTC alarm and tamper events
« External reset in NRST pin

* IWDG reset

=> After wake-up from STANDBY mode, program execution will restart in the same way as after a RESET.

V<
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Mode name

WWELGH]

Effect on
1.8V
domain

Effect on
VDD
domain

Voltage
regulator

10 state

STM32F3xx Low Power modes

Wakeup latency

SLEEP,
SLEEP now
or
SLEEP on-
exit

STOP

STANDBY

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

WFI

WFE

PDDS,
LPSDSR
bits +
SLEEPDEEP
bit +
WFI or WFE

PDDS bit +
SLEEPDEEP
bit +
WEFI or WFE

- Reset pad (still available)
- RTC pins PC14 and PC15 if configured in the RTC registers.
- WKUP pin 1 (PA0) and WKUP pin 2(PC13), if enabled.

Lys
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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

clocks

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

All 1/0O pins
keep the same
state as in the

Run mode

all 1/0 pins are
high impedance

*)

None

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

Reset phase

&
S
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Direct memory access controller 2.
(DMA) -
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DMA Features

» 12 independently configurable channels: hardware requests or software trigger on each
channel.

« DMAL: 7 Channels

« DMA2: 5 Channels

« Software programmable priorities: Very high, High, Medium or Low. (Hardware priority in
case of equality).

* Programmable and Independent source and destination transfer data size: Byte,
Halfword or Word.

+ 3 event flags for each channel: DMA Half Transfer, DMA Transfer complete and DMA
Transfer Error.

* Memory-to-memory, peripheral-to-memory and memory-to-peripheral transfers and
peripheral-to-peripheral transfers.

 Faulty channel is automatically hardware disabled in case of bus access error.
* Programmable number of data to be transferred: up to 65535.
« Support for circular buffer management.

2,
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DMA1 Request Mapping (1/2)

ADC1
SP| SPI1_RX SPI1_TX SPI2_RX SPI2_TX
USART USART3_TX USART3 RX USART1_TX USARTL RX USART2_ RX USART2 TX
12C 12C2_TX 12C2_RX 12C1_TX 12C1_RX
TIM1 (*) TIM1_CH1 TIM1_CH2 TIM1_CH4 TIM1_UP TIM1_CH3
TIM1_TRIG
TIM1_COM
TIM2 TIM2_CH3 TIM2_UP TIM2_CH1 TIM2_CH2
TIM2_CH4
TIM3 TIM3_CH3 TIM3_CH4 TIM3_CH1
TIM3_UP TIM3_TRIG
TIM4 TIM4_CH1 TIM4_CH2 TIM4_CH3 TIM4_UP
TIM6 / TIM6_UP
DAC (¥) DAC_CH1 (1)

* (*) Available on STM32F30x only.

* (1) DMA request mapped on this DMA channel only if the
Yhkorresponding remapping bit is set in the SYSCFG_CFGR1 register §>
> 4
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DMA1 Request Mapping (2/2)

Peripherals Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 W

TIM7 / DAC (*)

TIM16
TIM17 TIM17_CH
1
TIM17_UP

TIM18/

DAC

channel 3 (**)

TIM19 (**) TIM19 CH3
TIM19 CH4

TIM16_CH1
TIM16_UP

TIM19 CH1 TIM19 CH2

* (*) Available on STM32F30x only

* (**) Available on STM32F37x only.

TIM7_UP
DAC_CH2 (1)

TIM19_UP

TIM18_UP
DAC_CH3

TIM16_CH1

TIM16_UP

*) (1)
TIM17_CH1
TIM17_UP
(*) (1)

* (1) DMA request mapped on this DMA channel only if the corresponding remapping bit
is set in the SYSCFG_CFGRL1 register

Lys
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DMAZ2 Request Mapping

ADC2 ADC4 ADC2 (1) ADC4 (1) ADC3
SDADC1 SDADC2 SDADC3
SPI3 SPI3_RX SPI3_TX
UART4(*) UART4_RX UART4_TX
TIM6 / DAC TIM6_UP
channel 1 DAC_CH1
TIM7 /| DAC TIM7_UP
channel 2 DAC_CH2
TIM8 / DAC TIM8_CH3 TIM8_CHA4 TIM8_CH1 TIM8_CH2
(**) TIM8_UP TIM8_TRIG
TIM8_COM
TIM18 / DAC TIM18_UP
channel 3 (**) DAC_CH3

* (*) Available on STM32F30x only

* (**) Available on STM32F37x only.
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General Purpose I10s
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GPIO features

* Up to 84 (in STM32F37>_? and 88 (in STM32F30x) multifunction bi-
directional I/O ports available on biggest package 100 pin.

- Several 1/Os are 5V tolerant (ADC, opamp, comparators pins are not).

 All Standard I/Os are shared in 6 ports: GPIOA, GPIOB, GPIOC,
GPIOD, GPIOE, GPIOF.

» Atomic Bit Set and Bit Reset using BSRR and BRR registers
« GPIO connected to AHB bus, max toggling frequency 18 MHz
« Configurable Output slew rate speed up to 50MHz

» Locking mechanism (GPIOx_LCKR) provided to freeze the 1/0O
configuration

 When the LOCK sequence has been applied on a port bit, it is no longer possible to
modify the configuration of the port bit until the next reset (no write access to the CRL
and CRH registers corresponding bit).

- Up to 84 (in_STM32F37x2 and 88 (in STM32F30x) GPIOs can be set-up
as external interrupt (up to 16 lines at time) able to wake-up the MC" "~ =
rom low power modes. )

> /4
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MODER(i) OTYPER(i) PUPDR(i) . .
[1:0] [1:0] [1:0] I/O configuration
0 0 Output Push Pull
0 0 1 Output Push Pull with Pull-up
1 0 Output Push Pull with Pull-down
01
0 0 Output Open Drain
1 0 1 Output Open Drain with Pull-up
1 0 Output Open Drain with Pull-down
0 0 Alternate Function Push Pull
0 0 1 Alternate Function PP Pull-up
1 0 Alternate Function PP Pull-down
10
0 0 Alternate Function Open Drain
1 0 1 Alternate Function OD Pull-up
1 0 Alternate Function OD Pull-down
0 0 Input floating
00 X 0 1 | Input with Pull-up
1 0 Input with Pull-down
11 X X Analog mode

* In output mode, the 1/0 speed is configurable through OSPEEDR register:
2MHz, 10MHz or 50MHz

Ly,

augmented

Alternate Function Ineut

: On Off
< l 0 -“_ VDD VDD or VDD_FT®

Schmitt

. .
|_Input Data Regis{gjﬁer Input Driver

— VDD
4 E
OUTPUT )
— —> CONTROL VSS vss
Reqister |
Bit/Se{/Rpset
<+<—| Output Data Register 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 VL )




Alternate Functions features

* Most of the peripherals shares the same pin (like USARTx_TX, TIMx_CH2,

I2Cx_SCL, SPIx_MISO, EVENTOUT...)

* Alternate functions multiplexers prevent to have several peripheral’s function pin to

be connected to a specific I/O at a time.
+ Some Alternate function pins are remapped to give the possibility to optimize the
number of peripherals used in parallel.

AFO
AF1

AF2

Pin x (0...16)

AF7

life.augmented



I/Os special considerations

- During and just after reset, the alternate functions are not active and the
I/O ports are configured in input floating mode. But, the debug pins
(JTAG/SWD) are in AF pull-up/pull-down after reset:

* PA13: JTMS/SWDIO in pull-up
PA14: JTCK/SWCLK in pull-down
PA15: JTDI

PB3: JTDO

PB4: NJTRST

 Using the HSE or LSE oscillator pins as GPIOs

 When the HSE or LSE oscillator is switched OFF (default state after reset), the
related oscillator pins can be used as general purpose 10s.

» When the oscillator is configured in a user external clock mode, only the
OSC IN or OSC32_IN Pln IS reserved for clock input and the OSC__OUT or
OSC32_O0OUT pin can still be used as general purpose |0s.

 Using the GPIO pins in the backup supply domain

 The PC13/PC14/PC15 GPIO functionality is lost when the device enters
Standby mode. In this case, if their GPIO configuration is not bypassed by the
RTC configuration, these pins are set in an analog input mode. >
1S7]
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Extended interrupts and events
controller (EXTI)

V<

/




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
STM32F1xx series

Up to 36 (F30x) 29(F37x) Interrupt/Events

uests : Upto 88éin STM32F30x) and 84 (in STM32F37x)

re
GPIOs can be used as EXTI line(0..15)

(*) The CEC is available on STM32F37x only.

Lys
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EXTI Features

Interrupt Mask Pending Request
Register Register
A

I

To NVIC

Pulse

Generator

@

169

Falling Trigg
Selection Register

Software Interrupt Rising Trigger

Selection Register

Event Register

Edge Detect
Circuit

o
EXTI[15:0]

DR

—
Event Mask

Register

EXTI line 16 is connected to the PVD output

EXTI line 17 is connected to the RTC Alarm event

EXTI line 18 is connected to USB Device FS wakeup event
EXTI line 19 is connected to RTC tamper and Timestamps
EXTI line 20 is connected to RTC wakeup

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 24 is connected to 12C2 wakeup

EXTI line 25 is connected to USART1 wakeup

EXTI line 26 is connected to USART2 wakeup.

EXTI line 27 is connected to CEC wakeup. (STM32F37x only)
EXTI line 28 is connected to USART3 wakeup

EXTI line 29 is connected to Comparator 3 output (F30x only)
EXTI line 30 is connected to Comparator 4 output (F30x only)
EXTI line 31 is connected to Comparator 5 output. (F30x only)
EXTlI line 32 is connected to | Comparator 6 output (F30x only)
EXTI line 33 is connected to Comparator 7 output (F30x only)
EXTlI line 34 is connected to UART4 wakeup. (F30x only)

EXTlI line 35 is connected to UART5 wakeup. (F30x only) 2

(=
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RCC introduction

* Reset:
* Initialize the device
» Wakeup device
» Safety functions (watchdog)

* Clocks:

» Select appropriate clock source:
* Internal
» External
» Select appropriate speed:
» High speed
* Low speed
» Speed regulation
» Modify clock parameters for:
« Core
» Peripherals
» Security functions:

* |n case of clock source malfunction

Lys
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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 & IWWDG end of count condition
A software reset (through NVIC)

Low power management reset

Option byte loader reset (FORCE_OBL bit)

* Power RESET

* Resets all registers except the Backup domain

 Sources:

« Power On/Power down Reset (POR/PDR)
« Exit from STANDBY

- Backup domain RESET
» Resets in the Backup domain: RTC registers + Backup Registers + RCC_BDCR register
e Sources:

. . /’7\
‘_  BDRST bit in RCC_BDCR register
AYJ - POWER Reset (
life.augmented \ /




Reset block diagram

* Reset sources in STM32F3 family and their relation to RESET pin:

External
RESET

L1

» SYSTEM RESET

NRST
WWDG RESET

IWWDG RESET
Software RESET

GENERATOR Low power management RESET
(min 20us)

Option byte loader RESET
Power RESET4(— Standby exit

_|— POR/PDR

&




Clock features (1/2)

« System Clock (SYSCLK) sources:

 HSE (High Speed External oscillator or crystal)

* 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

* From HSE or HSI/2
* 16MHz — 72MHz output

- Additional clock sources:

* 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)

&




Clock features (2/2)

* Clock-out capability on the MCO:
e 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 NMI
» Could generate BREAK for Timers

* RTC Clock sources:
 LSE, LSI and HSE/32

* USART, 12C & CEC have multiple possible clock sources:

» Possibility to wakeup device if there is no system clock:

e For USART: HSI, LSE
* For 12C: HSI
* For HDMI-CEC: LSE, HSI

&




Clock scheme STM32F37x

32.768KHz HSE
A RTCCLK
0SC32_0ouT P SysTick
- » WWDGCLK » HCLK
—>
8MHz » PCLK1
HSI RC * - HSI >
I—bi—b PLL l PLLCLK SYSCLK
432 My X2, X3, > > TIMXCLKAPB1
2 MHz maxi
0SC_ouT HSE a
ose [ ” » PCLK2
TIMXCLKAPB2
»ADC
PCLK2
SYSCLK
HSI —p USART1 HSI ——p USART?2,
—_— —_— USART3
LSE LSE |/
e —_
Y/ HSI
LSl >
<—LSE —» 2C1,
) SYSCLK s
mco [ SYSCLK PCLK2 ~=——p SPI1/I2S1 .~
Hs!
¢ HSE PCLKI ———— § SPI2, SPI3 'i » » CEC
ELLCLK2 1252, 1253 LSE_
>
SDADC1,
rl SDADC3

-
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0Ssc_ouT

0SC_IN

0OSC32_0ouT

0SC32_IN

HSI RC
8 MHz

LSE
OSsC
32.768kh

Clock scheme STM32F30x

FLITFCLK

HSI

[z ]

12,/3,.../16

PLLSRC PLLMUL

v

to Flash Programming interface

SYSCLK

SYSCLK

12S_CKIN pin

usB

Ext.Clock

v

To 12Cx (x = 1,2)

To 12Sx (x = 2,3)

USBCLK

prescaler
/1,1.5

v

to USB interface

To AHB bus, core,

AHB

memory and DMA

BN brescaler
/1,2,.512

To cortex System
Timer (systick)
To FHCLK Cortex free

APB1
prescaler
/1,2,4,8,16

132

/4
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RTCCLK
» To
RTC
RTCSEL[1:0]
» To IWDG
IWDGCLK
PLLCLK
HSI
LSI
HSE
SYSCLK
LSE

prescaler
/1,2,4,8,16

ADC
Prescaler

To ADCxy

/1,2,4 (xy=12 ,32)

ADC Prescaler

/1,2,4,6,8,10,12,1
6,32,64,128,256

running clock

To APBL peripherals

If (APB1
prescale
r =1)x1
else x2

To TIM 2,3,4,6,7

To USARTX (X = 2..5)

If (APB2
prescale
r =1)x1
else x2

» To APB2 peripherals

> To TIM15,16,17

——» To USART1

To TIM1/8

|

/

>



HSI/LSI/ext. clock measurement

* TIM14 (in F37x) and TIM16 (in F30x) input capture can be

triggered by: TI1_RMP[1:0] in TIM14_OR/
* GPIO pin TIM16_OR
« RTCCLK ] GPIO
« HSE/32 RTCCLK
HSE/32
« MCO OUtpUt MCO SYSCLK

¢ PLLCLK/2

- Purposes:

* Measure HSI frequency using the precise LSE clock. HSI is used as system clock.
Knowing the (more precise) LSE frequency we can determine the HSI frequency.

* Measure the LSI frequency using HSE or HSI. To fine tune IWWDG and/or RTC timing
(if LSl used as RTC clock).

» Have rough indication of the frequency of external crystal — by comparing HSI and
HSE/32

V<
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CRC calculation unit
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CRC Introduction 1/2

« CRC-based techniques are used to verify data integrity (communications)

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

- Single input/output 32-bit data register, but handles 8,16, 32-bits input
data size

* CRC computation done in 4 AHB clock cycles (HCLK) maximum

- General-purpose 8-bit register (can be used for temporary storage)

2,
57 S




CRC Introduction 2/2

* New features:

* Programmable parameters:

* Programmable polynomial:

* By default uses CRC-32 (Ethernet) polynomial: 0x4C11DB7

+ Alternatively uses a fully programmable polynomial with programmable size (7, 8, 16, 32 bit)
» Programmable polynomial size (7, 8, 16, 32 bits)
* Programmable CRC initial value (default = OXFFFF_FFFF)

* Reversibility option on I/O data

» Input data can be reversed by 8, 16, 32 bit

« 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
« Output data can be reversed in 32-bit (output register)
« Example on output data 0x11223344:

| |
0x11223344 [ololol1lololol1lolol1]ololol 1lololol 1] 1lolol1l 1lol 1lololol 1l o]0

v n

31 |
0x22CC4488 |ololalolololalolalalofolalalo[ololalofololalofolalofololalololal

V<
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Soera CRC Operation
* Operation:

» Each write operation to the data register creates a combination of the previous CRC
value (stored in CRC_DR) and the new one. CRC computation is done on the whole 32-
bit data word or byte by byte depending on the format of the data being written.

» The duration of the CRC computation depends on input data width:

* 4 AHB clock cycles for 32-bit
» 2 AHB clock cycles for 16-bit
* 1 AHB clock cycles for 8-bit
* Polynomial can be changed after finishing current CRC calculation (or after CRC reset)

» The input and output data can be bit reversed, to manage the various endianness
schemes (REV_IN [1:0], REV_OUT hits).

AHB Bus

32-bit (read access)
Data register (Output)

CRC computation Polynomial
Data register (Input)

32-bit (write access)

Initial value

)
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DAC introduction

 |nterfaces:

 Two 12-bit DAC converters inside STM32F37x:

« DAC1 with 2 DAC output channels
« DAC2 with 1 output channel

 One 12-bit DAC converter inside STM32F30x:
* DAC1 with 2 DAC output channels

* Features and differences:

 8-bit or 12-bit mode (left or right data alignment in 12-bit mode)

« Synchronized update capability

* Noise-wave or Triangular-wave generation

« DMA capability for each channel (with DMA underrun error detection)
» External triggers for conversion (Timers, ext. pin, SW trigger)

« Programmable output buffer to drive more current

 Input voltage reference VREF+

* DAC supply requirement: VDDA = 2.4V to 3.6 V

* DAC outputs range: 0 < DAC_OUTx < VREF+

« Dual DAC channel mode supported by DAC1 only:
« Two channels can be used independently or simultaneously when both channels are grouped

‘_ together for synchronous update operations (dual mode). @
>4
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DACXx channel block diagram

DAC Control Register

TSELX[2:0]
SWTRIGx _
[S) 1) x
TIM6_TRGO & S « Z
<l x| 2 u
TIM3/8_TRGO a w ] <
|z F| 3
TIM7_TRGO g s
TIM2_TRGO
TIM4_TRGO
vV VvV vV Vv VY

TIM5/15_TRGO

Control Logic x

Ext_IT 9 L&
DMA Regquest x
12 bits
DHRXx

12 bits

12 bits
VREF+
VDDA Digital to Analog Converter x DAC_OUTx
VSSA

Lys
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DAC analog output

- Output voltage:

» Analog output voltage is given by formula:

- DAC Output = Vger, * (DOR /4095)

* VREps «oeeeee reference voltage (shared with ADC, input pin or shared with VDDA)
« DOR ....... Data output register

» Output current:
» Optional output analog buffer (booster) to improve current capability (BOFF bit)

» Without output analog buffer (BOFF bit = 1):

« Output impedance: 15kQ
* Min. load for 1% error: >1.5MQ

» With output analog buffer (BOFF bit = 0):

 Limited output near edges: Vout = (200mV) — (Vppa - 200mV)
* Min. load for 1LSB error: >5kQ

Rioap >=5K /ﬂ
l]te.ﬂlﬁd vsS ‘@




DAC data format
» 8-bit mode:
» Always right alignment (in register DAC_DHR8RX)
 Also in dual channel mode (register DAC_DHR8RD)

* 12-bit mode:
* Right alignment (in register DAC_DHR12RX)
 Left alignment (in register DAC_DHR12LXx)
 Also in dual channel mode (registers DAC_DHR12RD, DAC_DHR12LD)

8 bits Right alignment: Load DAC_DHR8RXx [7:0]

DAC_DHR8Rx D6 D5 D4 D3 D2 D1

12 bits Right alignment : Load DAC_DHR12Rx [11:0]

DAC_DHR12Rx D10 D9 D8 D7 D6 D5 D4 D3 D2

DAC_DHR12Lx D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1

Lys
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DAC conversion triggers

- Conversion started (load data to the DORX register) by:

» Automatically (if external trigger disabled TENX) :
* From DAC_DHRXx after one APBL1 clock cycle
» Triggered conversion (if external trigger enabled TENX) :
» After three APBL1 clock cycles after trigger generated by external trigger (except SWTRIG)

* Triggers:

* Timers:

* Timer 6 TRGO event
» Timer 3 TRGO event (or Timer 8 as option for STM32F30x)
* Timer 7 TRGO event

* Product dependent :
* For STM32F37x: Timer 5 (for DAC1) / Timer 18 (for DAC2) TRGO event
* For STM32F30x: Timer 15

 Timer 2 TRGO event
* Timer 4 TRGO event

» External pin
« EXTIIline9
« Software
S /4 - SWTRIG bit

life.augmented




DAC noise wave generation

* Noise generation:

» Based on LFSR (linear feedback shift register):
* Initial value = OXAAAA
 The LFSR 12bits value can be masked partially or totally

« Anti lock-up mechanism: if LFSR equal to O then a 1 is injected on it

« Calculated noise value (updated through external trigger) is added to the
DAC_DHRXx content without overflow

o (3

X12

1

Lys
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DAC triangle wave generation

* Triangle generation:

» Add a small-amplitude triangular waveform on a DC or slowly varying signal: used
as basic waveform generator for example

» Calculated triangle value (updated through external trigger) is added to the
DAC_DHRXx content without overflow to reach the configurable max amplitude

» Up-Down triangle counter:

* Incremented to reach defined max amplitude value
» Decremented to return to the initial base value

» Triangle max. amplitude are configurable: (2N-1) with N=[1..12]

MAMPXx[3:0]: Max amplitude

DAC_DHRx: Base value

Lys
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DAC with 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 reqister.

- DMA underrun error detection with interrupt capability

Lys

life.augmented

“

RAM
(Pattern 1)
(Pattern 2)

>
DAC Triggers - -

DACXx

Channel x
output

DMA
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Independent and System
Watchdogs
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Z=
@? System window watchdog (WWDG)
features (1/2)

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

=

 Conditional reset
» Reset (if watchdog activated) when the down counter value becomes less than 40h
(T6=0)
» Reset (if watchdog activated) if the down counter is reloaded outside the time-window

* To prevent WWDG reset:

 write T[6:0] bits (with T6 equal to 1) at regular intervals while the counter value is
lower than the time-window value (W[6:0])

Reset

A

comparator
=1 when
T6:0 > W6:0

o
¥ =

W[6:0]

3Fh Write WWDG_CR

»
>

|

|

|

I time WWDG_CR  \__ 6-Bit Down Counter W
|

|

‘ ’ T6 bit T
I |_| PCLK
life.augmented Reset 1 (up to 48MHz)

Refresh Refresh
not allowed Window




Independent window watchdog (IWDG)
features (1/2)

|

' |
| -

I Prescaler Status Reload Key Window :

| Register Register Register Register Register I

| |

d

A A
L __ L

_______________ L — —

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

LSl
(40KHz)

—_— s —— e —

-+ Selectable HW/SW start through option byte

* Clocked from an independent RC oscillator (LSI)
» can operate in Standby and Stop modes

* Once enabled the IWWDG can’t be disabled (LS| can’t be disabled too)
* Implemented in the VDD voltage domain:
‘— * Is still functional in STOP and STANDBY mode

P

/
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SPI Features (1/3)

» 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)

» Flags with IT capability (TXE, RXNE, MODF, OVR, CRCERR)

« Programmable bit rate: up to fp (/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 (2/3)

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

&




SPI Features (3/3)
SPI X X -

12S X - -

STM32F37xXX SPI1 SPI3
SPI X X X

12S X X X

STM32F30xXX SPI1 SPI3
SPI X X X

12S - X X

&




SPI block scheme

< Address and data bus >
{}Read
Rx FIFO
/\ CRC controller
(SD) MOSI
(MCLK) MISO @ %" » Shift register ¢
T [
RXONLY
CPOL CRCL
Tx FIFO %EEIAS]
TTWFHE Communication
controller
BIDIOE
BR[2:0]]
(CK) SCK e Baud rate generator |« I Internal NSS
NSS
(WS) NSS » logic

e
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Data Frame Format (Motorola mode)

 Data frame format :

« Programmable size of transfer data frame format from 4-bit up to
16-bit

* Programmable clock polarity & phase, data bit order MSB/LSB
first




NSS management

NSS input — SSM selects HW control (NSS pin) or SW control (SSI bit):

« Slave mode - select slave for communication
(optionally can be used for synchronization of a transaction begin)

« Master mode - signalize conflict between masters

NSS output — HW control at master mode only
(SSM=0, SSOE=1 or at specific modes - Tl, NSSP)

NSS

SSM bit NSS| Master Slave

SSI bit

NSS external

Vdd oK Non acfive

Qutput
Control

IG

Vss | Conflict Aclive

NSS Input
-

——— SSOE bit

e

NSS Output

(Master mode & HW management only)




32-bit Rx and Tx FIFOs

» Two separated 32-bit Rx & Tx FIFO occupancy | |RxNE| RxNE
FIFOs for receive and Moo sbit | ExLVL Mebit | sait |
transmission | | | |

0 | 00 [ 10| o0

- 8-bit or 16-bit read/write | | | P
access to FIFOs. 1/4 : : 01 1 : 0o | 1 :

- Occupancy level flags | | L |
FTLVL[1:0], FRLVL[1:0], 2 R R
TXE, RXNE | | |

112 | B 1 11

- Different capability of Tx | | .

and Rx FIFOs FIFO Access FIFO Threshold

*) Max 3x 8-bit for TxFIFO, 4x 8-bit for RxFIFO

Y <
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Packed mode & FIFOs access

- When data frame fits into one byte (from 4 up to 8 bits) two patterns
can be accessed in parallel by single write/read FIFOs.

Example:

* 4-bit data frame length, MSB first, 16-bit threshold is set for
RxFIFO,
both FIFOs can be accessed by single 16-bit read or write

 1x TXE event at transmitter - 1x RXNE event at receiver

NSS | [
Tx_FIFO sck _JUUUUUUUL_.  Rx FIFO
SPIx_DR — mosi_ LTI — SPIx_DR
— 0x0A |-»{ SPI | ! ' | SPI |1 Ox0A ¥
0x04 = fsm I oxa | ox4a || fsm =] Ox04
|nx|04 0x0A r 1% - [ w 0x04 | 0x0A |
—»| Shift Shift

16-bit access when write to data register 16-bit access when read from data register
SPI_DR= 0x040A ul16_var= SPI_DR; /* ~u16_var= Ox040A */

when TxE=1 when RxNE=1

&
S
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CRC calculation (1/3)

» Hardware CRC feature for reliable communication:

« Separated CRC calculators implemented for transmitted and

received data
« CRC value is transmitted as a last transaction(s)

« CRC error checking for last received byte and interrupt generation

on error
« Programmable CRC polynomial calculation (odd polynomials only)
« Available for 8-bit or 16-bit data patterns only

« Two possible CRC calculations: CRC8, CRC16-CCITT standard

&




CRC calculation (2/3)

« Example of n data transfer between two SPIs followed by the
CRC transmission of each one in Full-duplex mode

« SPI_TXCRCR and SPI_RXCRCR - separated registers for CRC
calculation

\\ 4
CRCNXT=1
'

A
L |

CRCERR
interrupt
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CRC calculation (3/3)

« Basic SD/MMC support (SPI protocol):
« Performance: speed up to 18MHz

» Error checking: hardware CRC calculation

Voo Voo
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Q Q
Universal Synchronous Asynchronous 289 e
Recelver Transmitter (USART)

4
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USART Features (1/3)

* Fully-programmable serial interface characteristics:
+ Data can be 8 or 9 bits
* Even, odd or no-parity bit generation and detection
* 1, 1.5 or 2 stop bit generation

* Programmable baud rate generator

Integer part (12 bits)

Fractional part (4 bits)
» Configurable oversampling method by 16 or by 8

* Up to 9Mbps when the clock frequency is 72 MHz and oversampling by 8 is selected.
* Programmable data order with MSB or LSB first.
+ Swappable Tx/Rx pin configuration
* Tx/Rx pins active level inversion & Binary data inversion

* Support hardware flow control (CTS and RTS)

+ Dual clock domain allowing
* UART functionality and wakeup from Stop mode
» Convenient baud rate programming independent from the PCLK reprogramming

+ Dedicated transmission and reception flags (TXE and RXNE) with interrupt capability

&




USART Features (2/3)

» Support for DMA

* Receive DMA request

« Transmit DMA request
 LIN Master/Slave compatible
» Synchronous Mode: Master mode only
* IrDA SIR Encoder Decoder

- Smartcard Capability T =0, T = 1 (using the Address/character match,
End of block, receiver timeout etc...)

* Basic support for Modbus communication (using Address/character
match and Receiver timeout features).

» Single wire Half Duplex Communication

&




USART Features (3/3)

* Multi-Processor communication
« USART can enter Mute mode
* Mute mode: disable receive interrupts

« Wake up from mute mode (by idle line detection or address mark detection)
 Auto-baudrate detection using various character patterns.
* Driver enable (for RS485) signal sharing the same pin as nRTS.

14 interrupt sources

&




STM32F30x USART Implementation

USART features USARTs1/2/3 | UARTA4/5

Hardware Flow Control YES NO
Continous communication using DMA YES YES
Multiprocessor communication YES YES
Synchronous mode YES NO
Smartcard mode YES NO
Single wire half duplex mode YES YES
IrDA YES YES
LIN YES YES
Dual clock domain and wake up from STOP YES YES
mode

Receiver timeout YES YES
Modbus Communication YES YES
Autobaudrate detection YES NO
Driver enable YES NO

Lys
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STM32F37x USART Implementation

USART features USART1 | USART2 | USART3

Hardware Flow Control

Continous communication using DMA YES YES YES
Multiprocessor communication YES YES YES
Synchronous mode YES YES YES
Smartcard mode YES YES YES
Single wire half duplex mode YES YES YES
IrDA YES YES YES
LIN YES YES YES
Dual clock domain and wake up from STOP mode YES YES YES
Receiver timeout YES YES YES
Modbus Communication YES YES YES
Autobaudrate detection YES YES YES
Driver enable YES YES YES

Lys
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Wakeup from STOP

When USART_CLK clock is HSI or LSE, the USART is able to wakeup the
MCU from STOP.

Wakeup from STOP is enabled by setting UESM bit in the USART_CR1.

The sources of wake up from STOP mode can be the standard RXNE interrupt
(the RXNEIE bit must be set before entering Stop mode). Or, a specific
Interrupt may be selected through the WUS bit fields in the USART_CR3:

= Wake up on address match
= Wake up on Start bit detection

= Wake up on RXNE

> 4



Smart Card mode (1/2)

* USART supports Smart Card Emulation ISO 7816-3
» Half-Duplex, Clock Output (SCLK)
» OBits data, 1.5 Stop Bits in transmit and receive.
« T=0, T = 1 support
» Programmable Clock Prescaler to guarantee a wide range clock input

life.augmented



STM32F3xx 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.

~
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Single Wire Half Duplex mode

« USART supports Half duplex synchronous communication mode

* Only Tx pin is used (Rx is no longer used)

+ Used to follow a single wire Half duplex protocol.

<
o
5}

Half Duplex
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IrDA SIR Encoder Decoder

« USART supports the IrDA Specifications
» Half-duplex, NRZ modulation,
» Max bit rate 115200 bps
* The pulse width is 3/16 bit duration in normal mode
* Low power mode: 1.42MHz <PSC < 2.12MHz

life.augmented



Modbus communication

* Basic support for the implementation of Modbus/RTU and Modbus/ASCI|

protocols.

» Modbus/RTU: In this mode, the end of one block is recognized by a “silence” (idle line)
for more than 2 character times. This function is implemented through the programmable

timeout function.

» Modbus/ASCII: In this mode, the end of a block is recognized by a specific (CR/LF)
character sequence. The USART manages this mechanism using the character match

function.

Y
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Auto-baudrate detection

2 patterns for auto-baudrate detection:

Any character starting with a bit at 1 - the USART will measure the duration of the
START bit (Falling edge to rising edge).

Any character starting with a 10xx bit pattern - the USART will measure the duration of
the START bit and of the first data bit (Falling edge to Falling edge).

Once the automatic baudrate detection is activated, the USART will wait for the first
character on the RX line. The auto-baudrate completion is indicated by the setting of ABRF
flag.

The automatic baud rate detection range: bit duration should be between 16 to 65536
USART clock periods.

Only oversampling by 16 is used with auto-baudrate detection feature.

If the line is noisy, the correct baudrate detection is not guaranteed.

V<
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USART Interrupts

Interrupt event Interrupt flag

Transmit Data Register Empty TXE
Transmission Complete TC
CTS CTSIF
Receive Data Register Not Emptyy RXNE
Overrun Error ORE
Idle line detection IDLE
Parity Error PE
LIN break LBDF
Noise Flag, Overrun error and Framing Error in NE, ORE, FE
multibuffer communication.

Character Match CMF
Receiver timeout error RTOF
End of Block EOBF
Wakeup from STOP mode WUF

Lys
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STM32F1/F2/L USART vs STM32F3 USART

Main features (1428

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 STM32F3 USART

Main features (2ME3

Receiver timeout

Auto-baudrate detection

Continous communication using DMA
Address/character match interrupt
End of Block interrupt

Multiprocessor communication

Yes
Yes
Yes
Yes
Yes

Yes

No
No
Yes
No
No
Yes




Inter-Integrated Circuit (I12C) |
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1I2C Features (1/2)

« |2C specification rev03 compatibility
* SMBus 2.0 HW support

* PMBus 1.1 Compatibility
« Multi Master and slave capability

« Controls all I?C bus specific sequencing, protocol, arbitration and

timing
- Standard, fast and fast mode + I?°C mode (up to 1MHZz)

20mA output drive capability for EM+ mode )
7] i Pty -
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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

Ly 4 -byte buffer with DMA capability

life.augmented




12C Block Diagram

SYSCFG_CFGR1/ 12Cx_FM+
SYSCFG_CFGR1/12C_PBx_FM+

Digital Analog
Noise Noise
RCC_CFGR3/12C1SW Clock
B | Control Filter Filter . SCL
SYSCLK —W
Digital
Noise
HSI —| I2CCLK Data . SDA
J Control Filter .
SYSCFG_CFGR1/12Cx_FM+
SYSCFG_CFGR1/12C_PBx_FM+
Registers [] svBA
PCLK

&




12C SDA and SCL noise filter

*  Analog noise filter in SDA and SCL I/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 I2CCLK periods.

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

+  Filters configuration must be programmed when the 12C is disable.

&




252

12C Programmable timings
252
Setup and Hold timings between SDA and SCL in transmission are programmable by
SW with PRESC, SDADEL and SCLDEL fields in 12C Timing Register
(I2Cx_TIMINGR).
SDADEL is used to generate Data Hold time. Tgpapg, = SDADEL * (PRESC+1) * T 5001k

SCLDEL is used to generate Data Setup time. Tgc pg. = (SCLDEL+1) * (PRESC+1) * T ,cc1k

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

SCL

SDA

TSYNél \
SCL falling edge internal detection

for

12C_Timing_Config_Tool is available in FWLib to calculate 12C_TIMINGR value
/’0
L,ﬁ

your application.

Lys
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The Setup and Hold configuration must be programmed when the 12C is disable.
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|I2C Master clock generation

253

«  SCL Low and High duration are programmable by SW with PRESC, SCLL and SCLH fields in I12C
Timing Register (12Cx_TIMINGR).

SCL Low counter is (SCLL+1) * (PRESC+1) * T,ccLk - It starts counting after SCL falling edge internal detection. After
counting, SCL is released. '

SCL High counter is (SCLH+1) * (PRESC+1) * T ,cc .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) * Tppccik

. SCL Period:

TSYNCZ

- SCLL

SCL

X SDA

\
N

rd
TSYNCl

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

« 12C_Timing_Config_Tool is available in FWLIib to calculate 12C_TIMINGR value for your

application. /’f)
&7 S
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Slave Addressing Mode

« 12C can acknowledge several slave addresses. 2 address registers :
 12Cx_OAR1 : 7-bit or 10-bit mode.

« 12Cx_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.

&




Wakeup from STOP on address match

* When I2CCLK clock is HSI, the 12C 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, I2C enables HSI, used for address reception.

«  Wakeup from STOP is enabled by setting WUPEN in [2C1_CR1.

* Clock stretching must be enabled to ensure proper operation: NOSTRETCH=0.

&




Easy Master mode management

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

= START=1
12Cx_CR2 is written w/ : = SADD : slave address
= 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

-




Easy to use event management

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

RELOAD

0 : 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_CR2 is written w/ NBYTES#0

« AUTOEND = 0 has no effect when RELOAD is set

&




Slave mode

- By default : I12C 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_CR2 is written w/ NBYTES#0
» If I2Cx_CR2/NACK = 1: received byte is NOT Acknowledged

V<
o7 @?
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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
TXIS
STOPF
TCR
TC
ADDR
NACKF




SMBUS

260

* ARP (Address resolution protocol) support : Device default address,

Arbitration in slave mode
* Host Notify protocol support : host address
 Alert support : Alert pin and Alert Response support

« Configurable Timeout detection : Clock low timeout, Cumulative clock low

extend time
« Configurable bus idle detection

« Command and data acknowledge control in SBC mode

/ﬂ/
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12S Peripheral
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SPI /12S mode switch

* The I2S protocol is used for audio data communication between a
microcontroller/DSP and an audio Codec/DAC.

* 12S interface is implemented as a mode in the SPI peripheral.

» To switch from SPI to 12S mode:
» Disable SPI peripheral (reset SPE bit in SPI_CR1 register)
» Select 12S mode (set 12SMOD bit in SPI_I2SCFGR register)




12S Features (1/2)

» Two 12Ss: Available on SPI12 and SPI3 peripherals.

» Two 12Ss extension added for Full-Duplex communication.
 Simplex/or Full duplex communication (transmitter and receiver)
1252 and 12S3 operate in master or slave configuration.

* 8-bit programmable linear prescaler to support all standard audio
sample frequencies from 8 kHz up to 192 kHz.

 Audio-frequency precision same as high-density and XL-density
devices.

* Programmable data format (16-, 24- or 32-bit data formats).

2,
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12S Features (1/2)

- Underrun flag in slave transmit mode, Overrun flag in receive mode
and new de-synchronization flag in slave transmit/receive mode.

« Support for DMA: New DMA requests for 1252 _ext/I2S3_ext allows
full duplex transfers.

* 12S protocols supported:
 12S Phillips standard.
 MSB Justified standard (Left Justified).
» LSB Justified standard (Right Justified).

 PCM standard (with short and long frame synchronization on 16-bit channel frame
or 16-bit data frame extended to 32-bit channel frame)

. Master clock may be output to drive an external audio component. Ratio is fixed at
256xFs (where Fs is the audio sampling frequency).

The choice of the standard strongly depends on the external
device and the audio datato be transmitted >
1S7]
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2 X Full-Duplex Communication

UART controls *

12S out

Bluetooth _
12Sin

Ya \\WW

"\ 12S out

j ; ‘ Audio Codec 12S in

[ 12C controls **

Battery

Bluetooth Headset

* Depends on the Codec control method
** Depends on the Bluetooth control method

Lys
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STM32F37xxx vs STM32F30xxx

Features STM32F37xxx STM32F30xxx
Instance 3 (1251, 12S2,12S3) 2 (1282, 12S3)
Communication mode Simplex Simplex/full-duplex
External clock No Yes

Lys
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Real-Time Clock (RTC)

‘ life.augmented
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RTC Features (1/2)

« Ultra-low power battery supply current.
- Calendar with Sub seconds, seconds, minutes, hours, week day, date, month, year.
- Daylight saving compensation programmable by software

- Two programmable alarms with interrupt function. The alarms can be triggered by
any combination of the calendar fields.

- Aperiodic flag triggering an automatic wakeup interrupt. This flag is issued by a 16-bit
auto-reload timer with programmable resolution. This timer is also called ‘wakeup
timer’.

A second clock source (50 or 60Hz) can be used to update the calendar.

Maskable interrupts/events:
« Alarm A, Alarm B, Wakeup interrupt, Time-stamp, Tamper detection
- Digital calibration circuit (periodic counter correction) to achieve 0.95 ppm accuracy
«  Time-stamp function for event saving with sub second precision (1 event)
*  Backup registers which are reset when an tamper detection event occurs.

* 64 bytes for STM32F30x
=
"I « 128 bytes for STM32F37x

life.augmented (@,
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RTC Features (2/2)

- Alternate function outputs:

« RTC_CALIB: 512 Hz or 1Hz clock output (with an LSE frequency of
32.768 kHz). It is routed to the device RTC_OUT output.

« RTC_ALARM: Alarm A, B flag output. It is routed to the device
RTC_OUT output.

- Alternate function inputs:

« RTC_TAMP1: tamperl event detection.
RTC_TAMP2: tamper2 event detection.
RTC_TAMP3: tamper3 event detection.
RTC_TS: timestamp event detection.
RTC_REFIN: reference clock input.

- The RTC clock source could be any of the following three:
 LSE oscillator clock.

 LSI oscillator clock. /‘
‘y, « HSE divided by 32 in clock controller. ;

life.augmented (@'
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RTC overview across families (1/2)

276

STM32F2x STM32FO0x STM32F4x | STM32F30x | STM32F37x
RTC in VBAT YES
Calendar in YES
BCD
Calendar Sub NO YES
seconds access Resolution down to RTCCLK
Calendar NO YES
synchronization
on the fly
Alarm on 2 wo/ subseconds | 1 w/ 2 w/ subseconds
calendar subseconds
Calendar Calib window : Calib window : 8s/16s/32s
Calibration 64min Calibration step: 3.81ppm/1.91ppm/0.95 ppm

Calibration step: Range [_480ppm +480ppm]

-2ppm/ +4ppm

Range [- S

\

63ppm+126ppm] )

KYI
( \'
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RTC overview across fa

milies (2/2)

STM32F2x STM32F0x STM32F4x | STM32F30x | STM32F37x
Synchronization YES
on mains
Periodic wakeup | YES NO YES
Timestamp YES YES
Sec, Min, Sec, Min, Hour, Date, Sub seconds
Hour, Date
Tamper YES YES YES
2 pins/1 2 pins/2 event | 3 pins/ 3 events
event Level Detection | Level Detection
Edge _ Configurable with Configurable filtering
detection filtering
only
32-bit Backup 20 5 20 16 32
registers
PC13-14-15 NO YES NO YES

(?z,g;l state kept
i ndby

(if AGt Used by RTC/LSE)

&
S
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RTC Block Diagram

™

RTC_TAMP1 < Backup Registers and RTC Tamper
RTC_TAMP3 i
RTC_TS
RTC_REFIN

" Tamper Flag

RTCTEL [1:0]

HSE / 32 SinaEil
LSE Calibration
LSI

TimeStamp Registers EEE—— v
imeStamp Flag

HH/date

HH/date

\ 4

Synchronous
15bit Prescaler

Asynchronous
7bit Prescaler

PREDIV_A [6:0]

Calendar

PREDIV_S [14:0]

Calendar

—>

Alarm B Flag

™

» Alarm A Flag

—>» RTC_ALARM

v

)

Lys
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16bit autoreload
Timer

WUCKSEL [2:0]

Wake-Up

» RTC_CALIB

Periodic
wake up

v

Flag

&
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RTC registers write protection

- By default and after reset, the RTC registers are write protected to
avoid possible parasitic write accesses.

* DBP bit must be set in PWR_CR to enable RTC write access

» A Key must be written in RTC_WPR register.

 To unlock write protection on all RTC registers
* 1. Write ‘OXCA’ into the RTC_WPR register
» 2. Write ‘0x53’ into the RTC_WPR register

* Except for the clear of Alarm and Wakeup timer interrupt flags

=2>Writing a wrong key reactivates the write protection.

V<
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RTC Clock Sources

« The RTC has two clock sources:

* RTCCLK used for RTC timer/counter, can be either the HSE/32, LSE or
LSI clocks.

 PCLK1 used for RTC register read/write access.

 Before to start using the RTC you have to program the clock
controller :
» Configure and Enable the RTCCLK source in the RCC_BDCR register

&




RTC Iin Low Power Modes and in Reset

The RTC remains active what ever the low power mode
« Sleep, STOP, STANDBY

When enabled, 5 events can exit the device from low power modes:
Alarm A

« AlarmB

« Wakeup

» Tamper1/2/3

 TimeStamp

The RTC remains active in VBAT mode (VDD off) when clocked by LSE

The RTC remains active under Reset except at Power-on Reset

« The RTC configuration registers including prescaler programming are not affected by
system Reset else than Power-on Reset.

 When clocked by LSE, the RTC clock is not stopped under Reset, except power-on

reset. ,/’\7
&7 S
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RTC Alternate function configuration (1/2)

RTC pin (PC13) :

Pin configuration
and function

Alarm out
output OD

Alarm out
output PP

Calibration out
output PP

TAMPER input
floating

TIMESTAMP
and TAMPER
input floating

TIMESTAMP
input floating

Output PP forced

Standard GPIO

OD: open drain; PP: push-pull.

Lys
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RTC_ALARM

RTC_CALIB

enabled

Don’t care

Don’t care

Time
stamp
enabled

Don’t care

PC13MODE

Don’t care

PC13VALUE

Don’t care Don’t care Don’t care Don’t care 1

1 Don’t care Don’t care Don’t care Don’t care

0 1 0 Don’t care Don’t care

0 1 1 Don’t care Don’t care

0 0 1 Don’t care Don’t care

0 0 0 1 PC13 output
data value

0 0 0 0 Don’t care

PC13 is available in VBAT mode

&
S
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RTC Alternate function configuration (2/2)

LSE pin PC14 configuration (1) :

Pin configuration
and function

PC14VALUE

LSEBYP PC14MODE

LSE oscillator

Don’t care

Don’t care

LSE BYPASS 1 Don’t care Don’t care

Output PP forced Don’t care 1 PC14 output
data value

Standard GPIO Don’t care 0 Don’t care

1. OD: open drain; PP: push-pull.

LSE pin PC15 configuration (1) :

Pin configuration
and function

LSEBYP

LSE oscillator

PC15MODE

Don’t care

PC15VALUE

Don’t care

1 1
Output PP forced 1 PC15 output
data value
0 Don’t care
Standard GPIO 0 Don’t care 0 Don’t care

1. OD: open drain; PP: push-pull.

Lys
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RTC Calendar (1/4)

* The initialization or the reading of the calendar value is done
through 3 shadow registers, SSR, TR and DR. The RTC TR and
DR registers are in BCD format.

* SSR register represents the RTC Sub seconds register

Calendar

Actual
registers —

Shadow
registers

3
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RTC calendar (2/4)

« RTC initialization :
* Enter in initialization phase mode by setting the INIT bit in ISR register

» This mode is confirmed with the INITF flag also in ISR register

* Program the prescaler register (PRER) according to the clock source to get 1Hz clock to
the calendar.

* Load the initial date values in the 2 shadow registers (TR, DR).
« And other configuration registers like RTC_CR (hour format, ...)
« Exit the initialization phase clearing INIT bit.

* The actual calendar register are then automatically loaded and the counting restarts after few
RTCCLK clock periods.

- After reset the check of the INITS flag in ISR register indicates if the calendar is
already initialized (year not at zero) or not (like after Power-on).

- To manage the “daylight saving” there are 3 bits in CR:
» SUB1H or ADD1H to subtract or add one hour to the calendar
« BCK to memorize above action

V<
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RTC calendar (3/4)

» The shadow registers are automatically updated each time the RTCCLK
clock is synchronized with System Clock.

* The calendar read can be done in 2 different modes :
« BYPSHAD=0 : Read shadow registers
* RSF flag in ISR register is used to ensure that the calendar value from shadow
register is the up-to-date one.
« Update of DR is frozen after reading TR , and unfrozen when DR is read.
» Update of TR and DR is frozen after reading SSR , and unfrozen when DR is read.
« BYPSHAD=1 : Bypass shadow registers

« Reading calendar makes direct access to the calendar counters

» Software must read all calendar registers twice and compare the results to ensure
that the data are coherent and correct.

&




RTC calendar (4/4)

» Calendar can be synchronized up to 1s on the fly by adding/subtracting
an offset with the sub second resolution.
. Allow synchronization to remote clock

* Reference Clock detection: A more precise second source clock (like mains 50
or 60 Hz) can be used to enhance the long-term precision of the calendar:

» The second source clock is automatically detected and used to update the calendar

 The LSE clock is automatically used to update the calendar whenever the second
source clock becomes unavailable

* Timestamp : Calendar value (including sub-seconds) is saved in
Timestamp registers on external I/0O event

&




RTC Programmable Alarm

» 2 Full programmable Alarms
* Able to exit the device from STOP/STANDBY modes.

* Alarms event can also be routed to the specific output pin
RTC_OUT with configurable polarity.

- The Alarm flags are set if the calendar sub seconds, seconds,
minutes, hours or date match the value programmed in the
alarm registers (ALRMASSR & ALRMAR, ALRMBSSR &
ALRMBR).

« Calendar sub second, seconds, minutes, hours or date fields
can be independently selected (maskable or not maskable).

V<
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WakeUp configuration (1/3)

The periodic wakeup flag is generated by a 16-bit programmable binary auto-reload
down counter (WUTR registers)

Able to exit the device from STANDBY modes.

The wakeup clock source selection is done via WUCKSEL [2:0] bits in control register
RTC_CR (to program these bits the auto wakeup must be deactivated, WUTE=0).

3 possible cases are possible:
 Casel WUCKSEL = 0xx_

RTCCLK

WakeUpCLK
Asynchrone 4bit - =¥
Prescaler
WUCKSEL[2:0] 16bit autoreload
ValueMax = div16 Timer
ValueMin = div2 ValueMax = OxFFFF
ValueMin = 0x0000 Periodic wake
up Flag

WakeUpCLKmin = RTCCLK/(2 x (0x0001 + 1)) => 122us RTCCLK = 32.768K Hz
WakeUpCLKmax = RTCCLK/(16 x (OXxFFFF + 1)) => 32s Resolution min=2xRTCCL

V<
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WakeUp configuration (2/3) gm

290
e Case2 WUCKSEL = 10x

ValueMax = div 27 = 128 (power-on reset
value)
ValueMin =1

Asynchrone 7bit
RTCCL K Prescaler

Synchrone 15bit
Prescaler

ValueMax = div 215
ValueMin=1
Power-on reset value =256

WakeUpCLK

16bit al_JtoreIoad )
Timer

ValueMax = OxFFFF o
ValueMin = 0x0000 Periodic Wake-
up Flag

WakeUpCLKmin = RTCCLK/(1 x (0x0000 + 1))
WakeUpCLKmax = RTCCLK/(222 x (OxFFFF + 1))
If ck_spreis 1Hz (when used for calendar): 1s <= WakeUpCLK <= 18.2h (1s resolution)

7 &
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WakeUp configuration (3/3)

» Case3 WUCKSEL = 11x

ValueMax = div 27
ValueMin =1

Asynchrone 7bit
Prescaler

RTCCLK

Synchrone 13bit
Prescaler

ValueMax = div 215 ck_spre
ValueMin =1

WakeUpCLK

16bit agtoreload
Timer ’
P

ValueMax = OXFFFF eriodic

ValueMin = 0x0000 Wake-up
Flag

WakeUpCLKmin = RTCCLK/(1 x (0x10000 + 1))
WakeUpCLKmax = RTCCLK/(222 x (Ox1FFFF + 1))
Ifix_;pre is 1Hz (when used for calendar): 18.2s <= WakeUpCLK <= 36.4h (1s resolutio

n)
=
S



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 quartz
frequency and the calibration result.

8s +1.91 ppm [0 *480ppm
16s +0.95 ppm [0 £480ppm]
32s +0.48 ppm [0 x480ppm
2




Tamper detection

3 tamper pins and events

Configurable active level for each event

Tamper / “
switch -

STM32

Configurable use of I/Os pull-up resistors

Configurable pre-charging pulse to support different
capacitance values

« 1,2,4 0or8cycles

Capacitor is optional (filtering can be
done by software)

Configurable filter:

Biasing Is done using the /0's Pull. » Sampling rate : 128Hz, 64Hz, 32Hz, 16Hz, 8Hz, 4Hz,
up resistor 2HZ, 1Hz

* Number of consecutive identical events before issuing
an interrupt to wake-up the MCU : 1, 2, 4, 8

* RTC_TAMP1 available in VBAT mode.
* Reset of backup registers when tamper event detected
- Tamper event can generate a timestamp event

V<
57 &

> 4




General Purpose Timers’ section
(TIM2/3/4/5 - TIM12/13/14 - TIM15/16/17 - TIM6/7/18)

K 'l life.augmented




STM32F30x Timer features overview

Synchronization
Counter Counter Prescaler CEpiliiE _

uti T f Compare
resolution ype actor channels Master Slave
config config

General purpose Up, Down

TIM2 32 bit and 1...65536 YES 4 YES YES
Up/Down

General purpose Up, Down

TIM3 and TIM4 16 bit and 1...65536 YES 4 YES YES
Up/Down

Basic

TIM6 and TIM7 16 bit Up 1...65536 YES 0 YES NO

1 channel, 1

e 16 bit Up 1...65536 NO 1 YES® NO

TIM16 and TIM17

2 channels, 1

complementary output 16 bit Up 1...65536 NO 2 YES YES
TIM15

(1) TIM16 and TIM17 have no TRGO output, instead OC output is used

TIM2/5 CTIM3MA9Y TIMI2 | TIMIS | TIM13/14 TIM6/7/18 /’\7
ST, S
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STM32F37x Timer features overview

Synchronization
Counter Counter Prescaler CEpiliiE _

luti T f Compare
resolution ype actor channels Master Slave
config config

General purpose . Up, Down and
TIM2 and TIM5 32 bit Up/Down 1...65536 YES 4 YES YES
General purpose Un. D g
‘ p, Down an

TIM3, TIM4 and 16 bit Up/Down 1...65536  YES 4 YES YES
TIM19
Basic
TIM6, TIM7 and 16 bit Up 1...65536  YES 0 YES NO
TIM18
1 channel, 1
complementary output 16 bit Up 1...65536 NO 1 YESW NO
TIM16 and TIM17
2 channels, 1
complementary output 16 bit Up 1...65536 NO 2 YES YES
TIM15
1 channel ) @
TIM13 and TIM14 16 bit Up 1...65536 NO 1 YES NO
2 channels
TIM12 16 bit Up 1...65536 NO 2 NO YES

(M TIM16 and TIM17 have no TRGO output, instead OC output is used

@ TIM13 and TIM14 have no TRGO output, instead OC output is used é

"’ TIM2/5 CTIMSM4MA9Y TIM12 | TIM15 = TIM13/14 TIM6/7/18

(=




Features overview (1/3)

« Up to 4 16-bit resolution TRz Trigger/Clock
Capture Compare channels R2 | Trigger
(TIM3/4/19) _TR3 ___ Controller Output
ITR 4
* Up to 4 32-bit resolution
Capture Compare channels 16-Bit Prescaler
(TIM2/5)
. /| Auto Reload REG
* Inter-timers synchronization +/- 16/32-Bit Counter
» Up to 6 IT/DMA Requests o W ci
cH1 W | —
 Encoder Interface cHz W u{ . —> cH2
Capture Compare
- Hall sensor Interface cHe M~ —b cH3
= o
Lys g <
life.qugmented w g



Features overview (2/3)

L] —
mr1 | Trigger/Clock
. . ITR 2 R Trigger
* Up to 2 16-Dbit resolution T3 Controller GETT
Capture Compare channels R4

* Inter-timers synchronization

16-Bit Prescaler

- Encoder Interface . .| Auto Reload REG

+/- 16/32-Bit Counter

* Only TIM15 has
complementery output on .

channell cH1 W

|
\_ Capture Compare

‘; Y/
' TIM12 | TIM15

of HE




Features overview (3/3)

ITR 1 Trigger/Clock
* One 16-bit resolution TRz Trigger
Capture Compare channels —2 1 Cantroller Output
e
* Only TIM16/17 has ]
complementary output on 16-Bit Prescaler

channel 1

.~ Auto Reload REG
+/- 16/32-Bit Counter

. Ol

EEEDED) s
Tivis J TIM13/14

Capture Compare




Counting Modes (1/2)

* There are three counter modes:
* Up counting mode
« Down counting mode
» Center-aligned mode

Center Aligned Up counting Down counting

1 R A S S N N S Tttt
[T Update Event }

=
&7 J S

eeeeeeeeeeee /




Counting Modes (2/2)

* There is only one counting mode:
« Up counting mode

Up counting

IRERRN

[ T Update Event }

Lys TIMI2© TIM15 = TIM13/14 [ )

life.augmented




Update Event

- The content of the preload register is transferred into the shadow register
» depends on the Auto-reload Preload feature if enabled or not

 If enabled, at each Update Event the transfer occurs
 If not enabled, the transfer occurs Immediately

* The Update Event is generated
* For each counter overflow/underflow
» Through software, by setting the UG bit (Update Generation)

« The Update Event (UEV) request source can be configured to be
* Next to counter overflow/underflow event

* Nest to Counter overflow/underflow event plus the following events

» Setting the UG bit by software
« Trigger active edge detection (through the slave mode controller)

m TIM2/5 S HMSAMA9S - TIM12 TIM15 @ TIM13/14

:é:
life.augmented l
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Counter Clock Selection

* Clock can be selected out of 8 sources
* Internal clock TIMXCLK provided by the RCC

 Internal trigger input 1 to 4:

« ITR1/ITR2/ITR3/ITR4
« Using one timer as prescaler for another timer

« External Capture Compare pins Trigger
- Pin 1: TILFP1 or TI1IF_ED Controller

TIMxCLK

\4

* Pin2: TI2FP2 Polarity selection & Edge
e External pin ETR ETR .—»Pﬁ{gFtor&Prescaler& >
« Enable/Disable bit ITR1 > ‘ - URED
* Programable polarity ITR2 i
» 4 Bits External Trigger Filter ITR3 ; — ™
« External Trigger Prescaler: TR4 | TnF_ED —»/
* Prescaler off THFP1 —p
 Division by 2 TI2FP2 _»/
 Division by 4

 Division by 8

=
"l TIM2/5 | TIM3/4/19 TIM12 & TIM15 @
life.augmented ( l /’




Capture Compare Array presentation

* Up to 4 channels
* TIM2/3/4/5/19 have 4 channels
 TIM12/15 have 2 channels
* TIM13/14/16/17 have one channel
* TIM6/7/18 have no channels

* Programmable bidirectional channels
* Input direction: channel configured in Capture mode
» Output direction: Channel configured in Compare mode

» Channel’s main functional blocs
» Capture/Compare register

 Input stage for capture
4-bit digital filter
Input Capture Prescaler:
» Output stage for Compare

» Output control bloc

‘7 TIM2/5 SHMSAMA9S  TIM12 TIM15 @ TIM13/14

life.augmented



- Capture stage architecture

Input Capture Mode (1/2)

il -

Input Filter & —>
Edge detector —>
TRC| —»
Input Filter & >
Edge detector
RC —»
Input Filter &
Edge detector —>
TRC| —
Input Filter & >
Edge detector
TRC —»

IC%
Prescaler

IC.
Prescaler

E% Prescaler

—>

16 bit Capture/Compare 1 Register

16 bit Capture/Compare 2 Register

16 bit Capture/Compare 3 Register

IC4
Prescaler

—>

16 bit Capture/Compare 4 Register

Lys
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Input Capture Mode (2/2)

* Flexible mapping of TIx inputs to channels’ inputs ICx
» {TI1->IC1}, {T11->IC2}, {TI2->IC1} and {TI12->IC2} are possible

- When an active Edge is detected on ICx input, the counter value is
latched in the corresponding CCR register.

- When a Capture Event occurs, the corresponding CCXIF flag is set
and an interrupt or a DMA request can be sent if they are enabled.

« An over-capture flag for over-capture signaling
» Takes place when a Capture Event occurs while the CCxIF flag was already high

2




PWM Input Mode

Timer Clock

* IC1 and IC2 must be configured tobe [ pwm ||
connected together to the PWM signal: ! |

=) IC1 and IC2 are redirected internally to be
mapped to the same external pin TI1 or TI2.

o 1C1 Counter
PWM ©

v

_ IC1 - DUTY - g
« IC1 and IC2 active edges must CYCLE
have opposite polarity. 2 - PERIOD v -

v

« IC1 or IC2 is selected as trigger input and the
slave mode controller is configured in reset
mode.

«  The PWM Input functionality enables the measurement of the period and the pulse
width of an external waveform. /’0

7R | S
life.augmented \
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Output Compare Mode

« The Output Compare is used to control an output waveform or indicate when a period of
time has elapsed.

* When a match is found between the
capture/compare register and the counter:

* The corresponding output pin is assigned to Timer Clock 14
the programmable Mode, it can be: UL L Ly
Interrupt Interrupt
* Set
.+ Reset QC1L
» Toggle
* Remain unchanged NewCCRL || &+ I
« Set a flag in the interrupt status register —,_,7
« Generates an interrupt if the corresponding | e I

interrupt mask is set ——

v

+ Send a DMA request if the corresponding
enable bit is set

* The CCRXx registers can be programmed
with or without preload registers

‘1[ m TIM12 ™ TIM15 TIM13/14

life.augmented




PWM Mode

* Available on all channels

- Two PWM mode available
* PWM mode 1
* PWM mode 2
« Each PWM mode behavior (waveform shape) depends on the counting direction

Edge-aligned Mode Center-aligned Mode

A . A

AutoReload

AutoReload

Capture Compare Capture Compat

OCx OCx

Tivt2 = TIM15 & TIM13/14
oy G
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One Pulse Mode (1/2)

* One Pulse Mode (OPM) is a particular

case of Output Compare mode
* It allows the counter to be started in E : :
response to a stimulus and to i oc1

generate a pulse
«  With a programmable length TIM_ARR | -~ -
* After a programmable delay

A

—— i ——

TIM_CCR1 [~ - -

* There are two One Pulse Mode
waveforms selectable by software:

® Slngle Pulse <+— tD9|ay_><— tPuIse—> t

|

] »

* Repetitive Pulse

m TIMI2~ TIM15 & TIM13/14 Z)
Ly
life.augmented : \/




| One Pulse Mode (2/2)

How to configure One Pulse Mode to generate a repetitive Pulse in response to a stimulus ?

One Pulse Mode configuration steps

1.  Input Capture Module Configuration: 2. Output Compare Module

i Map TIXFPx on the corresponding TIx. Configuration:

i, TIXFPx Polarity configuration. : OCx configgration to generate the
corresponding waveform.
ii. TIXFPx Configuration as trigger input. _ _ _
i. OCXx Polarity configuration.

2 TIXFPx configuration to start the counter

(Trigger mode) iii.  tpelay AN tpyse definition.

3.  One Pulse Module Selection: Set or Reset the corresponding bit (OPM) in the Configuration
register (CR1).

/’0
m TIMI2 © TIM15 = TIM13/14 %
life.augmented w/




Encoder Interface (1/2)

* Encoders are used to measure position and
speed of mobile systems (either linear or

angular) —

Trigger Controller

 The encoder interface mode acts as an external

clock with direction selection
— Controller
* Encoders and Microcontroller connection
example: Encoder
Interface

« A can be connected directly to the MCU without
external interface logic.

J

* The third encoder output which indicates the
mechanical zero position, may be connected to an
external interrupt and trigger a counter reset.

* Encoder enhancement

—— » Polarity Select & Edge Controller =~

* A copy of the Update Interrupt Flag (UIF) is copied
into bit 31 of the counter register

Polarity Select & Edge Controller —

* Simultaneous read of the Counter value and the
UIF flag : Simplify the position determination ;ﬁ\j

<7, TIM2/5 | TIM3/4/19 = TIM12 | TIM15 @
life.augmented l
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Encoder Interface (2/2)

Exercise:

How to configure the Encoder interface to detect the rotation direction of a motion system?

Encoder interface configuration steps:
1. Select the active edges: example counting on TI1 and TI2.
2. Select the polarity of each input: example TI1 and TI2 polarity not inverted.
3. Select the corresponding Encoder Mode.

4. Enable the counter.

Lys
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Hall sensor Interface (1/2)

Slave Mode
Controller
Hall A
Hall B
Input Filter & S
|_> XOR — Edp d Ic : : >
ge detector > Prescaler —| 16 bit Capture/Compare 1 Register 7
/ TRC| —»
IS R Input Filter & T Ic
iy Edge detector Prescaler —®| 16 bit Capture/Compare 2 Register 7
RC —> o’
- P > Input Filter & . Ic
»> Edge detector > Prescaler —| 16 bit Capture/Compare 3 Register 7
TRC| —» -
> Input Filter & > ica
Edge detector Prescaler —| 16 bit Capture/Compare 4 Register ,/',’
TRC ,

2




Hall sensor Interface (2/2)

- Hall sensors are used for:
» Speed detection
» Position sensor
* Brushless DC Motor Sensor

« How to configure the TIM to interface with a Hall sensor?
» Select the hall inputs for TI1: TI1S bit in the CR2 register
» The slave mode controller is configured in reset mode
 TI1F_ED is used as input trigger

- To measure a motor speed:
» Use the Capture/Compare Channel 1 in Input Capture Mode
» The Capture Signal is the TRC signal

» The captured value which correspond to the time elapsed between 2 changes on
the inputs, gives an information about the motor speed

Y < \
&7 S
(==
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Synchronization Mode Configuration

* The Trigger Output can be controlled on: coee LN

* Counter reset

Master ARR
» Counter enable
« Update event esterent n
» OC1/OC1Ref/ OC2Ref/ OC3Ref/ OCAREl \usertrigger B
signals g Out ; q_,_,_,_ﬁ
. . % Slave CNT E i
* The slave timer can be controlled intwo * = R
modes: ‘ N
» Triggered mode : only the start of the counter is e
controlled g NewMaster H_r'_’i ________
s CCR1 !
« Gated Mode: Both start and stop of the counter ¥ \qer cora ’_,_/_l_,i _________________
are controlled © aster oNT : i
* Reset Mode - Rising edge of the selected Master CC1 : :
trigger input (TRGI) reinitializes the counter : :
Slave CNT 43_1_,_,_%

TIM2/5 | TIM3/4/19 TIM12 TIM15

Lys

life.augmented




Synchronization: Configuration examples (1/3)

* Cascade mode:
 TIM3 used as master timer for TIM2
» TIM2 configured as TIM3 slave, and master for TIM15

MASTER

Timer 3
CLOCK l

prescaler Trigger TRG 1
Controller

A 4

v o
counter Update SLAVE / MASTER

Timer 2 TRG 2 /’\)
TR 1
> Trigger
TR3 > L"'
ITR 4

Controller /
SLAVE
pdate Timer 15

ITRO

A 4

ITR2 —»| prescaler —» counter

ITR 4
—>

IS7] EEEDEDEED

life.augmented



Synchronization: Configuration examples (2/3)

* One Master several slaves: TIM2 used as master for TIM3, TIM4

and TIM15
MASTER
Timer 2 SLAVE 1
cLock l Timer 3
prescaler Trigger FRG1 , ITRL y
i pdate | Controller ITR 3
AN — | || prescaler | counter
counter ITR 4 /
SLAVE 2
Timer 4
ITR3
ITiZ» —» prescaler ¥ counter
ITR 4
—>

SLAVE 3

TIM15

prescaler counter

Lys
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Synchronization: Configuration examples (3/3)

» Timers and external trigger synchronization

 TIM2, TIM3 and TIM4 are slaves for an external signal connected to respective
Timers inputs

TIM2 TIM3 TIM4

ED_> —»|  Trigger 1dso ED+ »|  Trigger dco ED_> —»|  Trigger 1dso
Controller Controller

Controller

\ 4
\ 4

\ 4

v
v

v

\A 4
\ 4
\A4
v
\A 4

\ 4

a

External Trigger

=
&7 s S iz S
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Universal Serial Bus interface
(USB Device)

K 'l life.augmented




USB (same as STM32F10x)

* Full speed USB 2.0 transfer.

» Configurable endpoints transfer mode type: control, bulk,
Interrupt and Isochronous.

« Configurable number of endpoints: up to 8 bidirectional
endpoints and 16 mono-directional endpoints.

+ USB suspend/resume support.

- Dedicated SRAM Area (Packet Memory Area) up to
512bytes (!INo longer shared with CAN).

- Dynamic buffer allocation according to the user needs.
Special double buffer support for Isochronous and Bu

\
KYI transfers. %
(=




Touch Sensing Controller (TSC)

Application -Microcontroller Division

MMS Group

‘ 'l life.augmented




TSC Features (1/2)

Proven and robust surface charge transfer acquisition principle available on
STM32F05x, STM32F30x and STM32F37x families

Supports up to 24 capacitive sensing channels split over 8 analog I/O groups

* Number of channels and analog I/O groups depend on the device used

Up to 8 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

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

Full hardware management of the charge transfer acquisition sequence
* No CPU load during acquisition

Spread spectrum feature to improve system robustness in noisy environ™ "~

&




TSC Features (2/2)

* Programmable charge transfer frequency

* Programmable sampling capacitor 1/0O pin

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

* Programmable channel 1/O pin

* 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 sensors

 Designed to operate with STMTouch touch sensing firmware library

&




STM32F051x TSC Overview

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

* 6.8 MHz maximum charge transfer frequency

Number of capacitive sensing channels
STM32F051Rx STM32F051Cx STM32F051Kx
3 3 3

Analog I/0O group

G1

G2 3 3 3

G3 3 2 2

G4 3 3 3

G5 3 3 3

G6 3 3 0
Number of capacitive 18 17 14

sensing channels

V<

/




STM32F302/303 TSC Overview

* Supports up to 24 capacitive sensing channels split over 8 analog I/O groups

» 10.2 MHz maximum charge transfer frequency

Number of capacitive sensing channels
STM32F30xVx STM32F30xRx STM32F30xCx
3 3 3

Analog I/O group

G1
G2 3 3 3
G3 3 3 2
G4 3 3 3
G5 3 3 3
G6 3 3 3
G7 3 0 0
G8 3 0 0
Number of capacitive 24 18 17

sensing channels

V<

/




STM32F372/373 TSC Overview

* Supports up to 24 capacitive sensing channels split over 8 analog I/O groups

» 10.2 MHz maximum charge transfer frequency

Number of capacitive sensing channels
STM32F37xVx STM32F37xRx STM32F37xCx
3 3 3

Analog I/O group

G1

G2 3 3 2
G3 3 3 1
G4 3 3 3
G5 3 3 3
G6 3 2 2
G7 3 0 0
G8 3 0 0

Number of capacitive 24 17 14

sensing channels

V<

/




TSC Block Diagram

HCLK

!
R Pulse

Clock generator

prescaler ?
Spread
spectrum
'
Group counters
Interrupt
—

A

\ 4

I/O control logic

SYNC

G1 101
G1 102
G1 103
G1 104

Gx_101
Gx_102
Gx_103
Gx_104




Charge Transfer Measuring Circuit

* Rsis used to improve ESD robustness (typically 10K)

» Cs sampling capacitor value depends on the required channels sensitivity

» Higher Cs value is, higher the sensitivity but longer the acquisition time is

STM32 Device Rs
G1 101
B [
Rs
G1 102 =
B [
G1 103 Rs
ﬂ I
G1 104
F Sampling ,
—L_ capacitor i (~20pF)

‘ Y/ N Cs -

g —1




332

Charge transfer uses the electrical properties of the capacitor charge Q
It uses a sampling capacitor (Cg) in which the electrode (Cy) charges are transferred to
Charge Transfer is performed through analog switches directly embedded into the GPIO

The charge transfer cycle is repeated N times until the voltage on the sampling capacitor reaches
the V,, threshold of the GPIO it is connected to

The number N of transfer cycles required to reach the threshold represents the size of Cx %;

M Pos: 0.000s i Triod M Pos: 10,00ms

- Charge cycle
N T SR A

Electrode
capacitor

Ceharging T L

IYI Chérgei trahsfér

\_LLLL.A_‘_A#LAA—A—‘_A—A—‘_A—A—A_LLAJ.L‘_“—LL‘A‘_A—J—L‘_ S R W . 4 il { A
augmented . S00mY M 10.0 ps CH1 / CH1 S00mY




Charge Transfer Acquisition Sequence

10

register .

Repeat until Vcs
isread as a
logical ‘1’

Lys
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1

a b~ W DN

(o)}

— Cs
NN

&
S

/

S4 closed for the whole acquisition

S5 & S6 opened for the whole acquisition

Closed
Opened
Opened
Opened
Opened

Opened
Closed

Opened
Opened
Closed
Opened
Opened

Opened
Opened

Closed
Opened
Opened
Opened
Closed

Opened
Closed

Cs discharge
Deadtime
Charge cycle (Cx charge)
Deadtime

Transfer cycle (charge
transferred to Cs)

Deadtime
Cx discharge



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), ...
- Complete and simple API for status reporting and application configuration
» Touchkey, proximity, linear and rotary touch sensors support
« Compliant with MISRA
« Compliant with all STM32 C compilers

« STM32F051 support planned for end Q2 2012

Lys
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GPIO Analog Switch and Hysteresis Control

- In addition to the management of charge transfer acquisition, the
touch sensing controller provides a manual control of both the
embedded analog switches and hysteresis of the GPIOs belonging to

the analog 1/0O groups.

» This could be useful to implement a different capacitive sensing
acquisition principle of for others purpose (ie: analog multiplexor).

P <
57 C@Q
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More Information on Touch Sensing
Solutions

* For further information on touch sensing solutions from MCD:
* Visit the intranet:
http://mcd.rou.st.com/modules.php?name=mcué&file=familiesdocs&FAM=118
* Visit the sharepoint:
http://gnbproject7mms.gnb.st.com/mcdappli/touchsensing/default.aspx

» Attend to a dedicated training (please contact Thierry GUILHOT)

Lys
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http://gnbproject7mms.gnb.st.com/mcdappli/touchsensing/default.aspx
http://gnbproject7mms.gnb.st.com/mcdappli/touchsensing/default.aspx

‘

4

STM32F30x Specific
features/peripherals
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Analog-to-digital converter (ADC)
5MSPS

K life.augmented
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ADC Features (1/2)

= Upto4ADCs:

= ADC1 & ADC2 are tightly coupled and can operate in dual mode (ADCL1 is master)
= ADC3 & ADC4 are tightly coupled and can operate in dual mode (ADC3 is master)
= Programmable Conversion resolution : 12, 10, 8 or 6 bit
= External Analog Input Channels for each of the 4 ADCs:

= 5 fast channels from dedicated GPIOs pads
= Upto 11 slow channels from dedicated GPIOs pads

= ADC conversion time:
= Fast channels : up to 5.1Ms/s with 12 bit resolution in single mode
= Slow channels: up to 4,8Ms/s with 12 bit resolution in single mode

= AHB Slave Bus interface

= Channel-wise programmable sampling time
= Self-calibration

= Configurable regular and injected channels

= Hardware assistant to prepare the context of the injected channels to allow
fast context switching

= Can manage Single-ended or differential inputs

ife.augmented
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ADC Features (2/2)

= 3 internal channels connected to :
= Temperature sensor Vsense connected to ADC1
= Internal voltage reference VREFINT connected to all ADCs

= VBAT/2 power supply connected to ADC1
= Programmable sampling time
= Single, continuous and discontinuous conversion modes

= Dual ADC mode

= Left or right Data alignment with inbuilt data coherency
= Software or Hardware start of conversion

= 3 Analog Watchdog per ADC

= DMA capability

= Auto Delay insertion between conversions
= |nterrupt generation

Lys
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ADC Pins

VREF+ Input, analog reference The higher/positive reference voltage for the
positive ADC, 1.8V < VREF+< VDDA

VDDA Input, analog supply Analog power supply equal to Vbb

and 1.8V < Vppba < VbD (3.6 V)

VREF- Input, analog reference The lower/negative reference voltage for the
negative ADC, VREF- = VssA

VssA Input, analog supply Ground for analog power supply equal to
ground Vss

VINP[18:1] Positive input analog Connected either to external channels:
channels for each ADC ADC INi or internal channels.

VINN[18:1] Negative input analog Connected to VREF- or external channels:
channels for each ADC ADC _INi-1

ADCx_IN16:1 External analog input Up to 16 analog input channels (x=ADC
signals number = 1,2,3 or 4):

e 5 fast channels
11 slow channels

V. <
pa =




ADC Block Diagram

VREF+
VDDA I
/A ADEN/ADDIS

77
VOPAMPX I I
ADGAL ) DMA Request

VINP [18:1]

SA R A DC Injected data register
conpte | L iy

and hold

v

ADC_IN[15:1] VINN[18:1]

VREF-

Regular data register
(12bits)

Start

>
o
o
=
®
(]
7]
-~
o
=),
@
o
=
7}

I
1l

AUTDLY
3 Analog watchdog
ADSTP —m  <ontror 94 | 0 4 4 N T 1
“““““ |

--------- F=r
1 [
SwW I i
trigger 1 11
1 11
1 11
1 L1

EXTIO
EXTI1

EXTI15 [ et

Analog Watchdog

High Threshold register
(12bits)

Low Threshold register
(12bits)

F

H/W
trigger

EXTSEL[3:0] bits
: Jsw

JEXTIO trigger
JEXTIL

JEXTI15 L

AWD1_OUT

AWD2_OUT
- .

AWD3_OUT

y

ADC interrupt to NVIC

JEXTSEL[3:0] bits
TIMERs

Lys
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ADC Clocks

ADC1 &ADC2

AHB interface

Analog ADC1
(master)

Analog ADC1
(slave)

CKMODE[0:1]

ADC3 &ADC4

AHB interface

Analog ADC3
(master)

Analog ADC4
(slave)

CKMODEJ0:1]

)
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How to choose ADC Clock

ADC clock
source

= Bypassing the clock domain
= |ndependent and asynchronous resynchronizations: deterministic

ADC clock versus AHB clock latency between the trigger event
and the start of conversion

= Uncertainty of the trig instantis | ® ADC clock depends on the AHB

added by the resynchronizations clock
between the two clock domains

= Fucik >= Fabc/ 4 if the resolution of all channels are 12-bit or 10-bit
= Fucik >= Fabc/ 3 if there are some channels with 8 bits resolution
= Fucik >= Fabc/ 2 if there are some channels with 6 bits resolution

&
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ADC Deep-Power-Down Mode

= By default, the ADC is placed in deep-power-down mode where its supply is
internally switched off to reduce the leakage currents,

= To start ADC operations the following sequence should be applied:

DEEPPWD ¢

ADVREGEN E T

' 1
1
i T ADCVREG sTUP |
1

ADC Calibration 1| apccalbrationprocess | ,
ADC state i socoF |
M By Software i ADC . ADC OFF

calibration

V<
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ADC Calibration

» The calibration factor to be applied for single-ended input conversions is
different from the factor to be applied for differential input conversions:
* If ADCALDIF=0, calibration applied for single conversion and value stored in CALFACT_S
« If ADCALDIF=1, calibration applied for differential conversion and value stored in CALFACT_D

ADCALDIF fl\ O:SII‘%IGLEENDED INPUT 1 :DIFFERENTIAL INPUT

ADCAL '; 1‘ & ; ;
ADC state e saru 0] —

CALFACT_x[6:0] 0x00 Calibration factor

M By Software T& By Hardware i ADC Startup i ADC . OFF Request

Calibration

Note: The calibration factor is lost when entering Standby, Vbat mode or when the ADC enter
deep power down mode. In this case it is possible to re-write the calibration factor into the
ADC_CALFACT register without recalibrating. /’\>
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ADC ON OFF control

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

* What ever is the digital and the analog clock of the ADC, 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 fI‘ | Vv
ADRDY | ‘1’

ADDIS :::: ? g ? +

ADC state OFF OFF
M By Software T By Hardware i ADC Startup i ADC ready . OFF Request

S
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ADC Control bits constraints

= When ADEN is equal to 0O, the software is allowed to write:
= RCC control bits to configure and enable the ADC clock,
=  The control bits DIFSEL in the ADC_DIFSEL register,
=  The control bits ADCAL and ADEN in the ADC_CR register,

= When ADEN is equal to 1 and ADDIS to 0, the software is allowed to write:
= ADSTART, JADSTART and ADDIS of the ADC_CR,
= ADC_JSQR register

=  When ADEN=1 and ADSTART = 0, the software is allowed to write:

= All control bits related to configuration of regular conversions,

=  When ADEN=1 and JADSTART = 0, the software is allowed to write:

=  All control bits related to configuration of injected conversions,

=  When ADSTART=JARDSTART=1 and ADDIS=0, The software is allowed to write
= ADSTP or JADSTP of the ADC_CR reqister.

Note: There is no hardware protection to prevent these forbidden write accesses and ADC
behavior may become in an unknown state. To recover from this situation, the ADC must be

disabled (clear all ADC_CR register bits). /’\7
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ADC Channel selection

- Up to 16 regular and 4 injected conversions with programmable order
and programmable sampling time,

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

- Different sampling time.

L1111 3]

1,5 cycles 1,5 cycles 195

4,5 cycles
61,5 cycles cycles 61,5
cycles

181,5 cycles

life.augmented



ADC Sampling Time (Tsampiing)

 Three bits programmable sampling time channel by channel
programmable:

ADC

1.5 cycles
» 1.5 cycles S
« 2.5 cycles
« 4.5 cycles i ®
« 7.5 cycles ADCCLK 75 cycles 23
* 19.5 cycles | | 5oy IR
* 61.5 cycles .
« 181.5 cycles -
« 601.5 cycles R

601.5 cycles

Note: The sampling time value depends on the type of channel (fast or slow), the
resolution and output impedance of the external signal source to be convert--

Lys
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Total Conversion Time

* Total conversion Time = Tg,mpiing + Tconversion
12 bits 12,5 Cycles
10 bits 10,5 Cycles
8 bits 8,5 Cycles
6 bits 6,5 Cycles

12,5 +1,5 = 14cycles

19.4 us 2> 5,1 Msps
10,5+ 1,5 =12 cycles 16,6 us 2> 6 Msps
8,5+ 1,5 =10 cycles 13,8 us =2 7,2 Msps

6,5+ 1,5 =8cycles 11,1 us = 9 Msps




End of sampling

* The ADC indicates the end of sampling phase by setting the EOSMP
flag only for regular conversion.

- 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 reqister.

End of channel sampling

=>»As soon as the sampling is completed it is possible to prepare next
conversion (for instance switching 1/0Os) during the conversion phase.

&




Single-ended & Differential input channels

= Channels can be configured to be either single-ended or differential
input by writing ADC_DIFSEL reqister:
= |n single ended input mode, the analog voltage to be converted for channel “I” is
the difference between the external voltage ADC_INi (positive input) and VREF-
(negative input)
= |n differential input mode, the analog voltage to be converted for channel “I” is the

difference between the external voltage ADC_INi (positive input) and ADC_Ini+1
(negative input)

Note 1: When configuring the channel i” in differential input mode, channel “+1” s
no longer usable in single-ended mode or in differential mode and must never be
configured to be converted.

V<
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ADC conversion modes

Single channel Single channel
CHx

single conversion mode Continuous conversion mode

Multi-channels (Scan) Multi-channels (Scan)

: : continuous conversion mode
single conversion mode

Discontinuons conversion _
mode CHa CHb CHc [

Lys
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Queue overflow

A Queue overflow occurs when writing into JSQR register while the Queue
is full,
= This overflow is signaled by the assertion of the JQOVF flag,

= When an overflow occurs, the write access of JSQR register which has created the
overflow is ignored and the queue of context is unchanged,

An interrupt can be generated if bit JQOVFIE is set.

P1 P2 P39 overflow ignored
Write JSOR rl rﬂ
[EMPTY | P1 P1, P2

1
By Hardware ﬂ NBy Software

JSOR Queue
JQOVF

Trigger ' .
JSQR value CEMPTYH . PL i P2 EMPTY

ADC state

JEOS

P1: sequence of 3 conversions
P2: sequence of 1 conversion
P3: sequence of 2 conversions

Lys
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Queue empty, JOM=0

= When the Queue become empty:
= [f JIQM=0 = The Queue is maintained with the last active context,

The Queue is not empty and

:Pl P2 maintains P2 because JQM=0
Write JSQR n n Z”/
JSQR Queue [ EMPTY | P1L | PLP2 | __[ P2
- n /N
JSQR value
ADC state

sequence of 1 conversion

LBZ_J sequence of 1 conversion

Lys
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Queue empty, JOM=1

= When the Queue become empty:
= [f JQM=1 = The Queue become empty and triggers are ignored,

The Queue become empty

Pl P2 " pecauee JOMAL P3
Write JSQR f1 N > M
JSQR Queue [(EMPTY [ P1 | P1,P2 | P2 S EMPTY P3___ [EMPTY]

! i _ignored:
Trigger E !—I E % : I_? :r

JSQR value

ADC state

sequence of 1 conversion
LBZ_J sequence of 1 conversion

- sequence of 1 conversion

Lys
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Auto delayed conversion (1/2)

= Auto Delay Mode: when AUTDLYbits = 1, a new conversion can start
only if the previous data has been treated:

= For regular conversions: once the ADC_DR register has been read or if the EOC bit
has been cleared.

HW/SW Trigger [
ADC State Delay Delaylicl] Delay
EOC Flag | | |

= For injected conversions: when the JEOS bit has been cleared,

HW/SW Trigger I
ADC State B 1 2 3 4 BRREY 2 3 4 Delay
JEOS Flag | | |

n Regular channel conversion

Note : A trigger event (for the same group of conversions) occurring during an already ongoing sequence or 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 delayed conversion (2/2)

= No delay inserted between each conversions of different groups (a
regular conversion followed by an injected conversion or conversely)

= |f an injected trigger occur during the automatic delay of a regular conversion, the
injected conversion starts immediately,

= Once the injected sequence is complete, ADC walits the delay of the previous
regular conversion before lunching new regular conversion,

= In auto-injected mode (JAUTO=1) a new regular conversion can start
only when the automatic delay of the previous injected sequence of
conversion has ended (when JEOS has been cleared),

P <
57 C@Q
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ADC Analog Watchdogs

= ADC Analog Watchdog 1

12-bit programmable analog watchdog low and high thresholds
Enabled on one or all converted channels

Interrupt generation on low or high thresholds detection

= ADC Analog Watchdog 2&3

Enabled on some selected channels by programming bits in AWDCHXx[19:0],

Resolution Limited to 8 bits and only the 8 MSBs of the thresholds can be
programmed into HTX[7:0] and LTx[7:0]

ADC_IN

| | awa

Status Register
Low Threshold T
High Threshold

0
ADC_IN1

ADC_IN1

Note: The watchdog comparison is performed on the raw converted data before any alignment calculation and
before applying any offsets. @
=




Analog WDG signal generation

= Each analog watchdog is associated to an internal hardware signal
ADCy AWDx_OUT which is connected to an output timer,

ADC state ("RBY™| CONV1 ~ CONV2 CONV3 CONV4 CONV5 i CONV6 !
; insidel _ outside inside  outside  outside inside
EOC Flag : /— \ [~ \ [\ [\ I\ [
AWDX flag M\ I_\ J_\ ;
ADCy AWDx_OUT / W | | \

Note: AWDXx flag has no influence on the generation of ADCy _AWDx_OUT (ex: ADCy AWDx_OUT can
toggle while AWDXx flag remains at 1 if the software did not clear the flag).

V<
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DMACFG bit management

= DMA can be used to manage the regular channels conversions (ADCx
DR register),
= DMA one shot mode (DMACFG = 0):

In this mode the ADC stops generating DMA requests once the DMA has
reached the last DMA transfer even if conversion has been started again,

= DMA circular mode (DMACFG=1):

In this mode, the ADC generates a DMA transfer request each time a new
conversion data is available in the data register, even if the DMA has reached

the last DMA transfer.

Y <
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ADC Dual mode

= ADC1 and ADC2 can be used together in Dual mode (ADC1 is the master),
= ADC3 and ADC4 can be used together in Dual mode (ADC3 is the master),
= Six possible modes are implemented:

= |njected simultaneous mode,

= Regular simultaneous mode,

= |nterleaved mode,

= Alternate trigger mode,

= |njected simultaneous + Regular simultaneous mode,

= Regular simultaneous + Alternate trigger mode,

life.augmented



Injected simultaneous mode

= Converts an injected channel group,

= The external trigger source comes from the injected group multiplexer
of the master ADC,

= An JEOC is generated at the end of all channels conversion,
» Results stored on injected data registers of each ADC.

- - - - Note: Do not convert the same channel on the
ADC]_ CH15 CH14 CH13 CH12 paL 4

two ADCs.
ADC2

T \ End of Injected Conversion on ADC1

Trigger for Conversion

injected
channels

Sampling

= This mode can be combined with auto-delayed mode,

= Once SW set JADSTART or JADSTP bits of the master ADC, the
corresponding bits of the slave ADC are also automatically set,

&




Regular simultaneous mode

= Converts an regular channel group,

= The external trigger source comes from the regular group multiplexer
of the master ADC,

= An EOC is generated at the end of each channel conversion,

» Results stored on the common data register ADC_CDR and on the
each ADCx_ DR,

- - - - Note: Do not convert the same channel on the
ADC1 CH15 CH14 CH13 CH12 NOtE.

two ADCs.
ADC2

T \ End of regular sequence Conversion

on ADC1 and ADC2 - .
Trigger for Conversion

regular
channels

Sampling

= This mode can be combined with auto-delayed mode,

= Once SW set ADSTART or ADSTP bits of the master ADC, the
corresponding bits of the slave ADC are also automatically set,
Lys
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Interleaved mode

= Converts a regular channel group (usually one channel).

= The external trigger source, which start the conversion, comes from ADC1.:
= ADCI1 starts immediately,
= ADC2 starts after a configurable delay,

= An EOC is generated at the end of each channel conversion,
» Results stored on the common data register ADC_CDR and on the each

ADCX—DR’ DMA request every 2 conversions Sampling
|
y | |
eJ'o /e’led’ ARCa m - Conversion 5 o
", S s I i d of Converfion on X : \
06 O’Q 0@ : : DC1 ¢‘\‘: (\9‘ '\0“
6/} %, ’3‘6 ADC2 | 999((\?\\ o\‘)‘
S, D, | [ © SAEnd of Conversion on ‘A ° S
/’e // 1 1 ! | 1 6 ‘0
MK IR e : ADC2 \‘0‘ o' X9
Oy, 9(. Trigger for Delay 06 )
l/(. /, regular Q\ \9‘
,o (Y channels 0“ 6
2 o™

=  This mode can not be combined with auto-delayed mode,
= Once SW set ADSTART or ADSTP bits of the master ADC, the corresponding bits of the slave

ADC are also automatically set, /’\7
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Alternate trigger mode

= Converts an injected channel group,

= The external trigger source comes from the injected group multiplexer of the
master ADC,

= |f discontinuous mode is enabled:

7th
& Trigger JEOC JEOC on ADC1

Tr| er JEOC ~ Tr| er JE0C e Trigger
m“ - 1

/ rigaer  JEOC / rigger / rigger JEOC A/Tngger JEOC on ADC2
Sampling
= If discontinuous mode is disabled: B conversion
1st 3td
/ Trigger JEOC JEOC JEOC JEOS / Trigger  JEOC JEOC JEOC, JEOS
\ 2nd \ 4th \
JEOC JEOC JEOC, JEOS JEOC JEOC JEOC, JEOS

Trigger Trigger

= This mode can not be combined with auto-delayed mode,

= Once SW set JADSTART or JADSTP bits of the master ADC, the
corresponding bits of the slave ADC are also automatically set, /’0
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Regular simultaneous + Injected

:
simultaneous

= Converts an injected and regular channel groups,

= The external trigger source comes from the master ADC,

* Results of injected channels stored on ADCx_JDRYy registers, and
regular channels on each ADCx_DR register and on ADC_CDR
reqgister.

regular simultaneous
ADCa mode interrupted by Sampling
injected simultaneous - c .
T L/// i W
) i End of Conversion on
Trigger for H i ADC1 and ADC2
s ApCl | EZN
Aoc | [ o

/ W

End of Injected Conversion on

Trigger for injected ADC1 and ADC2

channels

Note: Do not convert the same channel on the two
ADCs.

= This mode can be combined with auto-delayed mode,

V<
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Regular simultaneous + Alternate trigger

Converts an injected and regular channel groups,
The external trigger source comes from the master ADC,

Results of injected channels stored on ADCx_JDRYy registers, and
regular channels on each ADCx_DR register and on ADC_CDR
register.

]_st
injected
Sampling
ADC1 inj M\End of Injected nd .
Conversion on ADC1 < Conversion
injected

ADC2 reg m/'rigger
ADC2 inj

This mode can not be combined with auto-delayed mode,

&
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DMA requests in dual ADC mode

= MDMA=0bO0O0:

=  One DMA channel should be configured for each ADC to transfer the data available on
ADCx_DR register,

= MDMA=0b10:

= Asingle DMA request is generated each time both master and slave EOC events have
occurred,

= Used in interleaved and in regular simultaneous mode when ADC resolution is 10 or 12 bits

1st DMA request ADC_CDR[31:0] = SLV_ADC_DR[15:0] | MST_ADC_DR[15:0]

2nd DMA request ADC_CDR[31:0] = SLV_ADC_DRJ[15:0] | MST_ADC_DR[15:0]

= MDMA=0b11:

= Asingle DMA request is generated each time both master and slave EOC events have
occurred,

= Used in interleaved and in regular simultaneous mode when ADC resolution is 6 or 8 bits

1st DMA request ADC_CDR[15:0] = SLV_ADC_DR][7:0] | MST_ADC_DR[7:0]

2nd DMA request ADC_CDRJ[15:0] = SLV_ADC_DRJ[7:0] | MST_ADC_DR][7:0]

V<
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ADC Flags and interrupts

ADRDY: « ADC ready »

EOC : « Regular End Of Conversion »

EOS : « Regular End Of Sequence »

JEOC : « Injected End Of Conversion »

JEOS : « Injected End Of Sequence »

ADC
JQOVF : «Injected Injected context queue overflows» —> Global interrupt
(NVIC)
AWD1 : « Analog watchdog 1» >AWDLIIE

AWD?2 : « Analog watchdog 2» ~ AWD2IE

>~ AWDS3IE

AWD3 : « Analog watchdog 3»

EOSMP

. EOSMPIE
OVR OVRIE

Flags Interrupt enable bits @
life.augmented ( ) /’
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TIM1 and TIM8 enhancements In
STM32F30X
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Channel-level enhancements

* Up to 6 channels on Advanced control timers:
» Up to 4 channels with input/output stages

» Channels remain compatible with those on existing products’ timers
* New features:

* More complex waveforms generation

* Enhanced triggering capability

* More channel’s modes

« Multitude of coupling scenarios between channels

» 2 extra channels

* Internal channels
* Not wired to GPIOs
+ Used within the Timer itself for complex waveform generation
* Routed to the ADC triggering logic (via Timer’s TRGO output)
« Compare-and-PWM-modes-only channels
» No capture modes
* No DMA channels nor Interrupt request lines
 High coupling with channels 1,2,3 and4
« Enhance waveform generation on those channel: More complex waveforms can be generated
» Enhanced triggering mechanism: ADC oriented triggering mechanism

» Designed to meet many Motor Control applications’ requirements /’\>




Retriggerable One Pulse Mode (1/2)

- Generated waveforms shape

R ﬂ 10

Counter

v

v

Output |
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Retriggerable One Pulse Mode (2/2)

* Available on Channel 1, 2, 3 and 4

* Different from the existing One Pulse mode:
» The outputted pulse starts as soon as a trigger active edge is detected
» The pulse length is extended if a new active edge is detected

 Pulse length is set using the ARR register
* For Up-counting mode, CCRX register has to be set to zero
* For Down-counting mode, CCRXx register has to be set to ARR value

- Configuration sequence
» Set the timer to slave mode: the Combined Reset+Trigger mode shall be used

» Select the Retriggerable One Pulse mode through the OCxM[3:0] bit field

» Retriggerable OPM mode 1
* Retriggerable OPM mode 2

&




Channels Coupling (1/2)

« Two coupling schemes:
» Adjacent channels coupling:

* Channell and Channel2 coupling
« Channel3 and channel4 coupling

* Enhanced channels coupling (feature used by Motor Control applications)

e Channel5 and Channell
 Channel5 and Channel2
e Channel5 and Channel3

- Flexible coupling mechanism on adjacent channels
» Channels coupling output can be directed to one channel or to both of them

« Generated Waveforms’ shape
» Frequency control through TIMx_ARR register value
» Phase-shift (delay) control through one of the two channels’ TIMx_CCR register
» Pulse-length (duty-cycle) control through the second channels’ TIMx_CCR register

’\7




Channels Coupling (2/2)

* Available PWM modes

» Each channel among the first four channels can be configured in one of the
following PWM modes

» Asymmetric and Combined PWM modes are applicable on coupled channels only

r~—> PWM mode 1 PWM mode 2
[

Independent OCXM[3:0] = 4b'0110 OCXM[3:0] = 4b'0111"
Asymmetric OCxM[3:0] = 4b1110’ OCxM[3:0] = 4b'1111’
Combined OCxM[3:0] = 4b’1100’ OCXM[3:0] = 46’1101’

Coupling between channels is activated

&




Asymmetric PWM mode (1/3)

» QOutput waveform shape

Up-counting Down-counting

CCR1

CCR2

>
OC1REF (PWM2)
>
OC2REF (PWM2)
>
OC1REFC or OC2REFC
‘YI
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Asymmetric PWM mode (2/3)

- Operation mechanism (1/2)

Channelx . SCIRErC
I
L
Channely Output
Control

-
> /4
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Asymmetric PWM mode (3/3)

» Operation mechanism (2/2)
» The counting direction selects which channel output to be directed to OCXREFC
» Coupled channel has to be configured in the same PWM mode

 Center-aligned counting mode required

« Asymmetric mode is effective only when the timer is configured to count in center-
aligned mode

+ Available on the following channel couples:
* (Channell, Channel2)
* (Channel3, Channel4)

« Two Asymmetric PWM mode are available
* Asymmetric PWM1 mode
* Asymmetric PWM2 mode

&




Combined PWM mode (1/5)

 Output waveform shape (Logical And)

Up-counting.
CCR2 : :

_______________________________

CCR1

______________________________

>
OCI1REF
OC2REF
OC2REFC or
OC1REFC
&y - - = &



Combined PWM mode (2/5)

» Output waveform shape (Logical Or)

Up-counting.

_______________________________

______________________________

>
OC1REF i
OC2REF —
OC2REFC or | | | ;
OC1REFC i
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Combined PWM mode (3/5)

» Operation mechanism

IIIIII o
Channely ((:)utputl
ontro

OCyREF

ST

Channelx
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Combined PWM mode (4/5)

» Two logical operators coupling modes:
» Logical And
» Logical Or

« Two Combined PWM mode are available
« Combined PWM1 mode
» Combined PWM2 mode

 Different PWM mode on each channel

* In order to get the desired output, the two coupled channels has to be configured
with different PWM modes: PWM1 and PWM2

 If the same PWM mode is configured on both channels, the output signal waveform
Is similar to one of the two channels waveforms depending on the Logical Operator

applied

Y
&7 C@?
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Combined PWM mode (5/5)

- Configuration sequence
» Configure the two coupled channels on different PWM modes

» Configure one channel or both coupled channels to output a logical combination of
the channels’ waveforms

» Counting mode independent:
» Acts on Edge-aligned counting mode
» Acts on Center-aligned counting mode

+ Available on the following channel couples:
* (Channell, Channel2)
* (Channel3, Channel4)

Lys
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Channel 5&6 features

« Channels 5&6 characteristics:
* Only available on advanced control Timers: TIM1 & TIM8
» Compare-and-PWM-modes-only channels
* Internal channels (no external output)

 Channel 5&6 use cases:

» Can be used to generate more complex waveforms when combined with other
channels (applicable for Channel5 only)

» Can be used to trigger ADC conversion (many triggering scenarios)

« Compatible with the first four channels’ implementation
« Same control registers (for implemented features)
« Same control bit-fields’ structure (for implemented features)

* Typical use case
« Used by single-shunt current measurement applications /’]7
Kys
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Enhanced Triggering mechanism

- Additional set of triggers dedicated for ADC
» QOutputted on the new (second) trigger output TRGO2
» Controlled through the new bit-field MMS2[3:0]

Update Even

. Pulse-type output
Counter Enable

CCI1F Flag

OC1REF i Level-type output

OC4REF OC6REF

OC2REF

OC4REF OC6REF

OC3REF

OC5REF OC6REF

to ADC

[0:€]2SININ

OC4REF

OC5REF OC6REF

OC5REF

OC4REF

OC6REF

OC6REF

Lys
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Combined 3-phase PWM mode (1/3)

OCS5 | T L el N — m e e NG —m e e
1 ! ! 1

i ' COIUMET B s s oo s oD oS o= = “'i““:‘ ““““““““““““““
1 1
oct e e T SR S O
| \ N
S i A St

1 : ! 1 ! [ :
OC2 YO . _______-- f-cdescdodecoogpecocbodbocdoocdicat \oscscooosccasscsoss Loocsosbosseodosaspostscasdoso=os NG -----------
1 i ' : i ! 1 j : ' !

OC3

1 [ ! |
OCSREF | |
1 1

OC1REFC ||

! [
OC2REFC !I

OC3REFC i

Preload | 100 X XXX

Active 001

OC4REF

OCG6REF | |
TRGO2 -I H

Lys
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Combined 3-phase PWM mode (2/3)

» Operation mechansim

Prescaler Counter

ﬁ

OCI1REFC
OC2REFC
OC3REFC

Channell — Output Stage

Channel2 — Output Stage

Channel3 — Output Stage

Channel4 — Output Stage

Channel5 — Output Stage

Channel6 — Output Stage

GC5C1/GC5C2/ GC5C3
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Combined 3-phase PWM mode (3/3)

- Waveforms generation on up to three channels
» Based on coupling Channel5’s output with others channels

e Channell
 Channel2
e Channel3

 Dedicated for Motor Control application
» Used by ST's patented Single-shunt current reading application
» Can reduce CPU load by 5-10% compared to current implementation on F1/F2/F4

families
* Frees many MCU resources (DMA channels, Interrupt request lines)

YV <
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Miscellaneous enhancements (1/2)

» Repetition counter width is up to 16 bit
» Gives about 650ms between updates for 100KHz PWM frequency

« Two OCXREF clearing sources:
» External OCXREF clearing input: ETRF input
* Internal OCXREF clearing input

« Connected internally to comparator output: a pseudo-cell for Cycle-by-cycle current control

 Timers’ synchronization enhancement

* Introduction of a new synchronization mode: Combined Reset+Trigger Mode

* When a trigger active edge is detected, the counter content is Reset and the counting is
started

» For configuring the Retriggerable One-Pulse mode, the timer has to be configured in slave
mode: Combined Reset+Trigger mode shall be used

&




Miscellaneous enhancements (2/2)

+ Up to two break input sources
» Break input 1 (legacy one)
* |dle State programming

Has the highest priority over Break inputs

Multiplexed with internal break signals:
» Clock failure event from CSS block
* SRAM parity error
« Comparators outputs
* PVD interrupt
» Cortex MO lockup (hard fault) output

Built with a digital filter with a flexible set of sampling periods
Asynchronous functioning (unless the filter is enabled)

» Typical use case: Over-voltage protection handling
* Break input 2 (new one)

* No Idle State programming

» Lower priority compared to Break input 1 (legacy one)

« Built with a digital filter with a flexible set of sampling periods
» Typical use case: Over-current protection handling

Lys
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Product-level enhancements (1/2)

» Two clock sources for Advanced Control Timers (TIM1/TIM8)
» APB clock (as for TIM15,16,17)
* PLL output

« Advanced Control Timers operate with clock frequency up to 144MHz

» To reach 144MHz operation frequency the following conditions shall be fulfilled:
+ SYSCK/AHB prescaler must be setto 1
* AHB/APB prescaler must be set to 1

» Clock source selection

* Please refer toTIM1SW bit description within RCC_CFGR3 register description
(RCC chapter)

 The TIM1SW control bit can set/reset by software

* |n case where one of the above conditions is not fulfilled, the TIM1SW control bit is reset
by hardware

&




Product-level enhancements (2/2)

 Encoder Mode enhancement

» Two Timers can share the same Quadrature Encoder output signals

* TIM2 IC1 (respectively TIM2 IC2) is connected to TIM15 IC1 (respectively TIM15 IC2)
« TIM3 IC1 (respectively TIM3 IC2) is connected to TIM15 IC1 (respectively TIM15 IC2)
* TIM4 IC1 (respectively TIM4 IC2) is connected to TIM15 IC1 (respectively TIM15 IC2)

 Configuration

» Using ENCODER_MODE bit field within the SYSCFG_CFGR1 register (for more
details refer to SYSCFGR chapter)

* Use case

» Used with M/T technique for estimating Velocity and Acceleration for wide-range of
velocity values (especially for low velocity values)

&




Comparators (COMP)
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COMPARATORS (COMP)  mm

+ 3 comparator pairs COMP1/COMP2, COMP3/COMP4 and COMP5/COMP6
and single COMP7

Rail-to-rail inputs
Programmable speed / consumption: 4 modes
Programmable hysteresis: 4 levels

Inputs and outputs available externally - can be used as a standalone device without MCU
interaction

Comparator pairs can be combined into a window comparators
Multiple choices for input thresholds and output redirection

Comparator blanking — The blanking time period is defined by TIM OC — multiple timer OC
events available

* to avoid reaction of the regulation loop on the current spikes at the beginning of the PWM
period caused by the recovery current in power switches

- Can be used for:
» Exiting low power modes on an analog event
 Signal conditioning
» Cycle-by-cycle current control with blanking (w/ DAC and TIM) /’\7

&7 S
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PA1

PAO

PA4 (DAC1)
PAS

VREFINT

Y4 VREFINT
Y2 VREFINT
Ya VREFINT

PA3

PA2
PA4 (DAC1)
PA5 (DAC2)

. VREFINT
1/2 VREFINT
;/2 VREFINT
A VREFINT

Lys
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Block diagram fo

COMP1_INP

O

e

[T

|

[LLLTTTY

COMP1_INM

COMP1

+ COMP2_INP

Window
mode

COMP2_INM

+

COMP2Z

w4

r STM32F30x

COMP1_OUT

T

Polarity
selection

» PAO/PF4/PAG/PA11/PBS8
COMP interrupt request

* (to EXTI)

TIM1_BKIN
TIM1_OCref_clr
TIM1_ICA1
TIM2_IC4
TIMZ2_OCref_clr
TIM3_ICA1
TIM3_OCref_clr
TIM8_BKIN

TIM1_BKINZ
TIM8_BKINZ2

TIM1_BKINZ + TIM8_BKINZ2

COMP2_OUT

-~
RN

Polarity
selection

»1 PA7/PA7/PA12/PBS

> COMP interrupt request

(to EXTI)

TIM1_BKIN
TIM1_OCref_clr
TIM1_ICH1
TIMZ2_IC4
TIM2_OCref _clr
TIM3_IC1
TIM3_OCref_clr
TIM8_BKIN
TIM1_BKIN2
TIM8_BKIN2
TIM1_BKIN2 + TIM8_BKINZ2

BKIN: PWM'’s “Emergency stop” input

OCRefClear: PWM clear for cycle-by-cycle current controller >



COMP features

= Comparator characteristics at a glance
= Full operating voltage range 2V < Vdda < 3.6V

» Propagation time vs consumption
(characterized typ. 2.7 < Vdd < 3.6V, for 100 mV step with 10 mV overdrive, TBD)

= High speed / full power

= Medium speed / medium power

= Low speed / Low power

= Very low speed / Ultra-low power

» |nput offset: +/-4mV 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

&




Application example
 Cycle-by cycle current control with blanking

Current

Raw comp '
output '

Blanking
window

Final comp output H H

Comp out
Comp out(to TIM_BK, ..)
Blank

2,
57 S

0




Operational Amplifier
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Features (1/2)

« Up to 4 operational amplifiers

* Rail to Rail input/output

* Low Offset voltage

 Access to all terminals

* Input multiplexer on inverting and non inverting inputs

- Input multiplexer can be triggered by a timer and synchronized with a
PWM signal.

* 4 operating modes:
« Standalone mode: External gain setting
» Follower mode

« PGA mode: internal gain setting (x2, x4, x8, x16) /,\7
m  PGA mode: internal gain setting (x2, x4, x8, x16) with inverting input used foi @
se.aumentes  TITEFINQ. ( >

/




Features (2/2)
« Operating conditions
« 2.0V <VDDA< 3.6V
e -40 C<Temp<105 C

* Input stage
* Input: rail to ralil
» Offset: 20mV max
* |bias < +/-1pA max (mostly I/O leakage)

- Output stage
* lload < 500uA (sink and source)
» Capacitive load < 50pF (stable when connected internally on ADC input)
 GNDA + 100mV < Vout < VDDA - 100mV (Max)
« 20mV @ 100pA | out

* Speed
« GBW: 8MHz
« Slew rate 4.5V/us

* unity gain stable /’\7
ST, S
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Standalone mode, External Gain setting

STM32F30x




Follower mode

|
1 STM32F30x :
; :
I |
< (O !
|
2 + |
X B ADC I
| > |
These I/Os are % e :
available - I
|
: L — |
| |
I |
| |
I |
I |
I |
Always : :
connectedto 1 :
OpAmp ouput B3 !
|
; :
e T d

Lys
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PGA Mode, Internal Gain setting (Gain = 2 /

OpAmp ouput. B3

$TM32F30X :

; :

I — :

o > |

|

% ADC l

] — > I

These I/Os are % e :
available - I
|

: L — |

| |

I |

I |

I ! |

I |

I |

|

Always : [
connectedto 1! :
|

|

|
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PGA Mode, Internal Gain setting (Gain=2/4/8/

16) with Inverting input used for filtering.
: STM32F30x

413

|
[
: B
R
= T ADC
| — >

Allows
optional low-
pass filtering

 I—

NB: gain e

dependant
cut-off

frequency

-
-
-
-
-
-
-

;

"—IPGA network: 5.4K/5.4K (G = 2), 16.2K/5.4K (G = 4), 37.8K/5.4K (G = 8) 40.5K/2.7K (G = 16) /’D
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Timer Controlled Multiplexer mode (1/2)

*  This mode allows switching automatically from one inverting (or non inverting)
iInput to another inverting (or non inverting) input.

Benefit: useful in dual motor control with a need to measure the currents on the 3 phases on a first
motor and then on the second motor.

- The automatic switch is triggered by TIM1 CC6 output arriving on the OPAMP
input multiplexers.

«  The Timer Controlled Multiplexer mode is enabled by setting TCM_EN bit.

 If TCM_EN bit is set, inverting and non inverting input selection is done using
VPS_SEL and VMS_SEL bits.

- If TCM_EN bit is reset, inverting and non inverting input selection is done using
VP_SEL and VM_SEL bits.

&




Timer Controlled Multiplexer mode (2/2)

CCR6

T1 counter

/\ T8 counter

\r‘w \ﬁ T1 output (1 out of 3)

\rﬁ \ﬁ \ﬁ T8 output (1 out of 3)

ADC sampling points

T1 CC6 output onto OpAmp interface
(internal signal)

Op Amp configuration

&




OPAMP calibration

* ltis possible to do the trimming of every opamp offset.
- At startup, trimmed offset values are initialized with the preset ‘factory’ trimming value

*  The user can switch from the ‘factory’ values to the ‘user’ trimmed values using the
USER_TRIM bit in the OPAMP control register.

*  The offset of each operational amplifier can be trimmed by programming the
TRIMOFFSETN and TRIMOFFSETP bits in the OPAMP control register.

&




ADC context FIFO for dual three shunt current
sampling in dual motor control (ADC sharing)

» Concept

» Using two/three shunts topologies is required the simultaneous sampling of two
analog quantities. This is actually implemented using two different ADC peripheral.

» Dual simultaneous motor driving (2/3 shunt topologies) can be achieved using just
two ADC peripheral if the sampling of each motor current is done in different times

(ADC sharing).

* The FOC algorithm of each motor can request the ADC conversions while the
previous one is not already performed.

» To perform automatically (saving CPU load) this mechanism the ADC context FIFO
has been implemented.

&




ADC context FIFO

FOC1 requires a conversion of channel x triggered by signal y (ADC context 1)

FOC2 requires a conversion of channel n triggered by signal m (ADC context 2) but the
ADC has been reserved so the context is stored in the FIFO

Signal y triggers the conversion and the result is sent to FOC1. The FIFO go ahead
programming the context 2

Signal m triggers the conversion and the result is sent to FOC2.

Analog channels
% ‘ ADC context 1

L

:‘, ‘ ADC context 2

Waiting

Triggering signals

Z=
v/ For simplicity only one ADC is used in this Example (@
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STM32F37x Specific Features/
peripherals
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Sigma delta analog to digital
converter (SDADC)
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SDADC introduction (1/2)

 Sigma delta principle inside STM32:
» High precision (new applications: medical, metering, gaming)
» Excellent linearity (simplifies calibration)
* No sample & hold

* Main properties:

3 2-A ADCs in all packages (19 single ended and 10 differential inputs max.)
16-bit resolution, ENOB = 14 bits (SNR = 89dB)
Low power modes:

» Slow (speed reduced 4x): up to 600uA (instead of 1200uA in run mode)
» Standby: up to 200uA, wakeup time 50us
« Power down: up to 10uA, wake up time 100us

Internal or external reference voltage usage

Independent power supply pins: SDADCx_VDD

Conversion rates:
« Up to 50ksps in fast mode (single channel)

« Up to 16.6ksps in normal mode (multiple channels) /’\7
‘7 « 7 programmable gains: %, 1, 2, 4, 8, 16*, 32" (* = digital gains) %
life.augmented ( \ /’




SDADC introduction (2/2)

* Next features:

» 9 single ended inputs or 5 differential inputs per one SDADC (or combination)

DMA capability to transfer data to RAM (conversion when CPU in sleep mode)

Triggers:
« Software
* Timer
« External pin
« Synchronization to first SDADC (SDADC1)
Signed output data format (16-bit signed number)

Zero offset calibration

3 measuring modes — per analog channel selection:

» Single ended referenced to zero
» Single ended offset mode
« Differential mode

Interrupts and flags:

* Interrupts: EOCAL, REOC, JEOC, ROVR, JOVR
* Flags: STABIP, CALIBIP, RCIP, JCIP

Lys
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SDADC block diagram

- One SDADC SDADC

JEOCF

. . . ) JEOCIE SDADC
CcO nﬂguratlon ck_sdad (6 MHz or 1.5 MHz, min 500 kHz) IOVRF Interrupt
- (from RCC) JOVRIE
REQCF
bandgap Vopa REOCIE
l 1— ROVRF
ROVRIE
REFV _ SDADC  EQGALF
( T/ SLOWCK | c10ck EQCALIE
SD_VREF [}
SD_ADCx_AINOP [}F——
SD_ADCx_AINOM D—% A h A 4
= wref slow
SD_ADCx_AIN1P Eli—‘_r, o
SD_ADCx_AINTM [1 - o ZA JDATA[15:0]
SD_ADCx_AINSP [} »l: azr start % RDATA[15:0]
SD_ADCx_AINBM [J——FF i :AL ry

configuration

selector configuration RSWSTART
selector
L
& o o JSYNC
[r JSTART1
—— = ===
- 8| 8| 8| " L:’Qicéﬂl;ﬂ;rgente:
Ty only in 2 an
3 E £x % QQQ | JSWSTART only in $
§2||89 £ = ooaq
S22 |56 866 o CRGET
co||Sx 00 O JEXTEN
= 8O
g S 3C JEXTSEL
3 =

ST )




SDADC pins

Name Signal type Remarks
Input, I
SDADCx VDD put, analog Analog power supply. Must be greater than 2.4 V (or
- Supply 2.2V in Slow mode) and less than 3.6 V.
SDADCx_VSS Input, analog Analog ground power suppl
- supply ground 49 P PRY-

SDADCx_AIN[8:0]P Analog input Positive differential analog inputs for the 9 channels

SDADCx_AIN[8:0]M Analog input Negative differential analog inputs for the 9 channels.

When the external reference is selected (REFV=00),
this pin must be driven externally to a voltage
between 1.1 V and SDADCxVDD (minimum for
x=1..3).When an internal reference is selected (REFV
Reference is 01, 10, or 11), this pin must have an external

capacitance connected to SD_VREF-

Input or In/Out,
SD_VREF+ positive analog

Input, negative
SD_VREF- analog
reference

This pin, when present, must be driven to the same
voltage level as SDADCxVSS.

Lys
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SDADC power supply and reference

voltages "0
* Power supply:
* Independent power supplies:
« SDADC1/2 VDD- for SDADC1 and SDADC?2
« SDADC3 VDD - for SDADC3
- SDADC1_VDD/ SDADC1_VDD/
« SDADCx_VSS - common for all SDADCs SbADCZ.VDD I SDADCZ VDT
* VOltage range SDADC3 VDD SDADC3 VDD
« Full speed mode operation: 2.4V — 3.6V jorr f[l—-
« Slow mode operation: 2.2V — 3.6V | J?:E_l:mw _
. SDADCZ_VSS/
* Reference voltage selection: SDADG VSS/ | SDADCS
* Internal: SDADC_VREF+ SDADC_VREF+
« Internal bandgap voltage: 1.2V 12n||§1
* Internal bandgap voltage amplified by 1.5x : 1.8V ' T -
« VDDA power supply g -

» External

» Dedicated SDADC_VREF+ , SDADC VREF- pins
» Voltage range 1.1V — SDADCx_VDD

Lys
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SDADC clock

(SDADC enable) and (not deepsleep)

System clock . .
Total division ratio: _)—b CK _SDAD
2,4,6,8,10,12,16, 20,24, 28,32,36, 40,44, 48 B

» Clock management:
» System clock divided by divider (from 2 to 48, 50% duty cycle)
» Clock range:

* max. 6MHz — standard conversion clock
« max. slow mode clock 1.5MHz - reduced speed, reduced power, lower voltage operation
* min. clock speed = 500kHz

V<
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Input channel configurations

» Measurement modes:

» Differential mode:
« Used both SDADC analog channel inputs: SDADCx_AINxP and SDADCx_AINXM
» Signed result: 0x8000 — OX7FFF (-32768 — 32767)

» Single ended modes:

« Offset mode: as differential mode with minus input internally grounded (reduced dynamic
range of SDADC — only positive range: 0x0000 — Ox7FFF)

» Referenced to zero: minus input internally grounded but offset injected to have full dynamic
range (zero voltage corresponds to code -32768)

» Three SDADC configuration registers (SDADC_CONFxR, x =0..2) =>
3 possible configurations:

* In each register is channel configuration:
» Measurement mode (differential or single ended)
« Gain (2,1, 2,4, 8, 16, 32)
+ Offset calibration value (stored here after offset calibration)
« Common voltage used during offset calibration (VSSA, VDDA, VDDA/2)

« Each SDADC analog channel is assigned to one configuration register

« Example: 3 analog channels in application S
* Channel 0 uses SDADC_CONFOR ) )

"I * Channel 1 and channel 2 use SDADC_CONF1R (same gain and measuring mode) @
life.augmented ( l /’




Channels configuration example

» Mixed configurations — example of input pins connection:
 CH2, CH4 and CH8 are used as differential.
 CHO, CH6 and CH7 are used in single-ended mode.
* REFM is used — VSSA.
 PAD 1 is not used.

CHO sing. ——> PADO [ | » AINOP AINOM
% %
X paD1 [} o AIN1P AINTM
PAD2 [ ] » AIN2P —> AIN2M
CH2 diff. { oo
PaD3 ] ¢ AIN3P AIN3M
PAD4 [ ] » AIN4P —> AIN4M
CH4 diff. o5
PAD5 [} o AINSP ﬂ—» AIN5M
CH6sing. ——» PAD6 [ | » AINGP —> AIN6M
b
CH7 sing. ——» PAD7 [ | . AIN7P AIN7M
{ PADS [ | 5 AINSP — AINSM
CH8 diff. oo —e
paDg [ —
REFM [ ] oo—
KLys =
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Regular and injected conversions

* Injected conversions
* Injected group is defined as bitfield in register — each one bit corresponds to one
channel
» Selected channels in the injected group are always converted sequentially (from
lowest selected channel) — scan mode

 Triggers:
« Software (writing ‘1’ to the JSWSTART bit)

« External pin
* Timers
» Synchronous with SDADC1

* Reqgular conversions
» Channel selection is defined as(channel number in register/

» Cannot run in scan mode

» Triggers:
« Software (writing ‘1’ to the RSWSTART bit)
« Synchronous with SDADC1

Lys
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Standard, slow, low power
- Standard mode: conversion modes

 Normal:

« Multiplexing more channels
* _One conversion takes 360 cycles (16.6ksps @ 6MHz) Use cH\,>

« Fast continuous (FAST = 1): \__

ﬁ * On one channel only in continuous mode —ﬁegular channel]o[o\ne injected channel selecmi7

* One conversion takes 120 cycles (50ksps @ 6I\/Il—y/

 Slow mode (SLOWCK =1):

* Reduced power consumption (~600uA consumption), operation from 2.2V
 Limited clock speed — up to 1.5MHz (so 4x reduced also conversion rate)

- Standby when idle (SBI = 1):
» SDADC goes to standby when no conversion (~200uA consumption)
* Needed time for wakeup from power down — 50us

* Power down when idle (PDI = 1):
« SDADC goes to power down when no conversion (~10uA consumption) /,‘\7
"I * Needed time for wakeup from power down — 100us @
life.augmented ( l"
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Request precedence

* Priority order of SDADC operations:
1. Calibration sequence
2. Injected conversions
3. Regular conversions

* But:

» Conversion which is already in progress is never interrupted by the request for
another action (current conversion is finished first)

* Request is ignored if a like action is already pending or in progress

* No action can start before stabilization has finished (wakeup from power down or
standby mode)

V<
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SDADC calibration

- General properties for sigma delta converters:
» Perfect linearity (due to 1-bit converter and oversampling)
» Resolution increases with decreasing data rate
» But large offset and gain error (need calibration)

» Offset calibration:
* Principle:
« Short internally both channel inputs (positive and negative)

» Perform conversion and store result to configuration register(s)
« During standard conversion subtract from result the calibrated value

* Implementation in STM32F37x:

» Set in configuration registers:
* required gain (1/2 .. 32)
« common mode for calibration (VSSA, VDDA, VDDA/2)
« Set how many configurations to calibrate (CALIBCNT/[1:0] bits)
Start calibration by setting bit STARTCALIB
Calibration sequence then executes on given gain(s) :

 Calibration values are stored into configuration registers (OFFSETx[11:0] bits) /

+ 30720 cycles (5.12 ms at 6 MHz) for one configuration register = \ ’
"[ - Calibration data are automatically subtracted from each conversion data @
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Deterministic timing

- Application requirements:
» Launching conversion in precise intervals (e.g. FFT sampling by timer trigger)
* Problem: waiting for some ongoing (regular) conversion

» Solution in SDADC:

 Start of each injected conversion with delay during which cannot be started regular
conversion

* When bit IDS = 1 (Injected Delay Start) the start of each injected conversion is
delayed:

* by 500 cycles if PDI = 0 (power down when idle)
* by 600 cycles if PDI = 1, SLOWCK = 0 (because wakeup from power down takes 600 cycles)

Injected
conversion

request

=
=7 S
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Inputs impedances

* Analog inputs impedance: ook A
clk
° . helk
Depends from: SDADCX_AINxP | | C;c 1
» selected SDADC clock C = 0.543 pF + 0.152 pF * gain
« analog gain (0.5 — 8) el I
e conversion is in progress -
« Switching capacitance character choliz
. : SDADCx_AINxN | | o
Range (examples): — ook — =054 pF +0.152 pF * gain
* 540kQ @ 1.5MHz, gain = 0.5
- 135kQ @ 6MHz, gain=1 -
e 47kQ) @ 6MHz, gain =8
- Reference voltage input impedance: CK_spAD ] ) Rin = Fc|:‘C
» Depends only from selected SDADC clock == e .
« Switching capacitance character o I
» Range (6MHz — 1.5MH2z): = oo
- ~230kQ — 1000kQ |
VREF- | oo J_
clk C=0.7pF
L
1S7]
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Comparators (COMP)
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COMPARATORS (COMP)

2 general purpose comparators COMP1 and COMP2
 Rail-to-rail inputs
» Programmable speed / consumption: 4 modes
* Programmable hysteresis: 4 levels

 Inputs and outputs available externally - can be used as a standalone device
without MCU interaction

« Can be combined into a window comparator
» Multiple choices for input thresholds and output redirection

 Can be used for:
 Exiting low power modes on an analog event
« Signal conditioning
» Cycle-by-cycle current control (w/ DAC and TIM)

Lys
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Block diagram for STM32F37x

COMP1_0OUT

PA1 Oy

COMP1_INP

-—

PAO
PA4 (DAC1_OUT1)
PA5 (DAC1_0UT2)
PA6 (DAC2_QOUT1
VREFINT

3/4 VREFINT

TP~

COMP1_INM

L

1/2 VREFINT
1/4 VREFINT

PA2

PA4 (DAC1_OUT1)
PA5 (DAC1_OUT2)

PA6 (DAC2_OUT1)
VREFINT

3/4 VREFINT

1/2 VREFINT

[ [ [TT7T

/

Window

mode
N\

COMP2_INM

1/4 VREFINT

Lys
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COMP1

+_COMP2_INP I
PA3 O——

COMP2

e

»] PAO /PAB /PA11

S

Polarity
selection

COMP interrupt request

» (to EXTI)

TIM5_IC4
TIM5_OCref_clr
TIM15_BKIN
TIM2_IC4
TIM2_OCref_clr
TIM3_ICA
TIM3_OCref_clr

COMPZ2_OUT

e PA2/PA7 /PA12

J"
I\

Polarity
selection

COMP interrupt request
(to EXTI)

[ TIM4_ICH

TIM4_OCref_clr
TIM16_BKIN
TIM2Z2 _IC4
TIM2_OCref clr
TIM3_ICA

_ TIM3_OCref_clr

BKIN: PWM'’s “Emergency stop” input

OCRefClear: PWM clear for cycle-by-cycle current controlle

=
S
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COMP features

= Comparator Characteristics at a glance
= Full operating voltage range 2V < Vdda < 3.6V

= Propagation time vs consumption _ _
(characterized typ. 2.7 < Vdd < 3.6V, for 100 mV step with 10 mV overdrive, TBD)

High speed / full power

= Medium speed / medium power

= Low speed / Low power

= Very low speed / Ultra-low power

Input offset: +/-4mV 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

V<
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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
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STM32~ Releasing your creativity
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