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Peripherals for advanced motor control

* PWM generation

- Speed / position feedback
 Multi timer configuration
 Analog to Digital converter

* Other inbuilt peripherals (DMA, connectivity)



Advanced timer Features overview

- TIM1, 8 (,20) on High Speed APB (APB2)

ETR[} >

- Internal clock up to 144 MHz Clock , .
Trigger/Clock
» 16-bit Counter &» 99 .
ITR 2 Trigger

* Up, down and centered counting modes W’ Controller Output
* Auto Reload ITR 4 '
* 4 (6) x 16-bit Capture Channels
*  Output Compare i,L
- PWM 16-Bit Prescaler
* Input Capture, PWM input Capture
* One Pulse Mode Auto Reload REG
* 6 Complementary outputs: Channell, 2 and 3

+/- 16-Bit Counter

» Output Idle state selection independent for each output

» Polarity selection independent for each output
« Programmable PWM repetition counter > CH1

| CH1EP , CHIN
+ Hall sensor interface

+ Encoder interface cHAl » CH2
* 8 Independent IRQ/DMA Requests Generation
- Embedded Safety features cH3

* Break inputs

Capture Compare

» Lockable unit configuration: 3 possible Lock level

BKIN2 H
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* The PWM mode allows to generate: PWM M Od e

. 7 independent signals for TIM1 and TIM8 (TIM20)

. 4 independent signals for TIM2, 3 and 4

. Max input clock is 72MHz to provide 13.8ns edge resolution (12-bit @16kHz edge-aligned PWM)

. The frequency and a duty cycle determined as follow:

. One auto-reload register to defined the PWM period.

. Each PWM channel has a Capture Compare register to define the duty cycle.

=> Example: to generate a 40 KHz PWM signal w/ duty cycle of 50% on TIM1 clock at 72MHz:

. Load Prescaler register with O (counter clocked by TIM1CLK/(0+1)), Auto Reload register with 1799 and

CCRXx register with 899

. There are two configurable PWM modes:
Edge-aligned Mode Center-aligned Mode
e T UUUU U] e PUUUUUU DU U UL

Update

AutoReload AutoReload [-------------f—p-"------momoommsmommm--o—

Capture Compare 1,2 [~ ° 7" [ __ - " [T T Capture Compare 1.2~~~ "~ [~~~ """ """ [ .
— [ L

OC1 OC1 -

0c2 > ole?. ;
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Double Update Mode mm

* An Update event (U) during the Overflow of the PWM counter
Improves duty cycle resolution.

U on overflow

A
MCPU
N i e B
N
S
U on underflow % % i % %
Y, i i : i i U on underflow
] =
Comp =N B | | U event during
— | — Underflow
Comp=N +1 ; ‘ i i ; }Single update
. l = U event during
Comp fromNto N +1 | | | Over & Underflow
i ; ! ; % Double update
I I | I |
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PWM main Interrupt Service Routine

» So-called U (Update) event

» Synchronously transfers all preload into active registers

» 3 (4) compares for duty cycles
* Preload mechanism can be disabled if needed

» 1 Auto Reload for PWM switching period
« allows changing on-the-fly the PWM frequency while maintaining duty cycles

 PWM clock prescaler

- Adjustable U event rate
« programmable through a 8-bit repetition counter
 Allows to choose Overflow/Underflow or both for update

Lys
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Repetition Counter mm
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Other interrupts and DMA mm

- Other interrupt sources available on PWM timer

« Each Compare match (up or down counting selectable) or capture
« Trigger events
 Emergency Stop

- Some events are also mapped on the DMA controller

PERIPHERAL FIXED HARDWARE PRIORITY
REQUEST SIGNALS
HIGH PRIORITY
ADC1 HWREQUEST1 [~
TIM2_CH3 ]:>D o ] CHANNEL 1
TiM4_CH1 SW TRIGGER (MEM2MEM bit) —» |
<
USART3_TX Channel 1 EN bit
TIM1_CH1 HW REQUEST 2
TIM2_UP [::>D o EHARBEL
TIM3_CH3 SW TRIGGER (MEM2MEM bit)—)
SPI1_RX
Channel 2 EN bit
USART3_RX
TIM1_CH2 HW REQUEST 3
TIM3 CH4 %, =HM§
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PWM’s DMA burst transfer

- Allows to update several registers with a single DMA event
« Efficient use of DMA (a single stream is required)

RAM Registers
OC1,, /= OC1
0C2,, V / 0C2
OC3yo > OC3
OC1,,
0C2, Virtual
0C3,, Register
OC1,,
0C2,,
0C3,,




PWM outputs management

* Programmable hardware deadtime generation
* 8-bit register with 13.8ns max resolution at 72MHz (from 0 to 14us, non-

linear)
OC1REF 5V Internal PWM before

| o OV dead time generator

CH1 ! oV : :
. : oV High side PWM

Delay

: V' Low side PWM

CHIN ; | oV

Delay

* Individually selectable polarity selection
- Dedicated emergency stop input
» Shuts down the 6 PWM outputs and issues an interrupt
« Asynchronous operation (operates without clock source)
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Versatile PWM redirection Circuitry

Table 40. Output Control of Complementary OCx and OCxN Channels

Control Bits Cutput State
MOE | OS5l | 0S5R | OCxE | OCxNE
bit bit bit bit bit OCx output state OCxN output stata
X 0 0 0 Cutput disabled Output disablad
, OCREF + Polarity
i i i Output disabled
* Uiput disable {OCREF xor OCxP)
OCREF + Polarity .
i 1 i Output disabled
* (OCREF xor OCxP)
- 0 ’ i OCREF + Polanty + dead- | Complemantary to GCREF {not
time OCREF) + Polarity + dead-iima
1 , ’ 0 0 Off-State {output enablod with | Off-State (output enablad with
inactive stata) inactiva stata)
% ’ 0 i Off-State (output enabled with OCREF + Polarity
inactive stata) {OCREF xor OCxNP)
X ’ ’ 0 QOCREF + Polarity Off-State (cutput enablad with
{QCREF xor OCxP) inactive state)
’ ’ i QCREF + Polarity + dead- | Complementary to OCREF {not
X fime OCREF) + Polarity + dead-time
0 X 0 0
° x ° 1 Output disabled
i X 1 i
0 0 X 1 i
1 X 0 i
1 X 0 i o
3 = 3 3 Off-State (output enabled with inactive stata)
1 X 1 i
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PWM timer used as a
GP timer

>

<+— Motor Control (sinewave)

Motor Control
(6-steps)

<+— Motor Control (sinewave)

Outputs
disconnected from
I/O ports

-

<+— All PWMs OFF (low Z
for safe stop)



Versatile PWM redirection Circuitry

- Example: 6-steps (or block commutated) drives

Tl\T3\T5\ 1

T2\ T4\ T8 \ e

T3
Step High Low OC1 OCIN OC2 OC2N OC3 OC3N T4
1 T1 T4 oclref O 0 1 0 0
2 T1 T6 oclref O 0 0 0 1 T5
3 T3 T6 0 0 oc2ref O 0 1
4 T3 T2 0 1 oc2ef 0 0 O T6 i
5 T5 T2 0 1 0 0 oc3ref 0 DR D A
6 TS5 T4 0 0 0 0 oc3ref 0 E:F?Zﬁt
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Break input

» A break event can be generated by:
* The BRK input which has a programmable polarity and an enable bit BKE
« The Clock Security System

* When a break occurs:
* The MOE bit (Main Output Enable) is cleared
» The break status flag is set and an interrupt request can be generated
« Each output channel is driven with the level programmed in the OISx bit

 Break applications:

« If the AOE is Reset, the MOE remains low until you write it to ‘1’ again

» Normally used for security with break input connected to an alarm feedback from power
stage, thermal sensors or any security components.

« If the AOE (Automatic Output Enable) bit is set, the MOE bit is automatically set
again at the next update event UEV

« Typically be used for cycle-by-cycle current regulation

Lys
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Smoke Inhibit protections

- Safety critical registers can be “locked”, to prevent power stage
damages (software run-away,...)

* Dead time, PWM outputs polarity, emergency input enable,...

- All target reqisters are read/write until lock activation (and then read-
only if protected)

» Once the two lock bits are written, they cannot be modified until next MCU reset
(write-once bits)

* Three programmable write protection levels

» Levell: Dead Time and Emergency enable are locked.
* Level2: Levell + Polarities and Off-state selection for run and ldle state are locked.

* Level3: Level2 + Output Compare Control and Preload are locked.

» GPIO configuration can be locked to avoid having the PWM alternate
function outputs reprogrammed as standard outputs

Lys
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Debug feature

* Motor control applications are usually tricky to debug using breakpoints
« Standard breakpoints may damage the power stage
» Closed loop systems can hardly be stopped and re-started

A configuration bit allows to program the behavior of the PWM timer upon
breakpoint match

* Normal mode: the timer continues to operate normally

* May be dangerous in some case since a constant duty cycle is applied to the inverter
(interrupts not serviced)

« Safe mode: the timer is frozen and PWM outputs are shut down
» Safe state for the inverter. The timer can still be re-started from where it stops.

Lys

life.augmented



Peripherals for advanced motor control

* PWM generation

- Speed / position feedback
 Multi timer configuration
 Analog to Digital converter

* Other inbuilt peripherals (DMA, connectivity)



Speed Feedback

- Handled by the general purpose timers in dedicated modes
* These functions are available on most timers

- Hall sensors
» Hall Sensor interface (XOR’ed inputs)

* Encoder
» Encoder modes 1, 2 & 3 (2x, 4x)

 Tacho feedback
« Clear on capture to measure exact period

Lys

life.augmented



TIM Block Diagram in encoder mode

CLK > \ 16/32 bit AutoReload
TRGX Register
ITRL Trigger Controller ———»
ITR2
ITR3
16 bit .

R4 Controller > prescaler P/~ 16/32-Bit Counter

I Encoder

Interface

m I:l__g'—> Polarity Select & Edge Controller |-t+lb-———————— >
—»'
_> .
2 I:l_ Polarity Select & Edge Controller ~—————————— >

Lys
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Interfacing a TIM timer with an encoder gy

* Encoders and STM32 connection example:

* An incremental encoder can be connected directly to the MCU without external
interface logic.

» The third encoder output which indicates the mechanical zero position (Z or
index), may be connected to an external interrupt and trigger a counter reset

Example of counter operation in Encoder Interface mode

N forward reversal backward reversal forward
IC2 1 | | | | | | — —
| | [ | | | | I — | 1 | |
IC1 Down

_ ._.—%_‘H _—
Counter _4—_H_’_H L‘_l_‘7 f

v
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Key encoder features

Programmable counting rate
x4: normal mode, all edges active

a 1000 lines encoder will give 4000 counts per revolution
x2: counts on input A (or B) only, but direction still determined with A and B

“velocity mode”: encoder clock can be further prescaled if needed

Programmable encoder resolution

« When programming the autoreload register with the number of counts per
revolution, the counter register directly holds the angle or the position

* No need to do the difference vs previous counter value

« If set to OXFFFF, can be made compatible with previous designs using a free-
running counter

 Possibility to generate one/multiple interrupts per revolution:

» once every 360°
« once 60°, 90°,... (depending on autoreload register setting)

Lys
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Hall sensor Interface

TILF_ED Trigger &
*| Slave Mode
Controller
Hall A
Hall B
Hall C Input Filter & 1c1
l D > Edge detector —»> Prescaler — Capture/Compare 1 Register
TRC| —

‘ Input Filter & >
I| | 1 Edge detector IC

Prescaler —» Capture/Compare 2 Register

TRC
‘El'. N Input Filter & -
g ] Edge detector > Prescaler — Capture/Compare 3 Register
TRC| —
T4 D Input Filter & -
Edge detector I3l Prescaler | Capture/Compare 4 Register
TRC
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Peripherals for advanced motor control

* PWM generation

- Speed / position feedback
« Multi timer configuration
 Analog to Digital converter

* Other inbuilt peripherals (DMA, connectivity)



Timer Link system

» The three general purpose and the advanced timers are linked
together and can be synchronized or chained, thanks to a Trigger
output and several selectable trigger inputs.

* For TIM2:0, the input pins(TI1 and TI2) can also be used as triggers

TIMx

CK_TIM —

TRG1 —»
. . TRG2 —»
Trlgger InpUtS TRG3 —» ‘} 5 Trigger TRGO TR:GO Trlgger Outputs
-

\ 4

y

Controller

TIL_,
TI2

\A 4

Timer control signals: clock, reset, update, enable,...



Synchronization Mode Configuration

- When in master mode, the cioce JLTUTULILLNU UL
timer can output one of these: I TU S ——
« Counter reset R L el
- Counter enable 5 |_l
« Update event g Master Trigger .

Slave CNT

Out P
« Output Compare signal i H—fhh

» When configured as slave, the cook J LU U LUUULUUT

timer can work in the following 0 New Master
modes: E: ocm
] E Master OCR1 -
¢ Tl’lggel’ed % Master CNT
® Gated o Master OC1 . ,
* Reset h/—'

- External clock save e ———"

v

Lys
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Example 1/3: chained timers

- Cascade mode (for instance, chained time bases)

MASTER
Timer O
CLOCKl
prescaler Trigger | TRGO
1 Update| Controller
Ax SLAVE / MASTER
counter
Timer 1
ITRO
> TRG
ITR 1 ->- !

SLAVE

ITR 2
h Update .
Ll Timer 2

—» prescaler » counter

o
Py
o

)

=
Py
N YW

5
Py

!
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Examples 2/3: synchronized start

MASTER
Timer 0 SLAVE 1
CLOCKl :
Timer 1
prescaler Trigger | TRGO ITRO
1 Update| Controller ITR 2
AN — 3| | prescaler | counter
counter ITR 3
SLAVE 2
Timer 2
ITR O
IBi —> prescaler I counter
* One Master several slaves TR 3
—>
SLAVE 3
PWM
ITRO.
ITR 1
—» || prescaler || counter
ITR 2
—>

Lys
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Examples 3/3: block commutation

- ATIM timer handles Hall feedback and triggers an advanced timer for

step commutation MASTER (TIM)

| Timer 1
: ITRO
S ——XOR —>
m —> TR 1
ITR 2
TIH1 | |
TIHZ2
TIH3 [
(CNT)
ITRO Timer 2
—>
COoM I T I 1 R}
- prescaler —»{ counter
oct | [T ITR 2
—>
OCIN |—
e ITCITTTTTITIOTII

‘1 OC2N !
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Peripherals for advanced motor control

* PWM generation

- Speed / position feedback
 Multi timer configuration

- Analog to Digital converter

* Other inbuilt peripherals (DMA, connectivity)



ADC Features (1/3)

- ADC conversion rate 1 MHz and 12-bit resolution
1us conversion time at 56 MHz

1.17us conversion time at 72 MHz
« Conversion range: 0to 3.6 V
* ADC supply requirement: 2.4V to 3.6 V
« ADC input range: VREF- < VIN < VREF+ (VREF+ and VREF- available only in LQFP100 package)
* Dual mode (on devices with 2 ADCs): 8 conversion mode
» Up to 18 multiplexed channels:

* 16 external channels

2 internal channels: connected to Temperature sensor and internal reference voltage
(VREFINT=1.2V)

« Channels conversion groups:
* Up to 16 channels regular group
* Up to 4 channels injected group

+ Single and continuous conversion modes

Lys
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ADC Injected Conversion

- Regular Scan mode « Scan mode with Injected high
priority trigger
First channel First channel
Conversion Conversion
Second channel Second channel
Conversion Conversion
Trigger\
Last channel E‘ ;
Conversion :
Last channel
Conversion
\Interrupt

Lys
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ADC Features (2/3)

Analog Watchdog(s) (1 channel or all regular or all injected)

Sequencer-based scan mode
Any channel, any order (e.g. Ch3, Ch2, Ch11, Chll, Ch3)

up to 16 regular conversion (transferred by DMA)

up to 4 injected conversion stored in internal registers

Channell Channel2 Channel8 Channel4 Channel?7 Channel? Channel? Channel3 Channell1l

» Multiple trigger sources for both regular and injected conversion
« Each group can be started by 6 events from the 4 timers (compare, over/underflow)
« External event and software trig also available

Lys
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ADC Features (3/3)

Left or right Data alignment with built-in data coherency

4 offset compensation registers

Compensates external conditioning components offsets (such as Operational
Amplifiers). Provides signed results if needed.

Channel-by-channel programmable sampling time to be able to convert signals with
various impedances

From 1pus (for Rin < 1.2 kOhm) to 18us (Rin < 350 kOhm), 8 values

PCLK2 ADCCLK
—

tionasjes allifajdiies

239.5 cycles

SMPx[2:0]
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VREF+
VREF-
VDDA

VssA

ADC_INO

ADC_IN1

ADC_IN15

Ext_IT_15

Ext_IT_11

Lys
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L

l

ADCCLK

ADC Block Diagram

PCLK2

Injected Channels

XN DOTYNY

TIM3_TRGO,
TIM4_CC4

Regular data register

» DMA Request

(4x12bits)

v

(12bits)

End of

Analog Watchdog

High Threshold register

Low Threshold register

(12bits)

conversion

Analog watchdog
event

o
Regular Channels
Temp Sensor,
VREFINT
TIM1_TRGO
TIM1L_CC4 Start
Trigger
TIM1_TRGO, (injected
TIM2_CC1 group)
TIM3_CC4 JEXTRIG bit
TIM4_TRGO,
JEXTSEL[2:0]
bits
TIM1_CC1
TIM1_CC2
TiML_CC3 Start Trigger
TIM2_CC2 (regular group)

7

EXTRIG bit

EXTSEL[2:0] bits

AWDIE EOCIE JEOCIE

End of injected
conversion

Interrupt enable bits

1 ADC interrupt to
NVIC

A 4

snq eyep/SSeIppy




ADC dual modes (1/2)

- Available in devices with two ADCs (Performance line)
« ADC1 and ADC 2 can work independently or coupled (master/slave)

ADC_IN15 ADC_INIADC_INO

I

« 8 ADC dual modes

INI43HA

——Josuas dwa]

é

Up to 4 injected channels Up to 16 regular channels

A 4 A 4 \ 4 \ 4
ADC1 ADC2
Analog Analog

External event (Regular group) External event sync

4

Data register

Digital Master Digital Slave

External event (Injected group)

A\ 4

EOC/JEOC

Lys
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ADC dual modes example (2/2)

Injected simultaneous mode on 4 injected channels

Sampling

sz T I I E B comersion
ADCI

T \ End of Injected Conversion on
. ADC1 and ADC2

Trigger for
injected

channels

Fast Interleaved mode on 1 regular channel in continuous conversion mode

oo [N N - Up to 2 MSps data
NN - B - Pl - throughput

ADCI1 |
§<7ADCN:CLK cycles (D MA-b a S e d)
Trigger for i i
regular '
channels

Lys
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DMA transfers In interleaved mode

* Interleaved mode: continuous conversions of the two ADCs on
the same channel with aliased data register

16-bit
Ctrl

ADC1 32-bit DMA transfer
Status

RAM
Data2 | Datal T

Data? | Datal
Data?2 | Datal
Ctrl Data?2 | Datal

ADC?2 Status
Data?

Aliased

1 single DMA transfer
for two data




ADC synchronization in STM32

* Done thanks to a synchronization unit embedded in the PWM timer.

+ 2 options available:
* Direct synchronization on PWM crest, valley, or both.
« Delayed synchronization with the 4" Compare channel

* The ADC results can be then processed with an end of conversion interrupt or
transferred by DMA.

Lys
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Direct synchronization

- The PWM timer “update” signal triggers Simultaneous injected
conversions on both ADCs

* No error due to sequential phase sampling

MASTER
PWM
CLOC
oc
prescaler Trigger |[TRGO
7 Update| Controller
%4
counter

ﬁ

ADC1&2

Injection trigger




GPIO Features




GPIO Features

« Up to 80 multifunction bi-directional I/O ports available: 80% IO ratio

« Standard I/Os 5V tolerant

» The GPIOs can sink or source 25mA ( total currents sunk is 150mA)

» 36-42 MHz Toggling (84 MHz / 90 MHz / 100 MHz)
» Configurable Output Speed up to 50 MHz (84 MHz / 90 MHz / 100 MHz)
» Up to 24 Analog Inputs

« Alternate Functions pins (like USARTX, TIMx, 12Cx, SPIx, CAN, USB...)

« All GPIOs can be set-up as external interrupt (up to 16 lines at time)

* 1-41/0Os can be used as Wake-Up from STANDBY (PAO)

* One I/O can be set-up as Tamper Pin (PC13)

» All Standard I/Os are shared in ports (GPIOA..GPIOF)

« Atomic Bit Set and Bit Reset using BSRR and BRR registers

» Locking mechanism to avoid spurious write in the |10 registers

* 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).

Lys

life.augmented



(1)

a potential specific to five-volt tolerant
I/0s and different from VDD.

Lys
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From On-chip Peripherals

Alternate Function Output

» or disabled

. ) Analog Input : E
Configuration ¥ c\ey | onFo | Mop1 | Moo - : :
Mode To On-chip Peripheralss VDD .
Analog Input 0 0 Alternate Function Input E ON/OFF E
: 5 ¢
Input Floating 0 1 K E 3 E
(Reset State) ° : ON OFF g =
00 g - :
Read |X| = 0 -
Input Pull-Up 1 0 < o i

©| ° =] voDor vDD_FT®
[] c [
ol : | s
Input Pull-Down 1 0 al = TTL Schmitt a
= = ) . .
o THeger  onjoFF R
Output 0 0 u -

Push-Pull = Input Driver . c

- VSS = =

: (] =

o u t p u t 0 1 - ..I.I.I.I.I.I.l.l.l.I.I.I.l.l.I.I.I.I.l.l.I.I.I.I.I.I.I.I.I.I.l.l.I.I.I.I.l.l.l.l.l.l.l.l.l: g
Open-Drain 01: 10 MHz o - :
10: 2 MHz - | = Output Driver .

. B o - . ZS
AF Push-Pull 1 0 11: 50 Mz |8 & x| : :
Write (& £ sl = .
B2 | ey S i . b \/SS
—_—15 D c| = .
AF 1 ) ,U)_, & @) : OUTPUT :
Open-Drain @ =1 CONTROL .
Q— " n
S| = = Push-Pull or
ol = = Open Drain

VDD for standard 1I/0s and VDD_FT is Read / Write — " .



Peripherals for advanced motor control

* PWM generation

- Speed / position feedback
 Multi timer configuration
 Analog to Digital converter

» Other inbuilt peripherals (DMA, connectivity)



DMA & features

+ Standalone data-transfer controller

+ 5-16 independently configurable channels: hardware requests or software trigger on
each channel

- 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, memory-to-peripheral transfers and
peripheral-to-peripheral transfer types

» Faulty channel is automatically disabled in case of bus access error
* Programmable number of data to be transferred: up to 2x 65535
« Support for circular buffer management and dual-buffer

Lys
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Request, arbitration and acknowledgement operations are done outside AHB system
bus, so the bus is not occupied during those phases

One DMA access takes 2 cycles (on AHB): the
system bus can not be totally freeze by
Bus free for CPU

DMA as at least 3 cycles are left to
the CPU during one DMA transaction. m | Bus access I

AHB Contro
| \

e :O O
! '

Current DMA controller compared to others which permit burst transfer have nearly the
same system bus occupation rate. However, it doesn’t freeze the bus for many cycles
consecutively as it is the case with the burst mode: better performance with many small

data transfer without blocking the bus

Lys
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DMA Latency: 2 transfers

- To improve the DMA performances, a new request can be served while the previous one is running: if a
request is active and others are pending, the new request sample & arbitration phase is performed during
AHB bus access of the current request. The winning request for AHB bus access will start immediately
after the end of the current request's AHB Bus access.

I (

r Y
Request Addr. Request Addr.
Ch.1 sample compu sample compu
SEL: tation &arb. i
phase phase
N N

Request Addr.
Ch.2 S;”“L'e compu Bus access
arb. tation
phase

- If source or destination is on APB, the transfer takes more cycles (1+N for APB:AHB = N:1)

Lys
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Connectivity

» Different STM32 families are equipped with various communication
peripherals and other interfaces:
 USART (up to 8x)
* SPI (up to 3x)
* CAN (up to 2x)
« Ethernet MAC
« USB OTG (up to 2x)
* 12C (up to 3x)
« 12S (2x), SAI
- SDIO
 Camera

* You can find more details in datasheet or dedicated training sessions



)

»

4

STM32 F3
embedded analog
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Operational amplifier

Up to four embedded PGA for current sensing conditioning

STM32F30x N Iy I

N
Opamp + Offset |t§ n Opamp + Offset |\ Opamp + Offset |\
OPAMP1 OPAMP3 | | r |—
> < o ADC
Three shunts _DL,,
OPAMP2 OPAMP4
> < S I S
Opamp + Offset |\ |\ |§
— |

N e

One shunt } ‘§ i
Characteristics y

8.2 MHz bandwidth |
4.7V us slew rate | | |
0.5 mA output capability N N

3
Rail-to-rail input/output ]
In PGA mode, the gain can be programmed % \_l Conditoning i§ ¢
| " | <I:

to be x2, x4, x8 or x16.
Registers lock

r 1
‘_Yl e ICS 1 J
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Operational amplifiers

Available pins

OPAMP
Out pin

OPAMP
Non inverting pins

OPAMP
Inverting pins

OPAMP1 OPAMP1 OPAMP1 OPAMP2 OPAMP2 OPAMP2
Inverting pins Non inverting pins Out pin Inverting pins Non inverting pins Out pin

PA1, PA7, PA3, PA5 PA7, PB14, PBO, PD14

OPAMP3 OPAMP3 OPAMP3 OPAMP4 OPAMP4 OPAMP4
Inverting pins Non inverting pins Out pin Inverting pins Non inverting pins Out pin

PB2, PB10 PBO, PB13, PA1, PA5 PB1 PB10, PD8 PB13, PD11, PB11, PA4 PB12

Lys
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ADC

X2/x4/x8/x16

Internal gain

+Vdd

>_R -
i Vit

. X2/x4/x8/x16

Lys
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Internal gain & filter

Operational amplifier

Allowed configurations

+Vdd

+
>—T— ADC

IRShunt

External gain

Cument Sensing Topology

» @ Embedded PGA

(7) Extemnal OPAMP  Sensing OPAMP

Setting
’ Peripheral selection |OPAMP1/OFPAMF2 |
“ OPAMP Gain »
SIC  Wginine
Workbench o o vetwork Gain©~ 1.4
Wout {polarization) 1.833 W
T+ize 2860 = n=

-

» [] Feedback net fitering



Comparators

Up to seven fast comparators for fault protection

Motor current

STM32F30x
——1\ ! OP AMP ;
Wdd 4 ! il - 1 — ADC
COMP1 OPAMP4 ! !
—I i |
! CompP !
| +— TIM_BKIN2

l_‘\/

—————————————————————————————

v : i

OPAMPS
.
F'aShunt
BUS Voltage '
1
OPAMPG : |
+ I Vi :
1 1
I ~ 1
1 1
- : ; TIM_BKIN

; “Eomp |
| — ADC

Characteristics
90ns propagation delay
Rail-to-rail
External or internal reference (DAc, 1.2v, 0.9V, 0.6V, 0.3V)
‘— Triggers Timer break inputs
’I Registers lock

life.augmented




Emergency inputs

Different behaviors
Over current protection

X
BKIN2 —)% 0 . EU %

Over voltage protection

o —fBs L 0

Characteristics

XXJ

Two different inputs programmable

On over voltage

= Outout enable Digable PWM generation
P Tum on low side switches

Digital filters
Polarity

Y<ri Active on CSS, PDV, SRAM parity wokC 4
’I error, Core Hard fault

life.augmented




MC library and Workbench
support to F3 analog
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PGA, 3shunt current sensing

 For a 3shunt current sensing topology, a new feature implemented in

MC library v5.x allows to commit two F3's PGA instead of three as it's
usual.

Micro Available or
configurations

STM32F303 OPAMP1+ADC1 OPAMP3+ADC3
OPAMP2+ADC2 OPAMP4+ADC4
STM32F302 OPAMP1+ADC1
OPAMP2+ADC2

e St et Sensing i 1 CRTSE TP  Fixed because

se cumert feedback | EBus voltage feedback I Temperature feedback OPAM P Outputs

Sensing Topology I Sh_al’e the same
© Embedded PGA pins with ADC

ment sensor and signal conditioning

Currert reading topology ['I'Imae Shunt Resistors "]

ICS gain 1.000 = wa ) Extemal OPAMP Inputs
nt resistor(s) value 0.220 [ ohm sing — -
Setting Pin map \\/
Amplfication on board [ Sampling Time n ADC clk Ch phase U ADCT_IN3 (A2)
Sampling Ti 417
amping 1ime " Ch phase V ADC2_IN3 (A6)
Maximum modulation o4 =
S o ADCTZ_ING [CO)
Peripheral Selection ADC1/ADC2
Sensing OPAMP /
Setting
Peripheral selection OPAMP1/0PAMPZ -
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PGA, 3shunt current sensing

- External gain topology

* 7 mcu pins needed:
« 3 non inverting; 2 inverting; 2 output

STM32F3

+Vvdd

e

RShun >_\ ADC

ADC




PGA, 3shunt current sensing

- Externgalgain topology i

Repunt N ) ADC

ADC

e - Analog Input and Protection

- —

Phadg g NgEhgck | Bus voltage feedback | Temperature feedback | PFC stage feedback

Pin map

Ch phase U ADC1_IN3 (A2)

Sampling Time Ch oV ADCZ_IN3{ .
° ~ ' Fixed because

:'-'\DC'IZ_lNEE OPAMP

outputs can’t

Mazimum modulation

Peripheral Selection

Sensing OPAMP e remapped
Setting re—
Peripheral selection OPAMP1/0PAMP2 N Invers O ./
| oPamP Gain \Extemal ] N SEAMP1 QPAMPT™ A2

gain type 2 OPAMF OPAME A6
Overall Network Gain 1.4
WVout {polarization) 1.833 v
THize 2550 = ns

-

‘ ’ I Feedback net fittering
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PGA, 3shunt current sensing

* Internal gain topology

* 5 mcu pins needed:
« 3 non inverting; 2 output

v STM32F3
\
\
Rsm# >_ . ADC
: +Vvdd %/
RShun )—

+Vvdd

:
ADC

i
i

OPAMP outputs
for debugging,
can’t be disabled




* Internal gain topology

PGA, 3shunt current sensing

STM32F3

+Vdd
Rshung rl: +[ ADC
+Vdd
RShun!
ADC
+Vdd
Rshur e curent feedback | Bus voltage feedback | Temperature feedback | PFC stage feedback |
\ sing Topology
@) de A
) Bl NAMP
in Pin map
ing Ti J5  T|AD Ch phass U ADC1_IN3 (A2)
Samiling Nge ns .
hase V ADCZ_IN .
@i moden % . ... Fixedbecause
- Periperal §election ADC1 o 1 OPAMP
Take care: changing ? S A
the internal gain has be remapped
Sensing OPAMP
- eﬁect pn . ” Seﬂ?ﬂg in map - -
Vout polarlzatlon Peripheral selectio inverting nverting \Ow\
| oPavP Gain Al x| | OPAMP1 [A3 OPAMPT™ A2
Int gain type AT - OPAMPZ [0l CPAM AE

Lys
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Overall Network Gain 1.44
T Vout (polarization) 1.833 v
Tize 2550 = ns

[] Feedback net fittering



PGA, 1shunt current sensing mm

 For a 1shunt current sensing topology, each one of the OPAMP/ADC
structures can be selected

Micro Available or or or
configurations

STM32F303 OPAMP1+ADC1 OPAMP2+ADC2 OPAMP3+ADC3 OPAMP4+ADC4
STM32F302 OPAMP1+ADC1 OPAMP2+ADC2
Powes St =t S<fsing ‘1 T Fixed because
ment sensor and signal conditioning e curert feecback | Bus vokage feedback l Temperature feedo OPAM P OUtpUtS
. Sensing Topology | Shal’e the same
Sl T |One Shunt Resisor - @ Embedded PGA pins with ADC
ICS gain V/A ) Bxtemal OPAMP inputs
rt resistoris) value 0.220 [ ohm 55;?”9 — \\/
Amplification on board Sampling Time ADC clk Channel ADC1_IN3 (A2)
Sampling Time 417 ns
Mazdmum modulation 94 o
Peripheral Selection ADCH

Sensing OPAMP /
Setting

Peripheral selection COPAMPA b4
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PGA, 1shunt current sensing

* External gain topology
+ 3 mcu pins needed:

* 1non inverting; 1 inverting; 1 output
+Vdd STM32F3

_— T >—r ADC
!

S
-
—_—
—-—

Internal gain topology
* 2 mcu pins needed:

« 1non inverting; 1 output

+vdd STM32F3
| +
—— _ ADC
OPAMP output
Rshun for debugging,
can’'t be
disabled

Ly



PGA, 1shunt current sensing

* External gain topology

- T——
Control Stage - Analog Input and Protection
+Vdd STM32F3
\ Phase cument feedback | Bus voltage feedback | Tempersture feedback | PFC stage feedback
+
Current Sensing Topalogy
ADC _
/ @ Embedded PGA
() Bxtemal OPAMP
Rshun Sensing
Setting Pin Map
~~- Samping Time @5z socek G PN
S~aa . Sampling Time 17 ns
Maximum modulation 94 b
Peripheral Selection ADC1
Sensing OPAMP
Setting Pin map
Peripheral selection OPAMP1 - Not inverting
Jormip Gan Beemadl -] |
Inverting
it gain type 2
QOutput
Overall Network Gain 144
Vout {polarization) 1.833 v
Tize 2550 = ns

* Internal gain topology

Control Stage - Analog Input and Protection

Phase cument feedback | Bus voltage feedback | Tempersturs feedback | PFC stage feedback
| Cumert Sensing Topology
+Vvdd ST 3 2 F © Embedded PGA
. +
—_ ADC

() Etemal OPAMP

Sensing
Setting Pin Map
R Sampling Time - ADC clik Channel ADCT_IN3 (AZ)
Sampling Time 47 ns
unt -

Maxdmum modulation 94 <

Peripheral Selection ADC1

Sensing OPAMP
Setting Pin map

Peripheral selection QOPAMP1 n Not inverting

I OPAMP Gain Itemal |
" I Int gain type

Overall Network Gi

Vout {polarization)

Output A2




PGA, dual motor control

* In a dual motor control project (STM32F303), all the configurations seen so
far can be combined:
* 3shunt and 1shunt
* PGA and external OPAMP
* Embedded comparators and external comparators

 For instance, configurations can range from

Motor Topology Resources for Resources for Resources for
current sensing OCP OVP

First motor 3shunt OPAMP1+ADC1 COMP1+2+3 COMP7 + ADC1
OPAMP2+ADC2
Second motor 3shunt OPAMP3+ADC3 COMP4+5+6 ADC1
OPAMP4+ADC4
to
Motor Topology Resources for Resources for Resources for
current sensing OCP OVP
First motor 1shunt ADC2 COMP1 ADC1
Second motor 3shunt OPAMP3+ADC3 ADC1
OPAMP4+ADC4

Lys
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with shared resources

PGA, dual 3shunt

On top of this, an additional (optional) configuration of F3’s resources has been

dedicated to the dual 3shunt case

The default choice assigns 4 OPAMP/ADC, i.e. 2 OPAMP/ADC for each motor

The optional “Shared resource option” assigns 2 OPAMP/ADC in total, namely
OPAMP1/ADC1 + OPAMP3/ADC3, sparing 2 OPAMP/ADC for other purposes

The pinout assignment is fixed:

LU Sdye = ANy INPUL anad Frouecuon

Lys
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ML ORI E I

CurrSens Topo (Both
@ Embedded PGA

() Extemal OPAMP

Sensing
Setting
Sampling Time

Sampling Time

Maxdmum modulation

Peripheral Selection

Sensing OPAMP
Setting
Peripheral selection

OPAMP Gain
Int gain type
Owverall Network Gain

Vot (nolarization)

Motor 1 Phase cument feedback | Motor 2 Phase cument feedback | Bus voltage feedback | Temperature feedback | PFC stage feedbach

iack | Motor 2 Phase cument feedback IE

15 | ADCch
417 ns

94

ADC1/ADC3

oPAMP1/0PAMPE |

1o

12711 W

Corfiguration

| Shared resources for both motors

Pin map Pin map

Ch phase U ADCI_INI (AZ) Ch phase U ADC1_IN3 (AZ)

Ch phase V ADC3_IN1T (B1) Ch phase V ADC3_INT(B1)

ADC12_ING (CO) ADC34_IN7 (D10

Fin map P map
Net inverting Output Mot inverting Output
Chll A5 A3 OPAMP1 A2 ChlU Al A3 OPAMPT A2
ChV A7 P3 |B2 OPAMP3  B1 Chv A3 P3 |B10 OPAMP3 B1
Chw B13 Chw BO




%

ST MC
Workbench

Comparators

WB settings

Crver Cument Protection Topology
‘ @ Embedded HW OCP
71 Bemal Protection
™1 Mo protection

Phase cument feedback | Bus v
Protection |
Setting Fin map

Digital filter duration clock Inverting input .
Inverting input Not inverting Output

Cument threshold 1783 || A ChU Al COMP1 h L Al

Voltage Threshold v Chv A7 COMP2 hv o (A2

[C] Output enable Chw D14 COMP3 chw  [C8

sdback | Bus voltage feedback | Temper
Protection ook | Temper
Setting Pin map
» Embedded HW OVP Not inverting comp COMP7
Inverting input Inverting input R

Woltage threshold 150 = V Output comp pin c2

Comparatar input v

On aver voltage [Disable FWM generation T]
[] Output enable

Lys
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Overcurrent protection with

embedded comparators -

» The MC library v5.x allows F3’s embedded comparators to serve as overcurrent
protection (OCP) in 3shunt or 1shunt topologies.

« If both PGA for current sensing and embedded comparators for OCP are enabled, the
resulting pin-out assignment is very convenient because same pins are used for both
functions. Example in a 1shunt topology:

compx S TM32F3 COMPy assigned

TIM_BKIN2 automatically
according to
OPAMPXx

ADC

« Comparators can also be enabled in a configuration with external opamps

* On the other hand, the MC library doesn’t allow to mix embedded and external
comparators

Lys
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Overcurrent protection with
embedded comparators

* Three different ways to set the OCP threshold:

* Internal voltage references, sparing a I/O pin, but coarse definition

‘ Phase cument feedback | Bus v
Protection The stmcwb calculates the
Setting

equivalent OCP threshold,
Digital filter duration clock qfunction of the Vo|tage

[Tvering oy Tremal <) reference chosen and S
sensing network o
Curmert threshol 1783 & Al ChuU  |AD
Woltage Threshold v ChV A7 COMP2 r Chy A2
[ Output enable chw Dia CoOMPa w (s

« External voltage reference, 1 1/0O pin (PA4), fine definition

Frotection

rect The stmcwb calculates the
ing equivalent OCP threshold,
Digtal fiter duration clock function of the external
[nvering inpuiy ErmE voltage reference and Output
sensing network
Current threshol 2035 | Al Cchu A2
Voltage Threshold 24 = chV [piz - COMPS ChV C7
Output enable Chw COMP7 ChwW  C2

« DAC channel, 1 I/O pin (to be defined in the DAC dialog window), fine definition

Frotection
Setting
Digital fiter duration deck | The stmcwb calculates the
s e ] | prCwieiiexen |,
Curent threshold 78 [ A the desired current chu A2
Voltage Threshold 120 B v threshold

chv CV

rl [9] Output enable W e eonET chw c2
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Overvoltage protection with
embedded comparators

* Three different ways to set the OVP threshold:

* Internal voltage references, sparing a I/O pin, but coarse definition

sdback | Bus voltage feedback | T

il The stmcwb calculates the
equivalent OVP threshold,
Embeddsd HW GVF function of the voltage
[rvering inpg lntemal _ ~] reference chosen and
partitioning network

wnagethreshK’m =y
Comparator input W

On over voltage [Disable PWM generation v]

. External voltage reférénce, 1 1/0 pin, fine definition

Protection

The stmcwb calculates the

Setting i
equivalent OVP threshold, !

Embedded HIOVP function of the external

| inverting input o [Edemal  ~ ] voltage reference chosen

— B v L and partitioning network
Comparator input 20 = v

On over voltage [Disable PVWM generation v]

Output enable

* DAC channel, 1 ﬁO pin (to be defined in the DAC dialog window), fine definition

Lys
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Frotection
Setting o
Embedded HW QWP The stmcwb calculates the |
— DAC voltage reference to

Invert ut DAC - .

[CETTETRN | d 0 be generated, function of
Vohage threshold 50 E{v the desired voltage
Comparator input 120 =1 v - threshold

On over voltage [Disable PWM generation =
[] Output enatle







